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Characteristics and Significance of Trace Fossils in Late Miocene Deep-Sea
Volcaniclastic Sediments in the Central Basin of South China Sea

Li Pingyuan, Liu Zhifei

State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: Volcaniclastics is one of the important compositions of deep-sea sediments produced by volcanic eruptions. It is with great research
values for studies on paleoenvironmental evolution in the deep-sea volcanic environment. The purpose of this work is to reveal the pattern of
the Late Miocene benthic environment revolution in the central basin of the South China Sea (SCS) by analyzing the trace fossil assemblages in
the volcaniclastic sequence drilled at site U1431 during the International Ocean Discovery Program (IODP) expedition leg 349. The study shows
that trace fossils were developed well in siltstone and claystone during the Middle-Late Miocene (12.5-7.4 Ma, mainly in Late Miocene), and were
dominated by Zoophycos,Thalassinoides,Chondrites, and Planolites.The volcanoes in the central basin of the SCS experienced repeated alternations
of eruption and quietness during Late Miocene. The trace fossil assemblage in site U1431 implies that the basin is a quiet deep-sea environment
with sedimentary rate varying between 5—15 cm/ka during volcanic activity quiet periods. By analyzing the associations between the trace fossil
assemblages and the lithologic stratigraphic features, the study shows that the composition of the trace fossil assemblage is limited by substrate
lithology and the dissolved oxygen concentration in the water masses at the sediment/water interface. The study also suggests that during eruptions,
submarine volcanic activities can potentially provide nutrients for surface seawaters, and these nutrients can promote phytoplankton growth and
subsequently increase the supply of organic carbon to the seafloor. The organic carbon on the sea floor then may consume the dissolved oxygen in
the sediment pore water, making it unfavorable to the activities of the benthic organisms. In contrast, during volcanic eruption quiet periods, flux of
organic carbon to the seafloor possibly reduced. Consumption of the dissolved oxygen in the pore water thus reduced, and the growth of the benthic

organisms subsequently developed.
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Fig.2 Volcaniclastic apron deposition pattern and typical sedimentary sequence of [ODP 349 site U1431 in the SCS cetral basin
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Fig.3 Variation of bioturbation index in IODP site U1431
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Table 1 Depths and ages of calcareous nannofossil events in IODP U1431

B ORI A 23 B BRI * HOJZIRIE (m) AEi (Ma)
NNI1 B AmaurolithusprimusAmaurolithus spp. 603.32 7.42
NNI1/NN10 B Discoasterberggrenii 707.40 8.29
NN9 B Minylitha convallis 730.42 9.75
NN7 T Coccolithusmiopelagicus 779.32 10.97

T Discoasterkugleri 807.28 11.58
NN7/NN6 B Discoasterkugleri 864.10 11.9

B Calcidiscusmacintyrei 873.74 12.46

*B AR FE MBI (base/first appearance datum), T {CF A FLIM (top/last appearance datum), %% FAWEIR F Li et al. (2015).
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Table 2 Recognition of Bioturbation Index
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Fig.6 Chondrites in volcaniclastic stratum of IODP site U1431
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P€l a F1 b 43I0 E U1431 3507 679 m Al 877 m Ab; J# )51 ] F IODP349 itk

ettt (Lier al., 2015) AU SO HIFJE T s 4k A1 207

—lcm

Rhizocoralllium

= 1cm
| ]

K 8 U1431 uhfi KL S A 2 WP ) Rhizocorallium 15376
Fig.8 Rhizocorallium in volcaniclastic stratum of IODP site
U1431

[l a A1 b 235 E U1431 3547 871.9 m A1 873.3 m 4b; B 5| [ 10DP349
WLRARAS (Li et al., 2015), A8 SO HIF R 138t A6 A1 5387 ; Rhizocorallium 35t
&S5 H Miller (2007)

et B 2 s il Ak A A Zoophycos . Tha-
lassinoides . Chondrites Fl Planolites 4 # ([€19), 1
(B35 1 FoT) MY (38 v 5oo) sl kA8 fh 5IEAS
FROESCA B R 28k, 2 B g rhoB T30 1) 32 DI —
BB s R 5 . W UTREREE % 58 U4131
SR Eb R 2 A T — BT R R
K Bl 3 Z5 A B B R sl LA T AR A 1 . A e U
Hh e % Zoophycos . Thalassinoides . Chondrites Fl
Planolites il b A 45 F L AGFE 118°E KIRK T
4 000 m F BRI ANPORL I A TR, A LTS Bl
0.4%~0.6%, it 78 A= W15 s A rh e S ALk il B R
(Wetzel, 2008). WL i 53¢ k7 , m VIR TAF I J2 7K it 2
/NTF 1.5 cm/s(Wang et al., 2011), i3 7T ISR IER
WA VIR RIZ A2 A G 3. S5 b
Fe A DURRRIE , 456 LA R TR I IR SRS AT, TR
TN U 1431 3575 K L Sl Rl s A 7E - 00 R T
IR AEZS ]

FRTF TR AL A Bk A FIRb H DURRUR B, 45
INBIFSE X 2 Ry 1 4 B KL i B
T RSUREJE 08 S 8 JE AR, (B 3k SE 30 AR g TP <R
PUAR, 2 B I TR RE X 5L TATZEVERJES L[] s, A
G R B A A FIE A UUR G TFEE V H0T),
Wb TR A DU A X 008, kA e 2 — 1 AH



