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Abstract: There were multiple episodes of magmatism in the Southern Da Hinggan Mountains during the Late
Jurassic to Early Cretaceous, and an in-depth study of the petrogenesis and evolutionary process is of great geolog-

ical significance to reveal the Mesozoic geodynamic background and mineralization. In this paper, LA-ICP-MS zircon
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U-Pb dating and whole-rock geochemistry for medium-grained adamellite, fine-grained adamellite and granite peg-
matite in Hailiute area were carried out. The zircon **Pb/**U weighted average ages of the medium-grained adam-
ellite, fine-grained adamellite and granite pegmatite are 142. 0£0.7 Ma, 141.2+1.1 Ma and 139. 7+2. 4 Ma
respectively, belonging to the Early Cretaceous. They have high SiO, and total alkali contents, and their A/CNK
value is 1. 01 ~ 1. 18, with an average value of 1. 09, which is weak peraluminous. They are characterized by
enrichment of large ion lithophile elements such as Rb, Th and K and depletion of high field strength elements
including Ba, Sr, P and Ti, with extremely negative Eu anomalies (6Eu=0.012~0.040). The Zr+Nb+Ce+Y val-
ue of them is between 38.25%107° and 258.2x107°, less than 350x107°. The zircon saturation temperature of them
is 723°C to 778°C. The primary muscovite and alkaline-mafic minerals are not found among them. The magma
experienced the fractional crystallization of plagioclase and K-feldspar during its evolution. The Zr/Hf, La/Ta and
La/Nb of them are lower than the range of normal granite, however Nb/Ta and Y/Ho of them are in the area of nor-
mal granite. The parameters of tetrad effect of rare earth element (TE, ;) of them is between 1. 18 and 1. 34, grea-
ter than 1. 1. In conclusion, the Hailiute granite belongs to early Cretaceous highly differentiated I-type granite. It
has weak interaction between melt and fluid in the process of crystallization differentiation, which can promote the
formation of tungsten, tin and rare metals minerals.

Key words: highly fractionated granites; geochronology; geochemistry; mineralization significance; Hailiute;
the Southern Da Hinggan Mountains
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Fig. 1

Tectonic setting( a, after Tang et al. , 2016) and regional geological map of the Southern Da Hinggan Mountains

(b, modified after Inner Mongolia Geological Survey Institute, 20180)
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1—CQuaternary ; 2—Mesozoic volcano-sedimentary strata; 3—Upper Paleozoic strata; 4—Proterozoic metamorphic strata; 5S—Late Jurassic-Early

Cretacenous granitoids; 6—Triassic intrusive rocks; 7—Permian intrusive rocks; 8—Carboniferous intrusive rocks; 9—fault; 10—U-Pb isotopic
age (ages data from Zhou Zhenhua et al. , 2010a, 2010b; Liu Xin e al. , 2017; Yao Lei et al. , 2017; Ji Genyuan et al. , 2021; Wu Guang
et al. , 2021; Zhang Peichun e al. , 2022; Shang Yongming e al. , 2022 )
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Fig. 2 Geological map of Hailiute area in the Southern Da Hinggan Mountains ( modified after Inner Mongolia Geological
Survey Institute, 20180)
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1—CQuaternary ; 2—fine-grained adamellite; 3—medium-grained adamellite; 4—quartz vein; 5—granite pegmatite vein; 6—diorite vein; 7—fault;

8—tungsten mineralization ; 9—niobium-tantalum mineralization; 10—sampling location
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Fig. 3. Hand specimens and-microphotographs of the medium-grained adamellite, fine-grained-adamellite and granite pegmatite

in Hailiute area
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a—hand specimens of medium-grained adamellite; b—hand specimens of fine-grained adamellite; ¢—hand specimens of granite pegmatite; d—or-
thogonal-polarized light microphotographs of medium-grained adamellite with granular structure, in which K-feldspar develops stripe structure. Biotite
is flaky and light yellow dark brown in color; e—orthogonal-polarized light microphotographs of fine-grained adamellite with granular structure, develo-
ping K-feldspar, plagioclase, quartz and biotite, and quartz occurring in plagioclase with an irregular shape; f—orthogonal-polarized light microphoto-
graphs of granite pegmatite, mainly consisting of K-feldspar, plagioclase and quartz coarse grains; Bi—biotite; Pl—plagioclase; Kf—K-feldspar;
Q—quartz
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Fig. 4 Concordia diagram of zircon U-Pb ages and CL images of medium-grained adamellite, fine-grained adamellite and

