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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Recently, leucogranites have become a hot spot in the study of petrogenesis and rare metal metallogeny. However, the
spatiotemporal distribution characteristics of global leucogranite are still unclear. For further prospecting of rare metals in China, it is
essentially to clarify the spatiotemporal distribution of leucogranite and the metallogenic specialization between leucogranite and rare
metal deposits. [Methods] We collect 1155 geochemical data from 115 leucogranites worldwide, and combine with our recently
achievements from the Nanling Region, Western Sichuan, Southern Tibet, and Altai. [Results] In reference to the composition, this
study reveals that the content of SiO, in leucogranite is exceed 1% higher than the global average value of granite, while the REE
content of the rocks with rare metal mineralization is extremely low. Spatially, the content of SiO, and ALK (Na,0+K,0) of
leucogranites in the Hercynian orogenic belt in Central and Western Europe are lower than those of the Himalayan leucogranites, as
well as those of Western China. Meanwhile, the SiO, and ALK content of leucogranite in Western China are lower than Eastern
China. Both leucogranites in Central and Western Europe and North America are rich in P,O;. The highest values of Li, Be, Nb, Ta,
Ga, Rb and Sn in the samples appear in Central and Western Europe, while the highest values of W present in eastern China.
Cenozoic SiO, and ALK content of leucogranite were higher than Paleozoic but lower than Mesozoic. Notablely, Paleozoic
leucogranite are enriched in P,O,. Besides, tourmaline is a vital indicator of Neoproterozoic leucogranite. [Conclusions] The
mineralized leucogranite are generally lack of magmatic garnet. Those leucogranite with feature of A/CNK>1.2. Rb/Sr>1,
YREE>10x10"% are mostly related to Sn—W-Nb-Ta mineralization, while Rb/Sr>1, EREE<10x10°® of leucogranite more akin to
Li—Sn—Nb-Ta-Be mineralization. All the data indicate that the Mesozoic leucogranites in Eastern China are the most evolved

leucogranites worldwide and the best mineralization potential.

Key words: leucogranite; geochemistry; rare metals; mineral exploration engineering; Himalayas; Hercynian orogenic belt; Eastern
China; Western China

Highlights: The Mesozoic leucogranites in Eastern China have the highest degree of evolution compared with other regions; The
content of garnet, A/CNK, Rb/Sr, and ZREE of leucogranite can be used as quantitative indicators of metallogenic specialization to
evaluate the potential of the leucogranite.
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Raimbault et al., 1995) 147 Cinovec 7 14 (Rub et
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414 F PR FE B SEACE IR (FRIR A5, 2008; UM
45, 2022) . HAEARHY B SRR (AL A (R AR OT
45, 2015; B4 AR A= A, 2017; Gao et al., 2017) .
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Fig.1 Spatial distribution of leucogranite samples (Global topographic map is from www.ngdc.noaa.gov/mgg/global)
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Table 1 Location and petrochemical composition of

leucogranites
HAWEERS T EE
o7 A7 Si0,/ ALK/ A/ TiO,/ MgO/ P,0y
% % CNK % % %
%iiﬁ:z’ 1976) 7130 7.75 1.04 031 0.17 0.12
SHERIASES

R RIRZE2, 1963) 7127 7.87 1.05 025 0.80 0.16

IR A
(Chappell and White, 1992) 69.50 6.64 098 0.41 138 0.11
S—HAE A

(Chappell and White, 1992) 7091 6.60 1.17 0.44 124 0.15

TFEPEEE (=633) 73.17 8.17 1.16 0.11 025 0.12
Pl (n=34) 7491 833 1.08 0.05 0.16 0.12
P (n=599) 7320 8.16 1.17 0.11 028 0.12

FERE (n=277) 7422 831 1.15 0.07 0.14 0.11
AL (n=39) 75.10 820 1.12 0.07 0.16 0.05
L (n=27) 74,95 8.78 1.11 0.03 0.08 0.07
ER (n=135) 73.83 830 1.19 0.05 0.11 0.15
HE (n=76) 7419 8.19 1.13 0.13 0.19 0.07

RFERRHLIX (n=134) 72.11 8.06 129 0.12 0.19 0.55

JEEHX (=91 74.02 7.91 127 0.08 0.64 0.39

e (n=14) 7434 744 120 0.09 0.19 0.03

ENEE (n=2) 73.17 876 1.11 0.04 023 0.14

HA (n=4) 74.15 835 134 0.12 034 0.20

R2 REURENRREALERS
Table 2 Age and petrochemical composition of
leucogranites

A ST A

A S10,/% ALK/% A/CNK TiO,/% MgO/% P,04/%

AR (i=518) 7335 815  1.15 011 027 0.11
FAER (1=311) 7342 845 1.17 0.08 0.4 0.10
HAER (n=243)  73.04 810 125 010 030 041
Foodtf (n=81) 7536 758 125 0.06 019 0.19
HodEf (=2) 7350 828 120 005 0.4 017

