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Abstract This paper presents Ar-Ar ages, major & trace element and Sr-Nd isotopic compositions of the mafic volcanic rocks from
the Jiangshan and Pujiang regions along the Jiangshan-Shaoxing fault in SE China, with aims to understand their petrogenesis and
geodynamic processes. Ar-Ar dating results show that the Jiangshan basalts erupted at ca. 99Ma during Late Cretaceous, while the
Pujiang mafic lavas (include basalts and basaltic andesites) erupted at ca. 111 ~ 112Ma, corresponding to Early Cretaceous. The
basaltic lavas from both localities show medium-K calc-alkaline affinities and can be further subdivided into three groups on the basis of
geochemical variations. Group 1 is the Jiangshan basalt with similar geochemical compositions to oceanic island basalt ( OIB),
characterized by negligible Nb-Ta anomalies and no negative Pb anomalies and the highest gy, (t) ( +4.4 ~ +5.8) and lowest
(¥Sr/*Sr),(0.7049 ~0.7050). Group 2 is the Ti- and P-rich basalt from Pujiang, featured by weakly negative Nb-Ta anomalies and
strongly positive Pb anomalies, and moderately radiogenic Nd (&y,(#) = + 1.5 ~ +2.1) and Sr ( (¥St/*Sr); =0. 7062 ~0. 7067)
isotopic compositions. Group 3 is the Ti- and P-poor basaltic andesite from Pujiang, showing strongly negative Nb-Ta anomalies and
positive Pb anomalies, and the lowest gy, () ( =6.0 ~ —3.7) and highest (¥ St/**Sr), (0.7083 ~0.7086). The geochemical
variations can be interpreted through neither magmatic differentiation nor crustal contamination or assimilation via fractional
crystallization. The comparisons of La/Nb, Ba/Nb and Zr/Ba and further Sr-Nd isotopic modelling results of the three groups suggest
their derivation from a hybrid source through different proportional mixing of an enriched lithospheric mantle and convective
asthenosphere. From 111 ~112Ma to 99Ma, the contribution of the enriched mantle component has been decreased with the increasing
involvement of the asthenosphere, consistent with reinforced degree of lithospheric extension. In combination with the basin-range
tectonic framework in SE China and similar petrogenesis of the contemporaneous basalts from the adjacent regions such as in the area
along the Chenzhou-Linwu Fault, it is reasonable to conclude that the SE China experienced an extensive lithospheric extension-
thinning during the early to late Cretaceous time.

Key words Lithosphere-asthenosphere interaction; Geochemistry; Mafic volcanic lavas; Late Mesozoic; The Jiangshan-
Shaoxing fault
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Fig. 1

A simplified geological map for Late Mesozoic volcanic mafic rocks at the Jiangshan and Pujiang regions, Zhejiang Province
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R 1 T GEISRESKBNLE Ar-Ar UEER
Table 1 * Ar/™ Ar dating results of Late Mesozoic mafic rocks by incremental heating from the Jiangshan and Pujiang regions,