granite pegmatite in the Hailiute area
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Table 1 LA-ICP-MS U-Pb ages of zircons from the medium-grained adamellite, fine-grained adamellite and granite
pegmatite in Hailiute area

wy/107° [Fl 12 3% HoAH e/ Ma
IS Th/U

Pb Th §] 207 Pb/ZOGPb 1o 207 Pb/ZSSU lo 206 Pb/238U lo 206 Pb/238U lo
HLT-Z-1
1 9 268 365 0.73 0.050 3 0.001 4 0.156 6 0.004 4 0.022 6 0. 000 2 143.9 1.5
2 16 344 649 0.53 0.050 0 0.000 9 0.157 6 0.003 2 0.0229 0.000 3 145.8 1.6
3 8 209 315 0.67 0.049 3 0.001 5 0.156 7 0.005 1 0.0229 0.000 3 145.8 1.7
4 8 240 315 0.76 0.054 0 0.001 7 0.167 6 0.005 5 0.022 4 0. 000 2 142.8 1.6
5 312 231 1.35 0.048 4 0.002 2 0.1459 0.006 8 0.021 7 0. 000 2 138.6 1.5
6 9 252 382 0.66 0.048 9 0.001 3 0.146 0 0.004 2 0.021 6 0. 000 2 137.7 1.5
7 16 410 685 0.60 0.049 5 0.001 0 0.150 6 0.003 1 0.022 0 0. 000 2 140. 6 1.5
8 12 293 528 0.55 0.049 6 0.001 1 0. 1512 0.003 4 0.022 1 0. 000 2 140.9 1.5
9 8 161 304 0.53 0.050 5 0.002 1 0.154 6 0.007 0 0.022 3 0.000 3 141.9 1.8
10 5 154 181 0.85 0.049 0 0.002 8 0.150 7 0.008 5 0.022 2 0.000 2 141.7 1.5
11 16 328 697 0.47 0.049 0 0.000 9 0.1529 0.003 0 0.022 6 0. 000 2 144.1 1.5
HLT-X-2
1 7 146 314 0.46 0.049 7 0.001 6 0.1525 0.005 1 0.022 2 0. 000 2 141.6 1.5
2 6 160 237 0.67 0.049 7 0.002-2 0.1515 0.006 7 0.022 2 0.000 2 141.6 1.5
3 8 192 380 0.50 0.046 4 0.001 4 0.137 9 0.004 1 0.021 5 0.000 2 137.3 1.4
4 5 164 228 0.72 0.047 0 0.002 4 0.144 0 0.007 5 0.022°3 0.000 2 1420 1.5
5 16 338 719 0.47 0.047/6 0.000 9 0.1454 0.002 8 0.022 2 0.000 2 141. 4 1.5
6 29 1099 /1178 |/ 0.93 0.047 7 0.000 7 0.145 4 0.002 3 0,022.1 0.000 2 140. 9 1.4
7 104 139 0.75 0:046 9 0.003 9 0.140 5 0.0117 0.022 1 0.000 2 140. 6 1.5
8 9 236 390 0.61 0.048 4 0.001 3 0.146 6 0.004 1 0.022 0 0. 000 2 140. 3 1.4
9 13 323 541 0. 60 0.049 3 0.001 1 0.1527 0.003 3 0.022 4 0. 000 2 143.1 1.4
10 10 254 441 0.58 0.048 8 0.001 2 0.149 5 0.003 8 0.022 2 0. 000 2 141.5 1.4
11 5 146 231 0.63 0.048 4 0.002 1 0.149 7 0.006 7 0.022 5 0. 000 2 143.2 1.5
HLT-W-3
1 50 1025 2161 0.47 0.049 1 0.000 6 0.1517 0.002 1 0.022 4 0. 000 2 142.8 1.5
2 24 545 1 003 0.54 0.049 6 0.000 8 0.1516 0.002 6 0.022 2 0. 000 2 141. 4 1.6
3 8 295 323 0.91 0.048 7 0.001 7 0.143 8 0.005 1 0.021 4 0. 000 2 136.4 1.5
4 11 237 485 0.49 0.049 5 0.001 1 0.148 0 0.003 5 0.0217 0. 000 2 138.5 1.4
5 33 1013 1288 0.79 0.050 3 0.000 8 0.1535 0.002 8 0.022 1 0. 000 2 140.7 1.5
6 15 420 593 0.71 0.048 5 0.001 0 0.145 6 0.003 0 0.021 8 0. 000 2 139.1 1.4
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Table 2 Major elements contents (w,/ %) and trace elements contents (w,/10™°) of medium-grained adamellite,
fine-grained adamellite and granite pegmatite from the Hailiute area

