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1. SUMMARY 
 
The Canadian IPY-GEOTRACES sampling program took place from August 27, 2009 
through September 12, 2009. It was part of Leg 3a of the 2009 CCGS Amundsen 
Expedition in the Arctic Ocean (ArcticNet 0903). Sampling started in the Mackenzie 
River delta and continued into the Beaufort Sea (Shelf, slope and deep Canada Basin). 
Various measurements (temperature, salinity, nutrients, alkalinity, pH, primary 
production, bacterial production) and sampling (seawater, marine particles) were 
conducted at 10 stations (Fig. 1). Underway measurements (temperature, salinity, trace 
gases) and sampling (marine particles) were also conducted along the cruise track. 
Sampling tools on stations were the ship’s CTD/rosette (ArcticNet), a Trace-Metal 
CTD/rosette system (UVic / UBC) and large volume in-situ pumps (UBC). 
 
We conducted measurements and collected samples to document a suite of key physical 
(temperature, salinity, ice cover, light penetration), chemical (nutrients, trace metals, 
trace gases, radioisotopes, stable isotopes) and biological (phytoplankton and microbial 
assemblages, primary and microbial productivity, trace metal phytoplankton quotas) 
parameters in relation to proximity to the Mackenzie River delta, seafloor bathymetry and 
ice cover to elucidate the processes influencing phytoplankton growth and carbon cycling 
in the Arctic Ocean. In particular, we collected samples to elucidate the processes which 
supply and remove trace metals, nutrients and carbon to and from the upper ocean, and 
conducted ship-board experiments to study how biological productivity is affected by 
various chemical and physical conditions. Through a combination of on-board 
measurements, experiments and subsequent laboratory analysis, our research program 
aims at: (i) documenting the pathways of addition, removal and cycling of key trace 
elements which act as biological micronutrients or tracers of carbon and nutrient cycles in 
the Arctic Ocean; (ii) elucidating the potential effects of changing ice cover and river 
discharge on productivity, carbon sequestration and trace gas emission in the Arctic 
Ocean; (iii) developing chemical tracers to establish a historical sedimentary record of 
Arctic Ocean productivity in relation to long term natural climate change.  
 
This research program is a Canadian contribution to the international GEOTRACES 
program (http://www.geotraces.org/) and the International Polar Year (http://www.api-
ipy.gc.ca/). The results will be integrated in: 

- the International GEOTRACES database (http://www.bodc.ac.uk/geotraces/)  
- the Polar Data Catalogue (http://www.polardata.ca/) 

 
 
 

http://www.geotraces.org/�
http://www.api-ipy.gc.ca/�
http://www.api-ipy.gc.ca/�
http://www.bodc.ac.uk/geotraces/�
http://www.polardata.ca/�
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2. CRUISE PARTICIPANTS 
 

Cullen, Jay (Principal Investigator) 
University of Victoria 

Beveridge, Ian (technical staff) 
Ramirez, Elena (Student) 
Varela, Diana (Principal Investigator) 
Hernandez, Maite (Postdoc) 
Kobryn, Arielle (Student) 
 

Sutherland, Nes (technical staff) 
Institute of Ocean Sciences 

 

Francois, Roger (Principal Investigator; co-chief scientist) 
University of British Columbia 

Soon, Maureen (technical staff) 
De Baere, Bart (Student) 
Brown, Erika (Student) 
Maldonado, Maite (Principal Investigator) 
Payne, Christopher (technical staff) 
Semeniuk Dave (Student) 
Taylor, Rebecca (Student) 
Orians, Kristin (Principal Investigator) 
McAlister, Jason (Student) 
Asher, Elizabeth (Student) 
 

Amini, Margheleray (Postdoc) 
University of Saskatchewan 

 

Guignard, Constance (Research Associate) 
McGill University 

 

Bousserez, Erika (Postdoc) 
Dalhousie University 

 

Rivkin, Richard (Principal Investigator) 
Memorial University 

Tucker Jane (Student) 
Hamilton, Adam (Student. Joint between University of Portsmouth and Memorial 
University) 
 

Carpenter, Jason (Teacher) 
Nunavut Arctic College 

 

Halle, Michelle (Associate Investigator) 
University of Portsmouth 
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Hamilton, Adam (Student. Joint between University of Portsmouth and Memorial 
University) 
       

Chris Holmden (U. Saskatchewan); Markus Kienast (Dalhousie University); Lisa Miller 
(Institute of Ocean Science; Sydney, BC); Alfonso Mucci (McGill University); Philippe 
Tortell (UBC); Helmuth Thomas (Dalhousie University). 

Additional PIs not participating in the cruise 

 

 
Participating Institutions 

University of Victoria    Institute of Ocean Sciences 
School of Earth & Ocean Sciences  Centre for Ocean Climate Chemistry 
Dept. of Biology    P.O. Box 6000; 9860 West Saanich Rd 
Victoria, BC     Sidney, BC 
V8W 3N5     V8L 4B2 
 
University of British Columbia   University of Saskatchewan 
Department of Earth and Ocean Sciences Department of Geological Sciences 
6270 University Boulevard   114 Science Place 
Vancouver, BC    Saskatoon, SK 
V6T 1Z4     S7N 5E2 
                                                           
McGill University    Dalhousie University 
Dept. of Earth and Planetary Sciences Department of Oceanography 
Montreal, Quebec    1355 Oxford Street                                                                     
H3A 2A7     Halifax, NS 
      B3H 4J1 
 
Memorial University of Newfoundland Nunavut Arctic College 
Ocean Sciences Centre   Nunetta Campus 
St. John’s, Newfoundland     NAC, PO Box 600 
A1C 5S7     Iqualuit 
      X0A 0H0 
 
University of Portsmouth 
School of Earth and Environmental Sciences 
Burnaby Building Road 
Portsmouth 
PO1 3QL 
UK 
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3. OVERVIEW 
 
Sampling has been carried out at 10 stations (Figure 1) chosen to highlight the relative 
influence of the Mackenzie River and the Pacific Ocean/Chukchi shelf, and to contrast 
ice-free and ice covered areas. The station depths ranged from 58m on S1 on the shelf to 
3485m in the deep ocean basin at L3. A complete list of the stations and casts is given in 
Table 1. The bridge’s science log, which details the timing and exact position of all the 
activities and reports meteorological and ice conditions is also shown in Appendix 1. 
 
 
Fig. 1: Sampling locations 
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Table 1: Station List and Cast Log  
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4. RESEARCH PROGRAMS 
 
The overarching goal of our research program is to constrain the effect of climate change 
on the productivity, carbon sequestration and trace gas emission in the Arctic Ocean by 
investigating key trace elements and isotopes which act as micronutrients (Fe, Cu, Zn, 
Cd) or tracers of sources and processes (Al, Ba, Ga, Mn, isotopes of Nd, Cr, Th, Pa) that 
impact the carbon and nutrient cycles in the Beaufort Sea.  
 
4.1 Trace metal sample collection and analysis  
        (K. Orians, J. Cullen, I. Beveridge, J. McAlister, R. Ramirez) 
 
Trace metal sampling was performed using a trace metal clean rosette (12 x 12 L Go 
Flo’s on a powder coated frame, equipped with a CTD and O2

 

 sensor – modified to use 
Mg anodes instead of Zn anodes).  Samples were filtered directly from the Go Flo bottles, 
using Pall AcroPak 500 0.2µm capsule filters, into pre-cleaned bottles, which were rinsed 
3-4 times with sample before filling.  Samples for Fe-II were analyzed on board, using a 
flow injection system (R. Elena Ramirez and Jay Cullen, UVic) – all other analyses will 
be performed back in shore-based laboratories, at UVic (for total dissolved Fe, Cu, Cd, 
Zn) and UBC (for total dissolved Al, Mn, Ga, Pb, and for Pb isotopes).  Filtered samples 
to be stored were acidified with 1ml concentrated SeaStar HCl per 500 ml within 12 
hours of collection (~pH = 1.7) with the exception of Fe-II which were preserved with 75 
µl of 6M SeaStar HCl per 250 ml bottle (~pH = 6) at the time of collection.  Samples 
(125 ml) were also collected, unfiltered, for Mak Saito (WHOI, Marine Chemistry and 
Geochemistry) for subsequent Co analyses.  These samples were stored in a 4ºC 
refrigerator.  Nutrient samples and salinity samples were also drawn from each GO-Flo 
(unfiltered) at the end of the sample collection, and analyzed on-board (Salinity by 
GEOTRACES personnel, nutrients by Johnathan Gagnon (ArcticNet) 

The samples collected for analysis at UBC will be concentrated and separated from the 
seawater matrix using the NOBIAS Chelate-PA1resin (Sohrin et al., 2008) and analyzed 
by ICP-MS.  Pb isotopes will be analyzed on a multi-collector ICP-MS after further 
purifying the column eluant using an anion exchange resin.  Samples will be analyzed at 
UVic using a combination of methods including multi-element analysis by ICP-MS after 
preconcentration (Sorhrin et al., 2008), and flow injection analysis with colorimetric and 
chemiluminescent detection (e.g. Lohan et al., 2008). 
 
