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Geochemical characteristics and tectonic setting of Qitianling
A _type granitic pluton in southeast Hunan

BAI Dao_yuan, CHEN Jian_chao, MA Tie_qiu and WANG Xian_hui
(Hunan Institute of Geological Survey, Xiangtan 411100, China)

Abstract: Qitianling composite granitic pluton is in the middle south of the southeastern Hunan ore concentration
area. The Middle Jurassic Qitianling granite, the main intrusive body of Qitianling pluton, is studied in this pa-
per. The Qitianling granite is composed of hornblende biotite granodiorite, hornblende biotite monzonitic granite
and biotite monzonitic granite. SiO; content increases from early to late granitic units, varying in the range of
65.92% ~ 75.68% . The rocks are potassium_high ( K,0= 4. 10% ~ 5. 27%, 4. 86% on average) and alkali_
rich (Na,O+ K;0= 7. 12% ~ 8. 24%, 7. 85% on average) ones, and have an average K;0/Na;O value of
1. 63, ACNK values of 0. 90~ 1.05 (0. 96 on average) and KN/A values of 0. 71~ 0. 89 (0. 78 on average),
thus belonging to metaluminous to weakly peraluminous granitoids of shoshonite series and K_high calc_alkaline
series. T he rocks have an average ZREE of 375.6 Hg/g and show evident negative Ba, Nb, Sr, P, Ti and Eu
anomalies as well as positive U, Th, Nd, Zr, Sm and Y anomalies, suggesting evident fractional crystallization.
They have Ig, values of 0. 708 54~ 0. 712 81, €Nd ( ¢) values of — 5. 05~ — 7.57 and tpy ages of 1.35~ 1. 56
Ga, which is lower than the background age of granitoids in Hunan and Guangxi (1. 8~ 2.4 Ga) and the region_
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al basement s age (1. 7~ 2.7 Ga), implying participation of mantle materials. Various oxide and trace element

diagrams for discrimination of structural environment reveal that the Qitianling granite was formed in a post_oro-

genic extensional structural environment. The authors consider that the early Yanshanian tectonic setting in

southeast Hunan and South China is a post_orogenic one instead of an intracontinental rift.

Key words: A_type granites; geochemical characteristics; post_orogenic tectonic setting; early Yanshanian; Qr

tianling; southeast Hunan; South China
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Fig. 1  Geological sketch map of Qitianling area
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Fig.2  Geological sketch map showing the distribution
of the Qitianling granitic body
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A5C A FH W e 7 4 e 2 i A0 U ] e 30 5 S rh 4

£ 43 B 45 s AE BT 20( Mittlefehldt and Miller,
1983; Chesner and Ettlinger, 1989) .

(3) &R L] 1 Ba Nb Sr P Ti £i5¢
AU Th Nd Zr Sm .Y IERE, BiRnEaHALnmT
LR ) 73 I .

(4) B Py e s S T Rals A TR

03 i 42 AT, T AN 5 AR B A K

) 2, HARRIAE Ta W B el La Ce Nd Hf Sm .

Y Yb S0 H U AR, S W HS AN A R T 0
FeB A B AT L (A AT AN () (18 4 JBOR 5 5 1
HRITETE S

2.3 SrNd RBfIZ4HE
AT W e A 3EAT T 4 ASEESL I Rb_Sr Al
Sm_Nd [l £7 20l 5, H e S M 5w 7= 0 58 BT (6] 47 2%

P S * 3 N SR S N I AN o RN a2 W
_-L.)L;-Hh o AW I I N O L T 1A Uil e L T I"I._.lj-\

Ky s P UEAT . Rb_Sr [ 22005 J7 ¥ InANE TE e (®

Rb+ Sr) i 45 8% 771 A1 0 00 RR B ot SRR TR 45 1 20 TR
FE&h, Rb 5 Sr AL A 2% R AGS0 x 8 BHES 148
WBEAR S B, (R % AT 7E MAT_261 n] i £ 40 ik
W ESE R, Rb Sr b SR H (R AV 28 A% B o i v
32, VS 08 [l 5% HUAL % BB . bt R

IMIJ NBS937 »Fu NBS607 Fr 4 J5i % 43 B7 e A AL

BUET T WA, NBS987 (11¥ Sr/ %Sy 7] 47 2 41 Bl 5
AFL 55 G 15 (1) AR R 22 /8T 0. 015% ; NBS607 b o
YJ5 Rb Sr 5 M A 47 2 LA 5 0 1O 7E s 3 %
YO RN 58 4 — B, 5P A (A B 1R A SRR Rb WSr
ZEFAE 54 0. 50 ng 10,20 ng .

