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largely inaccessible and productivity in the upper 30 m of the Western Slope is limited

by both silicate and nitrate.

The nitrogen and oxygen isotopic compositions of nitrate at the Labrador Slope sites
are approximately equal to mean deep-ocean nitrate isotope values (4.5-5%o and 2.5%o,
respectively) (Liu and Kaplan, 1989; Sigman 2000, 2009; Casciotti et al. 2002), and,
with the exception of site ROV-2 which represents a mixed Shelf-Slope regime, only
exhibit minor 8"°Nno3 enrichment in the upper water column where detectable
concentrations of nitrate exist. The nutrient depletion observed in the upper 30 m of the
Labrador Slope sites coupled with relatively stable and light 8'°Nnos and §'%0Onos
values suggests the primary mechanism of nitrogen cycling on the Labrador Slope is
recycling of organic matter, which proceeds as a cycle of complete assimilation of
available nitrate by phytoplankton followed by sinking, remineralization, and rapid

assimilation.

The lack of a southward isotope enriching trend following the cyclonic circulation of
the basin indicates that the total flux of “fresh” nitrate introduced into the biological
productive zone is approximately equal to the rate of denitrification across much of the
western Labrador Slope, which is further supported by the nitrate-to-phosphate ratio of
these sites. The water column of the Labrador Sea is generally well-oxygenated, and
as such we infer denitrification to occur in sediments. Although “fresh” nitrate may in
this instance be introduced via N fixation and/or vertical mixing, summer stratification
in the Labrador Sea precludes significant upwelling, leading us to conclude that the
origin of fresh nitrate at these sites originates at least in part from N fixation. While
no sites in this study exhibit extreme N* values (Figure 6), there is a clear distinction
between those characterized by positive N* (Labrador Slope sites) and those by
negative N* (Labrador Shelf, Baffin Shelf, and Disko Fan sites). Furthermore, §'*Nno3
from the Labrador Slope is observed to be somewhat lighter than on the Baffin Shelf

and the Disko Fan area. These findings suggest that while net N fixation and
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denitrification appear to be closely balanced in much of the Labrador Sea Corridor, the
rate of N> fixation on the Labrador Slope may be marginally greater than the rate of
denitrification. Conversely, the rate of denitrification is greater than the rate of fixation

in the Davis Strait.

3.4.3 Shelf-slope exchange

While the physical and nutrient properties of the upper water column at Slope Site
ROV-2 resemble those of other Labrador Slope sites, below 100 m the waters are an
intermediate product of Shelf and Slope waters. This is evidenced by the semi-
conservative tracers of temperature, salinity, and nutrient content. N*, which may be
used to identify zones of nutrient depletion and enrichment relative to the globally-
derived Redfield Ratio, at Site ROV-2 gives evidence of mixing between Slope and
Shelf Waters, as opposed to Stations ROV-1, ROV-5, and ROV-6 which represent a
more “pure” Slope Water system. It is noted that sites ROV-5, -1, and -2 are silicate
and nitrate limited, which may be attributed to either a different phytoplankton
assemblage present at the Slope-Shelf boundary, or to a weaker presence of BIC water
on the Slope relative to on the Shelf. While the isotopic composition of nitrate at ROV-
2 is similar to other Slope sites, the N:P ratio is lower, owing in part to a relative
abundance of phosphate in the upper water column. In this regard, ROV-2 similar to
sites on the Labrador Shelf and in the Davis Strait. In multiple respects, Disko Fan site
ROV-7 is similar to Labrador Slope Site ROV-2. ROV-7 contains core of modified
WG-IW water, which is warmer, saltier, and more nutrient-rich than surrounding Polar
Water present in the subsurface of the Davis Strait. Below 100 m both sites represent
an intermediate product of WG-IW water and Polar Water, with ROV-2 being more
strongly influenced by WG-IW water and ROV-7 being more strongly influenced by
Polar Water.
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3.5 Conclusions

We find the Baffin Shelf to be a zone of net denitrification, the Labrador Slope and
southern Shelf to be dependent upon nitrate recycling, and the Hudson Strait (and
possibly the shelf waters of the northern Labrador Peninsula) to be a key area of nitrate
renewal. Evidence of shelf-slope exchange is found in this study (notably from the
isotopic composition of nitrate at site ROV-2), but the geographic coverage of our study
sites make it unclear whether nitrate from the Hudson Strait is introduced to the Slope
in significant quantities. Due to the somewhat similar seawater densities of Labrador
Shelf Water and Labrador Seawater, we do not dismiss the potential importance of
nitrate in Labrador Shelf Water to productivity on the Labrador Slope. Beyond Station-
640, there is not evidence for significant net N> fixation along the Labrador Peninsula,
which further highlights the ecological importance of the Hudson Strait and possibly
of newly-formed Labrador Shelf Water. Although the highest euphotic nutrient
concentrations observed along the Labrador Shelf are near the Hudson Strait (e.g.
Station 640) where intertidal mixing is strongest, the chemical and physical structure
of the water columns at Station-645 and Station-640 suggest that vertical mixing may
also play a role in making nutrients available along the middle and southern Labrador

Peninsula.