K5 ok KA Yk K AE B AL A
A /R HLT-Z-1-1 HLT-Z-1-2 HLT-X-2-1 HLT-X-2-2 HLT-W-3-1 HLT-W-3-2
Sio, 75.45 76. 06 73.57 72. 80 72.83 75. 84
TiO, 0. 140 0. 140 0. 190 0.110 0. 020 0.016
Al, 0, 13.03 12.42 13. 40 13.74 15.22 13.54
Fe,0, 0.84 0.97 2.12 2.55 0.24 0.27
FeO 0.93 0.85 0.84 0.30 0.22 0.12
FeO" 1.69 1.72 2.75 2.59 0.44 0.36
MnO 0.027 0.025 0. 040 0.036 0.008 0. 006
MgO 0. 190 0. 150 0. 300 0.200 0. 120 0. 096
Ca0 0. 670 0. 670 0. 360 0. 420 0.350 0. 064
Na, O 3.15 3.19 3.62 3.61 3.21 1.98
K,0 5.13 5.22 5.2 5.46 7.5 7.46
P,0; 0.074 0. 099 0.036 0. 097 0. 170 0. 150
H,0* 0.57 0.43 0.53 0. 66 0.32 0.30
LOI 0. 60 0.43 0.42 0.57 0.40 0.26
Mg* 16.73 13.43 16.29 12. 08 32.92 31.51
A/CNK 1.089 1.024 1.094 1.088 1.083 1.181
A/NK 1.212 1.138 1.155 1.158 1.134 1.193
DI 94.6 95.4 9.4 92.3 9.8 96.2
Ga 31.3 35.9 15.8 22.1 29.4 30.2
Rb 471 766 209 362 836 825
Ba 27.5 9.2 3240 190.0 30.8 28.9
Th 28,80 14. 50 17.90 23. 80 2.32 1.88
U 1.27 1.94 1.77 2.31 3.32 6.30
Nb 47.1 30.8 11.2 20.4 7.2 9.1
Ta 2.07 2.78 1.01 1.59 1.23 1.09
Sr 7.39 2.59 70. 00 51.80 19.10 19.70
Zr 132.0 71.2 113.0 94.2 16.0 12.3
Hf 19.20 13. 80 6.54 7.76 2.23 1.20
La 10. 20 16. 40 14. 00 15. 80 0.75 0.78
Ce 52.20 67.50 38.90 39.90 1.50 1.65
Pr 2.97 5.56 4.08 4.57 0.25 0.27
Nd 12.10 19. 60 14.90 16.70 0.99 0.82
Sm 3.11 4.83 3.35 3.83 0.77 0.47
Eu 0.20 0.18 0.27 0.22 0.05 0.07
Gd 3.20 4.12 2.89 3.14 1.07 0. 60
Th 0.70 0.89 0.67 0.73 0.39 0.25
Dy 4.89 5.31 4.27 4.47 3.21 1.97
Ho 0.97 1.09 0.91 0.86 0.67 0.45
Er 2.91 3.27 2.72 2.49 2.06 1.27
Tm 0.51 0.52 0.46 0.42 0.35 0.23
Yb 3.68 3.72 3.01 2.75 2.35 1.57
Lu 0.55 0.57 0.48 0.45 0.35 0.23
Se 7.45 4.62 4.57 3.25 2.93 2.60
Y 26.9 28.1 30.9 29.3 23.4 15.2
LREE/HREE 4. 64 5.85 7.83 8.62 0.41 0.62
Y REE 98. 19 133.56 136. 07 147.30 14.76 10. 63
5Eu 0.019 0.012 0.026 0.019 0.017 0. 040
5Ce 2.26 1.70 1.22 1.12 0.83 0.86
(La/Yb) y 1.87 2.97 3. 14 3.87 0.22 0.33
(La/Sm) y 2.06 2.14 2.63 2.59 0.61 1.04
(Gd/Yb) 0.70 0. 89 0.77 0.92 0.37 0.31
10 000 Ga/Al 4.54 5.46 2.23 3.04 3.65 4.21
1,/°C 778 723 764 748 - -
TE, , 1.34 1.30 1.18 1.18 1.20 1.31