U AACEES 2090 5 21%. 27%. 45%(3 2) . NI
JIN ARG ok A o AR i b BR Ak S B 8 R i, SO
99% LA I B9 AE fbe 2k 2 (LOD) /NTF 3% FE 11
Na,0. K,0. CaO fil ALO, % & L K Rb/Sr HLAH 5
eI B I NG BH 5 B AH OGP, 2 Bl A o sk
JCR MR/, FESLY Si0, &8 5 FA A R,
1E 60%~80%.

3 mafsti A

3.1 =g

EERARRNR A 5 5 A K1Y Si0, EI{E AR 1L
T 65.8%~76.7%, /ME H BAES FIA" X 8
AR, AR Z KT 72.5%(F 1) . 542BREK

7 (Si0,=71.3%; Le Maitre, 1976) Fl # [E £ i &
(Si0,=71.27%; 22 L Mlze 20 e, 1963) # kb, SiO, 5
1% DL b A E AR (AL 5 BE & (Si0,=
74.22%) 5 T E PR € AL 5 A (Si0,=73.17%),
VA AR AR IR AR e SR R R, AR
BE (& 2a, by e, d) o HE P R L IX (SiO,=
73.2%) ‘AR aE 5 R R T P8 b M X (Si0,=
74.91%) , (H VTR 1 L1 79 B g 3K 1L 5 AR (Si0,=
75.6%) FIIGE AR (Si0,=75.4%) ik & AR, X
WA~ R R Lk B 98B 1k (Yao et al., 2014;
Wei et al., 2018), FHIIR 0 46 < 5 TERE S 38 iy
IR RARA BT L. RICAEILR O A
) Si0, & AT 75%, i FAEAR A R IR A K
# Si0, i (74%) . TR AT EE N
VEOEAR TR AP fb & B W L, IR
ALK AR S0, P ERBIRT 75%, 52
S, USRI VLI I 08 FAE LA AR R S0, & i
HTE 72%~72.5%. JLIEHB IR B AL A 1 SiO, &
T 74%, KU VG B 5 1L A IR € 48 B A
SiO, & BT 72%( K 2a. b, e, d) o B R KR
1 111 (South Eastern Desert 15 [X.) /Y Sikait-Nugrus
RO X 5 T2 — A OCTE A K, Si0, & it
74.34%, A T JE A A T I P e R E
BT e AR 3 (594~620 Ma) , J28% . 4840 . %)
LA LBV La s 1k iy S £E 4, South
Eastern Desert i [X &% M i 2 A 480 1k
Wz —, AR A PR EE 2 Hl(Mohamed
and Hassanen, 1997; Moghazi et al., 2004 ) ,

4 1% (ALK=Na,0+K,0) % & 45 5t A/CNK
(ALO,/(CaO+Na,0+K,0) FE/R tb ) J& K A 2 51 H|
B EZESE IROIERK S ALK FIEZLT
6.89%~9.69%( & 1), B /IME B 7E 3% K Sikait—
Nugrus, W KA PAE T T XA AR, 1
THEEBARRME . BABSMIR (AL 5 A A 7
B E AT 7.76%~9.11%, 1M 9.11% & 5= 42 1l —
LEMHAIR AL A T 27 1, =R Fny
JIHLIX AR €0 A8 5 7 I BR AL 2 BRI 2 —J& ALK
{E>9%. 1 VHH IR A 4K i 75 1 4l 7 i (ALK=
8.17%) FHIR T E 4 3B (ALK=8.31%), 1= T H PE Rk
HiIX (ALK=8.06%) FIdt. 3 X (ALK=7.91%) (¥ 1,
Kl 2a. b, c. d) o F £ M= R HE RS A (Si0,=
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Fig.2 Harker diagram of the main elements of leucogranites in the different regions (Data source is the same as Table 1)

73.6%, ALK=8.46%, A/CNK=1.16) 1t 4 ( Si0,=
73%, ALK=7.76%, A/CNK=1.14) bRk F 52 91
SR Ay H, UL S AR LR B AR T
W, AR Is B BE B R, R R . ik AT BB AR
T bR A S R L BRI R RE A, ZE T B (1] fry 0
{8 |t BE X} 17 ( Harrison et al., 1997; % f& JC %,
2015),