Although we observe the Hudson Strait to be an important source of nitrate renewal for
the Labrador Sea, the existence of a "conveyor belt” food chain produced by the
nutrient-rich Hudson Strait Outflow/Labrador Shelf Water (Sutcliffe et al., 1983;
Drinkwater and Harding, 2001) is neither proven nor disproven by our data. Despite
the productivity of the Labrador Shelf, renewal of the nitrate pool is dependant upon
nitrate recycling along the middle and southern Labrador Peninsula. These findings
suggest this system is potentially susceptible to change and may be negatively impacted

by a significant loss of biomass with implications for downstream fisheries,
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highlighting the continued need for responsible resource management in the Labrador

Sea.

The Labrador Sea Corridor, with exception to the well-mixed waters of the Labrador
Shelf near the Hudson Strait, functions on a limited nitrate budget. The Labrador Slope
features a high degree of nutrient recycling coupled with approximately balanced rates
of nitrate renewal and and denitrification. The §'*Nnos, §!®0Onos, and N* at the Baffin
Shelf sites are indicative of net denitrification (Figures 5 and 6). The opposite is true
within the Disko Fan area off western Greenland. This suggests the northern branch of
the West Greenland Current and waters from Disko Bay form a unique nutrient regime.
Supplementation of our dataset with isotope and nutrient data from sites situated in the
primary arm of the West Greenland Current could provide further insight into the status
of WG-IW prior to biological modification in the Central Labrador Basin, allowing us
to better understand the role of nitrate cycling on the Labrador Slope. Future integration
of this data with 8'°N measurements of high resolution marine archives (e.g., deep-
water corals) collected north and south of the Hudson Strait could potentially provide
valuable insight into the pre-anthropogenic state of the western Labrador Sea nutrient

regime.
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3.9

Tables

Figures

Table 3.1 Sampling stations
Regime Site Depth (m) Latitude Longitude

Disko Fan ROV-7 901.7 67979  -59.522
Baffin Island  Stn-177 360.1 67474 -63.797

T swmar 1713 67503  -61.53
Labrador Slope  ROV-6 4538 '63.001  -60.642
~ Rovss 5674 61.444  -60.679
EROV-I 545.5 61.341 -61.159

- RROV-3 430 60469 6128
i ROV-2 280 60325  -62.191
Labrador Shelf  Stn-640 129.1 58932 -62.154
Stn-645 104.6 §56.699 1-59.696
Stn-650 196.4 53799  -55.436

Figure 3.1

Water sampling stations
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Locations of the 11 stations sampled in the Labrador Sea - Baffin Bay Corridor

during aboard the C.C.G.S. Amundsen from July to September of 2016.

Figure 3.2 Temperature — salinity plot
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Fan (ROV-7). These regimes are the product of mixing between West Greenland-
Irminger Water (WG-IW), Baffin Water (BIC), Polar Water (PW), and freshwater.
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Temperature (left) and salinity (right) profiles of the sampling stations.
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Figure 3.4

Nutrient profiles
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N (left) and O (middle) isotopic compositions of nitrate. A(15-18) (right) is used to
describe discrepancies between nitrogen and oxygen isotope fractionation, indicating

instances where processes affecting only one of the isotope systems is predominant.

Figure 3.6 N :P and N* profiles
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The ratio of nitrate-to-phosphate at standard sampling depths; (right) “N*”, defined
as: ([nitrate] - 16 x [phosphate] + 2.9) (in pmol/l) (Gruber and Sarmiento 1997),
quantifies excesses and deficits of NOs- relative to the global “Redfield” nitrate-to-
phosphate ratio, which in turn may be related to fixation and denitrification,

respectively.






CONCLUSION

The face of proxy-based paleoceanography is changing. While there are as of yet many
contributions to be made regarding paleoceanography on geologic timescales, the focus
of the field is increasingly on shorter (hundreds of years), high-resolution archives
collected from strategic locations (e.g., transitional hydrographic boundaries). Such
proxy-based records of oceanographic variability serve to extend and supplement both
temporal and geographic gaps in instrumental records, as well as to support (or contest)
mathematical ocean models. Indeed, a major advantage of high-resolution archives
which partially overlap with instrumental records is that they may be directly calibrated
to historical hydrographic and atmospheric conditions, something which is not possible
with traditional low-resolution marine archives (e.g., sediment cores). However, many
high-resolution marine archives are of biological origin (e.g., the skeletons and shells
of long-lived calcifying organisms) and carry inherent uncertainty. Interpretation of
proxy data from biological archives may be beset with difficulties related to metabolic,
ontogenetic, or other complicating factors which fall under the broad umbrella of
biological effects. Here, there is much work to be done on life habits and biochemistry
of select marine organisms which will improve oceanographic interpretations drawn
from biological archives. Such work will have implications not only for future studies,
but also for the interpretations and conclusions drawn from previously published

works.

From a method development standpoint, many questions remain unanswered in field

of proxy-based paleoceanography. Despite the suite of interpretative conclusions
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presently drawn from marine biological archives, there is still much to be learned from
the isotopic, elemental, and molecular makeup of biological materials of marine origin.
This work will require further extrapolation upon existing techniques as well as the
development of entirely new proxies. At present, the most exciting area of ongoing
development is perhaps the study of the relationships between multiple proxies,
particularly those which can be used to document the interplay between physical and
biological systems. I believe this line of questioning will drive the most notable proxy-

based discoveries of the coming decade.

The work presented herein reflect my efforts to confront some of the issues and
outstanding questions in the field of paleoceanography. From these studies, which
focus on proxy records extracted from the skeletons of deep-water corals and on marine
trophic ecology, I have drawn conclusionspertinent to our understanding of

oceanographic conditions on the Canadian margins during the 20" and 21 centuries.

