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Abstract: One of the focuses concerned by geologists is the Early Jurassic granites in South China and their
tectonic setting. On basis of systematically collecting the data of spatiotemporal distribution, geological char-
acteristics and geochemical compositions of the Early Jurassic granitic intrusive rocks in South China, we dis-
cuss the petrogenesis of these granites, and the contribution of mantle-derived mafic magma in the formation
of granitic magma. The results indicate that the Early Jurassic granitic intrusive rocks are generally distribut-
ed in a plane shape, and are relatively dense in southern Jiangxi and northern Guangdong, with the mainly for-
mation ages of 185~190 Ma. The granites in South China are dominated by A-type granites, with obvious con-
tributions from mantle-derived materials. They were formed in the post-orogenic extensional environment of
the late stage of Indosinian orogeny. Finally, we briefly summarize the mineralization of critical metals, such
as uranium, iron-tin and REE-Nb-Ta, related to the intrusive rocks.
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Fig. 1 Temporal and spatial distribution diagrams of the Early Jurassic intrusive rocks in South China
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Table 2 Formation ages of the Early Jurassic intrusive rocks

A SR ik AL (Ma) HUNEWIRES BRI A SR

yiaska)
1 TR A A RE 189+3 SH A Li Z X and Li X H, 2007
2 TR IERAER A 1822 LA Jiang Y H et al., 2015
3 FESL BB 182.5+4.9 LA JEH R4S, 2007
4 K AER KBS 175.8+1.5 LA I FE4,2010
5 i1y TRAERE 187.5+1.8 LA I FRNTE 55,2016
6 Aty BN 186.9+2.0 LA PRI 55,2016
7 Vak=1 BATAERE 174.343.6 LA S MUNBAE, 2016
8 Vak=1 BREE XA 176.9+4.3 LA MUNBHAE, 2016
9 30 “RAERK A 1962 SH A Yu X Qetal., 2010
10 =N “RAERE 192+1 SH A Zhu W G et al., 2010
11 TN R 196.9+4.4 LA A H A4, 2016
12 Pl b Ay 187.4%3.5 LA S T 2%55,2005
13 Pl b A=y 184.5+5.1 LA " 2445, 2005
14 i BRI 19342 SH A
s S — 18623 - Yu X Q etal., 2010
16 Wkt BAB RN A 189.4+1.7 ™ X ook FA7 %45, 2000
17 L 700) AR 175.8£1.0 LA i n] 445 ,2012
18 847 1L B KA 178.5+2.0 LA A B/MESE, 2014
19 [=E RO TRKARS 186.7+2.5 LA Gan C S et al., 2022
20 S TR 198.8+1.4 LA A He C et al., 2017
21 AR BT RKIAK S 188+1 LA I Zhou Z M et al., 2018
22 H A L I A b= 188+2 LA Zhou Z M et al., 2018
23 M2 AR T KA 191.5+0.9 LA XIMG4E, 2015
24 M2 A TR A 188.6+1.3 LA Gan C S et al, 2022
25 P BRI K 2 17610 RS A 73 ,1998
26 Figs BRI 2 172+5 SH Li X H et al, 2007
27 IR TEixis 187+1 LA I XV 2011
28 {2 TEixids 179+1 LA IS 2016
29 {22 E i E 1861 LA HTENIESE 2016
30 KEE AT 186.7+1.2 SM A FHRALE, 2020
31 KEFE 1B 190.7+1.1 LA TFHRSREEE, 2020
32 Bk BRBRAL K A 178.15+0.84 RS A JLFIF AR, 2000
33 Bk BRBHRAC KA 186.3+11 LA Chen PR et al., 2005
34 1SS BRI RAER A 177.3+1.4 LA He Z'Y etal., 2010
35 Bk ANAH KRS 178.6x1.5 LA A He Z Y etal., 2010
36 Bk PR AL <A 188.1£1.1 LA Jiang Y H et al., 2022
37 Bk P AL R A 184.5+0.8 LA A Jiang Y H et al., 2022
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e Ak ik it (Ma) HUNEWiRZS RS 275 3Tk
39 Pl CRBHERE 181.9+2.4 LA S Wang K X et al., 2015
40 PR IERAE A 189+2 LA A Jiang Y H et al., 2015
41 T BRI A 189+5 LA A Jiang Y H et al., 2015
42 % iaska) 184 — et RAE,2006
43 K MR S 180 — Shen W Z et al., 1999
44 E) AR 185 — Shen W Z et al., 1999
45 bR ¢ AR A 180 — Shen W Z et al., 1999
46 B BRBEHE 175 — Shen W Z et al., 1999
MR

1 el RIS s = 196+1 SH Yu X Qetal,2010
2 EER U WA 198+1 SH Wang L X et al.,2015
3 SER U WEaE 1934 SH Wang L X et al., 2015
4 ! ERA 179.3+1.0 LA PRRT4E,2007

5 R ERAE 195.8+1.6 SIMS Yang J H et al., 2021
6 P! ERA 196.3+1.4 LA Yang J H et al., 2021
7 AR IERA 197.8+1.4 LA Yang J H et al., 2021
8 ES4 WK 197.4+2.3 LA Jiang Y H et al., 2015
9 L M 175.5+1.9 LA BURTAE, 2007
10 X MR 182.3%1.0 LA He ZY etal., 2010
11 X WA 191.3=1.6 LA Jiang Y H et al., 2015
12 X WA 188.9+2.2 SIMS Yang J H et al., 2021
13 X R 186.7+1.6 LA Yang J H et al., 2021
14 B A 195+4 SH 4204 2009

15 A A 1941 SH Zhu W G et al., 2010
16 5 FAER A 196.0+2.7 SIMS Gan C S et al.,2017
17 R 1= LRIk 189+4 SIMS Zhang D et al.,2018
18 WA ERA 188.6+2.2 TIMS Mo, 2004

