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Abstract Alkaline magmas usually intrude into the early-formed granites as small stocks in South China, suggesting a dominant
lithospheric extensional regime. This paper studied that the Yajishan syenitic complex in Central Guangdong of South China, a
representative alkaline intrusion, and divided the samples into three groups because of obvious lithological and geochemical
differentiations, which is attributed to magmatic process and post-magmatic fluid metasomatism. Compositional variations among the
three groups show that: 1) Group 1 has the lowest values for Si0, (59.37% ~64.10% ), K,0/Na,O (0.70 ~1.11), I, (0.70741 ~
0.71003), iy, model ages (1.0 ~ 1.1Ga), but the highest one for Al,0; (17.30% ~ 19.18% ), K,O + Na,O (11.13% ~
13.76% ), eyg(t) (= 1.6 ~ =0.9) and Nb/Ta (19.6 in average), Zr/Hf (47.1 in average), with alkaline-peralkaline,
metaluminous characteristics in major components and LREE enrichment and Ba, Ti, Sr, P depletions in the primitive mantle-
normalized trace element spidergrams. 2) Group 2 has the highest values for TiO, (0.47% ~0.49% ), MgO (0.98% ~1.07% ),
P,05(0.15% ~0.16% ), K,0/Na,0 (2.57 ~6.69) and moderately lower values for I3, (0. 70845) , ey, (t) ( =7.9~ -7.8), and
Nb/Ta and Zr/Hf (11. 6 and 36. 3 in average, respectively) , showing alkaline-calc alkaline, strongly peraluminous, and depleted Nb-
Ta, LREE, P and Ti. 3) Group 3 has the highest values for SiO, (77.50% ~76.54% ), I, (0.72563) , t,,, model age (1.6Ga) and
the lowest values for mafic components, Al,0;(13.00% ~13.16% ), ey (1) ( —=8.3), as well as Nb/Ta and Zr/Hf (3.0 and 18.5
in average, respectively), displaying alkaline and strongly peraluminous in major components, with flat patterns and Eu negative
anomalies in the chondrite-normalized REE distribution patterns and Ba, Nb, LREE, Sr, P, Ti negative anomalies and Rb, Th-U,
Ta, Pb positive anomalies in the primitive mantle-normalized trace element spidergrams. LA-ICP-MS U-Pb dating for zircon from the
Group 3 yielded two mean *®Ph/*®U ages of 140.9 +1.4Ma (MSWD =2.0) and 141.4 +0.9Ma (MSWD =1.6). These ages are
consistent with previous ages obtained from the Group 1, suggesting the Yajishan syenitic complex as the product of single an Early
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Cretaceous magmatism. Compositional differentiations among the three groups also show on the genetic classification that the Group 1
belongs to typical A, subgroup in A-type igneous suites whereas the Group 2 displays a trend from A-type to normal I-type, and the
Group 3 wavers between highly-evolved granite and A-type granite. The results indicate that the Group 1 was derived mainly from
silicon-unsaturated alkaline magma differentiated from an enriched source in the upper mantle with minor crustal assimilation. The
Group 2 was the product of strong assimilation of silicon-unsaturated alkaline magma by host Fogang granites, whereas the Group 3 was
formed by feldspar, ilmenite and apatite fractionation from the Group 2 magma and subsequent strong metasomatism by fluorine-rich
fluids. Therefore, the compositional differentiation of the Yajishan syenitic complex is an integrated result from strong assimilation
between silicon-unsaturated alkaline magma and wall rocks and subsequent post-magmatic fluid metasomatism. This further suggests
that the influence of magmatic and subsequent fluid processes on the original composition of magma cannot be ignored, especially for
those granites with specious genetic classifications. Most likely these processes resulting in formation of compositional zonation in a
small magmatic stock are critical to rare metal mineralization of some alkaline or intermediate-acidic igneous rocks.

Key words Nepheline syenite; A-type suites; Composition differentiation; Yajishan; South China
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Fig.2 Photomicrographs of the Yajishan syenitic complex

(a, b) biotite-amphibole-bearing nepheline syenitic rocks; (c¢) analcime syenitic rocks; (d) quartz syenitic rocks. Am-amphibole; An-analcime;

