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The petrogenesis of granite and its significance on mineralization in
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Abstract: The Lanxiagou molybdenum deposit, situated in northern Hebei Province within the western Yan-Liao
Metallogenic Belt, primarily hosts molybdenite within granitic gneisses, with only sporadic mineralization in granitic
intrusions. The influence of magmatic activity on molybdenum mineralization remains a key research focus. Zircon
U-Pb dating reveals the granitic intrusion formed at 134.9+0. 94 Ma (Early Cretaceous), coeval with regional mag-
matic events. Geochemically, the Lanxiagou granite exhibits high Si0,(75. 41% ~76. 21%), alkalis (Na,0+K,0 =
8.04%~8.73%), and Al,0,(12.19% ~12. 64%) with low CaO (0.44% ~0. 85%), classifying as high-K calc-alkaline,

R EA: 2024-07-27; B HE: 2025-04-08; 4iE: FHEGHE

EEWR ; M8 KRR I (2023XAGG0068) 5 b4 Sey vk I & 5 5

EE®N . THA (2000- ), B3, DURR, WERFITA, WS HEE L, E-mail: ywl7633240691 @ 163. com; i i /FE & . K
(1962- ), #H, {lﬁ%, iz, J@jﬁ/}:ﬁiuﬂi, FHENFE A F L R, E-mail ; dongge@ cugh. edu. cn,



55 3 10 FERURAE ;. SEAE 22 WA S 6 5 o B PR R R 8 3 557

weakly peraluminous granite. It displays enrichment in LILEs (Rb, Th, U) and LREEs, depletion in HREEs and
HFSEs (Nb, P, Ti), and moderate Eu anomalies (6Eu=0.31~0.40). EPMA analyses indicate crust-derived fer-
romagnesian biotite (high Mg, Fe, K; low Ca, Na) and albite (high Al, Na; low K, Ca). Mineralogical and geo-
chemical signatures suggest a differentiated I-type granite with crystallization differentiation of biotite, plagioclase,
and apatite. Zircon ¢Hf(¢) values (—18.16 to —14.76) and #,,,(Hf) ages (2 570~2 117 Ma) indicate derivation
from Paleoproterozoic lower crustal melting. The biotite in the intrusion exhibits relatively high oxygen fugacity
(above the NNO buffer), with crystallization temperatures of 599 ~ 776° C, consolidation pressures of 164 ~
260 MPa, and emplacement depths of 6. 23~9.90 km, indicating formation under temperature and oxygen fugacity
conditions favorable for molybdenum mineralization and significant exploration potential.

Key words: northern Hebei; zircon U-Pb dating; whole-rock geochemistry; mineral composition characteristics;
Lanxiagou molybdenum deposit
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Fig. 1

Geotectonic location map (a, modified from Zhang et al. , 2023) and regional geological map (b, after Hebei Bureau of

Geology and Mineral Resources Exploration, 2022) of the Lanxiagou molybdenum deposit in Northern Hebei Province
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1—Quaternary ; 2—Neogene Shixia Formation; 3—Lower Jurassic Xiahuayuan Formation; 4—Paleoproterozoic Hongqiyingzi Group; 5—Late Jurassic

monzogranite ; 6—Mesoproterozoic metamorphic muscovite syenogranite ; 7—Paleoproterozoic metamorphic syenogranite ; 8—Paleoproterozoic metamor-

phic monzogranite ; 9—Paleoproterozoic metamorphic quartz monzogranite; 10—inferred fault
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Fig. 2 Geological map (a) and A—B cross-section map (h) of Lanxiagou mining area

K3 2By b a TARA (a) LI (b, ¢, d)
Fig. 3 Hand specimens (a) and micrographs (b, ¢, d) of Lanxiagou granite
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a—granite specimens and quartz veins; b—alteration of chlorite and sericite ( cross-polarized light) ; c—Dbiotite chlorite and iron staining ( plane-

polarized light) ; d—pyrite is symbiotic with magnetite (reflected light) ; Q—quartz; Pl—plagioclase; Kf—K-feldspar; Bi—biotite; Chl—chlorite;

Ser—sericite; Mag—magnetite; Py—pyrite; Ttn—titanite
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Fig. 4 CL images and concordia diagrams of zircon ages for the Lanxiagou granite



FERURAE ;. SEAE 22 WA S 6 5 o B PR R R 8 3

561
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Table 1 LA-ICP-MS zircon U-Pb isotopic data for the Lanxiagou granite
wy /107 IR0 % LA i/ Ma
PP Th/U