H: 1,/°C =112 900/ InDy, ey +0. 85 M+2.951 =273, HHt Dy i) = 496 000/ 4 Y Zo 7k, oAb, 4 Si+Al+Fe+Mg+Ca+Na+K+P = 1
(BT W4 m A A 2B H M= (Na+K+2 Ca)/(SixAl) (Watson and Harrison, 1983; ZEVT4%% , 2005) ; TE, ;=1 [ Ce,,/(LaZ xNd}/>)
XPr,,/ (Lal?xNd%?) 1Y2x[ Tb,,/ (GdZ*xHol? ) xDy,,/ (GdxHoZ 1?1 *(Irber, 1999)

cn
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Fig. 5 QAP diagram (a, after Le Maitre et al. , 2004) and A/NK-A/CNK diagram (b, after Maniar et al. , 1989) of medium-

grained adamellite, fine-grained adamellite and granite pegmatite from the Hailiute area

4.2.2 WMEITE

R e Rk VN G T4 N AU A = Y e %
AT 10.63%x10°¢ ~ 147, 30x10°° Z ), ( La/Yh) | fH
7 0.22~3.87, LREE/HREE i}y 0. 41 ~8. 6211 Eu
SR (8Eu=0.012~0. 04) . 7EM o ZE 4 il
b AR E R LT R & AR D A
JUEARX & A, A WURRAE ; o AR AR K
Yk KA B A R FOnE AT E A, mER TR
AEXT P40 52 W GCA i Vg ™ BUARRAIE (1] 6a) o TE
Jirt s b2 o o A B i o0 R R I T R I I AR

100

=

R A
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Rb . Th K % K& T3 AICK (LILE) , 15 Ba Sr,
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AT 38.25% 107 ~258. 2x 10°° Z Ja], iL /N T+ 350 x
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Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element multi-variation diagrams (b) for

medium-grained adamellite, fine-grained adamellite and granite pegmatite from the Hailiute area ( chondrite-normalization

and primitive mantle-normalization values from Boynton, 1984 and Sun and McDonough, 1989)
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153.3~136. 7 Ma (JAI ¥R 4%, 2010a, 2010b; X
S, 2017 WhAESE, 2017 ZRARIEAE, 20215 B4,
2021 MiAKEHAE, 2022; TEEH, 2022) (Kl 1b),
TR A AL T RG24 B B g U ), A< SC AL 475 3
HE A LA-ICP-MS U-Pb 4E#%, 4351 8 142. 0+0. 7
Ma 141.2+1.1 Ma . 139.7+2.4 Ma, 5 X bkl
oy NANEER PSS NN i i S v X . N D WS E DA T T
Hhd  BE /ML FE A TR IS0 R AR
FIARAF B 547 U-Ph 4P I LA — 350, F8 /R 7F 142. 0~
139. 7 Ma HH[E], i A b X 5 XA B & 4R T R A
WAL 5 5 RN, BAh, R 253N K%
ZWHB R AEH AR GO cH (O EZN T
-0.80~+14.20 Z i), HZ HAFER i B UAE
#%(<1.0 Ga) (Ouyang et al. , 2015) ,F§ 7~ K% ZIE
B S R A RV R S AR P LR X
AT RER AT A T Hoe
5.2 HAKEA