Bi-biotite; Ne-nepheline; Or-K-feldspar; Pl-plagioclase; Q-quartz
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®1 TELFKRZEERREEANEETR (W% ) RIGETER( x107°) AR
Table I Major elements (wi% ) and trace elements ( x 10 ™®) of the Yajishan syenitic complex
v YJ-2 YJ-5 YJ-6 YJ-7 YJ-8 YJ-3 YJ4 YJ-1 YJ9
RS Group 1
Si0, 61.32 60. 31 59.37 61.16 64. 10 66. 67 67.23 77.50 76. 54
TiO, 0.25 0.14 0.23 0.26 0.34 0. 49 0. 47 0.09 0.11
Al, 04 17.99 18. 47 19.18 18.63 17.30 15.19 15.46 13. 00 13. 16
F6203T 6. 28 5.83 5.18 4.86 4.58 4.82 4.46 0. 81 1.12
MnO 0.21 0.17 0.19 0.13 0.13 0.07 0.07 0.05 0. 06
MgO 0.24 0.16 0.29 0.41 0.24 1.07 0.98 0.07 0. 06
CaO 1.31 1.63 1.27 1.57 1.39 0.96 1.97 0.19 0.21
Na, O 5.87 7.22 8.07 6. 00 5.37 0.92 1.77 3.09 3.28
K,O0 5.26 5.54 5.69 6.12 5.98 6.18 4.55 4.25 4.24
P, 05 0.05 0.04 0. 06 0.08 0. 05 0.15 0.16 0.01 0.01
LOI 1. 62 1.01 0.98 1. 19 0.91 3.49 2.95 0.93 0.98
Total 100. 40 100. 52 100. 51 100. 41 100. 39 100. 01 100. 07 99. 98 99.77
ALK 11.13 12.77 13.76 12.13 11. 36 7.11 6.32 7.34 7.52
A. R 3.72 4.48 5.11 3.93 3.70 2.57 2.14 2.76 2.93
ACNK 1.01 0.89 0. 88 0.96 0.97 1.53 1.35 1.30 1.27
NK/A 0.85 0.97 1.01 0. 88 0. 88 0.54 0.51 0.75 0.76
K,0/Na, O 0.9 0.77 0.7 1.02 1.11 6. 69 2.57 1.38 1.29
Fe0'/MgO 24 33 16 11 17 4 4 10 17
Cs 3.30 4.97 4.35 5.32 4.56 5.39 6. 86 9.63 9.87
Rb 311 240 339 227 199 224 170 621 626
Ba 298 41 135 391 512 1585 1016 83 121
Th 144 19.1 17.9 13.9 18.9 19.5 26.3 33.5 35.2
U 30.3 4.12 4.47 2.65 4.83 4.27 4.83 7.50 7.82
Nb 196 67.3 76. 1 53.2 67.1 13.4 16.4 22.7 24.0
Ta 12.9 3.04 4.34 2.35 3.19 1.21 1.35 8.23 7.49
K 43666 45990 47236 50805 49643 51303 37772 35281 35198
La 314 74.2 79.1 67.6 99.4 45.9 52.2 18.6 20.7
Ce 495 136 136 116 187 80.9 99.6 44.9 46.3
Pb 110 24.9 20.7 30.5 22.6 22.2 23.3 29.8 31.1
Pr 48.4 14.5 13.8 12.9 20.9 9.09 12.2 6.03 6.42
Sr 112 24.1 64.2 208 151 442 460 29.1 40.2
P 218 175 262 349 218 655 698 43.6 43.6
Nd 136 45.1 41.7 42.1 72.1 32.1 45.7 23.2 22.8
Sm 19.1 6.23 5.82 5.99 10. 41 5.40 8.34 7.44 7.29
Zr 2211 389 560 274 487 161 201 78. 1 95.5
Hf 43.6 8.52 11.98 6. 18 10. 15 4.47 5.49 4.00 5.45
Eu 1.40 0. 465 0.599 0. 969 1.34 1.33 2.05 0. 306 0.387
Ti 1495 811 1280 1571 1881 2679 2707 521 687
Gd 18.0 5.37 5.10 4. 88 8. 87 4.46 7.29 7.07 7. 68
Th 2.83 0.747 0. 795 0. 695 1.20 0.575 1.02 1.43 1.53
Dy 17.2 4.11 4.86 3.83 6.20 2.97 5.50 8.98 9. 46
Y 116 26.5 36.2 24.6 37.4 14.3 30.5 50.6 57.4
Ho 3.91 0. 860 1.12 0. 813 1.28 0. 545 1. 06 1.75 1. 84
Er 12.6 2.59 3.73 2.38 3.67 1.48 3.04 5.13 5.97
Tm 2.14 0.420 0. 641 0. 366 0. 558 0.230 0.470 0. 853 0.902
Yb 14.7 3.00 4.77 2.59 3.80 1.63 3.21 6.18 6.08
Lu 2.25 0. 506 0. 759 0.418 0. 606 0.253 0. 496 0.938 0.972
Sc 2.77 0. 102 0.325 0. 685 2. 66 7.32 6. 08 2.03 3.51
v 9.09 10.5 8.52 12. 1 7.98 67.2 65.4 6.93 26.0
Cr 114 128 74 109 118 181 164 108 83
Mn 1734 1474 1612 1229 1195 652 628 430 550
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g1
Continued Table 1
v YJ-2 YJ-5 YJ-6 YJ-7 YJ-8 YJ-3 YJ4 YJ-1 YJ-9
Fed S Group 1 Group 2 Group 3
Co 1.79 2.94 3.25 3.94 2.11 6.50 6.13 0. 849 0.953
Ni 7.31 7.49 6. 38 6.57 21.5 11.2 8.53 6.29 6. 87
Cu 42.5 46.3 51.2 32.6 31.7 21.0 21.8 42.9 51.5
Zn 212 87.3 109 83.4 70.7 58.3 54.3 21.7 37.3
Ga 34.1 23.0 25.1 20.0 21.3 18.0 19.5 18.6 20.4
> REE 1204 320 335 286 455 201 273 183 196
(La/Yb) 12.7 14.7 9.9 15.6 15.6 16.7 9.7 1.8 2.2
(La/Sm) y 10.3 7.4 8.5 7.0 6.0 5.3 3.9 1.6 1.8
(Gd/Yb) 0.99 1.45 0. 86 1.53 1. 89 2.21 1. 84 0.93 1.02
SEu 0.23 0.25 0.34 0.55 0.43 0.83 0. 81 0.13 0.16
TE, 5 0.98 0.98 0.98 0.96 0.96 0.95 0.97 1.12 1. 11
Rb/Sr 2.8 10.0 5.3 1.1 1.3 0.5 0.4 21. 4 15.6
Rb/Ba 1.05 5.8 2.51 0.58 0.39 0. 14 0.17 7.44 5.17
Nb/Ta 15. 1 22.1 17.5 22.6 21.0 11.1 12.1 2.8 3.2
Zr/Hf 50.7 45.6 46.7 44.3 48.0 36.0 36.6 19.5 17.5
Yb/Ta 1.1 1.0 1.1 1.1 1.2 1.3 2.4 0.8 0.8
Y/Nb 0.6 0.4 0.5 0.5 0.6 1.1 1.9 2.2 2.4
10000Ga/ Al 3.58 2.35 2.47 2.02 2.32 2.24 2.39 2.71 2.93