Pbh U Th 207 Ph/206Ph 1o 207 Pb/235 U 1o 206Pb/238 U 1o 207 Pb/235 U 1o ZOGPh/BBU 1o
01 55 1143 621 0.54 0.0483 0.0027 0.1404 0.0081 0.0210 0.0003 133 7 134 2
02 58 1094 595 0.54 0.0558 0.0070 0.1535 0.0189 0.0208 0.0009 145 16 133 6
03 80 2640 1136 0.43 0.0493 0.0020 0.1453 0.0060 0.0212 0.000 3 138 5 135 2
04 75 1817 1263 0.70 0.0518 0.0024 0.1492 0.0065 0.0209 0.000 3 141 6 133 2
05 27 549 357 0. 65 0.0507 0.0022 0.1476 0.0066 0.0210 0.000 3 140 6 134 2
06 12 230 187 0.81 0.0478 0.0027 0.1360 0.0070 0.0201 0.000 3 130 6 128 3
07 81 1737 1626 0.94 0.0483 0.0017 0.1413 0.0048 0.0212 0.0003 134 4 135 2
08 35 849 724 0.85 0.0486 0.0022 0.1428 0.0062 0.0213 0.0003 136 6 136 2
09 48 981 603 0.61 0.0478 0.0013 0.1405 0.0037 0.0213 0.000 2 134 3 136 1
10 51 1238 1028 0.83 0.0553 0.0030 0.1602 0.0084 0.0212 0.0003 151 7 135 2
11 34 699 410 0.59 0.0497 0.0061 0.1311 0.0124 0.0210 0.000 5 125 11 134 3
12 47 302 272 0.90 0.0521 0.0019 0.1489 0.0054 0.0207 0.000 3 141 5 132 2
13 61 666 549 0.82 0.0536 0.0038 0.1586 0.0088 0.0215 0.000 3 149 8 137 2
14 47 536 253 0.47 0.0490 0.0026 0.1449 0.0074 0.0215 0.000 3 137 7 137 2
15 79 602 577 0.96 0.0481 0.0029 0.1387 0.0101 0.0210 0.0005 132 9 134 3
16 63 1145 1448 1.26 0.0507 0.0053 0.1305 0.0080 0.0210 0.000 4 125 7 134 3
17 27 592 421 0.71 0.0511 0.0029 0.1464 0.0052 0.0213 0.0003 139 5 136 2
18 27 482 187 0.39 0.0519 0.0030 0.1512 0.0062 0.0212 0.0005 143 6 135 3

UL A IS A o A AT AR B8 T R 24
EE S HES XA (E 4a), CPbh/? U 4L N
128 ~ 137 Ma, MIALF- 24 #8134, 9 £ 0. 94 Ma
(E4b), 3 26 A8 2l X 3R T 46 14 A 1 45
(f=Ar) H s

4.2 HBERIVZ4FE

SIATAE AR (R 2)  HEM AR 0. 53% ~
0.94% V¥ 0. 78% , Ui WA FE g ik . Fir A RS A
Y Si0, &R N4 m (K,0+Na,0) & &, /3% N
75.41% ~76. 21% F 8. 04% ~ 8. 73% , ¥ = HY AL O,
K0 &, 2054 12, 19% ~ 12. 64% F1 4. 67% ~
5.18% , LU KA Y CaO F4E,0. 44% ~0. 85%, Ff
i K,0/Na,O0 {H°M 1. 26 ~1. 50, 7 (K,0+Na,0) -
Si0, Elfgrh, 5 R B & B M E £ ER AR A
PEAE T AR = X3P (& 5a) . H A/CNK il A/NK
B350 1.02~1.08 F1 1. 10~ 1. 15, R 55 20 48 BT 4k
<5 (E 5b)

R HE £ I0E S i (SREE) 25 95. 68x107°
~113.58x10°°( 3 2) , HiA + 0 R BRI A 45 #EAL
Bt 53 (P 6a) B H S 4H B 5685 0 A2l Eu
S (8Eu=0.31~0.40) , SERM o Em 5
B+ JC & (9 4R1E [ LREE/HREE {0 10. 54 ~
13. 14, (La/Yb) fHH 11.95~14.98 ], TEfRITE
J 46 AR v AL IR R0 T v (18 6b) |, R i R B e 4R

Rb.Th U % KEFEAITLE, T Nb P Ti F5
SROCER MRHAE, 1 5 BIfi# iR AL O, TiO, 2 P,O;
5 Si0, é\ﬁiﬁ*ﬁﬁéﬂég( Ja~Tc)

4.3 A Hf BRIEARK

i s HE [ R A e e S U-Ph l4FE
B oA X IRGE Y, 5 A 1Y HE R R ALK eHE(e) |
PR B AR AR Y 1, (HE) B By B ST XA % A 4
F2OPh/ 2P U AR TR (R 3) .

