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Chemical tracer studies of water mass modification
in the Arctic and subarctic regions

Michiyo YAmAMOTO-KAWAI"

U Institute of Ocean Sciences, P. O. Box 6000, 9860 West Saanich Road,
Sidney, British Columbia, V8L4B2, Canada

Oxygen isotope ratio and other chemical tracers are used to distinguish water mass modifi-
cation processes in the Sea of Okhotsk and the Arctic Ocean. Distributions of tracers show that
formation of the dense water during sea ice formation is a key process in both regions. This proc-
ess freshens, cools, and ventilates water below the surface. In the Sea of Okhotsk, however,
diapycnal mixing in the Kuril Straits is found to contribute more than the dense water forma-
tion to form the Okhotsk Sea Intermediate Water. This process will also affect the properties of
North Pacific Intermediate Water, which receives anthropogenic CO. and freshwater by mixing
with Okhotsk Sea Intermediate Water.

In the Arctic Ocean, formation of dense water and distribution of fresh water determine the
salinity distribution in the upper part of the ocean. A newly investigated tracer, alkalinity, re-
veals that Siberian river runoff and meteoric water from the Bering Sea are the main freshwa-
ter sources, even in the Canada Basin. Historical alkalinity and oxygen isotope ratio data from
the past 70 years are combined to draw distributions of sea ice meltwater/brine and other fresh-
waters for the entire Arctic Ocean. Accumulation of freshwater with brine in the Canada Basin
indicates that this is the region where massive amount of freshwater enters, and a large portion
of freshwater is converted into sea ice.

Key words: chemical tracer, Sea of Okhotsk, Arctic Ocean, sea ice formation, freshwater,
CFCs, oxygen isotope ratio, alkalinity
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TableD Changes in temperature and salinity from WSAP to Okhotsk Sea Intermedi-
ate Water (OSIW) due to diapycnal mixing and mixing with DSW. See text
and Yamamoto et al. (2002) for details.
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Distribution of ApCFC-11 from the northwestern shelf (left

side) to outside the Bussol' Strait (right side) (from
Yamamoto-Kawai et al., 2004). The shaded area indicates the
distribution of water havingA pCFC-11 values larger than
50 pptv. ACFC-11 is calculated by subtracting the pCFC
value of the Pacific water from the observed pCFC-11 of Ok-
hotsk Sea at the same density level.
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FiglD  Inventories (as water depth equivalent in

meters) of (a) to tal freshwater, (b) freshwa-
ter other than sea ice meltwater, and (c)
sea ice meltwater/brine from the surface to
300 m depth (or to the depth of bottom
measurement if it is shallower than 300 m)
of the Arctic Ocean (from Yamamoto-Kawai
et al., 2005).
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