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ABSTRACT

Wright, C.A., Johannessen, S.J., Macdonald, R.-W., Burd, B.J., Hill, P. Van Roodselaar, A.,
and Bertold, S. 2008. The Strait of Georgia ambient monitoring program: phase I,
2002-2007: sediment and benthos. Can. Data Rep. Fish. Aquat. Sci. 1208: vi + 112 p.

Sediment, sinking particle and water samples were collected in the Strait of Georgia during
2002-2007 as part of a collaborative research project conducted by Fisheries and Oceans
Canada, Natural Resources Canada and Metro Vancouver (formerly the Greater Vancouver
Regional District). Twenty-two sediment cores were collected and subsampled for later
analysis. Core samples were selectively analysed for '°Pb and *Ra, concentration and stable
isotopes of organic carbon and total nitrogen, metals, acid-volatile sulphide (AVS),
polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), polyaromatic
hydrocarbons (PAHs) and nonylphenol ethoxylates (NPEOs). Particle fluxes and
concentrations of organic carbon, nitrogen, PCBs and PBDEs in sinking particles were
measured using sediment traps deployed in the southern Strait in 2004. Benthic communities
from nine stations were assessed using twenty-one sediment grabs that were characterized to
the highest taxonomic resolution where possible. Additionally, the concentrations of
dissolved and total organic carbon were measured at twenty stations along a cruise track from
the mouth of Juan de Fuca Strait to the northern Strait of Georgia during four separate cruises
in 2003. Data from this project are presented here and stored electronically in the Institute of
Ocean Sciences data archive and are available on request (http://www-sci.pac.dfo-
mpo.gc.ca/osap/data/default e.htm).

RESUME

Wright, C.A., Johannessen, S.J., Macdonald, R.-W., Burd, B.J., Hill, P. Van Roodselaar, A.,
and Bertold, S. 2008. The Strait of Georgia ambient monitoring program: phase I,
2002-2007: sediment and benthos. Can. Data Rep. Fish. Aquat. Sci. 1208: vi + 112 p.

Des échantillons de sédiment, d’eau et de particules en suspension ont été recueillis dans le
détroit de Géorgie entre 2002 et 2007 dans le cadre d'un projet de recherche collaboratif
entrepris par Péches et Océans Canada, Ressources naturelles Canada et Metro Vancouver
(anciennement district régional du Grand Vancouver). Vingt-deux carottes de sédiment ont
été recueillies et sous-échantillonnées pour analyse ultérieure. L.’analyse de certains
¢chantillons de carotte nous a permis de déterminer la concentration de plomb-210 et de
radium-226 ainsi que la concentration et la composition des isotopes stables de carbone
organique et d’azote total, des métaux, des sulfures volatils en milieu acide (SVMA), des
biphényles polychlorés (BPCs), d’éthers diphényliques polybromés (EDPs), d’hydrocarbures
aromatiques polycycliques (HAPs) et d’éthoxylates de nonylphénol (NPEOs). Les flux de
particules et les concentrations en carbone organique et azote, BPCs et EDPs dans les
particules en chute ont été mesurés a 1’aide de pieges a sédiment déployés dans la partie sud
du détroit en 2004. Les communautés benthiques de neuf stations provenant de vingt et un
échantillons ponctuels de sédiment ont été évaluées et caractérisés au degré de résolution
taxonomique le plus élevé possible. Les résultats analytiques du travail sont présentés dans ce
rapport de données et sont disponibles sous forme électronique sur demande a partir de
I’archive de données de 1'Institut des sciences de la mer.
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1.0 Introduction

The Strait of Georgia receives particles, organic matter and contaminants from river
runoff, atmospheric and seawater exchange, and anthropogenic discharge (Johannessen et
al., 2003). These influxes affect benthic and pelagic productivity, the burial or processing
of contaminants, and the role of the Strait of Georgia in the global carbon cycle. During a
2002-2007 collaborative project carried out by Fisheries and Oceans Canada, Natural
Resources Canada and Metro Vancouver (formerly the Greater Vancouver Regional
District), we collected and analysed 22 sediment cores and 21 sediment grab samples.
The objectives of the project were: (i) to provide a context within which to assess the
effects of Metro Vancouver wastewater outfalls, (ii) to develop baseline and temporal
trend data against which to measure future change, and (iii) to increase our understanding
of the local benthic ecosystems and of the cycling of particles, organic carbon,
contaminants in the Strait of Georgia.

In addition to their presentation in this report, all the data from this project are stored
electronically in the Institute of Ocean Sciences data archive and are available on request
(http://www-sci.pac.dfo-mpo.gc.ca/osap/data/default e.htm). Portions of the data have
been analysed and published by Burd ef al. (2008a,b,c), Johannessen et al. (2008a,b) and
Macdonald ef al. (2008). Additional review and analysis on the sedimentary regime of
the Strait of Georgia have also been published by Hill ez al., (2008).

2.0 Methods

2.1 Sediment Cores and Traps

In 2002-2004 and 2007, twenty-two sediment box cores were collected in the Strait of
Georgia using a Pouliot box corer (cores 1-7) and a Pedersen corer (cores 8-22) (Figure 1,
Table 1). Sediment cores were sectioned in the shipboard laboratory within a few hours
of collection into 1 cm intervals for the uppermost 10 cm, 2 cm intervals for the next 10
cm and 5 cm intervals for the remainder of the core (20 cm to bottom; core depths ranged
from ~20- 50 cm). Sediment consisted primarily of silty mud. Core sections were
homogenized and then subsampled for the analyses described below.

