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

[Objective] As the world's scarce strategic mineral resource, high—purity quartz is the key basic material of strategic emerging
industries. Spruce—Pine granitic pegmatite was used as raw material by the United States to produce high—end quartz sand products,
which were better than the quality of 4N8, and almost monopolized the international market. The discovery of 4N class high—purity
pegmatite—quartz deposits in Eastern Qinling provides a rare opportunity to study the formation mechanism of high purity quartz,
realize prospecting breakthrough and establish metallogenic model. [Methods] Based on the field investigation of the newly
discovered high—purity pegmatite-quartz deposits in the Eastern Qinling Mountains, the geochemistry, zircon U—Pb isotope
chronology and Hf isotope of pegmatite deposits in Spruce—Pine high—purity quartz deposits in the United States were compared.
[Results] The Eastern Qinling 10 high purity quartz deposit was formed in the Early Devonian with a zircon U-Pb age of (406.8+
0.8) Ma, which is earlier than that of high purity quartz granite—pegmatite in Spruce—Pine. The formation temperature of pegmatite
from high purity quartz deposit in Eastern Qinling and Spruce—Pine is about 600°C. Pegmatite from the high purity quartz deposit in
the Eastern Qinling has similar geochemical characteristics to pegmatite from the high purity quartz deposit in Spruce—Pine, showing
features of I-type granite and high differentiation evolution. The materials in the source area come from both lower crust and mantle.
It is not enough to completely invert the characteristics of the source area and the diagenesis and mineralization process by compared
the spatial relationship with formation age and petrogeochemical characteristics. Whether the pegmatite of high purity quartz deposits
and Huichizi granite pluton in the Eastern Qinling have the homologous evolution still needs further study. [Conclusions] Compared
with the granite type, magmatic characteristics and formation temperature of the high—purity quartz deposits (points) in the Eastern
Qinling and Spruce—Pine are similar, which provides a theoretical basis for further revealing the geological background of

high—purity quartz mineralization and achieving breakthroughs in high—purity quartz ore deposits prospecting.

Key words: geochemistry; zircon U-Pb; Hf isotopes; high—purity quartz; pegmatite; mineral exploration engineering; Eastern
Qinling

Highlights: Based on newly discovered high—purity pegmatite—quartz deposits in the Eastern Qinling, the comparative study of
chronology and geochemistry with the high purity quartz ore deposit in Spruce—Pine is carried out. Whereas it is very difficult to
remove isomorphous impurities in the quartz purification process, this study is greatly helpful to enrich the metallogenic theory of
the pegmatite—type high—purity quartz, and has important theoretical and practical significance.
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Fig.3 Petrographic characteristics of No.10 and No.5 high—purity pegmatite—quartz deposits in the
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a—Macroscopic characteristics of No.10 granite pegmatite dike; b-Lithofacies characteristics of No.10 granite pegmatite hand specimen;
c—Microscopic characteristics of No.10 biotite granite pegmatite dike; d-Macroscopic characteristics of No.5 parent granite pegmatite hand specimen;
e—Lithofacies characteristics of No.5 mica granite pegmatite hand specimen; f—Microscopic characteristics of No.5 granite pegmatite dike;
g-Macroscopical characteristics of Spruce—Pine granite—pegmatite dike; h—Lithofacies characteristics of Spruce—Pine granite—pegmatite hand
specimens; i-Microscopical characteristics of Spruce—Pine granite—pegmatite; Qz—Quartz; Ab—Albite; Kfs—K—feldspar; Bt-biotite; Mus—Muscovite
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Table 1 Major (%) and trace (10°°) element analyzed result of No.10 and No.5 pegmatite dikes in the
Eastern Qinling and Spruce—Pine pegmatites

