J. Korean Soc. Oceanogr. Vol.25, No.1, pp.01-08, 2020 FREE ACCESS

https://doi.org/10.7850/jks0.2020.25.1.001
Notes pISSN : 1226-2978 eISSN : 2671-8820

00| 2A| 27| ACHISHOM E=7 |3 2F efee| F10] Cigt =2

ojZal - AN - P>
LR AICHSED SIS ShAFRLY, 23R4 3R DB AT MRS, SR ACHSE sstnt M4

Discussion on the Late Miocene Biogenic Opal Crash in the
Andaman Sea

JONGMIN LEE', SUNGHAN KIM? AND BOO-KEUN KHIM?®*

'Graduate Student, Department of Oceanography, Pusan National University, 2 Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan
46241, Korea

2Senior Researcher, Division of Polar Paleoenvironment, Korea Polar Research Institute, 26 Songdomirae-ro, Yeonsu-gu, Incheon
21990, Korea

3Professor, Department of Oceanography, Pusan National University, 2 Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan 46241, Korea

*Corresponding author: bkkhim@pusan.ac.kr
Editor Jang-Jun Bahk
Received 1 March 2020; Revised 5 March 2020; Accepted 6 March 2020

ABSTRACT

afo] @ M| 37](F 6.7 Ma)°ll Rt AE7]9 @& $HeF2] Z7H(biogenic opal crash)©| Sthitsfjof 4] 255 IODP Site U14477}
NGHP Site 179] o} E|H Zo| A SRI=| et F o} Ato] o] Qo gheft ZARH2 Q1 W3} Aol A Lrehd 2po] -2 A=Al o
A Aeke] et FA) Ao olslf AlitE ElHE L] 2fo] wfZolTh, QtopRtalol A ARt uto] 0 A 7] =7 oF ok
o] H7H-2 Iy AoF THE5-F(Indonesian Throughflow) ] RO 2 Q19 A e P o = e o] YL F5 HAe} BE0] =Y
SE0 ofstof| Rt Ak AR FEOl Ot I Fa A0 BEQl glof ot Ao 2 At

Biogenic opal crash at about 6.7 Ma was identified at both IODP Site U1447 and NGHP Site 17 in the Andaman Sea. The different
biogenic opal content and general variation pattern between two sites may be attributed to the different concentration of analytical
reagent and sedimentation rate estimated by the different chronological approaches. Nevertheless, this study suggests that the biogenic
opal crash in the Andaman Sea is closely related to the restriction of Indonesian Throughflow and to the decreasing strength of Indian
summer monsoon during the late Miocene, both of which resulted in the reduction of nutrient supply.

Keywords: Nutrient, Productivity, Indonesian Throughflow, IODP, Indian Ocean

.M E

[

ato] @ Al(Miocene)= A 719 He 2Hof] 9lo] E42 Q1 k7t L= A7) 2 &2 1A4|(Oligocene) ol A BHo] 2
Al 2717 TR 0.2 Q211 7] 915} QS Kol il nfo] @A F715 AXHA F AT A4 Wyzo] WAstSl
AR AMA fEsol Atassidagto]l ti=f 1~1.3% 571530 H o= &
= Be] gy ASaeo] Wyrto] BatA o 2 2R25l] mh R0 2 B E|QIT Woodruff ef al., 1989). Lyle et al.(1995)
& A EEE G S5 EASoIA uto] @A F-F7](2F 11~8 Ma)oll B4t o] A7 a4 dAks et 4
(carbonate crash)©]2tal ARFSHITE. of2|gt gHit RS e EETE ofye} thA gt 1 Fo] nfo] oA F-F7|(oF

By

12~10 Ma) E|&Zo| A= B 1=]]ckSigurdsson ef al., 1997; Libbers ef al., 2019). BFAHT Z710] Q010 7 A=4- 5=5]
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e BAF o] Wste] b 3484, 8-l 12101 81419 EbAQl Ryt Al Yk (Farrell er al., 1995; Lyle et
al., 1995; Roth et al., 2000). |- ALelA= 2|72 WBzto]| ot sfeh4] Fot o] Hist= Qlaf S2]of|A 7= F5to]
fFo R FuEhs Aai Bty o290 Bg Heprt uto] @ A F-57] 9] it Z4S Zelloh= Sa7t 8910 & Aoty
7% 31T Libbers ef al., 2019).

