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ABSTRACT
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A A 2 EAE ERE S 7123w AEcH A A4 o)Fel A= g4 HI(BCP: Biological
Carbon Pump)E ©J3l5he B S8 =75 F STHE AFSE o] St o] =2olM e HAE Efe ol 8ot s AT ea &2
A7 YR} of 2 sl M o] A7 AR, T2]al 2 Fa/dol tistel St & 22 A7 T HES AT 2R olFH A
7 UAHF712A2(POC: Particulate Organic Carbon)7} o]7d o]l A E 2 Bt o 54t Jefolal, Al 53ta o= tefet 71ee
ZHAAL Qg2 W o] mRollAle 53] A A7 T AR HA ol el At 24 =Ee= AHskit 7] F4A =
AR AR A E A DA 771 FAKADE NG PR IE A 82 okl A F-f FAES] 842 oefohe
o] glo] o EA &8 5 AUSA] 7|51 2™, ESIMICADAS (Mini radioCarbon Dating Systems)E ©]-8-2 HAMI #4591
& A7) TS s

flo 2

ny
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For several decades, sediment traps have served as one of the key tools for constraining the biological carbon pump (BCP), a process
that vertically exports particulate organic carbon (POC) and associated biogenic materials from marine primary production in surface
waters to the deep ocean interior. In this paper, [ introduced the general methods, the current status of global sediment trap studies, and
importance of it to understand the deep ocean carbon cycling. Recent studies suggest that sinking POC in the deep ocean are more
complex and spatio-temporally heterogeneous than we considered. Especially researches those studied resuspended and laterally
transported particles are presented. Researches that used organic (radiocarbon; '*C) and inorganic (Al) tracers to understand the
oceanic POC cycling and the significance of resuspended particles are reviewed, and the importance of radiocarbon study by using
MICADAS (Mini radioCarbon Dating Systems) is emphasized.

Keywords: Sediment trap, Sinking POC (Particulate Organic Carbon), Radiocarbon, Carbon cycling, Resuspended sediment
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4]5li(bathypelagic zone, <=4 >1000 m)= sl 7Fg At iAo A}, 4™ o< ti7] 5 oliteleta-o] 25%
7S (A7 2F 2.3 PeC), AA5H= 52 (active) EH4 #%a7o]thSabine and Feely, 2007; IPCC, 2013). E5H &t
A5 712} sk e 2 HE AF7]4 © Z(geological time scale) A A7] 1L A4 ok A E|&EY} wetol FAIE o] =3
o|tiHonjo et al., 2014). °|2|gt FR/do| = B-tolal, Z|Gde] thE A AarEe] vlof s A5 vha =8ke] 7|2t

71 44 arg]of] fsfiAl= go] &elA A Qth. EJAE Ef(sediment trap)-> SHAIH O 2 o] F5H= 37 4AFS] H(flux)
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&5 (composition) o]l WL YR AHE & 5 Q= T8 T5 5 sfHolth sl 450 & ok 78 oA
HHE A Hrt o] E547F ejjofH, AlgtHA o= bt 7] ¢s 7HAAL oAl X AtollA] ¥l =] Al Itk Druffel
and Williams 1990; Eglinton et al., 2002; Goni et al., 2005; Hwang et al., 2010; Blattmann ez al., 2018a; Kim et al.,
2020a). £3], YA-G7]8H(POC: Particulate Organic Carbon) 2] FAMIEASLA(MC) B8 Saf AA| A7 A4A+
Z AE--%l(resuspended) 2 Z1%H ARRF7 AT A} 5h= vl-&0] 1171A Q1 A2 B4 3H I(BCP: Biological Carbon
Pump)ollA] 45k= AR X 2 4= Q)22 WAt Hwang ef al., 2010; Kim ef al., 2020a). ©] s=Fof| A= o]2{gt
HEA ] Sl Z 0] A K E A o] £ E|HE EFS o] 851 A7) 2} A2 2 H e} HAMSEIA S 9] QA4 oI to]| Walo] st
Sick. o o} ol §jed g HE) SRS BT M RS 47K m T shatel SIS DL el
9071317} 5H3AH.

rO

S 7] 5 oliteleta FeE sk, t7]9f s T §HA0] FS W= T AR ' gl Qlo] e gt
HES 22 ]ohH, tiefst 7|25 Fal A 7] 5ol PR nlRIoh(#Ht &, 2013; Sigman and Haug 2003; Ridgewell
and Arndt, 2015). 712} sk 7H] oitaletA: wele]] Foke mlAl= a7t QIAF 5 shl A=A A L= o4
0] fratiellA 8-EF71%H2(DIC: Dissolved Inorganic Carbon)”} A1ZEEE9] YA} 4ikS 59l A7 15401
B = HighE|o] B35 gha A eto] g weto] ofgfe 4 B sffAH 0 2 7ok dfi o] S Y =rh(Fig. 1, Volk
and Hoffert, 1985).

HZ5H=S(epipelagic zone, 5~ <200 m)¥}5-5(mesopelagic zone, Fa= 2135, == A|t(twilight zone), <~H ©F200-1000

l Atmosphere
- s

_ Aeclian deposit
Terrestrial input
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‘~} I
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5 migration. -~~~ -

Microbial [0Op

Fig. 1. Schematic of the oceanic carbon distribution and sediment trap study. Sinking POC intercepted by sediment traps
deployed in the deep ocean may reflect contributions from different sources/processes. Fresh POC shown as green colors
and other potential POC sources are shown as gray (aeolian deposit), purple (terrestrial input), brown (lateral transport,
resuspended), and red (DOC absorption), respectively.
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[ea

m)oAE FEEFIE] YRRV |8 A ] A d-E 3K remineralization) 2} Y7] 2] ©]5(diel vertical migration)-= 55l
AESHY El4 H I 2R2o] Qlo] Al o] &S JtthBuesseler ef al., 2007a; Giering ef al., 2014; Kelly et al., 2019;
Cavan ef al., 2019). 5 8|2 17193+ 2721 AfjofA= &5 AHA0] 740} e n| &= 21t A d-E3  microbial
degradatlon)—‘l]' S2of| o5t Izte] X7ko] =& o|EKFig. 1, Herndl and Reinthaler, 2013; Honjo et al., 2008, 2014).
ZZ0|A A0 2 2] ¥4 o] 52 Tk HEl & YER Y, 857-2 522 712K(Zhang et al., 2019; Kim et al., 2020b),
F2OLt SF A4 B, APt T2 518HA 3Hg(Marsay ef al., 2015; Honda ef al., 2020), AYElA] -2(Ran e al.,
2015), 1231 YRRt Agdsto] whE S B TS Sk FE 4 (ballast mineral: Armstrong ef al., 2002;
Francois ef al., 2002; Honda and Watanabe 2010; Le Moigne et al., 2014) 5 A2 TF2 Qol50f B3HA o072 ks fH=