FEf S LDO05-T1 LDO05-T2 LDO05-T3 LD10-T1 LD10-T2 LD10-T3 20SP01 SPO1* SP02*
Sio, 78.13 78.89 76.56 79.37 76.18 77.55 74.39 74.50 77.60
TiO, 0.03 0.02 0.03 0.08 0.03 0.04 0.02 0.02 0.02
ALO;, 12.74 12.22 13.70 11.30 13.08 12.24 1431 15.60 12.95
Fe,0, 0.25 0.14 0.31 0.41 0.02 0.05 1.28 0.27 0.15
FeO 0.11 0.07 0.14 0.18 0.01 0.04 0.10 0.10 0.19
MnO 0.03 0.02 0.04 0.01 0.00 0.00 0.10 0.02 0.02
MgO 0.09 0.05 0.08 0.11 0.02 0.05 1.28 0.21 0.19
Ca0 0.49 0.48 0.64 0.39 0.36 0.30 5.53 1.54 1.15
Na,0 2.87 3.64 3.91 1.85 1.91 1.58 1.79 6.62 476
K,O 421 4.07 3.97 6.24 8.11 7.99 0.01 1.29 2.49
P,0, 0.11 0.14 0.14 0.04 0.04 0.04 0.78 0.06 0.05
M 99.05 99.74 99.52 99.98 99.77 99.88 99.58 100.23 99.57

o 1.4 1.7 1.8 1.8 3.0 2.7 0.1 2.0 1.5

DI 96.0 97.9 96.5 97.8 99.2 99.1 89.5 98.1 98.5
1,/C 609 601 648 611 611 554 796 657 526
K,0+Na,0 7.08 7.71 7.88 8.09 10.02 9.57 1.80 7.91 7.25

A/CNK 1.25 1.08 1.15 1.08 1.04 1.04 1.10 1.03 1.03

A/NK 137 1.18 1.28 1.15 1.10 1.09 4.84 1.27 1.23
AR 2.53 3.69 3.40 1.93 1.79 1.67 1.44 7.79 5.16

FeO"/MgO 3.88 4.06 5.45 5.20 1.45 1.72 1.07 1.71 1.69
Mg 59.81 55.36 49.81 52.19 7127 7127 95.83 78.92 64.06
Rb 255 223 223 270 213 279 32 26.3 60.7
Ba 4.54 485 8.01 403 370 355 320 181 981
Th 0.67 0.17 1.00 8.93 34.5 1.79 12.4 1.58 0.92

U 15.2 7.16 227 7.38 11.8 3.36 8.83 1.25 1.48
Nb 437 3.67 6.87 2.88 5.79 2.84 16.7 3.75 2.86
Ta 0.95 0.87 1.69 1.08 2.09 1.01 1.32 0.28 0.31

Sr 9.22 6.99 10.7 62.6 60.3 59.3 144 219 313

Zr 10.6 9.20 19.5 10.8 10.9 533 181 30.0 3.10
Hf 0.57 0.49 1.04 0.46 0.49 0.25 17.0 1.17 0.20

Y 1.40 0.66 3.00 1.16 3.59 1.84 35.1 5.68 2.80

La 0.89 0.23 1.27 0.91 3.41 0.47 5.54 3.00 1.66
Ce 1.92 0.67 3.14 2.17 6.97 1.34 15.8 6.00 5.77

Pr 0.19 0.05 0.31 0.19 0.76 0.06 1.85 0.68 0.33
Nd 0.58 0.15 0.99 0.69 2.85 0.21 9.00 2.83 1.29
Sm 0.18 0.06 0.36 0.19 0.71 0.07 5.77 0.93 0.43
Eu 0.03 0.01 0.03 0.09 0.26 0.07 0.39 0.42 0.47
Gd 0.16 0.07 0.36 0.17 0.62 0.13 8.20 1.26 0.55
Tb 0.04 0.02 0.09 0.03 0.11 0.03 1.53 0.22 0.09
Dy 0.25 0.11 0.55 0.17 0.59 0.23 7.47 1.25 0.55
Ho 0.04 0.02 0.09 0.03 0.11 0.05 0.94 0.19 0.09
Er 0.13 0.05 0.26 0.10 0.32 0.17 1.78 0.48 0.22
Tm 0.03 0.01 0.05 0.02 0.05 0.03 0.21 0.06 0.03
Yb 0.22 0.08 0.39 0.11 0.31 0.19 1.08 0.33 0.15
Lu 0.03 0.01 0.06 0.02 0.04 0.03 0.13 0.05 0.02
YREE 4.68 1.55 7.96 4.88 17.1 3.07 59.7 17.7 11.6
YLREE/YHREE 423 3.17 3.29 6.65 6.96 2.61 1.80 3.61 5.85
(La/Yb)y 2.78 1.88 2.20 5.67 737 1.69 3.46 6.13 7.46
(La/Sm)y 3.14 222 221 3.01 3.03 427 0.60 2.03 243
5Eu 0.47 0.56 0.28 1.55 1.16 2.11 0.18 1.19 2.95
5Ce 1.08 1.44 1.17 1.20 1.00 1.64 1.18 0.97 1.77

