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Abstract

The delivery and burial of terrestrial particulate organic carbon (OC) in marine sediments is important to quantify, because this
OC is a food resource for benthic communities, and if buried it may lower the concentrations of atmospheric CO2 over geologic
timescales. Analysis of sediment cores has previously shown that fjords are hotspots for OC burial. Fjords can contain complex
networks of submarine channels formed by seafloor sediment flows, called turbidity currents. However, the burial efficiency
and distribution of OC by turbidity currents in river-fed fjords had not been investigated previously. Here, we determine OC
distribution and burial efficiency across a turbidity current system within a fjord, in Bute Inlet (Canada). We show that 60
+ 10 % of the OC supplied by the two river sources, is buried across the fjord surficial (2 m) sediment. The sand-dominated
submarine channel and its terminal lobe contain 63 + 14 % of the annual terrestrial OC burial in the fjord. In contrast,
the muddy overbank and distal flat basin settings contain the remaining 37 + 14 %. OC in the channel, lobe and overbank
exclusively comprises terrestrial OC sourced from rivers. When normalized by the fjord’s surface area, at least three times more
terrestrial OC is buried in Bute Inlet, compared to the muddy parts of other fjords previously studied. Although the long-term
(>100 year) preservation of this OC is still to be fully understood, turbidity currents in fjords appear to be efficient in storing



OC supplied by rivers in their near-surface deposits.
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e River-fed fjords incised by turbidity current systems can have a contem-
porary terrestrial organic carbon burial efficiency of 60 + 10 %.

e Sandy surificial (2 m) deposits comprise 63 + 14 % of the total terrestrial
organic carbon burial budget in Bute Inlet, but only cover 17 % of the
seafloor area.
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e Global estimates based only on the muddy parts of fjords may signifi-
cantly underestimate organic carbon burial rates by a factor > 3.

Abstract

The delivery and burial of terrestrial particulate organic carbon (OC) in
marine sediments is important to quantify, because this OC is a food re-
source for benthic communities, and if buried it may lower the concentra-
tions of atmospheric CO2 over geologic timescales. Analysis of sediment
cores has previously shown that fjords are hotspots for OC burial. Fjords
can contain complex networks of submarine channels formed by seafloor
sediment flows, called turbidity currents. However, the burial efficiency and
distribution of OC by turbidity currents in river-fed fjords had not been
investigated previously. Here, we determine OC distribution and burial effi-
ciency across a turbidity current system within a fjord, in Bute Inlet (Can-
ada). We show that 60 = 10 % of the OC supplied by the two river sources,
is buried across the fjord surficial (2 m) sediment. The sand-dominated sub-
marine channel and its terminal lobe contain 63 £ 14 % of the annual ter-
restrial OC burial in the fjord. In contrast, the muddy overbank and distal
flat basin settings contain the remaining 37 + 14 %. OC in the channel, lobe
and overbank exclusively comprises terrestrial OC sourced from rivers.
When normalized by the fjord’s surface area, at least three times more ter-
restrial OC is buried in Bute Inlet, compared to the muddy parts of other
fjords previously studied. Although the long-term (>100 year) preservation
of this OC is still to be fully understood, turbidity currents in fjords appear
to be efficient in storing OC supplied by rivers in their near-surface deposits.

Plain Language summary

Plants on land use CO2 in the atmosphere to produce organic carbon, which
promotes their growth. Rivers transport organic carbon to the sea, where it
is either eaten by fauna or buried in the seafloor, thus decreasing CO2 levels
on Earth over thousands to millions of years. Fjords are recognized as global
organic carbon sinks; trapping 18 million tons of organic carbon in their
seafloor each year. However, the complex morphology of fjord seafloors was
not considered in the calculation of this organic carbon flux. In this study
we determine the distribution and abundance of organic carbon across a
fjord (Bute Inlet, Canada), which contains a submarine channel network
terminating onto a large accumulation of sand (called lobe). We show that



60 % of the organic carbon supplied by the two rivers connected to the fjord
is buried across the fjord; the majority of this carbon being held in the
channel and lobe. In total, Bute Inlet buries at least three times more organic
carbon per surface area than other fjords previously studied. Submarine
channels in fjords thus appear to promote the storage of land-derived organic
carbon in the seafloor, potentially impacting CO2 levels and food resources

for marine fauna.

1 Introduction

The sequestration of terrestrial particulate organic carbon (OC) in marine
sediments can lead to a drawdown of atmospheric CO,, and thus form a
long-term control on carbon dioxide and oxygen levels in Earth’s atmosphere
(Berner, 1982, Burdige, 2007, Hilton and West, 2020). Terrestrial OC also
constitutes a key energy resource for benthic communities living on the sea-
bed, including in fjords (Hunter et al., 2013, Wtodarska-Kowalczuk et al.,
2019). It is therefore important to constrain the fluxes of terrestrial OC
delivered to the seabed over short (decades to centuries) and long (thousand
to million year) timescales. Major river deltas worldwide bury about 47 Mt
of terrestrial OC each year, approximately 30 % of the total OC burial in-
cluding marine organic matter in the oceans (Berner, 1989; Hedges & Keil,
1995; Burdige, 2007). Despite their surface areas being 40 times smaller than
that of deltas and shelves, fjords have been shown to represent 17 % of the
global terrestrial OC burial (Cui et al., 2016). Therefore, fjord systems are
hotspots for OC sequestration (Smith et al., 2015, Cui et al., 2016, 2017).
However, these global OC burial estimates in fjords are based on samples
taken predominantly from the muddy parts of fjords, and assume the sea-
floor in fjords is homogeneous in terms of OC burial and sedimentation rates.

Fjord seafloors can, however, be highly heterogeneous (Smeaton and Austin,
2019; Bianchi et al., 2020) and comprise diverse sub-environments including
submarine channels, and associated overbanks and lobes (Zeng et al., 1991,
Conway et al., 2012, Pope et al., 2019). Such sub-environments are created
by submarine sediment density flows, called turbidity currents. These flows
distribute sediment and OC across the fjord floor, connecting river mouths
to the deeper parts of fjords, and fractionate sediment and OC by grain size
and density en-route. Only a handful of studies have discussed how OC is
distributed and fractionated within fjords (Cui et al., 2016, 2017; Smeaton



and Austin, 2020; Bianchi et al., 2020; Hage et al., 2020). For example, a
recent study of Scottish fjords revealed that muddy (<63 pm) sediments
held the largest amounts of OC (~2.6 Mt) compared to sandy sediment
(~0.26 Mt; Smeaton and Austin, 2020). While the OC budgets are known in
the Scottish fjords, the processes determining these budgets remain uncer-
tain, partly because of a lack of bathymetric data and knowledge of subma-
rine flow processes in these settings (e.g. these Scottish fjords may not con-
tain active turbidity currents). In contrast, a study of Bute Inlet (a fjord in
British Columbia, Canada) highlighted that the sandy parts of a submarine
channel formed by turbidity currents, held large amounts of OC, particularly
compared to the overlying mud-rich sediments (Hage et al., 2020). However,
the river-derived OC inputs and burial rates in different sub-environments
created by turbidity currents were not considered in that previous study of
Bute Inlet, nor in any other fjord. Given the large variation and uncertainty
in OC burial efficiency between fjord sub-environments, it is important to
assess this variability more accurately to estimate global OC budgets (Bur-
dige, 2007, Smith et al., 2015) and to improve paleoclimate/environmental
reconstructions based on sediment cores in fjords (Bianchi et al., 2020).

Here for the first time, we quantify the amount and type of OC supplied by
two rivers and its distribution in the surficial sediments (top two meters) of
different turbidity current sub-environments (e.g. channel floor, overbanks,
lobe, distal basin) across a river-fed fjord. This study then shows how OC is
unevenly distributed within a fjord, and illustrates how OC distribution and
burial is dependent on turbidity current processes. Insights into how OC is
distributed have wider implications for understanding OC burial by turbid-
ity currents in locations other than fjords, for which there are also very few
detailed OC budgets from river sources to marine sinks. Therefore, we com-
pare our Bute Inlet results with available information on how OC is distrib-
uted in sandier or muddier sub-environments of other turbidity current sys-
tems, i.e. Gaoping (Kao et al., 2014, Liu et al., 2016), Ganges-Brahmaputra
(Galy et al., 2007, Lee et al., 2019), Congo (Baudin et al, 2020). This com-
parison highlights whether similar or contrasting OC burial patterns emerge
more generally.

The main objective of this paper is to constrain OC fluxes from source-to-
sink in Bute Inlet by answering the following questions: 1) How much OC



is delivered by the two rivers discharging into Bute Inlet? 2) How much and
what type of OC is present in the Bute Inlet sub-environments? 3) What is
the terrestrial OC burial efficiency of Bute Inlet and how does it compare
with other fjords? Finally, we discuss the study in a wider global context,
and thus compare our results from Bute Inlet with (non-fjord) deep-sea tur-
bidity current systems.

2 Bute Inlet: a fjord fed by two rivers

Bute Inlet is a 78 km-long fjord in British Columbia, Canada (Fig. 1). The
inlet has an average width of ~4 km, an average depth of 550 m (with a
maximum of 660 m; Prior et al., 1987), and a total surface area of 273 km?
(including the fjord’s steep sidewalls).

