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The Early Jurassic A-Type Granites in Northern Guangxi,
China: Petrogenesis and Implications
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Abstract: The Yuanshishan granites have large amounts of mafic enclaves. This paper presents new zircon LA-ICP-MS U-Pb
age, and the age analysis shows that the granites were generated in Early Jurassic (17942 Ma). These granites are character-
ized by uniform silicon contents, enriched in alkali contents and more enriched in K contents, and enriched in iron and depleted
in magnesium contents. with high 10* X Ga/A1l values and Zr+Nb-+Ce-+ Y contents. The granites belong to A-type granite.
The Yuanshishan granites have homogeneous Sr-Nd isotope compositions (Is,=0.7017 to 0.710 8, eng (1) =—7.77 to — 4.55).
Mafic enclaves show lower I, (0.7050 to 0.707 1) and higher ey (2) (— 4.87 to —2.63) values. In situ zircons Hf isotope com-
positions from these granites have limited ranges (' Hf/"" Hf); =0.282 62 t0 0.28270), ey (t) = —1.68 to 1.17, and Tpu, =
1.25 to 1.43 Ga. We suggest that the Yuanshishan granites were likely generated by partial melting of newly underplated basalt-
ic lower crust in extension setting. Since Early Jurassic (~200 Ma) , extension has been the major subject of the tectonic back-
ground in the interior of the South China. Multistage basaltic magma underplating is direct inducement to the Yanshanian ex-
tension. During the Early Jurassic, the South China interior was most likely in post-collisional setting.

Key words: Early Jurassic; A-type granite; basaltic magma underplating; extension; petrology; geochemistry.
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Fig.1 Sketch geological map of Yuanshishan (a) and sketch geological setting map (b) of the Gongcheng area, northern

Guangxi
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Table 2 Lu-HI isotopic results for zircons of the Yuanshishan granites

M5 1 Yb/UTHE 16 Lu/17 HE 16 1/ 177 HA T (Ma) enr(2) 1o Tun (Ga)  Tup(Ga)
01 0.023 623 1 0.000 64 0.282 68 0.000 013 185 0.82 0.5 0.80 1.29
02 0.019 189 8 0.000 53 0.282 67 0.000 011 195 0.53 0.4 0.82 1.32
03 0.037 2830 0.000 97 0.282 75 0.000 010 203 3.52 0.4 0.71 1.14
04 0.028 904 5 0.000 80 0.282 68 0.000 012 178 0.60 0.4 0.80 1.29
05 0.015 244 8 0.000 44 0.282 68 0.000 011 177 0.44 0.4 0.80 1.30
06 0.022 838 5 0.000 65 0.282 62 0.000 013 175 —1.68 0.5 0.89 1.44
07 0.027 042 1 0.000 74 0.282 21 0.000 010 494 —9.16 0.3 1.46 2.34
08 0.018 991 9 0.000 55 0.282 67 0.000 011 203 1.74 0.4 0.78 1.26
09 0.020 045 5 0.000 57 0.282 62 0.000 009 200 —0.94 0.3 0.88 1.42
10 0.024 360 6 0.000 68 0.282 50 0.000 011 396 —0.01 0.4 1.01 1.63
11 0.030 998 2 0.000 88 0.282 09 0.000 012 1178 1.33 0.4 1.63 2.61
12 0.030 248 4 0.000 83 0.282 69 0.000 010 181 0.81 0.4 0.80 1.28
13 0.032 045 2 0.000 91 0.282 69 0.000 012 181 0.83 0.4 0.80 1.28
14 0.052 384 5 0.001 46 0.282 70 0.000 009 179 1.17 0.3 0.79 1.25
15 0.017 786 9 0.000 51 0.282 63 0.000 010 172 —1.33 0.4 0.87 1.41
16 0.017 479 9 0.000 50 0.282 69 0.000 012 179 1.01 0.4 0.78 1.27
17 0.018 840 3 0.000 56 0.282 65 0.000 009 175 —0.63 0.3 0.85 1.37
18 0.026 798 1 0.000 76 0.282 69 0.000 010 165 0.75 0.3 0.79 1.27
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Table 3 Chemical compositions of the Yuanshishan granites

