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Fig.1 Simplified geological map of the Quannan
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syenite intrusion
1—EKE: 2——KIEKRE; 3—%KE: +—KRPLKLSE
i s—nHME; 6—HAERBE; 72
1—Syenite; 2—syenitic porphyry; 3—granite; 4— Jurassic volcanic

basin; 5-—Proterozoic sequences;6-—Paleozoic sequences; 7—faults

kA . BAEARMMKA,BAT YRR TKER
HEMA  BENALENZGRYT Y. XHTOAE
MAASEWIFERVINBRE, B KN EFRE
HTaR . AXEKEAP—HNGEH, EET YU
BABKA (8520 ATBK~10%)Fil B b kY
BT YMEERNGRAET%~5%) BTYEE
HEABKANRKEY MEBEATKE—H,E
MAKABAZROKA . UREBEZEAGTE RN
EA. LREANEHERERA, EAEHTIH
ROBER . XK GERFGT, 5HIRERN LS
KEERBAHN _KEEER NN XMHBHRL
HREAER G ZWAES A W IRIE , 10 8k 9 7L X
A (Martin et al. , 1994) .Ulungur River A B {55 5
(Han et al. , 1997),
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AN EETR MEBETEM N FALEYE
FEB R MR ER R ERTER

P B e, 7E ICP-AES Ml E . MBTEAR
VAL IE ICP-MS hillE . B TEAMETE
HAFSESR NI %~5% EHNERBTE
M BETTE S RE L84S (2002) M H %
(1996) Nd [E] i & 481K : BREL 2940 mg BRI K,
B F Teflon 2 H.H1:1 HNO, f1 HF R &%
B.Sm-Nd WA BRAEANHEBEFRIBGE
REE 13 fth 7C % ) #1 HDEHP (4} 8 Sm #1 Nd).Nd
FA R D ERFEBET MR E TR H L2
MC-ICP-MS L i# 7. #%{X 8% X} Shin Etsou #x #E ff)
Nd/*“Nd W & 18 # 0. 512125 4+ 11 (20, n=14),
1SNd/"““Nd {8 Fi'*Nd/*“Nd =0. 721947 ¥4k . £ . 3%
BUEMNd B ESHERAEL
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Si0, (%)

2 2B IEKAN Na,0+K.0)-SiO F #
Fig.2 (Na,0+K,;0) vs SiO, diagram for the
Quannan syenite
ELRANBEAERE B CEAFRIARRERSE

