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Table 1 K-Ar age (Ma) of Cenozoic volcanic rocks in eastern China
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Table 2 Chemical and REE composition of the Cenozoic volcanic rocks in eastern China

M7 Ms | Zxé2 | ZB7

Gs " Ge | Gr | Gs | Hus " L2 ' G1 !" G | | ZK1 ' Gi | Thaer
E E L E | E° E - E N : N N N | N N N N N
{ I i
iy kR FEA , FIE | ARRM  FIZWE O AAFWL [AAmw| AT | dr ‘ WHHL | B WM A ¥auw
TH TH NE-TRB| AB TH TH AOB | PHBA| OTH | PHBA! AOB | ADB { PHBA! OTH | PHBA
! i i .
: | | ‘
50,00 49,95 44,53 | 45,69 48,00 . 47,84 51,30 | 47,26 | 4B,78 1§ 44.44 48,62 | 48.30 | 44.30 47,9 49,54
1.68 1.78 | 1,654 | 1,62 130 0 1.94 1.11 1.57 1.47 1.78 } 2,18 1.80 2.00 1.5 1.38
16,30 | 14.75 | 17,31 | 18.25 15,75 1 14.67 { 15.24 | 13.52 | 14.88 | 13.63 | 15.23 | 18,76 | 18,22 | 16.17 13.89
3.20 ¢ 3,40 6,18 |  5.30 6.5¢ | 4.8 5,47 4,05 3.35 | 2,58 | 6.83 | 4,95 3,21 | 10,43 2.25
6,73 :  7.02 3,64 | 3,64 6,32 | 6,00 5,53 8,05 8.55 | 10.91 | 5.39 i 4.97 9.45 4.01 6,56
0,26 0.12 0,14 | 0,20 0,16 % 0.15 0,14 0.19 0.15 0.20 | 0,15 | 0.22 0.24 0.17 0.19
5,04 6.14 4,22 | 4,76 5.75 | 7,18 5,67 8,02 9.69 | 10,06 5,53 4.38 | 9.45 4,00 10,75
8.45 8,87 3.38 | 9.63 8,28 7.86 8,41 2,18 7,19 8.40 8,54 110,73 { 10,10 8.00 7.12
3.05 2.85 2,80 |  3.30 3,80 | 2,57 4,20 4.52 3,00 | 2,94 | 3.34 3.20 | 2.65 3,03 4,40
0.54 0.88 2,00 ‘ 1,20 0,87 ' 1.44 | _ 1.58 2,35 1,20 1.96 1.85 1.05 1.85 1.50 2,30
0,31 0,40 0.40 0,53 0,28 0.35 0,21 0,66 0.40 0,50 0,10 0,52 0.77 0.40 0.56
2,600 1,77 3.25 1 3,02 i2,81 0,33 0,98 1.33 2,41 2,32 2.19 1,60 1.81 9.94
2,55 2,40 1.08 1.31 i1,81 | 0,73 1.45 1.06 0,31
| 3.67 .0 1,98 ; 0,24 2.51
} ; 3.57 | : 0.14 1,02 | i ! 1.26
| ' | i
{ ] ! r :
4.8 3.0 S : ‘
23,2 | 4.9 1 0,48 12,44 | 12.2 38,1 . 8.16 |26.6 | 17.80 4,92 24,72 | 11,3 13,63
95,2 97.0 75,8 | 82,6 | 89,52 87,52 | B83.4 39,5 91,84 | 60,3 81.93 | 94,49 | 62,73 | 88,7 52,52
1.0 | 26 | Lo2.3 22,4 13.1 0,27 0,59 | 12,56 13,85
] i | ! _
13,40 17.70 25,70 ;26,00 12,20 23,40 18,10 | 44,70 | 15,70 | 45,20 | 24,30 | 15,60 | 50.30 | 23,00 21.10
29,80 33.60 46,90 46,10 23,80 38,60 30,70 | 79,30 | 34,70 {82,506 | 43,00 [ 37,60 |.80,00 | 34,90 37.60
i 8,00 5.00 | 10.20 5.00
16,20 20,90 21.9¢ | 25.70 17.00 24,20 20,00 | 38,10 | 14,70 | 43,50 | 22,50 | 20,60 [ 50,00 | 21.70 17,80
4,14 4.70 4.82 5,62 3.89 4,97 4,06 7.75 2,76 7.04 6,10 5.30 | 8,60 4,93 5.00
1.57 1,71 192 . 1,92 1.25 1,79 1.55 2,63 1.63 2,61 2,00 .80 | 2,90 1,84 1,50
| - 5.20 - { 5,20 5.i0 | 7.80 4.30
I 0.85 0,79 | 0.85 .  0.945 0.533 0,796 0,737 | 1.17 0,672 | 1,30 0,71 0,74 1,00 0,803 0,51
: : : 3.70 3,90 5,10 3.20
0.538 0.88 0,79 1,10 0,830 0,82
. I | 1.90 2,00 2,40 2,20
: ) | 0,20 0,28 0,27 0,20
1.63 1.86 1.97 | 2,34 1 1,42 | 183 1,47 1,83 1.67 2.42 1,20 1,40 1.40 1,81 S 1,30
0,223 0,286 0,282 | 0,400 ; 0,208 0.280 0,201 | 0,214 0,242 | 0,310 | 0.220 | 0,230 | 0.240} 0,263 0,240
i §

