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Abstract: In order to understand the formation process of marine laminar sediments from multiple perspectives, this paper
studied the changes of polycystine radiolarian assemblages and their environmental significance by using the XT47 core samples
with laminar diatom mats collected in the western Philippine Sea. Results show that there were abundant radiolarians,
generally higher than 2X 10" inds. g'in the upper 260 cm depth; five times of alternating deposition of maximum radiolarian
abundances and red clay occurred at the middle 260—460 cm depth; radiolarians in the bottom 460—630 cm depth were rare.
According to the early occurrence of radiolarian species, the sediment age of =470 cm depth was older than 0.34 Ma,
suggesting the diatom sediments in the western Philippine Sea were formed since the Middle Pleistocene. The relative
abundances of Tetrapyle group and Didymocyrtis tetrathalamus tetrathalamus, which are controlled by warm currents,
significantly decreased during the last glacial maximum (LGM) period, indicating that the influence of North Equatorial warm
current on the studied areas weakened during the LGM period. Interestingly, the variation of radiolarian abundance shows a
different pattern, compared to the change of biogenic silica content, suggesting that the four peaks of biogenic silica content
may be caused by the rapid increase of diatom, that is to say, the bloom of Ethmodiscus rex in the western Philippine Sea had
a strong-weak fluctuation during the LGM period. Furthermore, four strong blooms of Ethmodiscus rex were found to be good
correspondence to the low relative abundances of collodarians, and the high relative abundances of mediate-deep cold species.
The former indicates that the stratification of upper water became weakened, and the latter reflects the increase of nutrients in
mediate-deep water. Therefore, we believe that four strong blooms of Ethmodiscus rex during the LGM period may be caused
by the weak stratification in the upper water and the upwelling of lower water with the abundant nutrients. Our results may
provide a possible explanation for the long-term occurrence of the large diatom bloom and the formation of diatom mats with
thickness up to three meters on the seafloor in the Phillippine Sea.
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Table 1 Sampling depth, radiolarian abundances and relative abundances of three orders (Spumellaria, Nassellaria and Collodar-

1a) in the core XT47 analyzed in this study

‘ \ M B (%) o o M (%)
HOLE R hEAE —— \ BOLE MR —— —
Wk %M ekl Wtk ok ikl

(em)  JECA/3) (em) (4/32)
(%) (%) (%) (%) (%) (%)
1 80 634 50.95 42.65 6.40 439 78 254 52.64 45.03 2.33
3 66 265 44.15 53.22 2.63 443 59 538 55.62 42.71 1.67
5 122 489 40.80 55.19 4.01 445 33169 48.78 48.98 2.24
9 19 580 40.16 55.17 4.68 447 18 501 48.63 48.43 2.94
13 44 324 33.23 62.80 3.96 449 51295 56.45 40.82 2.73
17 77 000 32.45 65.20 2.35 451 22 997 53.44 43.51 3.05
21 86 129 34.27 61.66 4.07 453 27 524 34.16 61.11 4.73
25 102 132 38.12 58.20 3.68 455 21117 36.55 60.23 3.22
29 144 468 31.27 64.43 4.30 457 1881 38.51 57.14 4.35
33 31274 39.26 55.06 5.68 459 2101 24.14 67.82 8.05
37 33478 35.28 61.69 3.03 461 2492 36.49 54.95 8.56
41 55070 34.10 58.86 7.05 463 2419 35.23 58.03 6.74
45 32 230 37.50 58.48 4.02 465 1770 35.88 58.02 6.11
49 112 791 37.98 55.89 6.14 467 2 330 31.35 67.03 1.62
53 91427 32.32 60.14 7.54 469 1006 38.46 60.26 1.28
57 51170 33.04 62.83 4.13 471 2134 40.70 54.07 5.23
61 39487 62.50 30.84 6.66 473 3302 42.25 55.99 1.76
69 27 954 49.01 46.22 4.77 475 1194 38.46 61.54 0.00
73 32 628 52.80 44.07 3.13 477 297 48.00 44.00 8.00
77 51796 67.21 29.53 3.26 479 505 37.84 59.46 2.70
81 51493 64.50 30.63 4.87 481 157 35.71 57.14 7.14
85 33 380 58.94 38.69 2.37 483 567 23.91 71.74 4.35
89 44 163 63.88 34.36 1.76 485 173 23.08 76.92 0.00
93 28 211 62.35 34.15 3.50 487 801 47.62 52.38 0.00
97 40 760 57.27 40.91 1.82 489 846 56.92 41.54 1.54
101 69 304 69.10 28.92 1.98 491 220 35.29 64.71 0.00
105 86 413 59.75 36.48 3.77 493 35 33.33 66.67 0.00
109 28 000 55.59 40.10 4.31 497 253 60.00 40.00 0.00
113 36 970 54.83 42.44 2.73 499 89 57.14 42.86 0.00
117 70 790 58.45 36.89 4.66 501 18 50.00 50.00 0.00
121 70 204 60.27 33.72 6.01 503 238 42.11 52.63 5.26
125 73 846 61.71 35.12 3.17 505 12 100.00 0.00 0.00
129 77 951 52.56 39.64 7.80 507 27 50.00 50.00 0.00
133 78 869 58.24 35.48 6.27 509 299 45.83 54.17 0.00
137 74 074 51.58 45.26 3.16 511 145 66.67 33.33 0.00
141 37761 45.25 46.80 7.94 513 13 100.00 0.00 0.00
145 52 364 57.41 36.34 6.25 515 473 47.50 50.00 2.50
149 45960 46.62 46.87 6.52 517 51 50.00 50.00 0.00
153 65 529 57.64 37.73 4.63 519 12 100.00 0.00 0.00
157 70 833 51.76 42.12 6.12 521 0 0.00 0.00 0.00
161 69 008 59.29 33.41 7.30 523 77 66.67 33.33 0.00
163 58 542 57.35 38.98 3.67 525 12 100.00 0.00 0.00
165 67 839 54.21 42.98 2.81 527 11 100.00 0.00 0.00
167 59 197 58.81 38.33 2.86 529 13 100.00 0.00 0.00
169 38621 49.60 48.41 1.98 531 23 0.00 100.00 0.00
171 62 446 51.84 45.62 2.53 533 85 57.14 42.86 0.00
173 54 093 59.10 38.76 2.14 535 24 0.00 100.00 0.00