Soild circles: aegirine augite syenite; open square: quartz syenite
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MAEREKEWLA. BEE A EKEHMTK SO,
(60.8% ~65.2%) .5 K,O(5.57%~6.18%) . A
HIF K M X & S0, (65. 7%~ 67. 8%) . & K.O
(5.35% ~5. 99%) , Z£ Middlemost (1994) 2 i 19 {8
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1 2HEEKSERTR(D . BRBTE (/)M NdEERSHER
Table 1 Major (%), trace (ug/g) elements and Nd isotope results from the Quannan syenite
TEH AREKE BEAERE it AEEKS BREAEKE
=37 2KGN{2ZKGN|2KGN|2KGN|[2KGN|2KGN|2KGN B 5 2KGN | 2KGN | 2KGN | 2KGN | 2KGN | 2KGN | 2KGN
%®e 16-1 1 16-7 {16-10{ 16-3 | 16-5 | 16-9 |16-11 ®E 16-1 16-7 | 16-10 | 16-3 16-5 16-9 | 16-11
SiO; 67.65]67.82|65.69(65.20(61.95(62.21(60.79 Ba 826 222 367 1173 1293 1238 1394
TiO, 0.2210.2410.41|0.37|0.52)0.50]0.58 La 54. 8 78.5 38.5 41. 8 23.7 26.5 31. 8
ALOs 16.1115.1|16.4(16.1 | 17.4 | 16.1|17.4 Ce 109 158 86. 1 82.3 51.0 56.3 68. 3
Fe;O3 3.27 | 3.41(2.9814.79|4.96 | 5.57 | 5.02 Pr 11.7 16. 4 10. 0 8. 81 6. 07 6. 63 7.89
MnO 0.0810.09(10.18(0.17 | 0.16 }0.20 | 0.18 Nd 43.5 60.5 39.9 33.0 24. 8 26.6 31. 8
MgO 0.12{0.14(0.11 | 0.43 } 0.55 | 0.53 | 0.37 Sm 9. 00 12.1 8.63 6.14 5. 09 5. 45 6. 34
Ca0 0.95(0.8810.95(1.22|1.37|1.98|1.86 Eu 1.59 1.10 1. 81 2.46 2.72 2. 69 3. 07
Na,O 5.62 | 5.42 1 4.64 | 5.37 [ 6.05 | 5.51 [ 5.65 Gd 7.65 10.1 7.67 4. 60 4.27 4. 61 5. 06
K0 5.35|5.40(5.99(5.94|6.03)5.57|6.18 Tb 1. 46 1. 83 1.41 0. 80 0.73 0.78 0. 85
P05 0.03|10.03]0.04(0.08(0.10/0.091/0.12 Dy 7. 88 9. 86 7.79 4.12 3.76 4. 00 4.31
[~ 13 0.55(0.87|1.78|0.84}1.06|1.57|1.65 Ho 1. 60 1.93 1.57 0.79 0.77 0.79 0. 83
BA 99.97199. 42(99. 21 {100. 53[]100. 16{99. 79(99. 76 Er 4.70 5.44 4.67 2.27 2.19 2.26 2. 30
ACNK 0.96 10.921{1.04]0.920.92]0.86|0.90 Tm 0. 69 0. 82 0.72 0. 33 0. 34 0. 34 0.34
Sc 6.17 | 3.73|6.21 {6.95|6.43(5.24 | 8.33 Yb 4.32 5.10 4.75 2.14 2.26 2.26 2.20
A" 1.32 | 0.67 | 1.44 | 0.33(0.79(0.30(1.20 Lu 0.63 0.76 0.75 0. 34 0. 38 0. 37 0. 35
Cr 3.28 | 2.641.27|4.3713.44|4.63|3.82 Hf 9. 65 12.5 14.1 4.54 6. 96 5.96 5.64
Co 0.7910.8510.57{0.9810.87]0.96}0.91 Ta 5. 04 5.82 3.77 2.07 2.06 2. 46 2. 85
Ni 1.33|1.46 1 0.84 (0.88 | 0.77|1.180.70 Pb 16.3 14. 3 12.9 13.6 7.75 12.7 7. 60
Ga 24.8(25.8(24.3122.0|21.8[20.6|21.4 Th 12.4 15.0 9.70 5.53 2.27 3.43 2. 84
Ge 1.86 | 2.07 | 1.71 (1.59 | 1.59 | 1.71 | 1. 49 U 3.21 2. 83 2. 67 1.18 0. 96 1.15 0.79
Rb 126 138 137 | 97.5(80.2 |89.1|85.3 iﬁ% 0. 5126180. 5126110. 51264 30. 5126870. 512734{0. 51272 0. 512734
Sr 48.1)25.9 ) 47.6 | 48.6 | 46.6 | 46.1 | 58.0 20n 0. 0000060. 0000050. 0000060. 0000060. 0000070, 000060. 000007
Y 42.6 [ 51.9 | 42.3 | 21.019.3120.721.0 Nd 43.5 60. 5 39.9 33.0 24. 8 26.6 31.8
(pg/gd
Sm
Zx 313 | 462 | 693 | 146 | 340 | 251 242 9. 00 12.1 8.63 6.14 5.09 5. 45 6. 34
(pg/g>
Nb 71.8 | 88.4 1 52.7(31.9(33.7(38.0(44.8 1:2%2 0.1250 | 0.1207 | 0.1307 | 0.1125 | 0.1241 { 0.1235 | 0.1203
Cs 5.75|6.9313.88(17.5(3.10]4.86] 2.84 N 1.01 0.97 1. 38 2. 63 3.30 3.04 3. 38
(164Ma)

o () HEBES % (8Nd/"Nd)chur= 0.512638; (#'Sm/*Nd)cuur=0.1967; t=164Ma,

K,0(%)

