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Abstract

Continental margins play a disproportionally important role in the global ocean
carbon cycling and the flux of biologically produced organic carbon from the upper
ocean implies the net sequestration of carbon dioxide (CO,) and the recycling of
organic matter. However our understanding of the spatial and temporal variability of
particulate organic carbon (POC) flux in the extremely dynamic marginal seas
remains limited. In this study, we attempt to elucidate the spatial and seasonal
variation of POC export based on the high resolution ***Th sampling in the northern
South China Sea (SCS). »**Th were measured with a modified small-volume MnO,
coprecipitation method. Samples were collected in four cruises conducted in the
winter (Feb. 2004), the summer (Jul. 2004), the fall (Sept. 2004) and the spring (May.
2005).

In this study we examined the effect of different sampling methods on POC and
particulate **Th (PTh) data, which were collected by small-volume samplers (1-2 L)
and large-volume (100-600 L) pumping methods. POC and PTh derived from
small-volume samplers were frequently observable to be higher than from
large-volume pumping. The absorption of dissolved organic carbon (DOC) and
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dissolved

Th onto the filters appeared to be a primary factor causing the
discrepancy.

We also examined POC/**Th and POC/***Th ratios in three particle size classes
(1-10 pm, 10-53 pm, >53 pm). The various trends in the POC/?*Th ratio versus
particle size were observed, which may be explained by a combination of Z**Th decay
and the preferential remineralization of POC relative to Th during particle
aggregation.

During the survey, the deficit of **Th generally decreased with the distance
offshore in the northern SCS. Depth profiles of 2**Th may be categorized into three
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types with seasonal variations. In the winter, the deficit o Th appeared to be

substantial in the surface and decreased with depth. In other seasons, ***Th basically



showed a stratified structure, i.e., the subsurface maxima of 24Th deficit. Such a
stratified structure is characteristic of oligotrophic ocean. At some locations on the

shelf, 2**Th activities were lower than >

U throughout the water column and the
enhanced deficit existed at the base of the eupotic zone, which were mainly caused by
the resuspension of the bottom sediments.

Besides the distribution of **Th, POC distributions on the shelf and the slope
were also investigated from 2000 to 2004. POC concentration decreased with the
distance offshore, which indicates the influence of the Pearl River. POC
concentration in the summer was higher than in the spring and the autumn and was
lowest in the winter, which is consistent with the seasonal variation of the discharge
of the Pearl River. POC concentration generally showed a decrease with depth. At
some locations on the slope, POC peaked at 200 m and 400-500 m, which suggests
the horizontal particle-transport or the particle transport along the slope in the
northern SCS.

Using a three-dimensional steady state model, 2**Th flux was estimated. It is
shown that horizontal and vertical transport account for less than 10% of the overall
#4Th balance for most of stations. However, the contribution of physical transport to
the *Th flux was up to 30-40% at physically dynamic regimes such as at the
salinity fronts. This strongly suggests that high resolution **Th sampling is
necessary to correctly resolve the variability of POC fluxes in the marginal sea.
Combined with the measurements of POC/**Th ratio on suspended particles, >**Th
fluxes were converted to POC export rates and regarded as the upper limit of POC
flux in the northern SCS.

In the northern SCS, POC export on the shelf varied from 8.0 to 11.3 mmol C
m? d' with no apparent seasonal variations. In contrast, the average POC export in
the regime of the slope and the basin changed from a low of 3.6+2.2 mmol C m™ d”!
in the spring to a high of 9.0+6.4 mmol C m™ d”' in the winter, with a medium value
in the summer (4.7 mmol C m? d") and the autumn (4.8+4.8 mmol C m™ d™). The
seasonal pattern of POC export matched the pattern of primary production and the
community structure of the phytoplankton, the enhancement of which in winter may

5



be related to the nutrient supplies from the wind-induced mixing in the winter.

