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Abstract. The MALINA oceanographic campaign was conducted during summer 2009 to investigate the car-
bon stocks and the processes controlling the carbon fluxes in the Mackenzie River estuary and the Beaufort Sea.
During the campaign, an extensive suite of physical, chemical and biological variables were measured across
seven shelf-basin transects (south—north) to capture the meridional gradient between the estuary and the open
ocean. Key variables such as temperature, absolute salinity, radiance, irradiance, nutrient concentrations, chloro-
phyll a concentration, bacteria, phytoplankton and zooplankton abundance and taxonomy, and carbon stocks and
fluxes were routinely measured onboard the Canadian research icebreaker CCGS Amundsen and from a barge
in shallow coastal areas or for sampling within broken ice fields. Here, we present the results of a joint effort to
compile and standardize the collected data sets that will facilitate their reuse in further studies of the changing
Arctic Ocean. The data set is available at https://doi.org/10.17882/75345 (Massicotte et al., 2020).

1 Introduction

The Mackenzie River is the largest source of terrestrial par-
ticles entering the Arctic Ocean (see Doxaran et al., 2015,
and references therein). During the past decades, tempera-
ture rise, permafrost thawing, coastal erosion and increas-
ing river runoff have contributed to intensifying the export
of terrestrial carbon by the Mackenzie River to the Arctic
Ocean (e.g., Tank et al., 2016). Furthermore, the environ-
mental changes currently happening in the Arctic may have
profound impacts on the biogeochemical cycling of this ex-
ported carbon. On one hand, reduction in sea ice extent and
thickness exposes a larger fraction of the ocean surface to
higher solar radiation and increases the mineralization of
this carbon into atmospheric CO, through photo-degradation
(Miller and Zepp, 1995; Bélanger et al., 2006b). On the other
hand, the possible increase in nutrients brought by Arctic
rivers may contribute to higher autotrophic production and
sequestration of organic carbon (Tremblay et al., 2014).
Given that these production and removal processes are op-
erating simultaneously, the fate of Arctic river carbon transit-
ing toward the Arctic Ocean is not entirely clear. Hence, de-
tailed studies about these processes are needed to determine
if the Arctic Ocean will become a biological source or a sink
of atmospheric CO;. With regard to this question, the MA-
LINA oceanographic expedition was designed to document
and gain insight into the stocks and the processes control-
ling carbon fluxes in the Mackenzie River and the Beaufort
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Sea. Specifically, the main objective of the MALINA oceano-
graphic expedition was to determine how (1) primary pro-
duction, (2) bacterial activity and (3) organic-matter photo-
oxidation influence carbon fluxes and cycling in the Cana-
dian Beaufort Sea. In this article, we present an overview
of an extensive and comprehensive data set acquired from
a coordinated international sampling effort conducted in the
Mackenzie River and in the Beaufort Sea in August 2009.

2 Study area, environmental conditions and
sampling strategy

2.1 Study area and environmental conditions

The MALINA oceanographic expedition was conducted be-
tween 30 July and 25 August 2009 in the Mackenzie River
and the Beaufort Sea systems (Fig. 1). Figure 2 shows an
overview of the sea ice conditions that prevailed during the
expedition. In Fig. 2a, a true-color image from MODIS Terra
reveals how the sea ice pack was fragmented toward the end
of the expedition, specially near the 200 m isobath (identified
by the continuous red line). On the shelf, the sea ice concen-
tration was higher at the beginning of the expedition. During
the 4-week cruise, the ice concentration gradually decreased
toward the north (Fig. 2b).

The Mackenzie River basin is the largest in northern
Canada and covers an area of approximately 1805000 km?,
which represents around 20 % of the total land area of
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Figure 1. (a) Localizations of the sampling sites visited during the MALINA 2009 campaign. The colors of the dots represent the seven
transects visited during the mission. (b) Bathymetric profiles for transects 600 and 300. Bathymetric data from General Bathymetric Chart

of the Oceans (GEBCO) (https://download.gebco.net/).