Si0, (%)

E 3 2BIEKZAM KO-SO,H#
Fig. 3 K;O vs SiO; diagram for the Quannan syenite
B FEE2 (Symbols as in Fig. 2)

Fe,0;,Ca0.K,0.Na,O fi P,O B MK XK, &
BEMAIRRE, . AAEARERNEO EaEHE
RIE.BRIANSBERTYEENF KA. BR
A5 T B KA MEBETES SIOMXER ,Ba F
BB HMAMEX, T S BUAK EHARFAKAH
HERARIER;R BEEAX . ZHBEARZER
danR.
FEHGBERRRLEE . ERLTHRNOAM
W E 2R (E5a), (La/Yb)n H5.4~12.9,H
B 8BE(Lan/Smy= 4.1~6.4), EHR LBV E
(Gdn/Yby= 1.3~1.8) AREKER L EHE LK
RE,FHAFHREuRY . EHEOEKERLFE
B RS, ERH BB M IE Eu B E . ENRIRS
iy b8 HF UE 4L 4 B B (Sun et al. ,1989) (B 5b), 1 T
AEFEARRLILKNEE FHENHLER
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Fig. 4 Harker diagrams of major and trace elements
for the Quannan syenite
E#FE M2 (Symbols as in Fig. 2)

BAEERKER N164+2 Ma(BIXRF), Ul
ERHEN eva @OMENF0.97~43.38, 5XH
AARHI Nb-Ta ARFRBAN . BMERHALGHK KB
THEmWARS ZHHE.

P 2002 £
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5.1 #RKIE

BELEREAR—FAHRD BEEEESAY
BXWEAHLERINEAEERRT HINHE,
AR AR R 59, RERPDBH X
BEETHRAFRE . SHNHEXKNBLEEERRT
EEBHNERBNER, BT REZRWER
B/ NS BRIER, SRALXREARE
55WMEREERE BN MERITE IR FR1E,
BP & BF &4 LIL A1 LREE Rk B#E /) Ta-Nb-Ti fi B
# (Muller et al. , 1995; Rock, 1991),

(@)
1

La Ce Pr Nd Sm Eu Gd T Dy Ho Er Tm Yb Lu
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B/ R0

—0— 16-11 ' (b)

0.1 PO S S S Y WA W S VU S Y S S S S S S

RbBa Th K Ta Nb La Ce St Nd PSm Zr Hf Eu i Tb Y Yb Lu

Bs 2WEKEWMLRML @M
HETEUME D)
Fig. 5 REE pattern (a) and trace element spidergram

(b) for the Quannan syenite

55 48 oV A 6 06 B9 AR P IR SR T BB B K LR
AR T RKERARSE, i Gough fl Tristan da
Cunha 8 &% , W77 LUE BLF KB AR5, InRIER
B EMNREBEINY, E11HR BB E L2
RARBMNESHEZRE OB MR TRFL
(Weaver et al. , 1987;Rogers et al. , 1998) . 2F IE
KAGRZ Nb-Ta RE,HBEM eva OEHUREHR
NEREHACHHBTEHR, RFAER TS HN
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3 T 556 PO A0 AR T 48 0 7 PR D 63X
g2 7 P08 0 30 1R 4 T R LIL 55 42 10 o 08
B HA 3, B T M MR AR B R TE K R
P CERRE,1999) 2 HIE K AR B B ER
FERAE I B Eu B, TREN T RRES
AT A HE RO A R R, T
A 0 b E R B TR A WA
R EXRIERH 4 2 B R BT RO 2 10
B/ B B 53 Tl R IR R U (R

#5,1999) .
1000
#a
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E 00 ] A2
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B 6 2FBIEKA Ba-Eu' /EuE#
Fig. 6 Ba vs Eu* /Eu diagram for the Quannan syenite
%[5 El 2 (Symbols as in Fig. 2)