AN TR) Hl DX IR €8 48 5 A 1) ALO, Fll CaO ZE 1L
FAARL, 5 Si0, EHA (K 2e~1) . HEPEFRIRE
FE B 717 CaO Wi T Hofth b X, B R X Hp 55 4%
ZEERRO Y. P R R (AR G A 1Y P,Os=
0.55%, .2 & T B V5 H6 (P,05=0.12%) Fl v [ 7R
#B(P,04=0.11% IR (AL 77 H PO & i, s Tk
EHIX (P,05-0.39%) (£ 1, Kl 2m~p) . FFGRIIHIX

L 26 1l DX (0 IR €0 48 1 A T2 LA 3 W KB R
I R 9% o i L) B L, et OB 1R I
AVE FRIE B, 3X St BUA 2B oo i AR — o AR AT
AHIREE I AL, #5455 (Bucholz, 2022), fFr LA Y
IR L 2 Hb DX IR (84K 5425 1) PO 7 2t BH i 5 o
M A LRE, RO R A TR s
FA BB AR B ATMARF AT GRER
HURIZEEE S, 2007) o B A A8 i A = — P RRBR 1Y
REACRKA, 165 DHE M IS H A A — R
5 B R A AR B A R T AR Ll
R AR, 2013; ZE3hAEE /N g, 2013) . IS A &
R, IR AR A A R R SR AR Y, A/CNK 3l
WRT 1.1, 5 S BIFE R A H T, SRR 55 0 14 o
R T E AR AR A . T E A (A/CNK=
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1.15) .+ [ 78 %6 ( AICNK=1.16) . Jb 3 #1 X
(A/CNK=1.27) . H PG RRHb X (A/CNK=1.29) IR & 4E
B A AR IR AR FE RIS N (36 1, [&] 2g~t), X R W
PG DR b DX R €8 7 B A B TR XK 28 A
o TN PG b HE XIR f8 48 1<) A 1 A/CNK 3830 1K T
L1, A RAMA & my e rHm bl R 28 410
RFR F B AR ARAER S A (A/CNK=1.11,
LAt o YLPE T4 (A/CNK=1.48) R 1L 74
(A/CNK=1.34) | VP4 Ji 55 A8 1 45 4 (A/CNK=1.21) .
¥ [ Beauvoir 7+ (A/CNK=1.42) fil Guéande 14
(A/CNK=1.21) . In& K pg LA i 2R A4
B /N A (A/CNK=1.27) . 2 J% Sikait-Nugrus 7+
& (A/CNK=1.27) Fl H &< Aoyama H X Ryoke 2% Jiit
WP IR AL I AR (A/CNK=1.34) Fi £ 4 J@ 7 1k
ol Al AT AL LS, 3K A IR AR FE #(1>1.2. Beauvoir
AR H R S HE L AR X H, Beauvoir 2 KAY 7
A MR AL 2A R AR 5 0 704 5 (R B S $23T, Beauvoir
FRFNINT-05 A RS B R A A 7= Y, HELL S AR
%A (Raimbault et al., 1995; F AMESE, 2022),

FeO, Fe,0,. MgO. TiO, 5 Si0, AKX F
g 3, Bk 48 X 5 1 FeO. Fe,0,. MgO.
TiO, AN[RIFEE AL T IEH 1B A, AR SORFF IR
3.2 HtlE

ARSCREHRNIR AL KA T, BB A AR EE
9 35 B N Black Hills %5 {4 (~1715 Ma; Nabelek
and Liu, 1999), fie 4F 52 1Y /2 5 5 H0HE e 40 K 94
Je (7~9 Ma; Murphy et al., 2002) £ g il B FL A &
(~8 Ma, ¥4 FR M A, 2017) . REAE R HAE N
S IEAE =), Ao SR A A 30, diag 48
AGHIRAE”, R LT IR A8 B A TR AR Y,
2 LS e IE B B R AR 52— 28 I AR AT S R
FINL TR A AR A T AR, ROz 5 2 [H
BRI RCATRR IR (046 B 5 v (A

BF ] R, R (A6 X A 19 A A 2 i A
T, AN FEBHRIR AL 5 A 19 Si0, & & F 4 H AR 1k
T 73.39%~75.36% (% 2) o W RAE H BUAE Hr oe iy
AV S R T o [ = i o Al o a9
(ALK=7.58%), f 1 F1 ¥ i =5 (A/CNK=1.25) . &
SCE B T IR T R 5 A 4 A1k, SNAE
Al AR (Xiang et al., 2020) . 7 P90 5 1 A 1K
( Xiang et al., 2020) . 3% J Sikait-Nugrus 5 {&

