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M A0 S, 1963~ 19754, E AL
Bz M BR Ak 22 BF 5T T . ZHLEB = BT A o [ 3t R 2 B
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Fig.1 Simplified geologic sketch of Qitianling region
(after Bureau of Geology and Mineral Resources of Hunan
Province,1988; Bureau of Geology and Mineral

Resources of Guangdong Province,1988)
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Fid—HER—FER:5—HB 6— TR 7R FEE;
8—HEEE
1—Sinian—Silurian; 2—Devonian—Middle 3—Upper

Triassic—Jurassic; 4—Cretaceous—Neogene; 5—fault; 6—basin

Triassic;

boundary; 7—granite; 8—basic rock
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B Ak, A KRS s B R E R AL R F R R A —
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CH 4 7 3 55 BA (1991) @ 48 /3t 4L , B hi4& 350
Fig. 2 Simplified geologic subdivision map of
Qitianling granite pluton
(modified after the South Hunan Geological
Team,19912)
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CL—Cailing superunit; LJ—Lijiadong unit; WN—Wouligiao unit
and Nanxi unit; JJ—Jiangjunzhai unit; HH—Huangtangling unit

and Huitouwan unit; asterisk—sampling locality



%38

REWE . W E IS AR B H T IE K A RALE Y BOR R BT 247

A BV B RS A X BASR&E I i B B MR PR SY
BrAE19754F A % #L U-Pb ¥ 1l & B9 1 J& A E 1
265 Ma® X — B SR REABAK, A58
AR B 92 3 #E 55 A AR Y5 B 9 R R IR O i 675 19
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1.R2FE 3, i ISOPLOT 7t B Fr k5 MM %R
7K Bt 3 61~ B 5 B9 Rb-Sr 2 At R 4E % 2 159. 0+1. 2
Ma; Is,=0.7085440.00010; MSWD=0. 13, %3
BN BEFRMEER,

*1 WEAMIEERENSE Rb-Sr AR
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Table 1 Rb-Sr isotopic data of granitic rocks near

Village Zhangxishui

Rb Sr 8’Rb 87Sr
=] o s
L L POV PSP B B e
QT-26 | #ERA | 274.8 | 237.3 | 3.394|0.716199|+20
QT-27 | #XKAE | 412.5 82.7 |14.300|0. 740856 | +26

0.
0.

QT-28| 1A | 340.8 186.5 | 5.102 |0.720098|+18
0.
0.
0.

QT-29| KA | 292.7 215.9 | 3.988 |0.717556| 424
QT-30| %A | 322.9 196.5 | 4.859 |0.719526|+14
QT-31 |KEfafufk | 320.4 201.8 | 4.736 |0.719255|+16

I A HE R R IR AT O VOISR m R R
TR A% 52 3R %4 48 (7] £ 2 47 M NBS-987 U 5 9% Se/%Sr {H K
0. 710234 4-0. 000004 (20) ,
23T B TSR A8 BT T ST BER A
NAERZB_-KEREHITT HEREABRE
U-Pb £ 52, B 5 0 QT-38, B R B AL
BEH T, 6 8 T 8 72 B b R P 0 5 T 5 AR T S X
225 MAT260, M B FEHRE #161+2 Ma, FESH
MF . HERER = 10pg; U &8 = 1202.6X107°,
Pb &8 = 62.2X107%;3%E Pb & & = 0. 307 ng,
LR JE T H A 2Pb/*Pb = 78.7; *Pb/**U =

®2 RRBHEAEREHN Sm-Nd FERMER

Table 2 Sm-Nd isotopic data for granitic rocks of Cailing superunit
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0.710 Iss=0.70854% 0. 00010
MSWD =0.13
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“Rb/ *Sr

B 3 SRISTER A 24 Rb-Sr FAT 4R
Fig. 3 Rb-Sr isochron age for granitic rocks of

Cailing superunit
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143Nd eNd Towmn | Tome
HNd @ | Ga) | Ga)

L E, H1614+11 Ma®;
® WMEMMK, EHEXRE,

QT29 |M@BK |fEKE| 160 | 13.98 | 65.83 | 0.1257
QT38 MK T |#ix%E| 160 11. 89 117.6 | 0.0612
QT36 [MM T | wmi&E | 160 11.02 89.65 | 0.0742

HN37 | A |fER#&| 156 10.7 55.3 0.117

0.512288 |—5.38| 1.49 | 1.39
0.512209 | —5.60| 0.94 | 1.41
0.512211 |—5.83| 1.03 | 1.42
0.512297 | —5.1| 1.2