Canada (Abdul Aziz and Burn, 2006). Between 1972 and
2016, the average monthly discharge (recorded at the Arctic
Red River station) varied between 3296 and 23241 m3s !
(shaded area in Fig. 3a). The period of maximum discharge
usually occurs at the end of May, with decreasing discharge
until December, whereas the period of low and stable dis-
charge extends between December and May. During the MA-
LINA oceanographic cruise, the daily discharge varied be-
tween 12600 and 15100m>s ! (red segment in Fig. 3a;
see also Ehn et al., 2019). Draining a vast watershed, the
Mackenzie River annually delivers on average 2100 and
1400 GgCyr ! of particulate organic carbon (POC) and dis-
solved organic carbon (DOC), respectively, into the Arctic
Ocean (Stein and Macdonald, 2004; Raymond et al., 2007).
During the expedition conducted onboard the CCGS Amund-
sen, the air temperature recorded by the foredeck meteoro-
logical tower varied between 2 and 11 C (Fig. 3b). The
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average air temperature was 3 C and usually remained above
0 C.

2.2 General sampling strategy

The sampling was conducted over a network of sampling
stations organized into seven transects identified with three
digits: 100, 200, 300, 400, 500, 600 and 700 (Fig. 1a). Sta-
tions were sampled across these seven shelf—basin transects
(south—north) to capture the meridional gradient between the
estuary and the open ocean (except for transect 100 across the
mouth of the Amundsen Gulf). Within each transect, station
numbers were listed in descending order from south to north.
Because our goal was to sample in open waters, the order in
which the transects were visited depended on the ice cover.
On 20 July 2009, just before the mission, a relatively large
portion of the shelf was still covered by sea ice (Fig. 2b).
Soon after the beginning of the cruise, most of the shelf area

https://doi.org/10.5194/essd-13-1561-2021
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Figure 2. (a) True-color image from MODIS Terra (data from
https://wvs.earthdata.nasa.gov, last access: 1 February 2021). (b)
Weekly sea ice concentration from the US National Ice Center (U.S.
National Ice Center, 2020). The red line shows the 200 m isobath
(data from http://www.naturalearthdata.com, last access: 1 Febru-
ary 2021). The dots represent the stations (see Fig. 1 for the legend).

was ice-free. The shelf region was not ice-free before mid-
August. The bathymetry at the sampling stations varied be-
tween 2 and 1847m (394 512m, mean standard devia-
tion). The stations located in the Beaufort Sea were sampled
onboard the Canadian research icebreaker CCGS Amundsen.
Biological, chemical and optical water column sampling was
almost always restricted to the first 400 m of the water col-
umn during daytime. Deeper profiles for sampling the whole
water column and bottom sediment were usually repeated

https://doi.org/10.5194/essd-13-1561-2021

during nighttime at the same stations. Sediment sampling
for fauna and biogeochemistry was conducted at eight sta-
tions (110, 140, 235, 260, 345, 390, 680, 690). Two tran-
sects (600 and 300) were extended to very shallow waters on
the shelf and sampled from either a zodiac or a barge (the
bathymetry profiles are shown in Fig. 1b). In the context of
this data paper, these two transects were chosen to present an
overview of the principal variables measured during the MA-
LINA campaign. A summary of the various sampling strate-
gies is presented below.

2.3 CTD and rosette deployment

Onboard the CCGS Amundsen, a general oceanic rosette
equipped with a CTD (instrument for measuring conductiv-
ity, temperature, and depth; Sea-Bird SBE-911C) was de-
ployed at each sampling station (Fig. 1). The rosette was
equipped with twenty-four 12 L Niskin bottles. The rosette
was also equipped with a transmissometer sensor (Wetlabs),
a photosynthetic active radiation (PAR) sensor (Biospheri-
cal), an oxygen sensor (SBE-43), a pH sensor (SBE-18),
a nitrate sensor (Satlantic ISUS), a fluorometer (Seapoint)
and an altimeter (Benthos). A surface PAR (Biospherical)
was also installed on the roof of the rosette control lab-
oratory. A UVPS5 (underwater vision profiler, Hydroptics)
was also mounted on the rosette frame, providing size and
abundance of particles above 200 um and plankton above
700 um. The rosette data processing and quality control are
described in detail in Guillot and Gratton (2010). Data pro-
cessing included the following steps: validation of the cal-
ibration coefficients, conversion of data to physical units,
alignment correction and extraction of useless data. Oxy-
gen sensor calibration was done using Winkler titrations,
and salinity data were compared with water samples ana-
lyzed with a Guildline 8400B Autosal. The quality control
tests were based on the International Oceanographic Com-
mission’s suggested procedures and UNESCO’s algorithm
standards (Commission of the European Community, 1993).
The recorded data were averaged every decibar. On 5 August,
the pH sensor was replaced by a chromophoric dissolved or-
ganic matter (CDOM) fluorometer (excitation: 350-460 nm;
emission: 550 nm; half-width (HW) 40 nm; Dr. Haardt Op-
tik Mikroelektronik). The rosette depth range was restricted
to the first 1000 m when carrying the pH, PAR and nitrate
sensors because of their rating.