TE KW PARSE EEIOR S

YER B, JCER B i 2R S ) [ AR UE ) 5 Jm) N A Sk R
HhBEHE NIST SRM610 1 g 4145, Si 1 Sy P AR I R #E 4T 4%
TE 5 [R S SR P WA 85 40 A R M AR o i 9 [ 62 28 LA RN
TCE A 5 BUUE AL PSR 254 1ICPMSDataCal8. 3 ( Liu et al.
2008) , 5 A1 U-Pb i *ﬂ[’i—]}i$iﬁﬁﬂﬂfﬁﬁ'\ﬁﬁﬁéfﬁ$\f¢
Isoplot 4. 15 ( Ludwig, 2003 ) ,

FHICFE KA Rigaku RIX 200 B¢ 56534 (XRF) 43
BE, 4B oRG BE AT 2% o %5 7T K fff ] Perkin-Elmer Scie
ELAN 6000 7 i Jf% 8 & 45 8 1 14- BT 35 A (ICP-MS) 43 #7 , 43
Hrim B RO S EOL B 5 (1996) , A3 ks BEA T 5% o Sr-
Nd [ Z M3 7F Micromass Isoprobe % 22 13257 2% Hi, JBH A 45
BT BTEL (MC-ICP-MS) F A7, A2 43 8 R Fl HL i
FHES 7B 1§ (REE FH At 7T 70 #5) 1 HDEHP (Sm (Nd 7
B9) Jik , Se-Nd [RI6; R AT HT I R ARAE < 100pg, FELH 1) 43
Hr o e UL ZR 40 5 45 (2003 )

3 BB AL SRR AR

3.1 ¥ERE
Brp R OOEE I ER B A R R AR 1,

F1ALIEH ,ﬂ%LUEJ&ﬁﬁﬁEWAﬁ%ﬁ%#‘@WHEI
TCHR M : Group 1 B A B AIKHY Si0, Flfx i i ALO, |
Fe,0, .MnO Na, O K, 0;Group 2 HA fxEnY TiO, Mg0O . P,0,
FEAKY Na,O; Group 3 45 fix i 1 Si0, AR AR TiO, |
Al, 0, Fe, 0, MnO MgO ,Ca0 .K,0.P,0,, HHH Group 1 H47
48 (ALK) 254k F 11.13% ~ 13.76% , Group 2 7% fk F

BT ; ALK =K, 0 + Na,0, ACNK = AL, 0,/(K,0 + Na,0 + Ca0) , NK/A = (Na,0 +K,0)/Al, 0,5, 4+ F .
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Fig. 3
( modified after Middlemost, 1994 )

Symbols in Fig 4, Fig. 8 and Fig. 9 are same as in this figure

7% KR A TAS A i (4

TAS diagrams for the Yajishan syenitic complex

6.32% ~7.11% ,fii Group 3 WS 4L T 7.34% ~7.52% .
BEAE Si0,-ALK F A1 32K & L (1 3) , Group 1 K ik 2 A
TERE D, A998 AL AT IE K X5 T Group 2 A (i v
AATHE R B IR A B PR XK, Group 3 4% U 7%
BRI TTAE Si0,-A. R [&Iff 1 (1 4a) , Group 1 K



Fiehs, L P TP TE L ERTLERGRY>TFEELRA 835
80—
701
X
s [ by
@ 60— 8RR
Ny
50—
I *(b)
40 L 1 N S L
1 1.2 1.4 1.6
AR ACNK
K4 WEINERKEIEREAT Si0,-A. R(a) Fl NK/A-ACNK Elf#(b)
Fig.4 Plots of A. R-Si0,(a) and ACNK vs. NK/A (b) for the Yajishan syenitic complex
T T T T T T T T T T T T T T
—{1+YJ-2 -V YJ-3
1000 |- —O—YJ-5 Group 2 ——YJ4 ]
; Group 1 |-2—YJ-6 oTE ]
—7~YJT —YJ-
g 100 —>—YJ-8 Group 3 —8—YJ-9
- 3 E
"
> L |
- JRTY E E
® O ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (a) ]
La  Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1 1 I 1 ) 1 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 1 1 1
1000 [ .
B 100 [ .
=2 f ]
g1 ]
% 10 | .
S F = = = = = ]
05
ﬁ 1k E
01 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (Ib)-
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Fig.5 Chondrite-normalized REE distribution patterns (a, normalization values after McDonough and Sun, 1995) and primitive

mantle-normalized trace element spidergrams (b, normalization values after Sun and McDonough, 1989 ) for the Yajishan

syenitic complex

TEAE ST DRIE BB 1 IX 358, , Group 2 %5 /1 RE 5 ¥ ZE T PE 3] 45
BRI, Group 3 ¥ il WU & 7E B M X 355 5 0 X6 I )
Group 1 F£ 5 B B K1Y K,0/Na,O FL{E (0.70 ~1.11) ,1fi
Group 2 | HL A 5 1 K,0/Na,0 FUE (2.57 ~6.69) . X TF
ACNK {, Group 1 &G FE M ACNK {H7E 0. 88 ~ 1. 01, 5FE-#){E
0. 94,y HERR FURFAIE ; Group 2 5 1 4% i R B A fie i Y AL O,
Srht, G ACNK B B 55, 2846 T 1.35 ~ 1.53, S {4

1. 44 ;Group 3 #f iy ACNK {HAE 1.27 ~1.30,F#(H 1.29, 5
Group 2 Fffh—H, WL 7R R §5 B RFAE (B 4b) o