e o} Q1 QFol| A 4=38% A olk=ZHA| €l (Deep Sea Drilling Project: DSDP) ™} 5|94 5=AF(Ocean Drilling Program:
ODP)°llA] Z55 Axte] oJsff et 24t AR o] F mlo] @A &7 5 A7 A(EAtd T o) B8 =] A4 71
B V=]t Farrell et al., 1995; Dickens and Owen, 1996). 0fo] @4 7] 5 HHAHE A-EH4(biogenic bloom)-= 55|
FollA o] A4t edste] Fa st ebg WSkE Z|AJoHH, = AFol BF 0= JFE Taol Bt -8-5(upwelling)
2| oA E=ed51A] & Pt Dickens and Owen, 1994). Bialik ef al.(2020)-2 Aotfalolsl] 84 a0 4] 2153 ODP
722B Fo}= 0|83 9F 11~9.6 Ma Al7]of| AAE7]| Qo] @I slefo] Z7ickal H 15T} Libbers ef al.(2019)-S HlZ4t
of| A& t2F 11.2 Ma Al7]ofl BER/(2HTAR) o] A=At B A751e]e. o] 2Rt A=t Ad-2 B gt thA1 2] -85 5f
oM = T=E] K Cortese ef al., 2004; Diester-Haass ef al., 2004). 0}o] @A 5-7]of| AErAJo] HAEl= Q2107 1)
7|2t (o], QIR 2 Q15850 o9t 350 7 0] J U 7 F7K(Bialick et al., 2020; Litbbers et al., 2019), 2)
SNFHS T =ghol] ke sljof FFH o] AEl(Dickens and Owen, 1999) “50] AJA| =Tt

E5 A= offHof| IRt QFrhetsoll A 435 = A7k A4-2H=A (National Gas Hydrate Program: NGHP) 3<%t 1=
5 Site 179] Fo} EAZA mlo] @A £7]9] AEAdo] 81 F oF 6.7~5 Ma Al7]o] BE7|H A2l7KBs) S 4
(biogenic silica crash)= WIS TH Cawthern ef al., 2014). ]2 =71 2 H(biogenic opal) TS| Z7F-2 A HeF
1} QI oFo] ook gt e F ¢l v Ao} 5-F(Indonesian Throughflow: ITF) 2] Xpeta}t ZHA Ity AotE]glct. o
et =71 e obefo] 23t dAfo] upo] oA o] F a7t 3 Wt AP Yol e Etotal st TAt A & E3t
AEHA Ao vls]] WAl A7 AdA o g2 BRG] o] dt= Qbchatsflof| 4] €535t IODP (International Ocean
Discovery Program: IODP) Expedition 353 Site U1447°{A] 2415 27| o ol 25 Halol oJgt uto] oA &
7| @ ko] ZAhS SRlskal 7]&of| W NGHP Site 172] A3fe}o] zlolE =2Jst it

_

2, A9

Srerebolli= ol Ao, rtEel 4] 122 Qbehet Ao = Eu] AR ¥ o] BX5 /8 th(Fig. 1). tfihal=
AZol| Q1213 Qbehek-U FHpd o]l ofof] Wi zdRta} 22 H 0 = Hej= 1, Tew|2]A 5= (Preparis Channel), 105% F&
(Ten Degree Channel), “12] 1! o] 52 (Great Channel)E $oll4 W2 wWy} 5|47} w2kdct &0 Wt g2 59
darollet AlgHA o= AAF) Qhrutel® thde] gapot SAEAE] 78 552 vkt 2 Aol Y=gt o2t
(Irrawaddy), ‘&¥)(Salween) ~12]1! Al®(Sittang) =01 2ISIcHFig. 1).

erehatel= AP A]Q1 QI 2-0] Foke e s o=, T3allro] <egto] Aldol whet skl th(Potemra et al., 1991).
A5 7| tellhs Aot EAEe] 4 F= WAntolA ttutele 3ol S 20, vt 2 AL2e 7IKtel= 7
R EEE0] FFo = QhrfRtsfiolA O % BFolR7F S-S (Fig. 1). 59] o}54 eitiulell= 71 ZE=5E At

T3] 80% oo Bt S E A Ee S FEEH(Rao e al., 2005).
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Fig. 1. Map showing the sampling location of IODP Site U1447 (red star) and NGHP Site 17 (black circle) in the Andaman Sea
with the major rivers (Irrawaddy, Salween, Sittang) and the Indian monsoon characterized by seasonal wind and surface
current (red: summer, blue: winter).