In Chapter I, I presented the first measurements of deuterium in a deep-water coral and
discuss a methodology for doing so. From these data it is concluded that the deuterium
content of the deep-water coral genus Primnoa is linked to diet, which is dominated by
sinking and resuspended particulate carbon exported from the epipelagic zone, and to
coral provenance. In Primnoa collected from the Strait of Georgia, we note a significant
correlation between coral deuterium content and instrumental records of annual mean
sea surface salinity, which appears to be driven by a regional shift from a snow-driven
regime to a rain-driven regime in coastal British Columbia. In light of these findings,
we conclude that the deuterium content of proteinaceous growth rings in Primnoa
reflect changes in sea surface deuterium content, which in turn is dominated by
hydroclimatic variability. Future work on this subject will benefit from a wide
assessment of deuterium in the marine system, including the deuterium content of
- settling particulate organic matter, of varying plankton size fractions, of sediments, and

of seawater. Of additional interest would be the development of laboratory sub-



116

sampling techniques which do not involve decalcification of the coral skeleton, thus
eliminating the possibility of isotopic fractionation effects during acidification. Black
coral skeletons offer such an opportunity, but, as they do not inhabit northern waters,
were not a viable option for those studies presented in this thesis. Furthermore,
sepration of black coral growth rings requires the liberal application of chemical agents
which may also potentially alter the isotopic composition of growth rings. Thus, I
suggest that future work work deep-water genera (e.g.,Primnoa and Keratoisis) may
consider extractive processes such as microdrilling as an alternative to skeletal

decalcification.

Chapter II seeks coherence between elemental and isotopic measurements of the calcite
and proteinaceous skeletal components of two Keratoisis ornata colonies live-collected
from the Newfoundland Slope. It shows that the time-resolved signals of §'3C, §'°N,
Pb/Ca, and to a lesser extent, Ba/Ca, are quite reproducible between distinct colonies,
confirming the utility of Keratoisis as a reliable archive of paleoceanographic proxy
data. Based on the time-resolved Pb/Ca ratios of both colonies and historical records
of anthropogenic Pb utilization, we find a lag time of ~20 years between Pb production
and Pb bioaccumulation; from this we infer the residence time of Pb on the
northwestern North Atlantic Slope to be approximately two decades. From the §'°N
observed in both colonies, we infer an intensification of the subpolar gyre since at least
the early 20% century. This is thought to be in response to the long-term shift towards
positive North Atlantic Oscillation conditions, resulting in the decreased influence of
Warm Slope Water associated with the Gulf Stream, on the Newfoundland Slope. From
the statistically significant relationship observed between §'3C and Ba/Ca, we confirm
the interest of deep-water coral Ba concentrations as a proxy for productivity and
carbon export. This chapter highlights the interplay between the proteinaceous and
mineralized portions of deep-water coral skeletons and demonstrates the advantage of
utilizing multiple proxies from a single archive. While the findings of this study are

intriguing, broader insight into North Atlantic oceanographic processes could be gained
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by studying additional deep-water coral colonies from the Scotian, Newfoundland, and
Labrador Slopes. In particular, a companion study examining bulk 6N in corals
collected from locations southwest and northeast of those presented here might be used
to determine the historical limits of Warm Slope Water and Labrador Slope Water on

the southeastern Canadian margin.

Chapter III provided insight into nitrogen cycling in the Labrador Sea corridor based
on the dual isotope (6'°N and 6'30) composition of the key biolimiting nutrient, nitrate.
The data gleaned from this study permits several broad conclusions: The Hudson Strait
plays a critical role in supplying “fresh” nitrate to the Labrador Sea, particularly the
Labrador Shelf. There does not appear to be a downstream continuation of nitrate
renewal along the Labrador Peninsula, which further highlights the importance of the
Hudson Strait to productivity along the Labrador Peninsula and northeastern
Newfoundland. Furthermore, there is apparently only a small degree of mixing between
the Labrador Shelf and Labrador Slope. This data, in conjunction with supporting bulk
coral 6°N, could be used to determine the historical trophic health of the Labrador
Slope and Shelf system relative to modern conditions. Of additional value would be
nitrate isotope data from Baffin Bay and the Canadian Island Archipelago, as well as

from the western slope of Greenland.

The role of the modern paleoceanographer is increasingly to contextualize ocean
processes on human timescales. In the face of anthropogenic climate change there has
been a rush to characterize the recent past in an effort to understand the present and to
gain foresight into what the future may hold. While true, such motivation is perhaps
too much a textbook model. As in all branches of science, paleoceanography serves to
advance human understanding of the natural world. Progress is incremental, and
findings often lead to peripheral discoveries which may explain phenomena outside the
original aim and scope of the study. In this regard, biological archives continue to yield

information not only about the physical processes which dominate the Earth System,
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but also the ecology of marine organisms which serve important roles in regulating the
biological health of our planet. In this work, I have described my efforts to contribute
to our understanding of the natural world. These records describe a dynamic, living
ocean driven by complex interactions between chemical, biological, and geological

process.