A subset of samples were analyzed for Fe(II) immediately (10-15 min) after collection on 
the ship using chemiluminescent detection with luminol (Hansard and Landing 2009). 
 
Table 2: List of samples collected from trace metal analysis 
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Table 3: List of samples analyzed for Fe-II?? 
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4.2 Primary Productivity 
       (D. E. Varela, A. Kobryn) 
 
We performed on-deck experiments for the measurement of net and new (NO3-driven) 
primary (phytoplankton) productivity and analyzed the composition of the phytoplankton 
assemblages with the use of a FlowCam.  Triplicate samples were obtained at 4 depths in 
the euphotic zone, at 50, 10, 1 and 0.1% of incident surface irradiance.  Water samples 
were double-labeled with 15NO3 and 13

 

C-bicarbonate.  Subsequently, samples were 
incubated in on-deck acrylic tanks with flowing surface seawater (to maintain samples at 
surface water temperatures) for 24 h.  Samples were filtered (0.7 µm GFF), and filters 
were dried and stored for further analysis ashore. FlowCam analysis of the particle 
distribution, which included autotrophic and non-autotrophic microorganisms, was 
performed at the same 4 depths.  We size-fractionated the samples at 50% irradiance to 
determine the contribution of the < and >5 µm size fraction to primary productivity. We 
also size-fractionated samples for biogenic silica concentrations at the same depth (50% 
irradiance).   

Table 4: Stations and sampling depth for primary production  
 

S1 – Event #1 S2 – Event #10 
Depth (m) Depth (m) 

5 3 
15 15 
35 45 
100 75 

 
L1 – Event # 16 L2 – Event # 38 

Depth (m) Depth (m) 
22 10 
50 30 
85 55 
126 100 

 
L3 – Event # 54 L1.1 – Event # 63 

Depth (m) Depth (m) 
10 10 
32 25 
60 70 
115 115 
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4.3 Metal-Biota Interactions 
       (M. Maldonado, C. Payne, D. Semeniuk, R. Taylor) 
 
1. We established the phytoplankton community composition in the water column at each 
station [S1 (event #1), S2 (event #10), L1 (event #16), L2 (event #38), L3 (event #54), 
L1.1 (event # 63)] using a) HPLC pigments & b) phytoplankton microscopic 
identification, c) flow cytometry phytoplankton & bacteria numbers, and d) total 
chlorophyll GF/F and size-fractionated chla (5 µm, at the 50% Io). 
 
2. We established a) the photosynthetic efficiency (Fv/Fm) and b) photosynthesis vs. 
irradiance curves of Arctic plankton communities in the water column (L1, L2, L3, L1.1) 
using FiRe.  These data will be compared with the primary productivity measurements 
using C13 spikes (Diana Varela). 
 
3. We measured nutrient concentrations (Si, NO3

-, NO2
- and PO4 

3 -

 

) in the water column 
at each station (S1, S2, L1, L2, L3, L1.1) 

4. We determined size-fractionated Fe:Cd:C quotas of plankton using radiotracers in the 
mixed layer [S2 (seawater collected with in-situ trace metal clean pump, event # 15), L1 
(seawater collected with in-situ trace metal clean pump, event # 19), & L2 (seawater 
collected with trace metal rosette, event # 39, mixed seawater from 8, 25 and 40m)]. 
 
5.  We collected samples to measure trace metal ratios (using ICPMS) in particles, rinsed 
with or without oxalate wash, from the water column [4 depths (40, 70, 150 and 250m) at 
L1.1, event #62)  
 
6. We determine whether plankton communities in the Arctic (L1) are co-limited by Fe 
light and/or nitrate.  We set up a grow-out incubation experiment with three light levels 
(50, 10, 1% Io), 4 Fe levels (1nM Fe additions, + 3 concentrations of the siderophore 
DFB).  The bottles were also enriched with 10 µM NO3

-, given that the in-situ NO3
-

concentrations were ~ 0.5 µM.  Control bottles had no NO3
-

 

 addition.  We sampled on 
day 0, 2, 4, 6, and 8.  The parameters measured were HPLC pigments, Chla GF/F & size-
fractionated, flow cytometry bacteria and phytoplankton, nutrients, Fe:Cd:C ratios, Fe 
uptake rates (FeEDTA & FeDFB), photosynthetic efficiency (Fv/Fm) and photosynthesis 
vs. irradiance curves.  In addition, Rivkin’s group measured bacterial productivity on 
each sampling date. 

7. We also took samples (~250 L) for genomics & proteomic analyses from 10 m and 59 
m (chla max) at L2 and from 10, 65 (chla max), and 600 m at L1.1.  The seawater (pre-
filtered through a 200 µm nitex membrane) was filtered, in series, onto Supor -100 
membrane filters of 3 and 0.1µm porosities.  The plankton composition was characterized 
by measuring the following parameters:  HPLC pigments, Chla GF/F & 5µm, bacteria 
and phytoplankton flow cytometry, phytoplankton microscopic identification, nutrients, 
photosynthetic efficiency (Fv/Fm) and photosynthesis vs. irradiance curves.  In addition, 
Rivkin’s group measured bacterial productivity on each sampling date.  This work is in 



 18 

collaboration with Richard Rivkin (Memorial University) and Andy Allen (Venter 
Institute). 
 
Table 5: List of samples taken for metal-biota interactions. 
Station S1 

 
Station S2 

 
 
Station L1 

 
 
Station L2 

 
 
Station L3 
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Station L1.1 

 
 
4.4 Microbial meditation of carbon and trace element cycling  
       (R. Rivkin, M. Hale, A. Hamilton J. Tucker) 
 
The goal of this project was to characterize the microbial community and determine its 
role in the cycling of carbon and trace elements. Sampling depths were selected to 
represent light depths (coordination investigations described in 4.2 above) and with major 
water mass layers. 
 
Five classes of parameter were measured:  1- Biotic stocks (items 1-7), Biodiversity 
(items 8-11), Rate processes (items 12-16), Dissolved and particulate organic pools 
(items 17-20) and Natural abundances of stable isotopes in organic materials (items 21-
26). 
 