Sm_Nd [F{7 2 70 BT R 0 R BRI 4 O 2
200 H 45 FES, - IS Nd+ N RS R
7, S8 )5 H HF_HC1O4 H4FF 5 20 i, Bf Lo &0 3
KH 96 x 100 mm (1] Dowex50 x 8 PH &2 18 i 28
FE, HCT VEMVER, W5 Sm A Nd (1) U A M7 9L,
0 Sm Nd WREE . 55— 00 75 AS I A7 B 750 1) 475
LR A B S Sm AN 18— IR HT I,
I HDEHP AZHAE it — 070 25 Nd, o2& Nd &4
(IR, T Nd LRI . ¥ 900 BT s AE 25
AU 22 i WAL 2% 110 5 [ 7 MAT_ 261 2 By o % o
AT, AL F1 3h Ak BRECHE, R I bR HE R

N DCOoT Tt F AT R N
ND2Yo7 TH P- “J‘\ J‘l\’ ‘T‘ ’Tfl\fH‘ ZkbzNd 7% IIIJ I)k{u‘r

CAE AR
A B KGR I GBW04419( Sm_Nd) ,Jéif?.z;ﬁﬁ
Ui, Nd A RFEAR A 0. 20 ng .

Rb_Sr F1 Sm_Nd [FI7 2 PR E 06 B AT 6 2 501l
FIF3 4, A RAT S5 B 3 41 46 5 2 11 e K &
TAEZE B %2, 2002; ARG H14%, 2003; B 5L
55,2004 ) £ W) S, 2004) S AT H OB 3k )8 A
SHRIMP U _Pb#E#4( 156. 7 £1. 7Ma) Ml 2 2 &}

F 4 WHIEFINTERNSE St Nd FHuRERK
Table 4 Sr and Nd isotope compositions of Qitianling sequence granites

FEAL IEES Ma w(Rb)/10™° w(Sr)/ 10" ° TR *Sr RETY AT &r( 1) Is
€481 158 287.3 182. 8 4.539 0.72270 113.6 0.712 50

c21 158 276. 4 225.5 3.538 0.718 83 90.6 0.710 88

47 158 263.5 162.0 4.697 0.723 36 117.9 0.712 81
482 158 241.6 236.4 2.949 0.71798 97.3 0.711 36
0T26 0.708 54
BEAN S EH Ma w(Sm)/ 107 ° w(Nd)y/ 107 ° Tsms "MNd N NG eNd( 1) tom/ Ga
€481 158 10. 89 59.48 0.1108 0.512161 - 7.57 1.56

c21 158 10.92 61.04 0.1083 0.512 189 - 6.98 1.51

€47 158 12.30 59.15 0.1259 0.512185 - 7.4 1.54
€482 158 9. 498 50. 59 0.1136 0.512197 - 6.93 1.51
HN37 158 10.70 55.30 0.1170 0.512297 - 5.05 1.35
0T29 158 13.98 65.83 0.1257 0.512288 - 5.40 1.38
QT38 158 11.89 117. 60 0.061 2 0.512209 - 5.64 1.40
QT36 158 11.02 89. 65 0.074 2 0.512211 - 5.86 1.42

TE:eNd( 1) £5r( 1) oM 2on BT ST BRIT IR 20 1999) ; i 5L 2500 1= 156 Ma, (" Nd/ " Nd) quur= 0. 512 638, ("VSm/
(¥8/ %Sp) pp= 0,704 5, ("VSm/ Nd) ce= 0. 118, ( ¥TSm/ "HNd) py= 0. 213 7. ("N N py =