¥ : SH-SHRIMP %% /7 U-Pb . LA-LAICPMS %% £1 U-Pb . TM-TIMS #5 £7 U-Pb .SM-SIMS %% £7 U-Pb . RS-4> Rb-Sr
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Fig. 2 Microscopic characteristics of minerals in the Early Jurassic granitic rocks (a, b-Wengong; c-Ziyunshan; d-Jincheng)
TN A IRERSA AR 35 A T A (2016) \Wang K X et al.(2015) FIXI7EE(2011).
Qz- 138 KEBHAT s P-RHEAT s Bt-2A 20 B s Mus- 11 25 B Hb-Ff A A1

2 M BRI 4R

SVRTH SRR AL 5 R A A B R & R AR
AR H 390 552 = (S10,=68%~78% ) , 1F TAS &l fi#
b AARER RS TR AR, D E T h

PR AERINK AR (5 3a) 5 LIERR -3940
ER TR 3 (A/CNK= 0.9~1.7, F-H{E K 1.0) , b EEFE
s A SR BR BT s ARG R 22 8 (FeO'=1.6%~4.5%,
FeO"/MgO F X (H KT 10) ; 5 A £ & W . = 80
(Na,0+K,0= 5.2%~10.0% , K,O/Na,0=0.5~2.8) , &
P F e B AR s X R SA A X (5] 3b),

15
— 7
P (a) A AETEH A
e Al o RARTE M &
wkE  fue-gyy U O VHAE R
s %% L O SEUER %
Sioh ~Rijasd o i 4 FESHLTE K 4
5 Wt > <4
. o] i
o 4 2 HZ R
f A \ & O 5t
ON FACEs M
S s 2
z 2+
yaE 1
f P AN 1
K
" i ; | ; i 0 i i lagselppnpeTagsgl gpmg
40 50 60 70 80 90 45 50 55 60 65 70 75
SiO, (%) Si0,(%)
3 RB AR S TR A A TAS 7 (a) Fil Si0,-K,0 EIff (b)
Fig. 3 Diagrams of TAS (a) and SiO; vs. KO (b) for the early Jurassic granitic plutons
a R Middlemost(1994 ) ;b [ EHE Peccerillo and Taylor(1976)
ARE R EBEEE B4 ﬁu\“’-# (2007) . Yu X Q et al.(2010) .Zhu W G et al.(2010) %’/M 5(2014) H #4455 (2016) Jiang Y H et al.
(2022) ,ﬂé}#Aﬂ‘U ARFES| A He Cetal.(2017)  EARZEEE(2020) s IRIAE b ARG E | B X755 (2011) . Zhou Z M et al.(2018)

Gan C S et al.(2022);5ﬂﬁ2ﬁ%§&#§%l A Wang K X et al.(2015); s%ﬁsﬂ?}zﬁ%ﬁw&é’l Azt €55 (2004)



W34 2 BN AR PR AL R B AR A A R AR T e HOCE SR R R 193

HARD AL R R A S A AR B R BrRKMER L, KA RN EERE FEA
(SREE)ZEfb K, A 175%10°48165 680x10°.  JGZK (LILE) (W Rb K fI Th %) , 5 it m ik 0 K
ANFZEBIE A TEM e R By Bl g H39R BN (HFSE) (401 Nb ., Ta, Zr Hf (P Ti) #l Sr.Ba %L &R
AR 55 E AR (La/Yb)WHZ /T 10) (] (1 4) , R AR i IOt & (Cr.Co Ni V)
4),Bufi 58 R (8:.<0.6, KEHUNT 0.3) FERL  WHER MO, ALK 5 HAE Ga(13.6x10°~84.0x10°)

1000

g (a) 1000 -
}’EE 100 - % B
B E = 100
&2k & E
% [ 1 E
< r = L
K 10 s ok
*”OE Ik E
1 1E
§ 1000 E
T = r
X 100 =
# E REN U
% F Ji F
= L — F
o [aus r
ELE 0 0E
1 LE*
1000 F
E 1000 =
s - =X F
oK -
ﬁ 100 = =
&2 F & 100
O =
= C
g or 1z L
T ECT
1 1
E (g) 1000 =
i F - C
N - -
X 100 S =
= F & 100
S - mz =}
%t & F
[y = F
= [ g L
ook
Ja E 10 E
1 1E
E v E
E (i) 1000
eor HFS ®Or
X100 =
&2 F @ WE
® i E
R =
NI i r
Jo 0E ERER T =
1 1
E v 0 v o0y T Y Y N Y Y Y Y Y Y Y N M A S M A
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu CsRbBaTh UNbTa K LaCePb Pr Sr P NdZrSmEu TiDy Y YbLu

P4 TLERZHAL B TR ACHBRRLISA AR AR b 03 B0 o3 AR R B L v A fofc i o 3 Wk 0 €
Fig. 4 Chondrite-normalized Rare Earth Element Pattern and Primitive Mantle-normalized Trace Element Spidergrams for the early
Jurassic granitic plutons
BRRLI A K5 A AR AL B Sun and McDonough(1989)
-1 BUAE R s A-A TR R 5 S-S TUAL KI5 s HFA- 343 5 A BUAE R s HES- i 4357 S BUAE B s B Aedlit ] 14 3



194

oo BT

FET 0 10°xGa/A 1 FUAE (2.8~3.9) , BE §h 1Y Zr+Nb+
Ce+Y 7 it T ih 4 15 ( Z 500 i B4k T 226 107~
1067x10°Z [A] , F-34{E K 440x10°) .