THCram et al., 2018; Conte, 2019). AE5H BtA HIE 55 AF50 2 o535t A7t A= Yo ufet ol 5o 2 i

U

sieFel A= o e wAIskE Bl EaRt 71 oA dE AlE s, ol sl HS 87 0] B S0l Het HRE 4
Ao R o gA7lE AL= S| wizell, A Al 71R1Rt H&E 7154 S6ll I S sliaeo] ol ede

= o
2234 9lr). wehd) B4 2 EE ol8slo] W7ok AAH71STH A2 A L i E 5B AT, o)F A7
Z ;q-

Z710] IR S A SellA= 87| 2R A7 9] YREo] S| siAH o & 7k 2 o 2 o9t o] % E|4]

1= St A7, AR §ISEE ofdliohs o] B et AR E Al Estr(Lee e

al., 1998; Honda et al., 2000; Fischer et al., 2003; Honjo et al., 2014; Wakeham et al., 2014). 2 AF-So] tp=2H LN =

=1719], theget O‘X]‘EO] A7dstaL, ol 50] }7 e Sheol| oF 44l w|E] H & 4] dollA 4= 7ol A4 siAlo] =
Sh= 710 2 "] th(Honjo, 1982; Conte ef al., 2001; Berelson, 2002; Riley ef al., 2012).

A2l of o] 712 Aol ARESHE S, Wk Q1914 27} ool me S]ute] 77} g Agslo] e
£ 0] o} o} 2SI RS, T B4 o5 58 5ol et A7} heyspl] 1l FolehLutz et al, 2002;
Dunne et al., 2007; Gehlen et al., 2006; Siegel et al., 2014; Lima et al., 2014; Cram et al., 2018). SFA|RF oFA7EZ| & E| 4=

ER12 415 27 o 7ol Bk AAHo| T SIS AR S} RS ARSI B F5o0] S wol

3.1 il’i*. "E O[22t A YA A= Az

E8E Eff2 AT Ao FE got s Hol| A7 A (bottom tethered, moored trap), F-C(buoy)oll F2-cAL
(surface tethered trap; Peterson et al., 2009), F-3-A|7]=(freely drifting neutrally buoyant sediment trap; Buesseler, 1991)
5 Al AR Sl w7, 2545 89 TSRt ST AU (Baker er al., 2020), ©] =20 E FE AT
of 712 o8 AlFshs HAE EFY Aol Boto] taiar etk

F|zo] sfof |18 Ef2 1978 HIRTHBermuda) 2] 3200 m ol AFE|SIE o] B E Efe of=] Fei= /s
S=tl, 2t ge] A8EA = 8= Eff2 McLane Research Laboratories (https://mclanelabs.com/sediment-traps/),
Nichiyu Giken Kogyo Co. Ltd (https://www.nichigi.co.jp/en/en_products/en_nigkocean.html), SARL Technicap (https://

www.technicap.com/products/sediment-trap)AF2] Al 5] QL
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Sl AxIshe 47 AAIE H2E ERE A A 7] VS e ERIE S 719 2 E S0 AA ol 52
olafict7] $1gt F8 = 5 PR AREE|o] itk Sl A (>500 m)ol| AR EIHE EF2 441 1-2 kmol AR o
of BIsh A&7t E AF == 5 Al AHF a-a/dell Qlof B 7HA] wAld o] lttal A Q= WHH(Buesseler ef al., 2007b;
Gardner, 2000), Sl5+2] Fake] HIn A A2 4F EAE EFS 2F2] 02 s 2 HAeE= A 450l def= Atolu
7 A7Fe] F AA SOl it AEE Al gl 537 EtE E-8-E] 11 QItkHonjo et al., 2008).
Sff ASo = 7ot dAke] 2 E%Oﬂ H]al] 27] whzoll 92171 &5] FT 4= Q= FAE ERS RS Hol He
4 Q&= 2 7] (conical, funnel), 2-2> A& T (cylindrical) FEIE Uri(Fig. 2). H5 Zwj7] Bofo] E[4E Eqf2 Adr
& EHo v U7} AFE o= 3go] ol zckyr &l Ql=t(Bale, 1998; Ducklow e al., 2015; Baker ef al., 2020),
P77HE7] whzell SRR Qlsf At ol 2R A8Fol(swirl)7H 3714, F7ds] W™ 22 dRREe] B &3 W]
w2o]th(Fig. 2, Gardner, 1980; Butman 1986; Gust ef al., 1996). ©| 27| WHR(turbulence) 2 15} A7 E-Fok= 212 %]
A-8Fskal(Buesseler er al., 2007b) £ A=A AP EY Y= 509} 9171 26l A WAlsH | f1s Esfo] o+
AFRLofi= 3] RoFo] =74 (baffle)S H=THFig. 2).
Zf|7] ofeoll= ml2] 21785l & ATl BEeo] Edflo](tray)E 21AAI7 1= Al A (controller) 2t Edf|o]7} K&t o] 9]

A

(e) =g
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Fig. 2. Conical sediment trap (McLane PARFLUX Mark 78G; figure courtesy of Minkyoung Kim) (a) with sketch and names of
each parts (b), and cylindrical sediment trap (PPS-3/3, Technicap; figure from https://www.technicap.com/products/sediment-trap)
(c) with sketch and names of each part (d, redrawn from Heussner et al, 1990). Layout diagrams of mooring line serviced by
KOPRI (redrawn from Lee, 2012) is shown and the sediment trap is marked with an arrow (e).
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=, 71 ol oF21-2671 A& AHFH(bottle) F2FE = SlojA m= T off = At et Edflo)7t A o = =olt
™ A= A5 o] wAETh o]=2igt HHS 5ol AlA D (time-series) 2] 77} YA AIRE BS 4= Qirh B3] 4, oS &
9] AR} A4t Tt Hlwsto] 27 JAke] A A B 5= melsl] floll 1d 71ks 5712 AR A EldE ERE
7, AR, s ] w7t A2 A7) o9t A4A9] Fto] AlgHa o = 75t 57] 599 A1, sl AAlR= <18l
AZEFAES] A A7l Alm AHE SHA] Eoks APE 9lol 238 F712 ARSIk gtk o ZpARE ARk
Honjo et al.(1980)& 3Fals}7| vlgict.