20024F 12 H B # R BT 5T
P FA # A # @b U-Pb 3% Ml
£, H160+£1.5 Ma iR X
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45 ena (2) F DePaolo % (1979) B9/ 55 5 4% 5 B B B B R4E S Tow i McCulloch £ (1978) R AMBIER AP REE —
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SR B T AE K A B R L B
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Sm-Nd ﬁﬁh&% ENd(t)*uﬁﬂiE TDMB@"‘%‘)\J{ ’;Fﬁjg
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M) .Chen % (1998) R RHIHBHFIREH
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AEFEARR . BYRTEARLITE . BRR
enva O FE Tom B A, SN BN AR LA
£, BT RE R AR R BK M EME EEMNE A
B RE TR TR X 5T R 7R i 0
B L AR ZILE Z AL, Y% IS TE 5 A &R i
P F bR Gilder % (1996) fif 5 th B +#HLH #1 Hong
2 (1998) Fir 48 Mt M —3& ) IL—E LA L.

T 15 1 08 58 H A T U AR SR U B T AR
WA eva (OER —5.4~—5.8, L BLEI 7%
VREIAE % 5 B AR = B AT BB R A R Town
B B R AE B Tom, H0. 94~ 1. 49 Ga, LR
BMPARERNENE R TovB(KANHN1L.7~1.8
Ga) B BRI, W PR ERAZR MRS HEMBER R
H 4 78 1 25 T B 72, 7 37 A6 Hi i@ 4 SR Y B S
Ao
4 mAFMEEITER MR R

AT, I8 B ITE R & D AR BER
ARNARZB_KERENE EREEHEMEK
A ERHC A H 18 IR A T ARHS A B A
B A ik4~6 cm, & B AR, B BT 20K, B
LM R, & HMEE7 Wik LD
MR A , ANKE RGN, TR LR RS
MWEFHMKA AR B8 . ANAGET YA
BoRtKEGRBEFRA, A WBEFH BOES
TYARBRABMANA HESE - RAE3IK~10%
ZEL, AN LEATYNESE. AMEAEETY
FIAEXT LB —, AN A S BB LT E8Y% B
BILFAEANANEZBEKERSE BT YE
BT K8y B A BE BT A A MME
A%,

R BER TR ENEEREZ—  EEAF
ERARAHERERXBE HESKEZHERR,
MERNAE, BB ERIES~20 cm, KFE A 3X60~
80 e,/ NEEM . ENEHFFURENRXR, KER

CARL,AEWABRNEGK. HEeakRaRR, ]

BH 0 B K 5 R G5 AR PR TR BRI T 090 PR K 4
EERAEAT YT . ARG—RETEER,H
MEWRESF EEKE T EME, Aot RAES,
ok R B BER A KR E AR, D EO R R
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TE T REMILEST SEESUERRKES
F,KAERBEMAE-KRRKE K QAN
EFRHESHFIURENEMRAZROFEN.2FREE
HEALI~3eom HKAE K. LRI BFEHRK
AN 40K B B2 1E , 5 Vernon (1983) ., Hibbard
(1981) 1 Barbarin (1988) % ff # ik B A K 1B & 45
ik, + 53 AL

Xof 1 B K FRARR T 3tb B B 44~ 3F £ AL X & F2 A
BAaOEEARR, #TTRBEFRREA¥E SR
MEBTEMH L TESEST WA ER R KER
THEAERERLREZHR . METEAENSE
F i i%{Y Finnigan Element I HRICP-MS 4#7 (&
HAE QT-30M 7% + 0 & A vE | ICP-AES BLE 4
BRI Y3850 H) , 5 RF| FRI.HR3A N,
FIRTE A M SIO, FBTE66 % ~ 68N TLEZ N, B
LBTESEE K,O0+Na,0O = 7.32%~8.01%,
HHEEKOSEBHEE, K4.37T%~4.94% , B2
R B (Sigma ) TE2. 2~2. TILE A, JB £S5 0 1
#7545 E (ANKC) 0. 89~0. 97, B HESE T
Bl P R i SIO, & B RIK, 756 % ~64%
WEZMN,H Fe.Mg.Ca.Mn Ti,P.Cr.V HFTEE
BB AEREKFEER KO0>5. 1%, B
B (ANKC)BEAK, #0. 80~0. 88,