(Moghazi et al., 2004) LA M E[J £ 55 5 Manali & {4
(Braun et al., 1996), 2 Manali A& RN KBRS A
b, Fofth AR A R f S M O R A
PR, B LA AT S H B B 0T ARk B A8 B e ) —
ANEEHYRE . BEA, Foodi R 81 AR T R
A 10D mBER S, AR A/ARA/E
B A, e ALK X, A/CNK ERYJEA

T AERBE AR ALK A 1) Sio, & & 5ETt
e R AR (73.04% (il A1) —73.42% (A0 —
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1.15) (3 2, K 3q~t) 5 S BUAE b A 33T, LR A
TOBUE I8 2045 AT SR S R € A6 5 T B i) T 2
R PAERIREIE N A2 E E (ALK=
8.45%) &5 T A= 18 (ALK=8.1%) Fl 8 £ 4t (ALK=
8.15%) (% 1, ¥l 3a~d), W7 A w7 N A AR TR
A6 b AT AR BE O g o A SCH AR AR TR B4R B4
FRET EZOR A TP EARE, AR Rk A
KRN AL ST P Ly, B AR AR 22k A rp
VU A SRR, XE—E B B R TP E AR
BB AR (AL i< T A AR B v T P 1 LA A
PR IR e A o ARIBHMRIR LKA ALO,
Fl CaO 5 Si0, 2 HAH I (& 3e~1), 5 HABKT I AH
L, AR ARIR 548 5K 2 MgO(0.3%) Fil P,O5(0.41%)
i B A

ZEA s (M AN ISR, TR 048 5 25 1) 20 A A
EEA—E A, 44X P, P EARH RO
16 <3 7 B e PN A o i e, TP P RCHE X AR IR,
r ] G S RN AE 35 b DX, S iE BA AR IR IR (A
B 2 A VE AR B A e, P VS BB X e fiK . JRE LT
TSI 25 A v [ AR IR €A B 2 1) AR, T D
rh P RICRIE S8 b IR (78 5 A T B E 22 3, =
LR A AR ] P A B S, A e
HRHE 1L S 1 2 A T A R e v, 9O VR ) AR i
AR B B I, = S D) AR v A R B v i R
A, X — SRR IR R R L XTR (0 A8 B O T B i
A B2 B T VU g b Xt T A5 BN B E (% 1), [
B, X — AR R AT 5256 5 A 24 19 SC R (Sylvester,
1998).
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Fig.3 Harker diagram of the main elements of leucogranites in the different age (Data source same as Table 1)
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Wil X A 5 o X AR AR B T B HIE, Sun et
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AR T X = A e A, X B B R il 4
B3 L7 R A ) R Rl 52 B #EAT 1A, A
I 7 T ot DX LA AR o e A e e 22—

4 WifaJmIouER BRI

i # 4 J& Li. Be. Nb, Ta. Zr. Hf. Rb, Sr,
Cs M2 U. W. Sn. Ga 1 Th 5k O tF < & %1 4H
KRBT, A . Anma U4 VY B i B A {1
i fk . InE K Nova Scotia i X 2854tk Flah 7
1k (Clarke et al., 1993; T W i 45, 2022; ZE fi 145,

P g

PIONE= = 6]

2024), T LA—FF43 4t DI R b 55A 4
JE A S AE B MR A S B AR R A G S
A5 1987; 1B AR, 2003), PR FR B 4 S AL b A
(RTTAE, 2017) . IROALKS Wl &AL E T
193 AR B 5 AL 3 LR AR S A AR A I R
4.1 ==

AN [ b DX R €84 b (4 A7 4 ) S A 56 ot
RO EYME(E 4) ] LUE 1, AR H X R AL X
A Li, Be, Ta, Ga, Rb, Cs, U, W, Sn JE#IX T
5% & A, Sr. Zr Fl HE 2 5 4514, Nb A1 Th 284k
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Fig.4 Curve chart of average variation of rare metal elements
in leucogranites of different regions
The crustal data is quoted from Rudnick and Gao (2014); Other data
from Table 1