e e B Bk P
" NO035-1 NO035-2 NO035-3 NO035-4 NO035-8 NO036-1 NO036-2 NO035-5 NO035-6  NO035-7  NO035-9
SiO» 71.07 73.36 70.30 70.99 74.06 72.92 72.99 59.31 62.37 60.07 56.12
Al O3 14.62 13.48 14.88 14.72 13.05 13.84 13.47 16.02 12.16 16.61 15.87
Fe; O3 0.66 0.05 0.15 1.35 1.15 0.91 0.10 0.88 0.13 0.67 1.66
FeO 2.06 2.68 3.07 1.79 1.70 1.64 2.69 9.32 9.00 6.86 7.87
CaO 0.94 1.01 1.11 1.12 1.06 0.90 0.91 2.94 2.77 4.09 4.42
MgO 0.22 0.22 0.27 0.26 0.25 0.17 0.18 1.33 4.29 2.02 2.53
K;0O 6.67 5.53 6.11 5.81 5.01 5.46 5.73 3.56 4.10 2.66 3.18
Na; O 3.20 3.10 3.38 3.38 3.16 3.36 3.29 3.64 2.20 3.80 3.30
TiO, 0.150 0.150 0.200 0.190 0.166 0.122 0.120 0.910 0.990 1.080 1.480
P, 05 0.04 0.04 0.06 0.06 0.06 0.03 0.03 0.41 0.32 0.52 0.56
MnO 0.05 0.04 0.05 0.05 0.05 0.04 0.05 0.19 0.16 0.12 0.19
Total 99.68 99.66 99.59 99.72 99.71 99.39 99.56 98.51 98.49 98.51 97.18
Li 108.0 99.2 120.0 114.0 112.0 122.0 120.0 575.0 459.0 268.0 350.0
Be 10.10 9.05 9.42 10.60 8.05 7.19 7.36 16.00 7.55 5.72 10.20
Sc 5.67 5.96 6.98 7.30 6.78 6.19 6.21 24.30 20.90 10.40 15.40
\% 11.30 10.70 12.40 12.50 12.30 9.03 9.59 64.70 117.00 109.00 160.00
Cr 19.90 17.40 12.20 6.92 7.32 12.80 20.50 9.75 338.0 0.87 14.60
Co 2.30 2.39 2.36 2.47 2.08 1.59 2.12 10.00 27.20 13.20 18.00
Ni 6.80 3.23 3.61 3.21 2.99 3.09 3.97 5.23 138.00 5.18 7.61
Cu 7.43 6.19 6.72 6.00 4.94 5.65 9.02 7.95 9.64 22.30 24.80
Zn 46.9 43.1 53.0 52.8 50.6 34.8 42.1 281.0 247.0 156.0 197.0
Ga 29.1 28.1 30.7 28.9 27.1 28.0 27.8 37.3 29.2 27.0 34.0
Rb 388 436 403 390 362 406 426 676 719 392 565
Sr 55.7 95.6 87.3 69.9 71.0 52.6 58.6 61.0 143.0 404.0 401.0
Y 61.9 70.4 68.8 63.3 48.0 79.6 95.2 109.0 82.1 62.7 88.6
Zr 172 183 198 180 148 136 165 531 278 311 311
Nb 51.4 37.0 40.0 40.1 48.0 44,1 49.2 92.2 71.0 43.2 70.1
Mo 1.17 1.04 1.18 1.20 0.73 0.58 0.55 0.28 1.22 1.00 1.88
Cd 0.07 0.18 0.08 0.10 0.06 0.11 0.15 0.34 0.18 0.40 0.26
In 0.11 0.09 0.09 0.12 0.10 0.06 0.06 0.41 0.27 0.17 0.38
Sb 0.58 0.56 0.81 0.84 0.65 0.51 0.59 0.25 0.23 0.36 0.72
Cs 36.1 36.5 41.5 42.7 38.0 21.4 22.2 131.0 139.0 32.4 78.4
Ba 537 525 778 423 333 316 357 491 387 898 801
La 51.3 59.8 49.9 55.0 57.6 44.0 44.2 37.8 49.7 51.3 65.7
Ce 114.0 123.0 105.0 116.0 117.0 93.1 93.7 82.1 105.0 94.1 120.0
Pr 13.2 15.3 12.7 14.0 14.8 11.7 11.7 11.6 13.2 12.7 16.1
Nd 52.5 60.6 50.5 53.9 59.2 47.9 48.7 52.4 56.6 54.3 67.7
Sm 13.2 14.4 13.0 13.6 14.2 13.0 13.8 18.8 15.7 12.5 16.6
Eu 0.840 0.790 1.070 0.780 0.680 0.650 0.640 0.470 0.799 1.790 2.060
Gd 11.3 12.0 11.4 11.1 11.4 12.2 13.1 19.5 14.7 11.2 15.9
Tb 2.13 2.35 2.34 2.07 1.96 2.52 2.68 3.98 2.92 2.18 2.94
Dy 12.2 13.3 13.1 11.8 11.1 15.0 17.0 21.9 16.8 12.7 17.4
Ho 2.25 2.49 2.39 2.12 1.84 2.89 3.33 3.88 3.05 2.26 3.22
Er 6.31 7.03 6.87 6.01 4.98 8.01 9.51 10.10 8.10 6.35 8.67
Tm 1.10 1.21 1.20 1.03 0.82 1.40 1.67 1.74 1.33 1.06 1.45
Yhb 6.32 7.18 6.73 6.14 4.39 8.06 9.84 9.95 7.30 5.83 8.04
Lu 0.95 1.11 1.06 0.97 0.64 1.21 1.51 1.51 1.09 0.90 1.24
Hf 7.03 7.45 8.11 7.23 6.23 5.80 7.52 14.10 8.72 7.74 8.57
Ta 6.05 5.22 5.14 5.04 5.89 7.06 6.93 8.15 5.81 3.26 6.66
w 5.60 3.25 3.41 5.68 7.15 3.43 4.32 2.54 2.71 2.09 6.33
Tl 2.52 2.07 2.30 2.18 1.94 2.32 2.49 4.52 4.58 2.40 3.43
Pb 42.6 37.4 42.2 38.7 36.6 42.2 47.1 31.1 10.8 17.3 16.6
Bi 0.24 0.88 0.35 0.60 0.52 0.25 0.25 0.59 0.17 0.40 2.41
Th 35.1 40.0 39.3 39.3 39.8 38.7 40.5 14.9 26.9 17.6 24.6
U 14.30 13.50 14.20 12.70 18.30 12.00 13.40 6.43 8.70 12.10 12.70
10" X Ga/Al 3.76 3.94 3.90 3.71 3.92 3.82 3.90 4.40 4.53 3.07 4.05
Zr+Nb+Ce+Y 399 413 411 399 361 352 403 814 536 511 589