177 51941 57.14 39.78 3.08 537 0 0.00 0.00 0.00
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179 119 041 60.37 37.27 2.36 539 0 0.00 0.00 0.00
185 86 162 48.18 49.46 2.36 541 0 0.00 0.00 0.00
187 116 117 60.65 37.04 2.31 543 0.00 0.00 0.00
191 47 450 51.07 46.08 2.85 545 34 33.33 66.67 0.00
195 81 380 54.44 41.59 3.97 547 26 100.00 0.00 0.00
203 145 814 52.87 43.06 4.07 549 231 66.67 33.33 0.00
211 93 857 50.91 44.29 4.79 551 38 0.00 100.00 0.00
219 80 203 50.10 43.89 6.00 553 0.00 0.00 0.00
227 101 007 48.65 44.04 7.31 555 0.00 0.00 0.00
235 102 464 51.42 45.26 3.32 557 23 100.00 0.00 0.00
243 78 310 57.25 38.17 4.58 559 37 66.67 33.33 0.00
251 87 423 52.83 44.58 2.59 561 25 50.00 50.00 0.00
259 136 774 57.78 40.09 2.12 563 36 33.33 33.33 33.33
265 141 608 53.56 41.33 5.11 565 62 40.00 60.00 0.00
273 83 643 55.76 38.83 5.42 567 0.00 0.00 0.00
279 15838 41.16 54.26 4.57 569 0.00 0.00 0.00
283 7 182 44.85 53.53 1.63 571 0.00 0.00 0.00
287 4 952 45.72 52.08 2.20 573 0 0.00 0.00 0.00
291 2214 44.77 51.74 3.49 575 11 0.00 100.00 0.00
295 4148 48.21 46.73 5.06 577 0.00 0.00 0.00
299 7133 49.76 49.51 0.73 579 0.00 0.00 0.00
303 6 782 44.29 53.15 2.56 581 0.00 0.00 0.00
307 5539 33.97 62.95 3.09 583 0 0.00 0.00 0.00
311 31118 47.15 48.97 3.87 585 25 0.00 100.00 0.00
323 57 605 50.98 44 .42 4.60 587 0 0.00 0.00 0.00
327 113 304 49.93 45.67 4.40 589 0 0.00 0.00 0.00
335 29 490 45.33 49.60 5.07 591 11 0.00 100.00 0.00
339 22 028 54.60 42.05 3.35 593 0 0.00 0.00 0.00
343 2 746 34.40 63.30 2.29 595 0 0.00 0.00 0.00
351 11 266 48.13 50.47 1.40 597 0 0.00 0.00 0.00
355 55 870 55.06 41.83 3.11 599 0 0.00 0.00 0.00
359 76 111 55.08 38.98 5.93 601 0 0.00 0.00 0.00
371 150 934 52.49 43.70 3.81 603 0 0.00 0.00 0.00
375 130 891 56.53 42.16 1.31 605 0 0.00 0.00 0.00
379 25908 53.76 44.33 1.91 607 0 0.00 0.00 0.00
387 5535 58.28 38.69 3.03 609 0 0.00 0.00 0.00
391 17 064 50.36 47.22 2.42 611 0 0.00 0.00 0.00
395 78 242 58.43 40.64 0.94 613 0 0.00 0.00 0.00
401 114 955 46.44 49.47 4.09 615 0 0.00 0.00 0.00
403 67 473 54.72 42.51 2.77 617 0 0.00 0.00 0.00
407 24 497 37.15 60.53 2.32 619 0 0.00 0.00 0.00
411 23 144 58.78 40.05 1.17 621 0 0.00 0.00 0.00
415 7 300 56.59 41.48 1.93 623 12 100.00 0.00 0.00
419 8728 57.77 40.87 1.36 625 0 0.00 0.00 0.00
423 17 693 58.88 38.69 2.43 627 0 0.00 0.00 0.00
427 19 104 62.86 34.29 2.86 629 13 100.00 0.00 0.00
431 35831 56.72 40.55 2.73 631 0 0.00 0.00 0.00
435 59 447 49.77 48.19 2.04
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Fig.2 Variations of abundance of polycystine radiolarians, biogenic silica content, abundance and relative abundance of Collodari-