Zr Al HE 72598 5 S ad R b B A 85 10 B 445 i
ZHIEA TR R (R AR, 2015,2017) . A
— AT SR A A PR DR X3 5 R B AN S A
S ¥ Hl(Cao et al., 2022) . RO A6 <) o FE 1 2 A
s R, dnd [ LR RN SE [ Black Hills 19
A A R AR, BT Ze, HE 51
OUTEAT i T R AR (R 214, 2021)
RAOAE R A Li(1848x107°) . Be(59.5%x107°)
Nb( 49.2x10°°) . Ta( 74.7x10°°) . Ga( 40.7x10°°) .
Rb(1291x10°°) F1 Sn(544.2x107%) & &t 5% /& - HI{E
EE: N T U P S E N N P s = 4
Be(56.1x107°) Fll Nb(39.3x10°°) 1 & & 5y
MR X AH 22 A 2 o IR AR X T HI(4.3%107°) |
Cs(215.4x107°) . Th( 17.4x107°) . U(29.9x10°°) Al
W(347.9x10°°) & fa V- ¥ 8 5 i th BRAE [ AR
(£ 3). PERFIR O R SH Th & E2HFEE

MY 3 A5, LAt M DXVR (548 1<) 5 1Y Th 5 i 4220 Hh ot
SR TFHLFE . Th FIfs o0 R & &AL 3257 2]
HH I E AT (5.0%~8.2% ThO,, 14 6.5%) & f i
il 24, 2005 A AR IR €5 A 1) T A v I A Al 1
FOHAE KGR BB R 1 4388 KBS 1 3 25 45 i, F
MM IR EAE A Th A oo R & &K, T E
IR AN G RRHB DX IR (B A6 4 A FE Sn LAAP R AT
JCE b EA AR AR, v E P ER AL 56 b X
FIIR AL < 5 7E W LM R A o 3R oA AH T
HIE (1A 4) o

IRAAL A — b X 2 R BE AR R &5
Wi 4 JB o 3 SRR B IR AL A T, I LAR
AL A A 48 s R P E WA DURR —
A4 XA A 4 8 T FR T Se(E . 54 rh P RO X
TR Sn P (ECR AR A R WA B4 43 4
T PURICHE X & —N 1 Sn T SC(E AT HiER b 2
Yo, PEARI R Wi st ERfb 2z bk
1 MR AL 25 S R A AR ), T e
Py R IR 5 IR A S 1 )2

PG RRHE DR (0 A <0 5 Sn 7% 1 ey T HA B X
15~33 %, 5 m & w23 i (fh) S HAH G~
Bl A= o R s LS R UK AR L
(T[] | $Eor, WA 504 8 2 MRS IR, a1
2 # ) Beauvior. Cinovec B &K, Breiter et al.(2017)
N AR L (Erzgebirge, % P8 K W AR L AL ) By
Cinovec Sn—W-Li & R4 047 ) B U 2 IR (46 <]
v, IR IR A 1 v Wb, I3 7 R i 24
X o HJR X EETR (40 (<) 7 1 IR A Tl B i B A~
AR % 35 3 R 20— FE IR 20 T AH 5% )5 25 (Romer et
al., 2022) o WAL, JEIR A 1L 2 R PR il 45 4

R3 FEMRREENEFHRAERETERETFYE

Table 3 Average content of rare metal elements in leucogranites in the different regions

Wil )R & 8/107°

SR B Li Be Nb Ta Zr Hf  Ga Rb Sr Cs Th U w Sn
% 17.0 1.9 8.0 0.7 132 3.7 16 49 320 0.7 5.6 1.3 1.0 1.7
r [ 75 166 27.8 12.1 3.0 58.5 2.4 24.1 321 109 252 8.9 6.1 33 17.9
AR 1074 56.1 39.3 19.8 66.0 43 26.8 872 80 215 17.4 29.9 347 37.1
bIEHX 214 16.2 5.10 572 1.9 23.1 394 128 6.4 5.6 4.7 210 21.9
PG B X 1848 59.5 492 74.7 58.4 3.1 40.7 1291 121 160 8.3 13.5 27 544
M 57.5 17.1 77.8 21.5 189 97 18.5 4.0
El 2.0 39.0 23.0 190 310 5.5
HA 3.2 1.35 32.2 124 157 2.3 4.0

VE: HWSEEEE 5] Rudnick and Gao (2014) , HABEIE RIFFR .
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RO AR T B4 MYER T RE S T 2 S1E
H, 3o mn g /b (R AROTE, 2015, 2017) 6
4.2 BiE

I T AN ]SS ] (56 3, 16 4) FIR [R] R a] vk o
A (R 4, B S) A &RuE 2 PME, &
P E P SR AR P EART S AR T PaRR
DX St AR AR i Ze AR