2.1 Homathko and Southgate Rivers

The Homathko and Southgate Rivers feed the head of Bute Inlet (Fig. 1).
Both rivers are supplied by meltwater from snow and glaciers within their
catchment and by moderate to high levels of precipitation from a rainforest
climate in the coastal mountain catchments (1684 and 2089 mm of mean
annual precipitation were recorded between 1981 and 2010 in the Homathko
and Southgate Rivers, respectively; Giesbrecht et al., in press). The river
floodplains are populated by coniferous and deciduous forests. These two
rivers provide 94 % of the freshwater and sediment inputs into the fjord,
with the remainder of the freshwater being provided by small streams
entering the fjord at its margins (Farrow et al., 1983). The watershed areas
are 5782 km?* and 1985 km? for Homathko and Southgate Rivers, respectively
(Fig. 1; Gonzalez et al., 2018). The Homathko River has an average annual
discharge of 250 m*/s, with an average summer peak discharge of ~800 m?/s,
in response to melting snow and ice (Water Survey of Canada, 2020). The
average annual suspended sediment load of the Homathko River is 30 kg/s,
whereas its bedload is 99 kg/s (Table 1; Syvistki and Farrow, 1983). There
was no gauging station in the Southgate River up to 2021. However, recent
(2021) data and the co-variation between daily discharge on the two systems
allowed the Southgate discharge (water and total suspended load) to be
modelled for our years of interest (Table 1; Texts S1 to S4).
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Figure 1: A. Location of Bute Inlet in British Columbia (Canada). B. Bute Inlet

is fed by Homathko and Southgate Rivers. Watershed areas were delimited by

Gonzalez et al. (2018)

During the spring thaw (freshet), the rivers create large sediment-laden
freshwater plumes at the fjord’s head (Tabata and Pickard, 1957, Syvitski
et al., 1985). These plumes flow on top of the more saline fjord water,
thereby bringing terrestrial particles into the fjord and enhancing the
heterotrophic activity of bacterioplankton (Albright, 1983). Due to the
relatively large tidal range (up to 5.5 m), sediment from these river plumes



is likely to be concentrated in a turbidity maximum that is located in
between the fresh and saline water (Dyer, 1997). Observations in a similar
and nearby fjord setting (Howe Sound, Canada), show that during the
freshet these turbidity maxima can hold enough sediment to become denser
than the saline fjord water (Hage et al., 2019). During spring tide, the river
plume becomes more focused and powerful, so that low tides cause these
dense turbidity maxima to migrate onto the steep delta-slope, where they
can trigger turbidity currents (Hage et al., 2019). These processes, together
with submarine failures of the delta slopes, result in turbidity currents
frequently being triggered in such river-fed and tide-influenced fjord settings
(Clare et al., 2016; Hizzett et al., 2018). It is likely that similar initiating
mechanisms for turbidity currents also occur in Bute Inlet (Hughes Clarke
et al., 2015).

Homathko Southgate
Watershed Area (km?) 5782 1985
Contribution to Bute Inlet (%)® 75 19
Yearly mean discharge (m?3/s) ® 254 141
Yearly mean suspended load (Kt/yr)® 946 221
Yearly mean bedload (Kt/yr) 4164b<
Average TOC in river suspended load (%) 0.35+0.1
Average TOC in river bedload (%) 0.15 +0.07 0.56+0.1
OC flux in river suspended load (Kt OC/yr) 8.4+1.6
OC flux in river bedload (Kt OC/yr) 14.9+3.6
Total riverine OC flux (Kt OC/yr) 23.4+5.2

Table 1: Homathko and Southgate Rivers characteristics and estimates of annual
organic carbon fluxes. a: Syvtiski and Farrow (1983). b: see Text S1 for suspended
load estimates in both rivers. ¢: no bedload estimate was found in the literature for
the Southgate River. The bedload was thus estimated based on the Homathko
River using the ratio between the two river watersheds as a scaling factor (Text

S2).



2.2  Bute Inlet turbidity current system

Downstream of the Homathko and Southgate Deltas lie two submarine
channels, which merge into a single sinuous channel formed by turbidity
currents (Prior et al., 1986, 1987; Fig. 3). The channel is incised into the
seafloor to a depth of up to 55 m. The channel floor is flanked by terraces
that are particularly well-developed in the first 10 km of the fjord. Further
downstream (430-580 m water depth) the submarine channel becomes less
incised and is flanked by levees that are variably developed (Prior et al.
1987). For simplicity, in this paper we use the term “overbanks” to describe
both the muddy terraces and levees bounding the submarine channel floor
in Bute Inlet along its entire length.

The sediment composition of the Bute Inlet turbidity current system has
been described in older work, based on sediment cores (Prior et al., 1986,
Zeng et al., 1991), yet the OC composition of these cores was not
documented until recently. The OC stored within the submarine channel
floor was shown to be composed mostly of young terrestrial woody debris
buried within fine sands (Hage et al., 2020). In this study, we build on the
findings of Hage et al. (2020) from the channel floor, by documenting the
distribution of OC across all of the sub-environments within this turbidity
current system (i.e. channel floor, overbanks, lobe and distal flat basin). We
also build on previous work on repeated bathymetric surveys and core dating
(Heijnen et al., in review; Syvitski et al., 1988) to derive sedimentation rates

and OC burial fluxes across the fjord.

3 Materials and Methods

3.1 River sampling

We used 22 samples to characterize OC supply from the rivers. These
samples cover a range of grain size classes as they were collected within the
river waters, on the river banks, delta-top plains, and in the river plumes at
the fjord surface (Fig. 2). The sampling campaign was conducted on 26
October 2017 (Figs. 2 and 3; Fig. S3), when the Homathko River discharge
was 390 m*/sec (Water Survey of Canada, 2020). This is higher than the
250 m*/sec average annual river discharge on the Homathko River, and lower



than its ~800 m?®/sec average summer peak discharges (Water Survey of
Canada, 2020).
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Figure 2: Bathymetry of the head of Bute Inlet (collected in 2008 by the CCGS
Vector), also showing locations of sediment samples collected in Homathko and
Southgate Rivers in 2017, and offshore in fjord sediments in 2016.

3.2  Fjord sampling and definition of sub-environments

Two field campaigns were conducted in June 2016 and October 2016 to
sample the fjord sediments. In total, we use a set of 15 sediment cores, which
sampled the upper 30 to 200 cm of recent seabed sediment. These cores were
located across all sub-environments of the fjord’s seabed, including the sandy
channel floor and lobe, as well as the muddy overbank and distal flat basin
(Fig. 3). We have few constraints on the characteristics/extent of turbidity
current overbank flows, so we infer the overbank’s external limit as the base
of the fjord walls (red outlined area in Fig. 3). We note that sediment cores
from these overbank areas are located relatively close to the sandy channel.
A sediment core at the end of the fjord (650 m water depth) is used to
characterize the OC composition for the entire distal flat basin (core 15;



light blue outlined area in Fig. 3). We have no samples on the steep fjord
sidewalls; hence these areas are not included in our OC analyses.

Visual logging identified sandy and muddy facies within the sediment cores
(Fig. 3e, f). A total of 99 sub-samples were collected from the fjord sediment
cores, to ensure representative sampling of each of the facies that were
present in the channel floor, overbanks, lobe and distal flat basin. All

samples were analyzed for carbon geochemistry, as described below.
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Figure 3: Submarine morphology and sediment cores collected in the Bute turbidity
current system. Boxes A to D: zoom-ins showing the parts of the system bounded
by overbank. E & F: Sediment core set. 30 cm long cores were collected using a
box coring system; 200 cm long cores were collected using a piston coring system.



3.3  Geochemistry on river and fjord samples

Total carbon was measured on all river and fjord samples using an LECO
elemental analyzer. All samples were also analyzed for total organic carbon
(TOC) content after trace amount of inorganic carbon (carbonate) were
removed using HCI and rinsing with milli-QQ water. No effervescence was
observed during this acidification step, confirming minimal carbonates in the
system (Fig. 4). TOC measurements allowed for quantifying the total
amount of OC delivered by the rivers and buried in the different fjord sub-
environments. In order to constrain the type (terrestrial or marine) of OC,
all samples were analyzed for carbon stable isotopes (8'C) using an isotope
ratio mass spectrometer. Terrestrial organic matter derived from C3 plants
has an average 3%C between -26 and -28 %o (Hecky and Hesslein, 1995) and
can reach values as low as -31 %o, which correspond to young woody debris
(Hage et al., 2020). In contrast, marine organic matter preserved in
northeast Pacific sediments has an average 3C of -21.5 %o (MacDonald et
al., 1991).

Previous work in Bute Inlet has used a wider range of methods (e.g.
radiocarbon AYC dating and separation of OC mixtures by ramped
pyrolysis-oxidation RPO) on selected river and sandy channel samples (Hage
et al., 2020). We complement these previous detailed measurements with
new 14C and RPO measurements on three samples from the distal sub-
environment (Fig. 7). The RPO method identifies POC fractions based on
thermal lability by heating each sample from 20 to 1000 °C in an oxygenated
carrier gas, thus sequentially combusting POC into CO,. The CO, collected
between temperature intervals (“fractions”) is measured for carbon stable
isotopes  (8%C) and radiocarbon activity (*C/2C). These isotope
measurements on separated fractions enabled characterization of the
distribution of POC source and age within individual samples (Hemingway
et al., 2017).

3.4 Calculation of river organic carbon (OC) fluxes

In order to determine the particulate OC fluxes from rivers, we use bedload
sediment discharge data published in past literature (Syvitski and Farrow,
1983, Text S2), recent total suspended sediment measurements conducted
on the Homathko and Southgate Rivers (Text S3), and TOC measurements
of river sediments collected in October 2017 (Table 1).



Bedload discharge for the Homathko River was estimated at 3100 Kt/yr by
Syvitski and Farrow (1983). We scaled this Homathko bedload estimate to
the Southgate River using the ratio of watershed areas (Table 1; Text S2).
The yearly mean suspended load discharge for the Homathko and Southgate
Rivers was estimated at 946 Kt /yr and 220 Kt/yr, respectively. This is based
on suspended samples collected approximately monthly between 2018 and
2021 for the Homathko River (Text S3), together with daily water discharge
data (Runkel et al. 2004; Text S3). There was no water discharge data
available for the Southgate River up to 2021. Therefore, a linear regression
was used to estimate daily Southgate River water discharge from Homathko
River discharge, similar to Hood et al. (2020). The training dataset
contained 123 daily flow observations spanning a broad range of flows from
record high discharge in late June 2021 through moderately low flows in
October 2021 (Text S1).

Finally, we derived both river OC fluxes by multiplying the average TOC
between river bedload and suspended load samples with the annual bedload
and suspended load discharge, respectively (Table 1).

3.5 Calculation of organic carbon burial rates in fjord

sediments

The OC burial rates (kt/yr) in the fjord are calculated using Equation 1
(Table 2; Baudin et al., 2020) as follows:

A *TOC * p * (1- ¢) * SR. (Equation 1)

Where A is the surface area of a sub-environment (m?), TOC is the total
OC content (%) averaged between samples from a given sub-environment,
p is the sediment density (kg/m?®), ¢ is the porosity (%), and SR is the
sedimentation rate (m/yr).