3.2 BiImESE

B R R LT AR T 2% 5 A A5 A A R T R
EAFAER ] 822 5] (% 1 &l Sa) . Group 1§ X REE 254k F
286 x10°° ~1204 x 10 ~°, HA & AH + 5 (La/Yb)
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Fz2 WEIEKRZFEME S-Nd A EHK
Table 2 Sr-Nd isotopic compositions of the Yajishan syenitic complex
oo YJ2 YJ-5 YJ-6 YJ-7 YJ-8 YJ-3 YJ4 YJ-1
#unﬁ
Group 1 Group 2 Group 3
Rb( x107%) 311.4 239.9 338.5 226.6 198.9 224.4 169. 6 620.9
Sr( x10°9) 112.1 24.08 64.21 208.2 150.5 441.6 460. 4 29.07
8 Rb/%Sr 8.051 28. 990 15.299 3.151 3. 827 1. 471 1. 066 62. 642
8G1/86Gr +2¢ 0.72522 12 0.76648 +14  0.73863 +16  0.71355+13  0.71539 £14  0.71183 £14  0.71104 +13 0. 84761 +17
I, 0.70908 0. 70838 0. 70797 0.70723 0.70772 0. 70889 0. 70890 0.72207
Sm( x10°%) 19.1 6.23 5.82 5.99 10. 41 5.4 8.34 7. 44
Nd( x107°) 136 45.1 41.7 42.1 72.1 32.1 45.7 23.2
4Sm/1*Nd 0. 085 0. 083 0. 084 0. 086 0. 087 0. 101 0.110 0.193
143 Nd/144Nd
s 0.51248 +9  0.51245 £18  0.51248 +8 0.51247 +7 0.51249 +7 0.51215 +8 0.51216 +8 0.51221 10
0
£na -1.0 -1.6 -1.1 -1.3 -0.9 -7.9 -7.8 -8.3
tapy (Ga) 1019 1063 1020 1038 1006 1573 1562 1607
T A AR AL R 141 Ma
A F 9.9 ~15.6, BRI A4 150; (La/Sm) y ZfLF 6.0 Sk,

~10.3, B R W RN R 18 &8 (G/Yb) y 2246 T 0. 86
~1.89, W R H M LBONE . Group 2 ) X REE 284K T 201
x107° ~273 x 107°, HAT s 45 8 1O + S (La/Yb) | 7%
9.7 ~16.7, BoRn W WA (La/Sm) y 4T 3.9 ~
5.3, HAMEEENREM &7, (GI/Yb) BT 1.84 ~
2.21 FEWRINER B e kb )8 T 8 s Sl — 2.
Group 3 /) X REE Z£{LF 183 x 10 ™° ~ 196 x 10 ~°, i + i fit
TEZ A RAR; (La/Yh) ( A246 T 1.8 ~ 2.2, RBUNF
W LR (La/Sm) y 2846 T 1.6 ~ 1.8, R AT
PR £ & 5 (Gd/Yb) y 24T 0.93 ~ 1. 02, R Sk
BAHEENER T, WEILNEKSREEKEZHEA 1 6Eu
WA 2251, Hor Group 2 1) 8Eu 47F 0. 81 ~0. 83, Eu 11 5
HWASNH I, 1 Group 1 1) 8Eu 4y F 0.23 ~0.55, Group 3 [
SEu AT 0.13 ~0. 16,3 B xB B 1 Eu 1 534, Group 3 #H
XL, (HASE R R SE, Group 1 Fl Group 2 £/ 11 TE, ;3
/NF 1,1 Group 3 £ TE, 54+F 1. 11 ~ 1. 12, 3% Group 3
FE AR — R R 702 DU A 23000

3.3 METERFIE

WE L IE R BT A I R s W3R 1, ARl 50,
M\ Group 1 %] Group 2 #| Group 3,LREE Zr Mn .Zn & &4 T
RoAR, Herp Ze B B REARSRCA W5 10 Cs & BB Wi &, 7
=8 A, Group 2 HAHIXF R Hi#Y Ba Sr. P Eu.Ti Sc .V,
Cr.Co Ni &, Group 1 #5 YJ-2 AHX FIHAWAE RN E , B
RKERFICE M E A, 40 Th U Nb Ta, Zr Hf \ Ti \REE P,
Sr.Sc SFTCHR MY 2 B bb H A RE St A A LA 21— A0 2
o TERE TR TR an 18 A i Ak ik I B 1 (1B 5b) , Group 1
HOMEHEA YRR Ba Ti Sr P i 5% ; Group 2 F i IR
B 5.1 Nb-Ta La-Ce P H1 Ti £ 55 ; Group 3 #f i W HA B
L1 Ba.Nb . La-Ce. Sr-P . Ti i % % fl Rb.Th-U.Ta.Pb if