Bt IR AL K 5 R T Ze FHE DLAMA
A Be fik THi7S{H, Nb, Ga Fll Th #3588, HiAh
JCE XS HIST & 4 10~50 £i%5, Cs A EHEILER .
JC A AR O A6 X A Zr Bl HE AH X Hb 5 5 46, Ta.
Rb. Cs. Th 1 U X M5 B 4E 1~10 £, BiHIES
KK E Be LB 1 IRAR, K& Cs 0 4LITE JI4H
XA 153 o

5 FtouEMBR{LA

5.1 ==§

AN T b DX R A A6 B 7 A 1 00 2 b R fh 24
fEAn 2 5 FroR o B AR IR 448 K % SREE=
147.2x10°°, B & 5 T b 7 v () Ff 1= 2 i (SREE=
125.15x10°%), /1 [E P43 (SREE=82.8x10"°) , H1 PRk
HiIX (ZREE=64.2x10"°) | Jt3EHi[X (SREE=53x10"°)
i) SREE {E AR T Hb 5 (E AR BEAK . v B AR50 1)
LREE % & (90.2x107°) fik F H1 5% 1Y LREE % &
(92.9x10°°), 1 E 4 i HREE & 1 (57.0x107°) B
& T AT A HREE % #2(32.3x10°%), i 5 v [ 4

FHLIX & B R e RS 0 G2 45, 2019) &
AFFRY . T EPEER . PRI, JESEHBIX IR (18
i %4 1) LREE 1 HREE 5 & # H 4K T Hi52 H .
AP L, A B s L oe R SA TR A
B HERCAAT R, § £ oo R SR s (R
R BRI SRR BUIMOC, B REE R, S
AL R B AR, BRI AR (B AL S T R A
4 AR [R] BP0 1 RS B T S AR e 75

LREE/HREE F1 La/Yb J&4 B i + 0 R AL iy
EESE . %5 WRMNFEH X IR OIS AR
ANFEBRENRER &, PEARFIREOALN S
LREE/HREE [t 2.05 ik T # 5¢ LREE/HREE [t
{8 2.88, {H 245 T 1E % £ < #+ LREE/HREE Lt.{H
1.2~1.7(RI 2 55, 1984), Hh P Wb X 3R £ 4 < 7
Y LREE/HREE=19.2, BB 2 iR T/ + 19 /018,
5 8 FE AL X A B IR s f v & & HREE 5% 8
A, F [V B AL 98 M X IR €6 4 i A 9 LREE/
HREE FUAE RS & T e i . AT b X IR 4 5 A
) La/Yb HAEZEET 16.34~19.32, HiEM T 456 +
AT B A SR A e w4

AN TR b XOUR 8 4 5 7 o B B Bu %
(3% 5), W/RTERR /36 el o3 B 45 b A v, R AR A
R s RS A B AELE, T ER IR AL X 5
Eu S i . P [ PU AR A AR IR 0 AL 1<)
FJC Ce 5, #elm Hus'e, v Ml X AL 98 H X IR
AL A HA IE Ce 5%, oM IX H K Z Jig
W AEAR, PTREJE I & T AR R XL .
5.2 Htig

AR BFARIR (A8 I 7 B 100 2 R fb 4
fEANZE 6 frn. AR SREE=144.86x10°°, B i 7
F M 7%, 7 2E 18 (ZREE=86.89x10°) . 7 4k 4L
(ZREE=65.64x10"°) fil#i 7t it { (SREE=43.58%10")

x4 TEMRKBENEPREERTRQETHE

Table 4 Average content of rare metal elements in leucogranites in the different ages

WA &BEE10°

AR

Li Be Nb Ta Zr Hf Ga Rb Sr Cs Th U w Sn

AR 140 12.1 10.2 222 62.2 227 242 289 133 214 9.10 5.77 1.53 11.1

R 924 81.5 36.0 18.1 639 411 27.8 803 85.3 194 157  26.1 271 415

AR 1278 58.3 344 417 552 294 31.9 887 96.4 128 9.00 243 87.7 359

. [PIWSEA 198 1.45 20.7 7.63 52.2 2.59 20.9 458 31.0 35.9 8.76 314 10.6 421
PR 2.65 33.0 1.80 214 35.5 7.00 9.00 435

VE: HWSEEEE 5] Rudnick and Gao (2014) , HABEIE RIFFR .
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Fig.5 Curve chart of average variation of rare metal elements
in leucogranites from different ages
The crustal data is quoted from Rudnick and Gao (2014); Other data are
from Table 1

x5 AAMRKRBERNEHF LI TESERMEXILE
Table 5 Rare earth element content and related ratios of
leucogranites in the different regions

. REE/ LREE/ HREE/ LREE/ La/
HhFRA E 10 106 106 HREE Yb 6Eu  6Ce
5% 125 929 323 288 10.50 0.87 1.03
HEE 828 579 249 333 1932 0.61 1.03
FEZRE 147 902 57.0 205 16.80 034 1.01
FRPERGLIX 642 482 160 1920 17.40 0.66 1.35

JEEHX 530 320 21.0 3.52 1634 038 1.61

vE: M HPES] HRudnick and Gao (2014) , HAh s KK [H
1.