107 "a s BEOR R e B ER N E
bR Gilder %5

luN(l):;]“ r= 0. 196 T.
0.513 151, A= 6.54% 10” Pa™ ", A= 1. 42x

S UR —HB IR #5385, CHUR —RORI A7 K fif 5, DM — 7 $id i, CC — KBl e £ 5 NH37 Sl
{(1996) , Kl QT26 QT29 QT38 QT36 4 4 G455 2003) , HABFE S R AHF 9T, th o B M0 =B 90 BT [H) 007 25 504
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OAr PAEAER (PEAER N 155. 1 £1.8 Ma) (XK
) EEAER T 156~ 161 Ma, #E LT H A KB
IHE RS HAE 158 Ma. v 513 2% HE P 511 5 5
Il 4 0.708 54~ 0. 712 81, &Sr(t) fi K 97. 3~

117.9,eNd( ¢) i - 5.05~ = 7.57, tpu A 1. 35~

1.56 Ga. BT BOAL WA ¢ pw LLIRTEE P9 Bl iy £ 1
AT 54 1. 8~ 2.4 Ga (Pei Rongfu and Hong
Dawei, 1995; Hong Dawei et al., 1998) W] % fhi i .
FIATZE WU P RGP 3RAS T T 05 K2 L e B 8 it
FAAR I i AR (8 A7 U_Ph 4EWS 1. 74 Ga J Pt
FUREA L&A h W s 45 4 U_Ph 4F 8 1.9 Ga Wil
FTE EL A AR B BT R R A AR b B S A
Pb_Pb 464 1 829~ 1397 Ma ¥ 3 74k 7 H 40T 10
FEZ ik fReE Rl R A 2,43 Ga WMPE A5
A8 B AR B AT 2. 71 Ga Z5R4E I8 B0 (it K P 4%,

2002) , BB %A LR I AR 2EAE 1.7~ 2.7 Ga

gl Hims pH e SR T s 15 ] i F{asln Y]
IH, 251 I.VIl—tJ Jn) ey g /J’I'LI)‘J/l:l tpM 1E - T INa

A IS U] 7 TS PP 9046 1 78 T Ot R v AT 3
27/ L RS 1N

3mSR A

3.1 BEANA

AT RF I T IR L e B A A S RAE A
(BHOLEE. 1995), EANE A4k i il i 4E X 7, IR
JE IR S RUAE B . WIRTIR, W WS R A B
I ER b 27 4k 22 B AE 55 AL 5 A58 A 5, 5 T
LA et AT — 28 22 0, W5 s SER R 5 5 1 0T
AN, BB SR, }ﬁulwwwnnmﬂﬁ
A TUE B A AFAE

A BITE R A L 20 tH2d 70 ARGk 1.8 B 46 R
#+( Chappell and White, 1974) 2 J& $2 H (1 —Fh 4 14
5 ( Loiselle and Wones, 1979) . [ it 5 X, 1k
sy by A TG A FLAT R e IR A Rk BE LL K
FIHFAE; SR e % b, W) 52 % 4 REE(Eu FR4h) Zr

Nb Fl Ta 25 3% 5% 76 % (HFSE) , 1] Sc \Cr .Co \Ni .

Ba Sr fll Bu 25 & 1AL
R RAT LIRRTE .
UTEER, A BUAE 7 (RIF 90 4% 52 b 5 2 5% O3,
A KSR R RS . BT 1S B AR 1 0
JAE R (Si02> 74% ) I HESE L BRAL 2245 i A Y
161 77 R ARACL, G Aoy 1) FH Ak 27 1l 2 i 4 & AT X
HFF AR A N FAE . Whalen Z5( 1987) Fil Eby( 1990)
Wan BENEREP ETE KB TEATE

WA, B W e A
i PR Lo/ R L A Rt B i St |

(LILE) Fl 3% 48 76 2 (HFSE) (F Hu Bk 1k 2247 4, %
Jrd T S R R, FE A A B 2 R ) B
TP RIET EEAEA .