A A, E4E Effo] YW= HEA 2} o4 2= Zo] YA olth(Knap ef al., 1996). @A AR 449 o4
£ 24 Apste] ARgshe Ao] 7P o AIH], o]z o] o19)%] Atk TEIRE F3 S(GF/F, ¢=0.7 xm) F= 474
of| A Akt Q1 sli-E AFERITH35 PSU). o170l 1 slieH ot HlE-2 =7 iHEol57] 1ol 2] A(IL &5 g 7HE
o] NaCl)& F7I5HHGoto et al., 2016). BREAol= F2 Z2TT(CH,0), F3-2(HeCl)olu oA fe| =S ES
(NaN;)o] ARt BHEA O] S/ 574 A0 G nIA7 = sk g, Ej3E EF ARl 94 24 5o g BE
AIE Adoto] ARgsh= Zlo] 8ottt ZEYT-S tiREo] BA] HAo) & gl 71 SRl HEoh o = ofafA] §lo]
de] ARSETH(Knaver ef al., 1984). SHARF ZETT-S ARG 739 A& A= DNA 40| 7155t (Kim e al.,
2019b; Sano et al., 2020), Z=E o] BAE Itsll Q7] wfZe] SHA-EYAE A o o7t ”JROPEKHonda et
al., 2000). ZETY} P @32k YAFTEAS BESHE Ul ule T80l gEjA Qlo] EWol ARHT
(Wakeham et al., 1993; Goto et al., 2016). B34~} ofrfo| EShER-2S B0 2hAjof] &HAE dlsial Q2] ¢lot, &
A Ao o] ARGE| AL, plF 5 Aol HE FE A4S & o Foolof gtk ©o] SUth(Lee ef al., 1992;

ol

_4

Blattmann T.M., personal communications).

AF Aollk= BAE Eff @A F7H 0 =2 71503l =g w5 91t 71-&7] AA(Tilt sensor), SHFH 52 =
2|5}l b W3l mfetslr] $13F ADCP(Acoustic Doppler Current Profiler)H -3-5A/(RCM; Rotor Current Meter), 5=
2/ i A A 55 Fakoto] % 2& siAlof &-831ti(Fig. 2). B A= Efls H] gk oje] AR FH1E 2 doll= A
A 23F o2 7](Acoustic release) & 083t} A4 A 33F AT HUYH o|g7]| o] A=|7} AE5to]

SOl A g Ado] e =, Al At g E2 Folof| st sl o 2 BAYSHA Hrk
E4E EfS 2t Foll= o 4°C Aol W HakohH, 24 ol FA] A9l o] Aol &
E%‘ A== T2 ol A=l Hlol A o 2 ofo] 27| wfiZe] A7ARE Tl Al= v 2 a3t EA o TREARD =

7} E g5, iRt 242 flol of 2 7= AEsto] ARgSith 2 2719 SE EEAEC W A8 52 wE Byt U
H2] Alg+= 1 mm 2719 Al(mesh)E AHgote] 2 UAFE HE $, A= E&7](Wet Samples Divider, McLane Research
Laboratories, Inc., MA)E ©]-851 5~107H2 4Bt 7P 944407 A7 0] 7|E 2|5t (FUA R Total Mass
Flux), 7154 3 77184 o5, ON H] -5)2 AAIRE S, UHA] Al =5 718F H a4 of| ARgstal, T o] 795 16l

A7 0] AH = B] == Zlo] AWt o|tt. B} ZpAIg AR JGOFS A8 A(Joint Global Ocean Flux Study Protocol)
of| 2 A7f=o] Qlck

32 Ei2 S @ 3g

XA = =g, Tk 2ea d=at B=06l 5419 22 Aok 7] EiE EF A7 HlagE o] Stk (Fig. 3;
Table 1). x4 EJ&E ER A Al ¥ A H= JGOFS (http:/usjgofs.whoi.edu/mzweb/data/Honjo/sed_traps.html)
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L} PANGAEA (https://www.pangaea.de/) PAC|E A &S = QO ™(Kim et al., 2020a), 3ol = ZpAQE A+ At
L 21710) 3] ek Abla] 47510] 9lck, o] =Rol A 2t ol 8 A 4] A g £ gt 2a

2to] A+ A== ANskdth

EjH kO] Ocean Station Papa (OSP, https://www.pmel.noaa.gov/ocs/Papa; 50°N, 145°W; 44 4220 m; 1982-2006;
Timothy et al., 2013) 332 Q1E- 92 o8- A7 HAIATE]7] o o] 1A s 7195 HUEE ot 7H el AAE
Am7 b EA G g oltt. A7ARE-2 3800 m gpofl T ESE ARt ZollA] AlRtel of 2] 4lellA
DAL, TSR AE Eol T 3 A o e 71 AR &, A S5, A Aol whE wEst
SFATHWong et al., 1999; Cummins and Lagerloef, 2004). Z82] U0} S|77} 2 vk 32of] §2]3HM FF(St. M; 34.8°N,
123°W; =4 4100 m; 1993~1998; Hwang et al., 2004; Smith ef al., 2017)°4 & 28 7F ookt A7} A& E AL &
5] QIE-9Vd WS 2o, sl AE HUE R 7H2t5& thlEA Z-8-5to] A7 g4 o] A4k ﬂ;qoﬂ ek vt
< olslfotal, T=2 0 2= BFo|A Aelof 0|27 ]77}7*] 4 oS o= R R ok d9E0] X198 Fo|thSmith
and Druffel, 1998; Sherman and Smith, 2009; Huffard e7 al., 2020). 92 ZAE(JAMSTEC) a3 —%% 1© 2 KEO
% (Kuroshio Extension Observatory, 32.3°N, 144.6°E; 5~4 5900 m; 2014~2018; Honda et al., 2018; Anderson et al.,
2020)T}F K2 (47°N, 160°E; 421 5200 m; 2005~2011; Honda, 2020) FHA = AT s o] e, 3fsh, A2sta EA}
A JAE 5 $7 1A 0= sfiishe A7 I Foloh SRURtelA e k= sl e H(KIOST) & i o= o
e gt ofje] W 7] RUE|s %3 ETP (Eastern Tropical Pacific, Station KOMO; 10.5°N, 131.2°W; 43 5000 m;
2003~2013; Kim ef al., 2008; 2011; 2014; 2019)0]4 HIAR E2 A2 1asigon], 7 ko] $47] A A2S 5
off o] S <] BhA % S Aok, 2 UF 520 715 Wt oA SIS “Eol] &AM = 1994/96 4, T12] 17
20009 Z5F E|HE B3] Ly} AEA 0 2 ZIfE o]3(Suk ef al., 2002; Hong ef al., 2008a, 2008b), 2011F5-E] FA7}