FLR 5 {4 11 2 Sr-Nd [a] 7 4 728 Ak
Is = 0.6991~0.7995, £x(190 Ma) = -12.8~ +1.6, F
F-9~ -2, A5l R 5 +3.0, A L ) Nd [ 37 28 0 B B
B AR WS Tow= 0.85~2.02 Ga, /8 T i 20 A1k B
HBEMNSIEA S5 0RE ( 5)  Hh HRTE
i AR AR K B Y exe(190 Ma)
B (-0.5~ +1.6) K ) Towe fH (0.85~ 0.97 Ga) .
£ T(Ma)-exa(190 Ma)E Ffif I, 16 i g A i 1A%
52 T oot A 7 e A 5 ok [ A Y — 6 R
(CHUR) X35 ( %] 5¢)

I E A PSR ) LR B AR < HE R R 4
WK F, H AR AR A X8R - (THETHE), =
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3.1 A ERE

BSR4 SRR, RS AR K iR A e &
FEHAR(LI Z X and Li X H, 2007; 430> i &5
2009; Yu X Q et al., 2010; Zhu W G et al., 2010; Ji-
ang Y H et al., 2015, 2017, 2022 ; H 5455, 2016 ; F
FhoRaE,2020) , DB TR (XA, 20115 R0 45
2016; Zhou Z M et al., 2018) Fll S %l (1 it "« &
2004; X1 7545 ,2015; Wang K X et al., 2015; #k/)N
H145,2016) ,

FORZ T A RUAE 5 BT R A R BIE 3 322
4% (1) & 6E B, 7055 V86 V57, ' Rb.Th.Ga .Y,
% Sr.Ba.P.Ti%f; Q) HAREMNM Eu %, &
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T, —BKTF2.0%; (4) ZHA B & AE
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A, AR R (B Sk (ZETE BA L GRA (L Z X
and Li X H, 2007;Zhu W G et al., 2010; 5% /NS,
2014; H M # 4%, 2016; Jiang Y H et al., 2015, 2017,
2022) AR E M T A RUAE B o 0 o
(2011) 4B TR IAE K 7 (194 Ma) , HH A 5
SiO, B . 55 FeO S H#1E , J& T = SRS itk 2241
A M E SRR -, S I ND  Ta  Ti 4% 5% o0
R, B %EBa. SrHEREFEAILE, H 5 Rb/Sr
(1.31~1.93) . {H S fIk Rb/Ba {1 (0.26~0.29) . Eu/Eu*

1000

(a)

(0.30~0.56) . La/Ybx (5.69~18.39) Fl Sr/Y (2.24~2.29)
FLAEL, FLA B0 TRUAE 5 A A RAAE o SRR (7 71k A%,
2004) M = ALK (Wang K X et al., 2015) HF &
HHSAM/SARM OSSR Y, LG8 &
Bl 3 4 - 5 1k 48 R RIEE CaO/Na,O HUfH, & 2 Rb
Th.U.Ce.SmAY, ifii 7 #i Ba.Sr.P . Ti &, LA & &
H) Is. . (0.7295~0.7495 ) FI8"O {E (10.2~12.7) , {4
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Fig. 6 Discrimination diagrams of granite genesis type
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R F S b A R — A AR Y Ze+
Nb+Ce+Y & 412x10°, HA /N T 339x10°, H.

B A0 TR IR R IR AEE (680~760°C) , 55 A BUAE i 5 4
TEAR R ARAE L H & i (Si0= 72.8%~76.4% ) Fll /&5 1)
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SR RIME (S 45055, 2007 ) B M2 BUERAE |, KER
R AR O Y LR A BN, R EFAINA .
HL AT AR A R I 0 ) S A i )
WHE G, TR S RUAE b o it J L X 2 55 1
S T A B A < W B A 5 A AR B, 4, B
PE R TEK JAERE 1A BT A (2022) 4R BB
BRI R E TG RS PR EE T = 40 5 A UL A
B AR, BRI (D) B A IR AR, HLAh
FRERER T AR AT = 5 R iR AR IR 1) 45
U B, AR T WG TR N S 2 A Y
1 <7 (L3 5 40 SRR AR ) 18 ELAA 5 IO B A A
L (>800°C) , T ACHIAR i) 485 A0 R R B A X A
fiX, 5 AR KA AN, EONEENE N AL R A
P JEE At 5 (2) Bl 3K 03 St db , A BRI 1
Ga/Al W AH J Zre T FE i R, HAT A=l 70 B i
WAL RS T T RUA S AL i A W 55 2 A I, B 4
SERYFR R, H Ga/Al FUELE S (i twon
2017) o RIFFE G A FE M B T VS B4y R AL A
B IX P ([ 6b) o LAk, 76 Rb-Y & fif Al Rb-Th [ fif
([5 6c .d)H, KIFAE X 75 S AL i A s Ak a3
I o KPP 4 548 X1 A B = 1 Ga/Al HE{E (4.9~
6.7) , IR TE T, b i R4 D AH A 5 4 7
g B R BT AU UEA S R RHC A
PR AL AT R (Dahlquist et al., 2014) , [A]
F Bl 2 K o 5 IR F RS 3G N, Ga 5 F4E
PR R FRE (1) GaFs”™, i (4 Ga/Al HL (RS .
DRIt , FRATI 1] -4 B AE B 5 TR Sk 53 43 5 S 2R
R, Tk ARIAE R A
3.2 Bewt)E-en(t)EE RN E R T-1BHEHE(EA
VLA, — Bl B A B R R B AL R A
T R — S B S o) Flend ) AR EARIAE
5 1 B R X (source-depleted ) £8 i 7 , 3R I8 47
5 DX 2H B R A M7 W 5 (Gan C S et al., 2022)
4N Zhou Z M et al.(2018) il 1 X B 7R Jb FHARTE B A
(188 Ma) B RGEMFY , N R HEHA THRIAE 1 5 1 b
BRAE2EREE , BAG A IR Y 15.E(0.7032~0.7040) .
15 R ena@) (B (+1.1~+1.5) Flewdt) B (+6~+13 ), [A]
Nd-Hf [F){3; 25 41 B E AR L 42, Ay 2R AR
AT A A TR R PR Gan C S et al.
(2022) W R G458 T E A6 2 (193 Ma) | = bt

