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A Further Discussion on Formation Background and Tectonic Constraints of
Igneous Rocks in Central Sub-Basin of the South China Sea
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Abstract; Based on analysis of petrological and geochemical information of igneous rocks sampled from central sub-basin of the
South China Sea; this article attempts to address the magmatic processes and tectonic background of the research area- By rene-
wing the available datas and combining them with latest test results of igneous rock samples collected from 6 seamount chains in
the central sub-basin of South China Sea (SCS). we analyze the alkali basalt. transitional tholeiite. trachyte. trachyandesite
and rhyodacite under a unified magmatic differentiation system in this paper- The geochemical indices show that the evolution-
ary relationship of these igneous rocks was relatively consistent and the regional mantle source was heterogeneous consisting of
two endmembers: EM I and DMM. According to the Mgﬁ » differentiation index (DI), attributes of major and minor ele-
ments, we conclude that subsequent to the fractional crystallization of olivine and pyroxene in upper mantle, the primitive mag-
ma continues its evolution to bring about this rock association- Furthermore: geological datas also indicate that during the
process of magma evolving, different degrees of contamination occurred in different stages of seafloor expansion, which may be
one of the most important heritage left by the rupture of passive continental margin-
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Fig-1 Diagrammatic map of the South China Sea and spa-

tial distribution of seamounts
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Table 1 The statistics of basic features of igneous rocks sampled from seamounts in central sub-basin of the SCS
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Fig-3 AFM diagram of sub-alkali basalts sampled from

seamounts in central sub-basin of the SCS
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Fig-4 Chondritenormalized REE patterns of igneous rocks
sampled from seamounts in central sub-basin of the
SCS
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ough, 1989; OIB, N-MORB , E-MORB #{#% £ F Sun and Nesbitt.
1977 Kbl 2 & 5L A B AR H Culler and Medaris, 1977
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Fig- 6 Sr-Nd diagram of igneous rocks sampled from seamounts in

central sub-basin of the SCS
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1.3.4 SrNdPb BEMuE gLl Kk g R 7 2 i
BARTRINZE 2(Tu et al-» 1992: B4, 2008;
FEm§4E, 2009). k1A Nd/M N ZE AL T B A
0.512 805~0.512 929, -4 0.512 873;¥' sy /% sy 25
W52 0. 703 561~0. 704 433, 3F-44 0. 702 958, /)
T EHg X s E (0. 704 7) 5 e Jy 3. 25~
5.67(=0), Hr, Bt Z A & (3-417~5.67) Fpg
PZEHA e (3255 I3) iy =318 K, BE/NT
MORB ¥ &q (10) 1 /hF OIB *F# & (6) (Saun-
ders et al-,1988). KE T Ph/* Ph 28K R
18.409~18. 954, -4 18. 639: %7 pL,/*" ph 254k 1l
B2 15.534~15. 680, 34y 15.592:°° ph/™ Ph (4
ASAY 7 B 38. 325~39. 002, SE-H{f % 38.717.
NS/ Sr" Nd/M Nd S 2 (B 6) ] I,
RV 2 L 2 8 A T B AL BURFAE . 3 BoR
EYSe/% Sr &' Nd/M N B FRAE, 9575 DMM F
EM I35 2 814 OIB X, vm & EM I A5 41
WS B3 - (ER AR TR R AL E R (B 7)) Bk
s+ EM G5 9F B30 TS24
JEEERSHZ L (NHRL) _F 5 XI5
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2.1 RRBABLARIRKL

RV OB AR T L R LS TR R IT R Mg
EICR S MgO &&= P22 & fif (&g ) SRt B
BA—EM . E MgO SR, RIBE
oy B Lh SRR HESR, Si0: 2RIV PRI R &
JHHE NS A T CaO A1 FeOr T 52 BE J5-F 27 34 i
Ja SRR B B, ZR B S A AR P AR
O A ET R B s s E s AlzOs . Na2O Al
K:0 ZFEE RN Ni Cr FHAE TR &
TOZM TR IR T RO A A 7 70 B 4
YER: W AR (A0 Ze Y 55) & 2 I N
s A TR Ba & BRI A 731G 1]
REZ TR E - S20 (Tu et al -, 1992) 8%
J2K09 Ba diffE FL IS S Y1 K B0 E TS
TERE R e 4R (R4, 2008) .