¥ &

>

=1

i T

STl

11




» 2

Table 2 (continued),
i | i B
R1 | K, ! Res | W3z | Ke [ Wbos : Gy | Thb243  Mi1-2 M11-6 l Kis1A | Kis7 T1 Tz
! : i !
N Qi; Qi-s Q-3 Q-3 0 Qs | Qs | Qis . Qu Qa I N | N N N
E3=10 R Z®E E;’}cqﬁiﬂ | KAWL JEi ' i Xk o EEW L--§i=0.] PE&‘F%IHM’.P&&F%M 1 ¥ sk | R g Sk
OTH ! TEL PH i AF'?ﬁ | TEPH | NE-TR i ONE P . PHBA AB ; TH & QTH TRB QTH
Si0, 49,41 41.82 51,23 15,18 19,04 53,49 !43.12 70,04 47,76 47,22 49.81 52,99 49,08 52.87
TiO, 0,6 2.20 2,47 2.79 2,80 2.39 2.64 | 0.34 1.51 1.59 1.39 1.53 | 2,19 1.31
Al,0, 16.15 11,38 13,65 13.85 13,55 13,5 | 14.27 | 12,04 15.33 16,20 15,22 15.83 | 14.71 15.43
Fe, 0, 4,86 7,22 1,18 1.52 3,09 3.78 | 6.83 1.94 1.14 3.54 2,52 3.45 3.59 3.05
FeO 8.25 2,75 5.86 6.91 5.79 5,10 | 6,89 3.01 9.64 8,27 9,15 6.35 |, 6,93 6,62
MaO 0,19 0.20 0.11 0,12 0.15 0,13 0.21 0.12 0,15 0.20 0,20 0,27 0,13 0,74
MgO 7.44 13,29 7,27 6.49 5.48 5,54 7.09 | 0.13 9.19 8.41 7.05 4,83 6.63 6.94
Ta0 7,97 10,00 5.98 6,14 897 | 8,25 7.84 0.88 7.7% 8.24 9,88 9.82 3,97 9.08
Na,0 3.03 1.55 3,66 3,40 4,23 3.62 6.00 5,60 3,97 3.33 2.55 2,81 3,60 2,73
K,0 0.40 4,15 | 5.44 5.89 5,82 | 5,00 3.84 | 5,15 2.05 1,96 0.25 0.55 | 2,13 0,46
P;0s | 0.1 0,98 | 1,14 1.34 1.45 0,22 0,92 0,04 0,50 0,55 0,12 6.22 | 0.59 0,18
Ezg' L0.79 I 0,38 0,42 | 0.58 0,43 | 0.33 [ 0,44 0,56 1.54 0.80
,0- 0.36 | 0.35 | ;
co, ‘ 5 ‘ ' i 0.26 0,27
ik 0.28 J 3.26 0.3 Pooou4 | 004 040 | 031 | E |
Q i i i i | | 23.52 | 1.4 i 9.8 7T
A \ | 8,6 84,4 84,4 78,7 79.02 | 28,3 | 74048 | 24,96 18.5 i 24,91
P | 100,00 | 25,7 7.2 6,3 15,84 | 1.2 | 61,31 74.1 98,6 | 90,2 75.09 92.3
F i i 65,7 1003 | el3 21,3 | 5.13 70,5 ! 13.73 6.4 i i
La | 5.5 ! 162,00 | 106.00 109,00 120,00 | 73.9 | 55,50 [216.00 | 45.50 43,50 13.50 | 13,50 | 47.73 I 14,00
Ce | 14.00 | 270,00 : 176,00 183.00 | 203.00 140.00 | 90.50 (362,00 | 71.80 §9.10 22,0 ! 22,60 | 82,60 | 26,00
Pr i { 17,70 ! 44,00 | : Poo12,80 3.60
gd ¢ 8,10 1 125,00 85,10 83,70 94,40 63.70 | 46,30 3132.00 | 36,90 30,90 19.0 3810 | 11,00
m ' ' I |
Sm | 2,58 16.80 12,80 14,00 14,90 11,80 : 8,23 | 21,00 7.05 6.79 | 3,67 3.8 | 9.18 © 3,80
Eu ! 1,04 i 4,87 3.45 3,80 4,06 3.10 2.92 i 0,47 2.36 2,13 | 1.30 1,47 3.22 | 1,20
Gd ' 3,43 | 7.80 117,00 i 9.41 | 2,80
Tb . 0,478 ' 2,2 1,06 1,15 1,90 1,00 1.39 | 2,50 | 1,25 1,07 ;| 0.58 0,65 + 1,27 0,54
Dy | 1,09 4,20 | 13.00 [ 468 1 2,60
EO 1 0,89 P 2,60 ;0,04 | 0,48 | 0,45
B G o
Yb ;1.5 | 2.59 1.08 1.23 1.94 0.90 | 1.93 | 4.30 2.38 2.17 1.39 | 1.37 | 1,70 1 1,10
I 1
Lu |  o.2¢4 | 0.288 0.166 0,178 0.190 ; 0,20 | 0.228 | 0.74 | o.244 0.211; 0,226 : 0,203 | 0.6