Moorings (Figure 1) with two sediment traps each (attached 20 and 50 m off the bottom)
were set out at two of the core stations in October 2003 and retrieved in April 2004. Each
trap collected 10 sequential samples that represented 21 days each. The moorings were
redeployed on April 28, 2004 (A2S and B2), but in August, a trawl or towline resulted in
the loss of one mooring and the dragging of a second. On Aug. 22, 2004 the Argos
beacon at the top of GVRD B2 started to transmit, indicating that the top portion, at least,
of the mooring was on the surface. On Aug 26, 2004, a notice to shipping, P-1333, was
issued, indicating two yellow steel buoys adrift at 49°19.184” N 123°27.8” W. The top
float, pinger and Argos beacon were recovered on Ragged Island in Howe Sound at 49°
22.63° N 123° 26.89° W. No further signs of the mooring were found. The other mooring
was dragged 10 km upslope to 49° 08.136” 123° 18.422° (2AF).



2.2 *'°Pp Dating

Subsamples for each core depth were sent to Flett Research Ltd. in Winnipeg, Canada for
analysis of >'°Pb and *°Ra. *'°Pb was measured in all sections of each core (~22
samples/core), following the procedure of Eakins and Morrison (1978), while that of
?2°Ra was determined at three depths (top, middle, bottom) in each core, from the in-
growth of **’Rn over at least 4 days as per Mathieau et al. (1988) with modifications by
Flett Research Ltd. (2006).

2.3 Contaminants, Organics, Isotopes

A full suite of metals, Pb isotopes, AVS, and porosity was analysed in Cores 1-7 (19-22
sections depending on core) at the Université du Québec. AVS was determined using
ICP-MS and methods can be found Gobeil et al. (2001). Metals and Pb isotopes were
measured using ICP-MS and ICP-AES (Gobeil et al. 2005), with mercury measured
using AA-MGH (Gobeil et al., 1999). All 209 PCB congeners and 40 PBDE congeners
were analyzed in 10 subsamples from each of Cores GVRD-1 to GVRD-7, except core
GVRD-4. Only three samples were sent from Core GVRD-4 (top, middle, bottom),
because the sedimentation rate from this core could not be determined. PCBs and the
PBDEs were measured by high resolution gas chromatography / high resolution mass
spectroscopy (general precision + 30%; precision of duplicates in a batch + 20% of the
mean) (US EPA, 2003a, b). PAHs and NPEOs were measured in 3 subsamples of Cores
GVRD-1,2,3,5,7 (top, middle, bottom) (Axys Analytical Services Ltd., 2004, 2006).

Carbon and nitrogen were analysed in the sediment core samples at the University of
British Columbia, using the method of Calvert et al. (1995), in which organic carbon is
calculated as the difference between total and carbonate carbon. Total carbon is measured
by combustion and gas chromatography in a CHS analyzer and carbonate carbon by
coulometry (precision + 1.6%, 1 standard deviation).

Stable isotopes of carbon and nitrogen were measured in all the core samples at the
University of British Columbia (Calvert et al., 2001)

Sediment trap material was split for different analysis. Half (by volume) of the material
in each cup was sent to the University of British Columbia for analysis of total, organic
and inorganic carbon, nitrogen, biogenic silica, opal, stable isotopes of carbon and
nitrogen, salt, metals and total dry weight (Calvert et al. 1995, 2001). To obtain enough
material for analysis of organic contaminants, one quarter (by volume) of the material
from each collection cup was collected and homogenized with all the other quarter splits
from the same sediment trap. The analyses of PCB, PAH, NPEO, and PBDE were
performed by Axys Analytical Ltd., as described above for the sediment core samples.
The remaining quarter of each sample is archived at the Institute of Ocean Sciences,
Sidney, British Columbia.

2.3 Benthic Faunal Sampling
Benthic grab samples were collected at nine of the core locations (GVRD-1, 2, 3, 4, 5, 6,
7,9, 10; Figure 1), using 0.1m? grab samplers (Van Veen or Smyth-Macintyre) and



sieved through a 1 mm mesh. Small and delicate invertebrates were removed during the
washing process and all samples were then preserved in 10% buffered formalin with rose
bengal stain. Organisms were identified to genus/species, where possible, by Biological
Environmental Services, Victoria, British Columbia.

Sites 3 and 4 corresponded to Metro Vancouver stations IONA 8 and 15, which were also
sampled and processed independently as part of Metro Vancouver’s ongoing nearfield
monitoring program (see Burd et al., 2008b for review). Grab samples collected at
stations GVRD 3 and 4 were subsampled into layers to determine the distribution of
benthic invertebrates with depth in the sediment column. These grabs were sampled in 1
cm depth intervals for the top 10 cm, where possible, with the >10 cm portion combined
into a single sample. The outermost portion of each sample was excluded, to avoid
smearing along the grab walls. In addition to the depth-stratigraphic analysis of the
benthic invertebrates in cores GVRD-3 and 4, a small subsample (~30 ml) from each
depth interval and each replicate was removed for metals and lead isotope analysis
performed by Université du Québec using ICP-MS and ICP-AES (Gobeil et al. 2005)