F 6 FEMRABEREHRLITESERHEXILE
Table 6 Rare earth element content and related ratios of
leucogranites in the different ages

. REE/ LREE/ HREE/ LREE/ La/ o = o
10 10 10 HREE Yb

B 86.89 6497 2192 396 2216 059 1.01

A 14486 8757 5729 217  12.09 036 0.98

w6564 4014 2550 12.04 1393 047 1.38

oot 4358 23.62 1996  1.15 655 0.14 0.15

vE: M5 HPES] H Rudnick and Gao (2014) , HAhEdE Sk IE[F
1,

R EAE A P B AR T oS (E, IR BRI .
2k /8 SLREE=87.57x10° 42 3/t #1 7% {8 , SHREE =
57.29x10°° S A Y 1.8 1355, BreE AR A
JEHTARIR (548 4 45 9 LREE Fll HREE & 8% . 2
X THb7: (s . LREE/HREE 1 La/Yb HAE 5 m AR [A]
AR TR (0 4K 1 25 2 BN N TR AR A s+ s 4,
Fot i IR 4L X A 1Y LREE/HREE=1.15, La/Yb=
6.55, T /NG o RFRE . BLA, Bttt
HIR AL K A 6Eu=0.14, 6Ce=0.15, B ()L Eu 5

HHI Ce % o HAAC(6Eu=0.59) . FA1R(SEu=
0.36) Fl iy A AR (6Bu=0.47 ) IR (4. 46 i A /s 1L Bu 5%
W AR TR AR BIIR (A K H T Ce S, AR
RIPIREAE R A A FTHIIE Ce 54 .

6 TREOAE K S5HA 58 e B F
6.1 Rb—Sr-Ba Elf#

JGE Rb. Sr. Ba 7E7 J M R ZE & I5FASTE 1
ML), 5 K Ca HAAHRIR kbR, &2
K FER AR ERE S AR B, A nThe
JE R St Wk SE A1) (ClnZ2 580 FR A1) o 1R
AIRZE T, S AR Rb A1 Sr & EEZ AR
XAy #2520 . Rb—Sr—Ba & KW, Sr—Ba i
AT S T 55 R AR Y 72 ), Rb—Ba AH > T
e, A T H Z B2 IR IR . Rb-Sr-Ba & fif
(&l 6a~h) 5 7R ¥R £0 46 (< 77 1) Rb—Ba J k& 34, 16
HHIR AL 1 R T TS SR AR 4

25 (8] b, o PG ER R 5 4 <) A M\ Ba i G 3
Rb i G HA7 74 SE 1 A A RRAE, AH 3T H A b X
Sr, W& 7N 12 X TR (048 1<) B I X oA 8 22 B R
BT, I ZRER IR 48 < 7 1) Rb—Ba J# {h 4 34
o2, SRR Ba Snoc R SL Ak A TP EZRAEOR
AR AR (e sehrm At 2k ) R AR 1 X (36
B ) , 30 Sl DX 1Y) 4 1<) 2 AR DX 25 A B — e
4% (Chen et al., 2000; Jahn et al., 2001; XI| 2T 445,
2002; Wu et al., 2004; J53C 45, 2019) . HERIHBIX
HYITR 5,48 B 6 B il R 2 523 Rb YT, A 2 01T
U, TPV A DXVR € 48 B R S5 2 AL b
T DX [RIR (5,46 5 5 4 i s 7E Rb—Sr—Ba K fif 1Y 73
A TE 5 E AR AR, §E3E Ba 3o AR ok A
&[] N Ak M B e i ) Treteba A 1A, HAt A A 22 5
I Rb ¥ TG AEYNHLIX 9K LU AR K B s A (R )
Rb-Sr-Ba % &, 4K kb . Damara & 111 71 Sikait—
Nugrus A RSENT Ba 4T, ¥ M AR ARG LAk A9 4K
SEUT Rb 56 JC . E[BE 7R g3 Kerala Khondalite Belt
(KKB) 1 14 53k 57 (Damara) . AR IR I EZ
JEHIE B (Cawood et al., 2021), & B 7 KKB 1 11
IR AL B A R oe IBIR VR B =) . H 7R Ryoke
XUAZ 574 v IR €84 1 A IR s Ba, B O HOJA
A—F A AR R & Ba(Kawakami and Kobayashi,
2006) .
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Fig.6 Diagrams of Rb—Sr—Ba and (Nb+Zr+Ce+Y )—(Ba+Sr)-Rb of global leucogranites
Data source same as Table 1; The data of S—type and I-type granite from Chappell and White (1992)