TH-fu mz &4, NE-TRB-ABEAF LAY, AB-Birx &y, AOB-gimiti % Ay, PHBA-mif %, OTH- W EX &%, TEL-RX s, PH-g
%, NE-AFTR-ABG®cnmY, TEPH-% %z mg, NE-TR-4BaMEE ONE-HEEES, P-wm¥y, QTH-Fxx Ay, TRB-AmLRA.
G5, G8.G7.GEEREHEBKARFIE; Hils AR AEAFRBERKE Gl. G2, G3, GI AREEINRBAR AT KI51A, K157 BFEREHH

FmaxAx. T. T,

ISR T BME. REWFHEXR P TELES .

REE +'#isk BH F¥ R, HMERNHTLERS N TYMH, Zx62, ZB7, 2K1, Th267, Wbeo, Th24s REE WP mEHXRABSN,

et



5 4 M0 RA A, SERSAERGLE 13
FH=ARFIA IS R SR AR R (Eso) . '

_AGARBNEEREXERSFARARXIEFERRERT BREEETHERREE
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Fig. 6a Chondrite normalized REE distribution patterns for the Fogene volcanic rocks in the
northern petrological region of eastern China
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Fig, 6b Chondrite normalized REE distribution patterns for the Neogene volcasic rocks in
the morthern petrological region of eastern China
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Fig, 6¢ Chondrite normalized REE distribution patterns for the Neogene volcanic rocks in the
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FLRIEWEIEE T — MR s EREY GBR) . FLAAKEHARY,
BAVFET AR R AR IR AR RAREE . I T Shaw (1970) S TR M4