VE: *EER E5KAE, 2010; FeO'=FeO+0.8998xFe,0,; 4 5#4K%(DI) = Qz+ Or + Ab+ Ne + Le + Kp; B8 F(AR)=[ALO,+Ca0+(Na,0+K,0))/
[ALO,+Ca0—(Na,0+K,0)], %4Si0,>50, K,0/Na,0 KT 1ifi/MF2.50F, Na,0+K,0=2Na,0; H4F2 5 %(0) = (Na,0+K,0)%/(Si0,~43); Mg’ =
100xMg* /(Mg*+"Fe*)»
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AT A FRZRIS R T A B S Sl A 2 HIBRAL % | 4547 U—Pb S HATR L RS X85 4l A1 38480 Jr 1) (3 49

78.13%) . & K,0(3.97%~4.21%) . & Na,0(2.87%~
3.91%)AHFIE; 10 SHRfRA TR Si0, Fih 76.18%~
79.37%,Na,0 Fih 1.58%~1.91%,K,0 %A 6.24%~
1.91%, TiO, & & A 0.03%~0.08%; Spruce—Pine
Bifia Si0, A (74.39%~77.60%), Na,O &+
0 B AR AL 3K (1.79%~6.62% ) , K,0O 5 175 [l 28 1k
WK (0.01%~2.49%) . 5 51 10 S RIARFIAH P
MG & BRHIE, A MRE BB SRS, &
o XFARZEUE 5 45 10 S i A KA Spruce—Pine
fidlia . POt 1E 5 A R T TAS Bl . A/JCNK-
A/NK Al SiO,—K,0 K N H /R 2480k
i fE TAS B % A AL A X (F] 4a) ; T A A
A A/CNK BRI T 1, B AR BRI (5] 4b);
T E i< AR e IR S B R AE, 5 AR A A ik
TR R BRI X 35, 10 546 b ik 40
= ARTEE W iR, Spruce—Pine i i A 2 P A 3T
LR RYN—E5 A R IVE (E] 4¢) o
52 WEMHBLITE

KEW S5 105 & ai G 9 s w6 5w Al
Spruce—Pine = 2 A1 9B KA i A REE i 8 A A
K (1.55%107°~59.69x10°°), 7EH £ 70 K Bobr B A b
HEALHE 7 B R B A (AL (18] 5a), 2N T22

o AR AR T 5 AR, RFEWE
555,10 S aliA %y S A Y LREE/Y HREE {H
M 2.61~6.96, Spruce—Pine # 4l A1 T WK A i
YLREE/YHREE {H & 1.80~5.85. 5 5/ 4li 1 54"
SR A 0Eu(0.28~0.56), S HLE 5 1AL 10 5/
AT S e 0Bu(1.16~2.11), S5 B8 = 4
Spruce—Pine 15 4li 1 JL 5 PR fh A 0Eu(0.18~2.95),
BRREA IE S8 SO U5 R, AR  ERCR; K
PRI T B IR R R R
R 5510 S Eaia Iy S A fl Spruce—
Pine = 404 38 R i A (La/Yb), HUAEHET, Y
H 1.69~7.46, BEM L FES R REIE 5510
SR A R S A A (La/Sm), HU{E 2.21~4.27,
WRTF 1, WEER, B 5318 K; Spruce—Pine
Al BE R AR A (La/Sm)y HE1E 0.60~2.43; JK
WA A (La/Sm), FiH 3.97~8.11, M E M, B
RN

P B 0 2 R A M A v Ak ik 1 1] v (] Sb),
R 5510 5 @i 950 S A A M Spruce—
Pine = 2l S0 RIS St 16 5 5 1A o A Y
I —E B AP, 5 B 5 375 ot 2 HFSEs(4
Ta. Nb. Ti), BEEREFEATGER LILEs(Rb, K. Th).