Sedimentations rates (SRs) typically vary when measured over different
timescales (Sadler, 1981), especially in a highly active turbidity current
system (Prior et al., 1987, Heijnen et al., 2020), making them challenging to
quantify. Thus, SRs were estimated herein based on two independent
approaches that provide ranges of SRs (Texts S4 and S5). The first approach
uses differences between two bathymetric surveys obtained in 2008 and 2018



and thus holds for a decennial timescale (Heijnen et al., in review, Table 2,
Text S4). The second approach uses ?’Pb and ¥"Cs dating methods applied
to sediment cores collected in overbank and distal flat basin settings
(Syvitski et al., 1988; Heerema, 2021; Text S5), and thus holds for a
centennial timescale. Based on these two approaches and timescales, we use
ranges of SRs for each sub-environment as follows. SR in the channel ranges
from -16 cm/yr (i.e. erosional) to 0.7 cm/yr (i.e. slightly depositional). SR
in the lobe ranges from 10 to 18 cm/yr, implying a large accumulation of
sediment over both decennial and centennial timescales. SR in the overbank
area varies between 2 to 2.3 cm/yr. Finally, SR in the distal flat basin ranges
from 1 to 2.3 cm/yr.

We note that the first approach (i.e., 11 yr time-lapse bathymetric analysis)
highlights zones of erosion and deposition that migrate upstream
significantly (100 to 450 m per year) due to the presence of active
knickpoints in the channel (Heijnen et al., 2020). This explains why the
channel is net-erosive on a decennial timescale (SR = ~ -16 cm/yr). The 30
cm long sediment cores used in this study thus probably represent deposits
that were a few days to weeks old, as direct monitoring shows that over 100
turbidity currents can occur in one freshet (Chen et al., 2021; Pope et al.,
in review). The top of these deposits were likely reworked again by turbidity
currents in the following days to weeks, progressively moving the sediment
down the channel. The channel thus acts as a conduit through which sand
and associated OC is shuffled to the lobe, in multiple stages over several
weeks to several decades (Heijnen et al., in review). Time-lapse bathymetry
also shows that the terminal lobe is built up from a small number of large
magnitude ‘channel flushing’ events (Heijnen et al., in review), resulting in
a locally high SR (SR = 18 cm/yr, Table 2) over decennial timescales. It
should be kept in mind that this bathymetric method underestimates the
depositional volume in areas of slow deposition (overbanks), as cm-thin
drapes of sediment cannot be resolved by this method. The second approach
(i.e., 2Pb and Cs dating) postulates that the entire Bute submarine
system is net aggrading over centennial timescales (Syvitski et al., 1988).
Thus, the channel floor is assumed to aggrade at the same rate as the
adjacent overbank areas, rather than being strongly erosional. This is
consistent with a rather shallow (~20 m relief) channel, as prolonged erosion
in a submarine channel that is likely at least hundreds of years old would



have carved a much deeper conduit. This assumption of overall aggradation
results in a slow, but positive, SR in the channel (SR = 0.07 cm/yr). This
SR in the channel is then assumed to be balanced by less aggradation in the
lobe (SR = 10 cm/yr), such that the total sediment budget within the
various sub-environments on the fjord seafloor then balances the rate at
which sediment is supplied by the rivers (Table 1).

In total, all OC burial rates in the submarine system are provided as ranges
(Table 2) based on the two approaches used to estimate SR.

Total submarine

Channel floor Lobe Overbank Distal basin
system

10 yr 100 yr 10yr 100 yr 10yr 100 yr 10 yr 100 yr 10yr 100 yr

Surface area (m?) 12.2x 108 15.4 x 10° 77.0x 10° 58.0 x 10° 163 x 10°
Sedimentation rate (m/yr) -0.16° | 0.007° 0.18° 0.1° 0.023*  0.02° 0.023*  0.01°
Sedimentation rate error (m/yr) -0.09 0.005 0.22 0.050 0.006 0015 0.006 @ 0.003
Sediment volume budget (Mm?/yr) -2.0° 0.1 2,737 15 18 15 13 0.6 3.8 3.7
Sediment volume budget error (Mm3/yr)  -1.09 0.06 3.45 0.8 0.46 1.1 0.35 0.17 3.2 2.2
% coarse sand 63 63 7 0
% fine sand 29 29 13 0
% grey mud 8 8 80 65
% red mud 0 0 0 35
TOC in coarse sand (%) 0.03 0.03 0.04 0
TOC in fine sand (%) 32 3.2 03 0
TOC in grey mud (%) 0.5 0.5 0.3 0.7
TOC in red mud (%) 0 0 0 2.5
TOC weighted with facies (%) 1 1 03 1.3
Porosity (%) 70 70 80 85
Sediment density (kg/m?) 2585 2585 2585 2585
OcC flux (Kt OC/yr) -15.6 0.7 21.2 11.9 29 24 6.8 2.9 15.4 17.9
OC flux error (Kt OC/yr) -8.5 0.5 26.9 59 0.8 1.7 1.2 0.9 203 9.1
Terrestrial OC flux (Kt OC/yr) -15.6 0.7 21.2 11.9 29 24 3.1 1.3 11.7 16.3
Terrestrial OC flux error (Kt OC/yr) -8.5 0.5 26.9 6.0 0.8 1.8 1.2 0.6 20.3 8.8
| Burial efficiency (%) | 50 | 70 ‘

Table 2: Sediment budget and organic carbon (OC) fluxes in the sub-environments
of the Bute turbidite system over 10 and 100 yr timescales. a: sediment volumes
derived from repeated bathymetric surveys between 2008 and 2018 (Heijnen et al..
in review). Sedimentation rates are obtained by dividing the sediment volume by
the surface area of a given sub-environment. Volume uncertainties are based on
vertical accuracy of the multibeam surveys of 0.5 % of the water depth. hence the
600 m deep lobe is greatly affected (Heijnen et al.. 2020). b: Assumed sedimentation
rates in the channel and lobe are based on ¢ and Baudin et al. (2020; see Suppl.
Material). c: Sedimentation rates in the overbank and distal basin are based on
210Pb and 137Cs dating (Syvistki et al.. 1988. Heerema. 2020; Suppl. Material).
OC annual fluxes are obtained as follows: OC flux = Sediment volume x TOC x
(1-Porosity) x Density



4 Results

Below we provide the OC content and composition for both rivers and the
fjord sediments separately. We note that comparison between TC and TOC
on all samples revealed the absence of carbonates within both river and fjord

samples (Fig. 4).
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Figure 4: comparison between total carbon (including inorganic and organic car-
bon) and total organic carbon content measured on all samples collected in rivers

and fjord.

4.1 Carbon composition supplied by both rivers; what is
coming in?
Coarse sand samples collected from the riverbank and delta areas have
relatively low TOC (mean TOC = 0.35 %), and 513C values (-27 to -28 %o)
indicating a terrestrial origin (Hecky and Hesslein, 1995). TOC is moderately
high (mean TOC = 0.8 %) in the fine sands collected in the river waters,
banks and deltas; whereas 5%C values are low (-25 to -29 %) and point
again to a terrestrial origin (Hecky and Hesslein, 1995). TOC is highest in
muddy sediments (mean TOC = 3.1%, Fig. 5) collected in the river plume
at the fjord head. 3C signatures for these river plume samples are unusually

high (-12 to -20 %o; Fig. 6), despite the absence of carbonates (Fig. 4). These



high 8%C values are interpreted to be linked to bacterioplankton producing
extra cellular polymeric substances (EPS; Albright, 1983), and this will be

further discussed in Section 5.1.

In total, we estimate that about 23.4 + 5.2 Kt OC/yr are delivered annually
by the Homathko and Southgate Rivers. This is based on the estimated
sediment discharge (suspended and bedload) and on the average TOC
content measured between samples collected in both rivers in October 2017

(Table 1).
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Figure 5: Facies and total organic carbon (TOC) content within rivers, subma-
rine channel and lobe, overbank, and distal flat basin. Pie charts represent the
contribution (in %) of each of the facies to a given sub-environment.



4.2 Facies and carbon composition in the fjord; what is
preserved and where?

We now present the OC content and composition within the fjord seabed,

across the four previously-defined sub-environments (Fig. 3).

Sediment cores collected from the sandy channel floor and lobe have similar
facies and OC composition, thus the OC composition of these sub-
environments are described together. The channel floor and lobe contain 63
% carbon-poor (mean TOC = <0.05 %) coarse sand; 29% of carbon-rich
(mean TOC = 3 %) fine sand; and 8 % of carbon-moderate (mean TOC =
0.5 %) mud (Fig. 5). 8%C and "C ages revealed that fine sands contain
young terrestrial woody debris (visible to the naked eye), buried under older
biospheric soil organic matter in the muds (Hage et al., 2020; Fig. 6).

In contrast to the channel floor and lobe, the overbanks are dominated (80
%) by muddy deposits characterized by lower TOC values (0.35 % on
average; Fig. 5). Fine sands found in the overbank cores have much lower
TOC values compared to fine-sands in the channel floor and lobe. 813C
signatures range between -26 and -28 %o, pointing to a terrestrial origin of
the organic matter (Fig. 6). We note the absence of woody debris visible to
the naked eye in the overbank cores, as opposed to the channel floor and

lobe cores.

The top two meters of sediment recovered from the distal flat basin is made
exclusively of muddy sediments characterized by a homogenous red (35 %)
or grey facies (65 %). Grey muds have moderate TOC (0.65 % on average;
Fig. 5) and a wide range of 3C signatures, suggesting a mixed terrestrial
and marine origin of organic matter (-22 to -26 %o; Fig. 6). Red muds have
high TOC (2.5 % on average; Fig. 5) with 8"C between -20.5 and -23 %o
(Fig. 6) that point to a marine-dominated origin (MacDonald et al., 1991).
Based on a binary mixing model using 3"C compositions of marine and
terrestrial OC end-members, we estimate that about 54 % of the organic

carbon found in the upper two meter sediment of the distal flat basin is of



marine origin (Text S6, Table S6). “C data and RPO thermograms on the
red and grey muds in this distal site (Fig. 7) reveal that the OC in this
muddy distal site is of similar age (500 to 1100 *C yr), compared to the
organic matter found in the muddy deposits of the channel (997 “C yr; Fig.
6). Overall, OC associated with muds in the active channel and distal flat
basin are older compared to the young OC associated fine sands found in
the active channel (Fig. 6, Hage et al., 2020), due to mineral protection of
old biospheric OC in muddy sediments (Hemingway et al., 2019).

