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Abstract The Jiangnan Oldland, an important region in South China, is characterized by multistage granitic magmatisms and large-
scale gold and gold-polymetallic mineralization. The Lianyunshan Late Mesozoic granites, which are sited in central section of the
Oldland, contain not only high contents of SiO, (69.41% ~75.14% ) and Al,0,(13.61% ~17.46% ), but also relatively low mafic
contents (0.92% ~3.14% ) and broad ranges of Na,O from 2. 04% to 3.83% , K,O from 1.94% to 4. 94% , and CaO from 0. 82%
to 3.24% , etc. These rocks, which mainly present strongly LREE-enriched REE patterns, also show low concentrations of Y (5.2 x
107 ~18.0 x10°) and Yb ( mostly between 0. 29 x 10 ~® and 0. 70 x 10 ") but high ratios of St/Y (largely between 55 and 82) and
(La/Yb) y (mostly between 31 and 111). In concert with their relatively high Sr (¥St/*Sr, =0. 71008 ~0. 73852) , low Nd (&, (1)
= -9.95 ~ —12.37) and radioactive Pb (**Pb/**Pb, =17.972 ~19.959) , as well as their geological and petrographic data, the
Lianyushan granites can be ascribed to strongly permaluminous type with geochemical affinities to typical adakitic rocks. We infer that
the source rocks for our studied granites mainly are composed of metagreywackes, felsic gneisses and meta-tonalites, and that the
parental magma to the granites which resulted from partial melting of over-thickened lower continental crust due to basaltic underplating
had undergone assimilation and fractional crystallization. Considering the regionally tectonic development of South China, we further
postulate that the Lianyunshan granites are majorly from partial melting of the Paleoproterozoic “Lianyunshan Group (?)” due to a
common result of over-thickened crust by the Triassic collision of the Yangtze with the North China Blocks, and the subsequent
extension and lithospheric thinning of the South China continent owing to subduction of the Pacific plate under the South China.
Detailed study on the petrogenesis and geodynamic background of the Lianyunshan granites is useful to open out the geodynamic
mechanism for Au and Au-polymetallic mineralization in northeastern Hunan Province, China.

Key words Strongly peraluminous granite; AFC processes; Geodynamic background; Lianyunshan region in northeastern Hunan

Province; Jiangnan Oldland
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Fig. 1 Tectonic map of south China Block (a) and regionally geological, structural, magmatic and metallogenic map of northeastern
Hunan Province in Jiangnan Oldland (b)

Fig. a modified after Chen and Jahn (1998), and Fig. b modified after HBGMR (1989) and Regionally Geological Survey Reports of Changsha, Jiayi
and Sanshi, the weakly shaded area and (D in Fig. a represent the Jiangnan Oldland and the Jiangshan-Shaoxin fault. [ -Qinling-Dabie Orogen,
II -Yangtze Block and [lI-Cathaysian Block in Fig. a. Symbols in Fig. b: 1-Quaternary-Cretaceous, 2-Middle Triassic-Middle Devonian, 3-Silurian-
Sinian, 4-Neoproterozoic Banxi Group, 5-Mesoproterozoic Lengjiaxi Group, 6-Neoarchean-Paleoproterozoic Lianyunshan Group (?), 7-Late Mesozoic
granites, 8- Late Paleozoic-Early Mesozoic granites, 9-Early Paleozoic granites, 10-Proterozoic granites, 11-Fault, 12- Gold ore deposits and occurrences,
13-Cu-Pb-Zn-Au ore deposit, ( I )-Dongting Basin, ( I )-Mufushan-Ziyunshan Uplift, ( Il ) -Pingjiang-Changsha Basin, ( IV ) -Lianyunshan-Hengyang
Uplift and ( V) Liling-Youxian Basin
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Geological map of the Lianyunshan granites in northeastern Hunan Province ( modified after Hunan Institute of Geology,
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Fig. 3 Field photographs and thin-section photomicrographs of the Lianyunshan granites

a-contact relationship between the Lianyunshan pluton and its hosted rocks; b-strike-slip ductile shear structure in the Lianyunshan pluton; c-flow

structure in the Lianyunshan pluton; d-xenolith on margin of the Lianyunshan pluton; e-twisty twin of feldspar in the Lianyunshan pluton, crossed

nicols; f-cataclastic and directional structures of the Lianyunshan pluton, crossed nicols
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Fig. 4 Harker plots for the Lianyunshan granites
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R3 MEEMRERLERE ERWLER(?)Pb BARAK