2.4 Sediment sampling

Surface sediments were sampled using an USNEL box corer
(50 50 40cm). Box cores with undisturbed surfaces were
subsampled for (a) lipids (Rontani et al., 2012b) and iso-
topic signature of lipid biomarkers (Tolosa et al., 2013), sta-
ble isotopes (C, N), and manganese and iron oxides (Link
et al., 2013a) in the 1 cm surface layer; (b) sediment pigment
profiles down to 8 cm; and (c) fluxes at the sediment—water

Earth Syst. Sci. Data, 13, 1561-1592, 2021
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Figure 3. (a) Daily discharge of the Mackenzie River at the Arctic Red River junction (station 10LC014). The black line corresponds to
the 2009 discharge, whereas the colored segment identi es the period of the MALINA campaign. The shaded area is the mean discharge
calculated between 1972 and 2016. Discharge data from the government of Canada (https://waterof ce.ec.gc.ca/search/historical_e.html,
last access: 6 September 201®) Hourly air temperature recorded from the foredeck meteorological tower dkitinendserduring the

campaign.

interface using onboard microcosm incubations on subcoreg Data description: an overview

(10cm diameter, 20cm deep) (Link et al., 2013a, 2019). At

three stations (140, 345, 390), macrofauna abundance and dl-he following sections present an overview of a subset of
versity were determined from sieved and conserved sampleselected variables from the water column. For these selected
(Link et al., 2019). At station 680, a core was subsampled awvariables, a brief description of the data collection methods
1 cm to determine dinocyst abundance and dated #$fRb is presented along with general results.

and'®’Cs (Durantou et al., 2012). Samples for (a)—(b) were

stored frozen until analysis in the respective home labs. o
4.1 Water mass distribution