XL K HE S Th.REE.Nb £ B i7R T E
(HFS) #1 K. Rb % K B F % A u ¥ (LIL),
# DJREE = 291X 10™°~626 X 10~°, R E# + It
fEK,(La/Yb),= 5.1~23.1, Eu % B 8 ,0Eu=
0. 20~0. 48, BRBL B A AR T R A A AL, 22 B

1000

100

B S/ BRI A
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

B 4 SR04 2E K A A A A BROBE R A i A
LB R
Fig. 4 Chondrite-normalized REE patterns for

granites and enclaves of Cailing superunit

R3 XNEETERENGKNERTE (D
MHBTER(XI0OGHER
Table 3 Major (%) and trace elements (X 107°) contents

for granites and enclaves of Cailing superunit

=2 QT-27 |QT-29 | QT-30 | QT-38 | QT-31 | QT-36
=i PR K | BREK BB K (R T | B K BT
= RE|ERE|ERE | RS Ak | Ak

SiO, 67.64 | 67.01 | 66.50 | 66.67 | 63.80 | 55.96
TiO, 0.860 | 0.880 | 0.720 | 0.890 | 1. 050 | 1. 779
Al O 12.60 | 13.06 | 14.01 | 13.70 | 13.80 | 14.52
Fe 03 1.80 | 1.69 | 1.45 | 1.55 | 2.81 | 3.32
FeO 4.32 | 4.17 | 3.41 | 3.83 | 4.31 | 6.22
MnO 0.15 | 0.16 | 0.11 | 0.13 | 0.19 | 0. 22
MgO 1.10 | 1.22 | 1.10 | 1.15 | 1.44 | 2.26
CaO 2.50 | 2.58 | 2.20 | 3.07 | 2.96 | 4.32
Na,O 2.92 | 3.22 | 3.07 | 2.99 | 2.80 | 2.91
K:0 4.46 | 4.37 | 4.94 | 4.42 | 5.29 | 5.11
P20s 0.30 | 0.33 ] 0.30 | 0.25 | 0.36 | 0.52
LOI 0.85 | 1.12 { 1.60 | 1.32 | 1.13 | 1.76
Total 99.50 | 99.81 { 99.41 | 99.97 | 99.94 | 98.91
ANKC 0.89 | 0.89 | 0.97 | 0.90 | 0.88 | 0.80
Sigma 2.21 | 2.40 | 2.73 | 2.32 | 3.15 | 4.97
A% 70.3 | 59.7 76.5 | 103.9 | 115.5
Cr 55.78 | 19.33 36.78 |192. 07| 46.29
Mn 1118.0(1222. 4 1045.4(1604.2(1703. 1
Co 11.37 | 11. 27 10.99 | 14.94 | 22.41
Ga 21.91 | 21.74 21.59 | 20.88 | 22.55
Rb 427.2 | 421.0 250.7 | 275.0 | 304.3
Sr 91.76 | 152.7 223.3 | 260.7 | 244.9
Y 68.32 | 63.25 50.34 | 47.83 | 54.32
Zr 462.7 | 372.2 316.3 | 346.9 | 419.1
Nb 50. 85 | 47. 65 33.00 | 33.30 | 41.75
Sn 15.64 | 14.77 8.58 | 8.74 | 20.52
Cs 31.02 | 31.59 15.53 | 13.34 | 23.45
Ba 58.6 | 289.7 532.4 | 549.2 | 445.8
La 78.29 | 45.47 | 100. 3 |166. 12| 66.40 | 95.52
Ce 184.1|121.4 | 177.9 | 290.1 | 149.3 | 215.3
Pr 16.16 | 12.05 | 18.8 | 23.58 | 13.03 | 16. 43
Nd 73.64 | 59.12 | 69.17 | 94.00 | 61.84 | 73. 65
Sm 14.39 | 12.22 | 12.29 | 13.98 | 10.78 | 12. 97
Eu 0.90 | 1.191 | 1. 805 | 1. 727 | 2. 056 | 2. 255
Gd 13.06 | 11.19 | 10.39 | 11.49 | 10.31 | 12. 04
Tb 1.797 | 1.59 | 1.47 | 1.469 | 1.334 | 1. 684
Dy 11.771}10.127| 8.414 | 9.175 | 8.595 | 9. 880
Ho 2.417 §2.162 | 1.711 | 1.898 | 1.788 | 2.134
Er 7.52 1 6.649 | 4.286 | 5.69 | 5.243 | 6.374
Tm 1.01 | 0.95 [0.6645| 0.756 | 0.656 | 0.942
Yb 6.632 | 6.043 | 4.328 | 4.843 | 4.177 | 6.191
Lu 0.935 [ 0.861 | 0.65 | 0.725 | 0.602 | 0. 909
Hf 9.561 | 8.001 6.862 | 6. 673 | 8.937
Ta 6.699 | 5.186 3.195 | 3.018 | 5. 285
Pb 25.831|27.167 28.699|38. 334(43. 241
Th 56.028|27. 404 43.869(19. 234(19. 963
U 15. 382 9.41 6.592 | 4.063 | 5.672
REE 412.66(291. 04|412.18|625. 50{336.10[456. 30
(La/Yb)a 7.96 | 5.07 | 15.62 | 23.13 | 10.72 | 10. 40
0Eu 0.20 | 0.31 | 0.48 | 0.40 | 0.59 | 0.54