IS R (K 3), B4 Ay Lu/ T HE (5 A
0.000 50~0.001 74,¥)/NF 0. 002, BiBH4S £ TP AE7E
A E 1E, DR OHE T HE R LI A A
TRt B i HE [F) 7 4. BT A S AR R
B4R OHE THE K 0. 282 18~0.282 27, F-14 0. 282 23,
XY eHE(1) —18. 16~ —14. 76, -1 H1-16. 46, HL
BOBEICARIE ¢y, (HE) X B B U1 14, (HE) 43
B 1 514~1 366 Ma 12 570~2 117 Ma,

4.4 FHIRKSTIFE

WIS T R KW (R 4 3R 5) bk A
B B AR A4 rY A A Y B O B i
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Table 2  Results of major (w,/%) and trace (w,/107°)

element analysis for the Lanxiagou granite

FEEE 23DMI3 23DMI4 23DMI1S 23DM16 23DM17 23DMIS
$i0, 75.60  75.78  76.21 75.43 75.41 75.74
ALO,  12.64 12.46 1219 12.40 12.52  12.43
TiO, 0.21  0.22 0.20 0.22 0.23 0.2l
Fe,0;,  0.41 0.44 0.36  0.50 0.54  0.46
FeO 0.81 0.8 0.78 0.79 0.85 0.74
Ca0 0.55 0.45 0.84 0.80 0.44  0.85
MgO 0.28 0.30 0.28 0.32 0.3  0.26
K,0 5.00 506 4.72 4.67 518  4.94
Na, O 3.65 3.55  3.32  3.71 3.48  3.29
MnO  0.024 0.016 0.025 0.024 0.017 0.020
P,Os  0.049 0.052 0.046 0.052 0.054 0.049
LOI 0.53 0.68 0.8  0.94 0.77 0.86
Total ~ 99.84 99.85 99.86 99.86 99.83 99.85
A/CNK  1.02  1.04 1.02 1.04 1.07 1.08
A/NK .10 110 L.15 111  1.10  1.15
Mg" 43.66  46.94 43.76 43.37 44.30  45.23
K,0/Na,0 1.40 1.42 1.42 1.26 149  1.50
Na,0+K,0 8.73  8.61 8.04 837 867 823
La 22.00 26.50 23.50 24.00 23.00 23.60
Ce 42.60 50.80 45.20 45.20  44.80  46.40
Pr 471 5.55 490 4.97 495  4.86
Nd 16.10 18.30 16.20 16.60 16.50 15.70
Sm 2.80 3.24  2.80 2.87 3.06 2.63
Eu 0.34 031 0.27 0.30 0.31  0.28
Gd 2,32 2,73 2,42 2.55 2.68  2.37
Th 0.33 0.39 0.35 0.36 0.39 0.32
Dy 1.82 2,27  1.98  2.00 2.35 1.83
Ho 0.32 0.4l 0.35 0.36 0.42 0.34
Er 0.8 1.09 0.94 0.93 1.13 0.83
Tm 0.17 0.23 0.20 0.20 0.22  0.18
Yb .09 1.5s1  1.31 1.28 1.38 1.13
Lu 0.19 0.25 0.22 0.21 0.22 0.19
SREE  95.68 113.58 100.64 101.83 101.41 101.66
LREE/HREE 12.42 11.79 11.95 11.91 10.54 13.14
(La/Yb)y 14.48 12.59 12.87 13.45 11.95 14.98
SEu 0.40 0.31 0.31 0.33 0.32 0.34
Y 1.6 1530 13.00 13.40 14.30 12.40
Rb 287.00 240.00 246.00 233.00 228.00 241.00
Ba 175.00 179.00 149.00 149.00 147.00 146.00
Th 30.90 26.90 29.10 28.70 27.70 23.70
U 2,94  2.07 8.68 616 1.8  6.20
Nb 24.60 31.00 32.30 28.40 28.80 25.00
Ta 18.60 19.60 18.80 19.40 19.90  16.20
Sr 81.50 69.40 78.40 76.60 76.20 70.40
Zr 119.00 138.00 125.00 136.00 127.00 110.00
Hf 4.28 512 502 4.85 503 3.9
15,/ C 762 776 767 771 769 756