Zhejiang Province

WE(T)  %Ar(a)  TAr(ea) SAr(e)  PAr(k) PAr(r) it 40?;0%” N N ks
03JSH-12, 4>, BEAE IR =98. 61 £1. 01Ma, J-value =0. 00522, Total fusion age =98.51 +1. 00Ma
700 0. 00000 0. 00000 0. 00000 0. 00010 0. 00078 75.71 +55.74 40. 46 0. 06 0. 000 +0. 000
780 0. 00003 0. 00237 0. 00000 0. 00091 0.01013 102. 09 +8.74 56.53 0. 60 0.215 +0. 046
860 0. 00029 0.01795 0. 00000 0. 00439 0. 04694 97.98 +4. 10 35.64 2.88 0. 137 +0.018
900 0. 00021 0.01871 0. 00000 0. 00678 0.07170 96. 89 +2.16 53.39 4.45 0.204 +0.027
950 0. 00022 0.03018 0. 00000 0. 01560 0. 16637 97.76 +0.93 72.25 10. 22 0. 290 +0.037
1000 0. 00017 0. 04616 0. 00000 0. 02725 0.29277 98.43 +0.62 85.11 17. 86 0. 332 +0.042
1050 0. 00005 0. 03300 0. 00000 0.01803 0. 19425 98.71 +0. 64 93.47 11.82 0. 307 +0. 040
1080 0. 00005 0. 04069 0. 00000 0.01782 0. 19263 99. 04 +0. 67 93.45 11. 68 0. 246 +0.031
1120 0. 00004 0.03817 0. 00000 0.01622 0. 17452 98. 60 +0.76 93.40 10. 63 0. 239 +0.030
1170 0. 00004 0. 04821 0. 00000 0.01428 0. 15422 98.92 +0.78 93.52 9.36 0. 166 +0.021
1220 0. 00004 0. 05305 0. 00000 0. 01400 0. 15001 98.22 +0.77 92.57 9.17 0. 148 +0.019
1300 0. 00002 0.07972 0. 00000 0. 00844 0. 09064 98. 39 +1.16 94.13 5.53 0. 059 +0. 007
1400 0. 00002 0.08012 0. 00000 0. 00879 0. 09576 99. 80 +1.13 93.98 5.76 0. 062 +0. 008
03PJ-13, 4%, FFAERS =112.27 = 1. 14Ma, J-value =0. 005189, Total fusion age =111. 06 1. 10Ma
700 0. 00005 0.00192 0. 00000 0. 00130 0. 00986 69.72 +4.20 38.94 0. 36 0. 381 +0.117
780 0.00015 0. 02007 0. 00001 0. 00824 0. 08147 90. 30 +1.64 64. 56 2.26 0.231 +0. 030
840 0. 00023 0. 09488 0. 00000 0.03418 0.42183 111.98 +0.77 86. 06 9.40 0.202 +0. 025
900 0. 00017 0.07185 0. 00000 0. 03045 0. 37280 111.12 +1.03 87.85 8.37 0.238 +0. 030
950 0. 00006 0. 02613 0. 00000 0.03412 0.42178 112. 16 +0.60 95.74 9.38 0.734 +0. 101
1000 0. 00008 0. 02050 0. 00000 0. 03261 0. 40390 112.37 +0.58 94. 34 8.97 0. 894 +0.113
1050 0. 00020 0. 04875 0. 00000 0. 06685 0. 83002 112. 64 +0.56 93.20 18.38 0.770 +0.097
1080 0.00016 0. 03878 0. 00000 0. 05072 0. 62837 112. 40 +0.57 92. 81 13.95 0.735 +0.093
1120 0. 00014 0. 05640 0. 00000 0. 04020 0. 48884 110. 38 +0.62 92.34 11. 05 0. 400 +0. 051
1160 0.00011 0. 04298 0. 00001 0. 02909 0. 35258 110. 04 +0.74 91.87 8. 00 0. 380 +0.048
1220 0. 00009 0.04618 0. 00001 0.01618 0. 19779 110. 98 +0.90 88. 47 4.45 0.197 +0. 025
1300 0. 00005 0. 02900 0. 00000 0.01015 0. 12384 110.77 +1.06 89. 58 2.79 0.197 +0. 026
1400 0. 00005 0.02912 0. 00001 0. 00962 0.11722 110. 61 +1.53 88. 88 2.64 0. 186 +0.024
03PJ41, 4%, PEAEIS =110.27 £1. 2Ma, J-value =0. 005186, Total fusion age =109. 35 £1. 09Ma
700 0. 00035 0. 00035 0. 00000 0. 00087 0. 00649 68.42 +22.77 5.83 0. 46 1. 381 +1.837
780 0. 00014 0. 00976 0. 00001 0. 00396 0. 03496 80. 94 +3.03 45.96 2.10 0.228 +0.031