2.4 Foraminifera

Foraminifer samples were taken from the surface (0-1 cm) from cores 3 and 4 and were
preserved with 10% buffered formalin with Rose Bengal stain. A fraction of each sample
was examined in solution (wet picked), except for Core GVRD-3 intervals 0-1 cm and
40-45 cm, which were wet picked in their entirety. Representative specimens were
counted. The unexamined remainder of each sample was dried. Each dried sample was
sieved into size fractions and examined. Enough of each sample to count 300 specimens
was examined, although small populations required examination of the entire sample.
Both foraminifera and thecamoebians were identified. The taxonomy and analysis was
performed by Susan Burbidge of Ottawa, Ontario, according to the taxonomy of Loeblich
and Tappan (1987).
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Figure 1: Strait of Georgia Ambient Monitoring Program station map.
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Table 1: Cruise and coring details and sediment sample descriptions.

Core Description GVRD 1

|Possibility of some compaction due to sitting overnight

Date June 19, 2003
Cruise No. 2003-24
Event No. 67

Core Length 56 cm

Latitude 49 35.515
Longitude 124 38.275
Water Depth 169 m

Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
: soupy, unconsolidated, rusty oxidation,
0-1 2.5Y 312 dusty red slightly sulfidic, minor bioturbation Absent
) soupy, unconsolidated, rusty oxidation,
1-2 2.5Y 312 dusty red slightly sulfidic, mud star (sea star) Absent
23 2 5Y 3/2 dusty red squpy, uncgnlsolldated, rusty oxidation, Absent
slightly sulfidic
3-4 5Y 3/2 dark olive gray grey patches, mud star intact Absent
4.5 5Y 3/2 dark olive gray dark olive grey with grey patches, large Absent
tube worm
5.6 5Y 3/2 dark olive gray dark olive grey with grey patches, large Absent
tube worm
6-7 5Y 3/2 dark olive gray dark olive grey with grey patches, some Absent
woody debris
7-8 5Y 3/2 dark olive gray dark olive gTey.W'th grey patche.s, SOME | Absent
woody debris, increased consolidation
8-9 5Y 3/2 dark olive gray 03"k olive grey with grey patches, some 1, ¢
woody debris, increased consolidation.
9-10 5Y 3/2 dark olive gray dark olive grey with grey patches Absent
10-12 5Y 3/2 dark olive gray dark olive grey with grgy patches, texture Absent
change to increased silty/sand
12-14 5Y 3/2 dark olive gray dark (.)".Ve grey with grey patches, slightly Absent
sulphidic
black to dark olive . .
14-16 5Y 3/2-2.5/2 gray dark olive grey with grey patches Absent
16-18 5Y 3/2 dark olive gray dark olive grey with grey patches Absent
18-20 5Y 3/2 dark olive gray dark olive grey with grey patches Absent
20-25 5Y 3/2 dark olive gray dark olive grey with grey patches Absent
: . dark olive grey with grey patches, slightly
25-30 5Y 3/2 dark olive gray sulphidic, reworked black tube Absent
30-35 5Y 3/2 dark olive gray dark olive grey with grey patches Absent
dark olive grey with grey patches, some . .
35-40 5Y 3/2 dark olive gray mottling, shells and a piece of wood ! palr' of valvgs, Yoldia
intact thraciaeformis
. dark olive grey with grey patches, some
40-45 5Y 3/2 dark olive gray . Absent
mottling, and reworked pockets
45-50 5Y 3/2 dark olive gray  |ark olive grey with grey patches, some |, ¢
mottling, and reworked pockets
50-55 5Y 3/2-2.5/2 dark olive gray to  |dark pllve grey with grey patches, some Absent
black mottling, and reworked pockets
55 5Y 3/2-2.5/2 dark olive gray to [dark olive grey with grey patches, some Absent

black

mottling, and reworked pockets




Table 1: Continued

10

Core Description GVRD 2

|Possible compaction and settling due to sitting overnight

Cruise No. 2003-24
Date June 18, 2003
Event No. 52

Core Length 48 cm

Latitude 49 19.902
Longitude 123 18.509
Water Depth 76 m

Cor(ig:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
0-1 25y 32 dusty red errant polychaetes and tubes visible, 1 pair valves Axinopsida
bioturbated, small tubes serricata
1-2 5Y 3/2 dark olive gray bioturbated Absent
2-3 5Y 3/2 dark olive gray mottled, bioturbated Absent
3-4 5Y 2.5/2 glr:\(;/k to dark olive mottled, bioturbated, large piece of bark |Absent
4-5 5Y 2.5/2 g';‘;k to dark olive 1sttied bioturbated, 1-2 cm rock Absent
5.6 5Y 2.5/2 black to dark olive bioturbated 1 fragmented pair of
gray valves, M. elminata
6-7 5Y 2.5/2 glr:\(;/k to dark olive mottled, bioturbated, some woody debris |Absent
7-8 5Y 3/2 dark olive gray mottled, bioturbated, small rock Absent
8-9 5Y 3/2 dark olive gray mottled bioturbated, errant polychaetes, Absent
polychaete tubes
9-10 5Y 2.5/2 glrz(;/k to dark olive amounts of woody debris Absent
10-12 5Y 3/2 dark olive gray mottled, bioturbated Absent
12-14 5Y 2.5/2 black to dark olive mott!ed, bioturbated, layer of shelly 2 pairs + 1 ya!ve
gray debris Macoma eliminata
1 pair valves, Yoldia
thraciaeformis, 1 pair
14-16 2.5Y N3 very dark gray bioturbated, darker in colour valves, Yoldia seminuda,
2 pairs + 1 single valve
Macoma eliminata
16-18 5Y 2.5/2 g'r:]‘;k to dark olive |,.< bioturbated Absent
18-20 2.5Y N3 very dark gray mottled, polychaete tubes apparent Absent
20-25 5Y 2.5/2 g';‘;k to dark olive 1,655 bioturbated but still mottled Absent
25-30 5Y 2.5/2 black to dark olive texture_ change, ligher in colour and less Absent
gray consolidated
30-35 5Y 3/1 very dark gray air pockets,_soft, loose sediment, some Absent
woody debris
35-40 5Y 4/1-3/2 de_lrk gray to dark softer sediment, more water Absent
olive gray
40-45 5Y 4/1-3/2 dark gray to dark softer sediment, more water Absent