(187 Ma) M 245 (5515 ) (187 Ma) 25 L0k 5 {4 5
o, R IE AT H A A XK s {5 (0.7025~
0.7111) &% 47 80 {8 (5.1~7.3%0 ) . & HY exa(t) 1H
(-2.9~+1.5) Flew(t) [l (+1.8~+16.3) , IRIA J A TIE
H BT A e A A il

HER R B AR 1) i AT AR IR L EL
B A S OME A= M ena() 18 . end ) (B AFFFE , BERE
AR YR A A8 B B IC A A 3B /34 il (Gan C
Setal, 2022) ,— I 5 , 18 i< 2 IR ME B E2 U5 T Hh
VR X, R 5 SR X 5 2 ) S 4 A T
WAL RS A A o LA A b 3 (Sisson et al.,
2005) o HUAS ML IX e A % B IR AR I B4R T, (W)
B, PR B AT DAHERR R 7 10 0 5 B2 5y
Bk ST EENE (Zhou Z M et al., 2018) o X B AE <
Friend ) H-eundt) (AR E AT BELZE f DL LR &
1 : DU B e X R HIE BB BT A st
W B 430 il s ) P G B T T b (T
(A28 IS ) & 2% T B4 0T - R 6 4k T 2 1 A s
fil s UE F Hug 11 2 i A K SR KB TUA K
IRAVER . Zhou Z M et al. (2018) A HI AR AL K &
BRI REUR A A AR R A L, LR AE
BERR T ST R A S T RE TR H 5 1 g (~95% ) Al
B AR A A P LS (EMIT, ~5% ) TRA , FLFR il o4
R T FR/IN (<5 k) 5 25 P AT B0 A DL B4R o s £
R AR 5 ena(t) (L FN £ (EL A X 1 H. 2 — . Gan C
S et al.(2022) 4L IA K IX 2L 15 ena(t) B -eudt) [ELAL 5
(RS R B AREE ) IR B A 5T IR0 S5 1 3 4 I
fil, HILEEAH AT REIR A 5 b A 425 A el
2 A BEAR A A AR 4 R SR TR A o th T 2R
1B R R B IR I A BBk o I o 2
A, W12 HERR R 1 S Y 2 R B S e IR e o
FRARAVE R AT RETE SR, A6 b A 2 A8k
T AR R B S AL 5 i R e ) (L, IS 78—
ERMHATIRY NS5 H L, h R K5
Ji T e (il & 1 45 dl BE ) Je 4% T 86 2k ot - 1 6
SR S PR 43 dal %) TT REE S B 57 A HEBR o X b
T Hb S B4 0T RE SR S T A O R S
(CEERR ) 5 A, AT B2 B AR i b e i o
R p B A BT T e e 2% T B T R B A T
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[, /A PSS 2 M T 46 5 A 1 I s ——
B AR B T e J SR R A R eIl 2 T
LN € Sy FVidm) vy IR0y L IOL (S
ALFEYIIEANBIG Y e o S5 |, AR RS R
B Y E o R T, T DLPRROE AR B
TE 5 5 oA B 2A K CA B RE) 7™ s BE gk s B
AR AL B K Se-Nd-Hf [R] 37 28 41 sy [l (1] 5b) 5 R
A FLAR B AR 1 5 1 Nd-HE [F)37 2 2 80 A 1
— B B AR S R, WSk AR A 1 ena(t)
{5254k F-10.6~+3.0 (Jiang Y H et al., 2022) ; —&
R R B B R AR R TR S (A SR AR R R IE B
YT RS A, B 2 0 S e ik, Gn (B A (B /v
TF.2014) o RTINS KRR R R MRS A
PR AL 5 TR B AR P 4 Y SRR AS 1T 206
165 A S A R AR T RS R R, AR Z A
<3 ELAT ARG i A B A PRI (750~950°C, -3
820°C) , FRIAFAEWI UG T o475 T B 4 38 5 T
T MR R R AN A LI SRR
BRI A b Jo 7 3%/ i (Sandiford and Hand, 1998)
T B MO IR BTRR o JE R R EEAR BB AE T H
FEUR A SN ) 5 55 0 U5 DX R, 5 R A
ST REIE RS AL 5 505 2, SR A1 () 4]
H 7] 8 0k 1 DG 42 % o ot 2 9K ok #2 f2 (Dufek and
Bergantz, 2005; Zhou X M et al., 2006) . 8 it , &
B A IR AEAE A TR BRI fE L R R, X
HIE MBI BA B0 oTEk, — e R ke
TGRS S A 5y RO RIS T LR S
TS U/ INTTT /D, TSR] AR I RS
N AEZIHY B 52 - WA AR EN 5 s 2, e AE B
FAHET TR AR R ENC

4 Fh T

200~180 Ma i 11, Ae g & B A BB K B
KA LK LS A 2 R e
GRS A AR TR N i R AR A
R A R4 3 T S, SXRP R R R PR AR B T
# AIAR] (Li X H et al., 2003, 2004, 2007 ; [ 55 ¢
452004 ; T 45 L 2005 ; Zhou X M et al., 2006 ;
Jiang Y H et al., 2015, 2022; Gan C S et al., 2022) .,