TCCO) 814 820 824 816 799 796 811 852 773 775 745
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Table 4 Sr-Nd isotopic compositions of the Yuanshishan granites
LR Sm(10~%)  Nd(107%) "7 Sm/"Nd  '"$Nd/!"'Nd 26 T (Ma) exa()  Towe(Ga)
NO035-2 14.4 60.6 0.144 6 0.512 272 0.000 007 178.5 —5.95 1.46
NO035-4 13.6 53.9 0.153 6 512 354 0.000 007 178.5 —4.55 1.34
NO036-1 13.0 47.9 0.165 2 0.512 203 0.000 012 178.5 —7.77 1.61
NO036-2 13.8 48.7 0.172°5 0.512 307 0.000 007 178.5 —5.90 1.45
NO035-5 18.8 52.4 0.218 4 512 414 0.000 005 178.5 —4.87 1.37
NO035-6 15.7 56.6 0.168 8 0.512 382 0.000 007 178.5 —4.36 1.33
NO035-7 12.5 54.3 0.140 1 0.512 437 0.000 007 178.5 —2.63 1.19
SRS Rb(106) Sr(10 %) STRb/%5 Sr 87Sr/86 Sr 26 T (Ma) (87Sr/8Sr);
N035-2 436 95.6 12.862 0.740 035 0.000 013 178.5 0.707 3
NO035-4 390 69.9 15.734 0.741 760 0.000 008 178.5 0.701 7
NO036-1 406 52.6 21.767 0.759 676 0.000 010 178.5 0.704 2
NO036-2 426 58.6 20.501 0.763 087 0.000 014 178.5 0.710 8
NO035-5 676 61.0 31.252 0.785 050 0.000 009 178.5 0.705 4
N035-6 719 143.0 14.179 0.743 271 0.000 010 178.5 0.707 1
NO035-7 392 404.0 2.736 0.711 940 0.000 011 178.5 0.705 0
7 : Tom B K HH (Depaolo et al.,1991) Wi By B AR 20 4FE 1
0.0292 (a)™ (b) 2
. o hS 7
0.20F 2
) Pb/ UM #=178.5+2. 0 Ma 1100
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0.0284} -
o,‘
2 2 e
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L 500 ‘
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17 = ] | 0.04-\ 2
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Fig.2