10. 13% , G RF I & Mg Fe K, I Ca Na FURFIE;
B AT ) Si0, 9 66. 08% ~ 68. 42%, AlLO, A
19.23%~20. 31%,Fe0" 4 0. 01% ~ 0. 28% , CaO H
0.07% ~2. 04% ,Na,0 4 10. 10% ~ 11. 41% ,K,0 K
0.06% ~0. 16% , SR LB =5 Al Na, fiX K, Ca [
FFIE

PL22 A4~ O BP0 SER S T S B
PHES RO A 250, Forh Fe™ FI Fe™ fH38 1 75 52
B T8O R AN, BB X, N 0.35~
0.47,MF # 0.35~0.47,Mg"} 0.38~0.51, fE2~
Mg® = (AIM +Fe™ +Ti*" ) = (Fe® +Mn®" ) 73 25 [ fift
(FE 8a) Hr e IVEAE T HR TSR 5 BE I,

AE 5 A TP ARHS A B AR A B R A (H
<Ab89, 12~ Abg 5 ), fiX An ( Ang 5 ~ Ang 94) i Or {H
(Or0.35”0r0,94) Eg*#‘;‘ﬁyﬁtﬁ;ﬁig%ETﬁEﬁ%@
fiferh (1l 8b) AN A X3,

5.1 BREHHK

AU FE R RE S S A0 U-Ph 52 4F I 5E H A6
EHCE S EE ARG Y 134, 9£0. 94 Ma, £ WiZ ALK
R A RIS S )

X3k AV 2 A AT AR A AR, gl 4
RINEA  RIB RSB 0 KB K A %
HAE RS, o FRBACE R AR IN K S
TERA N AL B, BT # RO AE Y 128.321.9 Ma,
MG HE KT 129. 8+2. 7 Ma( 3K ZR55, 2016) ; 4
A6 B TN A AR L AE S R 137, 0+2. 0 Ma ( B i R
502021) ; MH IR ATE KA & HE A EF
2550 130. 042, 0 Ma (R4S, 2021) 5 skRK O 4
5 A B ECA R A &S 41 U-Ph 4R 18 4301
135.0+2.0 Ma I 127. 8+3.9 Ma( 25264, 2012;
R, 2021) , 35 5 4% XA 5 5 (A7 i AH T, 0
WAL < 5 T2 L T o AR AR — R A K 3
FF

AL Pl AL g P B R B A ST )
FHOC AR, B AN RV 8 O R R BSR4
RS X B R TE T 130. 51,5 Ma~ 148. 5+
1.2 Ma ( Be M 545, 2007; 256126 % 2012; Wu
et al. , 2017; Zhou et al. , 2019; HIAKZE, 2021), 5
AR DX R Bl R — B, R L AR AR RS Bl
A FEIR A VR
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Fig. 6

Diagrams of chondrite-normalized REE patterns (a) and primitive-mantle-normalized multi-elements spidergrams (b)
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5.2 ERFEREEEA

WAL A B = Si0, (K, 0 T4
DL ARHY CaO \MgO \Ba #l Sr &8, 5 A BUAE K A4
L (Whalen et al. , 1987) , H# LAY Zr+Nb+Y+Ce 7
.10 000 Ga/Al il FeO'/MgO fH A [a] T #L B i A
R, I = o3 4K < A IARAE (Eby, 1992
King et al., 1997), H FHMALH P,0, & & Al