(B350 X N AR Z B S R A T B 3l 2L
AFAERCR A H AT, 26 T XN FARZ A8 i
TE UL 15 5 SAT SR AR R B, A W25
FLE AP v TC G 5% 32 )5 B s AN R
BB N LR T RELE , 2 B S i Lhis
B B JE s LR (052525 1998,2002 ; Wang L
X etal., 2015;Gan C S et al., 2017) , 8% f 4K 7 &l Hb,
2 13 51 & 14 5 Z 8 A Y AR PR (Zhang D et
al., 2018) 5 i ART-FEAR G A2 B Al i) /N A AR o
A B HX B 8 T DA RSB 3 g 114 A A fof
Y& (Zhou X M et al., 2006) ;Li Z X and Li X H
(2007)IA 0 AR —F PR, 42 L IX B 320 KR
PERCHR R sz ), T TSP AR R i
~190 Ma A GE & i die |- 4 T (break-off) 1 H 46 o
T, Jiang Y H et al. (2015, 2017, 2022 ) 7E X} A%
B AL K R TUA RAE R SR 4R
T AR T A2 AR T R PR AR R 1 22 R -
Je B8, TR A T AR R RO R S Y
PR 5 o

AR AR (Li Z X and Li X H,
2007) % T ERA#AE R P Bl 4R B R TN L P AR
TN FIRAE T BT S (X — B O D fi
LI A SRS Sl AR AR T, HL SR ARV [ A
2 JE 3K 500 km {9 43 A B G T 25, 2005) o 75
A A AR R R D R Y A i e, LR
T AE T B0 B 2R B e L R R TE R A AT
S LA IS 0 ) R e 24 OIB (it
TR LA, 1A Sk ik = 55 00 b s s 5 A A
A B IE P52 A5 A7 AE B8 ) (Li X H et al., 2003,
2004 BT, 2005) o X1 55 (2011) TA A A B4 3k
TE A HAT JOLAIAE B 5 1 HBR AL AR, 7 P
FERRIR IR AR T RE B PR 2 T4, R b FH 2
S R [ 2 e S e T LR R R R A T XN
A A A RAE FH o SR T, DX PN B2 LR 5 I 2 I
A OUIEE UK LA R, AR XA X1
T 5 0 1) AT A R SRy B Pt I T AR O 1Y
fE MR DR, AR R PR B T i 2 1 oK
SERERR AR b T AT A R i — 2D AN TR Y
AR a2V A BN e, RIVASE SO0 A B BT 5 i £
A BVE Ak BT B AT AR LA S ) 2] 4
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At P B A IR P kit DX 5 T AR AR B A
ROWEAS B 3 — B T, S v Pl S R R
ANERITT, P ARF 5 | A BRI e bz 73 £ 126 5] 4 e 1A il
LA RO (24552005 ), X R 1 ) IR AN g
TE I P e i DA P 1) B ety o SR B T3
Hem MR R & AR A R IR A S
AR, b T — A F RS R g Al P AR a1 2k
B A (RS 2007) o Ja 1 LA RS AT
BB REAE Rl — I 25 25 R, 2RI IO Y
oA R, FATIA g ROk 2 S A AR e A AN

R REAZ 3 by AR BN ol VR T B R gz
ENSZi8 8l 2 Je i Je i L (e AR R s i [X P
PR A6 i 0 R s BRI 0 S R e, S X — R
S TEAE B A R T R B R RS I A R
16 5 7 FE S TE AN B 1 LR IREE (4] 7) 7
Eby (1990) A AR i 5 H 5 I fife b 4 TG40 FE i v
A A (BPJ5rliAE ) B X (I ) o PRI, A6 R 20 i
164 5 AT R R 2 BB S AL K A — R BT
MR JEIREE , 245 F BN S shma B Be i e a1
fiJRAEH
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Fig. 7 Discrimination diagrams for tectonic settings of granitic rock

JiE B g Pearce et al. (1984 ) ; &5 K Bt A J5 5] 4] 3

5 TR

FESF Hh - B R 2 LT 5, A AR 2 A 3R
EREZ WIS FIRECN D, 5 RS
PR A AR B R SR S AR AT R 2 4
J&#FI REE-Nb-Ta " & G5 & Jm ™ o HL il 55
B S AR 5 A LR 2 B 2 % DDA G (2 0%
42 2011; Wang L X et al., 2015) . 5% £ & B
MERMIZANAE N AR A (Zhao P L et al,,
2019) , 1fif REE-Nb-Ta £l #H 5 42 A5 WA & 0 5
ATIFER A (He Cetal, 2017),

R E B X, 5RO

(BT 22507 T AT T s pig B e <5 b (XS
L2003 2R 2011) W A B v RO AR I TR
TR =R (249 Ma) , B0 —wRIERAE
B, S Ik TR B A TR AR A 189 Ma.
AL FERIE RO T 5t AR A AR 2R 0, Bl 4 1
N 4~135 Ma,~115 Ma F1~105 Ma, 5 2 #f 56 (1) Fi&
PR WIE B+ AR 2 1 (198~193 Ma) , 2 A M
S E RN, AR ™ B AT D7 7 il
" (Wang L X et al., 2015) o &4 46 b 4 0 0 & 46
Bl , B R A DR B B IR X (X545, 20035 22
W25 2011, Tl A RS 5 AR ) LR B A
PEA AT NAER BRI R , vz it € (2011) IR E
SO E R AR B (B b R R, e LB
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3 A S -t FE hr KA AR S (KO H s Bl
Ol R AR TR R AL T BRIECRIIE B R Y
SR KR T BRI R R G, XA AR
IBCE S 5 A AE B A el R o I, SR
TER JEFRALUTTE A s Hu R Z et al. (2008) A Jy %
PEA KR AL & T IR & CO. MR IMIEI , WAL
B 2 Bl P AR BUAH ; Wang L X et al. (2015) Fil
Zhang D et al.(2018) WA Ry Fepk A ik =244t T
AR FHDIE M ILA . B2, BN S HAAE i T
AR OTIR)Z T RAR B B S R T
TR AL AR B w S i oA B S