2] A= ES AR So|thhttp://east.snu.ac.kr/main.php; 37.63°N, 131.36°E; =4 2370 m; Kim er al., 2017; 2020b).

l
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-60 — c% Amundsen Antarctic.P:uns?Ia g O c‘
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Fig. 3. Locations where sediment traps were deployed (empty circle, redrawn from Kim et a/, 2020a). Stations mentioned in
this review paper shown in closed circle with station name. Two sites from the Indian Ocean are shown with open boxes, as
multiple sampling was done in the locations.
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Table 1. Global long-term sediment trap mooring locations, water depth, trap depths, sampling periods, and representative
references with related projects

Region, sitt  Lat(°)  Long(°) Water depth (m) Trap depths (m) Periods (yr) References Project
Pacific
200, 1000, . Ocean Station Papa, NOAA
OsP 30 145 4220 3500-3700, 3800 19822006 Timothy et al., 2013 https://www.pmel.noaa.gov/ocs/Papa
St. M 34.8 -123 4100 3450 1993-1998 Hwang et al., 2004; Smith ez al., 2017 Station M, NSF
. Kuroshio Extension Observatory,
KEO 323 144.6 5900 4900 2014-2018 Hondaet al., 2018; Anderson et al., 2020 JAMSTEC, NOAA
K2 47 160 5200 150,540, 20052011 Honda et al., 2020 K251 project, JAMSTEC
(1000), 4810 i project,
KOMO 10.5 -131.2 5000 4950 2003-2013 Kimet al., 2011;2014; 2019 Eastern Tropical Pacific, KIOST
Ulleung 500(300), . : East Asian Seas Time-Series (EAST),
Basin, ECI 37.63 131.36 2370 1000, 2000 2011-present Kim et al., 2017; 2020b KIOST hitp://cast.snu.ac.kt/main. php
Atlantic
Sargasso 30 6416 4500 500, 1500,3200 1978-present Conte and Weber, 2014 Bermuda Ocean Flux program
Sea ’ ’ ’ ’ ’ https:/www.mbl.edw/ecosystems/conte/ofp/
Cariaco 152, 225, 410, CARIACO Ocean Time-Series program
Basin 10.5 -64.66 1400 810, 1210 1995-2017 Muller-Karger et al., 2019 htp:// imars.usf edu/cariaco
NW 1000, 2000, . . WHOI,
Atlantic 39.5 -68.35 3050 3000 2004-2008 Hwang et al., 2009; 2017; 2020 https://scienceweb.who.edwlinew/index php
Indian
Ar;;o;lan 3.3~16.18 60.3~89.13  2267-3995 893-3189 1989-1998 Ramaswamy and Gaye, 2006 Bay of Bengal Process Study
South
Indian  -21.25~27.80 68.59~73.89  3100-4000 659-3479 2014-2018 Harms et al., 2021 INDEX (Indian Ocean Exploration) program
Ocean
Arctic
Canada 2y 76 ja0-150 35183825 2003100 20042011 Hwang er al., 2008; 2015 WHOL NSF
Basin 3750
Beaufort , , .
Sea 71.5 -127 400 100, 210 2004-2006 Forest et al., 2010 Que bec-Oce’an, CASES and ArcticNet
Antarctic
Am‘slggse“ 7274 -113—118 5301057 400,490  2011-2017 Kim et al., 2015;20192; 20195  KOPRI
230, (493) USJGOFS-AESOPS (Antarctic Environ-
Ross Sea  -725~765 -1725~1755 543~769 5 lé 719 1990-1992  Dunbar ef al., 1989 ment and Southern Ocean Process Study)
’ program
Antarctic Long-Term Ecological Research Project
Peninsul -64.5 -66 350 170 1992-2013  Ducklow et al., 2008 (LTER) https://oceaninformatics.ucsd.e
eninsu’a du/datazoo/catalogs/pallter/datasets
EHE Ef Ao S OceanSITES FH(EC1)] =2] alloFst A& (Chang er al., 2002; Noh and Nam, 2018,

https://www.seanoe.org/data/00470/58134/) 5 E-850] 55| 7 Ake] oft A z|kekA AJ2-& mhetslal,

7o) 719} AP H, A W52 st

THA ] A4 8| <(Sargasso Sea)ollAl= 1978 HollA] @Rfjoll o] 271712] 7Hg el AAIE ElX =
2H: 31.8°N, 64.16°W; 5= 4500 m, Conte and Weber, 2014). £5
T AT

1! 2Ith(Bermuda Ocean Flux 271
=2]ohA] PSS 55
Oscillation)t NAO (North Atlantic Oscillation)) 2 2}oF2 WK 5[|%f 4Hdeh = 1k 27} Udxte] Jst -5
7188 ZFolct. CARIACO Ocean Time-Series 2 13(http://www.imars.usf.edu/cariaco; 10.50°N, 64.66°
m; 1995~2017; Muller-Karger et al., 2019)14+=
A E[Ao]| o] 27 7HA] thefRt A4S ZRgstal Sl 535 o] s iAo B4 £t wiE Holgt il