olive gray
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Core Description GVRD 3

Date December 19, 2002
Cruise No. 2002-41
Event No. 38

Core Length 47 cm

Latitude 49 12.467
Longitude 123 17.992
Water Depth 183 m

Cor(e::r?:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
0-1 not taken not taken dark .olive gray, bioturbated, soupy Absent
consistencysmall flatworms
1-2 " " not taken Yes
N " black to dark olive gray, mottled,
23 bioturbated, shell fragments Yes
3-4 " " not taken Yes
4-5 " " " Yes
5-6 " " " Yes
6-7 " " " No
7-8 " " " Yes
8-9 " " " Yes
9-10 " " " Yes
10-12 " " black Yes
12-14 " " not taken Yes
14-16 " " " Yes
16-18 " " " Yes
18-20 " " " Yes
20-25 " " " Yes
25-30 " " black, consolidated Absent
30-35 " " not taken Absent
35-40 " " " Absent
40-45 " " " Absent
Core Description GVRD 4 |Possible compaction due to sitting overnight
Date December 19, 2002
Cruise No. 2002-41 Latitude 49 07.778
Event No. 37 Longitude 123 18.714
Core Length 38 cm Water Depth 84 m

Cor(e::r?:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
silty mud, black to dark olive gray on
0-1 not taken not taken surface, bioturbated, micaceous Yes
minerals, consolidated, not anoxic
1-2 " " not taken Yes
2-3 " " " Yes
3-4 " " " Yes
4-5 " " " Yes
5-6 " " " Absent
6-7 " " " Absent
7-8 " " " Yes
8-9 " " " Absent
9-10 " " " Absent
10-12 " " " Absent




Table 1: Continued.

Core Description GVRD 4
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
12-14 not taken not taken not taken Absent
14-16 " " " 1 valve Macoma spp.
16-18 " " " Absent
18-20 " " " Absent
20-25 " " " Absent
25-30 " " " Absent
30-35 " " " Absent
Core Description GVRD 5
Cruise No. 2002-41 Latitude 49 09.877
Date December 20, 2002 Longitude 123 32.73
Event No. 76 Water Depth 388 m
Core Length 52 cm

Cor(e::r?:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
0-1 not taken not taken wet fine clay, pioturbated, polychaetes Absent
and heart urchins
1-2 " " not taken Absent
2-3 " " " Absent
3-4 " " " Absent
4-5 " " " Absent
5-6 " " " Absent
6-7 " " " Absent
7-8 " " " Absent
8-9 " " " Absent
9-10 " " " Absent
10-12 " " " Absent
12-14 " " " Absent
14-16 " " " Absent
16-18 " " " Absent
18-20 " " " Absent
20-25 " " " Absent
25-30 " " " Absent
30-35 " " " Absent
Core Description GVRD 6
Cruise No. 2003-24 Latitude 48 56.191
Date June 18, 2003 Longitude 123 18.792
Event No. 44 Water Depth 183 m
Core Length 45 cm
Core Depth e .
(cm) Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
0-1 5Y 5/2 dark olive gray mgttled, bioturbated, micaceous Absent
minerals, soupy consistency
1-2 5Y 2.5/2 black to dark olive | ottled with black patches Absent