In total, we estimate that the top two meters of sediments in the Bute
turbidity current system comprise an annual OC burial rate ranging from
15.4 to 17.9 Kt OC/yr over decennial to centennial timescales, respectively
(Table 2). We divide this budget between terrestrial and marine organic
carbon contribution based on the mixing model applied to the distal flat
basin samples (Text S6). In total, between 11.7 and 16.3 Kt OC/yr of
terrestrial origin carbon are found in the fjord, in all of its sub-environments.
Between 1.6 and 3.7 Kt OC/yr of marine origin carbon are found in the
distal flat basin (Figs. 6 and 7, Table 2).
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Figure 6: Total Carbon content (TC) versus carbon stable isotopes (6"C) meas-
ured on all samples collected in the rivers and in the Bute turbidity current system.
5"C values are reported relative to Vienna Pee-Dee Belemnite (VDBP). Radiocar-
bon dates are expressed as reservoir age offsets in "C years (following Soulet et al.,
2016). The combination of bulk measurement of carbon, stable isotopes and radio-
carbon isotopes allowed five carbon pools to be identified. (1) Extra polymeric
substances associated with bacterioplankton in the river plumes at the surface of
the fjord waters (Albright, 1983). (2) Marine carbon produced in the distal site. (3)
Young terrestrial carbon in the form of woody debris almost exclusively buried in
the sandy submarine channel. (4) OId terrestrial biospheric organic carbon aged in
soils. (5) Petrogenic (rock-derived) organic carbon associated with coarse sand.
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Figure 7: Separation of OC mixtures by ramped oxidation (RPO) for three samples
collected in the distal flat basin (Core 15 in Fig. 3). Two facies are identified in
this core: muddy sediment with a reddish colour and muddy sediments with a grey
colour and organic debris. Black lines show distribution of activation energy (Ea)
(thermogram; Hemingway et al., 2017). Blue squares show radiocarbon ages (in
fraction modern, Fm, a measurement of the deviation of the “C/"C ratio of a
carbon fraction from “modern”). Red dots show carbon stable isotopes (6"C, in
%o). Blue bars represent the Ea range to which each red dot and blue square applies.

5 Discussion

5.1 How much particulate organic carbon is delivered by
the two rivers discharging into Bute Inlet?

We have estimated that Homathko and Southgate Rivers carried 23 + 5 Kt
OC/yr into Bute Inlet based on suspended and bedload sampling conducted
in 2017 (Table 1). This total OC flux is interpreted to contain three pools
(Fig. 6): young terrestrial biospheric (woody debris); old terrestrial
biospheric (soil organic matter); and petrogenic OC (rock-derived OC).



Identification of these pools is based on TOC and &%C signatures (Fig. 6),
and on ramped oxidation data combined with radiocarbon dates previously
presented in Hage et al. (2020). To these three pools previously identified,
we add a fourth pool made of extracellular polymeric substances (EPS)
associated with bacterioplankton that occurs when the rivers enter the fjord
and create surface plumes in which the heterotrophic activity of
bacterioplankton can be enhanced (Albright, 1983). This activity appears to
result in an OC pool characterized by high TOC (>3 %) and unusually high
31C signatures (Fig. 6). Such signatures cannot be explained by the presence
of carbonates (typically enriched in 8%C) because they were removed prior
to isotope measurements. These high 8%C signatures may also correspond
to C4 plants, yet C4 plants are almost exclusively found in tropical and
warm environments (Hecky and Hesslein, 1995). Instead, we suggest that
the high TOC and associated &%C signatures correspond to bacterial
extracellular polymeric substances (EPS). The EPS hypothesis is further
supported by the stickiness of the plume samples, which is typical for EPS
(Underwood et al., 1995). This fourth pool of OC is not included in our OC
river input flux as it is most likely formed within the fjord water. Further
research on the highly enriched 5%C composition of these plume samples is
required, yet it is beyond the scope of this study. We further note that the
EPS-related OC pool is not found in the fjord seabed sediment samples (Fig.
6). We propose this is because OC associated with EPS is labile and not
heavy enough to settle, and it thus degrades rapidly in the water column
before reaching seabed sediments (Albright, 1983).

We note that there are key assumptions behind these estimates of riverine
OC composition. First, we have a limited number of river samples (n=22)
and these samples were collected during a rain-induced runoff event in fall
when river discharge was near the annual average (Text S1). River discharge
peaks driven by the freshet and/or intense rain likely brought more and
coarser terrestrial organic debris than the rates estimated here (as in
Turowski et al., 2016). We thus expect these river OC fluxes to fluctuate
not only seasonally but also following extreme events such as floods and
intense rain, yet the data presented in this study do not constrain this
variability. Second, we have no constraints on the OC content potentially

coming from small streams entering the fjord along its margins. However,



these streams only represent 6 % of the total sediment and freshwater input
coming into the fjord (Syvitski and Farrow, 1983).

5.2 How much and what type of organic is buried in the
Bute Inlet sub-environments?

The surficial sediments from the Bute turbidity current system bury a total
of 154 — 17.9 Kt OC/yr, with 11.7 to 16.3 Kt OC/yr being of terrestrial
origin. 76 to 91 % of the OC buried in Bute Inlet is thus terrestrial. This
proportion is higher compared to previous estimates made in other fjords
where 42 to 65 % of the OC was found to be terrestrial (Cui et al., 2016,
Smeaton & Austin, 2020). This further highlights the importance of
turbidity currents for distributing terrestrial OC in river-fed fjords, and the
necessity to include turbidity current processes when assessing the burial of
terrestrial OC globally.

There are a number of uncertainties behind OC fluxes calculated in Bute
Inlet. First, we do not have sediment cores in the external parts of the
overbanks, close to the fjord’s sidewalls. Therefore, we extrapolate the OC
composition found in the overbanks close to the channel to the entire
overbank area. These more distal sites in the overbank may either be poorer
in terrestrial OC compared to the sites close to the channel fed by the rivers,
or richer in OC due to smaller rivers and streams and potential landslides
sourced from the fjord steep sidewalls. Second, we assume that the 30 cm
thick (i.e. maximum a few weeks old) deposits recovered from the channel
are reproduced over centennial timescales despite the rapidly migrating
knickpoints in the channel (Prior et al., 1987, Heijnen et al., 2020). We could
expect that channel-floor fine sands, which are rich in OC, are excavated
several times before reaching their ultimate burial location on the lobe,
decreasing their OC content over time (Heijnen et al., in review). However,
we do not see any evidence of OC content decrease along the channel
transect, at least over the very recent (30 cm below seafloor) deposits
observed in this study. We suspect that the channel is an efficient conduit
for the delivery of terrestrial OC to the lobe, but this needs to be confirmed
with longer sediment cores that are difficult to collect in sandy channel floors
(as piston corers tend to fail to penetrate sandy seabed).



Despite these uncertainties, the data collected in Bute Inlet allow us to
derive for the first time a detailed OC burial budget in fjord sediments
controlled by turbidity currents (Fig. 8). Together the channel and lobe,
dominated by sands (Fig. 5) and only covering 17 % of the fjord’s seafloor
area, comprise 48 to 77 % of the total annual terrestrial OC burial flux in
Bute Inlet. This terrestrial OC is predominantly young, associated with fine
sands and buried beneath a layer of mud (Hage et al., 2020, Fig. 6). The
overbanks, dominated by mud (Fig. 5) and covering 47 % of the fjord’s
seafloor area, comprise 15 to 25 % of the total annual terrestrial OC burial
flux, with low TOC in the fine sands. The settling velocities of waterlogged
woody debris have been shown to be relatively rapid due to their size and
density (Waterson et al., 2008, Hoover et al., 2010, McArthur et al., 2016),
such that this woody debris is carried mainly along the channel floor. This
concentration of woody debris along the channel floor could explain the low
TOC values seen within the fine-sands of the overbanks. The distal flat basin,
exclusively made of mud in the surficial (200 cm) sediment and covering 36
% of the fjord’s seafloor area, comprises the remaining 6 to 22 % of the total
annual terrestrial OC burial flux. The abundance of mud in the surficial
sediment of the distal flat basin is explained by the limited number of
turbidity currents reaching this site in present times (Prior et al., 1987; Chen
et al., 2021; Pope et al., in review).
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Figure 8: Summary illustration (not to scale) showing total organic carbon (OC)
fluxes from rivers to seafloor sediment in Bute Inlet. OC fluxes are given as the
average value between sediment budgets estimated using two approaches (see
Methods; Heijnen et al., in review, Syvitski et al., 1988, Heerema, 2021). Error bars



correspond to the range between the two approaches. Sediment and OC are shuffled
stepwise down the channel before reaching the lobe due to migrating knickpoints.
The channel is thus net erosive over decennial timescales, with patches of erosion
(E) and deposition (D) between knickpoints. Over longer timescales (>100s yr),
the channel is interpreted as being neutral to slowly aggrading.

5.3 What is the terrestrial OC burial efficiency of Bute
Inlet and how does it compare with other fjords?

Comparison between OC river input (23 + 5 Kt OC/yr) and terrestrial OC
burial rate in Bute Inlet (11.7 to 16.3 Kt OC/yr), suggests that Bute Inlet
has a terrestrial OC burial efficiency ranging between 50 and 70 % (60 + 11
% on average) when estimated over decennial and centennial timescales,

respectively.

No study has closed budgets between river sources and fjord sediments
before, so it is not possible to compare this value with other river-fed fjords.
However, we can compare our results in Bute Inlet with previous fjord
studies, by normalizing OC burial rates to the Bute Inlet’s total surface area.
By doing so, the burial of terrestrial OC in Bute Inlet ranges between 72
and 100 t C/km?/yr. This range lies between previous estimates of OC fluxes
of 57 to 107 t C/km?/yr in Scottish and Irish fjords that were described as
having heterogeneous seafloors (Smeaton and Austin, 2020). Importantly,
our results from Bute Inlet suggest that fjords characterised by sandy
turbidity current systems may bury over three times more terrestrial OC
compared to previous global estimates based on muddy cores from fjords
without any identified turbidity current channels (22 t C/km?/yr; Smith et
al., 2015, Cui et al., 2016).