VAN W R B e eIk 3 IR IR LN S
LB Fis o F B A 28 () da) N B fi 1 55 5 4
((La/Yb) {8439 M 3.22~9.41,2.73~6.31), Eu
S I (8, 43 91°H 0.14~0.26,0.07~0.45) . %F
F 5 PR R TR A 1 B T R R A AL B R B
EHEKE T A ICE(LILE) (W Rb.K #l Th %),
T 5 % 58 o6 2 (HFSE) (W1 Nb, Ta, Zr, HI, P,
Ti) 1 % 96 % (Cr, Co, Ni, V) fil Sr % 56 & (A
4b).Sr.Ba Ml Eu LR G2 HE TR A/ KA
4k 28 5 Nb, Ta P . Ti S0 B & % 24 T4k
BRW /WS A SR A AT R AR R B SrlEu
M Nb.Ta.P. Ti ELRM T RPLET TKAM
KR /08 A S50 W25 oy AR T L 5 s I i 4
R—F B A I AE A O TR B R E R Ga

The U-Pb concordant diagrams for the representative zircons of the Yuanshishan granites

(27.1X10 °*~ 30.7X10 %),10" X Ga/Al {821k
F3.71~3.94 Z (£ 3). 5 A BAE R A 2 H
(3.75) M, 78 A RUAE i 5 10 00 B i 1 (10" X Ga/
Al vs. Zr Nb.Ce.Y) . fE R FFE M 76 A A BUAE X
HEX (5 (Whalen ez al.,1987).
3.3 Sr-Nd-Hf F{z %

A SCHERE T 5346 5 R Ak T AL AR AR T R AT
T A Sr-Nd AR FAE 43 B . 43 A 25 21 0L 3% 4L (3]
AL KA BA B — 1 Sr.Nd [F 7 % 4%
(I =0.701 7~0.710 8,exy () = —7.77~ —4.55).
BERR LRI B R TR AR 1s,(0.705 0~0.707 1)
IR e (1) (— 4.87~—2.63).

[ A7 LU A6 B 2 32 A4 A 0 B A HE A 46 38 4 %
AL AR K (7O HE/YTHE), = 0,282 62 ~0.282 70,
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Fig.3 SiO, vs. K, O diagrams (a) and A/CNK vs. A/NK diagrams (b) for the Yuanshishan granites
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Fig.4 The chondrite-normalized rare earth elements (REE) (a) and the primitive mantle-normalized multi-element dia-

grams (b) of the Yuanshishan granites
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Fig.5 10" X Ga/Al vs. Zr, Nb, Ce, Y diagrams for the

Yuanshishan granites

em (1) =—1.68~1.17, B By Bt Hf B (T o)
H1.25~1.43 Ga(F% 2) X ForHr s 07,10 f1 11 =
I 3w 2 1) B A AR 43 01 R 494 Ma . 396 Ma Al
1178 Ma) , H: HT [RI7 & 41 it 5 AR 4% 1 2 5 1
&, CTCHE/!TTHD A 43 9 8 0,282 21, 0.282 53 Al
0.282 09 e (O fES 5 —9.16, —0.01 Fl+1.33,
T o 23910 2.34 Ga,1.63 Ga 1 2.61 Ga.02.03,08
F1 09 S4BT 4 (195~203 Ma) 1y HI [Flf Z 4 %5
FARES A AT (L 6) . (7O HE/TT HE), =0.282 62~
0.282 75,ep; (1) = —0.94 ~ 3.52, Tpyp= 1. 14 ~
1.42 Ga. W5 78 5 B A1 5 16 54 A A7 76 B 6 &R L v g
Jp R X B BB 1. 18 5 A (165 Ma) 1
CHE/"HD e () T T 53994 0.282 69 Ga,
0.75 Gafll 1.27 Ga, 5 EWREE A — 20, £ HZE: A W
LA BE A AE 1A ) E RS A A RS (165 Ma)
4T A AEA.