ans, relative abundances of Spumellarians and Nassellarians with depth of core XT47
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Table 2 Biological event ages of the first appearance datum of radiolarian biostratigraphic species in the core XT47
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Fig.3 Accumulative area chart of the relative abundances of three orders of polycystine radiolarians in the core XT47
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43 50 X R LT ORG A R U8 ) 58 B i R T AR,
U ST B AR B OB E T AX 10 A/ R B
460~630 cm £L K £ UT R 2 o S R > (R 1A
K 2), il Tz Bt AR W b s A AR
Bz gt E e T e R S A
B R R, X b B B i B S R A B R

L Sfe 9 B R o 5 4 A A AT I
3 i

30 SEHEMHANFEETURERERN
VT T 2R ) b Rk SR A, M EL AR A R 5T
1A, B8 5y i 5 A (Zhang et al., 2015) , FF A7E 76 JE 4
i K A R I, 2 (A5 Vg K e ek R vk i
1o, A R T H A A A T A Ao AR v AR 4 AR
F7 5 SR A g K T 32 6 0 IR A I R R & 1Y )
I A ] T O R R B B XT47 £ | B 260
o JE 1) i 98 A v 28 07 8 A 44 XA AR L A LR B Ry
AR M O g R R T B L R NS AR
Tl 98 50 A X 45 /D 7 5 O 98 2 R 1 A AR P
B FEAR S B RS AL A E A
T H A7 VG AT B 38 R UTRLX [ A (R
1), NI 1] L& 3, S 0 0 1) ik 5 TIOR3 A1 IX.
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5 X 4 000 m ik R = Wk 7 1 AR A A X
A — %, B H T T LGM 5 5 3% X 8 ik
1% & 4 A B i B0 AR L AR A S T 3 1 RE
7 T W R 0 A, Ul I 2 DX IS )2 K b e R R
B, DT A B T R BT AR e A (A ik s R AR
S5 WY K I TR SR AR A I A R Y RE R R
T 9 T ST RV 4 AL R, AE AT T IX T T K
TR VOB bR S Ho A RE R SRR R
(Zhang et al., 2015) , 1 H 28 3 760 ¥ v BLR 31
T4 E R IR AR 2, R W] XT47 1L A= ) ik
e 32 R BT A L R, 2 NS
U R AR A R SR AR R R AR O i A
JE Ok 43 B 8 U 5 19 B AR &l 2 TR L 260 em
JE R DU AR v B AR R A (R R — AR
Fedas , 2 2 30 4 Tk B B vk v o AR ik B A2 Ak
JHCHT B A = R AR R R RO B 2% B A R —
BER R VR AR Ak, 5 28 Y mk A8 b 5 B B K [
A By BEYE B AR B L e, 2 A I AR R
AR ey e U R R TR R 9 A AR T R YL B B
260 cm JFE fk 3 JEE O AR b AR ) R B R A 4 TR e e Y
XoF IV G A% 0 R 2 1) s B U, e B R R e e (A O
B & B By BebE s 85 AR kL i H & AR T 4
W #h K 5 ) BT L1 (230~260 cm) L2 (160~
190 cm) \L3(80~100 cm) F1 L4(0~20 cm )4 .