ThE ratio (***Th-derived export production/Primary production ratio) in the
northern SCS varied in the range of 4-68%, with an average of 24%, which was
higher than the tyical value in the oligotrophic ocean (<10%). Using a simple box
model, we estimated that the diffusive flux of dissolved organic carbon (DOC) was
0.91 mmolC m?d" and equaled to ~30% of POC export in the northern SCS in the
spring, the efficiency of biological pump in the northern SCS would thus be
underestimated without the consideration of the downward flux of DOC. Our
updated synthesis of ThE in some marginal seas indicated the seasonal variation of
ThE, which showed were two or three times of difference between seasons.
Assuming that this seasonal signature is of characteristics of the marginal sea, it is
estimated that POC export of the marginal sea might contribute up to 30% of the

global export flux.

Keywords: 2**Th/?**U; POC Export Flux; Seasonal Variations; Marginal Sea
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VR IR R AL i L R AT PR R SO T, R RORE AT B LBk A 0 A AT
FUIUIR SLAFAE ), T o 4 Il 2R3 et e ) T R LT U AR AE R T, o)
FEHAR SIS H bR IS5 A HESE

kA Lok, B ASEES SRR A (CO)W I INZ SRS
AR 1 T 325U AL (IPCC, 2001). SeBi AT 7R, 2000—2005 43911 AE4F K
2572 Gt' CHIANN CO#EAN K (Canadell et al., 2007). HFAEAE Ay HiER gk
ittt e —, TEABRBRIGEA T HA A LB EMIER, W T IR AT A
Py b R A, 2 Sk L S5 0 R 8 4 R AR A K — ) 7L ) O

TEERF AR ~2.0 Gt CHCO, (Sarmiento and Sundquist, 1992), A A KA
COLMMM M fie T V- HEZ AN RE R N ] (11D — 2 B, iRz
HBHARIESE”  (solubility pump), RV 8 L W) BRI R K T IR £h R4 “ 9%
HAEH” W CO,, 4k i Wy B AT e R LN R ik B iR, A5 RS
B 25, LR AR T SRR 2R R (thermohaline circulation) HHIEJE/K
(T RIS 2 /K (B3R T (Falkowski et al., 2000); — 2 </E44E”, E B kv %
A= 0198y, RINFEREA G A AR RIA R AL (DIC) & BUSURL A MLk
(POC) FNAMEH MK (DOC) LK CaCOy T, A sl 5 = E 3¢
AR, T L SR 0D C R R FERIDOC )R 37 HIOKE e A TR 28 J2 ik 21 1R
TR P, AT PRI R KICOL 40 I (partial pressure). 1] 0L, JFEA)5R
SR KR COMKE BA B ZAE M (Volk and Hoffert, 1985), 78 4Bk M AR % (1) 15
SN, X RN E T, 280 E 2, VKIIIN AR RS COLMR I 1T BRI 5 ik
30 patm, BFFTANIX 5 WA 1) 35 5547 5% (Sigman and Boyle, 2000).
Falkowski et al. (2000) & T-Fa AR (1) 4k BN 0 2 20 AT LA 1) i HB R4
PILLE 11— 16 Gt CR G, A TE— D HE i S o e A TRV A ) 4T
T2, KAHCOMKTEI150—200 ppmv.e AXERIFFFEE RIS FR] (JGOFS)
MER 4 R O LR IEF 0, JLRPEERM X 2 K COL M EEILIX,
B T RS2 7K T F st T I A B SRR I NVR S v A D IR M A ) SR T

' 1 Gt (giga tons)=10" g
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BN Z MRAERERTE, T aeam il e, & & CoMIRIZ KTt
RRIZBI, AL S K CO M FEJE X (Feely et al., 2001). E{EAR
g RIFFEE: 5T AN RCOLMIBIL, A5 5P L IR % F 2L (Sarmiento et
al., 1998), HEA N1k, AT EYRBIEET F2 D (Falkowski et al., 2000;
Sigman and Boyle, 2000).