900 0. 00017 0. 04650 0. 00000 0.01782 0.21747 110.92 +0. 81 81.57 9.44 0.215 +0.027
950 0.00012 0. 02962 0. 00000 0. 02441 0.29881 111.23 +0. 66 89. 06 12.94 0. 463 +0. 060
1000 0.00012 0.01879 0. 00000 0.02610 0. 32035 111.53 +0. 64 90. 35 13. 83 0. 780 +0. 098
1040 0.00014 0. 02022 0. 00000 0. 02865 0. 34965 110. 92 +0.65 89. 20 15.18 0.796 +0. 105
1080 0.00012 0.01930 0. 00000 0. 02466 0. 29840 110. 01 +0.62 89. 74 13.07 0.718 +0. 101
1110 0. 00008 0. 02226 0. 00000 0.01782 0.21440 109. 38 +0.65 89. 82 9.45 0. 450 +0. 057
1140 0. 00005 0.01885 0. 00000 0.01027 0. 12283 108. 74 +1.11 88.92 5.44 0. 306 +0. 040
1180 0. 00006 0. 02246 0. 00000 0.01106 0. 13089 107. 69 +1.13 88.75 5.86 0.277 +0.036
1220 0. 00002 0.01298 0. 00000 0. 00541 0. 06514 109. 42 +1.55 90. 72 2.87 0.234 +0. 030
1300 0. 00003 0. 01551 0. 00000 0. 00649 0. 07758 108. 68 +1.12 89.29 3.44 0.235 +0.032
1400 0. 00006 0.01951 0. 00000 0.01115 0. 13202 107.71 +0. 86 87. 68 5.91 0.321 +0.041
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3 L GEITSESKEUALE Se-Nd BMI R TTRAM
Table 3 Sr-Nd isotopic composition of Late Mesozoic mafic rocks from the Jiangshan and Pujiang regions, Zhejiang Province
Nd Sm BNd 47 Sm Rb Sr ¥Rb ¥ Sr tomi oz
IS8} sl +2 ’ t 7)
i RS 10-0) (x10-0) g 27 g o )(><10’6)(><10’6) 808y (“Sri (Ma) (Ma)
03JSH-03 17.83 4.358 0.512905 + 14 0.15342 5.8 15.91 519.5 0.0865 0.7050 622 355
03JSH-10 18. 36 4.427 0.512892 +11 0.15135 5.5 16.23 520 0.0882 0.7050 635 375
&1 4
8 w1 (Em 03JSH-11 19. 28 4.702 0.512837 =10 0.15308 4.4 16.92 528.1  0.0905 0.7050 791 464
NS ve2)
03JSH-12 18.98 4.477 0.512857 =11 0.14806 4.9 16. 57 527.9  0.0887 0.7050 684 427
03JSH-14 19.77 5.037 0.512908 +11 0.15992 5.7 17.13 527.9  0.0917 0.7049 691 358
552 4 03PJ-03 32.88 7.263 0. 512680 +08 0. 13865 1.7 11.41 540.5  0.0596 0.7062 956 691
MERAR=EoN 03PJ-16 33.3 7.613 0.512705 +08 0.14350 2.1 15.25 517.2  0.0833 0.7062 968 657
K 03PJ-19 41.62 9.397 0.512673 +9 0.14172 1.5 23.14 637.7  0.1025 0.7067 1013 707
03PJ-22 33.07 6. 813 0.512291 +8 0.12931 -5.8 56.05 799.8 0.1979 0.7086 1551 1299
. /;ﬁ 34 03PJ-27 27.51 5.768 0.512406 +9 0.13160 -3.7 78.21 473.8  0.4662 0.7085 1387 1123
AR
LR 03PJ-39 25.78 5. 465 0.512284 +8 0.13306 -6.0 30.45 590.2  0.1457 0.7083 1635 1313
03PJ42 25.33 5.476 0.512298 +11 0.13569 -5.8 36.89 574 0.1815 0.7085 1664 1295
1000 1000
@ —— sl , @
N i Hi-1i(90Ma) 14l
i L =
= 100 \.\"‘ 3 1004 H5-16(90Ma)
= = ,
& —— = g .
1\@ 10 | @ 10 f
EKL 5‘#@ B
1 1
1000 [ 1000
| F®) —o— a4l (®)
H;E —e— 34l Vgt
= 100 F IR X v
&2 - g—\ 100
i S
K10 = 1g
NI R
! ‘ | . | L
La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu RbBaTh U K NbTaLaCe Sr PbNd P SmZrHf Ti Tb Y TmYb
KIS Ll JHTCBERR BT K 1l REE JC 43 B (AR fe (i BI6 LIl i VBEER UK LA i o 3 W 199 P (s v