3 Data quality control and data processing According to previous studies (Carmack et al., 1989; Mac-
donald et al., 1989), ve main source water types can be
Different quality control procedures were adopted to ensuredistinguished in the southeastern Beaufort Sea: (1) mete-
the integrity of the data. First, the raw data were visually oric water (MW; Mackenzie River plus precipitation), (2) sea
screened to eliminate errors originating from the measureice meltwater (SIM), (3) winter polar mixed layer (wWPML),
ment devices, including sensors (systematic or random) an@4) upper-halocline water (UHW; modi ed Pacic water
errors inherent from measurement procedures and methodgjith core salinity of 33.1 PSU) and (5) lower-halocline wa-
Statistical summaries such as average, standard deviation angr (LHW; water of Atlantic origin). In this study, we used
range were computed to detect and remove anomalous valugse optimum multiparameter (OMP) algorithm to quantify
in the data. Then, data were checked for duplicates and rethe relative contributions of the different source water types
maining outliers. The complete list of variables is presentedio the observed data (https://omp.geomar.de/, last access:
in Table 1. 1 February 2021). We used salinity, TA antfO as conser-
vative tracers as well as temperature antc@ncentration as
non-conservative tracers, to constrain the water mass analy-
sis following Lansard et al. (2012). Brie y, the method nds
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Parameters Method Sampling Principal Included inthe  Reference
investigators data repository
Bacterial diversity CE-SSCP and 454 tag-pyrosequencing Rosette and zodiac water sample  Joux F., J.F. Ghiglione No 26, 27
Bacterial growth (limitation by nutrients) Leucir incubations — cells counts Rosette water sample Joux F., Jeffrey W., Ortega-Retuerta E. No 25,28
Bacterial production LeucindH incorporation Rosette water sample Joux F., Jeffrey W. Yes 25,29, 30
Bacterial production LeucingH incorporation Zodiac water sample Joux F., Jeffrey W. Yes 25, 29,30
Bacterial respiration (whole community) -,@onsumption — Winkler — Incubations Rosette water sample Joux F., Ortega-Retuerta E. Yes 25,31
Benthic ammonium ux Incubations — colorimetry Box corer Link H., Archambault P., Chaillou G. Yes 32,33
macrofauna abundance Microscopy Box corer Link H., Archambault P., Chaillou G No 33,34,35
macrofauna diversity Microscopy Box corer Link H., Archambault P., Chaillou G. No 33,34,35
Benthic nitrate ux Incubations — colorimetry, autoanalyzer Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Benthic nitrite ux Incubations — colorimetry, autoanalyzer Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Benthic phosphate ux Incubations — colorimetry, autoanalyzer Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Benthic respiration Incubations — optic — oxygen probe Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Benthic silicic acid ux Incubations — colorimetry, autoanalyzer Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Calcite: saturation state Derived parameter Rosette water sample Mucci A., Lansard B. Yes 16
Calcite: saturation state Derived parameter Barge water sample Mucci A., Lansard B. Yes 16
Calcite: saturation state Derived parameter Zodiac water sample Mucci A., Lansard B. Yes 16
Campesterol, cholesterol, sitosterol and products of degradation GC-MS Rosette water sample Sempere R. Yes 36, 37,38
Chromophoric dissolved organic matter (CDOM) absorption PSICAM Barge water sample Leymarie E. Yes
CDOM absorption PSICAM Rosette water sample Leymarie E. Yes
CDOM absorption PSICAM Zodiac water sample Leymarie E. Yes
CDOM absorption Spectrophotometer Barge water sample Matsuoka A., Bricaud A. No 41, 42
CDOM absorption Spectrophotometer Rosette water sample Matsuoka A., Bricaud A. No 41,42
CDOM absorption Spectrophotometer Zodiac water sample Matsuoka A., Bricaud A. No 41,42
CDOM absorption Ultrapath Barge water sample Bricaud A. Yes 39,40
CDOM absorption Ultrapath Rosette water sample Bricaud A. Yes 39, 40
CDOM absorption Ultrapath Zodiac water sample Bricaud A. Yes 39, 40
CDOM uorescence Haardt uorometer Rosette pro ler Benner R., Belanger S., Amon R., Sempere R.  Yes 43,44
CDOM uorescence Wetlabs (ECX) uorometer Drifting pro ling oat Doxaran D. Yes 18
CDOM uorescence Wetlabs WetStar WSCD Barge pro ler Doxaran D. Yes 18
CDOM uorescence EEM (excitation emission matrix) Spectro uorometry Rosette water sample Sempere R. No 45
CDOM uorescence EEM (excitation emission matrix) Spectro uorometry Zodiac water sample Sempere R. No 45
Chlorophylla and pheopigment (concentration) Fluorimetry size fractionated Rosette water sample Gosselin M., Belanger S. Yes 46
Chlorophylla and pheopigment (benthic) Fluorometric analysis Box corer Link H., Archambault P., Chaillou G. Yes 32,33,34
Chlorophylla uorescence [Fchlaz)] Chelsea Mini-Track a Il uorometer Barge pro ler Doxaran D. Yes 18
Chlorophylla uorescence [Fchlaz)] Seapoint uorometer Rosette pro ler Gratton Y., Prieur L., Tremblay J. E. Yes
Chlorophylla uorescence [Fchlaz)] Wetlabs (ECG) uorometer Drifting pro ling oat Doxaran D. Yes 18
CO photoproduction apparent quantum yield for CDOM Sun simulator — reduction gas analyzer Rosette water sample Xie H. Yes 47
CO photoproduction apparent quantum yield for CDOM Sun simulator — reduction gas analyzer Zodiac water sample Xie H. Yes a7
CO photoproduction apparent quantum yield for particulate matter ~ Sun simulator — reduction gas analyzer Rosette water sample Xie H. Yes 47
CO photoproduction apparent quantum yield for particulate matter ~ Sun simulator — reduction gas analyzer Zodiac water sample Xie H. Yes a7
CO, (atm) concentration Infrared Foredeck meteorological tower Papakyriakou T. Yes
CO? concentration Derived parameter Barge water sample Mucci A., Lansard B. Yes 16
C concentration Derived parameter Rosette water sample Mucci A., Lansard B. Yes 16
OOW concentration Derived parameter Zodiac water sample Mucci A., Lansard B. Yes 16
Coccolithophorids Microscopy Rosette water sample Coupel P. Yes
Conductivity @) Sensor on SBE FastCAT CTD serial no. 175-217 Barge pro ler Doxaran D. Yes 48
Conductivity ) Sensor Sea-Bird 4c on CTD SBE-911 Rosette pro ler Gratton Y., Prieur L. Yes
CTD Sea-Bird Drifting pro ling oat Doxaran D. Yes 48
Cultures of sorted populations Sorted by ow cytometry, serial dilution and single-cell pipetting  Rosette water sample Vaulot D. No 49
3c_pIic Mass spectrometry (IRMS) Barge water sample Mucci A., Lansard B. Yes
B3c_pIic Mass spectrometry (IRMS) Rosette water sample Mucci A., Lansard B. Yes
B3c_pic Mass spectrometry (IRMS) Zodiac water sample Mucci A., Lansard B. Yes
13C on suspended particulate matter Mass spectrometry Rosette water sample Tremblay J. E., Raimbault P. No 50
180 — water Mass spectrometry (IRMS) Barge water sample Mucci A., Lansard B. Yes 13
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Table 1. Continued.