Table 3 Pb isotopic compositions for the Lianyunshan granites and the Lianyunshan Group ( 7) in northeastern Hunan Province, south

China
206 Pl’) 207 Pb 208 Pb %’Z ﬁﬁ:’:ﬂﬁ%

Y= Y i d b Th/U

B Petis HURE o W pp, W py, Tipy, (Ma) {H piE

WX-01 B , 18.302 15.642 38.636 297 0.595 9.56 3.88
TEEBIRERE EEL

WX-02 18.308 15. 640 38.624 290 0.594 9.55 3.87

) HEKPE

WX-03 BARERINE A 18.334 15. 642 38.803 274 0.592 9.55 3.94

SCo1 18.500 15.707 38.875 234 0.589 9.66 3.89

SC02 18.781 15. 661 38. 609 -27 0.566 9.55 3.63

SC03 18.205 15. 605 38.458 322 0.597 9.50 3.85

SCo4 e 18.305 15.635 38.612 286 0.594 9.54 3.87
T TRKAERSA

SCo7 18.335 15.651 38.714 284 0.593 9.57 3.90

SC09 R 18.318 15.636 38.652 248 0.593 9.54 3.88

SC10 18.282 15.642 38.655 311 0.596 9.56 3.90

SC11 18.275 15.624 38.580 294 0.594 9.53 3.87

Sc12 BRI A 18.299 15.627 38.626 281 0.593 9.53 3.88

SC13 b 18.310 15.633 38.589 280 0.593 9.54 3.86
Tt TRKAERE

SC14 18.271 15.623 38.524 296 0.594 9.52 3.85

7101 R L e 18.475 15.699 38.802 242 0.590 9.65 3.87
BA KRS

7102 18.417 15. 640 38.557 212 0.587 9.54 3.19

7103 i 18.336 15.635 38.683 264 0.592 9.54 3.88
BARIERINEK A

7104 18.365 15.671 38.758 287 0.594 9.61 3.90

7105 J% 18. 406 15.725 38.941 322 0.597 9.71 3.97

7106 e e g 18.321 15.632 38. 649 271 0.592 9.54 3.88
BB RKIERA

7109 18.275 15.619 38.513 288 0.594 9.52 3.84

ZL11 18.335 15.631 38.618 260 0.591 9.53 3.85

HPI TR 18.515 15.632 38.462 131 0.580 9.52  3.70

HPL1 - . 18.450 15.675 38.755 231 0.589 9.61 3.86
ot AR A

HPL2 e 1 %7 18.303 15.601 38.464 246 0.590 9.48 3.80
(HFE=IARE?) Exil

HPL3 18.314 15.663 38. 663 313 0.596 9.60 3.89

R = AR R AL, P8 MG SBT3
FETHER Nd BEARES (oo ) B, SR AP BeiE . TR 1
BARE| G Li and McCulloch (1996) LA 7L TE M 45E(1999)

F 2.3 UL, 3% AR S Sr-Nd-Ph 7] 4y % 41 5
AR, Hir, (Y Se/*Sr) 484K TF 0. 71008 ~0. 73852 Z[f] .
e, (1) A8 4L T 81.88 ~485.74 Z a], ("*Nd/'"“Nd), 48 fkF
0.511812 ~0. 511920 Z ] gy (1) 2L TF - 9.95 ~ - 12.37
ZJa) 3 Pb [/ 7 Z 40 i C°Pb/*™ Ph), = 17.972 ~ 19.959 ,
(™ Ph/™Pb), =38.458 ~38.941  (*” Pb/*™Pb), =15.607 ~
15.761, 15 (*” Pb/*™ Pb), 5 ey (¢) H1 (Y St/ Sr), . P I
exa (O RS/ Se) I ETE S I A S 2 (181 8) . ik
A, K TR DX A o A X SR U LA AR A B B Sr R

ERIEE Nd [F & FE (43518 0. 71546 ~0. 72680, —9. 98
~ —11.54) . =ABIAEFES (T S/ Se) AR BT 0. 74222 ~
0.75124 Z[d] e (1) 2 4L T 538 ~ 666 2 Ja], (" Nd/"*Nd),
A5 4k F 0.511847 ~ 0.512047 , ey, (t) b F - 7.47 ~
—-11.37, Wi (*™ Pb/™Pb), . (* Pb/™ Pb), 1 (* Pb/*™Ph),
FLAE 43 30 h 17.773 ~ 17.890 , 38.458 ~ 38.941,15.589 ~
15.663, S = AL, 1% 2 A B HA 355 i)
1A Nd Fnihh Sr [l 2 EUAE, ABOAS KSR Ph (A f
.