—
[\

(Na:0+K20)/%
Ne)

(c)

6
3 - ,
- R RLIER el
0 40 L 0k N ) . : . N
30 0.5 1.5 45 50 e - - - .
A/CNK Si02/%

® SRS AT HLDOS

No.5 pegmatites (LD05) in high-purity quartz deposits
O 105 ALK KR ALDIO

No.10 pegmatites (LD10) in high-purity quartz deposits

A Spruce-Pine i 441 9L AT A 20SP

The pegmatites (20SP) in Spruce-Pine high-purity quartz deposits
A Spruce-Pine 4l A1 36 A i SP

The pegmatites (SP) in Spruce-Pine high-purity quartz deposits

XTI TFAE R A

The Huichizi granites

Kl 4 K05 55 10 S5 E KA Spruce—Pine ffidla . Kt TER A 1A TAS &l (a, JEEHE Middlemost, 1994) |
A/CNK-A/NK [Ef# (b, JEEE P& Maniar and Piccoli, 1989) 5 Si0,—K,0 Elf# (c, K ElHE Peccerillo and Taylor, 1976)
Rt 1 5 5 BB HE XN, 20145 Spruce—Pine #57-BdiiH 5K HE, 2010)
TAG— &) IR AE b4 5 3¢5 CAG— R Il I AE b4 o 285 CCG— K [ili lf 438 4E 14 5 285 POG—J i LI £ 14 4 285 RRG— 5 2445 A R i AE K 45 255
CEUG—5 KIfi& R 6 T AL R 285 OP— I RHC B R 426
Fig.4 TAS diagram (a, after Middlemost, 1994), A/CNK—A/NK diagram (b, after Maniar and Piccoli, 1989) and SiO,—K,O diagram
(c, after Peccerillo and Taylor, 1976) of No.5 and No.10 pegmatite dikes in the Eastern Qinling, Spruce—Pine pegmatites and the

Huichizi granites (the Huichizi granite data from Liu Bingxiang, 2014; some Spruce—Pine data from Zhang Ye, 2010)

TAG-Island arc granites; CAG—Continental arc granites; CCG—Continental collision granites; POG—Post-orogenic granites; RRG—Granites associated

with rift valley; CEUG—Granites associated with continental uplift; OP—Oceanic plagiogranites
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5.3 $5A U-Pb Fikkf0 Hf RIfrx

R 10 5 =4l en s A s e A B S
RZ, TEARFEA AT, & P2 I, Rk A%
4 100~200 pm, 48K Z2 508 A1 N BB & B 45 LR
(F 6), ULEHE A B T A3 AE A . I 100 Z i,
A R PRk H P S R A T I Y 20 A T
FE, 20 A 1 AR B A LRI, A SR LA 2 A
K 6. ATLLE H, 13 A R0 A 2R A5 1 4 I A
XA B 2°Ph/ARU 2 AR R LA 405.0~
408.6 Ma, 3452 °Pb/> U AT ¥4 (B A (406.8+
0.8)Ma, P, KZEW 10 5 & ai A3 S A

10000} (a)
1000 £
L‘g 100
i‘z
% 10}
of
3 1t
0.1
0.01

LaCe PrNd SmEuGdTbDyHo ErTmYbLu Y

B B AF 4 4 (406.8+£0.8) Ma, TE AL T B AL40,
Mo TARZEWE 5 T sl S S A A (420.242.2)
Ma(Zhang et al., 2021), B T 51t 578 5 & ((421+
27)Ma( E %45, 2009) | (462.8~454.9) Ma (Xl N+,
2014) ) FEE it AL B 5 14 ((487.3+9.6) Ma( XI| N #,
2014) . (473+4)Ma(Qin et al., 2014) ) FFE AT AL

REW 105 mai A5y SHmasan
Hf Al & &,(0)=3.5~5.6, V{8 4.8(F 3) ., Ioh,
RS 10 s oA e m s Al HJE R = AR K
AEIE T\=795~897 Ma, Il 414 HE [Flfi R
AR T, =720~1480 Ma(Qin et al., 2014) .