Parameters Method Sampling Principal Included inthe  Reference
investigators data repository
Major and minor elements X-ray uorescence spectroscopy (XRF) core scanner  CASQ corer Martinez P. Yes

Nanoeukaryotes (abundance) Flow cytometry Rosette water sample Vaulot D. Yes 62
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2_._M_U Fluorescence Rosette water sample Tremblay J. E., Raimbault P. Yes 63
Nitrate (concentration) Satlantic ISUS Rosette pro ler Gratton Y., Prieur L., Tremblay J. E.  Yes
NO, Colorimetry, autoanalyzer Rosette water sample Tremblay J. E., Raimbault P. Yes 64
NO; Colorimetry, autoanalyzer Rosette water sample Tremblay J. E., Raimbault P. Yes 64
Oxygen (dissolved) Discrete samples, Winkler method Rosette water sample Prieur L. Yes
Oxygen (dissolved) Idronaut Ocean Sevengensor Continuous horizontal Papakyriakou T. Yes
Oxygen (dissolved) Sea-Bird SBE-43 sensor Rosette pro ler Gratton Y., Prieur L. Yes
P-wave speed (sediment core physical properties) ~ Geotek multi-sensor core logger Box corer Rochon A. No 1
P-wave speed (sediment core physical properties)  Geotek multi-sensor core logger CASQ corer Rochon A. No 1
Paleomagnetism Cryogenic magnetometer Box corer Rochon A. No 1
Paleomagnetism Cryogenic magnetometer CASQ corer Rochon A. No 1
PAR Biospherical sensor Barge pro ler Wright V., Hooker S. No 57
PAR Biospherical sensor Rosette pro ler Gratton Y., Prieur L., Tremblay J. E.  Yes
PAR PARLite sensor Wheelhouse radiation platform  Papakyriakou T. Yes
Particle size distribution Coulter counter Barge water sample Reynolds R. Yes 21,67
Particle size distribution LISST-100X Barge pro ler Reynolds R. Yes 21,66
Particle size distribution LISST-100X Rosette pro ler Reynolds R. Yes 21,66