TERR I R R T R AR A TR (D=1 Y
A TN AR SR AR NE BN s [ B R AN
AR TCE (D) & BB AL, HAIE S
TCER AR YRR YR TTINR, Rt BB & A 0
R R R IR A A TR 5 A A TR I

S EPUARER a3 AR A a4 L
FErf, ToIR Ml 2 AR b SR AR X B R A TR i
RIER BN B R AME TR - B 45 R
A R TP AA TR & R 2SRRI B
[l s P A A TR S B aE g & (BT R
EEMZEE ST RMAHEERIEKRAK,
K I B 25 2% 4 R B B R S A e R 559
AHETTR Z AR AE AR IR - AL T R i b
Pl LB B SOl S R AR JC R NiLCo,
Cr FZVAR K, A B TR HﬁE(Sr/Ba\La/Sm)
(22 AL TUAR /N, i an . ok rb g L Ni(13. 6~171) [Co
(28.3~76.6) Cr (111 ~195) Sr/Ba (1. 11~
1.28) La/Sm (6.37~~8.35), Wt i 55 3 hy 4% 5 4%
ST -

Treuil and Joron (1975) iR YE TR A b
AT R TT R D BUEE R ITTR (M) FER G KT R
(H) > FEHRIEFB 73 B R 73 55 2% it 1) o8 B B AUL 7 72
S Y ARR AR TR (H) 5EERITTER (M) K
JE AR SR 0 A 2 T KB (B o'/ a o ) P
I, AT 0 s R PN a0 o — SR R R ) B 4 AR
FH BB ) Ry — K26 ASSC%E ] Treuil and Joron
(1975)32 HifY La/Sm *f La VEE (& 8). i1l

100

A 7N
® 7B
= HY
o ZZ
+ DM
¢ JF
o XB

g
2 10r
o
-

. ferery
S, @ B
N

/ tery o
+ o+

10 100
La

Kl 8 FEigrh sk i A IL K L La/SmLa KR
Fig- 8 La/Sm-La diagram of igneous rocks sampled from

seamounts in central sub- basin of the SCS

RS BIVEAE KT 2 DI R R BH A 1 T UL
il B k-

ARG Y IR AT LA Mg™ o SR %K
(DDEAER. Bl PR L KA Mg
VR 25.7~59.2, DI Y52 21. 7~55.0; H A
WA DI(26. 8705 0) /AL ML KA DI
(21.7~39.6), RIAFFFTR X K G E KA Tt —
FEBE 0 25 & 7y - 0 B 5 g LWL TET 5 (DI S
81.8~85.6), R LLIL I H (DI=T4.4) R Ja#
5 (DI=80.5) 1% i i 73 57 4 UG 7 Ho vl g 2 Bk Bk
R AL M ) S 2 R O B )

PELE 32 AE Al A 1 REfe /MU N FEA T
SR A TERRER AR R — IR — AR AT SR
B4 MELTS {4 (Ghiorso and Sack, 1995) &+
Microsoft Windows ft) — P fa] f£ 2l it iR 4, mJ DAAR
PR A R b TR R & R H a4 s R g T
BT R T SRR ZE AL R R AN SCEE R Mg
e e 1) FE AL i LU A B A P B RER AR X
Kl E B IR BA e KR o MR R R R s B
Fe:0:/FeO=0.2( it &4 %0) #4741 %% (Rollinson.
1993). [t % H:0 & EEThkE S5 0. 11
& FeO & BASM, BIET ARG H20 (R4
5, 2008) - T RAAE AR s B IR 25 1 IS 0 - A 4
mid B HARYE C e A A B DL Rk 5
ERH YA A (01T P11+ Cpx T Mt + Apt T1lm ) ¥
I 725 S 4l bl 72 (& 9) . BB 73 B 45 o
R AT R AR AW AL, o RS A
A RRDEA BRI A RGBT 1 2 o) S AT A
TEG AL M T S B S g L LML T 5 25 K -