1- Bacterial Abundance by Acridine Orange Direct Count (BA-AO) 
2- Bacterial Abundance by Flow Cytometry (BA-FCM) 
3- Pico-Phytoplankton Abundance by Flow Cytometry (PICO) 
4- Nano-Phytoplankton Abundance by Flow Cytometry (NANO) 
5- Phytoplankton Abundance by Flow Cytometry (PHYTO) 
6- Heterotrophic Flagellate Abundance by Microscopy (FLAG) 
7- Microzooplankton Abundance by Microscopy (MICZ) 
 
 
8- Bacterial Community Structure by Fluorescence In Situ Hybirdization (FISH) 
9- Bacterial Community Structure by Culturing on Media(CULT) 
10- Bacterial Community Structure by DNA analysis (DNA) 
11- Community Metagenomics by Sequencing (METAGEN) 



 20 

 
12- Bacterial Production by Leucine Uptake (BP) 
13- Community Respiration by Oxygen Uptake (RESP) 
14-Microzooplankton Grazing on Bacteria and Phytoplankton by Dilution Assay 
((MICZ-GRAZ) 
15- Microzooplankton Mediated Cycling of Fe, Zn, Cu, Cr, Cd, Mn by Modified Dilution 
Assay (MICZ-CYCL) 
16- Effect of Fe, Cu, Zn Enrichment on Growth of Phytoplankton and Bacteria by 
Dilution Culture (MET-ENRICH) 
 
17- Particulate Organic Carbon by Elemental Analysis (POC) 
18- Particulate Organic Nitrogen by Elemental Analysis (PON) 
19- Dissolved Organic Carbon by High Temperature Oxidation (DOC) 
20- Dissolved Organic Nitrogen by High Temperature Oxidation (DON) 
 
21- Dissolved Organic Carbon-13 by Mass Spectrometry (DOC-13) 
22- Dissolved Organic Nitrogen-15 by Mass Spectrometry (DON-15) 
23- Particulate Organic Carbon-13 by Mass Spectrometry  (POC-13) 
24- Particulate Organic Nitrogen 15 by Mass Spectrometry  (PON-15) 
25- Carbon 13 in Phospho-Lipid Fatty Acids by GC-MS (PLFA)  
 
Measurements for item 13 were made on board and samples for items 9 and 10 were 
transported back to Memorial University for further study. Items 15 and 16 were returned 
to the University of Portsmouth for analysis. The remainder of the samples were frozen 
or preserved and remained on board the Amundsen until it returns to Quebec City in 
November 2009. 
 

Table 6: List of samples taken for microbial mediation of carbon and trace element cycling. 
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4.5 Dissolved inorganic carbon, alkalinity, pH. 
       (C. Guignard) 
 
The ocean’s exchange of carbon dioxide with the atmosphere is governed by the 
biogeochemical cycling of carbon and physical processes throughout the water column, 
which determine the concentration of dissolved CO2

pH and alkalinity measurements were performed on each sample of the water column at 
stations S1, S2, L1, L2, L3 and L1.1 right after sampling. DIC samples were also 
collected for Dr. Helmuth Thomas from Dalhousie University who was absent from the 
cruise. They were not analyzed on board, but poisoned with mercuric chloride and stored 
in the refrigerated container at 5 degrees and then stored in the cold room in the aft labs at 
the end of the cruise. They will remain stored at 4 degrees until the ship is back in 
Quebec City.  pH was measured by spectrophotometry (HP 8453 spectrophotometer) 
using phenol red and cresol purple as indicators, and alkalinity was measured using a 
automatic titrator TIM865 titralab from Radiometer Analytical. The samples were titrated 
with hydrochloric acid 0.03 N. The list of samples analyzed for alkalinity and pH and 
sampled for DIC are reported in Table 7 

 in surface waters. Of the seven 
relevant carbon system parameters, a minimum of two are needed to calculate the others 
and fully describe inorganic carbon chemistry, overdetermination of the system being 
beneficial. 

 
4.6 Water Column δ13

       (K. Brown; E. Asher) 
C-DIC & Major/Minor Gas Sampling from the Rosette  

 
 Samples for major and minor dissolved gases (N2, Ar, O2, CO2, N2O, CH4

Samples for analyses of stable carbon isotopes (13C/12C) in dissolved inorganic 
carbon (DIC) were collected in conjunction with carbonate system parameters (DIC, 
TALK, pH) at each of the biological casts and geochemistry casts, as outlined in table 1.  
Samples will be analyzed for stable carbon isotope signatures at the UQAM-Geotop lab 
in Montreal.  

) were 
collected during the biology and geochemistry casts carried out at each station as outlined 
in Table 1. Samples will be analyzed for dissolved gas concentrations using the GC-MS 
at UBC.  

 
Table 7. Water Column Trace Gas, DIC, alkalinity, pH and 13C-DIC Sampling (*random 
duplicates for trace gases) 

Station  
Event # 

Hydrocast #  Bottle  Depth (m) Gases* 13C-DIC 
DIC – Alk - 

pH 
S1 1 - 1 24 4 ? ?  

 Biology 23 4   xx 

  17 10 ? ? xx 
  11 25 ? ? xx 
  5 50 ? ? xx 

S2 10 - 10 24 2   xx xx 
  Biology  21 3 x xx  
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    20 10   xx xx 
    17 15 x xx  
    16 25   xx xx 
    13 45 x xx  
    12 50   xx xx 
    6 75 x     
    5 75   xx xx 
    2 100 x     
    1 100   xx xx 

S2 11 - 11 11 125 x   
  Geochem  9 150 x  xx xx 
    6 175 x   
    4 200 x xx xx 

L1 16 - 14 21 22 x     
  Biology  20 22   xx xx 
    17 50 x     
    16 50   xx xx 
    13 85 x     
    12 85   xx xx 
    9 126 x     
    8 126   xx xx 
    5 150 x     
    4 150   xx xx 
    3 200   xx xx 
    1 200 x     

L1 18 - 15 24 2   xx xx 
   Geochem 22 10   xx xx 
    21 250 x xx xx 
    19 300 x xx xx 
    17 400 x xx xx 
    15 500 x xx xx 
    13 600 x xx xx 
    11 800 x xx xx 
    9 1000 x xx xx 
  7 1200  xx xx 
    5 1400 x xx xx 
    3 1700 x xx xx 

L2 38 - 24 20 2.7 ? ? xx 
 Biology 16 10 ? ? xx 
  12 30 ? ? xx 
  8 55 ? ? xx 
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  4 100 ? ? xx 
  3 125 ? ? xx 

L2 46 - 31 24 150 x xx xx 
  Geochem 22 200 x xx xx 
    20 250 x xx xx 
    19 300 x xx xx 
    17 400 x xx xx 
    15 500 x xx xx 
    14 600 x xx xx 
    12 800 x xx xx 
    11 1000 x xx xx 
    9 1200 x xx xx 
    8 1400 x xx xx 
    7 1600 x xx xx 
    6 1800 x xx xx 
    5 2000 x xx xx 
    4 2250 x xx xx 
    3 2500 x xx xx 
    2 2750 x xx xx 
    1 3000 x xx xx 

L3 54 - 33 24 3.1 x     
   Biology 21 3.1   xx xx 
    20 10 x     
    16 10   xx xx 
    15 32 x     
    12 32   xx xx 
    11 60 x     
    8 60   xx xx 
    7 115 x     
    4 115   xx xx 
    3 140 x xx xx 

L3 56 - 34 24 150 x xx xx 
   Geochem 22 200 x xx xx 
    20 250 x xx xx 
    19 300 x xx xx 
    17 400 x xx xx 
    15 500 x xx xx 
    14 600 x xx xx 
    12 800 x xx xx 
    11 1000 x xx xx 
    9 1200 x xx xx 
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    8 1400 x xx xx 
    7 1600 x xx xx 
    6 1800 x xx xx 
    5 2000 x xx xx 
    4 2250 x xx xx 
    3 2500 x xx xx 
    2 2750 x xx xx 
    1 3000 x xx xx 

L1.1 63 - 37 24  3 x     
   Biology 21  3   xx xx 
    20  10 x     
    16  10   xx xx 
    15  25 x     
    12  25   xx xx 
    11  70 x     
    8  70   xx xx 
    7  115 x     
    4  115   xx xx 
    3  140 x xx xx 

L1.1 66 - 38 24 175 x xx xx 
   Geochem 22 200 x xx xx 
    20 250 x xx xx 
    19 300 x xx xx 
    17 350 x xx xx 
    16 400 x xx xx 
    14 450 x xx xx 
  13 500  xx xx 
    12 600 x xx xx 
    10 800 x xx xx 
    9 1000 x xx xx 
    6 1400 x xx xx 
    5 1600 x xx xx 
    4 1800 x xx xx 
    3 2000 x xx xx 
    2 2250 x xx xx 
    1 2500 x xx xx 

 
4.7 Underway Major & Minor Gas analysis (MIMS)  
       (K. Brown; E. Asher) 

 
Underway data were collected aboard the Amundsen (Leg 3a) as part of the 

GEOTRACES program from August 30 to September 11, 2009 between 70°N and 75°N 
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and between 125°W and 139°W.  Samples were taken in transit to L1, from L1 to L2 and 
from L3 to L4.  Due to ice breaking between L2 and L3, underway seawater flows 
dropped to 0 between ~14:50 UTC and 16:25 UTC and between 1:21 UTC and 12:44 
UTC on September 6, and underway data was not collected during these times.  
Dissolved gasses (H2O, N2, O2, Ar, DMS, CO2) were measured by a membrane inlet 
mass spectrometer (MIMS).  Gas samples were extracted using a sampling cuvette and 
silicone membrane and then ionized by the quadrupole mass spectrometer.  The 
mass/charge ratio of each gas was measured every 30 seconds during continuous flow 
analysis.  Ion current measurements were calibrated to absolute concentrations for DMS 
and an atmospheric saturation ratio of ∆O2/Ar.  During surface sea water sampling the 
vacuum ranged from ~5e-6 to ~8e-6 torr.  CO2 concentrations will later be calibrated 
against the underway pCO2

 
 equilibrator aboard the ship.   