BMRAR, e pete s RELARMIM AT B R B

TESEAEEENE, BEGERAEEE BRSNS SRR RA RS Ek (8
FBE, 1982) , ERMUBZIHE KNG B 2 h AORMA—RBATEHE 4k & A
A EEBER (BAEE, 1983) . BHEAESNAREHNR L8, BEXABE R
HHE B MR TR REN R E RS FAERK AN EER LSS e P &R
WENTTRMERRAK. XEPRIARELATRRRRLR0AENER, EHibEiEnN %
MARRT AR A A LB FIX %4 (55%01,, 25%0PX,, 15%CPX., 5%Gt),
WMPBERSKLE TR M EFNER, A—LEREADEESSHN, TER
— T — ik BB L B HHE e AR RS &5 B2 A0 2 L B ik, B AE i
MIEX A &R B FEEIE (55%01., 25%0PX,, 15%CPX., 5%Phl,), F|f T Hanson
(1980) $2 HH FUS S5 1A AR W™ W) ——TEBR b IS PR IUK A8, FHISREEN F R, IERK MR AREE
FEN M. MENERETERT L, BZETUEE, FEHEEDR AR LEY R
LR ERE Y, NEZREE (TH, QTH, OTH) WE4HERAREN T 5—8%
ZMy MBZXE, MMETEENTF.7—1.0% 2 MM Z RN, BEZRE. HE
ZERAEEBNT 4.0—5.0% 20 (B 7), FEKLE ER/ARET B AL 85
e, MR SEBRLAFITEORES SN ER M. Bk, STeEs LRE
SRS RMRFEAGIRED. HERERTIALE (TEL, TEPH, NE-AFTR, PH,
NE-TR) Frf&m Liis S mmBEEA F0.7—1,5% 27 (BB'#) ,
MAUNZRERIARAERFIAUEEE LB RS R S CR AR S
Tamey%(l%ﬂ)ILLE’@E:ﬁm*ﬁ%%ﬁ%‘ﬁﬁﬁﬂﬁﬁﬂﬁﬂﬁﬂEB%AEZM‘E%?: 5 Kay
WGast (197 B i KBS RAFHGT, FERESHEN QLB YRE EFRETE T



16 # O % i w1H

B A BN 4R, MAEHR LREE (US4 hHeE R, NWXFHERER
KIEH RURHBLY . AT, — 3B A P B A R S K L i 8 e AR B R R R
TESGX TR . KRB A8 % A TR AR . BUTAR MR 50K 1L 8 oI O A e
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SERERA K d-EEXSHARABERB RN ERRIERSN LS,
Fig, 7 Plot of La/Sm vs, La
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Table 3 Incompatible element abundunces in various volcanic rocks of eastern China