i i i i UVP-5 (underwater vision pro ler) In-water pro ler Picheral M. Yes 65

Coulter counter Rosette water sample Reynolds R. Yes 21, 67

Particulate organic carbon (POC) CHN analyzer on SPM lters Barge water sample Doxaran D., Ehn J., Babin M. Yes 68
Particulate organic carbon (POC) CHN analyzer on SPM lters Rosette water sample Doxaran D., Ehn J., Babin M. Yes 68
Particulate organic carbon (POC) CHN analyzer on SPM lters Zodiac water sample Doxaran D., Ehn J., Babin M. Yes 68
Particulate organic carbon (POC) Wet oxidation Rosette water sample Tremblay J. E., Raimbault P. Yes 69
Particulate organic nitrogen (PON) Wet oxidation Rosette water sample Tremblay J. E., Raimbault P. Yes 69
Particulate organic phosphorus (POP) Wet oxidation Rosette water sample Tremblay J. E., Raimbault P. Yes 69
pH (National Bureau of Standards (NBS) scale) Sea-Bird SBE-18 sensor Rosette pro ler Gratton Y., Prieur L., Tremblay J. E.  Yes
pH (total proton scale) Derived parameter Barge water sample Mucci A., Lansard B. Yes 12,16
pH (total proton scale) Derived parameter Rosette water sample Mucci A., Lansard B. Yes 12,16
pH (total proton scale) Derived parameter Zodiac water sample Mucci A., Lansard B. Yes 12,16
pH (total proton scale) Spectrophotometry Barge water sample Mucci A., Lansard B. Yes 12,16
pH (total proton scale) Spectrophotometry Rosette water sample Mucci A., Lansard B. Yes 12,16
pH (total proton scale) Spectrophotometry Zodiac water sample Mucci A., Lansard B. Yes 12,16
Photoheterotrophs (DNA diversity) DNA clone library Rosette water sample Jeanthon C., Boeuf D. Yes 6,70
Photosynthetic eukaryotes (diversity) DNA clone library and TRFLP of sorted populations  Rosette water sample Vaulot D. No 71
Photosynthetic eukaryotes (diversity) DNA from lters Rosette water sample Vaulot D. No 71
Photosynthetic eukaryotes (morphology) Scanning electron microscopy Rosette water sample Vaulot D. No 72
Photosynthetic parameters 14C incubations Rosette water sample Huot Y. Yes 73
Phytoplankton (abundance) Inverted microscope Rosette water sample Gosselin M., Belanger S. Yes 46, 74
Phytoplankton (taxonomy) Inverted microscope Rosette water sample Gosselin M., Belanger S. Yes 46,74
Phytoplankton pigments HPLC Barge water sample Wright V., Hooker S. Yes
Phytoplankton pigments HPLC Rosette water sample Ras J., Claustre H. Yes
Picoeukaryotes (abundance) Flow cytometry Rosette water sample Vaulot D. Yes 62
Picoplankton (diversity) Rosette water sample Lovejoy C. No 75, 82, 83
Picoplankton (diversity) RNA amplicon library Rosette water sample Lovejoy C. No 75, 82, 83
Plankton taxonomy UVP-5 In-water pro ler Picheral M., Marec C. Yes
PR-containing bacteria (abundance) Q-PCR Rosette water sample Jeanthon C., Boeuf D. Yes 70
Pressure (barometric) Pressure sensor Foredeck meteorological tower ~ Papakyriakou T. Yes
Radiance Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
Radiance Camera luminance Surface mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: average cosines Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: average cosines Camera luminance Surface mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: irradiance (E) Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: Camera luminance Surface mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: Camera luminance Surface mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: Camera luminance Surface mode Antoine D., Leymarie E. Yes 76
Radiance: subproduct: scalar irradiance (Escal) Camera luminance Pro le mode Antoine D., Leymarie E. Yes 76
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the best- tting fraction ) of (n C 1) source water types that Figure 6 shows cross-sections of the total absorption and

contribute to then observed values of the selected tracers inbackscattering coef cients at 440 nra(440) andb,(440)),

a parcel of water via a solution of an overdetermined systenderived asby D bpp C by, whereby,y, is the backscattering

of linear equations that minimizes the residual error. Bound-coef cient of pure seawater (Morel, 1974). Bai440) and

ary conditions were applied to the method to guarantee thaby(440) showed the same patterns along the transects 600 and

all fractions calculated were positive and that the sum of all300. Close to the estuary, higher absorption (Fig. 6a) and to-

fractions was 100 % (mass conservation). tal scattering (Fig. 6b) can be observed at the surface, likely
During MALINA, the Mackenzie Shelf was for the most re ecting the important quantities of dissolved and particu-

part entirely ice-free, and the ice pack was located beyond théate organic matter delivered by the Mackenzie River. Higher

shelf break (Fig. 2). The transition zone was characterized byalues are also observed in transect 600 compared to transect

different expanses of drifting sea ice. Signi cant contribu- 300, which is farther away from the mouth of the Macken-

tions of meteoric waters( 25 %) to the surface mixed layer zie River. Botha(440) andb,(440) decreased rapidly toward