4.8 Filtration of particles for alkenones and biomarker analysis  
       (Underway samples collected by M. T. Hernandez Sanchez for M. Kienast on pre-
combusted GFF filters ; Large volume in-situ pump samples collected by M. Soon for M. 
Kienast on pre-combusted QMA filters) 
 

Alkenones are biosynthesized by algae of the class Haptophyceae/ 
Prymnesiophyceae, and their degree of unsaturation (number of double bonds) depends 
on the growth temperature of the organism. Numerous studies in culture, sediment traps 
and sediment core tops have established a robust and linear relationship between the 
degree of alkenone unsaturation (the UK37 index) and water temperature in the mixed 
layer. These global calibrations are robust across all major biogeographic zones and 
cover a temperature range from -1 – 30 ºC. However, global compilations have shown the 
relation between UK37 and SST to be somewhat less robust at both ends of the 
temperature range (<5° and >25°C). This scatter reflects a greater influence of non-
thermal factors on alkenone saturation near the limits of the temperature range, and has 
been linked to the increasing dominance of the tetra unsaturated alkenone in cold water. 
Fresh water inflow, either from large rivers or sea ice is a common feature among 
environments in which large abundances of the tetra unsaturated alkenone have been 
detected. This led to the idea that the biosynthesization of C37:4 is related to salinity.  

We have collected samples to analyze alkenone abundance and alkenone unsaturation 
patterns in suspended matter in the photic zone. The objectives are twofold. First, 
alkenone unsaturation patterns, which have proven reliable paleo proxies for SST over 
large parts of the global ocean will be analyzed and compared to surface temperature and 
salinity measurements in order to confirm or refine the applicability of this proxy at the 
lower end of the temperature range. Secondly, the tetra unsaturated compound will be 
examined specifically with respect to sea surface salinity, in order to evaluate its potential 
as a paleo salinity proxy. The Canadian Arctic, with its large seasonal and spatial salinity 
gradients, is an ideal site to explore the potential of the tetra unsaturated compound as a 
paleo salinity tracer and to evaluate the impact of salinity on the established relationship 
between the UK37 index and SST at the low temperature range of the calibration. 
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Water was filtered through combusted GFF filters using an underway pump system, 
which collects water from 7 m water depth. The system typically ran for 3 hours, filtering 
between 100 and 400 L (Table 8). 
 
Table 8: List of underway samples taken for alkenones and biomarkers analysis 

 
 
Table 9: List of large volume in-situ pump samples collected for alkenones and 
biomarkers analysis 

Station S1 (69o30'N; 137o59'W; Depth: 58m)  

PUMP 
Event 2 

Depth  Vol. filtered      
# m QMA Flowmeter (L) Computer (L) Analysis/Comments 

1 10 x 0 25.78 sudden flow obstruction 
3 50 x 47.9 60.4 min flow reached 

 For alkenones only 
 

Station S2 (70o00'N; 138o30'W; Depth: 260m)  

PUMP 
Event 13 

Depth  MnO2 Vol. filtered      

# m QMA Cart. 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 10 x x 0 17.64 sudden flow obstruction 
2 50 x x 108.5 495.1 min flow reached 
3 100 x x 166.5 209.98 min flow reached 
4 150 x x 946.2 995.49  
5 200 x x 352.6 386.22 sudden pressure release 

 For alkenones and radium isotopes only 
 

Station L1 (71o06'N; 139o10'W; Depth: 2000m)  

PUMP 
Event 20 

Depth  MnO2 Vol. filtered      
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# m QMA Cart. Flowmeter (L) Computer (L) Analysis/Comments 
1 10 x x 0 11.46 sudden flow obstruction 
2 250 x x 0 87.9 sudden flow obstruction 
3 500 x x 776 857.6  
4 750 x x 960.5 1026.49  
5 1000 x x 170.7 183.69 sudden pressure release 
6 1500 x x 53.6 48.84 sudden flow obstruction 

 
 

Station L2 (74o30'N; 137oW; Depth: 3300m) 

PUMP 

Event 47 

Depth 
FILTER 
TYPE MnO2 Vol. filtered     

# m QMA Cart. 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 

1 25 x x 0 3.71 
Sudden flow 
obstruction 

2 250 x x 863.73 938.58  
3 400 x x 778.3 862.01  
4 800 x x 686 800.21 low batteries 
6 1200 x x 0 1.12 Sudden pressure release 

 
Station L1.1 (72o31'N; 136o41'W; Depth: 2530m) 

PUMP 

Event 65 

Depth 
FILTER 
TYPE MnO2 Vol. filtered      

# m QMA Cart. Flowmeter (L) Computer (L) Analysis/Comments 
1 Chl max  x x 531.6 562 min flow reached; filter ripped 
2 250 x x 612.36 901 filter ripped 
3 400 x x 814.6 879  
4 600 x x 782.8 927 low batteries 
5 800 x x 996.1 1020 filter ripped 
6 1000 x x 0 0 stopped by user 

75m = chloro max         
 
4.9 Natural Variations in Silicon Isotopes  
       (D. E. Varela, M. T. Hernandez Sanchez) 
 

Our knowledge of the biogeochemistry of marine silicon (Si) lags behind that of 
other nutrients mainly due to inherent limitations of the methods currently used to 
measure Si production and dissolution.  An alternative for studying Si cycling and silica 
production over broader spatio-temporal scales is to use the variations in the natural 
abundance of Si isotopes (δ30Si) in surface waters and suspended diatom silica.  Surface 
water variations of δ30Si are due to the biological fractionation of Si isotopes by diatoms, 
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as diatoms discriminate against the heavy 30Si isotope. Thus, δ30

During the GEOTRACES cruise, we obtained water samples for the measurement 
of δ

Si in dissolved Si and 
biogenic silica increases as diatom production intensifies in surface waters.  Because 
diatoms are one of the largest contributors to carbon fixation in most marine systems, it is 
critical to understand their effects on nutrient biogeochemistry in past and present oceans. 

30Si in dissolved Si (δ30DSi) and particulate (δ30bSiO2) silica.  Water samples for 
dissolved Si were taken at various depths in the water column with the regular rosette, 
and particulate samples were taken both with large-volume in-situ pumps at selected 
stations and with an underway continuous pumping system located in the engine room, 
which recovered water from 7 m depth; typically filtering 100 to 300 L (Fig. 2 & 3).  We 
also obtained samples for biogenic Si (bSiO2) and dissolved Si concentrations at the 
same depths as those sampled for δ30DSi.  Water samples for δ30DSi were filtered (0.6 
µm PC) and the filtrate was stored for further analysis ashore.  Samples for biogenic Si 
(bSiO2

 

) concentrations were also filtered (0.6 µm PC) and filters were dried and stored 
for further analysis ashore.  Filters (Supor) from the underwater pumps and underway 
system were dried and stored for further analysis ashore (Table 11).   

Table 10: List of samples taken for the measurement of silicon isotopes in the dissolved 
fraction (δ30DSi) and biogenic silica concentrations ([bSiO2

Station S1. 
]) at each station. 