5.4 Comparison with larger, deep-sea turbidity current
systems

To our knowledge, only one study has provided OC balance budgets between
river source and turbidity current sub-environments within a single system.
This is the Congo River to deep-sea Fan (Baudin et al., 2020), where burial
rates are calculated over centennial timescales that are comparable to the
longer timescales considered in this study. Using a source to sink approach,
Baudin et al. (2020) found that 33 to 69 % of the annual OC delivered by



the Congo River is buried in the Congo turbidity current system. This burial
efficiency is similar to, if slightly lower than, our estimate in Bute Inlet (50
to 70 %), highlighting the difficulty in closing budgets between river source
and marine sinks fed by turbidity currents, particularly in open marine
systems such as the Congo system (Baudin et al., 2020). Within these two
turbidity current systems, both the Congo and Bute Inlet submarine canyon-
channels show minimal long-term (> 100 year) OC accumulation (Fig. 8,
Baudin et al., 2020). We note however that under-sampling of the Congo
Canyon and Channel occurred in past studies due to the difficulty with
sampling sandy deposits (Baudin et al., 2020). This under-sampling of the
canyon and channel may result in underestimation of OC burial rates in the
Congo Channel, similarly to the Bute Inlet channel where only 30 ¢cm long
sediment cores could be retrieved. In both Congo and Bute Inlet systems,
the lobe holds most of the total buried OC.

Besides this example from the Congo system, work in Gaoping Canyon
offshore Taiwan shows a terrestrial OC preservation efficiency of > 70% in
marine sediments. The Gaoping submarine canyon is supplied by river floods
(hyperpycnal) and dilute surface plumes (hypopycnal) inputs (Kao et al.,
2014). This high OC burial efficiency results from this mountainous island
being a hotspot for sediment and OC production, with frequent typhoons
that deliver terrestrial OC (e.g. woody debris associated with sands) through
the submarine canyon to the deep-sea (Hilton et al., 2008, West et al., 2011,
Liu et al., 2016). Another example of high OC burial efficiency comes from
the Bay of Bengal where almost no loss of OC was observed between the
Ganges-Brahmaputra River inputs and the Bengal Submarine Fan (Galy et
al., 2007). Coarse turbidity current deposits from the channel-levees of the
Bengal Fan submarine system were also shown to have abundant terrestrial
woody fragments throughout the last 19 My (Lee et al., 2019). These OC-
rich turbidity current deposits are interpreted to result from high-magnitude,
low-frequency events (e.g. floods, cyclones; Lee et al.; 2019).

Based on these examples, it is plausible that rare and extreme events may
also affect the OC burial efficiency and distribution in Bute Inlet. It was
recently shown that most turbidity currents (~90 %) dissipate within the
shallowest-water (< 200 m depth and < 12 km along channel from the delta)
part of Bute Inlet, whereas less frequent (~10%) events rework this material



and progressively shuffle it downstream to the lobe (Heijnen et al., in review).
We further suspect that rare long runout events can flush material to the
distal flat basin, as evidenced by thick sandy accumulations found at >3 m
depth in 8 m long piston cores collected in the distal basin at the location
of core 15 (Fig. 3, Heerema, 2021). Based on our OC burial efficiency
estimates (i.e., 50 to 70 % over decennial to centennial timescales,
respectively), it appears that OC burial efficiency is higher when considering
longer timescales, which are more likely to integrate some large events than
shorter timescales.

An example of rare and large event occurred in the Bute Inlet area on 28
November 2020 when a glacial lake outburst flood took place at Elliot Creek,
which is a tributary of Southgate River (Fig. 1). This outburst flood caused
an exceptionally large landslide involving 15 million cubic meters of
terrestrial material, some of which was released into the Southgate River,
ultimately discharging into Bute Inlet (Geertsema et al., in review,
https://blogs.agu.org/landslideblog/2020/12/16/bute-inlet-landslide/). The
impact of this event on the OC burial in Bute Inlet is yet to be determined

and compared with the pre-event OC fluxes presented in this study, but it
may help to understand sediment and OC delivery in most infrequent but
large magnitude events.

6 Conclusion

This study provides the first complete source-to-sink budget for organic
carbon (OC) in a river-fed fjord turbidity current system, showing how OC
is distributed within the upper <2 m of sediment. OC fluxes are estimated
for the fjord’s two river sources (Homathko and Southgate Rivers, which
provide 94 % of the water and sediment discharge to the fjord), and
compared to OC burial fluxes in different seafloor sub-environments. We
estimate that the annual OC export from both rivers to the fjord is 23 £ 5
Kt C/yr, although this may not capture the full annual range of streamflow
variability. The annual terrestrial OC burial rate of the entire fjord is
estimated to range from 12 to 16 Kt OC/yr. This suggests that a relatively
high terrestrial OC burial efficiency (60 £ 10 %) occurs within the fjord.
Terrestrial OC is distributed as follows across the fjord seafloor; 63 £+ 14 %
of the total terrestrial OC burial occurs in the sand-dominated channel floor
and lobe (covering 17 % of the fjord seafloor area), whereas 37 + 14 % occurs


https://blogs.agu.org/landslideblog/2020/12/16/bute-inlet-landslide/

in the mud-dominated overbank and distal flat basin (covering 83 % of the
fjord seafloor area). Therefore, hydrodynamic fractionation of OC by
turbidity currents leads to variable burial efficiencies in different sub-
environments of the fjord. This study helps to understand how OC is buried
within fjords over short (decennial to centennial) timescales. A comparison
to other (non-fjord) turbidity current systems suggests that these systems
consistently have high (50 to 100 %) terrestrial OC burial efficiency (Galy
et al., 2007, Liu et al., 2016, Hilton et al., 2017; Baudin et al., 2020).
Turbidity current systems may thus play a globally important role in the
highly efficient delivery and burial of mainly terrestrial OC, which affects
atmospheric CO; levels over geological timescales (Berner, 1982) and food
resources for modern benthic ecosystems (Wtodarska-Kowalczuk et al.,
2019).



Data availability: Discharge data for the Homathko River and Southgate
River are available from https://wateroffice.ec.gc.ca; station 08GD004 and
station 08GDO010, respectively. Multibeam bathymetric data are held by the
Geological Survey of Canada and Canadian Hydrographic Survey. Sediment
core and river sample locations are provided in the supplementary material
of this study, as well as organic geochemistry measurements made on each
sample (Tables S1, S2, S7 and S8).
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Introduction

The following information contains supplementary description of the methods used to
estimate the river flow and sediment discharge (Text S1 to S3), and the approaches used to
determine sedimentation rates in the seabed of Bute Inlet (Text S4 and S5). Five
supplementary figures, five equations and five tables are also included.
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Text S1: Flow discharge of Homathko and Southgate Rivers

The Homathko River has been gauged by Water Survey of Canada for decades while the
Southgate River was not gauged until late June 2021 (Fig. S1). Therefore, in order to estimate
the Southgate discharge in our year of sampling (2017), we developed a linear regression model
that predicted Southgate discharge from Homathko discharge using all available overlapping
flow observations as of late October 2021 (Fig. S2a). The training dataset contained n =123 daily
flow observations spanning a broad range of flows from record high discharge in late June 2021
through moderately low flows in October 2021. The resulting model had a good overall fit (10
fold cross-validated RMSE = 22.2; R* = 0.98; Fig. S2b) and was used to backcast Southgate River
discharge for 2017 (Fig. S3). In each river, the gauge was located several km upstream of the
outlet and thus missed small tributaries near the mouth. Consequently, we scaled up from
discharge estimates at the gauges to discharge estimates at the watershed outlets using the
watershed to gauged area ratios (the Homathko watershed is 98 % gauged, whereas the

Southgate watershed is 87 % gauged).
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Figure S1. Flow discharge data collected between June 2021 and October 2021 by the Water
Survey of Canada gauging stations on the Homathko and Southgate Rivers.
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Figure S2. A. Relationship between flow discharge observations in the Homathko and
Southgate River in 2021. B. Comparison between Southgate flow predicted by linear
regression (in A) and Southgate flow observed at the gauging station (Fig. S1). The blue line is
a 1:1 line representing 100% accurate prediction. MAE = mean absolute error, RMSE = root-
mean-squared error, R? = coefficient of determination.
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Figure S3. Flow discharge for the Homathko and Southgate Rivers observed and modelled for
the year 2017.



Text S2: Bedload discharge of the Homathko and Southgate Rivers

Bedload discharge for the Homathko River was estimated at 99 kg/sec by Syvitski and Farrow
(1983) which equates to 3122 x 10° kg/yr. No estimate was found in the literature for the
Southgate river bedload discharge. We thus used the ratio between the two river watersheds
(Eg. 1) as a scaling factor to deduce an annual mean river bedload for the Southgate using the
Homathko bedload estimate. This gives a Southgate bedload annual discharge of 1073 x 10°
kg/yr. In total, the bedload discharge brought in by the two rivers equals 4164 Kt/yr.

Because the Southgate bedload discharge is estimated based on the Homathko bedload
discharge, we use the average total organic carbon of the samples collected in the bedload of
both rivers (i.e. TOC = 0.35 £ 0.1 %, Table S7) to derive a total OC bedload flux. This gives a total
organic carbon bedload flux of 14.9 + 3.6 Kt OC /yr for the Homathko and Southgate rivers.

5782 km?
— =291
1985 km?2

Equation S1. Ratio between the Homathko and the Southgate Rivers’ watersheds

% x 108 kg/yr = 1073 x 10° kg/yr

Equation S2. Southgate River annual bedload flux predicted based on the Homathko River
bedload flux

Syvitski, J. P. M., & Farrow, G. E. (1983). Structures and processes in Bayhead Deltas: Knight and Bute
Inlet, British Columbia. Sedimentary Geology, 36(217), 244.




Text S3: Total suspended sediment (TSS) load discharge of the Homathko and Southgate
Rivers

A total of 34 and 20 suspended sediment samples were collected by the Hakai Institute between
2016 and 2021 in the Homathko and Southgate Rivers, respectively (Tables S1 and S2).
Constituent concentrations and flow discharge were measured for each sample. Based on these
physical samples and on the water discharge data presented in Text S1, we modeled monthly
and annual constituent fluxes using the USGS LOADEST program (Runkel et al., 2004). LOADEST
uses a time series of paired streamflow and constituent concentration data to construct a
calibration regression, which is then applied to a daily discharge record to obtain daily
constituent fluxes (load; mass day-1). The program uses a series of models which are nested

within Equation S3.