3.2z % SH

3.1 230t AHCidd

IODP Exp. 353 &2t Qtthatal] &2 ol YA|gt Site U1447 (10°47.40° N, 92°59.99" E, 54 2F 1400 m)2] Hole
1447A, Hole 1447B, 18] Hole 1447CollA A|57} 4a8%]IthFig. 1). ©] ¢17LollA+= Hole 1447A004 5% Foto]
~150 mollA] 740 m7kx] &] 7ol A 40712 EJAE AlmE AFISIATE ot EJAlE2 4717 9] EAZIQ oo & F4Eo]
&, Bt o] SR oS AERISS AlQlstal SR Ao A rio] 94| $7]9] EJAE-2 F= HHIeHd o] HEL =T
EAEZ A E|o] QI Clemens et al., 2016). EIAE A2 eSS 1of vFIGA] EAETHE AF ste] 4= Sk
Fo} E|FE 9] AtfEA= AVdolM 59 ASA(EREH, F-5475%, AR 1227 AARE ol-8sto] A5
A, Fot Zahh o] Az}t 9.5 Ma = uto] 4] 5710 S =2tk Clemens e al., 2016).

3243713 el AYSAME

AHE FHES AET $, FEAZINE ol8ote] [AXE I ool EERE BURkE|Qint AETY o ke
Mortlock and Froelich(1989)2} Miiller and Schneider(1993)2] ®HH-& 7leFet 54-7121 =2} =ZH(wet-alkaline
sequential extraction method)& AFEAIA S =Lt 2F 10~15 mge] EAE EIARE PHEE FH E2 3 IN
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NaOH £8-2-30 mI% F715F5tt. 0] 50| 85°C -2 4% (shaking water bath)o]l 217, 2 AJ7F0]ZELE] 5 A|7F o] 57kA] uf
AIZF100 plE 52 ?F 1 0.1 N HCI1 2 mI7} 371 BholH(vial)oll Z71sk3iet Flolo] 12 IS 9fsf i =2 H o]
E(ammonium molybdate) A|2FS 2 mlI¥ 7} 2 F 152 Fof| oFHA S (metol sulfite), <4k oxalic acid), 4
(sulfuric acid), 1211 /75 5:4:4:4% E91510] REE 220 A A|oRS 3 ml A 7} AX1 & RESAIXIT Th30 = A
o] etz Tl= F| 4 6AI7F FHofl 28447 ](spectrophotometer: Model biocrom Libra $22)& ©]-85}4 812 nm TFof|A &
B S 7010 ABTA(Sive) e S5 SAE A4 Fdo] @A M= +1%0]H, S At ol if4a
9} Qo] H]Ql 2 45 Folo] =7 Y 2 TS At Mortlock and Froelich, 1989).

Biogenic opal (%) = Sii, (%) x 2.4 )

O S QB o] ZB offe} ohE AR 2ol Ot A aTe] 4L W - o] Thee], YHE

(Mass Accumulation Rate: MAR)2 ARt HAE2 AaE71Y F = =& E(Linear Sedimentation
3

fu fn o
Rate(cm/ka): LSR) 12|31 ZAZ &= (Dry Bulk Density (g/cm’): DBD)& #ollA4] o2 Zo]

_ biogenic opal (%)*DBD* LSR
100

MAR(g/cm?/ka) )

4. 724U £9)

IODP Site U14472] @2 912 1%014] 14% Afo]of| A §-E5HH B2 F 5% th(Fig. 2a). A'd 10 Ma 52| @&
Sleko bz o 2 7h4sh 4ok Holw, 8.7 MattE] oF 6.7 MaZ7kA] At 0 2 FZH H4-E H oIt 6.7 Maoll 4] 4.5
Ma7HA] A&24]] 45 Holti7F4.5 Ma o] Folli= S7to] TR =| 2|9t A o] AAJeh gk 413ttt I0DP Site U14479] &
= A4 E(0.14 g/em?/ka~0.95 g/em?/ka, Bt 0.39 g/em’/ka)2] HSh= oo g} ol ¢ -FAFSICHFig. 2b). IODP Site
U14473} 173 2 <of| 4] SE5 NGHP Site 17 ZoF] 22 T2 0.3%~7.9%(Bw4k: F 3%) Afololl4] #EstaL, 6.5
Ma°l| §43] 745H= EA-L Ho|A|Rh MHE © 2 [ODP Site U14472] 21} B wsPH F 24 vlj7}F Yek(Fig. 2¢). HHAC
NGHP Site 172] 2% 2 4E(0.02 g/em’/ka~2.06 g/cm’/ka, Bt 0.53 g/em’/ka) 9~8 Mao]| S| =2 3h2 Hol A
o] EXJZ o], nfo] @A 52t IODP Site U14470] H[oto 52 71S Holw Zato] eA|et Zefo| AEA|= @3 gt ut
272 2 o9 k8- 718 S 2]]tk(Fig. 2d). NGHP Site 179] % I HE-2 9-8 Ma EAZH 02 =2 2k Ho|x|Th, o=
g} o ok HAE BT oF 6.7 Maol 243 A4S Bt} 6.7 Ma 01 Q2 gkl 0 I 452 Z71glo] F&gto s
FHE] o] GARH S FARI:

I0DP Site U14472F NGHP Site 17-2 Q152 2ofl Y25l ohZolle Eotarl @8 et ZutaQl Ha} QoA ot
o] zto]5 Itk Fig. 2a-2d). T Zot] =71 Qu glgke] Afol= 3l
NGHP Site 172] A4 32 E-49-2 DeMaster(1981)2] 585 541-27late] 5.8 018514t Cawthern ef al., 2014).
F=of| o] A2 0.1N NaOH= IODP Site U1447°]14] ©|-8-E 1IN NaOH A|2fe]| H|5}o] 108 W2 Feo|ot. AfA
F2° o] FE7t 2 NaOHE AH8-0HA AYf4o] flegfo] Aty o 2 mpAgrte]=
2016). NGHP Site 172] Z9FA31 §13} o 2 9~8 Ma 2] =2 @& YA E-2 Fofte] AthE A74sk= el ool 71915
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Fig. 2. Long-term variation of (a) biogenic opal content and (b) biogenic opal MAR at IODP Site U1447 (this study), (c) biogenic
opal content and (d) biogenic opal MAR at NGHP Site 17 (Cawthern et al, 2014), (e) biogenic opal content and (f) biogenic
opal MAR at ODP Site 1143 (Wang et al, 2004), (g) fish tooth eNd variation at ODP Site 757 (Martin et a/, 2006), and (h) S/(I+C)
[smectite/(illite+chlorite)] ratios at IODP Site U1447 (Lee et al, 2020).

.0 2 W] I0DP Site U1447 2] A= AVdellA S78E BASA(Z0EH, 583 121 +2)et A7 AARE o]
g3lom, AEA Aot 12217 Ayt GX]H AHE B THClemens e al., 2016). ©]2{3t A ZFzo] ofste] nfo] .
Al 7104 Erto] @A FF] E[AE-2 6.5 emv/ka R H] 1w 2] AASHITE WO NGHP Site 179] 73-9- 1|3} 2t a7k
o-goto] BSA AHE A751%.0™ 3.8~2.6 Mao] 3} ufo] @A 27] 52t 12.9 emvka 2] =2 E|ZE< Hhol] &
glo] @A 7] 0]F 6 cm/ka 2] - E]Z8-2 H Ath Cawthern ef al., 2014). NGHP Site 179114 9~8 Ma 5<F 02 M A&
O] A7 Z712F NGHP Site 179] 1lo] @4 @3 7 2150] JODP Site U1447H T} 352 o]-f+= ot Al Aol o =
2]-go]| oJgt 2ol 2 4l Fet. 5A]9HODP Site U447 NGHP Site 177} 913 5H 942 9] -2 3H45}0] =07 AL
S, A=) AES E T AFSP] flol TR A=Y AEA o] BResh ol Botal SH| 2 AN F 2
ofe] ot} @& YHEL °F 6.7 MaollA AT 47t st T th(Fig. 2a-2d). trhgrsiel npriz] 2
Wang ef al.(2004)*=ODP Site 1143 (9°21.72" N, 113°17.11" E, 241 2722 m) F0}Z o] &3] G5afloll A ulo] 9.4 5
71(2F 7.8 Ma) 9] B4 718 W6t Fig. 2e, 21).

QFhaksle] sli= TR |70l fEE et 1= Bl SEE a2l FdE T Rao er al.,
2005). QtepeHAl U sHpAd o] QbrtRteliel |ARtelE wefob Al sli#] 2]y /4843 F alj Afolof Ag<=2] meto] Apdte] 7]
gk 38 SR(IHEA, 105 121 hER)E 5ol F oiHe] S5t B3 vl A ARG LT Dutta et dl.,
2007). eRtele] BE4-= AR 24 7o) viste] whah 9 7 ol=ked, A,
]| oJ5f] S HH=THRao e al., 2005). ATHIAOFFES-HITF) S 530 1=} e gk o 278 G st 259
At A, 85 2 AP (ol, T2 ) ol TRF A Thal HArE {{th(Kennett ef al., 1985).