ANNEX A

DEUTERIUM CONTENT OF SEAWATER AND PRIMNOA

Specimen ID

R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
R1513-SR-0022
2464-A

2464-A

Table A.1

Calendar year
(estimate)
2011
2009
2007
2005
2003
2001
1999
1997
1995
1993
1991
1989
1987
1983
1981
1980
1979
1978
1977
1976
1975
1974
1973
1972
2006
2005

Coral deuterium values

3D (%o
VSMOW)
-124.9
-126.16
-123.71
-122.89
-122.15
-123.66
-123.65
-119.14
-122.19
-122.62
-116.37
-117.35
-115.2
-112.87
-108.94
-105.38
-112.165
-111.38
-110.29
-110.235
-114.28
-110.07
-110.89
-110.785
-101.345
-101.13

oD -sigma (%o)
2.5526555
0.4525483
1.1808683
1.1313709

0.0636396
0.212132

1.251579
2.5455844



2464-A
2464-A
2464-A
2464-A
2464-A
2464-A
2464-B
2464-B
2464-B
2464-B
2464-B
2464-B
2464-B
2464-B
2464-B
2448
2448
2448
2448
2448
2448
2448
2448
2448
A51-010
A51-010
A51-010
A51-010
A51-010
A51-010

Latitude
60.469
60.469
60.469
60.469
60.469
60.469

2004
2003
2002
2001
2000
1999
2006
2005
2004
2003
2002
2001
2000
1999
1998
2006
2005
2004
2003
2002
2001
2000
1999
1998
2016
2015
2014
2013
2012
2011

Table A.2

Longitude
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803

-102.205
-99.26
-102.98
-101.32
-99.57
-103.78
-102.125
-101.01
-103.54
-104.79
-103.225
-103.06
-98.16
-102
-99.11
-98.67
-101.345
-99.09
-99.53
-98.3
-97.84
-104.45
-100.83
-95.08
-83.6
-84.9
-86.23
-86.16
-85.225
-85.34

Water deuterium values

Depth
Surface
5

10

20

30

40

121

1.7182695

0.7000357
1.1384419
0.7848885
0.4525483

0.0424264
0.0777817

0.6505382

0.7000357

D (% VSMOW)
-8.0
3.4
-5.1
32
-6.2
-8.4



60.469
60.469
60.469
60.469
60.469
60.469
60.469
60.469
60.469
60.469
60.469
60.469

-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803
-61.2803

50
60
70
80
100
125
150
175
200
300
400

Bottom (418.7)

-0.6
-4.8
-4.1

0.0
-1.9
-1.8
-0.3
-1.5
-0.2
0.9
0.5

122



ANNEX B

BARIUM, LEAD, AND STABLE ISOTOPES OF KERATOISIS

Table B.1
Est. Ba/Ca
Cal 2452
yr (CPS)

2.76E-
1914 03
2.26E-
1915 03
2.57E-
1916 03
2.85E-
1917 03
2.78E-
1918 03
2.70E-
1919 03
2.97E-
1920 03
2.78E-
1921 03
2.50E-
1922 03
2.53E-
1923 03
2.84E-
1924 03
2.75E-

1925

03

Keratoisis elemental and isotope data (annually resolved)

PbCa
2452
(CPS)
5.19E-
05
6.59E-
05
4.74E-
05
5.84E-
05
7.64E-
05
5.12E-
05
4.65E-
05
6.70E-
05
6.32E-
05
5.44E-
05
6.82E-
05
9.33E-
05

$13C
2452
(%o VP
DB)
NA
NA
NA
NA
17,81
SN2
-17.03
-17.02
-17.02
-17.01
-17.08

-17.15

815N
2452
(%o
AIR)
NA
NA
NA
NA
12.74
12.74
12.74
12.73
12.73
122
12.86

13

BaCa
2442
(CPS)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

PbCa
2442
(CPS)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

$13C
2442
(%o
VPDB)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

815N
2442
(%o
AIR)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA



1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

2.93E-
03
3.03E-
03
2.69E-
03
2.63E-
03
291E-
03
2.62E-
03
2.88E-
03
2.60E-
03
2.80E-
03
2.65E-
03
2.52E-
03
2.65E-
03
2.53E-
03
2.97E-
03
2.76E-
03
2.56E-
03
2.64E-
03
3.04E-
03
291E-
03

. 2.95E-

03
2.62E-
03

8.66E-
05
8.63E-
05
8.18E-
05
1.02E-
04
9.87E-
05
8.73E-
05
1.05E-
04
1.23E-
04
1.42E-
04
1.06E-
04
1.13E-
04
1.06E-
04
1.11E-
04
1.60E-
04
1.67E-
04
1.51E-
04
2.10E-
04
2.01E-
04
2.30E-
04
2.07E-
04
2.16E-
04

-17.12
-17.09
-17.13
-17.16
-17.2

-17.51
-17.82
-17.73
-17.63
-17.7

-17.77
-17.84
-17.85
-17.85
-17.79
-17.73
-17.72
-17.7

-17.69
17.72

-17.74

12.9

12.79

12.84

12.9

1295

13.37

13.78

13.61

13.44

13.54

13.63

13.73

13.67

13.6

14.01

14.42

14.22

14.01

13.81

14

14.18

NA

NA
3.69E-
03
3.67E-
03
3.40E-
03
3.64E-
03
3.34E-
03
3.46E-
03
3.50E-
03
3.35E-
03
3.18E-
03
3.53E-
03
3.28E-
03
3.53E-
03
3.46E-
03
3.51E-
03
3.39E-
03
3.37E-
03
3.70E-
03
4.01E-
03