CA RS20, B0 S 760 76 B 250 % ELG ot
B, HSABA S EEASE 00 Y, Mg es
& A/CNK {H R HLT-W-3-24h , A 4T 1. 00~
111 Z A1 (1. 024 ~ 1. 094) , 48 7 6 L RF A R AS AT RE
S BAERE . T A RS Ea R 1 RS, —
FBER UL, W0 ELAT AR DL b 3R AL A R AE {1 Ze+Nb+
Ce+Y Fri FEARANREE L 10 000 Ga/Al {HEHA
—E ) X B ( Whalen et al. , 1987; King et al. ,
1997) . MRS £ K Zr+Nb+Ce+Y {H A T 38. 25x
107°~258.2x10°° Z[a] , iL/NF A BIFE G 75 Zr+Nb+
Ce+Y TBRAE 350x10°°, &40 MR B N 723 ~778°C
SFH 753°C, AR T A RUAE i 5 AT S8 5 1 R
839°C (King et al. , 1997) , X474 % 10 000 Ga/
AL, 2.23~5.46,F13.85, KT A BB
#5110 000 Ga/Al FFRAE 2. 6, (A AR TR B A BUEL G
PERE O, P RS R AR T R A 7
SEZ

TR AR AR AR SR IR o i | B PR A
9L, BT ITE U Th KRB FREATE
K.Rb, 5 #1 Sr.Ba.Ti . Eu( &l 6a,6b) ,BA 1 B it
IR ARRE . AN, O Bk Ze SRl A
B K AR A B A A BRI (71, 2x107° ~
132x10 °—12.3x10°~ 16x10°°) , &7 5 3¢ Tl REAF
TEST SEEAL , BUE Ze £ 835 At AN R RN 1) 40 A3
( Watson and Harrison,1983,1984) ; @ A&+ Rb/Sr
54 3.0~295. 8,1 75. 9, #8758 A AR AE T 1l 3t 72

o RHCA BRERET WA S A T A A R
@ FkT s RAEE DI AT 92.3~96. 8 Z i, R
RO SEREIE ; @ AR LR e R E A 1o
FEHE(K 6a), — BRI, REE %5 550t % 787
Wy St Rt v B ik AXEIE T W (AN b E A I
Fe-Ti F L) , Bl LAEFR AR b & BN (B4
AR RE K F AEAERT, REE %575 358 00 R84 )
TG EE, B F &80 AR, 8K
AF M LaPO, F| GAPO, 53] YbPO, ¥ i &t 2 Ji
HEIN(BRAE AT 2004) MR AR T P,O, F i
H AR K AE R A (0. 036% ~0. 099% ) B 4E (i 44 i
#(0.15%~0. 17%) W1 @34, R EM + oo &%,
EEAN AT s =y NG A N R L2 ol O (12 X =10
oS T, TS DR ER LR E S G 7F Zr-
(10 000 Ga/Al) . (FeO"/MgO) — (Zr+Nb+Ce+Y) |
(10 000 Ga/Al) = (Zr+Nb+Ce+Y) J (K,0+Na,0/
Ca0) —(Zr+Nb+Ce+Y ) EIfift B i BEA VR A 51 53 57
FEpdE XS (18] 7a~T7d) BRI, ¥ A (AR 50 W g
Jo oy 1 RIE R 2
5.3 ARBESEWK
5.3.1 AXEX

HHT, T 1 BUAE K A B9 IE B 324 LR JLAD
X, A0 4 8 VR % IR T A 2R Y 5 B ) A AR X
(Beard and Lofgren, 1991) | F Hb5¢ 78 5t HE M 2 (356
I3 ¥R ( Chappell and White, 1974 ) LA K& 5 %4
WERIETA IR KAy B 45 A X 4 (I A A
S5, 2008) , — kUL, RS IR HLAE A R AR AR K
JA T O AR AR R BE R DA 0K, i Vi T i A
BRI I B0 20 Jb R I ABE 199 6 K 5T 3R 35S B0 Tk A
(Turner et al. , 1992; FAH, 2020) , ALz A AA
KAT e iE 2ok 1 P50 R 0 o s Ak i >k, o — 5T,
MR 5 SR IR A IR A — Moy 7 A R AR
RTE g I R TR ) IR 2 v R R B RS R, R R
I VR AR 4 — | I AR IR K 5 K s IR
PEG . BHRETAIBISE R, K ZISFEBER 280
AR AR A Y BAT R B HE(1) eNd (1) {5 2L R4
IR HE Nd [ ZR AR AR Y, 48 75 12 XS A 7 4K
<25 22 B VR B oo i AR A M e ) T (R AR T AR,
1999; Jahn et al. , 2000; Wu et al. , 2000, 2002; Z=
HRURAE, 2022) , WA R0 TR 4205 T B 7Y
), 5 X BRI R B /ML A
AT AR /N5y 223 55 0 A LA AR ALY 10 AR 1 S
HERACFRRE PR VR A AR AT i 5 IX L[]
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Fig. 7 Discrimination diagrams for the medium-grained adamellite, fine-grained adamellite and granite pegmatite from the