KIGH PR — BEH X — A K R
FRERG IR, LB B E R S0 XA A A%
YIAHIE (AL 50, 1979) o /1 T A A 1 222G ki BiE
REKAEKA, PATRDBE - BER KB A FIIE
KAER A, KR IR F 2= T A5 A AR RS
T R L BRIRER i fults S SEE 3 (R A R, o A2 8
16 <1 5 T8 Ul 187~189 Ma, Bk 0 b & =
B Ar/° Ar SEIFR AR IS A 185 Ma( FEIIYE %5, 2016;
Zhao P Letal., 2019) AT AR EA A BILE KA 1)
HBRA 2= ARAE , BIA AR A AR M52 ) T ()3
O3 FE TR, RS IR DX PR R A A R AR 2R
OIB [ Z A WAL R Rl Z R T 2K ok T
KIGGBGH W WA JGEK (Zhao P Let al., 2019) ,{H
FLARA B ML T R ABIESR o

FEPE O TY A UG = XA 5 B
FRETRUA 40 DR D) SR 5 AR 1] VY g RPEAE
(<5 ) 5 Nb-Ta B 3¢ R B ) P AL < 5 TE )T 5
PR (199 Ma) , LA A BIAE 5 & FFAE (He C et
al., 2017) o RIEAL 5 EACAE M L KBTS, B
A 5 o F A A LR T A RRAIE , Nb-Ta 7447 H
TR IR, PRk e PR R
BT R (CEE A5 ,2020) RIS R R RS 100
BRI RE TG M AR AR b S 1] 2 REE J00 1) 56 i
K2, 1Bl b & 56 - A e s b e 3
FIRR 0 B PRI 1 B 55X 52 o A6 < A H 19 Nb-Ta
WA S A KRR B & AL O R % Y] (Dostal et
al., 2000) , & F ¥ R o Nb-Ta 7] 5 F IR U4 &
Yy ika g T8 (Timofeev et al., 2017) . KEEAISE
PUiER A B m o AR A TR E , S AP s T

B I F o i, Nb-Ta (1Y & 52 AT e 245 T K -0l
TR A R T AR B TR LA R AL =
JEE AR ) A R 3R T G B e SR I A LR M
] b 3RS B A 4 Ja PRI 4R M Nb-Ta 73 57 i X
TR (FHREE,2020),

6 2515
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AR BE RS
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M4t A7 U-Pb AR %0 2 B b 50 3 [T 43,3 1
(3):549-553.

T A TN, AR 422010, VL PG R 4y HOBE S 08 T il A
SHRIMP £} £7 U-Pb 4% o b 5 58 S [0]. 4R 4R B TR
R (A AR AIR),33(2):131-138.

BN, T be it A7 SO, A R 7220 14 B D IR Ll LR 2 i
A TURE 5 2 10 A R R 7 L [I] Rk 2 —— o [
Hb TR 2441],39(1):21-36.

B/, T 5 b, A% SC3R.2022. ) P RCRR 111 X Kk Ly A 1R
1o 3 5 A TR i I T BB IR (3] 3RRL 27 5 PR
2742,44(2):171-190.

RN, 2 10, B A 26 162016, 7R 14 K AR X A4
AR LA-ICP-MS £ 41 U-Pb 4115 K L 5 & L [J]. 410
K2R (A SR FRARR),55(1):131-136.

MONBH, 227 TR T, o M, 3 L3201 7. LT TR A
FERLR D KL (9 R TR Uk 3 PR BE 0], 46 Fe
HbJF,33(1):34-46.

e T TRV WL AR Y /i, v S i, T A A T B TR IE
H1.2004. 51 S AL B # TR BT b BER fb 22 RAAE 5
RI[I]. A2 417,20:413-424.

T TR TE UL PN 5 0 T 2 A5 B, i 0, ¥ [ g,
B TRLIE HH.2006. T 448 22 AL TAE I 2 B0 U5
X AHRAE KR IR 6 K B Nd-Sr Rl R WFIE[0]. 55 4 244k,
22(11):2687-2703.

TR 201 1L 1E b A Bl R AROR TR ——F B 4GR
AT 20101 M BT 1F,57(2):193-206.

XUV, T HEE, I8 i, T 8 FH AT T A 20114 B
I 187 Ma 48 i 75 1) Kk B ——XF AL R T I AR 2 {44

TS AT 29 [J]. A 27 417,27(12):3575-3589.

XIS, B2 TR, B 5 3, /IR, Bk A, PR AU, B 5e £1.2015. 5
RHAREE 28/ IRIE XA 55 A U-Pb AEIE (HE [F) {37
FARIE SR S [J] T2 412,89(5):1244-1257.

XU, UR, X B R R 45 ), 8 2% . 2013, 08 e T 0
Ll DX TS 1L AE B 2 AR QAR AR AR S b 3 e SC[T]. b
TI%,20(5):25-35.

B WA, A% % T IR Y Y BSR4 P W A HE . 2011
TE A AL S T R B RO R LS L SR A R
S B[I] HbAA T2, 18(1):110-117.

I RV e A B (A% o B0 B I, 3 B o ik i
512019, 5040 47 FH A2 B A 048 B 42 B9 85 75 U-Pb 4E ¢
2 M BR AL 2 R K L T 5 S [0]. 46 T L 35(3):
306-316.

N 2 G H I, B S 2016, 8 A0 25 S AR D
T8 B 7 FE S LA-ICP-MS 45 47 U-Pb 41 i 1 ol i &
N[I] BT H7,35(6):989-997.

F B by iR BRI 4 . 2010800 R 5210 X AE
i) [N BE A LA-ICP-MS #5 47 U-Pb 45 i B o i i 2%
X [IbERF,35(2):175-185.

TR, TR I, R, BB IR, PR k2020, B 04 LR B HERR
A 4 IR BV R gt —— LA ) 74 R KR AE B B A
BT A 24 37,36(1):125-140.

