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Abstract: The organic carbon flux to deep ocean, dominated by the bloom of giant “shade flora” diatoms via “fall dump” in
stratified ocean, could rival or even exceed that of “spring bloom” diatoms. The giant “shade flora” diatoms played a significant
role in the global climate transition and ocean carbon reservoir change in the Quaternary, which could be exploited by the paleo-
productivity, one of most important factors in the ocean carbon cycle systems. We tried to estimate the paleoproductivity of
laminated Ethmodiscus rex diatom mats (LDM) from tropical West Pacific during the Last Glacial Maximum (LLGM) , based on
the data of opal, total organic carbon and biogenic barium from Core WPD-03 located in the eastern Philippine Sea. Primary
productivity, organic carbon rain rates, burial productivity during the LDM deposition were estimated to average 248, 42 g «
mZeal!,6l.93gm?a'and5. 27g+m ? «a !, respectively, of which the primary productivity is comparable to those
of some modern continent-margin upwelling zones, correcting low primary productivity with a largely stratified ocean and sup-
porting substantial contribution of giant “shade flora” diatoms to the production and export of organic carbon in the world
ocean. However, the unreasonable estimations for the export productivity by the empirical formulas in base of photic zone sug-

gest that a caution must be taken to assess the “deep” productivity represented by giant “shade flora” diatoms, which should be
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distinguishable from classic “surface” productivity characterized by common diatoms. The high levels of productivity of LDM

were consistent with the blooming conditions of dust silicon inputs and reducing depositional environments.

Key words: paleoproductivity; subsurface water; diatom mats; tropical West Pacific; last glacial maximum; marine geology.
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Fig. 1 Map showing the seafloor topography and core
WPD-03 location of the Parece Vela basin of the

eastern Philippine Sea
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Fig. 2 Scanning electron microscope photos showing the “shade flora” diatoms Ethmodiscus rex (a) and radiolarians (b) in

laminated diatom mats of Core WPD-03

F — D o el 3 i 2302 HL e 2 PR 0 1 5 A HIL T 4%
A T F H B AL A L) 2 I 12 2 R fh B
B E. rex WA AL 22) o S M /D A b 8 ik e A
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R CIE 3a 46 15 Bl A Al 78 ) AMISH C AR #4181 B 114 5
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Fig. 3 AMS"C dates of bulk organic matter (a) and linear

sedimentation rates (b) in laminated diatom mats of

core WPD-03
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Table 1 Average contents of opal, TOC, Ba and Ti between adjacent date controlling points in laminated diatom mats of core

WPD-03

A7 (em) JKIE* (m) opal (%) TOC(Y) Si/CUEER L) Ba( %) Ti( %)
42.5~72.5 5250. 6 60. 4 0. 230 46. 86 0. 038 0. 105
72.5~102.5 5250. 9 60. 1 0. 247 43. 41 0. 043 0.091
102. 5~137.5 5251.2 62.1 0. 247 44. 84 0. 041 0. 090
137.5~172. 5 5251.6 61.5 0. 244 45. 08 0. 047 0. 109
172.5~286. 0 5252.3 52.1 0.222 41. 83 0.071 0. 159
SEHE 5251.3 59.2 0. 238 44. 40 0. 048 0.111
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A= (P EA N
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N A HLER AR R A

RR - = 25 X RRiopa » D
1] RRM&BHE bio-Ba ﬁiﬁ*ﬂiE%(MARmm ) fﬁ]‘/@
LI AR (Dymond et al. , 1992) .