A o X} AN [R) 4 8] R0 AN [] B[R] 9% 248 I 5 1Y)
Rb-Sr-Ba & & K (K] 6a~h), & 3 [ P8 35 5 37 A4
L P EARES AR PR X S AR AR
BUARRL. AR G X 5 T B Ba-Sr#a#
BESLR BT /R 28 g S AUAR K LG, 2 Rif JiE By B
BIF= 8 (TR AE, 2013; R/NESE, 2018) o BTty
FATH T IR AL B AR S S SR Rb ST
6.2 (Nb+Zr+Ce+Y)—(Ba+Sr)—-Rb Efi#

23 [ |, (Nb+Zr+Cet+Y)—~(Ba+Sr)-Rb X % &
([l 6i~0) {7 H FE AR B IR €00 46 o 7 4 HoAth b X B
E 4 H iRt & (Nb, Zr, Ce, Y) fil Rb, 58T
(Ba+Sr) ¥ TG FE Al >k A T [ AR AR i e v Y
REOAL R A A RFARICIU AR, SEEZ & A
WA AL R A, SEUE Rb 3G IRE 5 22k A 4ER

HLIX o PG RRCHE DX YR €8 A8 (<] 7 5 HL Ath i X B I 5
I Rb %ii 7T, Rb 7E {6 (& Bt 5 A H 3 225 i K Al
Na i AREFRER O™ . IR COTE X 55 FE SO
Rb Ui G WAL b A TR IX 5 A i 2 i KA 2884
o W, AR A AR R R A 22, T DA
] A T i X P XL XA B 2 B TR A
BIVR T o Hp PG R AN b 3E Ml XK 548 B 5 TE
(Nb+Zr+Ce+Y)—~(Ba+Sr)-Rb 5 Z & |- & 7 #H 8L 1)
T AL FA% 7E (Ba+Sr) Fl Rb UG [l gk

s [6] |, (Nb+Zr+Ce+Y)—(Ba+Sr)-Rb % & K
([l 6p~s) /R F 37 ICE Nb, Zr, Ce. Y 7EHEAR
IR AL B A TP XA, 78 b A ARIR (48 5 A h Al
XA T AEEET T AR (AL K A ) Rb ¥ T
k.
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Fig.7 Diagrams of Rb/Sr versus several rare metal element ratios and rare rare earth elements in leucogranites in the different
regions (The crustal data from Rudnick and Gao, 2014)
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RN (R )4, 2003) . Bl Rb/Sr HLEIE K,
Nb/Ta [t {8 . Zo/Hf Ik {H . Rb/Cs Lk f . ZREE,
LREE/HREE F{EF B A AN R R (& 7)o

%5 [8] I, Rb/Sr-Nb/Ta & £ & & 7~ [ 7 5
TR 018 B v Al H [ R BB IR 48 B AN R Y Ry
TECE 7), I ZREIR 46 5 A 1 Rb/Sr LIRS K
Nb/Ta LU AR 8 /1N S At b X 5, 3R I v AR
TBIR 0 AL 5 5 T AR B e o PG R IX b 38
Hh X IR 9,48 1<) 7 B A ARl e Ak i 3, Rb/Sr U AE
Fl Nb/Ta LA AR T b 72 {8, 4500 2 4F & Rb/Sr L
{li>1, Nb/Ta <10, Rb/Sr—Zr/Hf % & K Bt
FEH X IR O AL KA Zo/HE FUEECKR, K A g K
Ll 5 BE 0 52 [ Treteba AR AR Zo/HE FL A & F
H7e . T E AR R IR €0 46 5 2 A b P BRIR 648 i<
Zo/HE WAE S T # 728, {5 B 7R %8 Rb/Sr HLAE
Ko FEPEHIROAE N A Zo/HE HEZEE T 2.96~
51.12, Zt/Hf HAES A LE 10~40 AYFES: 5 HE 90%, %
% X IR 048 b T8 AL R B AIK T Hh FE AER A eh v
KRR E AL B 7 o
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Fig.8 Discrimination diagram of Rb/Sr versus XREE in rare
metal elements
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