i
4

/LA b

St K RbBaThTaNbCe P Zr HfSm Ti Y Yb

Pl 5 ZRZEIEA i E . Spruce—Pine i fi i FITI ML 4E i< A VR BROBLS A FRAEALHR H TR Ar 18] (a) Kfstidt U R JFR bR Ak
kR (b) (BRokr B bR UEIL (B 3E Anders Al Grevesse, 1989; JR IR HIIZFRMEIL(EHE Sun AT McDonough, 1989; JKHLF4£ 4 A 4L
PEHEXINAE, 2014; Spruce—Pine F4 B ETRIE, 2010)

Fig.5 The chondrite-normalized REE patterns (a) and the primitive mantle—normalized trace elements spider diagrams (b) of the
pegmatites in Eastern Qinling, Spruce—Pine pegmatites and the Huichizi granites (chondrite normalization values after Anders and
Grevesse, 1989, primitive mantle normalization values after Sun and McDonough, 1989; The Huichizi granite data from Liu Bingxiang,
2014; Some Spruce—Pine data from Zhang Ye, 2010)

0.068 415
a1t
0.066 |
2 407
i
3
0.064 403}
(407.2+1.5)Ma (406.8+0.8)Ma
MSWD=0.9,1=13 3991 MSWD=0.9, n=13
0.062 . . . s ' s
0.475 0.485 0.495 0.505
207Pb/235U

Kl 6 ZRZEIE 10 5 2l 3o s it Er i A1 U—Pb SRR E AR K I8 RO g
Fig.6 Concordia diagram of zircon U—Pb ages and CL images of the pegmatite of No.10 high—purity pegmatite—quartz deposits in
the Eastern Qinling
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2 FHEWK 10 SHAREY RERE LA-ICP-MS $574 U-Th-Pb ik &#E
Table 2 LA-ICP-MS zircon U-Th—Pb isotopic data of the pegmatite of No.10 high—purity
pegmatite—quartz deposits in the Eastern Qinling

—1 /. = IEA
im” ‘I_‘!_:T‘ % Th/l 076 U/l 076 Th/U 207 206 207 IEJ,{;J};% H:,TE 206 238 207 206 ?Zéofm‘ﬂ;'fz/Ma 206 238
Pb/Pb 1o Pb/~U 1o Pb/~U 1o Pb/"Pb 1o Pb/"U 1o "*Pb/™"U 1o
1 170.7 6168.0 0.03  0.0547 0.0010 0.4897 0.0042 0.0654 0.0015 397.0 43.0 4046 2.8 4084 2.8
2 176.5 6030.0 0.03 0.0555 0.0011 0.4950 0.0100 0.0651 0.0019 426.0 450 408.0 7.1 4063 7.1
3 289.9 8420.0 0.03 0.0549 0.0011 0.4935 0.0054 0.0652 0.0016 404.0 450 4072 3.7 4073 35
4 152.7 5740.0 0.03  0.0550 0.0011 0.4936 0.0050 0.0648 0.0015 408.0 44.0 4072 3.4 4045 25
5 426.0 10830.0 0.04 0.0542 0.0011 0.4897 0.0050 0.0652 0.0016 376.0 450 4046 3.4 4070 33
6 1384 4655.0 0.03 0.0552 0.0010 0.4990 0.0044 0.0654 0.0015 416.0 42.0 4109 3.0 4083 29
7 156.8 5709.0 0.03 0.0550 0.0011 0.4962 0.0055 0.0652 0.0016 407.0 44.0 4089 3.7 4069 3.7
8 89.1  3428.0 0.03 0.0543 0.0011 0.4877 0.0051 0.0650 0.0015 3780 46.0 4036 3.6 4059 24
9 331.6 9680.0 0.03  0.0551 0.0010 0.4977 0.0033 0.0653 0.0015 413.0 42.0 4101 22 4079 24
10 339.4 9070.0 0.04 0.0548 0.0010 0.4939 0.0045 0.0652 0.0015 402.0 42,0 4074 3.0 4070 28
11 176.8 5898.0 0.03  0.0548 0.0010 0.4894 0.0040 0.0648 0.0015 398.0 43.0 4044 27 4050 23
12 244.0 7240.0 0.03 0.0547 0.0011 0.4929 0.0052 0.0652 0.0016 402.0 41.0 4074 33 4072 32
13 185.6 6150.0 0.03 0.0544 0.0010 0.4899 0.0059 0.0654 0.0016 387.0 43.0 4047 4.0 4086 3.1