InLoad = ap + a; InQ + a,InQ? + as sin(2ndtime) + a. cos(2rmdtime) + asdtime + asdtime?

Equation S3. Equation used by the LOADEST program to model monthly and annual TSS
discharge for the Homathko and Southgate Rivers. InLoad = the natural log of Load, InQ =
[In(streamflow) - center of In(streamflow)], and dtime = [decimal time - center of decimal time].
We used the AIC criteria to select the model of best fit from among the nested series of potential

models, following common practice when there is no a priori reason for model preference

(Burnham and Anderson, 2002).

In total, we estimate an annual mean suspended load of 30.9 kg/sec for the Homathko River,
averaged between years 2016 to 2020. This number is almost equal to the previous estimate of
29 kg/sec made on the Homathko River by Syvitski and Farrow (1983). The annual mean
suspended load of the Southgate River is estimated at 7 kg/sec averaged between 2017 and

2020.

Runkel, R.L., Crawford, C.G., and Cohn, T.A., 2004, Load Estimator (LOADEST): A FORTRAN Program for
Estimating Constituent Loads in Streams and Rivers: U.S. Geological Survey Techniques and Methods
Book 4, Chapter A5, 69 p.

Burnham, K. P., & Anderson, D. R., 2002. A practical information-theoretic approach. Model selection and
multimodel inference, 2.

Syvitski, J. P. M., & Farrow, G. E. (1983). Structures and processes in Bayhead Deltas: Knight and Bute
Inlet, British Columbia. Sedimentary Geology, 36(217), 244.




Flow Conc.

Site Date Time (ft3/sec) (mg/l)

Homathko 04/30/2016 1200 7275 37,4
Homathko 06/02/2018 1200 10877 46,6
Homathko 07/31/2018 1200 32454 316,0
Homathko 08/29/2018 1200 20129 70,5
Homathko 09/19/2018 1200 5544 5,2
Homathko 10/23/2018 1200 3521 7,1
Homathko 11/27/2018 1200 8581 62,5
Homathko 01/28/2019 1200 1978 4,4
Homathko 05/16/2019 1200 9712 41,4
Homathko 06/25/2019 1200 12784 36,8
Homathko 07/16/2019 1200 18717 58,3
Homathko 08/22/2019 1200 19882 219,7
Homathko 09/19/2019 1200 9217 78,8
Homathko 10/10/2019 1200 4202 32,2
Homathko 10/18/2019 1200 6427 38,8
Homathke 11/07/2019 1200 3267 13,5
Homathko 12/05/2019 1200 2423 8,0
Homathko 01/21/2020 1200 2373 31,9
Homathko 02/18/2020 1200 1801 3,0
Homathko 03/16/2020 1200 1434 2,6
Homathko 06/03/2020 1200 12643 55,7
Homathko 07/09/2020 1200 17340 66,6
Homathko 08/12/2020 1200 12572 91,6
Homathko 10/22/2020 1200 5756 33,8
Homathko 12/17/2020 1200 3955 9,0
Homathko 01/13/2021 1200 3343 14,9
Homathko 02/09/2021 1200 1711 4,0
Homathko 03/10/2021 1200 1518 3,3
Homathko  04/20/2021 1200 5240 21,2
Homathko  05/20/2021 1200 7500 29,0
Homathko 06/15/2021 1200 14630 73,1
Homathko 07/13/2021 1200 29709 162,1
Homathko 08/11/2021 1200 34016 238,6
Homathko  10/07/2021 1200 5372 17,6

Table S1. Suspended sediment samples collected in the Homathko River between 2016 and
2021. Flow discharge are given in cubic feet per second and concentrations (Conc.) in
milligram per liter)



Site

Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate
Southgate

Date

04/30/2018
06/02/2018
08/29/2018
09/19/2018
10/23/2018
03/28/2019
06/25/2019
12/17/2020
01/13/2021
02/09/2021
03/10/2021
04/20/2021
05/20/2021
06/15/2021
06/30/2021
07/13/2021
08/10/2021
08/11/2021
09/30/2021
10/07/2021

Time
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

Flow

(ft3/sec)

3915
5847
10810
2987
1901
1280
6870
2134
1806
931
827
2824
4035
7860
32107
16288
14314
18010
11347
2192

Conc.
(mg/l)

16,5
29,9
37,9
3,5
6,1
2,9
25,1
57
4,4
3,1
23
13,3
47,7
88,2
526,4
61,3
131,7
2379
49,9
35,7

Table S2. Suspended sediment samples collected in the Southgate River between 2018 and
2021. Flow discharge are given in cubic feet per second and concentrations (Conc.) in
milligram per liter)



Text S4: Sedimentation rate based on bathymetric difference maps

The first approach to determine sedimentation rates in Bute Inlet uses differences between two
bathymetric surveys obtained in 2008 and 2018, and analyzed by Heijnen et al. (in review). This
approach derived sediment volumes in the channel and lobe of Bute Inlet, showing that
sediment is transported stepwise down the channel as a result of turbidity currents becoming
less frequent along the channel transect. Previous work in the same channel highlighted zones
of erosion and deposition that migrate upstream significantly (100 to 450 m per year) due to
the presence of turbidity current-related knickpoints (Heijnen et al., 2020). Overall, the channel
has a net eroded volume of 41 = 12 Mm? and a net deposited volume of 19 + 12 Mm? between
2008 and 2018 (Table S3; Heijnen et al., in review). The lobe shows no erosion and a total
deposition of 30 £ 38 Mm? between 2008 and 2018 (Table S3; Heijnen et al., in review). Volume
uncertainties are based on vertical accuracy of the multibeam surveys of 0.5 % of the water
depth, hence the 600 m deep lobe is greatly affected (Heijnen et al., 2020). We divided these net
2008-2018 sediment volumes by the surface areas of the channel and lobe, to derive annual

sedimentation rates of -16 = 9 cm/yr and 18 + 9 cm/yr, respectively (Table S4).

Comparison between the sources of sediment available in the Bute submarine system (i.e.
supplied by the rivers and made available through erosion in the channel; Table S4) and
sediment deposited on the seabed on the channel and lobe results in a sediment deficit of 3.1
+ 0.9 Mm?/yr (Table S4). If we assume that this deficit is spread over the overbanks and distal flat
basin (i.e. outside of channe and lobe; Heijnen et al., in review), and that we divide this deficit
by the surface area of the overbanks and distal flat basin, we find a sedimentation rate of 2 £ 0.6

cm/yr in these two sub-environments (Table S4).

Heijnen, M. S,, Clare, M.A,, Cartigny, M. J,, Talling, P.J., Hage, S., Pope, E.L., Bailey, L., Sumner, E.J,, Lintern,
D.G,, Stacey, C.D., Parsons, D.P., Simmons, S.M., Chen, Y., Hubbard, S.M., Eggenhuisen, J.T., Kane, |., Hughes
Clarke, J.E. (in review, EPSL) Fill, flush or shuffle: How is sediment carried through submarine channels to
build lobes?

Heijnen, M. S, Clare, M. A,, Cartigny, M. J,, Talling, P. J,, Hage, S., Lintern, D. G., Stacey, C.D., Parsons, D.R,,
Simmons, S.M,, Chen, Y., Sumner, E.J,, Dix, J.K., Hughes Clarke, J.E. (2020). Rapidly-migrating and internally-
generated knickpoints can control submarine channel evolution. Nature communications, 11(1), 1-15.
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Figure S4. Location, bathymetry and 2008 to 2018 difference maps modified from Heijnen et
al. (in review). A. Location of Bute Inlet. B. Overview of the submarine channel-lobe system in
Bute Inlet as monitored in March 2008. Data is presented as a slope map overlain by a semi-
transparent bathymetry map. C. 2008 slope map overlain by a March 2008 - November 2018



difference map. Note the along channel alternation of erosional and depositional areas
controlled by knickpoints.

Heijnen et al. (in review)

Sub-
environment

Volume of sediment
sources 2008-2018
(eroded from seabed)

Volume of sediment
deposited on the seabed
between 2008 and 2018

Channel 41 + 12 Mm? 19+ 11 Mm?3
Lobe No net erosion 30 + 38 Mm?
Total 41 +12 Mm3 49 Mm?

Table S3. Sediment budgets in the channel and lobe between March 2008 and November
2018 (modified from Heijnen et al., in review).

Sub-environment Annual net Surface Annual
sediment volume | area sedimentation
budget (Mm3/yr) (km?) rate (cm/yr)

Homathko and

"

Southgate Rivers 3825 2e e

Channel 201
57417 12.2 -16+9

Lobe 27+34 154 18+ 22

Total sediment

SOurces (e erodedfrom | 7> *3.6 n/a n/a

seabed and supplied by rivers)

Tot?l deposited 45445 n/a n/a

sediment

Deficit between

sources and 3109 n/a n/a

deposits

Deficit spread over

overbanks and 3.1+09 133 2306

distal flat basin

Table S4. Annual sediment budgets and annual sedimentation rates in the Bue Inlet sub-
environments, obtained based on time-lapse bathymetry presented in Heijnen et al. (in
review; Table S3). Sediment volume delivered by the rivers is represented as the river
sediment load volume if it were deposited using a sediment density of 2585 kg/m?® and a

porosity of 30 to 60 %.
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Text S5: Sedimentation rates based on ?'°Pb dating

A second approach, holding for a centennial timescale, was used to determine sedimentation
rates in the Bute Inlet sub-environments, based on previous work (Syvistki et al., 1988; Heerema,
2021). ?"Pb dating was performed in Bute Inlet on five sediment cores collected in the
overbanks and on one sediment core collected in the distal flat basin (Fig. S5). A sedimentation
model was also developed on two sediment cores in the overbanks by Syvitski et al. (1987),
allowing comparison between two methods on these cores (Fig. S5, Table S4). We computed
the average between the sedimentation rates presented in Syvistki et al. (1988) and Heerema
(2021), to derive a mean sedimentation rate of 2 + 1.5 cm/yr in the overbanks and 1 £+ 0.3 cm/yr
in the distal flat basin (Table S4). These sedimentation rates are lower compared to the
sedimentation rates derived for the overbanks and distal flat basin by time-lapse bathymetry
(i.e. Approach 1; Text S4). This trend of falling mean sedimentation rate with increasing time

span was previously highlighted globally, under the so-called “Sadler effect” (Sadler, 1981).