A/CNK fE, EMIAF T S #4E K % ( Chappell and
White, 1992) . ¥£f5h b PO, 5 Si0, & & 5 A 56
(K 7¢), H Th &5 Rb & &8 2 1EA ¢ & ( Chap-
pell, 1999) , 5 1 BIME X AR IE—3, B xBkRy MF
BT T IX 43 1 % (MF>0. 38) #1 S % ( MF<0. 38)
ERA (S, 2017) , 22WE A6 75 P R B MF
{ER 0. 35~0. 47, HA B & my A4k RE(0. 11 ~
0.22) F Mg*{H (0. 38 ~0. 51) , R H Jy 1 BI4E
HEY, BB SEE ALO,-MgO [#lf# (18 9a) Fl MgO
-FeO"-AL,0, (K 9b) ", KZHRE V% T 1 1L
HEEG R 7R DX, B P R TR T A Ll A
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Fig. 7 The Haker diagrams (a, b, ¢) and Dy-Er diagram (d) for the Lanxiagou granite
F3 ZWRGEREHEA Hf BAIERAR
Table 3 In situ zircon Hf isotope compositions for the Lanxiagou granite
R Ele/Ma oL/ TTHE 20 ToHL T HE 20 £Hf(0) £HI(1) I/ Ma tpwa/Ma
01 134 0. 000 58 0. 000 01 0.282 27 0. 000 03 -17.65 -14.76 1 366 2117
02 133 0. 000 76 0.000 01 0.282 22 0. 000 02 —-19. 66 -16. 82 1452 2 475
03 135 0. 000 50 0. 000 01 0.282 24 0. 000 03 -18.78 -15.86 1 407 2413
04 133 0.001 31 0.000 01 0.282 23 0. 000 02 -19.24 —-16. 44 1 456 2 443
05 134 0.001 16 0. 000 01 0.282 24 0. 000 02 -18.92 -16.09 1438 2 421
06 128 0.000 55 0.000 01 0.282 20 0. 000 02 -20.30 -17.54 1468 2 525
07 135 0.001 19 0. 000 05 0.282 23 0. 000 03 -19.27 -16.42 1453 2 445
08 136 0. 000 92 0.000 01 0.282 22 0. 000 03 -19.70 -16. 80 1459 2 475
09 136 0.001 23 0. 000 03 0.282 24 0. 000 03 -18.96 -16.09 1442 2422
10 135 0.001 29 0. 000 01 0.282 20 0. 000 03 -20.30 -17.46 1497 2 516
11 134 0. 000 69 0. 000 02 0.282 25 0. 000 03 -18. 64 -15.76 1409 2 404
12 132 0.001 00 0. 000 03 0.282 26 0. 000 03 —-18.28 —-15.48 1 406 2 379
13 137 0.001 74 0. 000 03 0.282 20 0. 000 02 -20.26 -17.42 1514 2 509
14 137 0.000 91 0. 000 04 0.282 18 0. 000 03 -21.08 -18.16 1513 2 570
15 134 0.000 52 0. 000 03 0.282 21 0. 000 03 -19.91 -17.02 1452 2493
16 134 0.001 01 0. 000 04 0.282 20 0. 000 06 -20.26 -17.42 1 485 2 515
17 136 0.001 17 0. 000 03 0.282 27 0. 000 03 -17.72 -14.84 1390 2 336
18 135 0.001 38 0. 000 03 0.282 26 0. 000 04 -18.11 -15.27 1413 2 363
BlME AR 0O R e R X, i — 2D SRR TEW W T |, 2R AT R A FEH S
I RIAE B A (kIR S, 2019), 7E(K,0+Na,0)/Ca0-  RFAFHLA S BIAE 54 2 (KRBT W), & B B4
(Zr+Nb+Ce+Y) T (1 9¢) , FEMBTETESS AL BEOD Y5 256 H R 2 RAAE R4 55 1 55 10 A0 R

K X 7E Ce=Si0, fE A2 RIAN K i (18] 9d)

T RRRRIEAE T T

BIAE e DX

BE(756~T776°C ) , 2EF Ny 22l ik oy 7355 1 R4

SE
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=4 ZEHEREEZTBHFIRITEE wy/ %
Table 4 Representative electron-microprobe analyses of biotites from the Lanxiagou granite

s 16-2 16-3 16-4 18-1 18-2-1 18-2-2 18-3-1 18-3-2 18-4 18-5
Si0, 37.52 37.61 37.68 35.67 35. 85 37.15 37.76 35. 81 36. 50 37.54
TiO, 1.91 2.37 2.43 2.66 2.29 2.59 2.78 2.35 2.76 2.95
AL O, 16.03 15.49 14.94 16.13 16. 10 15.67 16.43 16. 36 15.86 15.92
FeO" 19.75 20.16 19. 96 23.30 23.12 21.45 20.02 22.98 22.96 20.76
MnO 0.24 0.21 0.26 0.34 0.42 0.33 0.31 0.37 0.29 0.32
MgO 9.70 9.65 9.97 7.19 7.64 8.13 8.09 7.11 7.61 8.13
Ca0 0.02 0.10 0.00 0.65 0. 00 0.00 0. 00 0.01 0.00 0. 00
Na, 0 0.08 0. 09 0. 09 0.07 0.10 0.09 0.10 0. 09 0.05 0.09
K,0 10.13 10. 11 10. 05 10. 01 10. 03 9.88 10. 05 10. 05 9.97 10. 05
Total 95.38 95.85 95. 40 96.01 95.58 95.32 95.53 95.13 96. 00 95.75