Event # 1. Shallow biological rosette 
Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 

5 2 4 21/22 
15 2 4 13/14 
35 2 4 8 
100 2 4 2 

 
Station S2 

Event #  . Shallow biological rosette 
Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 

3 2 4 22 
15 2 4 18 
45 2 4 14 
75 2 4 10 
100 2 4 3 

 
Event # 4. Biogeochemical cast 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
125 2 2 11 
150 2 2 9 
175 2 2 6 
200 2 2 4 

 
Station L1 

Event #16. Biology cast 
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Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
22 2 4 22 
50 2 4 18 
85 2 4 14 
126 2 4 10 
150 2 4 6 
200 2 4 2 

 
Event #18. Biogeochemical cast 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
2 2 4 23 

250 2 4 21 
300 2 4 19 
400 2 4 17 
500 2 4 13 
800 2 4 11 
1000 2 4 9 
1200 2 4 7 
1399 2 4 5 
1699 2 4 3 

 
Event #25 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
10 2 4 21 

 
Station L2 

Envent #38. Biology cast 
Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 

2.7 2 4 22 
10 2 4 18 
30 2 4 14 

54.6 2 4 10 
100 2 4 6 
125 2 4 2 

 
Event# 40 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
10  4 20 

 
Event #42. Biogeochemical cast 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
150 2 2 24 
200 2 2 22 
250 2 2 20 
300 2 2 19 
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400 2 2 17 
500 2 2 15 
600 2 2 14 
800 2 2 12 
1000 2 2 11 
1200 2 2 9 
1400 2 2 8 
1600 2 2 7 
1800 2 2 6 
2000 2 2 5 
2250 2 2 4 
2500 2 2 3 
2750 2 2 2 
3000 2 2 1 

 
Station L3 
Event# 52 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
3.1 2 4 23 
10 2 4 19 
32 2 4 14 
60 2 4 10 
115 2 4 6 
140 2 4 2 

 
Event #56 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
150 2 4 24 
200 2 4 22 
300 2 4 20 
400 2 4 19 
500 2 4 17 
600 2 4 15 
800 2 4 14 
1000 2 4 12 
1200 2 4 11 
1400 2 4 9 
1600 2 4 8 
1800 2 4 7 
2000 2 4 6 
2250 2 4 5 
2500 2 4 4 
2750 2 4 3 
3000 2 4 2 

   1 
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Station L1.1 
Event #63 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
3 2 4 23 
10 2 4 19 
25 2 4 14 
70 2 4 10 
115 2 4 6 
140 2 4 2 

 
Event #65 

Depth (m) [bSiO2 δ] (L) 30 Bottle DSi (L) 
175 2 2 24 
200 2 2 22 
250 2 2 20 
300 2 2 19 
350 2 2 17 
400 2 2 16 
450 2 2 14 
500 2 2 13 
600 2 2 12 
800 2 2 10 
1000 2 2 9 
1200 2 2 7 
1400 2 2 6 
1600 2 2 5 
1800 2 2 4 
2000 2 2 3 
2250 2 2 2 
2500 2 2 1 
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Table 11. List of underway samples taken for silicon isotopes measurements in the particulate fraction (δ30bSiO2
SAMPLE 
ID 

). 
DATE LAT. 

START 
LONG. 
START 

LAT. 
END 

LONG. 
END 

TIME 
START 

TIME 
END 

READING 
START 

READING 
END 

VOL 
FILTERED 

CONTAMIN
ATION 

A1 29/08/2009 69.29N 137.59W     270 300 30 YES 
A2 29/08/2009 69.29N 137.59W     300 343 43 YES 
A3 29/08/2009 69.5N 138.20W 70N 138.86W 8:50AM 10:30AM 343 380 37 YES 
A4 31/08/2009 70.43N 138.44W 70.9N 138.86W 7:45AM 11AM 403 592 189 NO 
A5 31/08/2009 71.1N 138.85W 71.04N 139.85W 10AM 11:45AM 592.6 618.5 25.9 YES 
A6 31/08/2009 71.04N 139.07W 71.05N 138.96W 11.45AM 1:20PM 318 670 52 YES 
A7 02/09/2009 71.07N 139.18W   9:45AM 11:40AM 5594.9 5976.4 381.5 NO 
A8 02/09/2009 71.15N 139.11W 71.41N 138.3W 4:20PM 6:40PM 6405 6794.1 389.1 NO 
A9 02/09/2009 72.27N 139.19W 72.50N 139.28W 11PM 1.05AM 6815 7026.4 211.4 NO 
A10 03/09/2009 73.56N 139.40W 74.22N 138.28W 12:55PM 3:15PM 7062.6 7389 326.4 NO 
A11 03/09/2009 74.39N 137.22W   07:05PM 9:10PM 7394.9 7754.4 359.5 NO 
A12 04/09/2009 74.35N 137.07W   12:40 03:15 7758.2 8209.5 451.3 NO 
A13 05/09/2009 74.24N 136.26W   01:30 03:30 8215.8 8595.2 379.4 NO 
A14* 06/09/2009 74.22N 135.59W 74.22N 135.07W 1:45AM 3:20AM 8619 8718.6 99.6 NO 
A15 06/09/2009 75.36N 133.22W 74.28N 133W 2:05PM 4:20PM 8724.5 8999.3 274.8 NO 
A17* 06/09/2009 74.28N 133.36W 74.30N 134.35W 9:30PM 11:30PM 8999.5 9132 132.5 NO 
A18.L3 07/09/2009 75.19N 137.37W     9136.7 9462.2 325.5 NO 
A19.L3 07/09/2009 75.16N 137.44W   2:30PM 4:15PM 9462.3 9802.8 360.5 NO 
A20 08/09/2009 74.29N 136.59W 74.11N 136.44W   9802.5 10163.2 360.7 NO 
A21 08/09/2009 72.47N 135.23W 72.37N 136.50W 1:30PM 3:30PM 10163 10321.2 158.2 NO 
A22 08/09/2009 72.30N 136.35W     10321.2 10726 404.8 NO 
A23 09/09/2009 71.29N 136.35W     10726.8 11031.5 304.7 NO 
A24 09/09/2009 72.80N 136.45W     11031.5 11461.5 430 NO 
A25 10/09/2009 72.27N 136.46W 72.12N 136.19W 10:30PM 12:30AM 11462.2 11754.5 292 NO 
A26 11/09/2009 71.17N 134.33W 71.11N 133.12W 9AM 11AM 11754 12109 355 NO 

*Ice clogged the line while filtered. Therefore the volume filtered is smaller than usual 
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Fig. 2: Underway filtration unit in the engine room 

 

 
Underway samples for biomarker analysis (GFF filters) 

 
Underway samples for Si isotopes (Supor filters) 
 (Photos taken by M.T. Hernandez Sanchez) 
 

4.10 Natural Variations in Nitrogen Isotopes in Nitrate 
       (Samples collected by J. Gagnon for D. Sigman) 
 
Seawater samples were collected with a syringe and filtered through a GFF filter. These 
samples were used for nutrient analysis and 60 ml aliquots were stored at -20°C for 
d15N-nitrate analysis (see appendix for list of nutrient samples) 
 
4.11 Large volume in-situ pumps 

(R. Francois, M. Soon, B. De Baere; N. Sutherland) 
 
Six large volume in-situ pumps (McLane) were deployed simultaneously at different 
depths to obtain samples of suspended marine particles. Two types of filters were used: 

- Supor 0.8µm pore size to measure 230Th, 231Pa, 234

- QMA 0.8µm pore size to measure POC, PON, 
Th, Ca, Al, Si, P.  

234

 
Th and alkenones. 



 35 

Supor: A punch was taken from the filter to measure 234

 

Th by beta counting on board or 
later at IOS. The remainder was stored frozen and dried a few days later. The other 
elements and isotopes will be measured at UBC. 

QMA: A punch was taken from the filter to measure 234Th by beta counting on board or 
later at IOS. The remainder was stored frozen at – 80o

 

C to measure alkenones (Markus 
Kienast, Dalhousie U.)  

During the QMA casts, two cartridges of MnO2-impregnated fibers were also mounted in 
series to measure 228Ra/226

 
Ra (Erika Bousserez; Dalhousie U.). 