BB, AL T (EO, RBRTERESE
#,LREE & R ABGRIMME HELTRHRERS
HEER T E LA SR A MBEKAE X, T
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HREE 4318 JU) #8 X 8¢ 55 . 1% €6, 4,44 4 13 B O B 4R 1
XXt AMEs {2 LIL TE Sr.Ba.Pb.Eu & &
AEXT R, BT Eu 7% $ %, 0Eu fH 5 0. 54~0. 59,
£ Pearce % (198O HIFI L K BT R EH R H
P15 B A AR L B B ST R Sk B A Rb- (Y +Nb)
A% b (B5.6) 8 W, , 3EI4 75 5 5 i S 6 L 1A B A
5RAI AR AL XK S A

100

10 ¥

Ha/ERIERE

1.0

0.1

K;ORb Ba Th Ta Nb Ce Hf Zr Sm Y Yb
5 RGBETEREMOENESTEREREL
WAEILE S B %M E (35 Pearce %, 1984)

Fig. 5 Ocean ridge granite (ORG)-normalized trace

elements spidergram for granites and enclaves

of Cailing superunit(after Pearce et al. , 1984)

IR LRk, 5 EHREMHL, B EaEE
BOMFEELRSEFEAHEBEN EHMETE
RIEFEBLAE—EER BT Nd.Sr R RFIET
mEA - HUBERNEER RS ESRET AR
P A 3 B R, Nd St Z R B b jiE R
MYy — 1Lt BT R R Ry —{
At ) 8 %2 , Lesher (1990) By SL I MEIE M T3 X — & ..

5 4t

WA SCHFST, BT AB B A0 F EE AR .

(1) RGBT X & 42 % Rb-Sr R &K 4E
#4#4159. 0+1. 2 Ma, BBk 45 A R U-Pb 48
H161+2 Ma, REESL N .5 HMEAHIEX
R BRI E B, T LAY B IE R B 5 K2
BHEHGEERERANBRAERE M, TERAM
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On the Emplacement Age and Material Sources for the Granites of
Cailing Superunit, Qitianling Pluton, South Hunan Province

ZHU Jinchu”, HUANG Gefei” , ZHANG Peihua®, LI Fuchun®, RAO Bing"”
1) State Key Laboratory for Mineral Deposits Research and Department of Earth Sciences,
Nanjing University, 210093; 2) South Hunan Geological Exploration Academy, Chenzhou, 423000
Abstract

The granitic rocks of the Cailing superunit in the Qitianling pluton are mainly horblende-biotite monzonitic
granite. Its whole rock Rb-Sr isochron age is 159+1. 2 Ma. The single-crystal melting U-Pb method yields an
age of 161+ 2 Ma. The initial Sr ratio is relatively low (0. 70854), the initial Nd ratios are relatively high
(—5.4~—5.8), and the Nd model ages are relatively young (0. 94~1. 49 Ga). In terms of petrochemistry
and trace elements, the Cailing granites are calc-alkaline, metaluminous, enriched in LIL elements, such as K
and Rb, and HFS elements, such as Th, REE and Nb. Mafic microgranitoid enclaves with mixing signature
are very common. These isotopic, petrologic and trace element features suggest that there is obvious
involvement of mantle materials in the granite constituents, and the Cailing granites were probably emplaced
during the Early Yanshanian period under an extensional geotectonic environment. Mantle-crust interaction
plays an important role in the melting of continental crust and in the course of generation and evolution of the

Cailing granitic magma.

Key words: granite; isotopic age; petrology; trace elements; material source; Qitianling pluton; south

Hunan
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