il

o)
¥
L)
K
>
&
o
P
O
&
!
&



6 * The Seas Journal of the Korean Society of Oceanography Vol. 25, No. 1, 2020

ro,

TG e S Aol o] St ALt 2ol & QIS 23t Fao] W BEj Y 57t 1A o A E Alelofl EAfst

o
= 4mro 20 ~2 2 B3| A HAo HER(ITF) 2 'Fa=ole} Q%= 9F O 2 4~5=tHGordon ef al., 2012). L2 }, Q1%
St e g Aolofl siieE WA 7= o] RS2 A HEC ofsl A= 7] whizell, mto] @A F-57 oA 5o o]

il
ol

717FA] S W s sliA =]2ke] g7 9F Z7dol| ofef sli-o] weto] ¥SkE] Slt(Susanto ef al., 2010). HRIE=S} AE)
BolA a8 T2, 1A= T1e|al 2|stet Fo] vieket dtditol ofshA ufo] @A 7|0l mlo] @A &7|(eF
23.7~5.3 Ma) 5<%t QI HIA o E-R(ITF) 7T 4714 0 2 ZHAE]| Itk Kennett ef al., 1985; Nishimura and Suparka, 1997;
Martin and Scher, 2006). Martin and Scher(2006)= 91%=2F2] 90 ll%(Ninetyeast Ridge)°ll $1%|$F ODP Site 757 (17°0
1”8, 88°10" E, =4 ©F 1650 m)2] At E]&Eo]] BHEH ofF o 8(fish tooth)2] Nd &9 H4 & 24513t oF6

g

Ma A1710] £Nd Zo] ti2F-5 ol -6.5% 743t 2L AR 2.0 2 ThE sheSol Hlsh & & Nd b 71 BefmeF o5
o] o] 74w gl7] TR0 2 S|AICE, ol o] Al7]o] QLEUAlOHHER(TE) O] Afeko & akgo] Fat AlejHar
a7} QlEeko & o] Zlo] F4hEl 21w} Wt Welo] YIrkFig. 2g). ol@ A=t BHER(TR) ] 747} bt
Ba] QAL ] Ebat wh S o] Gl A0 Alokwgick

o2 o] ofof S7He =2 nlehte] o2t 7} 5-& Eofl Qttvtoll= thge] o] sa=H 1
Az TP o] Z7khtnl B 15t Gupta and Thomas, 2003). WA ~6.7 Ma2] 27| @ o glefo] Z71e

Qo S250] oFlet: TR =2 0 2 B oIt Lee ef al.(2020)< I0DP Site U1447 2] HEZF& 242 5l S/(1+C)
H|7}~6.7 Maoll AL o= w2 0] QI of F2<-0] Aot X = S7F e O & SAlstl om, AXF4] 7]

sl mget Tto] Qo K rslodrkFig. 2h). Wb, trhatslol A vlol o Al F719] AE7191 o fee] Z7ke <)
Sy} PER(ITE) ] 79} A2 71 2o} Pelel ol olg o) okl olgh- 84 74ef 23 714 s 2ot
291 280] ofsfo] 4ok Fo] Warlo] WG Ao AzkEr of2igt nfo] 04| 10 WAIG o SleF Z7to] 4

Sla Aok FY5H] SIS Qlmepe) of e Aol K e Apze] BAo] a7k

5.2 o

]9

o] ol A= Rtehetaliol A 2153 IODP Exp. 353 Site U1447] 27191 08 =gt 5218 Wk 5510 ufo] 04
F7o] ATt eu ofpo] FhS SIsial ool WA IE NGHP Site 17°] A¥}eto] 2jo)E =2fs}
1) NGHP Site 172} 341517 IODP Site U14479] 93 gt} 245.0 6.7 Ma®] @2 gefo] 2718 R ek,

2) IODP Site U14472FNGHP Site 17°] 8 91 3 S2152] Aol = ZA Aol AR A|oFo] ieob 541 Aol ofet

E|4E 2] 20| whzoltt.

3) Srepelioll M ~6.7 Ma TR A&7 @ oifo] E2 QriAlor PEFITF) 2] AP} Qlie o Fiseo] 144

HeHR1 alo] ofsl Y= E Ao = s H.

= | T ekl 118] 31 JAMSTEC RE AR Bl Eo] RE[ODP
Sz A 5% BEA|E 74 QA=) a2t siAof e 2|21} ©-8-8 A1 T Ho] AARIE|

bt
712 ARE ST o] G FANHSL 71 ATAAI2H) 08 S
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