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ABSTRACT

ABSTRACT

The CFC-11, CFC-12 and SFs measurements present here together with the
application of the TTD method provide new data of mean ages and Cant
concentrations in the South China Sea (SCS) and the Sulu Sea (SS).

For the SCS, The CFC-11 concentration decrease rapidly with depth and
close to the detection limit below about 1500 m, indicating there is no deep or bottom
water formation in the SCS. The mean ages increase rapidly with the depth and
increase to the value exceed 500 years at the ~1500 m in the northern SCS and
~1000 m in the southern SCS, respectively. The intermediate water in the southern
part is approximately 100 years older than the northern part, suggesting the existence
of mean annual cyclonic circulation in the SCS. The Cant decrease exponentially with
depth and has penetrated to the depth of ~1 500 m, where the concentration of Cant
<5 umol kgt The mean column inventory in the north SCS (i.e. line along the 18°N)
is 28.9 mol m (error range (ER): 22.8-35.6 mol m), while the south SCS (i.e.
stations south of 13°N) is 28.4 mol m? (ER: 21.9-35.2 mol m?). The regional
difference of column of Cant In the SCS is in agreement with the CFC-11 data. The
value of column inventories in the SCS, however are the small values compared to
those estimated for the remainder of the world ocean with the TTD method. The total
inventory of Cant in the SCS is 1 Pg (ER: 0.8-1.3 Pg). It is not surprising that SCS
stores less Cant compared to other marginal sea due to the absence of overturning
circulation systems and plays a minor role in transporting Cant to the interior North
Pacific.

For the SS, The transient tracer CFC-12 was found throughout the entire
water column in the SS, but at concentration below 10 ppt in the deep SS below
about 2500 m. The penetration depth of CFCs in the SS is deeper than in the SCS,
which means the deep SS may be ventilated from the subsurface water of SCS or
Celebes Sea. The mean ages increase with depth monotonically and exceed

400 years below the 2500 m, where the concentrations of CFC-12 are close to the
I



ABSTRACT

analytical detection limit and have large uncertainty. But the mean ages in the SS
deeper than about 400 m are shorter (the CFC-12 concentrations are higher) than the
SCS, indicating the relatively shorter ventilation time in the SS compared to the SCS.

The results presented here show that the substantial amount of Cant has
penetrated to the depth of about 2500 m. The Cant concentrations are lower than 5
umol kg in the deep and bottom layers deeper than ~2500 m. The mean column
inventories of 42.3 mol m (ER: 32.4-54.2 mol m) are moderate compare to those
in the surrounding seas and Pacific Ocean. The total Cant inventory of the SS is
estimated to 100 Tg (ER: 78-128 Tg), although this is probably an overestimate of
15-20% stemming from the assumption of time invariant disequilibrium of CO.. It
is also found that our result of Cant estimates is significant smaller than the result of
Chen et al. (2006) who report on concentration in the deep water column greater
than ~20 pmol kg based on different assumptions of mixing and ventilation
timescales and on a different Cant calculation technique. We suggest that the result
from TTD method is more realistic in the SS. Based on the “transient steady state”
concept and approximate method we estimate the vertical diffusivity for the SS
Kz of 1.1x10%* m? s. The result shows that the SS has the significant vertical
diffusivity, like the SCS, is more or less due to the strong internal waves and the
series of solitary waves.

We have successfully applied the TTD method to the SCS and SS but had
only access to one independent transient tracer and hence an empirical constraint on
the shape of the TTD could not be carried out. In order to constrain the TTD,
simultaneous measurement of CFCs and other transient tracers, such as SFe, *H, *C
or 9Ar (the latter two can resolve the longer time scales of the deep water ventilation)
would be useful for constraining ventilation of the SCS and SS better. More repeat
data should be obtained to understand more about the long term trend of ventilation
times and Cant Storage not only in the SCS and SS but also in the adjacent Celebes
Sea (CS) in order to understand more about the ventilation timescale and long term
Cant Storage in these areas. The data could put an important constraint to the modeling.

Meanwhile, more accuracy model should be used to simulate the SCS and SS flow
v



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