gray
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Core Description GVRD 6
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
2-3 5Y 3/2 dark olive gray bioturbated, more olive Absent
3-4 5Y 3/2-2.5/2 g;r:ko""e 9ray o sttied, bioturbated Absent
4.5 5Y 3/2-2.5/2 dark olive gray to mottleq, bioturbated, slightly darker, Absent
black Dentalium spp
5-6 5Y 3/2 dark olive gray mottled with darker patches Absent
6-7 5Y 2.5/2 blackto dark olive | - 104 with darker patches 1 prvalves (live) Yoldia
gray seminuda
7-8 5Y 3/2 dark olive gray bioturbated, colour more consistent 1 valve, Macoma spp.
8-9 5Y 3/2 dark olive gray bioturbated, echurian found 1 fragmented valve,
Macoma spp.
9-10 5Y 2 5/2 black to dark olive |bioturbated with rust coloured streaks, Absent
gray errant polychaete found
black to dark olive |bioturbated, less dark olive grey, shell 1 pair (live) Yoldia
10-12 5Y 2.5/2 : . .
gray material and a polychaete found thraciaeformis
12-14 5Y 2.5/2 g'r:]‘;k to dark olive | sturbated Absent
14-16 5Y 2.5/ black less bioturbated Absent
16-18 5Y 2.5/2 black to dark olive water pockets 1 fragr.ner?ted valve, no
gray identification
18-20 5Y 2.5/2 black to dark olive |compact dark sand, some pieces of Absent
gray woody debris, gastropod shell
20-25 5Y 2.5/1 black compact dark sand 1 pair valves, Macoma
(nasuta?)
25-30 5Y 2.5/1 black compact, darker Absent
30-35 5Y 2.5/1 black compact, darker Absent
35-40 5Y 2.5/1 black compact, darker, in situ echurian Absent
40-45 5Y 2.5/1 black compact, darker Absent
Core Description GVRD 7
Date December 6, 2003
Cruise No. 2003-41 Latitude 49 033.340
Event No. Not Taken Longitude 123 22.162
Core Length 45 cm Water Depth 240 m
Core Depth e .
(cm) Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
0-1 not taken not taken polychaetes, bioturbated not taken
1_2 n [ " [
2_3 " " [0 [0
3_4 " [0 [0 "
4_5 " " " "
5_6 " [ [0 [0
6_7 " [ [0 [
7_8 " [ [0 [
8_9 " [0 [0 [
9_1 O " [0 [0 [
10_1 2 " [0 [0 [
12_1 4 " [ [0 [

14-16
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Core Description GVRD 7
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments Bivalves Collected
16-18 not taken not taken not taken not taken
18-20 " " " "
20-25 " " " "
" R old bioturbated traces, sulphidic, pockets R
25-30 of black soupy sediments
30-35 " " very sulphidic "
Core Description GVRD 8
Cruise No. BEAM 2007-01 Latitude 49 26.338
Date July 8, 2007 Longitude 123 54.590
Event No. NA Water Depth 214 m
Core Length 66 cm
Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 not taken not taken wet sediment, very soupy
1-2 " " as above
2-3 " " dark olive clay, bioturbated
3-4 " " as above
4-5 " " sulphidic smell
5.6 N " consolidated, "sticky", bioturbated, dark
olive gray
6-7 " " as above but increasinly consolidated
7-8 " " as above
8-9 " " as above
9-10 " " as above
N " dark olive gray with black mottling,
10-12 :
somewhat less consolidated
12-14 " " as above but greater water content
14-16 " " as above
16-18 " " no comments
18-20 " " no comments
20-25 " " increasingly consolidated
25-30 " " no comments
30-35 " " no comments
35-40 " " no comments
40-45 " " no comments
45-50 " " no comments
Core Description GVRD 9
Cruise No. BEAM 2007-01 Latitude 49 27.441
Date July 12, 2007 Longitude 124 03.148
Event No. NA Water Depth 365
Core Length 64
0-1 5Y 3/2 dark olive gray bioturbated, worms present, soupy, loose
consistency
1-2 5Y 3/2 dark olive gray bioturbated, worms present, soupy, loose

consistency
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Core Description GVRD 9
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Cor(ig:;pth Munsell Colour Scale| Munsell Colour Description/Comments
. soupy consistency, bioturbated,
2-3 SY 372 dark olive gray holothurian and echinoderm present
3-4 5Y 3/2 dark olive gray bioturbated
4-5 5Y 3/2 dark olive gray soupy, water content around edge of liner]
5-6 5Y 3/2 dark olive gray as above
6-7 5Y 3/2 dark olive gray as above, slightly sulphidic
7-8 5Y 3/2 dark olive gray as above
8-9 5Y 3/2 dark olive gray slight black mottling
9-10 5Y 2.5/2 dark olive gray old burrows present
10-12 5Y 2.5/2 dark olive gray as above
12-14 5Y 2.5/2 dark olive gray as above
14-16 5Y 2.5/2 dark olive gray as above
16-18 5Y 2.5/2 dark olive gray as above
18-20 5Y 2.5/2 dark olive gray as above
20-25 5Y 2.5/2 dark olive gray as above, more dark mottling
25-30 5Y 2.5/2 dark olive gray as above, slightly sulphidic
30-35 5Y 2.5/2 dark olive gray as above, but no sulphidic smell
35-40 5Y 2 5/2 dark olive gray as above but with watery pockes inside
old burrows

40-45 5Y 2.5/2 dark olive gray as above
45-50 5Y 2.5/2 dark olive gray as above
Core Description GVRD 10
Cruise No. BEAM 2007-01 Latitude 49 50.672
Date July 9, 2007 Longitude 124 53.207
Event No. NA Water Depth 310 m
Core Length 52 cm

Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 not taken not taken bioturbatgd, dark olive green with "red"

streaks (likely worms), hummocky

1-2 " " no comments
2-3 " " no comments
3-4 " " loose consistency
4-5 " " as above
5-6 " " as above
6-7 " " increasing in consolidation
7-8 " " bioturbated with worm burrows
8-9 " " no comments
9-10 " " no comments
10-12 " " no comments
12-14 " " increasing in consolidation, clumping
14-16 " " no comments
16-18 " " no comments
18-20 " " no comments
20-25 " " no comments
25-30 " " slight sulphidic smell
30-35 " " no comments
35-40 " " no comments

40-45

no comments
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Core Description GVRD 11