#i& Taylor and McLennan, 1985)
Fig. 5 Chondrite-normalized REE patterns for Late
Mesozoic mafic rocks from the Jiangshan and Pujiang
regions, Zhejiang Province ( normalization values after

Taylor and McLennan, 1985)
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FERCE TG R WR B L (181 6) 55 1 AT L 8E T Nb-
Ta 545 HAT P 755, 15 M8 - 2205 g ) o A AR A e
] OIB B 50 (M-I (90Ma) ) AL (Wang et al. , 2003) .
La/Nb( (1.0) K F 475 OIB fj La/Nb(0. 66) -3 {H, [l REE

{H4E Sun and McDonough, 1989)
Fig. 6  Primitive mantle-normalized spidergrams for Late
Mesozoic mafic rocks from the Jiangshan and Pujiang
regions, Zhejiang Province ( normalization values after Sun

and McDonough, 1989)
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(RS, 2004)
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and source mixing of the Late Mesozoic mafic rocks from Jiangshan and Pujiang regions, Zhejiang Province

R4 BRIUTERREREERBRNLE Sr-Nd B RSH
Table 4
basaltic magmas using OIB AFC, LCC-contaminated OIB, partial

Parameters for simulating Sr-Nd compositions of

melting of OIB-type asthenosphere and EM2-type lithosphere

87
WA e () o)
OIB % i 8 20 1.2 0.7035 +9
OIB Z it 660 38.5 0. 7035 +9
TINZ A (81 40) 528 19.8 0.7049  +5.7
EM2 50 3 0.712 -13
LCC 350 35 0.710 -16
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A ATRER A T e, HIGIE R E L se ik e B e i g,
TEIE EHE P IE S8 B [l i 2 S BUR Jea b T & i
FRARMIm S R Ti i . 5 ZMR 56 2 X iUE B iR
e Tk, EL7ERRIM P O Ti 65, SO R 2 e iR
RAE R AR /I Se-Nd R 67 R AR 7, AT r =
0.2,F=0.05~0. 1 {5 ([ 8b) , A 2 AL B 5 — 4 i i %
B TRV HR, QAR B 191 ) 3 A 18 A o R R P T A 2 B
TEFTIEE BN AR Si0, PERT. Pk, 55 — 21 i Bk 2 e A
RATREM I W) 4h OIB 5 3 3 o 72 1R e B AFC 5 72 i 1k
Tk
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55 3 AL ARBA WV 2 BB % 1L A Tl T R s BR AL 2
FHIE b 27 i Nb-Ta B3R Z175 51, Pb I 5% Fl Ti 51 5%, LA
SR Se AU Nd [R5 AL, fef Rl RESZ B e i e VR ]
IS o ARSI JEUR Y OIB RS HR 22
Ji AFC 378, r=0.45,F =0. 1 ~0. 2, Wil % A 25k
REEHIHN 10% ~20% i, A REFL IS 3 4l LB % s,
R T AL R R AFC i B 1) 55 R %2 BRI )
MARFATTH HIE B 2 R4 LA BT o

£ EFTig , Se-Nd [R5 AU 45 SRAR A SCHFIIF I IX 1
ZHLKIE DY OIB B 3¢ 28 i 5E iR e al AFC s A2 1Y 7 1)
HI T2 B E A OO 5 SR B0 46 Se-Nd [ 37 3 21 i B A 52
i, PR BRAT TEA D 3 i = 4L 88 Bk It o 6 A e 2R - (R £ 3R 4L
R 2 5 T AR T R X 19 2501

4.3 HRIBEXFFE

BTN v A ARBE B BUs A B9 BF 58 45 2R 7R (Wang e
al., 2003) , FEAE R IX AT A (KT B 4 LREE A1 LILE %547
Pl s, HAT A  Sr AMIE Nd [R5 20 URRAE o A ST F
S = A 55 1 ZH0 10 OIB B 2 A4 ) B 5 7 1 4k
Tt E S R IR 155 Zr/Ba(0. 42 ~ 0. 48) FIIk La/Nb(1.0) A%
Ba/Nb( 18 ~21) HfH 45 &5 ( Ormerod et al. , 1988 F4yTU& RN
VLIEHEE, 1999; Weaver, 1991; Fitton et al. , 1991; 4 X NI,
1999) . FHAHXT TF-3 OIB B =14 Sr FIERAK 1Y Nd [6] 7 K Lh
{H R A s e A B B BTk . 56 2 AT Rk
BEX AN Zr/Ba(0. 35 ~0.55) & Nb/U LLfH, #5875 T 3K
TR 1 F L TTER (A IS TR B Y La/Nb Ba/Nb 1K,
Nb-Ta 1 54, WIFR 7R & 58 70 B s 0 5 3 i ok 26 3
ZH I VLA X 22 115 1) Ba/Nb(52 ~86,°F-1 71) B
T HLTE(54) 5 )5UG M (9. 8) , LK HA/N) Zi/Ba (24
0.2) , ¥yf/n s 5 8 1 B i R R I e ik o Rt , = 2
KL T4 S HE I P R S A 0 114 3 [+ SRR JRARRALE o
H 58 1 HZR A FE R RIFE WA H 2 A%
KA RO B &, A A0 B EHE; 55 3 H X &
L ) S 7S B 22 A P BEIR