Fe M RO AR LK LR ) Ni 2R (13.6X
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Fig-9 The PELE simulation of magma fractional crystalli-
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10 °~315X10°*) 24k 5 AR fH H BAR TR
H= g 5 3% Ni &8 (400X 10 °) (Green, 1976), 4%
& LR K Ff 1 50 2 B PR T DA . e v
ALK A AR R G 5 2% EE R 1 =4
M55 RAEIRZ (M8 ) S50 S FIRZE (FE5T) 40
MR AV S0 IR S o R R
2.2 BUBEKBEXMERSE

P Vi R SR AT L KL e R A PR RE S I B
SR X S A AR TEE B A La/Ce La/
Nb.Ba/Nb %, 1 3 &8 % %2 3 52 (N-MORB,
EM I o1B, EMII OIB)f[EZE LI EREA — &%
S RZHER /RN T 5H(DMM) AIEHE(EM)
Ui AR A AR (B2 B TR E £ 5
(EM I omB.EMII o1B) & e R AL HTE
A FRIZE SR (Woodhead, 1989) , [ I, I AFHZA
TCE WEA I s S R RS — 2N
S T AE [R 6L K 7 T mE R LKL St-Nd-Pb [A]
PERAF R SE EM EHE R e Bl b
(ﬁﬂ Samoa,Society ﬁu‘%) BHEAE. 15 EM I Vit
BN AEAE B AR KB AT 2 P (XS, 1995) .

Jackson and Dasgupta (2008 ) i 3 73 BT 42 Bk 5
Bl P S5 K LA B R 2R B T RT3 A AL BSURE ATT
TIESE AR R OL 2 AR R 43 H B SR A 4 A Hiu g i
BEM L EMII HIMU . DMM) 828 B A & H
AR E BT ZEMAL #lan.EM L F1 EM Y K20
2 K20/Ti0: (8 & T HIMU: i EM 1 LEA
B IHY CaO/ Al20s {ELAYHR - I, Q0S4 RERS B
P2 I e 3t 0 R DX A A o n st s R s AR 4 T
FRICEM T RE AL — & FE AR Y 51 K Y
6] 55, K20/ Ti02 A LA EY Sr/*° St T Ca0/Al2 0

ATMREPh/*" Ph. R AEE I 224 (1991) Xt 58k
WL Z B T A A fh o RN S B AR A A TR AR EH
XU R R SR b b A il (990~ 1420)
JERIFR AP B, HARYE Kushiro and Kuno (1963) 42
A FOBRIEAL B T R G X b 4 -

AR A B S B BF 58 X M8 A 4 1Y K20/
Ti0:.Ca0/Al20s FIEM | EM Il .DMM & 5
(A [F 28 EUBEA T HU B (3R 3) J&» KRB X R A6 1
HubE M By Ko 0/Ti0: (0.83~0.97,F15 0.91)Bf
LETHPIEEM g, =80 2w i Lk Ls /3
HRRF R T REANAIF 2 X A K i 1) DRV 2 8 1 3 2
WEER B ¢ T 8 B A 1878 B LAY Ca0/ Al 0s
(0.46~0.78,F# 0. 63 BHBALT EM Il . DMM [
KEME. Bon it EM L i@ 5 A0 Rr 5 - g A
AR ST P b iy 573 T B A 4 5 R 57 28 194 T B A
HER, KL R g SR M 2 A S AN — 2 iR T
SR N-MORB A8 A & 400 EM L Alshig R~
AR IR A A 25 R -