3.76E-

03

NA

NA
1.02E-
04
1.28E-
04
9.30E-
05
7.98E-
05
8.69E-
05
1.52E-
04
1.11E-
04
9.62E-
05
1.03E-
04
1.17E-
04
1.20E-
04
1.30E-
04
1.47E-
04
1.75E-
04
1.62E-
04
1.70E-
04
1.51E-
04
1.85E-
04
2.08E-
04

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

-17.73

-17.73

-17.58

-17.43

-17.69

-17.69

124

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

12.4

127

12.7

12.7

127

23



1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

2.84E-
03
2.37E-
03
2.47E-
03
2.51E-
03
2.45E-
03
2.49E-
03
2.65E-
03
2.78E-
03
2.90E-
03
3.04E-
03
2.82E-
03
2.80E-
03
2.64E-
03
2.43E-
03
2.51E-
03
2.69E-
03
2.80E-
03
2.98E-
03
2.99E-
03
2.91E-
03
3.08E-
03

2.38E-
04
2.04E-
04
2.24E-
04
1.60E-
04
1.64E-
04
1.96E-
04
1.81E-
04
2.08E-
04
1.92E-
04
1.96E-
04
1.80E-
04
1.62E-
04
1.79E-
04
1.60E-
04
1.74E-
04
2.13E-
04
2.11E-
04
2.23E-
04
1.95E-
04
2.02E-
04
1.99E-
04

-17.47

-17.19

-17.27

-17.34

-17.42

-17.21

-17

-16.99

-16.98

-17.2

-17.41

-17.63

-17.58

-17.53

-17.27

-17

-16.87

-16.75

-16.62

-16.64

-16.66

14.18

14.17

14.11

14.05

13.99

13.95

13.91

13.96

14.01

14.23

14.45

14.67

14.69

14.7

14

13.29

13.28

13.27

13.26

13.7

14.14

3.66E-
03
4.39E-
03
4.03E-
03
3.34E-
03
3.65E-
03
3.57E-
03
3.77E-
03
3.83E-
03
3.70E-
03
3.73E-
03
3.89E-
03
3.90E-
03
3.92E-
03
3.69E-
03
4.01E-
03
3.89E-
03
4.04E-
03
3.93E-
03
4.22E-
03
4.22E-
03
4.11E-
03

2.39E-
04
1.86E-
04
1.78E-
04
1.31E-
04
1.28E-
04
1.50E-
04
1.31E-
04
1.17E-
04
1.18E-
04
1.42E-
04
1.41E-
04
1.44E-
04
1.38E-
04
1.07E-
04
1.19E-
04
1.44E-
04
1.19E-
04
1.51E-
04
1.28E-
04
1.33E-
04
1.47E-
04

-17.69

-17.69

-17.79

-17.89

-17.8

-17.49

-17.53

-17.57

-17.8

-17.805

-17.81

-17.56

-17.485

-17.41

-17.56

-17.59

-17.62

-17.35

-17.22

-17.23

-17.24

125

12.3

129

13.1

133

12.7

13.2

13.05

12.9

13.1

13.1

13.1

13.2

13.15

13.1

13

13.1

13.2

13.3

13.6

13.4

152



1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

2.86E-
03
2.71E-
03
3.02E-
03
3.37E-
03
3.16E-
03
3.15E-
03
2.89E-
03
2.44E-
03
2.71E-
03
2.50E-
03
2.28E-
03
2.50E-
03
2.49E-
03
2.48E-
03
2.41E-
03
2.70E-
03
2.65E-
03
2.98E-
03
3.08E-
03
3.06E-
03
3.02E-
03

1.85E-
04
2.26E-
04
2.03E-
04
2.57E-
04
2.57E-
04
2.21E-
04
2.44E-
04
3.04E-
04
2.69E-
04
2.59E-
04
3.39E-
04
3.87E-
04
3.38E-
04
3.50E-
04
3.19E-
04
3.51E-
04
2.97E-
04
3.58E-
04
3.19E-
04
3.34E-
04
3.66E-
04

-16.85

-17.03

-17.22

-17.02

-16.82

-16.67

-16.52

-16.72

-16.93

-17.13

-17.3

-17.46

-17.2

-16.94

-17.14

-17.34

-17.54

-17.13

-16.72

-16.74

-16.76

14.4

14.66

14.92

14.75

14.58

14.27

13.95

14.2

14.44

14.69

14.4

14.11

13.92

13.73

14.03

14.33

14.63

14.66

14.69

14.42

14.15

4.13E-
03
4.45E-
03
4.24E-
03
4.19E-
03
4.41E-
03
4.24E-
03
4.08E-
03
4.32E-
03
3.96E-
03
3.87E-
03
3.43E-
03
3.89E-
03
3.90E-
03
4.03E-
03
4.60E-
03
3.92E-
03
3.91E-
03
3.80E-
03
4.01E-
03
4.44E-
03
3.88E-
03

1.92E-
04
1.68E-
04
2.21E-
04
2.31E-
04
2.09E-
04
1.68E-
04
2.25E-
04
2.42E-
04
2.83E-
04
3.75E-
04
3.33E-
04
3.57E-
04
3.21E-
04
3.12E-
04
3.39E-
04
2.56E-
04
2.88E-
04
3.27E-
04
3.97E-
04
4.24E-
04
4.20E-
04