We also performed Supor casts to collect particle for silicon isotopes measurements 
(Diana Varela, U. Victoria) 
 
Table 12: List of samples obtained with in-situ large volume pump 

Station S1 (69o30'N; 137o59'W; Depth: 58m)  

PUMP 
Event 2 

Depth  Vol. filtered      
# m QMA Flowmeter (L) Computer (L) Analysis/Comments 

1 10 x 0 25.78 sudden flow obstruction 
3 50 x 47.9 60.4 min flow reached 

 For alkenones only 
 

Station S2 (70o00'N; 138o30'W; Depth: 260m)  

PUMP 
Event 13 

Depth  MnO2 Vol. filtered      

# m QMA Cart. 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 10 x x 0 17.64 sudden flow obstruction 
2 50 x x 108.5 495.1 min flow reached 
3 100 x x 166.5 209.98 min flow reached 
4 150 x x 946.2 995.49  
5 200 x x 352.6 386.22 sudden pressure release 

 For alkenones and radium isotopes only 
 

Station L1 (71o06'N; 139o10'W; Depth: 2000m)  

PUMP 
Event 20 

Depth  MnO2 Vol. filtered      
# m QMA Cart. Flowmeter (L) Computer (L) Analysis/Comments 

1 10 x x 0 11.46 sudden flow obstruction 
2 250 x x 0 87.9 sudden flow obstruction 
3 500 x x 776 857.6  
4 750 x x 960.5 1026.49  
5 1000 x x 170.7 183.69 sudden pressure release 
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6 1500 x x 53.6 48.84 sudden flow obstruction 
 

PUMP 
Event 22 

Depth  Vol. filtered      

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 

1 10 x 0 0 
cancelled due to winch 
problems 

2 250 x 0 0  
3 500 x 0 0  
4 750 x 0 0  
5 1000 x 0 0  
6 1500 x 0 0  

 

PUMP 
Event 26 

Depth  Vol. filtered     

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 25 x 1187.2 1114.34  
2 100 x 285.3 1089.93  
3 250 x 1021.3 1044.42  
4 400 x 1370.8 1233.52  
6 800 x 78.3 832 sudden flow obstruction 

For silicon isotopes 
 

Station L2 (74o30'N; 137oW; Depth: 3300m) 

PUMP 

Event 37 

Depth 
FILTER 
TYPE Vol. filtered     

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 25 x 211.8 223.29 Sudden pressure release 
2 250 x 1005.1 1039.71  
3 400 x 1008.3 1036.09  
4 800 x 822.5 923.99 low batteries 
6 1200 x 1.6 1.59 Sudden pressure release 

 

PUMP 

Event 47 

Depth 
FILTER 
TYPE MnO2 Vol. filtered     

# m QMA Cart. 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 25 x x 0 3.71 Sudden flow obstruction 
2 250 x x 863.73 938.58  
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3 400 x x 778.3 862.01  
4 800 x x 686 800.21 low batteries 
6 1200 x x 0 1.12 Sudden pressure release 

 

PUMP 

Event 50 

Depth 
FILTER 
TYPE Vol. filtered     

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 25 x 0 1.42 sudden flow obstruction 
2 100 x 41.58 149.01 sudden pressure release 
3 250 x 923.6 999  
4 400 x 1030 1098.77  
6 800 x 45.1 44.44 sudden pressure release 

For silicon isotopes 
 

Station L3 (75o17'N; 137o30'W; Depth: 3485m) 

PUMP 

Event 53 

Depth 
FILTER 
TYPE Vol. filtered     

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 50 x 797.8 751  
2 250 x 720.09 748  
3 400 x 759.4 772  
4 700 x 731.7 774  
5 1000 x 746.5 761  

6 1300 x 0 0 
forgot to program 
pump 

 
Station L1.1 (72o31'N; 136o41'W; Depth: 2530m) 

PUMP 

Event 60 

Depth 
FILTER 
TYPE Vol. filtered     

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 
1 75 x 464.4 482 min flow reached 
2 250 x 745 770  
3 400 x 767 779  
4 600 x 746.6 785  
5 800 x 25.3 25.1 sudden pressure release 
6 1000 x 17.5 23.74 sudden pressure release 

75m = chloro max        
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PUMP 

Event 65 

Depth 
FILTER 
TYPE MnO2 Vol. filtered      

# m QMA Cart. Flowmeter (L) Computer (L) Analysis/Comments 
1 Chl max  x x 531.6 562 min flow reached; filter ripped 
2 250 x x 612.36 901 filter ripped 
3 400 x x 814.6 879  
4 600 x x 782.8 927 low batteries 
5 800 x x 996.1 1020 filter ripped 
6 1000 x x 0 0 stopped by user 

75m = chloro max         
 

PUMP 

Event 73 

Depth 
FILTER 
TYPE Vol. filtered      

# m SUPOR 
Flowmeter 

(L) 
Computer 

(L) Analysis/Comments 

1 
Chl max 
(75) x 558.4 569  

2 100 x 637.7 690  
3 250 x 720.8 749  
4 400 x 732.4 773  
5 800 x 782.1 776  

6 1000 x 1.1 1.1 
sudden flow 
obstruction 

75m = chloro max          
For Si isotopes 
 
4.12 Seawater sample collection for Cr isotopes measurements 
       (M. Amini) 
 
Reduction of soluble Cr(VI) to insoluble Cr(III) is associated with mass-dependent 
isotopic fractionation with the preferential reduction of the lighter isotopes. This might 
enable isotopic studies to better understand the processes behind Cr redox changes, to 
improve our understanding of the oceanic Cr cycle and to develop Cr isotopes as an 
ocean paleo-redox proxy. 
.  
During the cruise, a profile from the shelf region to deep open ocean water as well a 
depth profiles at each station were taken. The samples were taken either from the 
CTD/rosette or the TM rosette, drawn through 0.45μm Supor-Filters in precleaned 20L-
cubitainers after having rinsed them with the sample itself. The samples were then kept 
frozen at natural pH (-10°C) until processed in the homelab. For each sample, salinity 
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had been determined on board using standard method.  Sample amount, location and 
depth are listed in Table 12).  
 
Table 12: Sample list for Cr isotope analyses. Station and Cast# as referred in Fig. 1, 
‘Ship’ refers to the ship’s rosette and TM to the Trace metal rosette. 
 

 Station Event# Amount [L] Depth [m] Rosette 
1 S1 3 10 10 Ship 
2  5 10 50 Ship 
3 S1.1 6 10 100 Ship 
4  7 10 10 Ship 
5 S1.2 8 10 100 Ship 
6  9 10 10 Ship 
7 S2 12 10 100 Ship 
8  14 10 10 Ship 
9 L1 29 20 10 Ship 
10   20 50 Ship 
11   20 100 Ship 
12   20 200 Ship 
13   20 250 Ship 
14   20 300 Ship 
15   20 400 Ship 
16   20 600 Ship 
17   20 800 Ship 
18   20 1000 Ship 
19   20 1500 Ship 
20   20 1700 Ship 
21   5 1698.5 TM 
22   11 9.6 TM 
23 L2 48 11 9.9 TM 
24   11 50.5 TM 
25   11 120.3 TM 

226   11 201.1 TM 
27   11 350.2 TM 
28   11 600.5 TM 
29   11 999.8 TM 
30   11 1499.5 TM 
31   11 2000.1 TM 
32   11 2500.5 TM 
33   11 2751.3 TM 
34 L1.1 64 11 10.6 TM 
35   11 50.2 TM 
36   11 100.1 TM 
37   11 200.6 TM 
38   11 250.1 TM 
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39   11 300.1 TM 
40   11 400.2 TM 
41   11 599.6 TM 
42   11 1000.2 TM 
43   11 1500.5 TM 
44   11 2000.2 TM 
45   11 2400.1 TM 

 
4.13 Sampling for Nd Isotope analyses 
       (M. Amini, R. Francois) 
 

The Nd isotope signature of ocean water appears to reflect continental sources 
without being altered by biological fractionation. If true, Nd isotopic compositions of 
ocean waters could thus provide a powerful tool as tracer for water masses and ocean 
circulation. However, to date the application of Nd isotopes as a circulation tracer and 
paleocirculation proxy has been hindered by a poor understanding of the processes 
whereby seawater acquires it Nd isotopic composition. Because Pacific and Atlantic 
seawater have very different Nd isotopic composition, following the Nd isotopic 
composition of Pacific waters as they transit trough the Arctic could reveal these 
processes. Water samples were taken by the ship’s rosette at 3 stations along the transect 
at various depths (Tab. 13). About 20L (where available) were drained and filtered 
through an Acropak cartridge (0.45µm) into either cubitainers or jerrycans that were 
prerinsed by the sample and acidified with HCl (6N or conc.) to pH2. 
 