Cruise No. BEAM 2007-01 Latitude 49 42.189
Date July 11, 2007 Longitude 124 38.015
Event No. NA Water Depth 336 m
Core Length Not Known
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
bioturbated, worm burrows/tubes on
0-1 not taken not taken . .
surface, spiclues, soupy, wet consistency
1-2 " " as above
2-3 " " no comments
3-4 " " loose but increasing in consolidation
4-5 " " polychaete worm present
5-6 " " no comments
6-7 " " increasing consistency, strong sulphidic
smell
7-8 " " no comments
8-9 " " no comments
9-10 " " no comments
10-12 " " no comments
12-14 " " no comments
14-16 " " no comments
16-18 " " no comments
18-20 " " no comments
20-25 " " no comments
25-30 " " no comments
30-35 " " 2 separated valves from bivavles
35-40 " " bivalve shell fragments (<1 cm)
40-45 " " sulphidic smell
45-50 " " no comments
Core Description GVRD 12
Cruise No. BEAM 2007-01 Latitude 49 26.201
Date July 11, 2007 Longitude 124 22.922
Event No. NA Water Depth 328 m
Core Length Not Known
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 5Y 2.5/1 dark olive gray some mottling
1-2 5Y 3/2 dark olive gray as above
2-3 5Y 3/2 dark olive gray some evidence of iron oxidation
3-4 5Y 3/2 dark olive gray as above with increasing consolidation
4-5 5Y 3/2 dark olive gray as above with some black mottling
5-6 5Y 3/2 dark olive gray as above
6-7 5Y 3/2 dark olive gray as above
7-8 5Y 3/2 dark olive gray as above with increased consolidation
8-9 5Y 3/2 dark olive gray as above
9-10 5Y 3/2 dark olive gray a§ above with increased black mottling,
higher water content
10-12 5Y 3/2 dark olive gray as above
12-14 5Y 3/2 dark olive gray as above
14-16 5Y 3/2 dark olive gray as above but increased consolidation
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Core Description GVRD 12
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
16-18 5Y 3/2 dark olive gray as above
18-20 5Y 3/2 dark olive gray as above
20-25 5Y 3/2 dark olive gray as above
25-30 5Y 3/2 dark olive gray 2 cm x 4 cm piece of iron slag found in
this layer
30-35 5Y 3/2 dark olive gray black.rr?ottllng present with slight
sulphidic smell
35-40 5Y 2.5/2 dark olive gray to |44 sulphidic smell
black
. increased water content produces
40-45 5Y 3/2 dark olive gray . . .
soupier consistency that levels above it
45-50 5Y 3/2 dark olive gray Iots.of water pockets but some stiff
sediment regions
Core Description GVRD 13 |
Cruise No. BEAM 2007-01 Latitude 49 23.056
Date July 12, 2007 Longitude 124 12.611
Event No. NA Water Depth 326 m
Core Length 39 cm
Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 not taken not taken worm tubes and spicules present
1-2 " " no comments
2-3 " " no comments
3-4 " " no comments
4-5 " " worm tubes present
5-6 " " work tubes and spicules present
6-7 " " no comments
7.8 N " some sediment consolidation, black
mottling
8-9 " " no comments
9-10 " " no comments
10-12 " " no comments
12-14 " " no comments
14-16 " " no comments
" " sediment very stiff and dry, spicules but
16-18
no more worm tubes
18-20 " " no comments
20-25 " " no comments
25.30 N " blvalye shell fragements, clay look
consistency
30-35 " " no comments
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Core Description GVRD 14

Cruise No. BEAM 2007-01 Latitude 49 21.553
Date July 13, 2007 Longitude 123 34.37
Event No. NA Water Depth 160 m
Core Length 43 cm
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
: . watery, lighter sediment on top,

0-1 2.5Y 4/2 dark grayish brown bioturbated and hummocky
1-2 2.5Y 4/2 dark grayish brown |as above
2.3 5Y 3/2 dark olive gray holothl_Jr0|q on surface, increased

consolidation
3.4 5Y 3/2 dark olive gray as.above with increasing consolidation

(still watery)
4-5 5Y 3/2 dark olive gray as above
5-6 5Y 3/2 dark olive gray as above
6-7 5Y 3/2 dark olive gray as above

5Y 3/2 mottled with 5Y . as above but.W|th black mottling (old
7-8 dark olive gray burrows?), still soupy along the edge of
2.5/2 . . .

the liner but center is consolidated
8-9 5Y 3/2 dark olive gray as above
9-10 5Y 3/2 dark olive gray as above

. as above but with slight black mottling

10-12 5Y 3/2 dark olive gray (old burrows?)
12-14 5Y 3/1 very dark gray as above, but increased water content in

center of core
14-16 5Y 3/1 very dark gray as above
16-18 5Y 3/1 very dark gray as above
18-20 5Y 3/1 to 3/2 dark olive gray as above (still watery in pockets)
20-25 5Y 3/2 dark olive gray as above
25-30 5Y 3/1 very dark gray as above
30-35 5Y 3/1 very dark gray as above, increased consolidation
35-40 5Y 3/1 very dark gray as above , sediment firm
Core Description GVRD 15
Cruise No. BEAM 2007-01 Latitude 49 07.44
Date July 14, 2007 Longitude 123 27.482
Event No. NA Water Depth 296 m
Core Length 33 cm

Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
fecal pellets on surface, floc, bioturbated,
0-1 5Y 3/1 very dark gray some black precipitate, worm tubes on
surface
1-2 5Y 3/1 very dark gray as above, wet
2-3 5Y 3/1 very dark gray as above
as above with increased consolidation,
3-4 SY 31 very dark gray tubes present, bioturbated
4-5 5Y 311 very dark gray as above but less bioturbated
5.6 5Y 3/2 to 2.5/2 dark olive gray to  [as above, increased consolidation, sticky,

black

slight reducing smell
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
dark olive arav to sticky and consolidated, but at bottom of
6-7 5Y 3/2 to 2.5/2 gray section, increased water content (old
black )
tube pocket), reducing smell
7.8 5Y 3/2 mottled with 5Y [dark olive gray to  |more watery due to the presence of
2.5/2 black sediment pockets
8-9 5Y 3/1 very dark gray sediment pockets not present but still
watery
9-10 5Y 3/1 very dark gray sediment consolidated
10-12 5Y 3/2 mottled with 5Y |dark olive gray sticky with a calcium carbonate "lime"
2.5/2 mottled with black |smell
5Y 3/2 mottled with 5Y |dark olive gray . .
12-14 2 5/9 mottled with black |25 above, but holothuroid at edge of liner
14-16 5Y 2.5/2 to 2.5/1 black as above,. remains of holothuroid and
tube continue
16-18 5Y 2.5 black as above
18-20 5Y 2.5/ black as above
20-25 5Y 2.5 black as above
25-30 5Y 2.5/1 black as above
Core Description GVRD 16
Cruise No. 2007-58 Latitude 49 01.605
Date November 6, 2007 Longitude 123 20.237
Event No. Not Recorded Water Depth 210 m

Core Length

23 cm

Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments
. . soupy, no smell, gritty texture (less water
0-1 SY 312 dark olive gray content than north stations)
1-2 5Y 3/2 dark olive gray relatively firm, gritty, bioturbated, shell
fragments, worm tubes
2-3 5Y 2.5/1 black firm and consolidated, gritty texture,
worm tubes, shell fragments, slight odour
as above, some brown infill sediments
3-4 5Y 2/2 black into old burrows; Macoma spp . valves,
strong carbonate smell
45 5Y 2/2 black as above, Macoma spp . valves,
polychaetes
5.6 5Y 2.5/2 black as above, colour more brown, texture is
more sandy
. sandy, very consolidated, old bioturbation
6-7 SY 312 dark olive gray burrows, dediment is sticky
7.8 5Y 2 5/2 black as at?ove with small worms, black/gray
mottling
8-9 5Y 2.5/2 black as above
9-10 5Y 2.5/1 black as above with black streaks and mottling
10-12 5Y 2.5/1 black as abovg, a water pocket begins at the
top of this interval
12-14 5Y 2.5/1 black as above, Compack dark, sticky (almost

spongy), sandy texture
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
14-16 5Y 2.5/1 black as abpye but slightly more water content,
sulphidic smell
16-18 5Y 2.5/1 black as above, old burrows present
18-20 5Y 2.5 black as above
20-22.5 5Y 2.5/1 black as above
Core Description GVRD 17
Cruise No. 2007-58 Latitude 49 24.508
Date November 6, 2007 Longitude 124 02.043
Event No. Not Recorded Water Depth 410 m
Core Length 56 cm
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
. wet, soupy consistency, fecal material,
0-1 5YR 2.5/ dark brown bioturbated with polychaetes, burrows
) set, soupy consistency, fecal material,
1-2 SYR 2.5 dark brown bioturbated with polychaetes, burrows
dark brown/dark increased consolidation, bioturbated,
2-3 5YR 2.5/1 with 5Y 3/2 | . texture of fine silty mud, mottled with
olive gray .
olive gray
3-4 5Y 3/2 dark olive gray as above, slightly more consolidated
45 25y 3/2 dark olive gray fine silty texture with some clqy
component, brown floc intermixed
5-6 2.5Y 3/2 dusty red as above, no smell
6-7 2.5Y 3/2 (mottled) dusty red as above, increased consolidation
7-8 2.5Y 3/2 dusty red as above, compact, carbonate smell
8-9 2.5Y 3/2 dusty red as above with some black pockets.
9-10 2.5Y 3/2 dusty red as above, quite consolidated
10-12 5Y 3/2 dark olive gray as abgye with mottllr?g and old burrows
containing black sediments
12-14 5Y 3/2 dark olive gray as above
. as above, but black flecks in old burrows,
14-16 SY 372 dark olive gray carbonate but slightly sulphidic smell
18-20 5Y 3/2 dark olive gray as above, old burrows present.
20-25 5Y 3/2 dark olive gray some mcrelase in water content, some
black mottling.
25-30 5Y 3/2 dark olive gray as above
30-35 5Y 3/2 dark olive gray as above
35-40 5Y 3/2 dark olive gray as above
40-45 5Y 3/2 dark olive gray as abqve but there was a 1" x 3" piece of
wood in the sample
45-50 5Y 3/2 dark olive gray sediment as above with some woody

debris
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Core Description GVRD 18