RRo 5. = MAR\, 1./ (0. 209 X 1gMAR —0. 213) =
Wiior X MAR /(0. 209 X IgMAR —0.213) . (10

bio-Ba E/‘J/E‘i\i(wbwm)ﬂﬁﬁFﬁﬁ“ﬁ :

Wione = Wi — Wiy X (Ba/TDpass » 1D
/ﬁ\:q:'aWna\WTiﬂ‘? LDM '4:‘ Ba 1 Ti H’:J/_m’\%a (Ba/
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(2.1 XWau + 2.7 X (1 — Wy ] X AH/AD/
{0.209 X1g{[2. 1 X Wy + 2.7 X (1 — Wy ] X

AH/AD} —0.213} . 12)
2.4 WHEFS

Sarnthein ez al. (1988) R 4fg T F- 45 KA DT
ARASFE S AT RE 5 DA BOK ARGk S T A
MUK 2 500 AR 7 g 2 5K, B ik, LDM |1
A B FR 2 AT — 2P S A2 7 00 (Pe)

Pr = [(RR:/20. 563 1) x 705537 ]1/0.6618

(13)

Hirr, Z SRR, B4 Francois et al. (1995) 5 FT

TR AR A5 A it b AR DR B A S i i o A 7 1 8 5K
.

Py = 1.95 X RR o " *'. (14)
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3.1 EBEEFENSMREFTS

&l 3b #15& 2 FE7n T WPD-03 £L LDM Ryt f2
B R ZH A (350. 0 em/ka) 4, LDM PLAR %
—fk 10X 7 em/ka. iIX 5 Kemp et al. (2006) B 4%
F4y I TR T 3 A T 5 2% (0. 6~80. 0 em/ka) 115 il —
B AH BT T R R PR AR g TR had R
fEBEUR: COUAR YD) A DU R (— B o em/ka)
(Ragueneau et al. , 2000) , W] B 5 THFIT X L v
Kt 1. 38 mm/ka BITTRUE SR (Xu et al. . 2008).

TR 77 1 SR 7 T AR S R L3k 2.
AP AT 0.79~20. 12 g e m 2 « a ',
HK5.27gem P ea MR E(20.12g e m .
a A, 5 Kemp et al. (2006) 25 () F B ik 3
TOC FREMEHEZK(0.14~9.2g+m 2 «a ')—
5. opal JE & HEFH G R AE 191, 64 ~5 055, 84 g «

mZea ',E¥H1322.28gem 2 ca LB ET
Kemp ez al. (2006) 545 E RURE#E opal Jit & HE R
AR (1, 87~232.08 g+ m * « a . A%
FE A AT R 11, 1354, 1 LDM At TOC -
H0.24% XKW E. rex [ BEME "B A
BT A LU B 1 » P35 R 97. 86 V6. Al iR #I 2 4:
FEJIAE 36. 00 ~949. 87 g e m % « a ', FHh
248.42 g+ m * e a LR B RGINKRSE &
PRI AT T3 X, Qb R BG AR 4 A= 7™ 71 F
¥#158 350 g » m™? » a~ ' (Miiller and Suess, 1979),
JNRIHEJE T 75 2l 100 g » m™* « a ' (Brumsack,
1989) . 44K FEE R BEA N 300 g « m™* + a™! (Cal-
vert and Price, 1983). LDM B#) &% 4= 7= 11 5 B AL,
KRG % FIRE X PR A ™ ) —3 RUIDE
RVRERARD” R E B RRIE R BUZ A0 R G0 R DL/ NS 58
REBORRIERY Il RGAER ML By Sl b
L NALIE TR L RGN E SR Y AR AR 2
FECEP T BT, Wik 1 E R B A i
A A TR JUH R B8 KVE o Bl A 7 1Y)
E R Tk,
3.2 ABmmESHHESN

TR B A HLEK R FE 4 T 26. 12~160. 11 g -
mZea ', FHKH61.93g - m2ea 1(FE3),HE
FEAG SR AR 7 ) AR G AR 7™ 00 2Z 18] R AN 53
M4 B, 25T Sarnthein ez al. (1988) F1 Fran&ois
et al. (1995) #& B Ak 31 /9 % b A= 7= 01 - 3
8094.55gem 2 «a '8 2l gem? - a'(F
3) BT I R TN J7, 1 J5 3 /N T A DLk N
R WARAR TR A 7 T A5 RARA G B