THA TR E = WL AR R A RE i N 75 450 i 45 =X 4R 1%
(o) FELENAE 1.96 ~ 1.76Ga Z (0] 1M & = LEHE(7)
o TETE 1. 87 ~1.56Ga Z ], ix 4k Nd B4R #5537 Hh bk
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Fig. 5 Discriminating diagrams of SiO, vs. K,O (a, after
Morrison, 1980), Q-A-P (b, after Streckeisen, 1973) and
A/NK vs. A/CNK (c, after Maniar and Piccoli, 1989) for
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Fig. 6  Chondrite-normalized REE spectra for the Linyun-
shan granites

Chondrite-nomalized values after Sun and McDonough (1989)

Aol AR BTRRE 1y E T (1.8Ga: Li and
McCulloch, 1996; Chen and Jahn, 1998) ,

5 AEREEIIKH

501 REER

ST AR AL <A (BD Ps ) 3l R B 9 A/CNK B
(=1.1) i HY Si0, # (T >67 %) @& i (7 Se/™ Sr),
( >0.706) MBI I eng (1) 1H( <2) , KRR 3 5E 0
R EE TR FR A Bl IO 1 74 ( White and
Chappell, 1983; Le Fort et al. , 1987) , 4k, K Ps L <A
THILBRTEEHENT Y, LR ERE R P& &,
Miller (1985) ,Chappell et al. (2000) A58 3 HAK R T—
A ) R 7 Y X (LA AN I S R D o S5 B
FIAE KA ) o

Y A b J5T R AH 2 AR AT LA B b Bk Ak 27 R[] 37 3R 0 T
HEdh 2 W T 1l AR i S A YR R AR R A
Syliester (1998) fHFFEFEHH , Ps BI4E (< 7 CaO/Na, O H{H fig
TREEIRIX A T AL O,/ TiO, HUAEFT LA B 3 T8 B e A %ot
A 2 RIS ) 26 A 5 A v L R A R 3 L R R TR
BT BRHEA ( <5% ) IR XA TR M ™25 1 Ps BUAE 2
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the Linyunshan granites

Primitive Mantle-normalized multi-element plots for

Primitive Mantle-normalized values after Sun and McDonough (1989)

HABARE Ca0/Na, O HAE ( <0.3) , ik U5 T4 U T . & 4
KA (>25% ) HURTEE & 8 Ps B A6 5 24 I B G 308 B9
CaO/Na,O Hff, MR 1 AIE 9 AT I, iE = IR AL KL
BkEdL CaO/Na, O HAETE 0.3 LA [(0.39 ~1.09) , 7 AL O,/
TiO, FL{EAR{E(14. 03 ~41.62) , {55 Lachlan 54547 Ps B 7%
i EARRL I 43 A0 3 BB, W il S e R IX = 8 A M b S
e BT I 7R — T8 R (4n 875 ~ 1000°C) By A M RS, 5 5
A A BRI R R LA 6. Rid, Bk FUE IR 5 e
JB A YA o A3 i TR At T S B Ps B AE B A Y CaO/
Na, O F1 Al,0,/TiO, FG{E W Z 34, {H 32 b4 300 Br 7= A= 1 Ps
RUAE 4 R HAG Si0, F1iE (MgO + FeO + Fe,0, + Ti0,) , &
REER IR A A AFEA A= EREREE, Sr-
Nd-Pb [E{37 2 4R B AR 3R 2 LA B Bk 3 7= 28 i Ak
I AR TP AR K B UG AR B IR A . Wl 8 B
IR R ey (1) R Se/% Sr) T 2 TRV AF 8 F R R DG, 7T g
57~ ph b A AN I b 5 25 A 1R R s G B O TR A T