Table 13: Sample list for Nd isotope analyses.  
 

 Station Event# Depth [m] Amount [L] 
1 L1 21 10 20 
2   50 20 
3   100 20 
4   200 20 
5   250 20 
6   300 20 
7   400 20 
8   600 20 
9   800 20 
10   1000 20 
11   1500 20 
12   1700 20 
13 L2 41 10 21 
14   50 23 
15   100 23 
16   180 21 
17   250 23 
18   350 23 
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19   600 21 
20   1000 23 
21   1500 21 
22   2000 11.5 
23   2500 23 
24   3000 11.5 
25 L1.1 73 10 23 
26   50 23 
27   100 23 
28   200 23 
29   250 23 
30   300 23 
31   400 23 
32   600 23 
33   800 11.5 
34   1000 23 
35   1500 23 
36   2000 23 

 
4.14 Dissolved 230Th and 231Pa & 129

(R. Francois, M. Soon, B. De Baere) 
I 

 
Dissolved 230Th and 231Pa were measured over the entire water column to 

document recent changes in deep water circulation and particle scavenging. Samples for 
measuring 129I (John N. Smith; BIO) were taken simultaneously to confirm the changes in 
circulation deduced from dissolved 230Th and 231

 
Pa. 

For dissolved 231Pa and 230Th, 20L samples were collected by closing two bottles 
per depth. Seawater was quickly drained from the rosette and brought to the laboratory 
for filtration through an Acropak cartridge (0.45 µm) using a peristaltic pump and for 
storage in a disposable cubitainer. The samples were then acidified to pH 2 with 
concentrated HCl and spiked with pre-weighed quantities of 233Pa, 229Th and FeCl3 
[aliquots of standard solutions precipitated with Fe hydroxide]. Acidified samples were 
left to equilibrate for 12 to 24 hours and their pH adjusted to 8-9 to precipitate Fe 
hydroxide and scavenge 231Pa, 233Pa, 230Th and 229

 

Th. The precipitates were let to settle to 
the bottom of the cubitainer over 12 to 24 hours and recovered by suction with a 
peristaltic pump into a 1L plastic beaker for final settling and centrifugation into a 50 ml 
centrifuge tube for transport to UBC. 

Table 14: Sample list for dissolved 230Th, 231Pa, and 129

 
I 

Station L1 (71o06'N; 139o

Z 
10'W; Depth: 2000m) 

salinity I-129 Pa/Th 
m  L L 
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25 0.5 1 10 
25 0.5   10 

100 0.5 1 10 
100 0.5  10 
250 0.5 1 10 
250 0.5   10 
350 0.5 1 10 
350 0.5  10 
500 0.5 1 10 
500 0.5   10 
600 0.5 1 10 
600 0.5  10 
750 0.5 1 10 
750 0.5   10 
900 0.5 1 10 
900 0.5  10 

1000 0.5 1 10 
1000 0.5   10 
1200 0.5 1 10 
1200 0.5  10 
1500 0.5 1 10 
1500 0.5   10 
1700 0.5 1 10 
1700 0.5  10 

 
Station L2 (74o30'N; 137o

Z 
W; Depth: 3300m) 

salinity I-129 Pa/Th 
m  L L 
50 0.5 1 10 
50 0.5   10 

250 0.5 1 10 
250 0.5  10 
400 0.5 1 10 
400 0.5   10 
700 0.5 1 10 
700 0.5  10 
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1000 0.5 1 10 
1000 0.5   10 
1300 0.5 1 10 
1300 0.5  10 
1600 0.5 1 10 
1600 0.5   10 
1900 0.5 1 10 
1900 0.5  10 
2200 0.5 1 10 
2200 0.5   10 
2500 0.5 1 10 
2500 0.5  10 
3000 0.5 1 10 
3000 0.5   10 
3390 0.5 1 10 
3390 0.5  10 

 
Station L3 (75o17'N; 137o30'

Z 
W; Depth: 3485m) 

salinity I-129 Pa/Th 
m  L L 
50 0.5 1 10 
50 0.5   10 

250 0.5 1 10 
250 0.5  10 
400 0.5 1 10 
400 0.5   10 
700 0.5 1 10 
700 0.5  10 

1000 0.5 1 10 
1000 0.5   10 
1300 0.5 1 10 
1300 0.5  10 
1600 0.5 1 10 
1600 0.5   7.5 
1900 0.5 1 10 
1900 0.5  10 
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2200 0.5 1 10 
2200 0.5   7.5 
2500 0.5 1 10 
2500 0.5  10 
3000 0.5 1 10 
3000 0.5   7.5 
3400 0.5 1 10 
3400 0.5  10 

 
Station L1.1 (72o31'N; 136o408'

Z 
W; Depth: 2530m) 

salinity I-129 Pa/Th 
m  L L 

Chl max 0.5 1 10 
Chl max 0.5   10 

250 0.5 1 10 
250 0.5  10 
400 0.5 1 10 
400 0.5   10 
600 0.5 1 10 
600 0.5  10 
800 0.5 1 10 
800 0.5   10 

1000 0.5 1 10 
1000 0.5  10 
1300 0.5 1 10 
1300 0.5   10 
1600 0.5 1 10 
1600 0.5  10 
2000 0.5 1 10 
2000 0.5   10 

 
4.15 Dissolved and particulate 234

(N. Sutherland) 
Th 

 
Dissolved and particulate 234Th were measured at 4 stations to quantify the export flux of 
organic carbon from surface to deep water. 234Th was also measured on punches of filters 
(QMA and Supor) obtained with the large volume in-situ pumps. Combining 234Th and 
230Th data provides constraints on particle dynamics in the water column. Comparing 
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234Th data obtained with different filter types also provide a means of quantifying their 
relative filtration efficiency 
 
General Comments on the Thorium Program 
Sampling went well, although there was some delay in accessing the rosettes while gas 
sampling was done.  Processing samples was generally smooth, although sometimes 
samples took a long time to filter. A few samples were filtered after hours of delay due to 
the extreme ship vibration and motion in the container on the foredeck, when icebreaking 
was underway – with anymore than ~25mL in the towers, the water would often jump 
out.  A few lead bricks around the beta counter also had to be pushed back into place 
during these conditions.  A major potential problem was averted when Sylvain Blondeau 
most capably created a 5mm lift slide out of Plexiglas for the beta counter, replacing the 
IOS one that was lost with the missing baggage.  Also many thanks to all who helped out 
with pipettes and gloves etc. to replace my missing gear.   
 
At the end of the cruise, the beta counter was packed for shipping back to Monaco, 
samples packaged for return to IOS via carry-on baggage, and equipment cleaned and 
placed into the container for eventual shipment to IOS.  
 
Pump Punch Sample Method: 
Pump filters, whether Supor or QMA, were sampled by punching a 25mm hole randomly, 
except avoiding any torn spots, through the filters.  The filters were then placed on filter 
holders, and with the vacuum on, very gently rinsed with ~20mL DmQ to wash off salts.  
The filter towers were not used, as the filters did not extend completely to the edges.  
Once rinsed the filters were placed in a 53°C oven to dry, before mounting and beta 
counting. 
 
Water Samples Method: 
 Water for particulate and total thorium samples were collected from Niskin bottles – 
generally emptying the designated Niskin into a collapsible carboy, about 8-10L per 
Niskin.  This water was then kept cold and dark until separated into particulate and total 
aliquots. 
 