TFFEIX = 2H B BR BT AL A 1Y Sr-Nd [R] 7 3R HR A8 26 R Al
LA IR X 2 /0 A7 e OIB 78 25035 Bl R 4 55 A B T
Wi TGy o AR XS A Rl bR e b A A A P s 11
WFFEEE RN XS E AR FE 2R DL T EM2 B 5 A 18] 3t i
(Wang et al. , 2003, 2005) ., 15 5%, & 8a Ay Sr-Nd []fii Z tp
AR R AR X = BB T K L R R M Ak,
MR IR DX R P 2R Ak . TIR4 , FRATT MR 1 OIB 7Yk
T PRI A7 P ) ) 7 2R 2H R, 540788 e il o 1) ) 7 28 2
B 8d) 5 A X S PR a1 Sr-Nd A7) 46 /] 457 3 2H iixt
L, HHE VBT D P T A1 BB 0Tl R A DX iR Y BT o

el 8d TR , AN [a] L 4] ) i Bl + 5 Ay et e 3 ] 2
L0 m T AR S A5 4045 3] 7 X = 2l B 4 K LA w0 R
W R 7% ~10% () EM2 B4 A7 BB 3 +93% ~90%

W BB S 7] e A 0 A s A R AR R B RO B 55 1
VLI RA ALY Se-Nd [l AR 15% ~20% fY) EM2
T A7 P U + 85% ~ 80% F 3 7 Pl 4 23 B T I 1Y) o 3¢
W AT IS 2 AU VL S R X iR 1 R 6L R RFAE 5 35% ~
45% 1) EM2 BUE A7 R HUIE + 65% ~ 55% 1450 I BB 1 43475 il
FEAERESROR B 55 3 UiV AREREE X R & LA R A
{7 o

SR b TR e A S KR (B K R
L) SR TR B b ER AL 24 R AE , FT L AR g b 308 35k 4 3 P -
A A A R PR R A TR

4.4 REHHZEEX

L2 W 2287 06 o AR ACBE R BT K 1L o 1 B TR Sy A Pl i
JEFT 5T B B - A BELAR AR T 45 51, O W 1 L 0 3
W SR i B S A7 L 1] R R 22 | A B A R /0 1) A
ORI (112Ma) ZRA K IRIX Z 8] TR 2 & 555 A
20 JE T B Nb-Ta 75451l Pb IE R3S 3 4
TRERBEANEE 2 2H S SR WE VI 4H 5 A0, BE A 2 -0 i 2 1)
SR, R L 8 9, TR B T TG Nb-Ta 75 48, SEAIR Sr Al
Nd [m] 7 2 A A5 1 20 OIB TIVTIL Z A (99Ma) o 3xX 5
-1l T 2R DX I 125 ~ 90 Ma J ) JEE K 11 v L s 4R
A B S YR Dy 8 7 B DL AR T R R YR Y OIB AL 3% 0y
FHEACFRIE A — B (PR B8 %, 2005; ST 4%, 2001),
WZRABL T 5 [ V4 3R 2 0 4 20 — 20 0 0 R IR A A ke
(Hawkesworth et al. , 1995) , DA FRATAR & X 18 7R F0 %6t H
I 7Y A0 A AR IE SR 3 BT T BE R TR AR Bl 2 A

FECE R R S sl R A s iR, Hoh
F Bl i U R TS St A ohib A AR AR R Y
VB X D PR PRI A S I A 28 B A G A AR M T
WA v R PR AR . Tl B sh i R A BIL R4 45 - R
KW 2435 Bl 5 | A PP Bl T 306 T b 8 24 A T B9 AR
A 5 | RS ARL T 9IU  5K B0 i J5 8 368 LV A 95 S L A1
PP R A AR A5 2 . H AR (1) 3R ALY
BB - e A B B T 0 5 (2) M TR ) 0 A 3 A Ry R
FEPERT 5 (3) #iv a4 A8 Bt A% 2% e 1 TR I (e 158 W] 55
2008) .