Y I

Gr | G Hit | Lo ‘ Gl Gz M7 Mg
i T NETRE AB ST | TH | AOB HAB OTII | PHBA
Cs ‘ 075 0241 0554 | 0,888 | 0,304 o ! o ‘[ 0,483 | 0,260
Rb ! : 14.3 13.4 l 8,23 50.0% 24,9 | 418 214 34,0
Bs ‘ma 241 |zgz 162 187 oo | 2ar | 3z \ 173 345
Th 0.01] 1.30° 2.3 2,05 0.87 | 2.55 l 2,29 ‘ 631 L5 : 5.31
U ‘ 0.528  0.422, . 0.82 0.847 i 0,856 1 0.84 1. 0,580 i 1.07
K [5400 8800 20000 | 12000 11800 115100 {15800 23500 12000 19600
Ta \ 0.489) 0.620, 1,16 1.09 0.452 .08 L0 238 0,684 ; 1.94
Nb | | | | | : :
La 13.4 17.7 25,7 26 12.2 2304 W1 M7 18T 45,2
Ce | 25.9 | 83.6 ° 469 | 46,1 23,8 39.6 | 307 | 79.3 | 34,7 ‘ 82,5
St ‘357 346 508,5 512 410 284 ' 258 \ 717 ‘ 243 " 509
Nd ‘ 6.2 | 2009 | 219 257 17,0 Mz | 20 | 88l 147 | 48,5
P \1350 1746 1746 2310 916 | 2880 ‘ 1750 ! 2180
Hi 2,80 2,98 nar | aer 2,24 1 8,78 2,93 | 47T | 8.36 5,04
7| ; | ‘ L 290 ‘ 285
Sm | 44! 4,70 1,82 5.62 3,60 | 4.7 4.08 \ .05 T 2.78 7.04
Ti |10063 10542 9225 9704 | 6649 | 9404 | 3805 10662
Th | 0.850 0.7% 0,85 0,945 0,532 078 0.7 L Liz 08l 13
Yo R R R
T g | was Ke | G3 | Mu-z | Miss | KisiA ! Kis7
| N o Qu-s Qi | Qis 1 Qu | « o N N
[ )] | FikE | P { il WEM \ ’ﬁ?ﬁ?ﬂ ‘tiﬁ#%ﬂli)&ﬁ#&ih
; OTH iNE—AFTR| TEPH | ONE { PHBA | ! QTH
e i e SRR PR
Cs 1,19 0,957 0.660 0.689 0,720 0.730 | 0.721 ! 0.511
Rb 13,8 | 112 108 104 108 46,3 39,7 39,1 l 8.30 13.8
Ba | 289 | 1870 | 1617 1620 1781 414 IS 233
Th 1.87) . 11,30 6.30 5.94 8.41 7,06 | 6,27 ‘ 5,89 1.30 1.58
U 119 1,80 1.08 1.60 1.84 1.09 1.55 1,56 1.32 9.5
K [15000  |41500  |54400 55900 59200 38400 20500 21000 2500 | 5500
Ta 1,05 3.2 199 2.24 2.36 3.44 2,22 197 0.511 | 0.53
Nb ’ | \
La 23.0 [ 162 106 109 120 §5.5 45,5 | 43,5 i 8.5 | 185
Ce 34,9 270 | 176 182.6 203 90,5 71.6 ‘ 6.1 | 220 | 226
Sr | 346 |a771 | 1860 1360 | 1560 831 01 | 558 ‘{ LY
Nd | 21.7] 125 85,1 83.7 94.4 46.3 36,9 “ 30,9 24.0 } 18,3
P | 1750 . ;4280 | 4975 5847 6328 4020 2180 {2400 | 524 I 960
Hi | 3.zs‘| 8,87 100 2.8 s | 5 4.45 458 | 2.8 287
Zr '\ { 470 J 478 | 546 | o427 l 320 261 ! | 218
Smo| o493 188 128 M0 14.9 8.23 T8 1 879 3,87 1 3,86
Ti |85 (13178 ;14800 16710 16772 [15814 ooss | ss2 8330 ' 9170
Th : 0.803 126 1,08 1.15 1.9 ] 1.39 1.25 J 0.877 | 0,580 0,550

I

I
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EEF AR, BROTAREINGE “EHER BT N “RR A TR RN EIHT
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Fig, 8 Plot of incompatible element abundances in various volearic rocks rormalized
to a primordial mantle composition
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IR R P KL% (AOB,PHBA ,ONE)[f] ®7Sr/8 ' Sr W s L — IR ZREVSES
&, #4T0,7029—0,7048 2 (8 MILE H0,7033—0,7048, JLEMEXEH0,7039, BhigH:
K %50,7040; HAHXHEH0,7033—0,7041, \WEREEH0,7032—0,7038; FiLHIKEN
0,7040—0,7046; FAREIAEFH0,7020. B FWIER A K 1LE (PH,TEPH,NE-TRB,NE-
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Fig, ¢ Changing incompatible ¢lement abundances of voleanic

rocks from the East Africa Rift in Kenya with time
(after Norry et al,, 1980),
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FH LR TS/ Sty WA E— M/ 0. T038 %0, 7042 7 ] A1 P 35 T R AL IX,
B ER4IAEE L, 278/ St WAL > 0.7042, XTFRER LT ZRERGE SRR
T BT R R T e 0 R R 5 R M T R R

e BB MA AR TER B R0 7S/  t5r i Bt SER B SRR X RER (RR,
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KUTE B (0,7029—0.7048)5 {BiZshihse MBI ¥, L3600, BESHENFRER L
B A A — FERSERERIR,

/‘—‘< Al % ‘I’%
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Fig, 10 Plot showing the relationship between #7Sr/#5Sr initial ratios of
Cenozoic voleanic rocks and the crustal thickness in eastern China
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CENOZOIC VOLCANIC ROCKS IN EASTERN CHINA