BN AE AL B L Ok B A RLAE B e R s X 29

(a) O &%
B Z4E541(1 178 Ma)
O Z4#541(396~494 Ma)
B 45 41(195~203 Ma)
[ 4E 545 41(165 Ma)

i s

(®)

I |

-10 -5 0 5
&ne (1)

1
10 1.0 2.0 3.0

Tom: (Ga)

& 6 EIEUJ?«E%E%’I':‘EM Ellf(t)b}:ﬁiﬂﬂtlg](a)*ﬂ TDMzﬁJﬁijElﬁlg](b)

Fig.6 The frequence diagrams for ey; (¢) (a) and Tpwsages (b) of the zircons from the Yuanshishan granites
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FA ALK AT T RN R REN .
W28 B Ak 2 B3 R ke TR A S5 DT R S A B A
TR (18 4 53] 38 8 PR M R A TT 5, 2007) . [ A 1L 4K
AHEAER Rb & (362X10 *~ 436 X10 %) ,{H
H Rb/Sr fil Rb/Ba Lt {H A X &AL (4 5 28 4k T
4.56~7.72 F10.52~1.28 Z[a]) , B @A T = 20 S+ Y
1 ARG 7 1 S B AL 5 7+ (Whalen er al.,1987) 3 SiO,
TR T m L AE R XA A BUAE B 5 R o S
S HIAN T B AE 5 5 19 (K, O+ Na, 0)/CaO vs. Zr+
Nb+Ce+Y 1 (FeO")/MgO vs. Zr+Nb+Ce+Y
FI 50 K f#E P (Whalen ez al.,1987) , B 5 I & & 4
SR A X TEA A BAE KA X (B 75 oh, A
ATFE R Y St R 2R WA FEBE H AR B S
{EL RN 58 AIAE , 2 W 43 5 45 s i JF R i 20 (R AR T
4. 2007) R, B A I AR R A AR DT T — R
M RBR A AL RN IR A A A S R Y 43 S
4 b AR TN B 5 40 5 AR B YRR, T AR 95 H
W 20 RN AR 2 B3 AT A B 2 A 0 0

WK A T ) 2 R ER (L 24 S5 R AE L £ 5 A
B A AR R R A AR B A AR S B AE R A
O 78 b S 7= JF % s % IR BRI A 3R B 1
5 7 X (G49E019012) Hb 5T I A #ik 45 . 1999) . 4" 4
FRAE b A PR ES SR R WA A e A T R = B
N E BB (FeO >28.2%) , AR W S BIAE K A
B OL YR T = B (R AR AE L 2004) L (B i AR
S B R T T (AN B A BTN AL B R I

FG. 4) 50016 14 (a)
OGT. K45 5184 4
HFS. & 4> 5eSHLAE ix 7+
— HFL. 7 45 SR A6 14 4 AR B
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Fig.7 Zr+Nb-+Ce+ Y vs. FeO'/MgO diagrams(a) and
Zr+Nb+Ce+Y vs. (K, O+ Na, O)/CaO diagrams

for the Yuanshishan granites(b)

S5 AR T a8 A BLAE b . R AR 58 (2007) 90
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AR O IREL B A Bom ey U/Th HefA (2,31~
47D 5ARFEUEER T A BIAE 5 A AL (Xie ez al.
2005) . 1M1 5 5 P4 A6 B9 25 A7 T8 5K 28 S (AR 4 5%
2010) b BERfL 2= FRAE 1y (1) B A 1L A6 59 A B E
Bl 7045 VBE VB FeO' /MgO i #5 (>>11.5), & Rb.
Th.Ga.Y,%% Sr.Ba.P. Ti L& (£ 3, LA
FEMWH Eu 5% .10 X Ga/Al {5 (3.71~3.94) %
FRIE SRR S5 A B K5 MY 8RR
(Whalen et al., 1987) %5; (2) A R 78 K & 4 8k
(FeO") &, — MK TF 1.00% (CE#R%,2000) , [
AL KA 2B R T % (E (FeO" = 2,552 ~
3.2270)5 (3 MR A MM | 1Y Na, O & &
(3.10%0~3.38%0) ¥ T 20 5 S B AE i i 1 °F- 45
fd 2.81% (Whalen et al.,1987) , 5 ¥ K H W7 58 %
M X AR A PEAE M S AL (King er al.,1997); (4)
FER T P, O (&5 1 RIS PP AH 2 X 43 A BRI
S FIAE <1 & WA Z0br i (King et al.,1997; Bonion,
2007) , A BIAE B TR P, O; & 810 3 30
P oWy # A B 41 FE B oE B R R P, O
(<0.06%0), 1M K Z 8 S B AL KA KT 0.10%
(Chappell and White,2001) , H1E 5 & FE 5 BY P, O;
WA R BE SIO, My s Mg & B, 5 S BIIE
A AR 5 S A0 AE  A AR PO 2R AT
L A, A RYAE ) H T IR — R s (R T
800 °C), [l A7 th 4E Bd & 149 45 A1 48 AR O 796 ~
824 °C (Watson and Harrison,1983) ,iZ & T S H4E
B R T A LU A8 B Bl A B AE 1
4.2 BFEXRE#HIRE