TEAERHLIX ok A AR AUBE R B A T iE ¢ S
R R ALK A T 22 IR e XA A T, ELAS ] i 391
BERR A SRR ks O - A B AR TR A5 R RVER
o [ B B g 2L OTB BRI X s, A 2k A
AR A P b B - v S M 1 B R BT K Ll (9
R, 2003 ) (H 5 SR iy 323 DA B4 Ak X A
A AEBRRZEN, FRRTHNAEXEERNEES5H T
T i e 0 V10 R e 235 AR A, 2 o ¥t 29 U L L | T ) )
BRAL, B AR AT R 32 2 K N 7 1 FH I S Rl i 5 Tk
AU T Rl Y BT 0 o PRI I T2 19 oy OS-34S
A AR R A R AR R DOk B BUE R . R BE
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HARFPAR A 14 5 A2 S B0 BRG0P e g2 P o
5 F S-S0 P AR R 97 88 s 9RO/ A (Li and Li, 2007) ,{H
AT b X PP AR AR T SR 43T 22 B TR 43, B i
o il 5 Ao R A PR LA A T DA i T 8 3 A 1 R RO T oKk
Pk 4 2l

A b DX A R A A R AR AR R R R LT
5 [ VG A0 A T A A B AR A, s 20 K L A —
FINWRR I LT, DL R R T A 2 e A i s o5 (O
KEMAN, 2002; Euids, 1986), /L& BRI THEM
Fop A A R 1 s BRI A A (4 3C I 5, 19985 [
TEBAFIH SCAE, 1998 ), 300 4F 28 T 8 1) ok A4 T i o 2 1 4
AEAR 2 IR TIE 8 S5 e 4 e DKM S A7 7 B S04 -3 5
(BRIEZE, 2004) PSR R I E 32 13 4R A6 14 2 1T
FARUL T IR ( ERZESE, 2002, 2005) , 20, 42 Eg b X
5 e AR A M X T 5 A o AR S e v A R ) A
I 2Bk A 75 75 5 (Fan et al. , 2003; Guo et al. , 2003) , BJ
JEl 1 Z A S BT X IR ZL A 5 A R AR, g
B HENSZRi e (Carter et al. , 2001 ) | RF4 iy 3t v Ak LA
Bty ROTEEAR F i e s A6 B S 35000 4 MV A S5 S R4 A )
75 (Ruppel, 1995; Fan et al. , 2001),

5 &k

X B 47 5 A B B 1 V28 DR S 7 1 W YV
I 3 DX PP A AR BR K LA BEAT T 42 Ar-Ar 4R RS
Al 2 R BRAL A WF5E , A AN T 458

(DT Z A Ar-Ar 25 4R 0% S 99Ma, Sy g 1 2 fH: 15t
R L K RCE L R A 1 Ar-Ar AR O 111 ~
112Ma, B A BT 22

(2) PR BRI A 2 8 T G Bl e 4 R 5. AR
P TR TC R S Se-Nd R 2R, AT AR Z» =412 58 1 41
T OIB Y2 s 5 2 i VL i Bl 2 i 5 265 3 4
JRHTLARBR B X 2 s, A A MR T, O
Rl B RH SR 0™ 10 IR BB, S 0 T D X o
A1 |21 5328 /0 T U L L TR T T, B e A P

(3) VT4 T 2Rty i v AR ARBR B B K L LA e A 2R A
DB T BEACARE vty 9 LA -1 B X O e L,
FEy2S 73 A AN F 5 A g R R A X A AR L 45
3 DX A AR A A T A% R LA % 22 3 U e o 1)
ik, FRATIA g5 A1 Pl i Je 9 23l g 2 A DA vl B JA) 10 2 Al Bk
FAELAE S B 45
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