PL22 A 0 ¥ R EMER 3 T4
Si 5.73 5.74 5.77 5.55 5.59 5.73 5.76 5. 60 5.64 5.74
TAl 2.89 2.78 2.69 2.95 2.95 2.85 2.95 3.01 2.89 2.87
Ti 0.22 0.27 0.28 0.31 0.27 0.30 0.32 0.28 0.32 0.34
Fe®* 0. 40 0.40 0.40 0.33 0.32 0.47 0.56 0.37 0.41 0.52
Fe?t 2.13 2.17 2.15 2.70 2.69 2.30 1.99 2.64 2.55 2.13
Mg 2.21 2.20 2.28 1.67 1.77 1.87 1. 84 1.66 1.75 1.85
Ca 0. 00 0.02 0.00 0.11 0. 00 0. 00 0.00 0. 00 0.00 0. 00
Na 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.01 0.03
K 1.97 1.97 1.96 1.99 1.99 1.94 1.95 2.00 1.96 1.96
Xyg 0.47 0.46 0.47 0.35 0.37 0. 40 0.42 0.36 0.37 0.41
MF 0.46 0.46 0.47 0.35 0.37 0.40 0.41 0.35 0.37 0.41
Mg* 0.51 0.50 0.51 0.38 0.39 0.44 0.47 0.38 0.40 0.46

Fé};{gf?3++ 0.16 0.16 0.16 0.11 0.11 0.17 0.22 0.12 0.14 0.20
e

p/MPa 222 190 164 243 243 210 241 260 222 216
1/ C 599 637 644 644 621 645 657 624 652 666

He: AL A B AL T I0EF FeO" L FARENINK FeO BRI FIFRE=Fe’"/(Fe' +Fe™ ) ; Xy, =Mg/ (Fe* +Mg™ ) ; Cr,0,
KSHEFHTE,

x5 ZEHERAERKARFRIEIE w,/ %
Table 5 Representative electron-microprobe analyses of plagioclase from the Lanxiagou granite
MY 16-1 16-2 16-3 16-4 18-4 18-5 18-2
Si0, 66. 81 67.85 66. 67 66. 08 67.04 66.73 68.42
Tio, 0. 00 0.00 0. 00 0. 00 0.00 0.01 0.00
Al O, 20. 61 19.59 20. 44 20. 60 20. 55 20.29 19.23
Cr, 04 0.02 0.00 0.02 0. 00 0.00 0.00 0.00
FeO" 0.16 0.02 0.01 0.01 0.04 0.13 0.28
MnO 0.00 0.01 0.00 0.01 0.02 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 2.04 0.84 1.54 1.98 1.90 1.64 0.07
Na, O 10. 10 10.76 10. 58 10. 31 10. 25 10. 38 11.41
K,0 0.16 0.10 0.06 0. 10 0.07 0.11 0.08
Total 99.90 99.21 99.33 99.09 99. 89 99.31 99. 49
P18 A~ O Js T HCh R

An 9.94 4.11 7.42 9.52 9.26 7.97 0.32
Ab 89.12 95.30 92.23 89.92 90.31 91.42 99.20
Or 0.94 0.59 0.35 0.56 0.42 0.61 0.48

T FeO" gL TIREHIR FeO B/ HL,



566 = 7/ N S 95 44 4%
a
el 2 1
20
/ru;—u / f—;;a-u;—rcr\ el 1 \ kAT
Al pe 4% 80 47 Felt+Mn®" ,-'\b 20 40 60 80 Or
& 8 22Uk s B fE Mg — (AL +Fe™ +Ti* ) — (Fe® +Mn*) 2025 &I (a, Y Foster, 1960) M4 41 An—Ab-Or

G2 FEf# (b, Y& Deer et al. , 1992)
Fig. 8 Mg” —(AIM+Fe* +Ti" ) =(Fe* +Mn>") classification diagram (a, after Foster, 1960) of biotite and An—Ab—Or

classification diagram of plagioclase (b, after Deer et al. , 1992) from the Lanxiagou granite