L B BB AT R X L 5 T, W22 1 A
AE A Z A R B W A 43 5 EB A, Group 3 (1Y
Rb/Sr .Rb/Ba {848 B4 F 15.6 ~21. 4 F15.17 ~7. 44, 75
F Group 1(1.1 ~10.0, 0.39 ~5.8) Fl Group 2(0.4 ~0.5,
0.14 ~0.17) , % 1% T JE 46 4L 2 &5 (0. 03, 0.96) (Sun and
McDonough, 1989) , Jz ik T Group 3 B A& T BB E )
1k, Nb/Ta 1 Zv/Hf Fv{E 5 Ifi, Group 1 f) Nb/Ta 4 F
15,1 ~22. 6, F-3{E Ry 19. 7, 32 61T J5 1 B 2 R ROk B 7 7
Fefl (17.5 +2.0) ( McDonough and Sun, 1995; Sun and
McDonough, 1989 ; Miinker et al. , 2003) ; Group 2 ¥ Nb/Ta
AT 1L 1 ~ 12,1, (R 1.6, 45230 - 139 [ifi 76 1 40 B
(11 ~13) ( Rudnick and Gao, 2003) ;i Group 3 F fx fIk i1
Nb/Ta UfH ,ZB6F 2. 8 ~3. 2,324 3. 0, A Wi “ W fli 7
Jit” ) Nb/Ta 5L (Ding et al. , 2013 ) , JfL F—LE A" 1 5
1# b5 41 ( Dostal and Chatterjee, 2000) , #R i, Group 1 | Zx/
HE R0 T 44.3 ~50. 7,532 47. 1, 5 T S 4R Hu g FoBRops 5
fif (34 ~ 36) ( McDonough and Sun, 1995; Sun and
McDonough, 1989 ; Miinker et al. , 2003) , ELA #8 BB 5 A {E
W 4HE ; Group 2 114 Zr/HE 54k F 36.0 ~36.6, -5 36.3,
LN T 5 b i AR [ 1, eI TP A R0 (35.7)
(Rudnick et al. , 2003) ;1fii Group 3 [¥) Zv/Hf Z84LF 17.5 ~
19.5,5F ¥ 4 18.5, 25 ol T = it # 1% {5 ( Miinker et al. ,
2003) ,

3.4 Sr-Nd Efir Z=4HE

W L IE R B2 A ) 5 A B Se-Nd [] 3 38 01X 45
B2, Group 1 9 I {EHATF 0. 70723 ~0. 70908 , FHI{E Fy
0. 70808 ; Group 2 Fl Group 3 1) I, X {E 43 51k 0. 70889 5
0.72207, Group 1 1 Group 2 f) I, fHFEAKH 24 , 25k F 0. 707
~0.709 Z[n], LW F b e i) 5 9 52 2t 7 IR o 1 TR

HIT
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Fig.6 &y, vs. I diagram for the Yajishan syenitic complex
(modified after Ding et al. , 2014a)

Data for the Fogang and Nankunshan plutons are from Li et al.

(2007)

PeUAB G 05 b A 7 60 A TE R R e Sre [R] 6 2 A8 k.
Group 3 119 I {5 K T 0.722,Rb & Eik 621 x 10 7% Rb/Sr
POl (21, 4) 2 i T HAWAE i, I 735 5 S ) 3 3 {A & )
REZF—E sl Group 1 [ ey fHATF -1.6 ~ —0.9,F3
{E>} —1.2;Group 2 F1 Group 3 i) ey BTN -7.9 ~ =7.7
F-8.3, BRMEIRA T E 2B, 76 B U4
# F,Group 1 4 F 1.0 ~ 1. 1Ga, [fj B AP H I ALE 1. 6Ga /2
A W — P W7 5 W B AL 18 s e 4 AL, HL v RE

Z R B 837

RAEZ W BT TE oL Ef# F (B 6) ,Group 1 &
AT Sr-Nd [F 7 AR T XA S B R A BUAE
i, T Group 2 54 W 506 X ZE R 5 25U (Li e al. , 2007;
X & 554, 2003b) .

3.5 %% U-Pb &£

WE ILEAK B A% A 14 Group 3 2 #R4E ML 4547 U-Pb
TR LR 3, AR I AN B SR o AR R B A 1Y CL R
W7, M\ CL EURAT LR Y, KA A i 4 Won g R, kA&
TR B TR Sh ks DR A R K A, BT LA KRG
o BXELEEA N CL BR 5 WE2 1L Group 1 EHIERAETH
Fadew A, BB RS S U MRS (Xu e al,
2012) . YJ9 #5445 17 Pb/™* U 4E I8 4 T 126.5 ~ 182. 5Ma,
R U A 28 N2 (8] Ta) | WS 7R A7 7E UM
Pb i £ BRI LT 90% 14 4341 A5 i°° Ph/ 2 U 4RI 3E
TFIBCT-35), BFRAFMABCT- 482 Jy 140.9 £ 1. 4Ma( MSWD =
2.0);YJ-10 24 1 Pb/** U 4E#44 F 135. 3 ~ 144. 8Ma, |7
BER AL T 90% 1943 H7 45197 Ph/ U AR IS 4T IS F-
1 AR IIACE AR S 141.4 £0.9Ma(MSWD =1.6) , X
LW 1L Group 3 TR TR H ¥, 5 Group 1 BB MINE
AIEKANIE SR EEAR — 2 #E TR — kA K iE s
a7/

4 i
41 BEEH

el A TBUAE bl o 5 — 2L e BB R
EAE IS, T EAT 15 78 B A IS & (Eby,
1992; XIJ{E 524, 2003¢; Bonin, 2007) , 43457 47 1F K -

g 47139 7
0.031 7182 ¢ -
0.029 20/140 ™18/141 "/.
0.027 1
5 ) YJ9
2 0.025 P Mean =140.9+1.4 Ma
= 7 MSWD = 2.0 (n=13)
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Fig.7 U-Pb dating of zircons for quartz syenite from the Yajishan syenitic complex

Red circle represents ablation position for 33 um diameter laser and number is the Serial No. and corresponding 2 Ph/*# U age in the Table3
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Fig.8 Discrimination diagram for the Yajishan syenitic complex (after Whalen es al. , 1987; Eby, 1992)

PEIER - TEARE IR SEmE L B RR BB o R LA
THMELE 5 5% (Whalen et al. , 1987; Eby, 1992; Bonin and
Giret, 1985; Bonin, 2007) . & | B 4T b #5511 1E < it
Fer RS A A I TR 25 55 A B 5 ol XD i o B BRI 1Y)
Bl A BIAE A IR R 3 HURE 2% 1002 B IR A A i 28
RUA G ER X A EA .