A=

N&

EE]

T 57N ol ARt EldE

o] St =] ¥-5(ENSO (El Nifio-S

15 E S 0]835

%71— o]

7}71
ot

4
| o] 3]
outhern
tot 472
W; 54 1400
7% AL, A 2

A,
7% A7E 5]
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of Fom, §4-0] EoHA ghA HIE J-go] Eol(SAH7EA] oF 2%9] 7 AARR7 AT ols) B4 AT RA T F
SHH(Walsh et al., 1999; Hughen et al., 2004; Montes et al., 2012; Turich ef al., 2013). $HH 2= S[jQFA+L
A(WHONE T4 22 20041875 41 7H EATAF 43 W(39.5°N, 68.35°W, 5-41~3050 m)olle =4 E EfE AR
5192 M(Hwang e al., 2009; 2017; 2020), Z4oll $12]5 Line W2 E2]aieksh2] = 2} (Toole ef al., 2011; Andres et
al., 2016; Le Bras, 2018; https://dods.ndbc.noaa.gov/thredds/catalog/data/oceansites/ DATA/LINE-W/catalog.html) & &

&l 27 dAte] 484 ol5(lateral transport) H T A| A2 0 = melsigih
Ho] == o549 E 7S Al Qlotale o] of el SR Hol = E X E EFY
| A -2d3tol g s o] A4, 7 Polynya) 2] B/ 5 HSl7 | H=A HAS

& o83 At A4t S o] E7FsH | whzell =] sflafellA] ' =8k olslfoh= Hl Slof E1A A
AR AR E AlgRict. QAR E= FH5F2] oF 5071 oA A, ©7] BAE Efio] AR o] ghom, Ad= ok
A5l Amundsen Sea, Kim et al., 2015; 2019a; 2019b), Z5l|(Ross Sea, Dunbar et al., 1989), Z12]11 @= 4= 2] LTER
(Long-Term Ecological Research, Ducklow ef al., 2008)37 5ollA E&& EfflS &8t A7t 18) Foloh. B=4) 71
U} B2 (Fig. 4; Canada Basin, Hwang er al., 2008; 2015)1+ H 5 Ed}j(Beaufort Sea, Forest ef al., 2010)°4 & A A G &
A= EFS o-8sto] eb Hstel g AR |54 0] ogt Vit g oll tisl - dstalt. S-euetoll A= A of
2225 E8olo] et 55 @0t &Ikt A5 X19Y Foloh Ad=r o2 AlS] s ol A= oF 3ol AR 7 ¢
o

A AR 91, 018 9] 5ok ulwslel, shyo] Ao AlZlek el ntet 2t |@4:0] Qo] Az o)} 1
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Fig. 4. (a) Particle flux (bar) at 3100 m depth and sea ice concentration (line) in the Arctic Canada Basin. (b) A %C (circles) values

and lithogenic material (LM) flux (bar) are also shown. Period where marked with orange box shows larger particle flux, larger
LM flux, lower (aged) A™Cvalues than in other years (modified from Hwang et al, 2015).
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& TSI ATHKim ef al., 2019a). F=2] Z|2]3l|(Chukchi Sea)2t EAIH|Z|oFllol| e 2017 A% E] B[R E ES AFo}o]
27 dAte] dAraztet ofe kS = 821 weloh= AE ARSI Kim ef al., 2021). o2 7] 7]% Halof| viztst
Al gEgshE =2 sl HlHE EFS 283 A7-5 Fofl B4 £80] HatE Aes] AAlske A vl 7] ¢Hs} o
Zo] gt A=E Awict

919} o], Salutete] HAE E9) AT mSS F402 1970400 2 Al Q5] Hl8) AR
QUmeke vt o 2 claet sllol ]S4 B2 ARan SAH0 R e Ao e gsli Slck, e A,
=A] SigollA] vt AR7E JaiE] o] 2 o Hlsf, QlEfelsl= BlwA] s ok Ayt A2 Ho|th(Fig. 3; e.g.,
Ramaswamy and Gaye, 2006; Harms et al., 2021). 3% o|AHES 5 of|of B=5A7 /)9 B4 = Eff AHE o] 8=t =1
SRS 0] ok 7] 2k

S BT 3R 4] A AR B5S A, AR A9 71 STol A o ofeke S alelehe e
A Jutr|ojok i), Sof 2280 = ek 100]d 7F EJAE EfY A7} 2459180l %, Kim ef al.(2020b)0]] 271%
A7 AR AAIE A= ol Fejof] o] A thii B|2l= ESY Z7| o] s+ H S Al 5ol Aufis)
| HholE|(20124 7-12, 20134 9-12%, 20144 1-49 5), 0] Sh2s}7] Sls) 7122] Zur| 8 ES ey E2
o= WA, E= okg Aol A . B4 EF O] Edlol7t AFF5kR] ¢h= 59 o= AR AiF A58l =41 o,
EXE EfRO] AR W Alok= & sl HASHL QIThDr. Yang, Personal communication). 0|27 E|2
1277} 81 A Miquel e al, 2011), 31 Exo]] 743 € 71714 A (Harms et al., 2021)& 512
Qh o] Aol EAS= AR Q] EAlolH. webA EJAE EFS o] 81t A} A ol et Kt -
2] Q1 A (AR AT o] Ak At mdls 53t EFY TiRR1Y] Het Bl A 57t s ofo
(Jurg 1996; Estapa et al., 2020).
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4.1 MICADAS(Mini radioCarbon Dating Systems)S O} 28t WAMEtAZ 214 FM

AV AT YA Aol 9ol sl A/ =o] °F5730'd 0] RER71E AA AHA 2] o 2 HAMY B 5 5o 11
o] 01 =HGodwin, 1962). $HH 20417] S5, A o] A2 HAMIEN A E- 9] P4 = “bomb-spike” 2= SOl RS
Hol 71 57t F45] 37 e T Yo 4L g 312511 Itk Levin and Hesshaimer, 2000; Schuur ef al., 2016). Tt
R e AFA(HIZ Y, e, A, 183 54T sl oA s ol Rt -AMI RS YAge] Aol=
A= TR Al AR e Wt S-S Hhdohet], mebA] AP e A E A A ollA] R ol AR ' et
F22} B opt Al WSHE ook ] 593 T2 AREE| 0] $FtHMeNichol and Aluwihare ef al., 2007). & &
o], th7] 52 bomb-spike+= H Tt QFYA 1 £hA A4 11Q1 XA Ho |t Alal| £.0 &2 Z4736] olsstal 917] wilzell, s 1]
s=2to|Lt 2194 off7]-alloF 7H] 'hA wRhS ofalfol= H] 2 4= 9ATHGraven, 2015; Toggweiler et al., 2019).