Hailiute area (a after Wu Fuyuan et al. , 2017; b, ¢, d after Whalen et al. , 1987)

HR0 AR B AR AL A 2R, S AR T Bl A B
AR (WA 20175 XIS, 2017; Fei et
al. , 2018; B4 2021 ZEARTESE, 2022) .
5.3.2 Atk

WE N AL A TEE A R, Ze & 52T
AN AT ) A A3 9% ( Watson and Harrison, 1983,
1984) , MHRr AR Ze E & drh A0k K AR
FrIAE R S A B WA, LR Ze i1 BRI,
FeO" TiO, .Sr Pl % Zr/Hf Nb/Ta Ba/Sr {8t % i %
(K 8), W EM,Sr Bt ARHC A BB RHC A
I 25 b BRAY A 2K P S B i B WA (D 8d) 5
1M Ba By it NS AT, Bl R A 10 20 B9 45 i, AR
FHH P Ba & & K Ba/Sr (HZ W REAL (& 8g, Li et
al. , 2007a, 2007b) ; TiO, AYFEAIE A 5 A 7 T Ak it
PR AT RE AL T & B Wk Ak s & 41 A I 45 b o)
5t (K 8b) s X F Zr/Hf (AR FEAR, AR AT RS TS A
043 B 445 T T s 13 181 8e) 5 T Nb/Ta {H Y FAR £

PRARER o B S T 5 (Stepanoy et al. , 2014)
FeO" Y784k 1 38 W 5 R 7 i Ak 3 72 TR BE Bk ) 43
B2k AR B I (K] 8a 8f) . Gualda F1 Ghiorso
(2015) tAH MELTS 4 al B0l — g 2514 T A 2K 10
AN E T T BN L il RN [ YR AV A B b e (SR o)
EI AT, 53 B 4 I T B e A BRI B 1 AE 700
~800°C Z ], k7 | ALik i 2 BRI i e A b P i L
A AU A AT M ER T RRAE A BEAR — KA <
PEE N 198 MPa M2 ANNO-0. 5 ( ZEHE S 2021)
PRI ZE R o | S IEEAE T10°C B RAHFEA T 2 | 43
BN T 22K A 14.85% T KA 42.99% {15
33.12% AT A 4.21% AR5 A 0. 05% Ak
0.27% , 53 ESAHEEA 546 5 A & a0 ) AR AL, [
At 5 e G 2R 8 AR R — B (| 9)  Fe R T
TR AR ik AR A B R e kR
TERNNE MK A AHCA S B S MEM . Bau
(1996) A A4t O 2R Y & it S OCHET R LA ]
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FHORFIBIAE B 5 10 7 B 25 R, A it ou R R
R R e N RV AR ST E == D0 el RN 1 YA o/ 3
B ELA B Rb i DL I Y Eu B,
Hod Rb A5 i 4R KA B A B B e
YIE R 452x10°° 14 2 830. 5% 10°°, #5718 1 7 4% 5 1A
A6 b A b HLA B = 1 2 ST AL R EE (Chen et al.
2016) , —J71f ,Nb/Ta (£ W E A5 090 S w4k
17 B Bk /N, & 8 S, Mg i pEA A Ak — K A
i Nb/Ta {8212 14. 44 146 <46 f % Nb/Ta
(25 7. 10, i Ak — K AL i B8 R T s
Nb/Ta {E45 /N8| — 43 2 — , WG R M A A A il
YR AL B BRI A 2R D0 T T R Y 4y

S#1# 1k (Bau, 1996 ; Ballouard et al. , 2016) .