T TG AR A S AN B B — 25 )
#r. Sarnthein ez al. (1988) ¥y 4 A= 7= J7 46 AU (1 7 7.
SRR T EOCR MR A 7 T o AR S 55 1] R RV
i AR ) FEARSR A TERE R SR IR TR

&2 WPD-03 FLEEEFE MM RER BEAE N SMREH

Table 2 Linear sedimentation rates, burial productivity and primary productivity in laminated diatom mats of core WPD-03

J=IA UK WMPAEFER) TOC B HEFER TG 7 ) opal JiT i HEFH VIR T
(em) (em/ka) % (gem Z2eal) (gem?Zeal) (gem?Zeal) (gem 2Zeal)
42.5~72.5 50.0 11. 36 1168. 68 2. 69 706. 34 132.70
72.5~102.5 13.6 11. 29 318.18 0.79 191. 64 36. 00
102.5~137.5 350. 0 11. 66 8 146. 75 20. 12 5055. 84 949. 87
137.5~172.5 13.5 11. 56 314. 67 0.76 193. 01 36. 26
172. 5~286.0 37.3 9. 80 890. 41 1.98 464. 57 87.28
S 92.9 11.13 2167.74 5.27 1322.28 248. 42
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Table 3 Organic carbon rain rates and export productivity in laminated diatom mats of core WPD-03

. . bio-Ba it i AE il A )

()E'zczr{r;JS b(l(%lf))a f&fﬂﬁ)\ﬁ (gﬁfﬂmlf%r.ﬁi] ) (Sarnt?zje'iﬂi ez}z':l.jj, 1988) (Fran?;]is et 57:3 1995)

(gem2eal) (gem2eal) (gem2eal)

42.5~72.5 0. 026 0. 30 34.59 2743.55 3.08
72.5~102.5 0. 033 0.11 26.12 1798. 16 2.07
102. 5~137.5 0. 031 2.53 160. 11 27 498. 38 26. 74
137.5~172.5 0. 035 0.11 27.56 1948. 90 2.24
172.5~286.0 0. 054 0. 48 61.27 6483. 77 6. 90
M 0. 036 0.71 61.93 8094. 55 8.21

RIZ E. rex (L, PUMTRE B i A2 AR
WD AR B BB A SRS
BRIAEFRYE. Frangois et al. (1995) %y H A= 7= 145
RV T R B 7K T Ba Vi BE AN 52 bio-Ba 1Y JE
Ji» H. bio-Ba BB K 5K R TC K. RZHE T RZK
PR = ). TR h BB A IR R IZ T E.
rex AL FEZ T UCGRIE B J1, I 5 AL
S BAEAHE Y bio-Ba(Paytan and Griffith, 2007) A
T RIZAE 1 A F B 2R TREZ 4™
77 WA QD) BB SE AT A R
A B 5340, Dymond et al. (1992) % f& K I K K 1A
Ba ¥ B Xt bio-Ba 52 &7 i A= 7= 180k

P (RRyop. X 0.171 X Cgp?? X
ZO. 476—0. 004 78><(“Ba /2 056)1/0. 665 , (15)
Hopr, Co Mgk h Ba R EE , — M2y 1 700 m 4k
(9 Ba We . FAiTBe= LDM JURUY, LGM B 4 34
TG KA Ba W BE L R IE AN B (R 28 (15) £ 55
(A% L0 2B 7 T 2 R A B

g5 ik, A1 56 T LDM YR 45 Fh A= 7= )
flE R 2R T XX RER A 7 T F R =
AR T B L B (Kemp et al. s 20005 De
Deckker and Gingele, 2002). E. rex 25 E B “# B
T ke K ARR B 2 — 2 RS TR R 2 L R
M I T B SR W) (AN R #h (Villareal et al.
1993, 1999b)) miFR 2 5 IR MM 114 R ™ A 7=
1. XA P N E R IR SR IR AR
FAE TR 1Y T EFWEAR ) A A RRE CAnFh 28 SRR
AN B AN [F] T 76T h R A W A L R R
FIREE, PRI 2 7 6 2 S 1 AR 7= 7 1P Al
T I R A% A T
3.3 $#EETE. rex WEHEFH LK LDM iR
MR