T A TR e I T R R I R 3 T B R
AEERHIKS) ) F R, — HT 2 E NS E
Kk (Whalen et al.,1987;Eby,1992;King et al.,
1997 X1 B 52 45, 2003; 5 55, 20055 = 8 JC %,
2007 ; Bonin, 2007 ; Frost and Frost, 2011). i ¥ 4F
e, — 2o F A A BUAE KA MR A LR IR 23S gy
28 B A3 O ks SRR A A AL B A 2R A T AE
5 (Frost and Frost, 1997; Frost et al., 1999;
Dall’Agnol et al., 1999, 2005; Dall’Agnol and
de’Oliveira,2007).3X Fh 43 24l FF T 4 i PR 48 X A
RUAE B A W2 R 3 R 2 o A BIAE B A R — A
AR LR B A BT R 2 R AL A DL R B
RN R XS A BUAE A BEAT B 0 A% AT %0 26
J7 A 7E 2 3 b (Dall’Agnol and de’Oliveira,
2007).— My ALY A TR B R AR LSS AR
P 3 i K B8 K % (Dall’ Agnol et al., 1999,

2005; Anderson and Morrison, 2005; Dall’ Agnol
and de’Oliveira,2007) , i JR H A #IAY 54 5 TR H 8
JE P R B BTk L AT RE A AR VTR I S 5 (An-
derson and Morrison,2005) , By 52 i B 43 5 89 $ 3
Ji I X (Frost and Frost,1997; Frost et al.,1999).
B 1L A BUAE 55 I W) 46 5 A8 0 58 5 AL 18
A AL (U, 2 PE Carajas 4 B9 Velho Guilherme
R M ER AR 2E R AE AL 2R DL (I FeO" /(FeO™ +
MgO) =>0.92) ., 7£ it 5 & Fn 42 Ak B9 1 1) 51 1] g
() Hr Bl A LU AR =) 25 B il 28 K 2 8005 A I8 R A A
RIAE B 5 B XL R [ 43 5 10 37 BE R 8 J7 80 48 5 25 ]
H 2R B A JRR R Ay e m B M 5 Y B A 0
TR 1%, MR b2 RRAE b 3 30 A X 5 Bk LB LS Gl
H FeOT>3.0% . MgO>>0.2% .CaO>1.5%) , i %}
B R ITE (0 Cr NIV 48, B & 1Y A 1R
ERA WL AE A A5 ZHIE R FeO" =
2.55%~3.22% . MgO=0.17% ~ 0. 27% . CaO =
0.90% ~1.12% AHX & L FEHEILHR Cr.CoNi, V
A (3R 3) A i YT B BE (796~ 824 C)H L Jir LA,
B A BUAE BG mT AR TR A 43 5 09 B o i X, 5
Do b3 TR B A A s s R A . A B
A JELBE S DK O P BT AT B A T R R A R
EHIEEE 12 5 7 X3 (GA9E019012) M 5t I A5 R
H,1999) AT LUHEBR B X BT SN B S S 0 AT
REE 95 330 Ml B 2 P & 3R 0T b e ) T 1 5 3
o A o N R I R TR £ s = = A T 1 D 1)
exda OEC—7.77T~—4.55) Fl ey () H (—1.68 ~
117, 591 g & (A 8T oo i ARAE B ALY
ena (1) (—9.0~—3.9) Fl e (£) (—5.25~—3.70)
(ERF A= 55,2002 EZ£4R5,2006) , 454 Lk ek ik
SRR W 7S B A L AR B e 5 VRS 3 L N R T
FRAE =1 5 AT A EL AT AE AL B U5 X2 B, BRJR 3T B
JEE BTG 1) b 5 0 O D S 4 e s 3 R ) e 5 A
JEVTRESE R M e Je A 1Rk BT — M BE R BT A T
H (R A= 45, 2002).
PR S % E A0 YA G ML, B Sr-