SRR TG, ZE MR AR M HEHE, S K TK.2007. 48 i A R B 9T (94
TR B[] A A 22 4),23(6): 1217-1238.

SARTC XN 20 R, EAERL A TR .2017.05 4 AR A Y
PR ST I ERLF: HhERE}2,47:745-765.

T, AR A7 A ARV U /0, 5K B R 2E . 2005, [E 4R RS
NG P AR AR S T P e 1 R XA [0
[E R4 (D #),35(7):587-605.

AU, SV L TR 1R, KK I SO A, SR AE A, TE 4. 2005.
o [ 2 T IS AR AR 3 A e e T I R 0 SR 0. B
SRFFF R, 15(10):1167-1174.

AU, e [ 5K 35,88 55, A HE AR .2009. AL £ 75
FARP I SR IE 3 —k B 82 45 SHRIMP #5171
U-Pb 2= A UESE[I]. H E R 22 (D $),52(4):468-480.

BT AR, 8 20, 4 A B, X 5 5 Wk U 55, R R T, 1
42.2020. 42 5 rh AR AR Bl g AT A 4 5 1 B R B e AR A
TR BT R G B 0 A (D] A A R.38(2):
301-322.

JEL BT EE.2003 . X A R 4K b 2 05T 147 T 825 [T]. i A i 2
,9(4):556-565.

JELHT . 2007, g U b DX 06 rh A2 AR A B 25 TR 5 25 A B 2l
AL M] AL B U, 576-595.




398 B2

BH/INHESE AR AR D AL R BT R AR 0 AR B A 1 S5t —— e HOGHE B i i 17 11

201

Chen P R, Zhou X M, Zhang W L, Li H M, Fan C F, Sun T,
Chen W F, Zhang M. 2005. Petrogenesis and signifi-
cance of early Yanshanian syenite-granite complex in
castern Nanling Range [J]. Science in China (Series D:
Earth Sciences), 48(7):912-924.

Dahlquist J A, Alasino P H, Bello C. 2014. Devonian F-rich
Peraluminous A-type Magmatism in the Proto-Andean
Foreland (Sierras Pampeanas, Argentina): Geochemical
Constraints and Petrogenesis from the Weslern-central
Region of the Achala Batholith [J]. Mineralogy and Pe-
trology, 108(3):391-417.

Dostal J, Chatterjee A K. 2000. Contrasting behaviour of Nb/
Ta and Zr/Hf ratios in a peraluminous granitic pluton
(Nova Scotia, Canada) [J]. Chemical Geology, 163(1-4):
207-218.

Dufek J, Bergantz G W. 2005. Lower crustal magma genesis
and preservation: a stochastic framework for the evalua-
tion of basalt-crust interaction [J]. Journal of Petrology,
46(11): 2167-2195.

Eby G N. 1990. The A-type granitoids: a review of their oc-
currence and chemical characteristics and speculations
on their petrogenesis [J]. Lithos, 26:115-134.

Gan C S, Wang Y J, Zhang Y Z, Zhang J. 2017. The earliest
Jurassic A-type granite in the Nanling Range of south-
eastern South China: Petrogenesis and geological impli-
cations [J]. International Geology Review, 59(3):
274-292.

Gan C S, Wang Y J, Zhang Y Z, Wang Y, Qian X, Sheldrick T
C, Liu Z. 2022. Early Jurassic high ex(t)-en(t) granites in
the Southeastern South China Block: Early Jurassic crust-
al growth or crustal reworking?[J]. Journal of Asian
Earth Sciences, 223:104995.

He C, Xu C, Zhao Z, Kynicky J, Song W L, Wang L. 2017.
Petrogenesis and mineralization of REE-rich granites in
Qingxi and Guanxi, Nanling region, South Chi-
na [J]. Ore Geology Reviews, 81:309-325.

He ZY, Xu X S, NiuY L. 2010. Petrogenesis and tectonic sig-
nificance of a Mesozoic granite-syenite-gabbro associa-
tion from inland South China [J]. Lithos, 119(3-4):
621-641.

HuR Z, Bi X W, Peng J T, Liu S, Zhong H, Zhao J H, Jiang G
H. 2008. Uranium metallogenesis in South China and its

relationship to crustal extension during the Cretaceous to

Tertiary [J]. Economic Geology, 103:583-598.

Li X H, Chen Z G, Liu D Y, Li W X. 2003. Jurassic gab-
bro-granite-syenite suites from southern Jiangxi Prov-
ince, SE China: Age, origin and tectonic significance [J].
International Geology Review, 45:898-921.

Li X H, Chung S L, Zhou H W, Lo C H, Liu Y, Chen C H.
2004. Jurassic intraplate magmatism in southern Hu-
nan-eastern Guangxi: “Ar/’Ar dating, geochemistry,
Sr-Nd isotopes and implications for the tectonic evolu-
tion of SE China [J]. In: Malpas J, Fletcher C J, Aitchi-
son J C. Ali J. (eds.), Aspects of the Tectonic Evolution
of China. Geological Society, London, Special Publica-
tions, 226:193-216.

LiXH L ZX,Li WX, Liu Y, Yuan C, Wei G J, Qi C S.
2007. U-Pb zircon, geochemical and Sr-Nd-Hf isotopic
constraints on age and origin of Jurassic I- and A-type
granites from central Guangdong, SE China: A major ig-
neous event in response to foundering of a subducted
flat-slab?[J]. Lithos, 96:186-204.

Li Z X, Li X H. 2007. Formation of the 1300 km-wide in-
tra-continental orogen and post-orogenic magmatic prov-
ince in Mesozoic South China: A flat-slab subduction
model [J]. Geology, 35:179-182.

Middlemost E A K. 1994. Naming materials in the magma/ig-
neous rock system [J]. Earth Science Reviews, 37(3):
215-224.