Cruise No. 2007-67 Latitude 48 51.762
Date November 29, 2007 Longitude 123 05.681
Event No. Not Recorded Water Depth 157 m
Core Length 20 cm
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
sandy/silty, gray-black with green, shell
0-1 not taken not taken has, worm tubes, barncle and shelly
debris
1-2 " " as above
" R as above but increased consolidation,
2-3 . " -
slightly "muddier’
3-4 " " odour similar to iodine
" R sandy, colour as above, some shell
4-5 A o
debris, increased consolidation
5-6 " " as above, polychaetes present
6-7 " " contains a dried shell layer
7-8 " " no comments
8-9 " " no comments
9-10 " " small holothurian
10-11 " " no comments
" " consolidated but one side has higher
11-12 .
water content, silty
12-13 " " small holothurian
13-14 " " no comments
14-15 " " no comments
15-16 " " no comments
16-17 " " some shell debris
17-18 " " no comments
18-19 " " some shell debris
Core Description GVRD 19
Cruise No. 2007-58 Latitude 49 01.12
Date November 6, 2007 Longitude 123 23.09
Event No. Not Recorded Water Depth 255 m

Core Length

21 cm

Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments

0-1 5Y 3/2 dark olive gray soupy silty mud, bioturbated, lots of
polychaetes

1-2 5Y 3/2 dark olive gray as above

0.3 5Y 3/2 dark olive gray as above, increased consolidation,
polychaetes, burrows, water pocket

3-4 5Y 3/2 dark olive gray as above, a piece of heart urchin

4-5 5Y 3/2 dark olive gray as above

5.6 5Y 3/2 dark olive gray as gbove, polychaet§, more heart urchin,
sediment consolidation.

6-7 5Y 3/2 dark olive gray as above

7.8 5Y 3/2 dark olive gray as above, but no more hear urchin

present.
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Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments

as above, but some form of hard worm

8-9 5Y 3/2 dark olive gray tube present, metallic speckles in the
sediments

9-10 5Y 2.5/2 black as above but slightly darker in colour

10-12 5Y 2.5/2 black as above but increased water content
around the tube

12-14 5Y 2.5/2 black as above with some brownish mottling

14-16 5Y 2 5/2 black as abqve, old burrows infilled with brown
deposits

16-18 5Y 2.5/2 black as above, increased water content

18-20 5Y 2.5/2 black as above.

Core Description GVRD 20

Cruise No. 2007-67 Latitude 49 19.162
Date November 29, 2007 Longitude 123 48.092
Event No. Not Taken Water Depth 365 m
Core Length 57 cm
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 not taken not taken dgrk olive gray with brown mottling,
bioturbated, soupy
1-2 " " as above, bioturbated
2-3 " " some brown staining, manganese?
3-4 " " porous, muddy texture
4-5 " " as above with small piece of wood
5-6 " " no comments
6-7 " " no comments
" " slightly more consolidated with some
7-8 g
sulphidic smell
8-9 " " no comments
9-10 " " no comments
10-12 " " no comments
12-14 " " no comments
16-18 " " no comments
18-20 " " no comments
20-25 " " no comments
25-30 " " no comments
30-35 " " uniform consistency, no sulphidic smell
35-40 " " no comments
40-45 " " slightly drier sediments, consolidated
45-50 " " some black mottling.
" R very stiff and consolidated, small piece of
50-55 .
shell debris
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Core Description GVRD 21

Cruise No. 2007-67 Latitude 49 58.8
Date December 1, 2007 Longitude 125 04.30
Event No. Not Taken Water Depth 260 m
Core Length 45.3 cm
Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
surface has brown (Mn-oxide?) on
0-1 not taken not taken surface with dark olive green below,
soupy consistency
1-2 " " soupy, some black speckles on surface
2-3 " " no comments
3-4 " " small heart urchin
4.5 " " silty mud, slightly sulphidic, small piece
of shell debris
5-6 " " no comments
6-7 " " increased consolidation
7-8 " " no comments
8-9 " " stronger sulphidic smell
9-10 " " no comments
10-12 " " no comments
12-14 " " no comments
14-16 " " piece of shell debris in sample
16-18 " " no comments
18-20 " " Increased consolidation
20-25 " " sulphidic
25-30 " " no comments
30-35 " " sediments dry and sulphidic
35-40 " " no comments
Core Description GVRD 22
Cruise No. 2007-67 Latitude 49 38.192
Date December 1, 2007 Longitude 124 13.642
Event No. Not Taken Water Depth 373 m
Core Length 69 cm
Cor(t;l?:;pth Munsell Colour Scale| Munsell Colour Description/Comments
0-1 not taken not taken top i§ dark (Mn?), small worms, soupy
consistency
1-2 " " olive green and soupy
2-3 " " gel-like consistency
3-4 " " as above
4-5 " " no comments
5-6 " " no comments
6-7 " " no comments
" " possibly this is the base of the mixed
7-8 . .
layer, changed to a sticky consistency
8-9 " " no comments
9-10 " " no comments
10-12 " " no comments
12-14 " R some varving, with alternating green and

black layers




Table 1: Continued.

Core Description GVRD 22

24

Cor(ecg:;pth Munsell Colour Scale| Munsell Colour Description/Comments
16-18 " " no varves, sulphidic smell
18-23 " " mottling
23-28 " " dry, no mottling
28-33 " " slight watery content, old burrow?
33-38 " " no comments
38-43 " " woody debris and shell debris
43-48 " " no comments

48-53

increased consolidation
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