75 FeO"/ MgO — Si0, FIfifE( Bl 8) vh( A B K )i
2 Bl b b B A PR AT G T W DL T A 3 B B )
W), B FHIE P40 18 56 25 5 T HL L A B 2 1 1 446 8
IIPE TR A TIE R EIX, |ru'1ffw%mﬁv\£w¥
MAMNETEN TR S AR X . 10 000Ga/ Al ~ Zr
L AER(E9) 1‘,%[||MJ¥5’H{.I?H:$UT_4:I 1%
B 7 20 KA FE S TEN A RUAE A X, i EANE A
I 2 ANFER AT T ANTEN A BIE R A X, 1 AN TR
AL S I #X . 7F FeO'/MgO ~(Zr+ Nb+
Ce+ Y) FI 10 000Ga/ Al ~(Zr+ Nb+ Ce+ Y) Wil ]
iR Pl 10) I, 5 H UG P 81 48 B R S s LT AR N
A BIIE A X, T HRILAEE 3 MRS 2 NEANDY
S TETT T RIS AYAE i 5 28 0 A X, A0 5 4

I{&i/\ﬂ‘ _f—'@[)ill& A A -TI'-JJ'....—'. LI Ak H A

T HIT L = LR S s W 11_A|“J'III_./I1 E | L]

TN I KR [ S BRI E R AKX .

SRR 3::)
[ A FEW
@1005— LT A
g poose .
E L
[ - .
S at®
= 10 . ot s,
H o
C s et M 1 'I..‘s
1 1 1 . T
55 60 65 70 75 80
w(Si0;)/%

K 8 FeO'/MgO- Si0O, Efi#( % Eby, 1990)
Fig.8 Fe0"/Mg0_SiO; discrimination diagram for
A_type granitodids ( from Eby, 1990)

LRES Oy T RUHES BRUFEREHr A s A ) A ARG
I and S refer to distribution of 1_and S_type

granite; A is A_type granite

P L3R 2o Fofe Pl g ) ), HEL UK P B0 A B N Ay
A IR B A 2 1 T L A AR S Al 0 2 A ) IR 4y
SIS BIAER 2 o T HL i R TR K 2 P i
TR A BIAE R e, I s L T G R ] fig L
R PNE ARSI NN

JIGAEE i HH, 28 6F 1025 546 BE 7 0 RRHS M 713 1
PR (LA s r AR - 0 X)) e (R B D) il
20 NMERG A RHEAT B ) 1, 3L 4ok 22 KA AR e

FI8 A P 9 B 7 A T AE i 2, {ALAE 1R 10+ 3%
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100}
: 1 1 1 ] 1 1 1 L1 1
500} 200}
A ool
2004 0of
S 100} e R |
sof
. 20t
i I
20} i
L 1 1 Ll 1 : s
g 10 12 2
10000Ga/Al

o

10 000Ga/ Al % Zr Nb Ce Y E#( 4% Whalen %%, 1987 # A 112%,

1995)

Fig. 9 10 000Ca/ Al versus Zr, Nb. Ce, Y discrimination diagram (from Whalen, 1987; Hongdawei, 1995)
AA —EIE AR B PA — I B R AE B e (B P 8)
AA —Anorogenic alkaline granite; PA —Posl_orogenic alkaline granite; Symbols as for Fig. 8
3 10
1000 3 s . - W EI
3 (a) 1 (b « FHIL
. - FHIL g -
4 = - filikd
1 = F {iled . -8
A 3 5 4
100 = -
3 = | *
] < .
2 ] . g 1 rc -
it T S s |le *
104 Fc 4 1 - .
3 ala e 2 9
] bt -
B S T - T ———
1 oocr OGT
1 Tr=rorT T byt 1 —TrrT T T T
100 1000 1000
Zr+Nb+Ce+Y Zr+Nb+Ce+Y

4 10 FeO"/MgO- (Zr+ Nb+ Ce+ Y) (a) F1 10000 Ga/ Al- (Zr+ Nb+ Ce+ Y) (b) FEfi#

(4% Whalen %%, 1987; Eby, 1990)
Fig. 10 FeO'/MgO- (Zr+ Nb+ Ce+ Y) (a) and 10 000 Ga/ Al- (Zr+ Nb+ Ce+ Y) (b) discrimination diagrams
(from Whalen et af., 1987; Eby, 1990)
OGT —1 S I M BIFER oA FG —40 e 0a i 1 RIS A8 i 2 25 70 A X