(Jung et al. , 2003) ,{BZ5A X 4 AR /b H B0 [T AR %) 4k 8 o
L TR E 25 IR A R IR T g AN b e i IR iR A 2
AKATRER . X5 Si0, Hey, (1) F1 (Y S/ Sr), LU Key, (1)
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JUE B BB KB R DG, SR, ARV T 5 A 8 04 Ml o
TP AR AL B BUAH B AR S BRI TR X
(Clemens, 2003) o F34b, 55— FORIE T B IR ZHE SR
EABES I Na,0/K,0(1. 03 ~ 1.75) 1 Sr/Ba (0. 56 ~ 0. 66)
OB 2R Rb/Sr (0.21 ~0.37) WA, ik A T i X
Rl CELAE SR 2 AR ) 0 B AR XHIR Y Na, /K, O GEH <
1) F1 St/Ba(l % 7E 0. 17 ~0.36) L S A%} 25 19 Rb/Sr(0. 93
~21.92) lbfH, AAXT =AY Rb/Sr AHAHXS K Y St/ Ba 7] §8 52
B FEORIE T & B a B A A B AKJE R, 7 Eu S8 U
W] — 2 B A ARHS A T 5k B A IR X5 A Iz, IR 2 BRI Rb/
Sr fELF 5 14 St/Ba LI KA KB 52 f) 671 Bu S5 B 5 5 AT RER
BT LR A/ BB KA IR X . 7€ Rb/Sr-Rb/Ba
B (11, R4 FE b Al 9 78 20K = 09 U8 DX R 30RG
5 R IR DX Y BT, A B AE AR R TR X,
B, 5 2 2 LI AE b 25 AH DG E 9 5 XA P RE S B ARHS A i 7R
FBb o ALAE AR 1KLL T R S 7 e < I (
mh—RHRA—ATEI) . £ Si0, Fl A/CNK J (FeO +
MgO +TiO, ) Fl CaO K (B 12) , & = 1B R A Il e 5
43 R S 6 v (5 P 09 SR AN 2 0 4 ( Montel and Vielzeuf,
1997) 48K 5 F Rk A ( Holtz and Johannes, 1991) L) fe 28
FL [N K A (Sighn and Johannes, 1996) JE & #ir, H 5
Albera i HUEPE A LIG F1 AL [ CL 4454 BTG 4 AH 2, [m] i
MR MR SR 5 kb B, IR BT Y IR B2 7E 800°C LA | (AT 34
850°C ( Vilaw et al. , 2005) . F I 7] UL, % 25 11 76 14 2 2 ply —
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1 00 e ey S5 BLI LREE GRG0 5 S5 S A A
5 : K77 HE 5 ( Clemens, 2003) . 75 Rb-Sr-Ba [ - ([ 14) ,

° ] FLRIUR BB E KA 05 R4 i, U BH A F

A A LT HG 43 545 5 ( Dali Agnol et al. , 1999)

] Zr A1 Sr DA K Sr A1 TiO, 23R ) 55 15 AH St i B (1

13) , BRSSPI AR A B 2 = e B A AR &

PR, —CRUL, m ALO,MEESBRBE AR A A

Rb/Ba

\Calculated — BEFE LA 20 (0 K Bl G (B & B H A (9 A8 240
lite- ] .. sy N — . L b L 3 A
dested saelt o PR A, S I K R B R 2 P A 1 B
\\ - 5 Sy 7T SRR B CaO (1074 B S i TR S0
Calculated 5 JIE K 5 il 235 2R, 5 A A AR TN A AR A7 B9 Rl ( Masberg er
te- 3 N 3
derivedmelt ] al. , 2005 T3 ARSI o CaO-AL O, P T 0 ( 7 15) ,
[ Bhsalt Greywacke ez AR B 2 TR DXCRT 38 2ok AR A 2103\ ZL04 Jir [z ik 114
00 e K, PR RE AT G0 SI0, RIS 9 CaO 25k (5
0.1 1 10 100 1), I [RI 5 B 2 BEFI AR DA A B K R il S B A DX e, (HL 357
Rb/Sr FAINAT IR DR BT P AR I R A e B CaO B TIN5
11 3 EE Y Rb/Sr 5 Rb/Ba [&fi# (4 Syliester, AR A =Bk, G 2R 2 BT = BRI U8 XA i 7 AR Y
1998) N AR = 1 AL O3 FIALARAY CaO it LUK =5 (1) Rb/Sr il
Fig. 11 Rb/Sr and Rb/Ba ratiosfor the Linyunshan granites Ry Sr/Ba L {f (Harris and Inger, 1992), W3k 1 K& 9 Jir
(after Sylfester, 1998) 7N, BRAE AL SCO2 1 Rb/Sr LB R 29. 12 4h, HEREM <4,
T a 8— b
1.8 — y
- oLz el T
< :ré': : w4k M TR riGHl [X 7 25 28
16 | & i b = (B Wk (4 )
] | . 1
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o 124 . d
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ARV B (CETURRGE IR R ) LR 0Kl S 96w e o A A QAR P e RO 6 R % L (4 Vil ex al., 2005)