R3I FHER 10 SEARRY REREEHER HI BRI ER
Table 3 Zircon Hf isotopic data of the pegmatite of No.10 high—purity pegmatite—quartz deposits in the Eastern Qinling

YEPee) Fe/Ma "Yb/"HE  U°Hf/'Hf 20 TLw/ THE 20 End0) Tp/Ma T /Ma
1 408.4 0.093161 0.282669 0.000014 0.003118 0.000010 4.1 875 1114
2 406.3 0.057485 0.282658 0.000011 0.001817 0.000016 4.1 859 1114
3 407.3 0.083697 0.282650 0.000015 0.002843 0.000007 35 897 1152
4 404.5 0.076034 0.282691 0.000014 0.002471 0.000002 5.1 827 1052
5 407.0 0.103616 0.282712 0.000013 0.003486 0.000007 5.5 819 1023
6 408.3 0.055215 0.282692 0.000014 0.001751 0.000009 53 810 1039
7 406.9 0.088308 0.282690 0.000013 0.002834 0.000022 4.9 837 1061
8 405.9 0.043717 0.282696 0.000013 0.001388 0.000014 5.6 795 1022
9 407.9 0.098038 0.282668 0.000017 0.003175 0.000009 4.1 877 1116
10 407.0 0.074028 0.282687 0.000014 0.002411 0.000003 5.0 831 1060
11 405.0 0.064612 0.282685 0.000014 0.002093 0.000021 5.0 827 1059
12 407.2 0.078494 0.282704 0.000016 0.002579 0.000006 5.5 811 1026
13 408.6 0.080175 0.282699 0.000016 0.002571 0.000006 5.3 818 1036
6 it Ma, e {h—mp i 2 1) (Zhang et al., 2022)

6.2 FREEBAARY KEBNEFERE
TE = AL SE R R A R, A9l ) 2 o
[l G 2% IS W ME S BRI, BT LA o) 249 s i o 207 D2 6

6.1 RFRIRGEREBSHALERERT HK
ARZ e iy DI LR R AR 2 A M A R

N IERAE b 2 . AR A8 B R e o
A KRFRIES 510 SRaiadEs mh i e o T
TR 25 PR 100 2 142 fib iy 0 S P it o A X
([l 2), Bt 78 i< 75 7R Y BB R 463~421 Ma
(E#%55, 2009; XITNFE, 2014), o R B i a B E X
A6 5t AL 5 A AT BT AR 488~473 Ma (X1 TN
¥£,2014; Qin et al., 2014), ZRZEIE 10 T @4l A"
AT R B A AR IS N (406.8£0.8)Ma, R MG T 4 2%
W 5 5 v 4l A7 B A A (420.2+2.2) Ma( Zhang
etal,2022). 5%, 10 S malia 0 A6 a e
i R] Ay e 2 Bt — SR 2L, AR T 36 1 Spruce—
Pine 19 {5 40 A1 & 48 545 i A B BT AR (404~377

TR IR () 2 — 78 T F AR R R R 42 A
Bk, TIRSRA S P Sit R AP, B, Fe'',
Ge*', Ti"Fl P45 T R IE MM AE B AR (Weil, 1984),
AR FICE X LL AL Ti B FREL R, ARG Y
TE o8 i, Jo B 455 Rt B A B4R T A )
Z= G2 Y53 Bt (Gtze, 2009) . Jourdan et al.(2009)
X BT IR By LU A ok A S A RIS, (KT 300°C YA
Y HAT R AL Li SRS U R & i, 1 400°C 24
B A7 S D ELA AR IR Y AL Li 2500 e R 5
Al JCER A W8 0 O [ 43 e TR IR A 5 P
RARARI G | PR AR R B AR A . B R A
MVT F8H0 A it JU 2 & R LU 5% B,
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K F 300°C BT 4 Al JEE &8 400°C £
LR P ECEDL, (B2 Ti TR NIAE 400°C 24
AHTF IR E E 0T LT Ti & i SR K
#E(Rusk et al., 2011) o A WFFE K IATTEW ) ()25
i KT 650°C B, ARG YN Ti R 5=
31x10°°, BEA T TR Ti JeE & s IR (Wark
and Watson, 2006) . XJARZIE 55| 10 5 Ealif o
A KA Spruce—Pine = 4l ) R AR S A
T Ze ARG R, ARZR 08 S 4l e
S E Y Ze MR JE O 554~648C (% 1), 5
Spruce—Pine i 2141 SCB R fb A Ze MR B2 AH T
(T,=526~796°C ), ¥J1E 600°C 2247, HBAK T K ith ¥
171 Zr TR (T,,=702~778C) o
6.3 REIMFRAESARTERY BRI FHHE