LR R

A

““-.4/

I adt Lyl B 2

201
S SR R
<5 = &

\

MgO

el
PEBLE ¥ R
(BRI

IRl Ee

W &
(B NABIERMSED

LR R
(EHSTIE S

5 ) . 1
0 5 10 15 20 AT AlLO
W(MgOY% FeO 205
E 3 . Y
1000F~¢ 30017y S
250} + b AR
= X WIS
2 A X WY KRR B
g 1{]0? x%ﬁ g ) 200 " |
Q X *x 5 150} 4
< s + g 7 76 X x X
& o POl gﬁ]}* e .5 ot o R
o F ks X R X
= L X
= : '[ X
E OGT 440 Ftl. S. M-TAE Y 11 s0r X st
1 N R T sl A (1] ! L I | 1 1 !
10 100 1000 10000 63 65 67 69 71 73 35 77 19

w{Zr+Nb+Ce+Y )10

K 9

w(Si0)/%

22 A R A B B AL O,-MgO [t (a, 3§ Abdel-Rahman, 1994) MgO-FeO'-Al,0, Ff# (b, #& Abdel-Rahman,

1994) , £ A I (K,0+Na,0)/CaO—( Zr+Nb+Ce+Y) K (¢, $i Whalen et al. , 1987) } Ce-SiO, Elfi# (d, ¥ Collins

et al. , 1982)

Fig. 9 Diagrams of Al,0,—~MgO (a, after Abdel-Rahman, 1994) , MgO-FeO"-Al,0,(b, after Abdel-Rahman, 1994) of biotite;
diagrams of (K,0+Na,0)/Ca0O—(Zr+Nb+Ce+Y) (c, after Whalen et al. , 1987) and Ce-Si0,(d, after Collins et al. , 1982)

of the Lanxiagou granite



553 1

FERURAE ;. SEAE 22 WA S 6 5 o B PR R R 8 3 567

B AR HE 5 B 0 BT R Y 45 b o S B
BN, W Th/U {E &K ( Claiborne et al. , 2010) , %
VA A8 1<) B A R AR HE 5 5 Th/U (B2
b, HES A1) eHE() (828R RIS A AR 2 SR &
IR AR L B P 54, U LY BT B ) S
KRG, WA 32 BNR YA (Kemp et al. , 2007
Yang et al. , 2015) , Kk, B 7 h Si0, 5 E &
TR T R Z AN AR A 4T DL B 3R 10 45 i o0 5+

2EUEVAAE I A F I 5 R O R AT
FITT 00 AR BL ) b R AL 24 SRR AE (] 72 7h) , B
37781 Eu,Ba Nb Sr P I Ti 70E& , i H AL A2
AIRBZE DT T AR AL A, (ROR ) T A A R 1
Ta B 58, WAL 5 & % Ta, H Ta & 5
Ta/Nb {H 2 IEAHKC R, UL L7 T = B0 4 B
i, FEAL Dy 5 Er BE S REEMELR
(B 7d) Ui B A7 76 £ DN RN 2R = B 0 4 52 45
( Drummond et al. , 1996) ., #KA1EN Ba A1 Eu B9
FEBARH Y (Rudnick and Gao, 2003) , H4h & 4
S 23 Ba M Eu LR R ALO, 5 Si0, &
M AR DC O RPN R RHS A 45 o 5 0 2
B M5REY Bu 5755 5 R UR X AT REA7 7E R AR A
R, SREZHCEEE S0 Y, BT S
SRRSO T R 1 o0 %, Ti0, 5 Si0, &1y Ml
KXZR(E 7h) ,Nb I Ti 55 9A 58 Ti M
WY (R | & 20 4 FAR A ) 19 4r 54 % (Wu
et al. , 2003), P W7 5% LI P,0s 5 Si0, &
A R R REZR T T B Ik A1 A 45 i o0 5+
EH (Bl 7e) .

5.3 BEREX

XFAE < B A B R B F 9 R B, AT ek R T
T 17 ) 0T SR A e ) T A A L TR A SR Y
IS VL R 5e i 3 IR A (Skjerlie and Dana, 1996
Altherr and Siebel, 2002) .