Jiang Y H, Wang G C, Liu Z, Ni C Y, Qing L, Zhang Q. 2015.
Repeated slab-advance-retreat of the Palaco-Pacific plate
underneath SE China [J]. International Geology Review,
57:472-491.

Jiang Y H, Wang G C, Qing L, Zhu S Q, Ni C Y. 2017. Early
Jurassic A-type granites in southeast China: shallow de-
hydration melting of early Paleozoic granitoids by basal-
tic magma intraplating [J]. Journal of Geology, 125:
351-366.

Jiang Y H, Liu Y C, Han B N, Qing L, Du F G. 2022. Con-
trasting origins of A-type granites in the Late Trias-
sic-Early Jurassic Pitou complex, southern Jiangxi prov-
ince: Implications for Mesozoic tectonic evolution in
South China [J]. Lithos, 426-427:106794.

Pearce J A, Harris N B W, Tindle A G. 1984. Trace element
discrimination diagrams for the tectonic interpretation of
granitic rock [J]. Journal of Petrology, 25(4):956-983.

Peccerillo A, Taylor S R. 1976. Geochemistry of Eocene

calc-alkaline volcanic rocks from the Kastamonu area,



202

M

2023 4F

Northern Turkey [J]. Contributions to Mineralogy and
Petrology, 58(1):63-81.

Sandiford M, Hand M. 1998. Australian Proterozoic high-tem-
perature, low-pressure metamorphism in the conductive
limit [J]. Geological Society, London, Special Publica-
tions, 138(1):109-120.

Shen W Z, Ling H F, Li W X, Wang D Z, Huang X, Pan J.
1999. The Nd-Sr isotope study of Mesozoic granitoids in
Jiangxi province [J]. Chinese Science Bulletin, 44:
1427-1431.

Sisson T W, Ratajeski K, Hankins W B, Glazner A F. 2005.
Voluminous granitic magmas from common basaltic
sources [J]. Contributions to Mineralogy and Petrology,
148(6):635-661.

Sun S S, McDonough W F. 1989. Chemical and Isotopic Sys-
tematics of Oceanic Basalts: Implications for Mantle
Composition and Processes [J]. Geological Society Lon-
don Special Publications, 42: 313-345.

Timofeev A, Migdisov A A, Williams-Jones A E. 2017. An ex-
perimental study of the solubility and speciation of tanta-
lum in fluoride-bearing aqueous solutions at elevated
temperature [J]. Geochimica et Cosmochimica Acta,
197: 294-304.

Wang L X, Ma C Q, Lai Z X, Marks M A W, Zhang C, Zhong
Y F. 2015. Early Jurassic mafic dykes from the Xia-
zhuang ore district (South China): implications for tec-
tonic evolution and uranium metallogenesis [J]. Lithos,
239:71-85.

Wang K X, Chen W F, Chen P R, Ling H F, Huang H. 2015.
Petrogenesis and geodynamic implications of the Xie-
ma and Ziyunshan plutons in Hunan Province, South
China [J].
919-935.

Whalen J B, Currie K L, Chappell BW. 1987. A-type granites:

Journal of Asian Earth Sciences, 111:

geochemical characteristics, discrimination and petrogen-
esis [J]. Contributions to Mineralogy and Petrology, 95:
407-419.

Yang J H, Zhang J H, Chen J Y, Sun J F. 2021. Mesozoic con-

tinental crustal rejuvenation of South China: Insights
from zircon Hf-O isotopes of early Jurassic gabbros, sy-
enites and A-type granites [J]. Lithos, 402-403:105678.

YuY S, Lou F, Dai P Y, Guo F S, Yang Q D. 2018. First re-
port LA-ICP-MS zircon U-Pb age of Early Jurassic vol-
canic rocks from Rencha volcanic basin, northeast
Guangdong province, southeastern China [J]. Acta Geo-
logica Sinica (English Edition), 92(5):2036-2038.

Yu X Q, Wu GG, Zhao X X, Gao J F, Di Y J, Zheng Y, Dai Y
P,Li CL, QiuJT. 2010. The Early Jurassic tectono-mag-
matic events in southern Jiangxi and northern Guang-
dong provinces, SE China:
SHRIMP zircon U-Pb dating [J]. Journal of Asian Earth
Science, 39(5):408-422.

Zhang D, Zhao K D, Chen W, Jiang S Y. 2018. Early Jurassic

Constraints from the

mafic dykes from the Aigao uranium ore deposit in South
China: Geochronology, petrogenesis and relationship
with uranium mineralization [J]. Lithos, 308-309:118-133.

Zhao P L, Zhao H J, Yuan S D, Mao J W. 2019. The Early Ju-
rassic Fe-Sn metallogenic event and its geodynamic set-
ting in South China: Evidence from Re-Os, U-Pb geo-
chronology and geochemistry of the Dading magnesian
skarn Fe-Sn deposit [J]. Ore Geology Reviews, 111:
102970.

Zhou X M, Sun T, Shen W Z, Shu L S, Niu Y L. 2006. Petro-
genesis of Mesozoic granitoids and volcanic rocks in
South China: A response to tectonic evolution [J]. Epi-
sodes, 29(1):26-33.

Zhou Z M, Ma C Q, Wang L X. Chen S G, Xie C F, Li Y, Liu
W. 2018. A source-depleted Early Jurassic granitic plu-
ton from South China: Implication to the Mesozoic juve-
nile accretion of the South China crust [J]. Lithos, 300:
278-290.

Zhu W G, Zhong H, Li X H, He D F, Song X Y, Ren T, Chen
Z Q, Sun H S, Liao J Q. 2010. The early Jurassic maf-
ic-ultramafic intrusion and A-type granite from northeast-
ern Guangdong, SE China: age, origin, and tectonic sig-

nificance [J]. Lithos, 119:313-329.