— O UL, IR e BE O S A e A 2 T
WA EAE ], B S TR Rk B R T2 AT R
(RXPRIEEE 1992 Jahn et al. , 2001 ; Monecke et al. ,
2011; Ballouard et al. , 2016; Aibai et al. , 2019)
Zr 5 Hf Nb 5 Ta Y 5 Ho La 5 Ta L2 La 5 Nb
HAFRIR BRI 2247, TE— A A R AR &R
Zr/Hf Nb/Ta Y/Ho La/Ta La/Nb {H /R & H s A5
(Green, 1995; Jahn et al. , 2001) , B 7E 753 55 5 47
S A A A — U A LA R, Ze/HE (Nb/Ta  La/
Ta La/Nb LA & Y/Ho {81 2 & 2 W /)N (Irber, 1999,
Jahn et al. , 2001) , BFFERM AEIEH HIA T, Ze/HE
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Fig. 9 Numerical modelling diagrams for trace elements of the medium-grained adamellite, fine-grained adamellite and granite

pegmatite from the Hailiute area ( modified after Xu et al. , 2015; Wu Guang et al. , 2021)
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E VB A F 36 ~40 Z[8], -3 38;Y/Ho {H Y35 [
T 24 ~34 Z 8], F-) 28; Nb/Ta  La/Ta  La/Nb {i
IR 5 ~17 .16 ~20.0. 96 ~ 1. 20 Z [a] ( Jochum et
al. , 1986; Anders and Grevesse, 1989; Jahn et al. ,
2001 ; Ballouard et al. , 2016) . #EH4FaiK Ze/Hf {H
J95.16~17.28 Nb/Ta {8} 5. 85~22.75.Y/Ho {H
g 25.78~34.93 , La/Ta {i}y 0. 61 ~13. 86, La/Nb &
4 0.09~1.25,H ¥ Zr/Hf La/Ta La/Nb {8 ¥ R AK
FIEH AL 54 A JE F (& 10a,10d ., 10e) , i Nb/Ta .,
Y/Ho {HALFIEH 454 75 X385 (8] 10b,10c) , ¥R A
TRAETE il B b ] B A T sk RS 45 — i A B A
FHARXTALSS . BEAb, A i A i A v s — T AR A B4R
A AN FEIAE Ze/Hf Nb/Ta . Y/Ho La/Ta VA & La/
Nb {ELI AR | 25 76 150 28 DU 40 2 5500 A5 9
N, FREPUAr4E 245 LA Nd Gd Er 5 KR £ e
RE4PMITCEN—4, B (La Ce Pr.Nd), (Pm,
Sm . Eu.Gd),(Gd.Tb Dy .Ho),(Er .Tm . Yb . lu)4 #H

(BARTEAE, 1992) , Irber(1999) A9, M I 1
A3 AR E R IR AR R TR b4
A, B TE, ;= t1 x13, Hrf 11 = (Ce/Ce' xPr/
Pr')"?, 13 = (Tb/Th' x Dy/Dy')"?; Ce/Ce' = Ce,,/
(La?’xNd"?) ,Pr/Pr'=Pr_/(La!’xNd>?*) , Th/Th' =
Tb,,/ (Cd;’xHo,;>) ,Dy/Dy' =Dy, /( Dy, xHo.") ,cn
FORERRIBR A bRES, 24 TE, ;<1.0 B BRI R K
ARG LT RN S TE, , AT 1.0~1.1Z
[N, 2 PR A7 7 55 55 1 R 1 00 R 00 23 3000 5 177 24
TE, ;> 1. 1 B A A EA W i o0 3R 09 4 ZH A0
(Irber, 1999) ., HEHARFAAR TE, ; 4 1. 18~1.34,°F
¥11.25, KRF L1 FoR koA T R i Lo R
VU5 2HA5ONE , S5 H - A AE AR T3 VAR G . % L b
Kl AR HFEA 14, 7€ Zo/HE- TE, , Nb/Ta-TE, |
Y/Ho-TE, ; .La/Ta-TE, , & La/Nb-TE, ; KR Kl
(Bl 10a~10e) , i AE A ARG 20 TAU R 1L HERLTTFE
AR A X, TR (2021) AL R I
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L5 FTR TR A R AT BRI TR Y T H
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R A KA & o0 S B b i A/ 9 A Y 20 TiE R B
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Hand specimens of the tungsten, tin and rare element mineralized granite in Hailiute area
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