OGT —distribution of 1_, S_and M_type granitiods; FG —distribution of fractionated 1_and S_type granitoids
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ARG TS BMAe K AR, DA% W E A GO IR ESE, 2000; T 7454, 2001b)

HHS Fy 4128 22 B B 256 P B Sos g A B4R ]
o, X ] RE 5 0 U AR I G Ak T 25 B S M K B
2L ) JBTOR Y IR T ORAT G . DA G P 8 AE

B 5T B e B R O B, BT S Y Ak
3.30, M Ja Si/ Y ~FEMEAL R 0. 41, B 7R85 # 7 5
B3R B nl e SR (5 B HTAE, 2003) .
3.2 MERESH

U5 T S5 A S T 28 MBI K M 2 v, i b B
Jei ¥ L2 9% S i A T B 1 ) AN BT S 3 T B
R sh, AR HYOR M E, HAR W R 2 467 5 s
BYUI I T 328, s 5 M W o 1 O 28 70 L) s A
Pl .

Wi HH WS e 8 fe Ko s {58 0. 708 54 ~
0.712 81, /-1 0. 706~ 0. 719 Z ], i3 W H 2 3 ki
8y ST YR, (B 32 208 P54 5t 1 VR 4 ( White and

hoars 1 1092 I Er e N [ 2 e ar 1L bl dan ol
Lldppeil, 1707 » ZH U &2, VU | 8 I LT - 0 I D ] W= N1 W,

I C A AR TR A 7T S R R W2 2R 1 75 A3 W b 1)
HpE P FOINN . A 0 IR I N R A aKMlish’z‘df’r
NI TE . TR R ST AR R W, 12 X
UG > 548 26 R AR T L A b 5 A 44 (152
~ 163 Ma) (5L 5, 1995; X1 %A%, 1997) F= (L
BRI H AR 14 N KNS AR (172~ 173 Ma)
( EAGAE4 2001a) (P RAR 5 P AR AR 30 25 1 R 1 1

1AG+CAG+CCG

— 1.0
S RRGHCBUG A
0-9' - -
3
5 0.8
E 01}
2
5 o6}
4 0.l IAG+CAG+CCG
FRT) 64 68 72 76 80
w [ 5i0y) M
# 11

Fig. 11
IAG —S I AE b7

A AL 75 i Loiselle Al Wones( 1979) R 45 4
SRV 5 45 TR 7K (Anhydrous) Vi B ( Alkaline) Jf 52 %
T k38 111 ( Anorogenic) 435 (1) H ot h BR 4k, 2 45 1iF $2

BIAER G 8 . BB TAEIRAN, IR7E A
?%IXJ%‘EI‘]MAE%QT-‘H[EI{]AX 'EAA] BUE 1
TR R I DA R AT B R A Ty EL AT fig
T 1T 3 LYY IS 3 L B 05 %Tﬁﬁ%ﬁx] T K
FOAE R A R R4 L (BB ATARSZ 4% T 5K
NI, SXEPTAT A B4 B 7 A K LRI HLI( Collins
et al., 1982; Eby, 1992; it K 14§, 1995; Shannon et
al., 1997) . K0k, K4 5 WG MH&HL«': i T
NapO 75 i BRI it il 2 & & K (KN/A= 0. 71
~ 0.89), HH K,0 T (4. 1%~ 5.27%), H
fib My ERAL 2R AE 5 g R A RIAE B AR ARL, JE R 7

JE T R T AR
LN Tt rr.f_-.rllli.\r‘-‘;.l.l-' = | A P
leI_LJ(.I.z'J Tle a0 oz g )"J'It.lN«tr!lzﬂ)QJ 1‘!?K
Ry 3& PR 358 2 JEE 1), (B AK O Jim 3& ol 43 K P Bk

SR IS, W TP B B . 7E Maniar £l
Piccoli( 1989) $& tH 1) 2 21 = 70 5 ¥ 3t 2R 58 J1) 51 4] i
B S PR AT A R R R R & L e K
FK(POG) (E 11), IMARERBIEH S . LA Pearce 5%
(1984) T 7T 2% 440 3 A 35 40 T VT fgp 0 A7 0 0, A P
12a P 5 IS PP 5046 B A 5 T B SRR AT (W)