o] IE=Rofa= AYAAFHETH Zurich) 2] Laboratory of Ion Beam Physics (LIP)o|A] Al&tste] 2t de] 58531 QL

+ MICADAS (Mini radioCarbon Dating Systems; https://www.ionplus.ch/micadas) AMS (Accelerator Mass Spectrometry)
2 o 831 AR E 14 SIS ATNEHTAL Bk AEH) HAMIEkA 9194 2 HPHS Hwang(2012)0] &

B!

o H1-
Z7E]o] QIek MICADASE 712 AMSO| H5]l 717] 5-1]7F 21313 2 m x 2.6 m x 2 m), THR 248 B} 7hds] sHe =
7sle] B ErA S QYA HA 0] 284S T4 SRR Z T Synal ef al., 2007; Wacker et al., 2010).
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MICADASE ©[-851o] HAVIetA-5- 91 HA-E Ao o2k eh2100 ngo] B3, Ef¥E Eff o= 3R 74 o
2Ol 4718 A 57 FoF 5% BFH 2 mg o] X A|JRhe 2 & BAo] 7551t Haghipour, N., personal communication).
E5] A9AAHT O] MICADASE U4 E47](Elemental Analyzer, vario MICRO cube, Elementar), QF 594 &
43 7](Stable Isotope Ratio Mass Spectrometer: IRMS, visION, Isoprime)2} A3 JEf 2 o1 15Fet4 7|41 E HiZ o] 23}
AA ST A A7 (T SHE o 87t 5413t 5)& TSA7|0L, A =25 e ZHkE QAT A0 5 (%)
o} P EAAA(10), HAMVIRAT A YA FES g Holl S 4= qlo] B0l Bagh Alsagat 24 AlTRS 34 A
ZtHFig. 5; Synal et al., 2007; Wacker et al., 2010, 2013; Mclntyre et al., 2017). =3 EA-IRMS 7|7]E ©]-85l| 245 5}
= 5ot w2 EkEdg oy E F 27 (ampoule cracker) S 0|83t AMS A4 o] FAlof| 7551t Fig. 5; Ruffer al., 2010;
Mclntyre et al., 2017). YA A& LB o2t -84 A& (B<F7154) o] A 2] 2Pg T2t 7HASH Fo] K g-82Q1 724
o] 755t Blattmann et al., 2018b; Casacuberta et al., 2020). SFAJTF MICADASE ©]-83F 242 Qxp7} tigk 5%, o|[Ul=
71E0] 54 0.2 XA FATsH= HRofl vl Hol Rl th=(+2~3%0) T ol et TR ARt of= 37 AR A= 0] 719 4
ot} bomb-signal 5-& H7]0ll= F46] A= Tt gholH ALEALS FolA= 1.5% oW @445 &Y o Stk &,
MICADAS®] 4] @217} 7]E2] AMSHSH F71 SER]TE, Theket Al 0] 24 2jeb 4] dplo] w211 THASH 7] wiizol 1
SRt A, EARAR] A2 24 A FEA] S AV e A E 91 h4 HlolE Bl5e] 2 344 JskE 0L Qi

£5] Timothy Eglinton/<=2]Biogeosciences group= A5F2 610 A1 AAF o A= MICADAS & °- 83+ £ =8k
Zh(blank) B 2 BAHS 7REISEI1(Welte ef al., 2018; Haghipour ef al., 2019), 54 7|3 FE2] IAMIE A5 ¢4 24
2 7HH3} 51 (Feng et al., 2015; Hanke et al., 2017; Ishikawa et al., 2018; Gies et al., 2021), TR | oM =A1A 55
2 E5) theke] iR A E oA BALS A5k QJtkBao ef al., 2016; Lin ef al., 2019; Yu et l., 2019). oS Hjeko &
MOSAIC (Modern Ocean Sediment Archive and Inventory of Carbon; https://mosaic-eth.shinyapps.io/MOSAIC_Rshiny/)©]
k= fjo]E] H|o] AL 15 Fo]tK(van der Voort ef al., 2020). - MOSAIC©] GEOTRACESHY GEODAP(Global Ocean
Data Analysis Project) 2 £ ZAX|414] H|o]&] Hjo] A= A2 =t 3lo] U] A7FAREE vt i o= ofHpx|e
T 7S 7IHRte olE ol A7 1A 0 & 7HE oAl W2 =il MICADAS AR 9] FE5oleh. A A9 Adis
Zof| A PAMIEA YA BAES Holixle A= 170 B 700225k (907HY) o] vl-go] " a5t 71 2] AMS
A A E B9t ul=r @ 2F 5[|9FA4A(WHOI-NOSAMS; National Ocean Sciences Accelerator Mass Spectrometry)
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°F700u]=r2#(809HY) A=, =] gkt AR AT (KIGAM;https://gac.kigam.re kr/sub0604) | A &= Al = &
0] 30~507H 71Fo] St whaba] = SileF A4 MICADASE 59ttt £ vlg-o] 47f B0 a8
24, T18]al 74 £ el ZA 7| ofsto] AR AT UAE B85 -FRuEt ddl R i dtoll Sast
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Fig. 5. Schematic of the EA-IRMS-AMS system at ETH Zurich. Samples are combusted in an EA, transferred to IRMS, and the gas
is split by IRMS so 10% of the gas used for *C and 90% for “C analyses (modified from Ruff et a/, 2010; Wacker et al, 2013;
Mclntyre et al, 2017).
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4.2 2477 ElX=2| 29

tfefoll A Eeta gta P g Fot 214 o] go| siAH EAZ0] o 71U Axt g, At thF APAR-C] %
7Rt ol = AR YRSl E8 S (nepheloid layer)2 @/4J5HH, o152 -84 o] Fo] 45 Ao A FE-2 AA[5t
7% gtk weba] A= g HI Qfof| e SERFo|A o] AE-FLt RFEL] 84 olF T AR sl AT 712t
< olofich= A2 i BA 8 ofslfoh= T Slo] Fatt FRolrh AdRt o] eHfH frlEe] e Ut
(Non-biogenic F+= Lithogenic material (LM))2} 2ot=]o] -5t 42382 o]F 3-8 53l sllYF #5ofl Aot QLo