   Particulate Thorium 
Four to six litres of water, well shaken, measured by graduated cylinder, one litre at a 
time, were filtered through a pre-combusted 25mm Tissue Quartz filter, using a vacuum 
pump with max 5psi suction.  At the end, the grad cylinder and filter tower were rinsed 
with ~50-60mL DmQ water, to wash any stray particles down the sides, and rinse out 
salts.  The filters were then placed in a 53°C oven to dry, before mounting and beta 
counting. 
 
  Total Thorium 
Two litres of water, well shaken and measured by grad cylinder, were placed into a clean, 
pre-rinsed 2L bottle for treatment.  Each sample was acidified with 10mL of 1:1 (6M) 
HCl, environmental grade, then shaken, and a pre-weighed Thorium230 spike (1g of 
10dpm) added and allowed to sit for ~12 hours. Room temperature during this time 
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varied from about 8-20°C.  At the end of this time the samples were neutralized to pH 
8.1-8.3 (using pH paper) by the addition of ~ 5.6mL of conc NH4OH.  125uL of KMnO4, 
3g/L, was added, mixed, then 125uL of MnCl2

 

, 8g/L, added and the bottle well shaken.  
The bottles were then placed in an 80°C water bath for two hours, a maximum of 5 at a 
time.  Afterwards the sample were allowed to come to room temperature, about 4-6 
hours, then were filtered through 25mm pre-combusted TQ filters, again max 5psi 
suction.  The bottles and filter towers were rinsed with ~50-60mL DmQ water.  The 
filters were then placed in a 53°C oven to dry, before mounting and beta counting. 

Beta Counting 
The Malina group graciously left their Riso counter on board, set up in the forward 
starboard control container, with gases on, and a background already running but without 
any slides in position.  As soon as Sylvain could make up a 5mm lift slide for me, I 
started a new background with this and the Malina sample holder slide in place, and ran it 
for  about 76 hours before samples came on line.  Samples were read to a moderate error 
level, <5% or <±0.03 cpm, in order to speed them along.  About 40% were read onboard, 
with the rest transferred to the IOS counter as soon as possible.   
 
At one point the gas line to the beta counter was crimped, which resulted in the program 
shutting down.  Gas flow was restored and the system purged, all ran smoothly  again 
afterwards.  
 
Table 15: Sample list for dissolved and particulate 234

 

Th (to convert sample ID into water 
depth, see ArcticNet rosette log files) 



 47 

 
 



 48 

4.16 Dissolved 223Ra, 224Ra, 226Ra and 228

(E. Sternberg-Bousserez) 
Ra 

 
Helmuth Thomas’s group (Dalhousie U.) is interested in carbon exchange 

between the shelf and the open ocean. In the GEOTRACES program, its aim is to use the 
radium isotopes to quantify this exchange in the Beaufort Sea. Seawater samples were 
collected using in-situ pumps and the ship’s rosette during the GEOTRACES cruise (leg 
3a). The seawater collected with the rosette was filtered onboard the ship on an acrylic 
fiber coated with MnO2 and the same fiber was used with the in situ pumps. The fibers 
will be analyzed in the lab for the long-lived Ra isotopes (226Ra and 228Ra) using gamma 
spectrometry, and when possible for the short-lived Ra isotopes (223Ra and 224

 

Ra) using 
an alpha counter (see table). Alpha counting of the short-lived isotopes was started during 
the cruise. 

 
- Samples collected with the rosette 
 

station S1 S1.1 S1.2 S2 L1 L2 L1.1 
depth 
(m) 

10 
50 

10 
100 

10 
100 

10 
100 
150 
200 

10 
100 
250 
500 
750 
1000 
1500 

10 
50 
100 
250 
400 
700 
1000 

10 
75 
100 
250 
400 
600 
800 
1000 

 
In red: cubitainer leaked, sample lost   
In green: samples to be analyzed for 223Ra, 224Ra, 226Ra and 228

In blue: samples to be analyzed for 

Ra (~ 270 L sampled per 
depth). A first count with the alpha counter was performed onboard for these samples. 

226Ra and 228

In black: samples to be analyzed for 
Ra (100-140 L sampled per depth) 

226

 
Ra (10-12 L sampled per depth) 

- Samples collected using the in-situ pumps 
 

station S2 L1 L2 L1.1 
 
 

depth 
(m) 

10 
50 
100 
150 
200 

10 
250 
500 
750 
1000 
1500 

25 
250 
400 
800 
1200 

75 
250 
400 
600 
800 
1000 

 
In red: pumps did not work 
In blue: less than 180L pumped, probably not enough to get a signal 
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4.17 Sea ice sampling for chemical parameters 
(K. Brown)) 

 
 Sampling for inorganic and organic carbon parameters from sea ice was 
conducted opportunistically as part of a joint Geotraces & ArcticNet effort.  When 
possible, cores of multi-year and 1st

In addition to the bulk sea ice property samples, a small 230 volt Quiet One 800 
aquarium pump was used to draw sea water from the core hole at a depth of 150cm.  This 
water was collected in a clean (3x rinsed) 10L cubetainer and sampled for various 
chemical parameters once back on the ship (DIC/TALK, 13C-DIC, 13C-POC, 18O, 13C-
TOC, Salinity, & NH4) as per table 18.   Stations for chemical analyses within multi-year 
and 1

 year ice were obtained and sectioned for the analyses 
of chemical tracer concentrations (DIC/TALK, 13C-DIC, 13C-POC, 18O, 13C-TOC, 
Salinity, & NH4) as per Table 18.  Once cores were removed from the ice floe they were 
cut with a hand saw into 2x10cm sections and placed in gas tight tedlar bags.  Once bags 
were sealed the head space was carefully removed using a Nalgene hand pump.  Core 
sections were left to melt in the dark at room temperature in the Paleolab (~24hrs) and 
were then sampled through the use of a drawing tube off the side of the tedlar bag.   

st

 
 year ice were occupied adjacent to L1, L2, & L1.1.  

Ikaite (CaCO3·6H2O) Precipitation in Multi-Year Sea Ice: The temperature core from L1 
(Sept 1st) was saved in the -10deg cooler to sample for the presence of Ikaite mineral 
precipitates (CaCO3·6H2O) in the multi-year pack ice.  Looking at the temp/salinity 
profile from the core it was expected that the ice was too warm to have retained enough 
brine or even maintain a stable precipitate; however the core was processed anyway to 
practice the method.  Since the core was so warm, it was thought that any dissolved 
CaCO3·6H2

 

O still in the brine (if any brine was left) might re-crystallize at low 
temperature.  The core was therefore left in the -10degC lab for 2.5 days before 
processing.  Seven 10cm sections of the core with highest salinity were chosen and cut 
from Core 3 in the -10deg cold room and placed in clean (new) 1L plastic beakers and 
covered in parafilm for melting.  The seven selected sections were then taken to the 
4degC container on the heli deck (actual temp maintained between 6.5-8 deg) and slowly 
melted in an open Coleman cooler.   After 11 hours of melting, samples were checked for 
melt progress every 5 hours and then more frequently once melt had progressed to ~90%; 
temperature in the container and in the cooler were both recorded on each check of melt 
progress.  Once samples were virtually completely melted, they were taken down to the 
filtration set up in the aft labs and evaluated for the presence of ikaite crystals following 
Dieckmann et al 2008.  Although no Ikaite crystals are presumed to have been 
successfully isolated, samples of the collected particulates from the melts were saved on 
pre-weighted pre-combusted GF/F filters (ethanol washed) or preserved in 75% ethanol 
in cryovials in the -80deg freezer for possible analysis (or method tests) later in the lab.   

Table 18: Sea Ice Core & In Situ Pumping Samples 
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5. Appendices 
Appendix 1: Science log from the bridge (with associated GEOTRACES event numbers) 

 



 52 

 



 53 

 



 54 

 



 55 

 



 56 

 



 57 

 
 



 58 

 



 59 

 



 60 

 



 61 

 



 62 

 



 63 

 
 
 
 
 



 64 

Appendix 2: Log from ArcticNet CTD-rosette 
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Appendix 3: Preliminary nutrient analysis  
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