YE R IR — YA ARS8, W2 1L E A B A A5 4
FOAOHBRA B AREZRR, £ A B A4 5 F E
(Kl 8a, b),Group 1 5 F MBI A BUE A KB, 7
10000Ga/Al-( Zr + Nb + Ce + Y) [Elff |-, W K40 T AR Rk A1
HIIER SO (B 9) ; Group 2 & I VA TE A BUAHE
ABUEA R Ea R, b — AR R B RL B ) —
AR S ] F I & A9 1 RNl S RUAE b 2 (1] 8 (&1 9) 5 Group 3
ST S RS — B, 1E FeOQ'/MgO-(Zr + Nb + Ce +Y)
FIffR L, BB EH X, A B T A Bl A A8 T
SRR AR A (B 8a) 5 7E (K, 0 + Na,0)/CaO-(Zr +
Nb + Ce + Y) Bl fif b, 8 S 160 A0 K A XA (18] 8b) 5 1
7E 10000Ga/Al-(Zr + Nb + Ce + Y ) [€lff% |, Group 3 & i % 5
ENPEAERR T A BITE b sl i A BITE A X (&1 9) o 1E
A AL 2R M E SR E, Group 1 3247 88 S AR ERIEA A,

TUNE DXI ([&] 8 181 9) ; Group 2 A1 B i T AE A, FI A,
KO RL (B 8), ANE T ALK A, Al A, 72 (Eby,
1992) ; Group 3 H A NTEA A, WAL (E 8. & 9),

Group 1 —RBAMINE A IEKERET WA - E
AT AT R AT RN TN AR RRAE ), R b
1K Si0, , i Fe, 0, Fl ALK, HA7 Bl v 55 B R4k (161 4)
BEKRETHRATLE R B LT R AR ITHE Nb Ta,
Zr PSP ROTR Th U S5, 76 50 IR e bR v 1L B0 JT
RIEME -8 R Ba S P Ti 5205 41,1 Rb,Th U Zr Hf
SREVEEMFIE(E 5) o XSEHFAE S A BUE B v SR i ik
AL F A S A B — 2 (X B S5 A, 2003¢; Eby, 1992
Bonin, 2007) . XKy 4 Ce 24270 1. J0E A Nb 45 3758
JGE , FTi#E Nb-Y-Ce 1 Nb-Y-3Ga B 375 A A, W5
K (K 8a, b) . X 5ZHIMIIFLEIE IR —B(X B 555,
2002, 2003a) ,

Group 2—— A MINIT Ml A1 IE KA TEH WL LTy
W A A RSO A RS BRI AR T R . 7R
5y FAIRE ) TiO, MgO P, 05 (LOT, iKY Na, O, ELGR 1 [ 45
BRI I R SR A AR (18 4) o [R5 S E A - \Nb [ Ta,
Ti LR (E5) . XERHE S WEIER TS REAN
EARGEXIE R A NZEL(L et al. , 2007; Xu et al. , 2007 ;
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Fig.9 10000Ga/Al vs. (Zr + Nb + Ce + Y) diagram for
the Yajishan syenitic complex (after Liu et al. , 2003¢)

Ay, A,-subtype of A-type suites; AS-feldspathide syenite and alkali
ALAG-aluminous  A-type AAG-alkaline A-
type granite

syenite ; granite ;

MR/NBISE, 2002) o (AR B2, Group 2 & 41 56k X 4L X
Y Se-Nd R AR WARML, R T — & M7 iR & (Li et al.
2007) o IEANBEIXIAERG A — B A A B AL T R al e
S EIZ 4 (Li et al. , 2007; Xu et al. , 2007 ; /N &,
2002; AR ARAE , 20035 ESCHISE, 2000) , Group 2
WRRURMEAER A A B2, BT E B T R
A (Zr + Nb + Ce + Y) & &t FeO'/MgO F1(K,0 + Na,0)/
CaO WA R, HILTE A BUSEHE EIETE A BUFIE A
TUFEE T Bhir (B 8 181 9) 75 A BUAE WA _FBEA
JB TR A, B WA TR A, B (B 8e, d) o MSF
MER™ ) EARVE, Group 2 647 HA BB AE b A R AIE , TH A Bk
FFHFIE PR, W 7R A A B350 T AU 4G b i 1
FHAE

Group 3——AYRHIFSE MBI AE i) 5 287207 W 4H 8 | LA
B AT R RN A N A A SO RRAE . FERr RN
Si0, FE AR Y B 2k B Al 0, F a0 5 5 R B R AE (1
4), [FE5 4 Ba Nb LREE P Ti 8505 (& 5) . HA
IR TR R AEZE D) T AR 1 e AL T BB R 2 (Li
et al. , 2007; Ding et al. , 2014a; Dolejs and Stemprok,
2001) , (Zr +Nb + Ce + Y ) B HAK, BIULTE A LA 250 50 151
FL e S A AR R E R (K 8b) s8R, EATAA
W FeO'/MgO {f, AN [R] F- 5 B I 785 3 f 76 5 22 (&)

9a) , 1M ffi 5 4 10000Ga/ AL fEL ST BT 5 A B4R
R (E9) o HBRAL 27 R AE B TR 7 B2 T AR F) o 41
PRI,
FEICREIN] , WA L IE R B A Al — YR R AR L T
IR, o AT RN BRI T A A E . X T Group 1
F BT E AL S5 A 1 il Te P iR 2 (18]
7) , T RER 5 A R 8 78 A P 26 8 (R AR DT 5%,
2007) o 1fij Group 2 Hl Group 3 [ 1 JR A JE B MM ER L2 5
iR 22 53 AR AT RER: T2 J 5 0 0 e st Al ( B AR 7
WR—49) .