xR EM LR ER 2 abs s 280
ZIN M (Hart, 1984; Weaver et al-»1986; Chauvel
et al - » 1992) FAMF A IR IGUTAR Y A ¢ [ ZR 3
Z/0 ARSI — B BRI e 1 52
e (Fh T2 5 2008 ) , A i AR B g it KA P RRATG T
2 5 P W AH 2 IR B T 8 2 & R B o s e, 28X T
RF iR AR SR A ) 45 ik b= g ) . BRI S A A T
g R AAR EARE R TR R T 98 IX S i
Xk B EM L AT DMM XU 522 4193 (%5 2% (Chen
et al--1990; Tatsumoto and Nakamura, 1991 ;X1 )\
SRAE, 1995 TiROGAE, 1997) - fayil &5 2 » B P Juikife
K A TR XA BB AE 5% T o Al B 5 AR i3S AR
YEA.-

2.3 XTHEFHRRRIER

U BT A Nb/U HAE U35
ERIC M EGE R T R Y BN - i
KA Nb/U FH{E (i 3. 38 201 11. 39 35k
A 37.5, 224 0. 17 HRFE 4. 43 0% 0. 24) FRam /N
43k MORB 1 OIB Ay AHX 35 —1H (47). ARy H %
MK F ¥ 52 9 A Y AE (9 ~ 12) ( Hofmann,
1986) . fR4% Nb/U (AR T 4 A RE S AER 2L
AT L e as R R ) FE i Ll R s X s B3
HARAAY Nb/U {8(0. 1), AT REFRHFE % 55 3K ot
I BRI XATY A Jid 18 ity e 4 S 1 7™ 2 T30 s o ik
KA Nb/ U AE RS 18 SRR IH T /N T4 Bk
FEFCFEE S 0 B R B A S0 L B2 B TR
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®3 BELELMEEEAGENHAXRHRMIIEEE

TRILERFEETEMIZIHRF ELLLE
Table 3 Average magma compositions of study area esti-
mated by mantle xenoliths from Xianbei seamount

and those of enriched mantle end members

CBBl CBBZ CBB3 EM [ EmI DMM
K20/Ti0z 0.97 0.93 0.83 0.32~0.44 0.42~0.68 0.078
Ca0/Al203 0.64 0.78 0.46 0.53~0.61 0.79~0.94 0.750

FE.CBB-1.2. 3 B 5| A R fEtefZE4, 1991, EM | EM I 1 DMM
%S| H Jackson and Dasgupta, 2008.

il 90 IR ) S T DA A R A 2k L o T (R AR s
7, 1991 s e P I — Bttt Kl B Nb/U b
THa s B e P E. (B E R
HH Nb/U HAB AT RARA 3 AT REAN L B ALk
AR WHRERRH (4 E4%, 2001), 34 b
FIVERS 2 MR A PR LR & KL A K&
KPR Z R 2N R] B o0 1 SO L 3 BH R i
VHEAED SR RE IR A T B IR R B Rl TR A

IR Sr 5 Mgo I —E R IEK
UK B E RMARIEMA R R . th [ FE L
KIAFEA SR A S R PR fE—E B8 St i e
JRETAIN s [ B v R R A L K R
K BRHIELA . K20 5 MgO R IEKER. thATfE
A A R R e i e A N -

WA, FE L kA R 28 kA = PR BT
I A RFEYE, B Sr o Nd R R A EM
T g4 (& 6) 8T Ph [ E Box EM I & 41
WRRAE (7)), ] LA A B RS A RN 2E T
k. B P W EF LS HbE i E Ly
B AR B Rl ST TR N T LA R 2 A e R
S Ph [AI Z 4A (BRITIE R TERE, 1999) . f@ad
AT IR A B (Tu et al -, 1992),0.506~2%
FIkE Y BRSP4 N-MORB Hbl& 5k o] LUE
rAE R Z AR Ph AN E 41K
2.4 mURFIIERELBERESEEHR