=
L, olof digt 7|2t AR sketA] F-a dof et Fg-2- ofA] gho] AtE ] $ekth AR ulE( Al o[ F A sl A Al
o] ol Fshe ARREC] olF A= e Tk 18l 7F e 2ol 34 shelnh dF e A2 74
SH= 30 A4 27U 8.23% HEo] Hlw 2] YA vl-& &2 At Taylor and McLennan, 1985). 5-520] &£0l52
715 5ol T2 57 1= S, siAHe U thgol 7Pk 1L =8 3592 AR El2lEo|tHwang et al., 2010;
Kim et al., 2020a; 2020b). 4| 27 A2 Alm & AR E- 20 Hle-2 77 o g 78 4= Qo A e 4T
59 Fro] 12.155 H3t #h(=100/212 Y] EF0]52] £214](8.23))& AF8sh= A o] 1(Honjo et al., 2000), FHA|Z=
A A7 QA 5 B 7192 AAE A LIt Fh=100- 2 Opal)- B CaCOs)- WA 12 YRR F7 184 1.88) 2
ARgSh= Zlofet. of7]oll A AEohd 7199 A E @8, ehibdat 22 siES] Al |(shel)F A7 =(POM:
Particulate Organic Matter)2 3Rt A7 15 HE AAG71842] Zholl 1.88(Lam ef al., 2011) T 2.5 (Thunell,
1998) 5 53t 4F= ARERI}. HAE=NMR (Nuclear Magnetic Resonance) = S+ A2 7-=0] A4 ZAJH](Hedges et al.,
2001)°]4L, $2k= CH,0 1] AR 712 T BA7F AR[She GRS o6 1hts] At glolnt. o2 A 5t k& vl
2719 YRR 51, HE0] 739 910 TR o & faet HIET ] dAke] o2 A thEA] oth(Kim er al., 2020a).
AT o= oF 1500971 H A E EFY 4] A7 BaE Bot 11 F HAE71Y AR it vleS A RoiiE A, A
F B2 A A3
TR AFIS & 7 U3 Kim er al., 2020a). A o] B> 2B B obzt AHsfiol M ke ARt oflti(eddy) 7t =
B HAE AR 8 otk ©40 e A AAIARTIEAS] oF 4-11%= FAY o gl aolH
(Gardner e al., 2018; Kim ez al., 2020a), 5=3f| 7iutt 2215 BIERH 2H sfHofA= HAAE7] AR7F A 47l
80%°l Eoh= 5 ol2Rt 712t QIet )IAte] frelo] 4214 ol 5ol oJgt A Kt} Belth(Fig. 4, Hwang ef al., 2008, 2015).
o= AAF2A o7, 4214 A0 7 B ofU} g A o] F A A E0] ©a w2ko] F-ast 712t S ouleitt
(Anderson et al., 1994; Jahnke, 1996; Bauer and Druffel 1998; Dunne ef al., 2007; Hwang et al., 2010; Thomsen et al.,
2017; Kim et al., 2020a).

O] Z-9oll, A PAR7 IR A0 41C e BF H- P MU SAR 35 slle] 857 1RA0] 4C
Hep A gEE ok AESHIEY F o7 §E T HAolA AT TEAR HeE= aPgollM, 4MCc fer &
75 AV AT YA A2 T 940 28 A (fractionation) @] Y= AT gholH, sl EFoll A LA A
ol A ARG A7 510100 m d S 72]5HH(Honjo, 1982; Conte ef al., 2001; Berelson, 2002;
McDonnell and Buesseler, 2010; Riley et al., 2012), A7 AxRG7[8H4 0] A1CE B5p0] GET 7|40 A1 22t
ook 2t gL Atolof| Zfo]7} IThH o= thE 7 f(=/dolu Hi7 oM o] 14, A== oA Bl e =5 714, &
7184 0] 2 5) 9] F7EHAT AU E 22 S=RHh(Druffel and Williams 1990; Eglinton e al., 2002; Goni ef al.,

2005; Blattmann et al., 2018a).

rol
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1% o] s=2oll A oAt Sk 22 AR Eld =4 7] Ysks AT Ig Ao ok ol &2 AEAl A sk AART
7|et4ol HI3] QEH BAER H| WA S 4'C ZE2 E oIt Hwang e al., 2008, 2010, 2017; Kim ef al., 2020a, 2020b).
Hwang et al.(2010)-2 AAFF-71840] AC Fro] 7 UAe] Al%<}t2-2] A S S sl o] HAE &
] PRI 28 o] ARG EAET TR0l SIS ou|_ltK(Sherrell ef al., 1998; Honda ef al., 2000;
Hwang et al., 2010; Kim et al., 2020a). ©13-Kim et al.(2020b)-2-2010 0]& BA% A7 ATE-S Bslo] S-S Al-g7t
2 0 &2 gfist, 17 92+ 5 =719 YK EAS =, 5= aluminosilicate minerals) 2+ 235 YAF716H4-0] THA|
of| & W0l F7} AFE Z1Pal3irt. E5] Hwang er al.(2010)0] AFSRF &R0 w2] S (=Al/(HAE7 1 D A2+ A=t
F7 1+ LT+ EEE)) thil A7 et HIBE7 | dAte] TANES o gstof(=r18=719 Y2V dAR71ea) 3
70

FQIARE AT AR 7)Y BT AR et AR ARG 719 B2 PEslGien, o] 2 Al%S AFE T 7]

rlo

ﬂf)