-17.29

-17.34

-17.39

-17.26

-17.29

-17.32

-17.83

-17.8

-17.71

-17.62

-17.97

-17.955

-17.94

-17.64

-17.6

-17.56

-17.64

-17.91

-17.825

-17.74

-17.86

126

ik W]

13

12.9

13.4

134

13.4

12.9

13.6

175

13.9

13.3

13.3

13.3

14

13.7

13.4

132

13.2

13.4

13.6

13



1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

3.14E-
03
3.05E-
03
2.66E-
03
2.62E-
03
2.87E-
03
2.81E-
03
2.84E-
03
2.57E-
03
2.55E-
03
2.64E-
03
3.04E-
03
3.10E-
03
2.86E-
03
2.85E-
03
2.65E-
03
2.85E-
03
2.83E-
03
2.70E-
03
3.12E-
03

2.94E-
04
2.80E-
04
1.86E-
04
1.85E-
04
2.20E-
04
2.76E-
04
2.07E-
04
1.68E-
04
1.84E-
04
1.94E-
04
2.03E-
04
1.90E-
04
1.73E-
04
1.46E-
04
1.12E-
04
1.48E-
04
1.55E-
04
1.26E-
04
1.17E-
04

-17.1

-17.45

-17.79

-17.71

-17.63

-17.83

-18.02

-17.9

-17.79

-17.67

-17.66

-17.65

-17.65

-17.64

-17.78

-17.92

-18.06

-18.1

-18.13

14.44
14.73
15.02
14.97
14.92
14.91
14.89
14.84
14.78
14.73
14.82
14.91
14.95
14.99
14.77
14.54
14.32
14.27

14.22

3.98E-
03
3.89E-
03
3.82E-
03
3.62E-
03
3.62E-
03
3.77E-
03
3.47E-
03
3.70E-
03
4.01E-
03
4.36E-
03
4.49E-
03
4.40E-
03
4.59E-
03
4.43E-
03
4.58E-
03
4.02E-
03
4.09E-
03
4.65E-
03
3.60E-
03 .

3.40E-
04
3.93E-
04
3.46E-
04
3.75E-
04
3.90E-
04
4.01E-
04
4.06E-
04
3.82E-
04
3.56E-
04
3.16E-
04
2.63E-
04
2.40E-
04
2.40E-
04
1.85E-
04
2.54E-
04
2.28E-
04
2.19E-
04
2.09E-
04
1.73E-
04

-18

-18.14

-17.96

-17.965

-17.97

-17.75

-17.81

-17.87

-17.7

-17.79

-17.81

-17.83

-18.13

-18.09

-18.05

-17.77

-17.845

-17.92

-17.9

127

13

13

13.6

13.3

13.2

133

13.4

13

13.3

13.5

13.7

13.5

13.8

14.1

13.9

13.8

13.7

14.8



Station
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
645
645
645
645
645
645
645
645
645
645

LABRADOR SEA : WATER COLUMN PROFILE DATA

Table C.1
Depth Temp
(m) (O)
2.8 317
5 3.22
104  3.06
204 274
304  2.86
399 216
506 1.25
60.5 0.55
75.7 041
809 0.16
100.6 -0.17
126.2 -0.5
151.8 -0.07
176.8 -0.12
196.4 -0.3
24 2.31
o 23
10.1 2.29
202  1.68
298 1.14
40.2 1.03
50.1 1.56
60.2 1.61
70.3 1.96
809 1.99

ANNEX C

128

Physical, nutrient, and isotope sampling data

PSU

32.10
32.09
32.12
32.14
32.13
32.18
32.28
3237
32.50
32.53
32.69
32.85
33.01
33.20
33.35
3239
32.59
32.59
32.66
L FE
32.87
32.99
33.02
33.14
33.18

Nitrate Silicate

[uM]
0.82
0.81
0.89
1.22
1.15
2.06
3.08
3.97
4.58
4.71
229
7.03
7.31
8.43
8.96
1.5
1.55
1.59
2.87
431
4.96
4.93
5.03
471
5.02

[uM]
1.59
2.46
1.65
1.77
1.75
2.41
2.98
3.74
4.35
4.57
537
7.16
7.53
8.78
9.18
2.32
2.14
2.16
2.87
3.86
4.65
4.63
4.89
4.79
5.01

Phos-
phate
[uM]
0.37
0.37
0.38
0.42
0.41
0.52
0.62
0.69
072
0.74
0.79
0.85
0.83
0.85
0.86
0.39
0.39
04
0.53
0.67
0.7
0.67
0.67
0.63
0.65

615N
NOs
(%o
AIR)
5.927
11.055
6.735
NA
NA
7.07
4.521
NA
5.617
4.67
5.549
5.805
4.736
4.548
5.429
NA
NA
NA
3.737
6.093
6.26
8.437
6.1
5.195
5.554

6180
NOs3" (%o
VSMOW)
18.66
19.936
19.36
NA
NA
6.933
4.658
NA
19.798
3.924
5.126
2.061
2.109
4915
3.082
NA
NA
NA
5.659
4.459
3.814
12.79
2.772
8.917
3.87




645
645
640
640
640
640
640
640
640
640
640
640
640
640
640
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-2
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3