AR

50| RRG+CEUG

‘“‘% a0]
E 30 b
3 20
10
of TAG+CAGHCOG
Y48 12 16 10 24 13
o (MgO) P4
60F RRGH+CEUG
ACM
£ 50 VAN N
2 40 -
? 30
2 20
&
S IOI TAGHCAG+OCG
R R S T R T T R T T

w { Ca0) M

U0 LU I 310 48 B 5 T B PR R i B 55 30 550 P (3 M aniar 55, 1989)
Diagrams for discrimination of the structural environment of granites (from Maniar et al

RRG —H AT KR 5 CAC —KBEAER ¥ CEUG — Bl i) i fh 36 THE 3 7 2

., 1989)

CCG —REGREMAE R ¥ 28: POG —JR i e pd 4 3

IAG —island_are granite; RRG —granite related to rift; CAG —continent_are granite: CEUG —continent emergence_uplift granite:

CCG —continent_collision granite; POG —post_orogenic granite
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T T TTTTI7

- syn—COLG
1 10 100 1000 1 10 100 1000
Y+Nb Y
B 12 467 Rb~ Y+ Nb.Nb — Y J 50 [ 55 Pearce %5, 1984)
Fig. 12 Rb~ Y+ Nb and Nb ~ Y diserimination diagrams for granites ( from Pearce et al., 1984)

VAG —J 1l A04E 14 e

WPG —HLNTE R Y S_COLG —[RREEAE 4 7. ORG —iFrp 716 1

VAG —voleanic_are granite; WPG —intraplate granite; S_COLG —syncollision granite; ORG —ocean_ridge granite

TllAi S5 45 P9 24 555

2b
X, I ;1\i:=t|[I_nl1Jj}J':‘!ﬁjf{';')[] flf i 3]
+

Iuél"lmli,u'u B, EP S AN
o A R RIE S A B
A TR T b T A % —

SRUBSR YN R
W R A, 5

LR

R 12

ﬁ%r%%%umﬁm

U R NS R AV A Pl N N O E RN E R ol 1
EE O T RKAE R AL 80FY )‘J\ﬂﬁ A A R E
(FE 8~ 1910y, HA K 12 Ff 13 F 1 B8 A

Nb

A L SRS A FRE

L LT, W T W e L ) 300 i X AR [ 4 45 14
R TR R 3 TR0 I L — A 5 M 1 3% 1L AL 3o 7,
I < Dl 32 L — 8L 300 F 3 1L — e e
il i L () M TR R R . vk i
SUIERYIRE FET S 5% 90 2 B0 S T BT 5 3 1L o b 3 3R
B

A,

Y Ce

Y 3Ga

B 13 A1 A2 RE R A 2 FE AR (45 Eby, 1992)

Fig. 13 Element discrimination diagrams for A1_and A2 type granitoids (after Eby, 1992)

%

4 it

ST 1 306 L1 5 S0 0 0140 T B e
T4 5 0 3 M ), R AE R R TR A . K
DLk, K2 KOF 502 A K W66 o A £ I 48 o b 7
EISE 2 T M ER B )22 15 54 5 55 Kula 5% Izanagi

BRI A b 4 AT 9K (1) 222 585 397 28 K ki 322 %% ( Jahn,
1974; Hide, 1977; 54 % %5, 1983; 1 i 0%, 1983;
EE A%, 1986; Jahn et al., 1990; Charvel et al.,
1994; Lan et al., 1996; Lapierrer et al., 1997), £
b X2 Ay Pl 281 W 1 2 TR vV Y 28 1k s A T B e
FE( i 25 3C5F, 1993) , DRI 4 1 1] 2 wg K i o A4
I dg L R R A FH R AEAE T BE 4 120~ 140 Ma [
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L 309 ( 25k 4E, 1993; Li, 2000) . % -1 P9y —
LRI KL 27 AR T A pig b X 52 KKV AR 52
TP FH( EAE 5 55, 2003) , AT IFZE L W] 180 Ma LA
K AR P B T B X S o P A 3 B B G RE, H XY
2 Xty H Bt A ) B e B 2 A SR AN S
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