Nd [F] {7 2t A 5 AL, T B ena (o) {50 5 R
0.701 7~0.710 8, — 7.77 ~ —4.55 F1 0.705 0 ~
0.707 1,—4.87~—2.63. KK MgO,FeO" ¥ & I
W FHEA, BWEN Mg/(Mg+ Fe) fil Na/
(Na-+Ca) A A A, ALK 43 51 24 0.19 ~0.46 Fil
0.57~0.69, ZF F 545l 0.11~1.14 Fl 0.84 ~
0.87, & W BE R Jot A K A ] BB o [F] R 5 2R AN TR AR
FHARY =80 (A8 35 RN & . 2008) 2 [ P4 R Bk
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BT ALK R R A B AT R 0 22 R SR LF
ULV s K B R R A B AR B K A 1 B,
FHARANE MY 2 — . SE 00 2 A 2 25 R
B S AE A B 0 I e bRV BB 4 R R B
K G185 i Tl R A 2 R R PR v R 4
WA AR (B 3 %5, 2006) 5 A B 55 4 K2 1) ik » 52 1) Jhk
S R T O JE M 5 IR AE AR B A S rh D v i A
Bt 76 I I 2 5 D) R 2 3810 35 2 I R B AR 2
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(T 783 Rt &%, 2008) . T AL 15 B 38 25 19 4k 2% i 43
— B0, W R A RN R A R A T Y
FLR IR A 1958 7843 (mixing) . b2 W04 B2 —1k
CIRIFESE ,2007) . A L, [0 A 1L AE B 2 v Ay 6 42k o
A E TR 25 3R i T R T I AR B BT K
Py B R G A 2Kk i B T O Ol CF G R A
2008) , PRER L1 5 3K i X R BUIR (R B B X | &
BRI S O i TSR K FIRP 4t
b2 P RS 2 K5 Ik O P M T S A TR R R
W AIGEIE 12 5 JT X3 (G49E019012) HiL Jif
PAA A 1999) LI SE T 2 5 5 3K A= (W A7 75
T3 1 A8 B 25 0 B i TR (796~ 824°CH Ll %
PR ARAE AL T A UE . BE A1 L DLW RS T R A &
A (Si0, = 44.80% Mleny (1) =5.05) (Li e al.,
2004) 1 Ay FE 1 3ty o0 41 4, 38 2o ] B A RIR AT
LA HIR A W RA L AE R A TR LR AR
LA AR 2 46 %6, F B IR A7 1L A 1) 25 o 9 6 4k T 4
PR TT LA ER A B A SR L R s K BRI A TR
J s HR A VR AR X 85 78 53

Al, Oy vs. FeO"/(FeO" +MgO) diagrams(a) and Al; O5/(K,O/Na, Q) vs. FeO" /(FeO" +MgO) diagrams (b) for the

[ A7 LU A B 7 v 3 ol & 7 1 6 Ak A A B A A
195~203 Ma 19 I & &5 A S X B _E B0k 2 i 45 B
. 45 A R I R B K A (196 Ma) | 88 R 2
#(196 Ma) i XK % (204 Ma) , BE/R B 4R Y
fili £ ~ 200 Ma B 7] g A7 76 — ] KA 19 & R
B IRAR G B IR AR B LR B IR AT 5% T B
e 2 TR BR BT — B R AR T 4 A I S B G R M
F6. 2 J5~180 Ma B, M — K 0 % 2 i A KRR 2
Vi % A Rl BE S Jay 3 i1 X)L T sle 2 17 86 2k ot —
R B A IO 2% A AT A B T b e ) T A A5 ) s A o
TR BT A 146 B A 2, ) B 26 o o 2 2% 1
AAE B A 3T 5 B s R &0t se oy IR A 1E
1T A6 B T R i Y B AL A
43 HMEEX