&

il
i
13

Deep ocean
Deep consumers
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Bacteria

Sea floor

B 11 EeEY R 5 PERE AR
(EENEYE, HAPHEIE; KIF: Chisholm, 2000)
Figure 1.1 The structure of biological pump (left) and physical pump (right) in
the ocean (Chisholm, 2000)
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T HEERLE R (N B (P). fE (Si) MUE—SRREEE UL (Fe)
S o MR EURIERER, WA b FFE A (Regenerated N) FIFT 4 (New ND,
Wi E 2R B DGR NIE TR PGS, L (NHD JBAELE, 58 2l
AN AR T B B E IR SR R Z K TR AL, BL (NOsD TR AEAE
(Dugdale and Goering, 1967). [Klth, 247 )3 K5 ok o1 2B BRIt 2R 2R
7= J) (regenerated production) FHEI & SCFEIHTA4E )1 (NP, new production).
F T8 2R 7 ) Y TR AR I [ G R COLHE NVRE IR i (Platt et al., 1992), XNl
ORI AR R ZE PR AU AT (Michaels et al., 2001).

BB AERS R AL TARASTTEE T, Br2E /= )20 5 M b 2 i A bl
YA BV —— a2 e SR 472 5 (EP, export production) ——HIF&A
SAFER, AR A AR PR ) SR AHSEY (Eppley and Peterson, 1979). Ak, It
)2 R 2B 77 ) S TR A I ] 52 (R C O NVRI IR e, ORI DA PR AT 5
A% N 28 BB R (JGOFS) w38 2 e ikl B i 23 254k (v
BIVPAL 1A P K% O HbRZ — (Buesseler et al., 2001a).

B AR A FE RN ML (POC) BIPTREf R i 41 WLk (DOC) ™
OO o ) P A BT A AR PO v B A BUL I At A PB4 o) i 3 Ay
0.1—0.3 tons C/ yr, AR MX10%H %t 4 J) (Eppley and Peterson, 1979). AHX¥ 1M
& KBS i A7 ) (McCave, 1975), 3X /N B &L 22 4%
IR 5 AR S AT (Eppley and Peterson, 1979). A F0RE A3 ALAS: ) 1 38
JSA I AR AR R N RAIE , AEZR71 LA AR B RURE b S g 1) 4 [ Bk e 0« U
b, BRI LK A IR U8 T AL B IR LR Z IR TR T
Gl R T R 23T, AR SRR T B A (5. RO ML DT R R
VP2 0 OurBizz) 5ERY— A KARIT Mgt N B0 R b . 78
o) NIRRT, ORI A A R O SR AR R SR S kL B ) S R, X e
Ao bE 2 RS A, ISR AR AR AR T 1 70 A o AR B AR A LA D2
WIS, o N A AR A B SRR, o) WIHAE TR rh 2 1 B K
W) I RAEER, R DIRHERAL AT A 2 DR, IS 0REAT LI L
TR TR AR S RGN AR AR B RS PR KR PR R ER N
I3 AR DA R AR (AR A A AT BB X
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FSURL Ay TR R 77V B JGOFS wHRILURE TR 2 miEE, B 128
T A e U O P ORI, DR R T A
AT B IR ER AR AL ST, S5 22 R F TP 485 ¢ Redfield EGE (C:
N: P=106: 16: 1) BEATHeSL. ROREY) 4 I8 ) DU i MORE ) = B2 (R g
YOR DDA 3R st R PSR P R 38 B AN P =P VAR R & ki) =

A
: 4 i $
FEPEET M. ohuE 1 2%Th |

i3 B T
n Eﬁﬂd Mo —
PNEEH T\ R,
VAN L
RIZ NI 3ﬁﬁ~
e 2 s SN
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B 1.2 S50R0 4 s H G 20 77 57 & Bl (Boyd and Trull, 2007)
Figure 1.2 Observations of export in the ocean (Boyd and Trull, 2007)

JE, BNk E 25, e n] LUE I Coultertl 2028 1141 (Costin, 1970; Eisma et al.,
1990) 5 H 22 D g AN G2 A3 AH (Agrawal and Pottsmith, 1993; 1994)
FAR R B G ok e B, SR e R R 2 R T B R S . X
P AR DD T SRR RS D R R IR 2, ARAE SRS,
ANTRIRIURE A T A 1 B T B T R AR OK M LU e, TR B I RS P 3l o A BR,
WG KMRZE, Kk N A2 0.

RGAL YK i E7 S S BORL X VAL NIETINRS SR OATOE AR 2T RP UIE A7/ B ek wiiih= o ¢
JGOFSI I i, H BRI IkeS (free floating particle interceptor traps,
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