PRIE KA ik 3 (1) 58 SR 3 e 5 0 )2 kRS DU AR
149 5% PR WIL ) B JHG 7 AH DG e ek A0 A8 5 R o i £ € 3R
WO (ZERRNIAE, 2015) , IR R I 1 K R B 9 11 2%
SR R B LD T A HE AR B0 IS Y X FP R VR SR
DURR A, 23 1 Bl 2 RS 19 A B Bk A AR ) ek
T R Ak 4 BR A AR Ak v 47 Y o T A
(R T MIZEERNI, 2017) . BF 58 K B BEA LGM,, JE 9
IR X6F PG ST 3 1) i A 3 5 (Xiong ez al., 20155 Xu
et al.,2015). RERE 7 A28k NI (2017) 7 R 48 43 # i&
457 E AR TR R R A R
i AT PG R V-V ek R 0 A A U i
RS ORI R ek g R 2 2 K Hh S U AL
2V R R TR, Bl IR K R, R 2 Ak 1 K R B
Boh Bt gh & R LRk S 7 O TR B I
& B RE 3 A8 4, 4 b K B ) RO b % K R B ok
By R R AN ] G- 4 04 7 BT 75 5 SR AR A 2 DA AR RO 1Y
W7 X T47 L 260 cm JE 9 fif 356 15 DUAR T 2 7R 19 LGM
J01 4% 0 A ) R ) A U iR B M R A A TR R K Bl 1 7

AR SCHE T R AE VY SE A R R R T R Y )

R EA B BerE s 55 B sh 4, M H XT47 fL i
BT AR T 0 35 00 9 ) I A S R AR R AR
Xof = B AR 4 AR AR AR B (B 2) . 5k AN 45 (2020 ) % i
T H Y 5328 e AR A BRB E SUAT PR AN IR - B A
Hu o 22 40 i S i S o b M — B R R SR AR TR SR RE
L BRI ) e e, 2 v AR 5 R R A AR R R
53 N7 FH R TBCSR M R A R Y | )2 BB (Nigrini and San-
filippo, 2001). 78 3¢ XT47 FL F F # 22 IS Bt i ¥ 41
K DT RZE THER (9 2 A 4F 0% 50 R L2 A Buccinos-
phaera invaginata Haeckel F1 Collosphaera tuberosa
Haeckel gt /& J& T B AR BB Ak dU H 1Y Jg Fh B A
Bz Ak, HAEWE 7E 5O JZ K 1K (Zhang et
al., 2018). Hi ANAFFE R W, e i d AL 7 75 J2 ALK AR
B & = F F (Anderson, 1983; Caron et al., 1995;
Dennett ez al., 2002). 2 & 76 0 58 /4 15 & 2 K AR
JEE AR L H Y A3 2R 4 AT I e A 2 0T 1) 5 R R A
e 4 T 9 2 T2 K A R S M R R T R
(Zhang et al.,2020) , # — L AESE 178 ARER B i
P U E B AR B e T AR R R KR Z L
SR E IR A AR AR ez W B AE 1R KA 2 Ak
55 R R TR R Y KA T R AR H R R R X IR
PRI, XT47 4L 260 cm J5 £k 8 DOARZ B4R AR
T I X R A A ) R e e U R O R B K
5 B 0T, 3R U LGM 3 i 3 2h & %0 IX B2
KA )2 A K A i 4 RS TR KA R A
(IS /RIS @ NN (i S - N U 7
S, 3 WY R R o 04 2l A W i e 22 S AR AR A R T
445 2 i R L R AN A LGM I
9, U KA A A T AR S R I B 5 e A AR SR
HH 8 B — B DR A X 8 E (Xiong ez al., 2015) ,
KA BA B Btk py 5 55 8 Ak I8 4, i SR AE A 4R
PG JE 5 LGM B U X2 19 5 B A — 1 R
FiAH X AR E 19 TE , LGM £ 07 32 2 A WY 4 3K 5 %
W, EEERYA TS HIRA AT REEH T LR
KRB E A5G ok A R )2 E IR KA T
VO AR AR T2 XTA7 L LGM ik 3 DU Z 1, 25
TR R IT — Bk e 5 Im T 20 Y 22 i ol
DOBRE 2, AN 2 i 7, 38 1 210K = v i e =F B2
A= kB i ARG, A U8 T HURD A ) R i
Fo L 0 I 0 0 M AR R R B 4 A e U
G1.G2.G3 1 G4, 7T Be 1% i ) A Hoxf A Yk 4 5T
ik ot 325 L PRk = A AR R B R E AR R W E X
Byt B 4R AAHE SR, 28 3% B BE 3K 4 WiE M T AR B
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Fig.4 Variations of relative abundances of typical cold species dwelling in mediate-deep water with core depth