T2 AP JRAE T L G OB TR LR e DU Rl 24 I B 3 209

AW 5 B

WEER AR Eopis TOC(%) SN AR it
(m)  (Ma) ik B 0123 45 0010203
600 o i Lo o
7.
—y
VI L £
HNE Thalassinoides — Planolites
Zoophycos  Chondrites  Rhizocorallium
650 VN
T —
i) —— a
=~n
1 BE  T—a—a — O g
Ve i
w
[ |
700 — _ll o
. e =]
UL 15 —n a
HNE
Zoophycos
750 | o -
; o
Thalassinoides
o
Chondrites
a
8007 W =< a Planolites
" —
T "=
AR l Rhizocorallium
- A *
I\J; " [=]
P '{" o A i
8504 1 W - _ 8 B v e
= > Wi
iRl = .
e E A E — o H & BE s

K19 10DP U1431 3tk AW sl BE AR A B LA B ast il A A1 i) oA
Fig.9 Lithostratigraphic, bioturbation index and trace fossil distributions in IODP site U1431
AU SR BUARSR I 3 A 20 43 s 21 RS LR R /R 1% HL)Z P B Zoophycos s HbZAFACARYRES BB Ak A7, 15 TOC BUR#IK H Li ef al.(2015)

R, (ARG R A B B A 4 B i e A
AEIRHELE , Byib e AR TR 3 12~18 em/Ka,
AMGI 5 T KRS A2 BT (8 em/ka),
T LR JZ TR 2 (<5 em/ka, 1105 Li
et al., 2015). B 1R 5T AL A AF WS HERR R XT T fifk it
TR AL B BA o FE L, s A
UEDTRR R HA R B EH.

Zoophycos X} TR DT FRE R B H8 R
7 Y. Dorador et al. (2016) Giit %P Zoophycos TEVL
TR 5~20 emv/ka (145 B S B0 25, DUAR R
BRI, AL S A4, BWHEZAFIT Zoophy-
cos MARE , FIRTURY M A 2 L6 U
PR, AR Z, FlTHABR R E. 1
Btk A E, FEASFTF Zoophycos W) Kk & Wetzel
et al.(2011) 7 B ¥ P L1034 187-61 uifi o 1 % B,
Zoophycos FENIMAEDIRH AR 5~12 cm/ka A HE
JZ2H . Zoophycos VE 2 U1341 sk ts b A , 78
HoZ R IT 10 K, R ATESS 145 I RIER

V G (K9 10), H8 78 HZ Aok b Flje A iR
HRLE 5~20 ecm/ka 22 [8] , %30 S5 AR PEAT R &5 A
5 I A ) B A A AE AT AR DR G SR A — 2, IE K

i (Ma)
e 3 9 10 11 12 13
T T T T T T T T T T 1
50 _ Zoophycos
00
\T I\
o ‘ ! ‘ [ N
5 10 15 20

DU % (cm/ka)
[ 10 10DP U1431 s5UIFHRARLEI R Zoophycos 5377
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Fig.11 Analysis of trace fossil assemblage characteristics in IODP site U1431
EEM ] Bromley and Ekdale (1984)
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Fig.12 Bioturbation variations in different units of IODP site U1431

[l a.b Al ¢ 43 HLH U1431 3543 875.5 m . 657.4 m 1 803.4 m Ak, /LWl M5 & s &l d e M £ 43 5I1HK 750.7 m . 827.5 m Fl 613.8 m &b, 2B 8hde s ; A5

F 10DP349 Mk 45 (Li et al., 2015), A8 SO HIFJR T gt A 41 50

SEUE MR, AT AW 2l 5 AR K
SR, DU A BB 5 AR X AL, U
FXS R, A A TR AR 2l

VAN BRSSO KL S0 A A= H 1
SR R PEA TR 5L 137K, ST AL Sy
S ZURE , KLG S A 7RI BE IR o, et 1
TERZFF I E R T, A T FE A LR,
LA HURDUR BN, AR IR R R VIR TOC
FAN, AEOREHAE, PRSI, AMTF
JEEA AW A A, B XELUR 7. S A ik
A, IR K L 16 B 3R 2 K P S SRR R
T, TR S S , AR R HLBA X
MR Z DRI T 1 TOC & AL BEZ b, i 4
THFEID A A= ) R 3, Bl e+ K

5 45t

ZRCHH TODP349 itk U431 3 K R JE -1
JEI AR A T R T R E A s, X

T T ST 2 6 B T K LT S TR A B A B
AR IR TS, DR ORI, U431 3 i e
)2 % B WAL A UL Zoophycos . Thalassinoides .
Chondrites 1 Planolites ¢} # V. %330 J& FP 2 &
SRR, BB (12.5~7.4 Ma) Wi LG 3 1)
] B, WF5E XA PR i, B IR b F
eI T A W B B BT PR R

i 3 o3 B s A A7 2H B REAIE S LR )2
ZIRIR R FR , R AT e 4 TR AT
FHIE, BB E e b R TR R Z
TURRW & St WFIE R — 2D R LA T IS L 5
AL R R AR 5 08 SR T, SRR
JERTRIFEMR T AR E AP, (IR R)E
b A e A TOC & wHghn, A U5 7 MR, AF
TR APy 0035 3, A A B R 5 TR
PEASFRH, PEIRERIZ RO A e a v TOC 5t
AR S B, AR TG kKA.



212 HEREL  http://www.earth-science.net

43 %5

TR IS A RS

B 13 KIS S i A £ 4 B IR 7R

Fig.13 Volcanic activity impact on the trace fossil development
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