Mean sedimentation rate in the depositional lobe is also expected to decrease with increasing
time span for which the lobe is considered (Sadler, 1981). No dating was performed on the cores
collected in the lobe, nor the channel, as these environments are too sandy. Instead, we used
an assumed relationship between the sedimentation rate obtained in the overbank and that of

the channel and lobe (Equations S4 and S5).

Csr=0.35*0g=0.35%2+1.5=0.7+ 0.5 cm/yr

Equation S4. Assumed relationship between sedimentation rate in the channel (Csg) and in the
overbank (Osg)

Lse =5*0sr=5%2+£1.5=10+£7.5 cm/yr

Equation S5. Assumed relationship between sedimentation rate in the lobe (Lsg) and in the
overbank (Osg)

These relationships are based on the relationships between overbanks and channel/lobe found
in the Congo turbidity current system (Baudin et al., 2020). We acknowledge that the Congo
system is different (e.g. scale, composition) compared to the Bute system. However, Baudin et
al. (2020) is the only study, to our knowledge, that provides separate sedimentation rates for the
different turbidity current sub-environments over centennial timescales. Furthermore, it seems

reasonable to assume that the Bute channel will likely reach a net positive sedimentation rate

11




close to zero over centennial timescales. Indeed, if the channel were to keep a negative
sedimentation rate (as suggested by the time-lapse bathymetry in Text S4), we would expect to
see a canyon rather than a channel in the Bute turbidity current system (Deptuck et al., 2003).
The 10 cm/yr sedimentation rate found in the lobe for a centennial timescale is lower compared
to the 18 cm/yr found for a decennial timescale (Text S4), which is line with the Sadler effect

(Sadler, 1981).

Baudin, F., Rabouille, C., & Dennielou, B. (2020). Routing of terrestrial organic matter from the Congo River
to the ultimate sink in the abyss: a mass balance approach (André Dumont medallist lecture 2017).
Geologica Belgica, 23(1-2).

Deptuck, M.E., Steffens, G.S., Barton, M., Pirmez, C. (2003) Architecture and evolution of upper fan channel-
belts on the Niger Delta slope and in the Arabian Sea. Marine and Petroleum Geology 20, 649-676.

Heerema, C. J. (2021). Evolution of Turbidity Currents: New insights from direct field measurements,
Durham theses, Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/13963/

Sadler, P. M. (1981). Sediment Accumulation Rates and the Completeness of Stratigraphic Sections. The
Journal of Geology, 89(5), 569-584. d0i:10.1086/628623

Syvitski, J. P. M., Smith, J.N., Calabrese, E.A., Boudreau, B.P. (1988). Basin Sedimentation and the Growth
of Prograding Deltas. Journal of Geophysical Research, 93 (C6), 6895-6908.

12


http://etheses.dur.ac.uk/13963/

CoreB5
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Overbank Heerema, 2021

Core B4
Syvitski et al., 1988 ‘
' Core 27-PC
Heerema, 2021

Distal flat basin

Water depth (m)

16
—

Figure S5. Location of the sediment cores previously dated by Syvitski et al. (1988) and

Heerema (2021).
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Core and
reference

B5
Syvistki et al.,
1988

25-PC
Heerema, 2021

B4
Syvistki et al.,
1988

27-PC
Heerema, 2021

50-PC
Heerema, 2021

210pp sedimentation
rate (cm/yr)

4.56

1.2 (y)
0.9 (a)

1.14

Model sedimentation
rate (cm/yr)

3.78

Sub-environment
(Location Fig. S5)

Overbanks

Overbanks

Overbanks

Overbanks

Distal flat basin

Average
(em/yr)

2+1.5
(n=7)

1+0.5
(n=2)

Table S5. *'°Pb-determined and modelled sedimentation rates on five sediment cores
displayed in Fig. S5 (Syvistki et al., 1988, Heerema, 2021). Gamma (y) and alpha (a)
spectrometry sedimentation are given where calculated

14




Text S6: Mixing model to determine the terrestrial versus marine organic carbon contribution
in the samples collected from the fjord distal flat basin

We have used a simple binary (i.e. 2 end-members) mixing model to discriminate between
terrestrial and marine organic carbon in the samples collected from the fjord distal flat basin.
The carbon stable isotopes compositions (§'*C) of each sample and of two fixed end-members

were used to run the model, following equations S6 and S7 (Hilton et al., 2015).

8§13 Csample— 813 Cmar

813Cterr— 8'3Cmar

x100

Frerr=

Equation S6. Equation used to derive the fraction of terrestrial organic carbon contained in a
sample.

Fierr + Frnar = 100

Equation S7. The contribution of marine and terrestrial organic carbon represents 100 % of the
total organic carbon held in a sample.

Where:
"  Fwnis the fraction of terrestrial organic carbon in %,
"  Fmais the fraction of marine organic carbon in %,
= §8"BCaample is the measured carbon stable isotope composition of a sample in %o,
= §"Charis the carbon stable isotope composition of the marine end-member, fixed at -20.5
%o (i.e., the minimum value measured on samples collected in the distal basin core)
»  §"BCen is the carbon stable isotope composition of the terrestrial end-member, fixed at -27

%o (Hecky and Hesslein, 1995)

Applying these equations to the samples collected in the distal flat basin results in a mean
relative terrestrial contribution of 46 % (Table S6). Therefore, we estimate that about 44 % of the

organic carbon found in the upper two meter sediment of the distal flat basin is of marine origin.

Hecky, R.E. and Hesslein, R.H. Contributions of Benthic Algae to Lake Food Webs as Revealed by Stable
Isotope Analysis (1995). J. N. Am. Benthol. Soc., 14(4):631-653

Hilton, R., Galy, V., Gaillardet, J. et al. Erosion of organic carbon in the Arctic as a geological carbon dioxide
sink. Nature 524, 84-87 (2015). https://doi.org/10.1038/nature14653
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Macdonald, R., Macdonald, D., O'Brien, M., & Gobeil, C. (1991). Accumulation of heavy metals (Pb, Zn, Cu,
Cd), carbon and nitrogen in sediments from Strait of Georgia, BC, Canada. Marine Chemistry, 34(1-2),
109-135.

Sgg:::]e alacsample I::err F;nar
(cm) (%) (%) (%)
20 -23,01 39 61
21 -23,37 44 56
30 -25,69 80 20
33 -25,83 82 18
37 -22,18 26 74
57 -25,25 73 27
63 24,11 56 a4
73 21,79 20 80
86 -23,99 54 46
90 -26,03 85 15
104 -23,93 53 47
121 -23,72 50 50
151 -23,29 43 57
177 -22,40 29 71
183 -20,51 0 100
196 -22,55 32 68
197 -22,53 31 69
200 -22,17 26 74
Mean 46 54

Table S6. Mixing model applied on sediment samples collected in the distal flat basin of Bute
Inlet (i.e. core 15 in Fig. 3) following Equations S6 and S7. §"*C = carbon stable isotope
composition measured on each sample. . = fraction of terrestrial organic carbon in each
sample. Frmar = fraction of marine organic carbon in each sample.
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- 5 - -
Cruise Sample River  Environment TOC 613C R D, D,, Llatitude Longitude

number code (%) (%0)2 (4Cyr)> (um) (um) (%) (°)

PGC-2017-005 RW18a Homathko  water column 0.70 -25.05 29 45 155 50.948 -124.861
PGC-2017-005 RW20 Homathko  water column 0.64 -23.85 37 247 50.934 -124.863
PGC-2017-005 RB16 Homathko river bank 0.09 -27.04 104 207 50.941 -124.857
PGC-2017-005 RB18 Homathko river bank 0.17 -26.78 78 185 50.948 -124.861
PGC-2017-005 RB22 Homathko river bank 0.25 -27.19 65 174 50.941 -124.857
PGC-2017-005 RD6 Homathko delta 0.18 -26.71 75 230 50.9 -124.9

PGC-2017-005 RDS Homathko delta 0.04 27.21 347 770 50.919 -124.848
PGC-2017-005 RP7a Homathko plume 1.77 -17.15 26 140 50.919 -124.848
PGC-2017-005 RP9a Homathko plume 2.90 -16.27 50.919 -124.848
PGC-2017-005 RP11a Homathko plume 2.86 -13.07 50.920 -124.844
PGC-2017-005 RW1l6a Homathko plume 1.56 -16.82 50.941 -124.857
PGC-2017-005 RW17a Homathko plume 1.82 -18.60 50.944 -124.858
PGC-2017-005 RW23a Southgate  water column 1.42 -25.24 50.886 -124.797
PGC-2017-005 RW23b Southgate  water column 0.85 -25.83 795 13 56 50.886 -124.797
PGC-2017-005 RW23c Southgate  water column 0.91 -25.56 50.886 -124.797
PGC-2017-005 RW23d Southgate  water column 0.70 -25.91 39 209 50.886 -124.797
PGC-2017-005 RB24 Southgate river bank 0.69 -27.45 173 331 50.888 -124.797
PGC-2017-005 RD12 Southgate delta 0.41 -26.23 37 159 50.891 -124.804
PGC-2017-005 RD14 Southgate delta 0.57 -26.74 183 493 50.895 -124.800
PGC-2017-005 RP13a Southgate plume 3.14 -19.44 50.891 -124.804
PGC-2017-005 RP15a Southgate plume 4.99 -17.95 50.895 -124.800
PGC-2017-005 RW19a Southgate plume 1.27 -19.82 33 214 50.938 -124.855

Table S7. Organic geochemistry, grain size, location and metadata associated with the river
samples presented in this study. a: carbon stable isotopes §"C values are reported relative to
Vienna Pee-Dee Belemnite (VDBP). b: R stands for reservoir age offset, reported in *C years and
calculated following Soulet et al. (2016).
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Core Sub-