5.2 #EoRUE

LHEKEFHMKE MgO & & (0. 11%~
0.55% ) B R Sr.P UK Ti 5H, RHATCA R
MER MELERIRH=Y.REKRPY ST ERE
EHTHRAKAERIRNER BN EUIEGNT
EEATKEEZHAHBMIE Eu B ¥E)RAK
KAMG R RUBHARBRAREH FTREKALE
WAEAR P S WARAREEB KT EuOGd FH
WA H2~6.6F0. 8 ~1. 06, Villemant,
1988) , FHK A ML S5 RAEE XK+ St T Eu A
HEENEBAEKETAREKS,K.Nafl Ba
B—HEK, ZHFKANERI RS EFHA,
Ba 1 Eu" /Eu B2 % (Han et al. , 1997) iR B X
— R (E6).Rb pye i, KABRA RSBG4S
F.MEKAT Ba L RbFE RN EBRH KA PH
M. o RMHK AW E Ba i Rb 8 &
EHEP XHTYUHSESEHEREZR MRS
ARKAMSKNBERTIE-FN . KRENHEK

AMERDIR  ERBEENEBEALKENER
FHARERENARENEERRA.
5.3 MRRURREIER

7 Th/Y.Nb/Th fl eng) X Th @ E(E7), B
ARHZIER TIARELE, RALSEH LN S
a7, RR YRR RER, Bl#E AFC 3 #8 . X
P B THEXEFH TSN, BN TFERBHT
KEH AR AT 8ER (Han et al. , 1997).

04

ENd (t)

©

0 L 1

[ 10 20

Th(X10~%)

B7 £8EKHA Th/Y-Th(a) Nb/Th-Th®b)H
ena (1)-Th(c) BB
Fig. 7 Th/Y vs Th(a), Nb/Th vs Th(b) and
ena(2)- vs Th(c) diagram for the Quannan syenite
E R B2 (Symbols as in Fig. 2)

6 HIFREX

FEAER ENERESI AR EENR
BAEERFENREFEXRNHBEREAFR
%,2000; Zhou et al. , 2000b) F1 55 A BHRAE X
BaERES A X Het al. , 2000) SR K KA
AR HAE R FFE, URENWEAAE
Tl A A b ER AL 2 5 F S e B B A PSR M 3 5 8, 2
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Wig KA A BERE 2BHEREHENESR
KEFRATRE AHAND-Ta SHAABEY
ena (-0, R EHTE RS R AE TR, T 55 A
HAEERH XK B I, H R H X AR 7 1 43 A i
WK BE T R R AP S BERER, RITER
B R s R Z e MR RS RS TS 30 .

TE BF 5 b B R 2 T 4E 48 BITL VG 2643 BT K BA
BEARRTRINHHE B BEXFRER. BHAE
T BEEEL EEEL . REE L AHESE L
LTRXHEBFRREREY XF R K TR, 2H
RETFE R IRMAARBIBIE B &8 SO DR TR IR
LRSI BPETHROER ELBOH.
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Geochemical Characteristics and Origin of the Quannan Syenite

CHEN Zhigang, LI Xianhua, LI Wuxian
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou, 510640

Abstract

The Quannan syenite consists of aegirine augite syenite and quartz syenite. They are alkali-enriched (K,O
+ Na,0=10. 63%~12. 08%) and characterized by high K,O content (5. 4%~ 6. 2%)and are of typical
shoshonitic series rocks. These rocks are depleted in Sr, P and Ti, but enriched in LILEs and LREES, exhibit-
ing LREE-rich patterns. They show significant enrichment of Nb and Ta and have Nd isotope composition (eng
(t)=+40. 97~ 3. 38) of mantle characteristics. These geochemical characteristics suggest that the Quannan
syenite was derived from low-degree partial melting of metasomatized, phlogopite-rich spinel lherzolite mantle
and experienced fractionations of minor plagioclase and pyroxene in the early stage, and of plentiful K-feldspar,
apatite and ilmenite in the late stage. Assimilation of crustal materials may also contribute to the genesis of the

Quannan syenite.
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