REAS T 45 (20102) WA HE W I 97 X RE i 5 AR W]
AEHT U ke E. rea P DC JUARII 5 24X i

I
:‘;O N
i3

Suboxic

Bottom waters

= i
Pr=327 Sulfidic anoxic  “H.§

e
P

LDM

= )
= Ethmodiscus rex 4. Other diatoms

14 ARSI 7 AR 5 R Evh-

modiscus rex WK FAT AR RITR R B i 422

Fig. 4 Mode linking high levels of productivity of laminated
diatom mats to blooming conditions of “shade flora”
diatoms Ethmodiscus rex and depositional redox en-

vironments
ElH Pp RRocH1 Py 43 BRI R AE 7= T A ALK T 28 R A 7
J1 B g« m 2« a”l. OM, opal {2 P AL IR 26 A
Thermohaline stratification & i £h 1% )2 1k ; Bottom waters 5 Ji§ J2
7K s Suboxic 4B AL 5544 s Sulfidic anoxic Ak B4 S

AT ARIRE , 72 XL R BRI T S 76 2 Ak A
SRR L (& 4). WPD-03 L 48 4L 18 J5 f sk ot
Fio kR LDM JUBEFL B K Sk B 1k il S0 0 555
JEIZ KA AR A 551 IFIA R 2 38 1 TOC i i
AR R Z KA 22T LDM TR ]38 )5
21 % J& (Xiong et al. » 2012). X B, {16 E.
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DU SR R K | A B 45 (& 4).

LDM YL A A , I 7K 52 B0 £ 2 1k R 2. DC
DU A A B A0 Tk Ak 22— g I B Ak 243 e
AITE R A P ek A Pk, [T 3 6 ] i e R
VSR TR A Yy R ad BRI R R 2, IER E.
rex (] BEW A B J1 B 38) 7843 R Al i 6k A ]
VS ERAE BUZ AL 0 TR A 85 rh “BR RS ” CIRT 4D Al
TR A = T 1k 248.42 g e m ? « a !,
T 3L T T UG 1) A WL B R SR F AR LG, SF- 35
5.27g+m * «a '\ XRWAPLELERK K—GFR
Tl AL B K K [ . T A LR 0 R i [ A T
FEHE T IR 2K PR O, HIRELUZ Ak 514 LS
Vst O NRIZ MRS 8 T LDM U B
FE B A TUREREE DL KR 2 7K B B A 45 1.

4 H5ig

2R T A 22 7 1 BV 4 77 45 WPD-03 AL
H LDM A U5 4100 B » 45 A i ST 9 45 AR
FEIFRA R A, G HAGE T LDM U EUH (4 3
Fe A T 7 AN TR T A BB R R AT T
A FE AN G TR R L A BT 3 AR

(1 LDM Ui Al TR0 9028 77 07 A DL RS
R A = 1 PR 248. 42 g e m ™ a !,
61.93gem 2ea 'Hf5.27g+m % ~a !, HW
A= S5 IR A 7 T ) TR IXCAT e SRR A
T BB AR R R i PR AL A e A R
HEE.

(2) iz A TR EOLE A7 1 B 1 i
FEAUAG T LDM UTARHA (9 4 s A8 7 g e AR A5 )
NG PR LSS, 2 B 7E B R B B A ek i A 72
Aty FR RS AN, N7 X 43 AR R 10 “ TR A 7 T R
75 A T ek AR R R A P

(HLDM VI E. rex #) & IS A=A
BT [ T 3 i+ — B3 i MR 396G A o
S FL SR T 3k 97. 86 6. W 15 1A HILJTR [
gt FE A R Ay 2 7 5 LDM GRS (B Ak Bk 48
UURERET 8L A IS 2 K A AR X .
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