=WV A6 K B B Y Si0, (K, 0 Fl AL O,
S R CaO MO [ TiO, & F Mg, A & & 46
BRI EMKEFRALER, 7 HER L ITEAM
150 8 T R 1 b ER AL 2 RRAE 5 5 ) TS 430
TE LAY AE b 5 7 3% A 8L ( Barbarin, 1999) , [&] i Af
AR Sr Al Ba 8 d 4 3 R Bl b 52 T M, RN RE 4 R
HARPEF 57 ( Rudnick and Fountain, 1995) ,

A eHE (o) {8 3% B A8 10w B 3/, ok
-14.76~-18. 16 (i T E S 7 A B Mg [ eHf (1)

=-9.0] 5 ETFHF [ eHf (1)=-35] Z[a], i I H:
TR 3 o — T A B A B B A Y eHE (1)
8, H S~ A AR HE FAL R By B AR I
tow(HE) (2 570~2 117 Ma) ,3X 5 oo {04 wehir
T X M 5SS AR S AR ) A R AT DU AR Y
JF AW (Wan et al. , 2013) . 1E eHI(¢) —¢ FfiE T
(B 10a) , BrARESIVEALE T oo ACH e 1Y [R)47
R AL T L8 A b B o A X ( Yang et al.
2006) , M8 25 Chen 25 (2009 ) #& i Y 25 3 b 0 38 1L
WANKHKX, AP EENRA S AR
(Bl 8a) , 2 B HOR R F 7 Hboe (I 0 32 %%, 1987)
AL AE BB 2 B FeO'/ (FeO" +MgO ) —~MgO [&l fif
(&l 10b) By AEFEIRIX

AR RN, AR ER AL 2= SRR 0] DL B
WX W) 53 B 22 57 ( Sylvester, 1998) A SCHE i
Rb/Ba 1 Rh/Sr {H 438 1. 34 ~ 1. 65 1 2. 99 ~
3.52, %4 T Rl Bh - TR A KBk (T 10c ) 5 TTTE
B 5 3 5 X ) R4 53 19 CaO/Na, 0—-A1,0,/Ti0, ¥
(B 10d) Hr W E T TR BTE R Xk, DLk
FRIER B 220 A6 s R I T e AR e = 2
A T S R A A R A B S i i R ) o
B
5.4 FHARTHEX

Mo JGE A K il Hi 5 H i) =F B 225 v Tt 1 b
W45 oy S R P R 4 (Mustard et al.
2006) . AL S R BT R 0T AR B A P R AR
P R R ARG R Ty FAR A R R A T (I
45 2019)

ASCRE S S A IR B ACIRZS, ATV T A A
Wy a R . H T8 A 3 (Watson and Harrison,
1983) . t=12 900/[2.95+2.85(Na*+K*+2 Ca®" )/
(AI**xSi*) +In (496 000/Zr, ) 1-273. 15, Hd Zr_
ISR Ze Frak  TEEAT AR R A 2 AR N
756~776°C (£ 2),

Henry %5 (2005) #21H TAE M LA K R P A
B T MR RS 3. ¢={[In(Ti)+2.359 4+1. 728 3
(Xy,) 174,648 210717 | X, =Mg/(Mg+Fe),
FIA Henry 55 (2005) $2 H A TR L5 WoR 5 9K
TR N 599~666°C (£ 4)

RS R R SRR R A A i TR
JEG, nTRE S B b B A s RIT A X, Wi,
ZAL R A5 iR B R 599 ~776C.

EABTERY, B X, (555K R
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%iﬂ%é%ﬁﬁf%w%%%@?%ﬁﬁﬁ
R B IEAH e (Uchida et al. , 2007) , B =
4 E 13t p(kbar)=3.03x"A —6.53(£0.33), ﬂ
PSR A T e . Hodr ) TAL &L 22 4~ 0
R R AR R R B R AR A, P A
=L WRIE A6 B IO 45 i s 1R 164 ~ 260 MPa, X 1 Y
1RAIREEHN 6.23~9.90 km,

FTLUE Y, 22 00 A8 5 2 2 b oe & 4 AR i
W8 Ao ia s, LR R 5 o O A R
T RUHT A I AR AR R R R, R R A
A B T

6 5t

(1) #5470 U-Ph A 45 5 32 01 22 e 3l 4L 5 2 1)
{RAIAERSH 134, 9+0. 94 Ma, 5 IX I8 R HUAES 500 1%
IR —2, N R A RS S

(2) AR AP S R E R 51, 550 BR 5 T RUAE B
R UE T A T M oE R AR A T S
YRR, AT Bk Ko B KA A B
mfEH

(3) BB KF BB, R & Mg Fe,
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