0| a7t A7 ARl BEE 7] AR B Alelz QIS AR 253t FEHE ZAY A EE(Fig. 6a,
Hwang et al., 2010), ZF 87l YAFF7Te40] 4MCet 2R o] T TAIE Kol y=ax+b 2] FHI= TRt sfiAlofl &4
A 28 = A HATk(Fig. 6b, Kim er al., 2020a). ©] 21410 y= HH(b)2 HAB=E71H YAE] 5710, 5 th7 v 7ol
Ao HE71E 7 el it 7P Wl o] 5 87 164-0] 41Co) S omRiet. T3t 2 241 0] 7127 (a) 2t

AR 919 7Ho] BAYE end-member; 72 ¥ 820 7]EbA0] 414Co} B EAE0] 44C) ZES ol 4k, 7]

vy

FrEAE W eE7 Y dAreh Akt 1Al vles A o Qlrt o] BIE o] 84l EldlE Efo® AFT
A7 A R % AT 71 9IRS 8okt APAIRE A2 Kim er al. (2020a)y& FAL5E | HieTt, o] Aol o
5

2 AT JHE F oli T R(Fig. 69 HFTAN ol Tk, ol AR oIt ulgel B o2 A
F7RHRS] 4C 242 AT AP HATA 0 2 A 9] Eelek, 22 29 Aol A= MICADAS S B8
5ol AT AA oF 300070] AARG7IR L] 410 Z7hR BASlgo o, ] 55 97 Bl Hae £4
A29] QA7 IEHRS] 41C AR AZTYA S AT Folet,

A Canada Basin B East/Japan Sea = NE Pacific ® Amunden Sea
v OkinawaTrough O NW Atlantic 4 South China Sea
' fresh
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Fig.6.(a) Plotof A 14C values of POC versus aluminum contents in sinking particles samples (modified from Hwang et a/, 2010)
and (b) plot of AM™C values of POC versus the ratio of lithogenic material to POC (LM/POC) for sediment trap samples where
both types of data exist (modified from Kim et a/, 2020a and data from the South China Sea has been added from Blattmann
etal,2018a).
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43 MR ElX=Z2| 71H

QHH of7]oflA Uo7t AR B4 =0 7| ¢e Bk ZpA|S] melstal, AR 71242 g oAt ok o 2R At
£ 1ihs] avlstlek

A=, Al Qo BF E-E22] 719 &) et U HE F9L4 FH e Nd=[("*Nd/"**Nd)sampie/( "N/ *Nd)crur
-11x10000; ©17]°llA ("**Nd/"**Nd)cpur =0.512638; Jacobsen and Wasserburg, 1980)¢] Th2tH= 42 0|85} 7 42t
A= 0] 7|9 Bt Agsle] F26H= A7 Qlh(Fig. 1). eNd 452 55] Y27 olsohe 5 sliRell oJe FE5H4]
So] FAstA] a1, 47 371 Fo] YRS WA S=th= gHo] Yltt(Jonell ef al., 2018). A|1ZFS] eNd #12 H419] %
A|7]19} ZFof| whet ul-$- T2 m(Goldstein and Hemming, 2003), 0213t 59|40 ] 2Jo|= Zsh} ] A]of| o5f oF
A Hof A L2 HPAEE7 | Aol e = REgE T weba] 5 B 4E0] £ Nd ghe] 37H] 2olE Fdll Ak 7]
9 o5 HHS 52 4= Ath Grousset ef al., 1990; Hegner et al., 2007; Jeandel et al., 2007; Hwang et al., 2020). gt <
ol z] 231 BATA G TS T 27 A= AR Bl A e @i 7 1E o] kS Eol Tom 114 7|
2 553 5 APE-S wet EAfes 280 2 S H T Hwang ef al., 2009, 2017). Hwang et al.(2020)-2 SA T A%F
SHAH EJA=0] £ Nd gho] sfiof] whet 5 & 2po]7h L= Z& o851, 17 dAkY] £ Nd gk 2418l dAke] ols 712
7| ARE Bt JesHA 155130

FHA 2= EAEY] AF-GU T o) Al YA IR O] 2 28] et Aol o] gk A2 QFo] Al = T

o
2

A

o x ofl ME
2 1)

o,

TS

e

Z|eFetA] EA4J2 2 A (bulk) Al =2} H[ W SiA] o] HRlA] G5 mpefet 4= Qlet Wi -2 =5 EN(soil) Aol X] AF8oh=
Nde g slioF H7d AR ElZ Eol A= 28 A7 FEA] &EthBock and Mayer, 2000; Dickens ef al., 2006; Wakeham et
al., 2009). Wakeham et al.(2009)°] 31oF E|ZEoll4 1.6 g cm™ ©J5}, 2.5 gem™ oW, 8|31 T Afe]o] Wi 2 EJA 2.8 Hi
Slo] Z}21e] 7 |8t Fa (A E A 52 SR Aol =, Yyt 2 B EdaE R e ool A1, @8
710 vlgo] Zit} o] PR, AleE Wiol et 2 iHsto] AR, AA A& S Aok AR B2 AHE ¥
W& A o= Zldieet. Yo whE 2 2]ol| %= Blattmann ef al.(2019)2, HE F& = 5 54 B

7120 Aol AgA oz Fa, A== 712k Be] oo ' weh} glo]] Wt A2 ofelHolE AlE sttt

AL L

il
iy
%
filo
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gt A o Ho[E 7} AR ol whebA Al-i ElH =] 84 o 714l et g2 2
S(OIFF0 ol 714, Sl Ha ol o] =, M-S HE 5)2 ofF] siasfop & FZoloh vt 714 e A
o EE e WY dREe] A7), Rl w5 Yot R AR, 50 ST et o 9= e Aol
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o] glo]e o] AlF7HA &t S| AT o]l gt thstA| A 35 AL E5 @ FH Tt Wakeham et al., 2009; Bao et al.,
2019). FF = A4ALE0| FrEsh TS 7] 2 Dofeto 24 ARG Sl g4 5=2tof| thgt ool E & 4= Q& A
o2 7|thgitt,

F

Ab A

o] A= 2P Alo]) & 541 4], A, ol Alel, N4, Te)3 TS 93 Fole 1S T4 A ZAE

= S PY O 1o L
Yt} o] =722019, 2020 = AR w55 o] AP0 2 = ATA O] 2| ¢S Hlof =5l e 7] 2 AARY(H U 2] AR
A4} 2019R1A6A3A03031671, 2020R1A6A3A01095893) S Th
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