(SML) were only observed close to the Mackenzie River higher latitudes, where the water of the Mackenzie River

mouth and on the inner shelf (Fig. 4). A relatively small frac- mixes with seawater from the Beaufort Sea.

tion of sea ice meltwater was detected beyond the shelf break,

mostly along thg transect 600. Below the SML, the wPML 432 Particulate and CDOM absorption

was the predominant water mass down to 100 m depth. The

UHW extends from the interior ocean onto the outer shelfChromophoric dissolved organic matter absorpt@apom)

from 120 to 180 m depth. Relatively high fractions of UHW was measured from water samples Itered with 0.2 um GHP

were also found at 50 m depth along the Mackenzie and Kug{glass ber hydrophilic polypropylene) lters (Acrodisc Inc.)

mallit canyons, which are recognized sites of enhanced shelfusing an UltraPath (World Precision Instruments Inc.) be-

break upwelling caused by wind- and ice-driven ocean surtween 200 and 735nm. In most cases, a 2m optical path

face stresses. Below 200 m depth, the LHW with an Atlanticlength was used for the measurement, except for coastal

origin was always the prevailing water mass. waters near the Mackenzie River mouth (Fig. 1), where a
0.1 m optical path length was used. Particulate absorption
4.2 Temperature and salinity from the CTD (ap) was measured using a Iter-pad technique modi ed from

o Rottgers and Gehnke (2012). Brie y, seawater was lItered
Temperature and salinity for the rst 100 m of transects 600through a 25mm Whatman GF/F (glass ber lters) less

and 300, the two transects originating from the Mackenzieihan 3 after sampling. Filters were placed in the center of a
River delta, are presented in Fig. 5. They con rm what was 150 mm integrating sphere equipped with a handmade Spec-
found by the water mass analysis (Sect. 4.1): most of th&ajon Iter holder. The spectral optical density (ODY of
freshwater is coming from the western part of the Mackenzieyhe particles retained on the Iter was then measured using
River delta. This is also in accordance with many studies thal, perkinElmer Lambda-19 spectrophotometer from 300 to
documented that during the summer, a combination of icegngnm at 1nm resolution. More details about particulate-
melting and river runoff was generating a highly strati ed anq dissolved-absorption measurements can be found in
surface layer (Carmack and Macdonald, 2002; Forest et a'-Rbttgers and Gehnke (2012), Bélanger et al. (2013b), and
2013). The signature of an eddy may be observed at 75m ifjatsuoka et al. (2012a).

the salinity data at 70N, approximately 70 km from shore Examples ofacpom spectra measured at the surface for

(Fig. 5Db). the northernmost and the southernmost stations of transects
600 and 300 are presented in Fig. 7a. The marked in uence
4.3 Underwater bio-optical data of the organic matter of terrestrial origin can be observed for
the stations located at the mouth of the Mackenzie River (697
and 398). Because the organic matter delivered by the river
is highly humic and colored, the absorption at 254 nm was
The total, non-water, spectral absorpti@), @ttenuation) approximately 15 times higher at the southern shelf stations
and backscatterindg) coef cients were measured using an for both transects compared to the northern stations (620 and
AC9 attenuation and absorption meter and a BB9 scattering20). Likewise, the speci ¢ UV absorbance of dissolved or-
meter (Wetlabs), a HydroScat-6, and a-Beta sensors (HOBganic carbon at 254 nm (SUMA,), a metric commonly used
Labs) either attached to the CTD rosette frame onboard thas a proxy for assessing both chemical (Weishaar et al., 2003;
CCGSAmundseror deployed separately from the barge or Westerhoff et al., 2004) and biological reactivity (Berggren
the zodiac tender. These devices were using either 10 oet al., 2009; Asmala et al., 2013) of the dissolved organic
25cm optical path lengths, depending on the turbidity of matter (DOM) pool in natural aquatic ecosystems, decreased
the water sampled. Detailed information about the deploy-rapidly along the south—north gradient in both transects 600
ment and the data processing of the IOP data can be found iand 300 (Fig. 7c). This observation is in accordance with a
Doxaran et al. (2012a). previous study that showed that SUM) was higher in in-

4.3.1 Inherent optical property (IOP) pro ling from the
ship, the barge and the zodiac
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