Wu Liren - Zhai Mingzhe Zheng Xiangshen
Unstitute of Geology,Academia Sinica)

Yang Ruiying Huang Zhongxiang
(Unstitute of High Energy Nuciear Physics,Academia Sinica)

Abstract

Eastern China is a composite petrological area of Cenozoic voleanjc rocks,
Here the volcanic rocks of the tholeiite series, calc-alkali series, Hy-norm bearing
olivine basalt geries,Na-alkali series and K-alkalj series coeXist, Eastern China
can be divided into the northern and southern petrological regions by Changzhou
-Yueyang old deep fault, The magma generation and magmatic activities in the
northern region were controlled by the mantle uplift and the old deep faults
(such as the Lujiang—Tancheng—Shenyang—Mishan,Nenjiang-Taihang Mt, ,Chich-
eng-Jianping, Zhangjiakou -Tianjin, Lower Yangtze deep faults,) These old deep
faults were revived and some of them were changed into rifts and fault basins
due to back-arc expansion caused by sustained mantle uplifting, The Bohaj Sea
Basin is situated at the intersection of the Lujiang-Tancheng—Shcnyang»Mishan
and Zhangjiakou-Tianjin uplifting belts of upper mantle,making use of thege 1j-
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thospheric weakness since Paleocene or early Eocene time,Here the thinnest cr-
ustal thickness is less than 30 km,the depth of the top of asthenosphere is about
50 km and the high value of heat flow reaches to 2,36 HFU,The asthenosphere
surface has an asymmetric conical form,taking the Bohai Sea Basin as iis apex
and with steep slope to the south,east,west and gentle slope to the north, The
Northern Jjangsu Basin is situated above another smaller mantle uplift,Some
Eogene (71,5—28,5Ma) tholeijtes are mainly located at the central part of the
mantle’s upwarping;well developed Neogene (23,8—2,6Ma) alkali olivine basalts
are distributed at the outer lane of the former and the Quaternary (1.48 Ma-
recent) peralkali volcanic rocks are far away from them,These features are es~
pecially clearly seen along Lujiang-Tancheng-Shenyang-Mishan,Nenjiang-Tai-
hang Mt,,Zhangjiakou-Tianjin deep faults,The Quaternary volcanic rocks are
more complicated and can be subdivided into three rock series:1,Na-alkali rock
series: alkali olivine basalt,phonolitic basanite, olivine nephelinite; 2,K-alkali
rock series:leucite-bearing alkali trachyte,ieucite phonolite,tephritic phonolite,
tephritic leucitite, olivine leucitite,3, Hy-norm bearing olivine basalt series: oli
vine basalt, quartz latite, quartz alkali trachyte, pantellerite,

The studies of incompatible elements and REE show that the Eogene thole-
iitic rocks were derived by 5,0—8,0% melting of a garnet lherzolite; the Ncogene
alkali basalts—4,0—5,0%; and the Quaternary peralkali volcanic rocks(phonolitic
basanijte,nephelinite}—0,7—1,0% .The volcanic rocks of the K-alkali series we-
re derived by 0.7--1,5% melting of a phlogopite lherzolite, At the same time,th-
ese studies also show that the degree of enrichment of incompatible elements
and LREE increases with decreasing age, increasing source depth and decreasing
degree of melting of the upper mentle,This presumably is an indication of a
waning magmatic hearth with gradually decreasing temperature,accompanijed with
the down-cutting of the lithospheric faults, We call such fecatures as “a reverse
process of magma generation”, And the opposite features of magmatic evolution
of the East African Rift in Kenya can be called as“a positive process of magma
generation”,

The situation in the southern region is compatatively simple, The genecration
and distribution of basalts are mainly-controlled by the plate subduction and by
a group of deep faults (such as Ninghai-Wenzhou-Changle-Zhaoan-Shantou,
Shangyu-Lishui-Minging-Haifeng and Shaoxing-Mingxi-Changding-Heyuan old
deep faults),The east, intermediate,west volcanic rock belts consist mainly of
tholeiite, alkali olivine basalt and phonolitic basanite respectively, These origi-
nal basaltic magmas were tesulted at the subduction zone of the Pacific Plate
by partial melting of the mantle at different depth,