4.2 ERME

Sr-Nd [m] {37 R 7R W22 IER T A Group 1 575 R
WAL o —HF , FEORIE T B IR A7 IR
H1F Group 1 A& A7 He b X 4E i A A AR AN 1, A1 EE 5 B9
en (OB 6) , BARA KT RE Hi X 6 b o5 358 1 53 15 285
a/E TR B, PRI AS S8 R 5745 (1998) Y WL o (ELAS
TERE I, Group 1 Ei47 Nb/Ta -2 19. 7, WL T I 4 3 1
FUBRRL BT A7 B9 BE (R (17.5 = 2.0), 3 & T 75 40 0 08 fF
(McDonough and Sun, 1995; Sun and McDonough, 1989;
Miinker et al. , 2003) ; 1fij Zx/Hf WWARSEY 0 47. 1, 5 TR I HE
WD BRORL B A7 (34 ~ 36), [Al AE L i T T 45 M e fE
(McDonough and Sun, 1995; Sun and McDonough, 1989;
Miinker et al. , 2003) , Kt Group 1 FFEJEAS 7] GE & = 4t I
b o MSITFRAIE FORAE LB R B AL, H w4 REE
Nb Ta Zr Hf EAMABITR (E 5) I B ef] OIB TR
FROE (B 5 E110) , Rtk FHEF 2R R T & 48 RHg o 5 ik
B EH . ZE RaITRR B T 5 S RS 1
B GO PHIEER Y 58 IR ) B B s S AR B b, A 1
T

10 T ——
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%R =
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1990 &)

Fig. 10 Y/Nb vs. Yb/Ta diagram for the Yajishan syenitic
complex (modified after Eby, 1990)
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2T Group 2, ENTHAT S XL R A AR 5 LR 3
M Se-Nd [ RFHE , 7R BATI 0 S X TE K ELE
FAK . Se-Nd [Al: R 7R BAT VA A1 iy i og IR B Ay 20 4 4
F Group 1 15 2% (181 6) ; M7k Y/Nb-Yb/Ta [ fi I-, 1R
Group 2 A7 /& Bl 1 ¢ IR i 7 ) o — G 45 10 G 1) %, T
25 i ik 80% V-1 [ili e W) Jot 5 e ik 60% T Hu5E P
ST 5 W, iX Se 52 Y5 ) o 14 1R S AT RETE R DX 52 i, 5 U N
WA A2 R AR 4/t kG e s e 2 43 o R, FRATTIAH
Group 2 i1 W5 I o HOTR A K AE TE BRI 5 3 1 Ao 2ol 72
Ho B IEEN R 1L IE K BT A R R ATE BB X AE B o R ik
WEBCE 1), H. Group 2 &7 5 XITE &85 U0 I AH 1, 3
SeFEIRYI AL AR AT RE R B T O IAE R . PO Bk X 4E
B IR AR TS R L Fe IR G R M (1 10) , HUEATTY 5y
BAAERE AT 1.3 ~2.3Ca(Li et al., 2007) , EATTHIIR G
B GRS Group 2 51 T 4 T) o

Group 3 55 Group 2 HAHALRY Nd [F]f7 2 FHEF 1 15
AR (£ 2) R BT RA MM ITH K. SR, Group
3 Y R R 4 5, X SR B AT R LA
WRRE A%, B, Group 3 WK & 43 5 M RFAE , 76 16
TEE AT, B HAT s B9 Si0, FURAIRAY TiO, (AL, 0, Fe, 0,
MnO MgO .CaO K,0.P,0, 1 LREE . Zr i m B & &, H
BB A Ba Nb Sr P 1 Ti 15 #1 (& 5) 5 TAHR 52,
Group 2 WIHAT 5 Z HAMYIMFE , LL AN Group 2 B A A
i Ti0, \MgO P, 05 & &, HAHXS Group 1 J{31M 7 , HA Ba,
Sr.P Eu Ti FF7CR B & 4. FATIHN Group 3 A9 id
B IR A BB R KA S I 43 S 4 i O3
AT PRI, Group 3 1 5 71 4 b I A v TE B M 5 2K AN
RhFeiR G AL b, 105 0 X AR b 2 v 40 S P d o PO RE
FICPE 10) o Hoyk, MR 1L IE K BT 2% 4K Group 1 3]
Group 2 F1| Group 3 ,Nb/Ta 1 Zr/Hf Lt {5 5 20 i A3 0,
Fedn Nb/Ta SFE-2{E 0 19.7 240 % 11.6 7% 3.0, 1M Ze/HE
SFH{E 47,1 A54E % 36.3 FEZE 18.5, Nb/Ta 435 (14 %
55 B 15 15 L A B 5 B D A UL (Dostal and Chatterjee,
2000) o A7 BRERAT FIBE I A1 551 ) 1) 43 25 45 i 0 TR 8
Jnit B 8 Y 5 3% 58 JC &K 4 5w (Ding et al. , 20135 Green,
1995 ; Miinker et al. , 2004 ) , {HAFFE A&, FHXF T Group 1
BT S, HE P A E AW LREE (Nb, Zr F1 Hf 4850
REU WA S) X FHEENA (Ze + Nb + Ce + Y) Bt i
AN AR EAEATAE A BB R EAw B A B A X
(E 8. &9) . ML IEK B (4 A Group 1 ] Group 3
Ht Nb il Zr 13826 5 48, 1E &3 B Nb/Ta FiI Ze/HE L (B 9
e . FATTIA 8 T AR 18 23 S 7 L 4 i T O 1) £y
O, TERNFTA O B s A AL B e R R A R B —
#£(Bonin, 2007 ; Collins et al. , 1982; Dostal and Chatterjee,
2000 Salvi et al. , 2000; Whalen et al. , 1987) , WE I IF K
Jii 2k Group 1 IHE A1 IE K4 & U A T 2400 x 10 7° ~
3500 x 10~ (X H 5245, 2003a) , i3 B HL G 2 340 A 4
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M. 18 Group 2 H Iy S AT H KA IR I, ol BETE
T & F AT (Manning, 1981 ; Carroll and Webster, 1994 ;
Dolej$ and Baker, 2007) , & fIRA$LE T Group 2 Fil Group
3 1) REE FlR 758 0 R 55 JE T e i€ 145 5 W ( Richardson
and Holland, 1979; Collins et al. , 1982; Wang et al. , 1993;
FEERAE, 1995) 35 Group 3 & IS (A M ELAE T, AT
TR Group 3 &A1 AT — & MFR £ ICR M 2800 . 5 4b,
H1 T Nb il Ta (485 98024 5 WITE W K A SUR b B A —
K AL, RN Nb L Ta SEELE , BE 5 T 188 ( Collins
et al. , 1982; F L5, 1995; Ding et al. , 2014b) , [H it Ta
S 2 U B U B AR TE A LR 1T Nb Bl ARG A% A
FIE, BB AR W3, BRI B SE R s X
FFAH Ze 1 HE RSOOSRl 5 TR 7 5 i 45 R
YA AT Nb/Ta 1 Ze/HE (9 5853 FR A8 5 8] I, K 10
LREE \Nb Fil Zr 570K B AR IE RS A . X 5 PR,
2 B R A A Bty 0406 X 46 1) o 4 i e s 2 B 30 4
Wrdaly v] BE A — 5 R A IR R0 AT 5t