KRB 55 105 &4 A0 S5 A M
Spruce—Pine {5 4fi 1 J A RAF b A L Kt A6 5 A
PRI R AR TR it (B 4b), ANR1F A B
i 7+ (Frost et al., 2001; F K245, 2010), A A 25
PIRZ B AR A, A R PR W3 S 4 5
&, 5 M BAE K & SCH R £F (Pitcher, 1997) .
ARZEIE 10 F i 9y i ffi il . Spruce—Pine 5
Slifq S PRA dib o R 46 5 A R A/CNK B3
INT L KRBV 5 S alif w2 kR
i A/CNK H—KT 1.1, B—AVINTF L1 BrAa ke
) P,0, & #%(0.01%~0.78%) , /M 1. HI,
REW 55510 S 4liA 5 S A A Spruce—
Pine {5 2l 90 RA b 8 K A6 K A R TR
F 1 #U4E K (Chappell, 1999) .

MO L B R, o 5 5(DD /b8 KA
B AR A, X 5 R AR A R AR R A A
DI # K, F2 B 2K 10 53 S AL BRI RS, T 1k
1o, DLZIN, 6B 43 S A5 A, 6 8 R 6 vy (8
FIMMEAT, 1993) . AREWE 55 10 S Ealifa g
W A S 1 3 S48 50 (DI1=96~99.2 ) Fl Spruce—Pine
o 2l ST IR A 4 S 48 21 (D1=89.5~98.5) 4%
U, BRI R SRR . R, B TROE A
N, HE Y Sio, & & . & ik Al FeO'/MgO L {H
(1.07~5.2), LRI EAIL] T &SRS M5 R
I AE, 2009) .

IR R v Sl ST A5 R AR
A Nb/Ta 25 1k 1 Bl 358 K (2.67~29.62), B TR IX YY)

R RBE A T Hh 5, 7 18 I 4 5 (Petford and
Atherton, 1996) . ‘41 (1Y) Mg (B 2 ) 531 g YL £ S
52 5705 K A 1) FE 2248 45 (Smithies, 2000),
WNEEPE T M58 R AR s B, JCTe s R i vy sl
K, TR A Mg#EIIRAIK (<40), HAT Hubs 4 5
Z 5T, AR FBOY A A1 Mg E B3 T &>
40(Rapp and Watson, 1995), Ul 24 5 Hb & B i A A&
Az 10% MR YL, AT DA 45 7R 1) Mg™ B M 44 12
= 3] 55(Rapp etal.,, 1999) ., REWE 5 5. 10 554l
AP AR A R B A R Y Mg E (49.80~
71.27), Spruce—Pine A Mg"{E ¥ 5 4 64.06~95.83,
Py 1 2 v T Al M e S o s Al I A A 1 Mg
H(TRIEAEGAE, 2019), F87R A L AR H AT A e R 7
¥=5,

6.4 FERGFERANSARESRBTFRHNEER

BEERIREEL

AR ZRUS S it e A i S AR D kAR X
0T P46 X A RN, X L, A 4 a4
B m s A L S A ORI
0 BRI G846 B 2 7 e, IR B — 8 B K 4548 43
Mo — R RIS A K It 11 A B %
Y1725 0] ¢ 2 FAH AU ER b2 LB, IR R 30 i 4l
I S S S K AR B A AR R £k )
CFRAESE, 20105 22 50 5555, 2019), A —2b22 A
R X S A SRR B A A AR 22k Ak
FRIEAETEARR], 38 0 B A R B &R (VLI
4%, 2020; Yuan et al., 2022; Qin et al., 2022) .