JZ AT RE 55 UK I — [ A0 A A0 e [l R A % fEL i
ARERRAE . H BT, FURE MR M B A R
B A W7 i Bt 260~460 cm UL B2 B 8T 4
0.4 Ma, Bl B 37 1t 2 )5 i B fk s R DU RRJZ b
i e T L AR 2, DRI 2 A TN A VS A 0 o A O
WA B e A R KA AE LGM B 7 PR &
LGM ]t %% 25 T JL YR 33 0 5 1) 8
32 XT7T LA B EM MR ME T U R H K
B X

AT S i 2R 2 o AT E TS R W, 22 4 UL
SF HUA7 86w B B A 4R 2 1 A4 3 R E (Hatakeda,
2009; 5k 2= 22 45, 2013) . M 2 48 U S ) I
o110 3 b 1 %) = R 0 R L B T LA A
A5 DXIAN [i] B 1) RUEE 1 ) K (R P it A2 1k . Matsu-
zaki et al.(2020a) X JEH MG AL R 49—~ 3 000 m I
4 0F Ui 18 22 o3 JE A AR S E AT T RS, IO Cy-
cladophora davisiana M Lithelius nautiloides 15 1% &6

B F2 R R 7E 2 000~3 000 m K ¥ &k . Cornutella
profunda " 7% 7E 1 000~2 000 m /K IRAL , Larcopyle
cf. buetschlii W) £ 4= 3% £ 200~500 m K AL . 3X
L Az 3 A v 2 RN 2 KR i T ST A P R
T XTA7 L A X 3 B B LB A% b Gn 4 B7
N BT AR X T R v e Al T N o R T Y 4
W & L1 L2 L3 A L4 . 2 FE 2 KK %
K BB AR AT T BE L ER e s e b R 2 K GE XL B
iRE R SR R £, RYITE LGM & 1 8 2 &
() 4 i B, 2 AR E KRR E SR R Al
T A e AR L H o bk — B AR 48 A L 46 R LGM
0 B K 4 U B X A R KR R
JE AR 55 . A 5T ER I RS LGM ], W2 XL 2R X
IR AR A =0 Y 52 e AR AR B HL R — R R A X
fa € (Xiong et al., 2015) , o gt S 156 KL 28 4 47 19
B R IERE M, I8 4, #4819 PG 3F 3 5= LGM i
109 XU A R R A — LR R R E L,
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BOLGM K& A & 0 B 2 & 1y 4 K 5 R 30
REEIE T LREKEBZ s  hiRZEE 2
I W) R K AR T 51

22 W MU CSRT HA  JE Fh ELA A, He
HE R AE HOL Z KK (Zhang ez al., 2018) , W &]
5 78 W) Tetrapyle group . Didymocyrtis tetrathala-

s

R wr
e

mus tetrathalamus . Peromelissa phalacra I Pteroca-
nium/ Pierocorys group. fff 5% & W] Tetrapyle group
F AR AR PR 4 HL 32 B K M 4% ) (Tshitani
and Takahashi, 2007 ; Ishitani ez al., 2008 ; Zhang
et al., 2020) , B M R B2 /K A 1) 7R B # (Matsuza-
ki et al., 2018).D. tetrathalamus tetrathalamus &
PG R P 3 XA O B A L 52 1 UK 52 e ( Ander-
son et al., 1990 ; Zhang et al., 2020) , & #¢ JH LA 38
7 PR A5 B2 K A /Y A2 b (Chang er al., 2003 ).
16 VG 9E Bt 52 Mg, Tetrapyle group F1 D. tetrathala-
mus tetrathalamus 16 XT47 £L /4 #1 X} F B £ LGM
195 B Y I (R, 2B A A 3% T L Ok IE
B it 75 LGM 4 19 52 Wi 2 B2 2 0 55 1Y

Variations of relative abundances of typical warm species dwelling in shallow water with core depth
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