200~180 Ma R 1, fE Bl & B & iR AU
LA A YRR B A AR P B IR S A A
WA T8 I A R PN B A T R Y R 3 LT
AR S B X aUE BRI E R A R A
R RA L R A BIAE i P B Rk R A A 1 A
FE L R LR D A AR R Y B R — B R
PR 1Y) 2 5T 25 0 A2 1 T b e 0 B 3 15
10 2 B R L 1T 5 & A 2 R T SRR AR A
HEF b DR OR 2 R R AR T A B L B R 2 T LA
K AR B R E 2 WM K 8 ~ 200 Ma,
~175 Ma,~140 Ma,~120 Ma Fl~90 Ma (Z i 4
85,1997, X BEEL M A IR OR 2 X IR U SRR R AR
FHBY B HEEYE BB R, 2003). 454 1,-Ko B )3z
KB R KL AR A% A AR IR
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R A UL B A S A A SR bR A (PN RN R IR
2002) , 3 W B A8 11 3 A2 g P i 1) 3 8 S5 DD A e oy
FAHX A A 120 Ma 194 JEAE I S 3l I 27 B
S X L B A 1), ) s 4 T i X L A e 1 s A
TE 1) Hb 5 B 4 Aot & B, < VTR oy i b 7 2 B Y
¥y I (Yan et al.,2003) ., 85 P F — T #F
5% — 2 AL 3 T PN B 3 PR 3 R T A 3 (5K
EAFE,2009) 3878 T 57 FE IR 53 A 44 3 2 a8 % T 31X
T B L7 I B B4, ] BE (1% B A 2 JHe 111 300 42 R P B
iy DX A AR T T 5 LA R A T T < e PR B8 ) S
DX 0] 3 B0 A B s A B
LR A s 4 A R VR G 3h g L AT
AETE B R A UL 2 52 e 42 07 ) el 1 4 1) 1% B S 3 1l
BB )G 1 L J& (Chen er al.,2002; [k 55 72 4%,
2004) o 3 2T V1T A IR b AR S 9106 A R T D8
(break-of ) f#F L (foundering) fIF 5| & B9 4% i &l F
A A B d R (Li, 20005 Li ez al., 2007; Meng
et al.,2012)  FPB Ry RV P Al R o R TR R 5%
J 3 A B 1 R R AN (T 2% 45,2005 3 Zhou et al. »
2006)7 S AR 2 I (180 Ma) JF 4 1Y 1l K 2 H
Heqi) K i A6 VG ) 9 00 o A L 52 35CED S Y O AR P
Tia) DB 22 420 3% 1L 5K G T 25, 2005) 2 S B ARF e 4% = %)
T B AL A PN i R 1 2 T U8 b, DX 2 9 7R VG ) e
A S 5 A JTE B W S L OB /9 s i o0 = 4
J 107 BH e 5 =2 5 00 e B 4 il B K AR A S Y
E 578 25 B 4 BRI ME (L ez al.,2003,2004 5 0T 45,
2005) AN S T AR I 3d 2 A AR RE A o, B AR R AR
PRRR R JIT 5 MR ) S IR T B3 LT 35 1 000 km, {548
AU N e o 2 P TS R N B B AR T R
M P 1 28 7 2800 AR B 3t — BB 1, H 52 i 3
Bl X R BE 11 2K, AN, 238 A b 51 &
FR b 2 1) AT b L g A% 32 3] 4 e P i (b 7% TR B 3R
AR 1) CT 2445, 2005) , 3 A 4 & B J1 A fiE
TE 5 0 ML DX 2R VG [ 79 25 Sy 1L R g 0 R
HIGX KT A BUAE XA T KL/ =2 A DL
PR AT — A B B i P 3R i Lk A Al
B CEERAESE, 2007) IR G, B 0R 2 B 401 1) A2 B
Rili AN K AT B A2 455 T 0K 1 Al AR ol A T T B AT R
ZE A B Z 5 1 1 L R A 0 52 e A b
AIRIF A1 1L A8 5 2 10 A8 1t T 5% 4 1) ] e & SR b S 4
3K — W5, L AE AR b A A A ) 1 [ i L (Pearce et al.
1984) , [/ L A Y AE i< 5 FF 5 75 A MR N BR B, 7
Eby(1992) A BIAE 1<) 5 31 5] 1 g | 265 I 43 il 3%
A A, CRIVE Al ) P IX IR o BRIt L A8 R P ol

B AL i 5 T g5 K 22 BN S W I AR B — R TP AR
AR N A R IR AT AR A2 5 T B 358 3 =2 ) ¢ ik
I AEH].
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