A 3 A BT A 00 AR 2 U i XA o o DK b T
TE B A AW (3 4), W LLE BIAE 2 RS f e A 4R
14 ELAT S, O AR 5 A e/ M RTAR % Sy 420
Ma, J& RBP4 Sl A T RIS FIAE RSl 429 Ma, K3t T
TR AR R TR A kR, REE 55
FALA L A5 (420.2 Ma) 5Kt T RG] BE A
TRAERG A (421 Ma)— 2K, (H B 8 e TR iR 3
TER AR, AR 2208 10 5 @4l 95 15.(406.8 Ma)
HH 0 B T I AR A RS . TR, AR 5
10 S Al B m S5 A 5 K i AL X R )
AL, 25 RISCREY); REIWE 5 5. 10 S 5&2lia
YR a5 f R T AE B MR EL A AR LA Bk
B3 A v A A 5T 28 T 0 TR DB -t 8 s v Ak
IR R M E (E 5); s v B (] 7), R 1%
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Table 4 Age of the pegmatites and the Huizhi granitic pluton in the Eastern Qinling

REENLE FEsE EAR TG % /Ma VRIS X [7]/Ma EAEiP S
BVt e A Ak E = LA-ICP-MS}# & f5U-Th—Pb 399.6+0.8 A, 2022
(S ricp eV Rta| VAT E = LA-ICP-MSH# & 47 U-Th—Pb 400.2+4.3 HREZ, 2022
[EFiiip ¥ aria) 16 B4 i LA-ICP-MSHl & HU-Th-Pb 400.8+2.4 P&, 2022
BVt A WAk E = LA-ICP-MS}# /& £ U-Th—Pb 403.543.6 HH5E, 2022
[R5 e 2 Ve ArENR A LA-ICP-MS#54U-Pb 404.3+1.4 395.1~409.4 FITUESE, 2020
FEPE L WhEBE RS LA-ICP-MS#:HU-Pb 406.245.2 Yuan et al., 2022
T SRR 16 B 1 LA-ICP-MS#% 47 U-Pb 406.8+0.8 404.5~408.6 AL
HERH L 4R LA-ICP-MSHEEkH #1U-Pb 406.8+3.3 Yuan et al., 2022
FEPH L W 4B Ad LA-MC-ICP-MS#%} £ U-Pb 410.6£7.9 Yuan et al., 2022
v A MR R LA-ICP-MS#5HU—Pb 413.6+2.4 RIESE, 2017
e 7 e 5% A6 B 1 LA-ICP-MS#547U-Pb 41444 kb, 2019
BVttt BB eRE R LA-ICP-MS%54U-Pb 415.142.6 HIESE, 2017
I PH B 57 1 B LA-ICP-MS#5HU—-Pb 41643 FkI&E, 2019
e 7 o 5% A6 B 1 LA-ICP-MS#547U-Pb 41743 kb, 2019
o R B A6 B LA-ICP-MSH#/E 47U—-Pb 420.242.2 415~429 Zhang et al., 2022
FABH L HEAMK AR RS LA-MC-ICP-MS#5 1 U-Pb 42042 L, 2021
VRIS BARmKERE LA-ICP-MS#547U-Pb 421427 TS, 2009
it mA R KA SIMS# £ U-Pb 434+7 E#HE, 2009
KibF HRH LA-ICP-MS#5 £ U-Pb 454.9+7.7 431~480 XHFE, 2014
RINE piaske LA-ICP-MS#fU-Pb 457+13 420~486 KIPIHE, 2014
it TR LA-ICP-MS# AU-Pb 460+3.9 440~473 XPIEE, 2014
T T fAcks LA-ICP-MS#5 £ U-Pb 462.8+6.0 446~485 XIPRE, 2014
20 WSl B A A LDOS 5 A Spruce-Pine 24T <0 PR #20SP . 10 XPibFAER A
No.5 pegmatites (LDO05) in high-purity quartz deposits The pegmatites (20SP) in Spruce-Pine high-purity The Huichizi granites
© 105 A IEH A RHLDIO, ) ) quartz deposits
No.10 pegmatites (LD10) in lllgh—punty quartz deposits 4 | A Spruce-Pinef £l i 56" oA i 4 SP sk o,
x The pegmatites (SP) in Spruce-Pine high-purity
"m A quartz deposits
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