BRI KA BB R SR KA R 4,
{EY AR HGE B0 T T A P 2 ) 24 26 M IR K L
K (A BEFIEE 1R 1993) . A DL — 5 g LB
Huly, FALFIIA B & 595K P17 A0 45 78 ) HE 5
FAYRELLL s T A 1w R L 53 AT 7 o S P R R A
MR A TP T RE AL ) e ST BT (R UL
L 2 Al JE AR AL R AT T R s AR AR B R
TS XN R SR A B B T LU T K LS R
SRAR 4 AT

S — WM a5 B i Y SE AL e L BBt X A (38
Ma) , XA R i) SIS G HA 2 AT D ok PR A% L
RZRE &k B Aol JerE i -

5 IOy R BT A IR i LR R X L %R
Jbifg Bl 2 B AR i L R A K s (20~
13 Ma) . Xb . R 7 5K AR, D 2o 7R A% I o B
ZRE BB R R DL SR L AR b 3 1 R
YEK W s BliTeii Sere BB —HAI BT R 2.
FCZ RO RRYE K LE 15 A

F=WOAM R I s — B DU ks (1L
~7 Ma), W W T R4 5K A5 130T, O SRRy B
ZRE FER X RE P R LIS Hos
VLI A R BB R B AL 10 S48 R I R %
FEY) s R 2 Bl e ) o A MR R R — 2D AR

SEVUIA M ol it — Btk ep AR gL
B Z A (5 773.5 Ma), X M. R 9 3K 45 A
B —AS I, D R TR R LT IR
WA TR AR L P AN Bl e A IR B T2 1 74 e
Lo rb ek il A 4k B 0 v R i L U s Rl
R BUFE R BRI A PR POR Rl 7T -

Li BTk, mile b Gl R ks S B R
Mo BRI RFERLBE 2R B R R R X s
FrE 2 Roa R & B 2 X aCE A S
AR DR FE AR 0 - [R] B 5 9% 32 s e iR Y e B e
BF AL - LR Y 5K S I B Bt (Taylor and
Hayes, 1982; Ru and Piggott; 1986; Tapponnier
et al-» 1986; Briais et al-» 1993), F 47 Bl K # %
B (Zhao et al- 2002), g iYL R & T
TERHLDE XA K T BER IR XL A
X2 HIPG ST s B D SKAE R AR I
BEN (T et al - 1992) , W) FFAEA G
T FR > B P BB B 1B 26 2 A 3R i
YK BOR R WAL D) 7> B2 ) (Tu e
al-, 1992) ;s FEE R Y KBGO o 1 [ th 2 i
1%1EY75K (Zhao et al-» 2002), {2 A T IE
BRI O 4 S L (B T A Tl
FCIRAR IAFAE -

3 LR

FE R A TE B — 1 R KRR | il ) 25
2 ORI ok L LY sk S i -l
AT P il P R A LU KL e SRR TR DX i B
AL, 1 DL TSR
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(D)WL s B R BAR 2R (AR
BOoA— AL A Mg” S b 2 iUE
AR BT X K L2 B SR G A S A s HE4) B 4
e A B BT BT I 1 SARA 3 2 ¥ LR T 25 1 25 2% -

(2) KUEAFES TR X VERUAR Y —, KilE s
B A PR T R ARCE T EM L s £ b
RIS T R AR BRI MR A B P P i 5 A
E @iﬂ@iiﬁ‘ﬁmﬁﬂﬁﬁ?%ﬁié@ EM [ f1 DMM XX

J'_\'{bb =) {)?l:
(3) XAV 25 B R AL 5K A TP ot — vl — 122 1k
kmm‘i b 2R [R A 5 0 KBRS RFAE
IR X R FEE AN BT 18 17T 52 i 57 8 e 2 R
Ntﬁ@a%% FA VAR T A S U R 5K st [a], st
WIIF AR AL — € FE B b X 8 S 06 s AR R i
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