4.3 HEEX

F VBT 0 TR 2SR 56— e L) SR TR BT 18 3
TR A BN E X (Gong et al. , 20145 Tang et al. ,
2013; Zhou et al. , 2006; 548G, 2007; F 3%, 2004) .
SR, — LB A A 2 B R SRR [ AL S AL A RIFS M
AR SR W W R AE , DT 535076 28 A0 A R 2R A 2 v oy
I — S8, Ll 0 TR B K A R FE A (L et al. , 20075
Xu et al. , 2007 ; [F/NBAZE, 2002; 403 FLX R 4L, 2003,
JESCHASE, 2000) o 3R SE P AR R B A T2 T4
S AT TR LA B S G 1A 1) - R A ELAE PR K
HERALZEAFME R, ZATIATR C &k B, BT Xt Ga
ML ARSI T X AL LA RR 1, T2 B /NI TR 45 & 55 T
H[ GaF, 1°~ feds i 0 oh R, DR I Bl 5 25 20 0 AL o 57
10000Ga/ Al H Al 4534 25 (Manning et al. , 1980) , §:3%— 465
WAL R A 23T A A BIIE I DO, AT e . FRATT i)
R EI, Flk o 2T e 15 (Zr + Nb + Ce + Y) AR
N AR T AT B 233 A A BUAE B 4 Bl 1 e 43 5 A i o
WAL RIA o TH, TCIe M — A4, A 19 S B 43 4R 1 1%
7, SEAE TAS B b, SAMHE A AZE ] B A5 5 W4,
HE 44 22 (B 3)  BRE7R T 5 B R X 25 Rk 2%
SIMGE o Group 3 ABRIEAE B 4 Hh (9 5 A W] Sl e It st Ak 0
U RS, DR N AR E B (Xu et al. | 2012)
AN, WEZ L IER T2 7K Group 2 5k RIAE =i BA 8
AEBLAY M R Ak 27 RT3 3R I 8 B2 A TR e S U8 5 IR ) AR I
HUERTLZEARAE , 5 7= A iR A . BRI, 5 200 AR K s A 1
TR ST T LU X 5 252 0 M ER AL 27 5 A A 52 i AN 25 A0 o
XFF/INARRTT S, — 7 X L5 A e 4% 5 8 25 FUA it vt
B TCA RS B, T B S5 0 4 30, 55— I
X S R B B A3 3 S ML AR T AR R AR T T
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5 &g

() ARWBIFE RIS L IE K B A s A TR o =4,
ENTFAENL A R = O Bk A2 iy 22 5 . 2SR B
Group 1 NEATIERAR, BAMARY A, BUSE A Bk 1L
FHIE, Group 2 5l A1 IEACAS 2, s A BY fi) T 28U 3 98 f) Al
JMRHE, T Group 3 SR MEAE b &2, IR R A mis AL AE b
HEAE , LT A BUAE R AR o

(2) HTF Se-Nd [F7 = A o Ju R B AL, FATTIA
N IIE R B A Group 1T A 5 42 9 1 3 /) 5
ARk AN TR AN B A i e ) IR B 5 Group 2 ISR AS
PRI P SR A AR Ao 8 o O e o [] P R 2 17 4 B A 4 X)
G BT 185 117 Group 3 JUJJE Group 2 53K A KAy BRERA
BAIAT S ) 23 S 45 ot i P 8 R A A 3 9 A A
FHTE I o

(3) AR IIE R B (R 4% 4 A1 o i W 22 7,
Bl K5 L R TR e SR BRI OS5 as 2R B
TR BRI AR Y 5 A1 20, W phy o e e M e 3 30
Je AR E A E AT B A1 PR S RARME S o X it — 2
7RI Z R AR S A R R AE b, Hoa S 78 s 9T RY
TS AR T AR DA J B B ER AL~ R A A 5 i A 25 28 5
73X 8L FEAR AT BEXT T —LE R AL AE b VA BUAE i o il
PO PR 3 BRI R BOSA PR B2

Buft  TEASCSRE RGBT R B AR R R
AR A AT 5 B3 R DUt SR 7 0 5 I ] 437 2 st Bk Al
AT B R e f DR B 5 R B A R A
R S I B 24 B AR SCHR T 5 B R DL s TR —JF
FR 0
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