; Cruise Station Core Depthin ) TOC 813C R Dy, Dy Latitude Longitude Water
nu:;nal;zrr "™ humber  number type core(cm) Env|n;nmen (%) (%) (HCyr)® (um) (um) ) () depth(m)
1 PGC-2016-007 STNO28 Box 3to7 Channel 0.03 -27.3 50.904 -124.834 227
1 PGC-2016-007 STN0O28 Box 20to 24 Channel 0.19 -27.7 50.904 -124.834 227
1 PGC-2016-007 STNO28 Box 4 Channel 0.26 -26.9 84 169 50.904 -124.834 227
1 PGC-2016-007 STNO28 Box 9 Channel 0.03 -25.7 262 1214 50.904 -124.834 227
1 PGC-2016-007 STNO28 Box 12 Channel 0.08 -26.3 624 1348 50.904 -124.834 227
1 PGC-2016-007 STN0O28 Box 18 Channel 0.04 -25.5 466 1333 50.904 -124.834 227
1 PGC-2016-007 STNO28 Box 32 Channel 0.02 -26.3 413 1329 50.904 -124.834 227
2 PGC-2016-007 STNO15 Box 2to6 Channel 0.27 -27.2 50.864 -124.864 319
2 PGC-2016-007 STNO15 Box 18to22 Channel 0.03 -24.7 50.864 -124.864 319
3 PGC-2016-007 STNO10 Box Oto4d Channel 0.37 -27.6 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 15to019 Channel 2.70 -27.0 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 24to28 Channel 0.03 -25.5 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 2 Channel 0.35 -27.8 41 124 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 6 Channel 0.55 -27.5 77 189 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 20 Channel 0.03 -26.1 50.865 -124.868 322
3 PGC-2016-007 STNO10 Box 26 Channel 0.02 -26.1 50.865 -124.868 322
4 PGC-2016-007 STNO14 Box Oto4 Channel 0.03 -26.1 50.862 -124.870 322
a4 PGC-2016-007 STNO14 Box 17to 21 Channel 0.03 -26.3 50.862 -124.870 322
5 PGC-2016-007 STNO19 Box 1 Channel 0.56 -27.5 997 12 52 50.763 -124.915 477
5 PGC-2016-007 STNO19 Box 4 Channel 0.68 -27.7 71 59 171 50.763 -124.915 477
5 PGC-2016-007 STNO19 Box 10 Channel 0.92 -27.8 71 50.763 -124.915 477
5 PGC-2016-007 STNO19 Box 13 Channel 0.02 -26.7 81 157 50.763 -124.915 a77
5 PGC-2016-007 STNO19 Box 20 Channel 0.06 -26.0 2680 172 332 50.763 -124.915 477
5 PGC-2016-007 STNO19 Box 28 Channel 0.02 -25.4 3600 265 1248 50.763 -124.915 477
6 PGC-2016-007 STNO14 Box Oto4 Channel 0.03 -26.1 50.862 -124.870 322
6 PGC-2016-007 STNO14 Box 17to21 Channel 0.03 -26.3 50.862 -124.870 322
6 PGC-2016-007 STNO25 Box 1 Channel 1.53 -28.4 50.704 -124.868 570
6 PGC-2016-007 STNO25 Box 5 Channel 0.03 -26.5 70 145 50.704 -124.868 570
6 PGC-2016-007 STNO25 Box 10 Channel 0.03 -26.3 78 142 50.704 -124.868 570
6 PGC-2016-007 STNO25 Box 15 Channel 0.02 -26.2 109 209 50.704 -124.868 570
6 PGC-2016-007 STNO25 Box 18 Channel 0.02 -26.0 193 350 50.704 -124.868 570
6 PGC-2016-007 STNO25 Box 22 Channel 0.02 -26.7 316 1289 50.704 -124.868 570
7 PGC-2016-007 STNO36 Box 1 Lobe 0.76 -26.8 23 104 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 3 Lobe 0.42 -26.7 17 83 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 4 Lobe 1.53 -27.9 61 179 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 5 Lobe 0.33 -27.4 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 6 Lobe 0.05 -25.5 82 160 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 10 Lobe 0.03 -25.2 145 298 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 15 Lobe 0.08 -27.7 137 296 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 20 Lobe 0.08 -27.0 116 279 50.633 -124.881 611
7 PGC-2016-007 STNO36 Box 24 Lobe 0.03 -26.5 164 1151 50.633 -124.881 611
8 PGC-2016-007 STNO32 Box 10to14 Overbank 0.15 -26.8 50.903 -124.834 218
8 PGC-2016-007 STNO32 Box 20to24 Overbank 0.30 -27.0 50.903 -124.834 218
8 PGC-2016-007 STNO32 Box 15 Overbank 0.18 -27.5 50.903 -124.834 218
8 PGC-2016-007 STNO32 Box 20 Overbank 0.17 -26.7 50.903 -124.834 218
8 PGC-2016-007 STNO32 Box 22 Overbhank 0.31 -26.8 50.903 -124.834 218
9 PGC-2016-007 STNO31 Box 61010 Overbank 0.27 -26.7 50.902 -124.835 189
9 PGC-2016-007 STNO31 Box 16to 20 Overbank 0.26 -26.7 50.902 -124.835 189
9 PGC-2016-007 STNO31 Box 12 Overbank 0.26 -26.3 11 415 50.902 -124.835 189
9 PGC-2016-007 STNO31 Box 24 Overbank 0.34 -27.4 13 59 50.902 -124.835 189

Table S8. Organic geochemistry, grain size, location and metadata associated with the
samples collected in Bute Inlet presented in this study. a: carbon stable isotopes 6'°C values
are reported relative to Vienna Pee-Dee Belemnite (VDBP). b: R stands for reservoir age offset,
reported in '*C years and calculated following Soulet et al. (2016).
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Core Sub-

. Cruise Station Core Depthin ; TOC 513C R D, Dy, Latitude Longitude Water depth
number in Environmen . s b o o
paper number number type core(cm) t (%) (%0) (#Cyr)  (um) {um) °) 2) {m)
10 PGC-2016-007 STNO29 Box 25 Overbank 0.38 -27.1 50.905 -124.833 223
10 PGC-2016-007 STNO30 Box 5t09 Overbank 0.16 -27.3 50.903 -124.839 218
10 PGC-2016-007 STNO30 Box 14to 18 Overbank 0.27 -27.3 50.903 -124.839 218
10 PGC-2016-007 STNO30 Box 7 Overbank 0.46 -27.2 50.903 -124.839 218
10 PGC-2016-007 STNO30 Box 11 Overbank 0.11 -26.7 50.903 -124.839 218
10 PGC-2016-007 STNO30 Box 25 Overbank 0.23 -27.0 50.903 -124.839 218
10 PGC-2016-007 STNO30 Box 30 Overbank 0.21 -27.0 50.903 -124.839 218
11 PGC-2016-007 STNO9 Box 0to4  Overbank 0.20 -27.6 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 20to24 Overbank 0.02 -26.0 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 5 Overbank 0.40 -27.9 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 13 Overbank 0.10 -29.1 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 15 Overbank 0.35 -27.7 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 20 Overbank 0.27 -27.2 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 24 Overbank 0.02 -26.0 50.864 -124.867 321
11 PGC-2016-007 STNO9 Box 30 Overbank 0.38 -28.2 50.864 -124.867 321
12 PGC-2016-007 STNO20 Box 2 Overbank 0.31 -26.2 69 155 50.763 -124.911 466
12 PGC-2016-007 STNO20 Box 7 Overbank 0.04 -26.2 50.763 -124.911 466
12 PGC-2016-007 STNO20 Box 12 Overbank 0.17 -26.0 46 134 50.763 -124.911 466
12 PGC-2016-007 STNO20 Box 23 Overbank 0.03 -25.8 116 225 50.763 -124.911 466
12 PGC-2016-007 STNO20 Box 32 Overbank 0.42 -26.8 22 89 50.763 -124.911 466
13 PGC-2016-007 STNO21 Box 10to 14 Overbank 0.02 -25.7 50.762 -124.918 462
13 PGC-2016-007 STNO21 Box 20to24 Overbank 0.24 -26.6 50.762 -124.918 462
13 PGC-2016-007 STNO21 Box 16 Overbank 0.25 -26.9 50.762 -124.918 462
13 PGC-2016-007 STNO21 Box 9 Overbank 0.03 -24.8 50.762 -124.918 462
14 PGC-2016-007 STNO26 Box 10to 14 Overbank 0.17 -26.1 50.705 -124.865 538
14 PGC-2016-007 STNO26 Box 24to28 Overbank 0.30 -25.9 50.705 -124.865 538
14 PGC-2016-007 STNO26 Box 8 Overbank 0.33 -26.9 35 105 50.705 -124.865 538
14 PGC-2016-007 STNO26 Box 14 Overbank 0.84 -28.2 125 256 50.705 -124.865 538
14 PGC-2016-007 STNO26  Box 20 Overbank 0.40 -26.3 50.705 -124.865 538
14 PGC-2016-007 STNO26  Box 26 Overbank 0.20 -26.7 50.705 -124.865 538
14 PGC-2016-007 STNO26 Box 30 Overbank 0.10 -26.1 50.705 -124.865 538
15 PGC-2016-003 STNO1 Piston 20 Distal basin ~ 3.07 -23.01 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 21 Distal basin ~ 2.93 -23.37 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 30 Distal basin  0.52 -25.69 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 33 Distal basin ~ 0.52 -25.83 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 37 Distal basin ~ 3.52 -22.18 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 57 Distal basin ~ 0.50 -25.25 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 63 Distal basin ~ 2.40 -24.11 523 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 73 Distal basin  2.21 -21.79 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 86 Distal basin  0.68 -23.99 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 90 Distal basin  0.46 -26.03 50.420 -125.085 647
15 PGC-2016-003 STNO1  Piston 104 Distal basin ~ 0.43 -23.93 50.420 -125.085 647
15 PGC-2016-003 STNO1  Piston 121 Distal basin ~ 0.50 -23.72 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 151 Distal basin ~ 0.65 -23.29 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 177 Distal basin  0.57 -22.40 1080 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 183  Distal basin  2.18 -20.51 1103 50.420 -125.085 647
15 PGC-2016-003 STNO1  Piston 196 Distal basin ~ 0.61 -22.55 50.420 -125.085 647
15 PGC-2016-003 STNO1 Piston 197 Distal basin ~ 0.72 -22.53 50.420 -125.085 647
15 PGC-2016-003 STNO1  Piston 200 Distal basin ~ 0.90 -22.17 50.420 -125.085 647

Table S8 (continued). Organic geochemistry, grain size, location and metadata associated
with the samples collected in Bute Inlet presented in this study. a: carbon stable isotopes §'3C
values are reported relative to Vienna Pee-Dee Belemnite (VDBP). b: R stands for reservoir age

offset, reported in '*C years and calculated following Soulet et al. (2016).
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