Albera #IHUHIC A AT : SR H T La Jonquera Hb DX i PY 85 58 AE < B4 (BRIRGAE R A 40) (LIG) | Castellar X IR (4 4 1 4 (CL) HRIE IR (4
TERG 4 (AL) #1 La Jonquera # X PE IR (LB R A (LIG) . SEE T RTAIEUA . T-SI-ZE3e = NI (4 Sighn and Johannes, 1996) ; Gw-MV-
Zib 5 (P5 Montel and Vielzeuf, 1997) ; G-HJ-iZ 48 i A4 92K /7 A Bk A (# Holtz and Johannes, 1991)

Fig. 12 Comparison of the compositions of the Lianyunshan granites with that of LJG, AL, CL and metamorphic rocks
(metasediments and orthogneisses ) from the Albera Massif, and the representative crustal protoliths used in partial melting
experiments, in the A/CNK vs. SiO,diagram (a) and the CaO vs. FeO + MgO + TiO, diagram (b) (after Vila et al. , 2005)
Albera Massif rocks: Granitoids ( except leucogranites) from Hercynian calc-alkaline granitoids of La Jonquera (1JG) , Castellar Leucogranites ( CL) ,
Anatectic Leucogranites ( AL), Leucogranites from LJG. Experimental protholiths: T-SJ-metatonalites ( Sighn and Johannes, 1996 ), Gw-MV-
areywackes (Montel and Vielzeuf, 1997) , G-HJ-peraluminous quartzo-feldspaticgneiss ( Holtz and Johannes, 1991)
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AT REIE 7 % 25 LIAE B B 3% 38 % T 34 o B 174 £ TN
A WK K il (Harrison et al. | 1999) . Syliester( 1998 ) #4485 1,
BARTER HO BT B4R, LA T R il IXC i ™ A=
FIFE 26 Ps R AE B A R - H A 5 19 CaO/Na,O L {H
(>0.3) {HFE AL FT Rl 2 o 7K A 46 B B A 2 AS v R

T IR, NI, 3 2 (A8 b 5 B B R AR AR R
PRI BUE B R L2 A0 DR A BT X 238 0 M il 4 SR T
P (A3 & 5 35 U0 /E 5 80038 18 A ¢ (Kalsbeek et al. |
2001) , X — AR 5 3% 2 1L 2A R 3 58 BY U148 B A — 3
ANk, 5 AR R P SC02 . Z102 1) REE JT % 41 il 5 - 46 £y
TN A AR A HR BRI S ARUAE 1 25 1 HC B AR AL, B it B

IR TR M AT A, (B TE AT BB Sz il XA Fn sk B AR R
AR A S rE A i 45 44 4 ( Carrington and Watt, 1995)
A, X PSR 5 T BE T ARG A , T 4 1A 5 5k
BRI G

Ak TR G A/ SKC YR T AS [ b 3e B 43 4 (AR TR 6t vl
3% = AR B A T R A 2= RN R 7 2 AR b 22 5% X 5
13 JT RBRA K, 0 55 (7 Se/%Sr) R ARG Il ey, (1)
RBLDF AR —EL.Y Se/* Se AT Rb/™ Sr () IE A
(& 16) JU) B2 AT fg sz e 7 VR 2y 2k 2 2l UK X R G ( Masberg et
al. , 2005) ,*St/* S, 5 Sr il FeO" (45052 HAT 1 WL L& #a 3
(E16) 3 — 5 S W% 2 LA AT BE B SBR[ 946 Sr
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(Pl), potassium feldspar ( KF) , hornblende (Hb) and biotite ( Bt)
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possible trends during fractional crystallisation of magma for the

studied rocks

ELFI| 2009, 25(5)