100.9
104.6
2.3

-
10
204
304
40.3
50.6
60.8
70.4
814
101.5
126.2
1291

10
20
30
40
50
60
70
80
100
125
150
175
200
250
280

10
20
30
40
50
60
70
80

1.06
0.91
1.73
1.76
1.74
LFR
1.21
1.4
1.02
0.9
0.59
0.36
0.32
0.42
0.42
2.98
2.96
2.8
1.55
2.02
0.83
-0.02
-0.26
-0.63
-0.8
-0.89
-0.01
0.59
1.43
1.82
3.04
3.07
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

3321
33.22
32.32
32.33
32.34
32.34
32.35
32.31
32.55
32.58
32.68
32.73
32.77
33.04
33.04
32.81
32.80
32.96
33.03
33.13
33.14
33.17
33.32
33.39
33.50
33.69
33.92
34.04
34.21
34.30
34.57
34.58
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

6.78
6.7
2.88
1.59
1.6
1.63
$e33
3.05
4.02
4.39
5.29
6.06
6.29
7.07
7.03
0.02
0.04
0.16
0.42
0.62
2.77
3.68
5.36
6.68
7.54
8.91
9.88
10.98
12.33
13.05
14.55
14.61
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

7.5

7.42
2.94
2,15
2.75
2.77
3.47
3.36
4.17
4.52
5.46
6.12
6.58
8.21
8.28

0.61
0.2
24
3.42
512
6.22
6.61
7.3
7.62
8.19
9.35
9.67
11.44
11.56
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.77
0.76
0.53
0.51
0.5
0.5
0.65
0.59
0.68
0.7
0.76
0.79
0.8
0.82
0.82
0.18
0.18
0.19
0.23
0.25
0.48
0.56
0.66
0.74
0.76
0.79
0.81
0.86
0.93
0.97
1.06
1.12
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

5.507
5.13
2.426
NA
NA
NA
3.78
3.162
4.49
1.779
3322
2.586
1.413
3.855
NA
NA
NA
NA
NA
NA
NA
6.75
5.732
6.877
5.423
NA
NA
5.355
5.183
5.022
3.373
5.246
NA
NA
NA
NA
NA
4.786
1.758
5.859
3.886
4.656

8.3
5.932
6.134
NA
NA
NA
3.277
6.822
4212
7.334
2.51
3.205
3.709
3.338
NA
NA
NA
NA
NA
NA
NA
2.843
1.984
1.391
1.737
NA
NA
2.764
2.36
1.405
2.491
2.173
NA
NA
NA
NA
NA
2.905
7.373
3.331
3.106
3.471

129



ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-3
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-1
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5

100
125
150
175
200
250
300
400
430
1.8
4.8
9.9
20

30
40
49.9
60.2
70

80
100.1
125.1
150
174.6
200.3
249.8
300
400.2
494.3
545.5

4.9
9.6
20.4
30.2
40.3
50.5
60.4
71.3
80.7
100.8
126.3
151.5

NA
NA
NA
NA
NA
NA
NA
NA
NA
4.25
4.3
4.24
3.98
3.26
2.83
1.69
0.55
0.28
0.47
0.91
14
1.9
2.46
2.94
3.69
3.95
4.08
4.1
4.11
5.53
5.58
5.43
4.67
2.86
1.09
0.38
0.18
0.25
0.8
1.35
1.94
248

NA

NA

NA

NA

NA

NA

NA

NA

NA

33.33
33.32
3332
33.54
33.60
33.65
33.77
33.89
33.93
33.98
34.10
34.19
34.32
3443
34.53
34.68
34.77
34.86
34.86
34.86
EE 5 ¥
33332
33.32
33.44
33.65
33.78
33.86
33.93
3395
34.07
34.20
34.32
3443

NA
NA
NA
NA
NA
NA
NA
NA
NA
0.07
0.07
0.07
0.08
0.1
0.12
0.33
0.64
0.75
0.81
0.85
0.84
0.87
0.92
0.92
0.93
0.97
1.03
1.03
1.03
0.04
0.05
0.04
0.03
0.03
0.28
0.66
0.74
0.75
0.87
0.94
0.94
0.97

5.15
4.638
4.531
4.583
4.427
4.953
5.053
4.804
4.839
NA
NA
NA
NA
NA
NA
NA
NA
4.72
NA
4.841
4.773
5.024
5.009
NA
NA
4.999
NA
NA
NA
NA
NA
NA
NA
NA
NA
4.998
NA
4.624
4916
NA
NA
5.448

2.219
2.877
1.29
2.427
2.5
2.435
2.542
2374
2.521
NA
NA
NA
NA
NA
NA
NA
NA
3.173
NA
1.758
1.775
1.424
2.663
NA
NA
2.539
NA
NA
NA
NA
NA
NA
NA
NA
NA
2.163
NA
1.996
2414
NA
NA
1.736
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ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-5
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
ROV-6
177
177
177
177
177
177
177
177
177
177
177
Y7
177
177
177
177

176.3
202.1
252.3
303.3
404.3
505.4
567.4
il
4.9
10.1
20.3
304
40.6
49.7
60.5
70.8
80.7
100.9
126
151.6
177
202.3
252.3
303.5
404
453.8
1.5

10.4
20
302
40.5
50.4
60.3
71
80.8
101.2
126.2
151.6
176.9
202.2
252.6

3.01
3.68
4.08
4.58
4.21
4.06
3.95
5.99
5.93
595
5.44
3.72
2.46
1.61
0.37
0.48
0.01
1.17
0.97
1.9
1.59
2.13
3.03
3.43
3.55
3.43
217
NA
-0.92
-1.26
-1.43
-1.49
-1.49
-1.47
-1.42
-1.37
-1.22
-1.08
-0.76
-0.55
-0.28
0.41