Acta Petrologica Sinica

3.0 T O O;
C / * 1/
7 7104 @ zr_ox-’l
f ssuia g, [ it
251 /_./:/ dehydration i ) °
e
2.0 £
S asf
Qo
<
= 1.0 +
biotite-muscovite
054 dehydration
Y} T T P
8 10 12 14 16 18 20 2 24
ALO, (%)
K15 #E = ILFER A Ca0-Al, O, Ff# (#i Masberg et al.
2005)
Fig. 15  Discrimination diagram of CaO vs. AL O; for
hornblende, biotite and  biotite-muscovite  dehydration

melting of the Lianyunshan granitoids ( after Masberg et al. ,

2005)

TR 2 A o A 8 — 52 LU BTR 4177 AR ( Faure, 2001) o 3%
5% Sr/% S Flley, (1) B AR — 30, e AT — 1~ Rb/
Sr ik Sm/Nd Fl—4~i& Rb/Sr, 5 Sm/Nd (% 15 4™ 355 70 B A7
RA. MR ILERANESE—E s LA () RERIE
XY ELAEH &5 (% Sr [E 47 R4 AL (W3 2 & Peng and Frei,
2004) , AR A & AR TR A IR A PR AR I i o Ll 4E B
JA K N B G Se (i, B 5 HAM R A -5, R
i, Tz A R 2R H e 0t 72 ) TR A A0 45 SR B HERS
A I ICFPIG St (R4 2 bR (b 2% R AE I3 1T B -5 (DB 5 Rk hr
AR AR FH AN s AR PR B S WA 2 (W RRAIRR/ 2@
AR 3 HE AT G (Villaseca et al. , 1998) , AN, E=
LEREC2) AR HA & 1 ey (162Ma) (B AU K5 Pb
(" Pb/*™Pb, =15.375 ~ 15.446) , 1fif Hh T iy 1014 SRR FEHE X
HAGAR (4 eyy (162Ma) {H Fl 5 35 5F 2 Pb (7 Ph/* Pb, =
15.553 ~15.898) , i 17ij 15t B 3% 2= LI 46 i) 2 U IX 2 e ] i A
B IARE(?) (Miller, 1985; Syliester, 1998) ,{HZZ 4%
BRFAIR YL oG 3 B 40 5 12 B R A REE i 438
[ (La/Yb) y el 2% 8. 0], B 75 5 Ba Sr # LREE &
Zr Ti il HREE Z5854F (Xu et al. , 2007) , BEHERR S FIR Bi 2
Bz e A EEEFEIR X . SR E MK
FRMLE 2 = LR R AR BT B 1 Nd AR (228
1.96 ~1.76Ga) , i#f— 5 5 7~ 1 AU X B AR AT R SRy ooy
R i o

5.3 ZHRBRERIKE?
FHZE 1 AT UL, 3 2 LR B B o ot ot L 5 719 Si0, FIMIG
{15 MO 4, B HAR Y Y (5.25 x 10 ¢ ~10.79 x 10 ) 0l
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17.46% ) .5 Na,0/K,0 HAH (w7 1.0 I E,551.75) , H
Sr(420 x 10 7% ~660 x 10 ™) F1 Ba(740 x 10 ™° ~ 1160 x 10 %)
B B T b XA i) G v, DT ] 9 b DX ol 2 L
XEA REF S S/Y WH(S5 ~82) o 4G sh—HAL K A
i EA R (La/Yh ) WA, JOGE Z LR i i BB A e
Ji A ERAL 24 25 F11E ( Defant and Drummond, 1990) , 7£ St/
Y-Y Fl(La/Yh) - Yb Elfig B (E 17) , %z 148 K Fe i K
TR IR AR IA 5 55 FI KT 1 8 AL-TTD/TTG 25 X8, /3
STUETEHT 7 X3k

H i X F B adakite FFAF A4 KOS 19 0 BRI 3284 DA
TG (1) [F] IR SRR A K A AFC A B ( Castillo er al.
1999) ; (2) IS 42 Z 3 T #5219 45 fil ( Atherton and Petford
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1993) 5 (3) ff #f K AR H 1) 4% Bt ( Defant and Drummond
1990) ; (4) FFUi T Hb7e Il (Xu e al. , 2002) , % = (LT
FERTMIZR AL TS A AV Bl , 76 0 b AR QR DIt
BRI IR W R Y B P25 S5 35 107 b 0 2 1)
LTS M Bl SO 22 U 2 o 35 el B R P 1) o 9 (Jahin
and Zhang, 1984) , Kt , % 7 L1146 5 7 L1 P Ml 350 2 1
FeA A LAHERR . A, 5 e/ Sr A Ph/? Ph, iK™ Nd/
NG, [ 3R 2 3R B W i 2 LU AE B RS T R D
TR BN A IR 00 43 57 sl VS PR 7 ) MORB 25 A1 19 350 3 1
Al A o PRUT N SR R K B TS g R A SR R I
M E E Mg & & (MgO >3.0% Mg" >0.5) (Xu et al. ,
2002; Rapp et al. , 1999) , 1l B IS 4= T Hb70 B H 5 Rl 7™ A 1)
Bik v BT W BAK Mg $FAiE (MgO < 3.0% : Rapp and
Watson, 1995) , [l UL 2 (L X By Sr iR Y ik MgO & it
(0.48% ~0.74% ) ALK & , A TTRESRHRUT T Hh7e 5 il i 7
Py, fa] fEJe TR AR B9 M52 BLERIE R™ A2 o TEAHFN Griffin
(2003 ) B X AR 381X VEAT 46 < (168Ma) Hr 8 1Y) HE [F]
BLZRIEAT TRIESE, A AL 5335 — W 5 40 BB AFAE 55 — R
ARG A E) 5 A0 S A, IFIA S AT BB R AE AL B BT 3T 1
VIR AR IFA I 25 5 7=, i — 20 WS s W b A AR Ak
B TR IS 18 TR IR AR FE A G

iR Y #1 Yb REAE B S IR KA A5, & ALSr
VA KB b 7 B 0 165 7S AR A 7 3% B R v O R T A
J%5 /A& ( Defant and Drummond, 1990) , %545{K A9 Nb . Ta DA &
(La/Yb) (- Yby [EIf# (181 17) 0 3% 2 104 B BT HR 0
HIFR ARG R AR A + & T Y + M = AN,
ARDHAEHHE A, Atherton and Petford (1993) 1A% R 5
JEAR T H ST RE IR T A U TR R e iy ek
AFEEEE o SR 1 Hbbe 09 2 B 2R 1 G R AR AN S AT {66
SR ARG AR Bl 5T RE AN, 1T EL A fd T M se R
RFAGUIRES , B BRI TUE TR B3 T A F] 55, Peacock
et al. (1994) Y RTEAKAEAN L K38 2 0 5 (& B 2= b
KT 40km ) BREErp  RHS AR AR 1S B ANERE , BER BT IR 4R (19
RS HSE AT & ARl e Bl ) S R R R T E P
HITHIR R, E LA w S AR Y AE R & 5% B AT A
T RHATELE, PR R ANl G o 45km , BT GEAH
T AR A OB AR 2 1 o AR A0 b R 8 3 (V) (%K
R4, 1993 ) L AR ML X T Mo 2 (BRI RESR-FESE 45 1 2)
Vp h 6.81 ~7.20km/s, He 3 T A1 A 0 BRALE Vp (B (7.5 ~
8. Okm/s) , WG /R X Hi 52 I /) 2202 PR PR R
I LA R RS Se AR Y B AE S P RE 22 i T e v
R A T T e e L WA 2 0 3 s R T B, DA
TINS5 19" Se/% Sr; (0. 71470 ~0.71704) AK W ey, (1)
(=9.9~ —10.5) FELE MY 1py (1. 8Ga) HYRHE, LT IR AR
Mo IX IR v U (IR, 2001) o BEAh, E m LA R NG K
FAM SR Y BRI IERG A, B9 SR Y BB R Z 4k 7
T4 AL Ca B K, %% Sr M 5% 501 i, {8 Sr/% Sr, Flley, ()
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