34.56
34.69
34.79
34.89
34.89
34.90
34.91
33.08
33,15
33.17
33.31
33.44
33.61
33.67
33.70
33.78
33.78
33.95
34.04
34.14
34.22
34.32
34.52
34.64
34.75
34.73
29.06
NA

31.89
32.09
32.23
32.36
32.42
32.52
32.60
32.69
32.95
3312
33.47
33.59
33.76
33.98

11.78
9.58
9.53
7.91
10.57
10.86
1127
1.29
1.24
0.71
0.21
0.28
0.8
2.05
4.28
4.82
5.82
4.9
6.58
6.47
7.69
7.66
9.77
12.4
15.22
16.59
1.12
NA
1.29
233
2.74
4.95
6.55
6.95
8.33
9.05
10.92
11.99
12.88
135
14.37
13.72

0.99
0.95
0.97
0.95
1.03
1.05
1.14
0.1
0.09
0.07
0.04
0.1
0.26
0.48
0.64
0.7
0.73
0.72
0.79
0.79
0.84
0.86
0.92
0.99
1.06
1.07
0.39
NA
0.51
0.62
0.64
0.71
0.82
0.82
0.88
0.92
0.95
0.98

1.02
1.03
1.05

NA
NA
NA
5.222
4.967
4.853
4.945
NA
NA
NA
NA
NA
NA
6.035
5.349
4.872
5.186
4.486
5.157
3.519
5.236
5.451
5.472
5.479
5.625
5.66
NA
NA
NA
NA
NA
9.406
7.166
7.693
8.814
7.829
7.427
7.023
9.561
7.205
6.949
7.017

NA
NA
NA
2.652
2.408
3.998
1.661
NA
NA
NA
NA
NA
NA
4.733
3.61
2.791
3.173
3.265
2.535
2.939
2.426
2.77
3.019
2.156
2483
2.821
NA
NA
NA
NA
NA
13.307

-14.41

11.369
9.962
3.021
2.515
3.986
1.862
6.135
1.176
7.659
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177
177
179
179
179
179
179
179
179
179
179
179
179
179
179
179
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7
ROV-7

303.8
360.1
1.1

10.1
20
30.3
40.5
50.4
60.7
70.5
81.3
100.9
126.2
150.9
177.3
1.5
4.9
9.9
19.8
30.3
40.3
50.2
60.4
70.4
79.9
100.5
126
151.4
176.4
201.9
252.5
302.9
404.2
505.4
606.7
708.2
809.6
901.7

0.75
1.1
-0.86
-0.83
-1.04
-1.11
-1.38
-1.49
-1.52
-1.61
-1.48
-1.54
-1.52
-1.34
-0.96
-0.64
0.64
0.64
-0.15
-0.71
-1.23
-1.52
-1.57
-1.67
-1.69
-1.69
-1.67
-0.89
0.39
0.81
1.37
2.07
2.07
2.21
1.96
1.43
1.3
1.14
1.05

34.10
34.24
31.00
30.98
31.29
31.64
32.20
32.30
32.35
32.54
3282
3292
33.04
33.20
33.44
33.61
30.58
30.57
31.62
32.73
33.04
33.34
33.45
33.52
33.54
33.58
33.61
33.74
33.96
34.09
34.21
34.39
34.45
34.53
34.54
34.51
34.51
34.51
34.51

14.43
15.32
0.02

0.01
0.11
1.16
3.16
4.16
6.63
7.94
8.26
8.75
9.3
9.83
10.9
0.65
0.48
0.54
0.65
4.02
7.13
7.29
7.72
7.99
8.4
8.87
11.2
13.42
14.29
14.98
14.94
1521
15.68
16.38
17.02
17.41
17.21
18.1

18.24
19.16
0.27
0.29
0.18
1.15
1.66
4.43
6.38
11.14
12.02
12.62
12.72
12
12.45
13.47
5.05
312
315
5.56
7.51
7.85
1.9
7.74
7.88
7.86
8.07
11
13.82
15.77
16.37
15.87
16.76
18.76
22.67
28.94
33.29
36.36
42.12

1.12
1.13
0.43
0.48
0.49
0.55
0.66
0.77
0.83
1.01

1.02
1.01
0.97
0.98
1.01
0.45
0.44
0.43
0.42
0.65
0.73
0.76
0.77
0.78
0.78
0.8

0.93
1.04
1.08
1.1

1.07
1.09
1.12
1.18
1.24
1.29
1.32
1.39

6.856
6.98
NA
NA
NA
NA
NA
3.96
4.021
7.022
7.058
5.689
7.709
5.827
7.313
5.866
NA
NA
NA
NA
3.491
6.684
6.073
5.11%
1.643
5.742
5.521
5.914
5.402
5.57
5.613
5.482
5.278
5.479
5.602
5.595
6.053
5.788
5.782

2.323
2.116
NA
NA
NA
NA
NA
4.417
3133
1.73
1.949
1.334
3.264
1.172
2.46
2.023
NA
NA
NA
NA
3.233
3.071
3.059
1.533
4.223
1.793
1.203
1.885
1.47
1.522
1.189
2.194
2.151
1.766
1.965
1.622
1.99
1371
1323
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