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Fig. 1 The distribution map of Caledonian igneous samples from the Qinling Orogen
(modified after Dong Yunpeng et al. , 2011a, b, 2018; Shi Wei et al. , 2012, 2013)
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17 PRE O34 5l 2 T AUAE 104X 1070~ 199%107° 22
[4],19 5 (09CL268-3) .21 5 (LXPI-03) .32 5 .69
S (ZPI-11) 4 PRS2 5L & R 2T 50x10°°
(FR3) . [FFER, Bk o B ES A il RS R
Stk LA RS EOR 28 B F YA E 1000
107 DLR, HAR A fE R & & i FE R, 0.3 %
(13MY-6) HE LA P-4 4L f 5ol 2785%107°,25 5
(YQG15-02) JeMk A F- 2 a7 5ol 2173x107°,43 5
(11LGC-8) etk A 1L & ik 4849%107°(# 1),
A A BATE R L L RS A A i (LXG-8-16-2017-1B) ]
5 9 L[] 5 AR A P8 7 R ik 5275%107° -
Wkt R R IR 17114% 107 (VE RE TR 2 DL s
HEAT T XTLOINGE s Ff %) o R, A SCBUHR 43 P 4
B B SE R AR MR E A,
BB AE ) — AN [R) 28 1 25 0 a  f vp B R 3 A
ZS W, IEASEA FHT A 1 DR FE 1 ) S
B PR R R A AR N R

4 iR AR (REE) B
R A,

BE X Rl ER 7 ] — 8B A A #E b B R A
ZERIR  WAEAR R R R e AR sl T B RE A
AR SCHE UL R B A Al L B AR (R AR
HEAT A 2 R Y 3 PRI A SR X A5 R G #T
TG, EH VL 191 MhFE S aS A T344h A SR 2 5l
S H I E SRR BAR Ry 3552 ANEE A B
XN R 8411070, 2 5 E N 1682x107°,3427
ANEEATBRE YA AR 564X 107 2 {5 &N 1128
X107, MG 55 A1 7 24l AL 5 43 50 S T 1682 %
107 F11 1128x107° FRifEfiide 3Lt A FLtks
P BV R R RS L F 12 1.6 1 .26 14,
a5 (R 1,301,352, 38 3), 000 b 45 288
B 33.3% 23. 1% 13% 1 28. 9%, b 10 {h4E
M FREZ IS K I X, 46 1 A E (% 1
) 345 ) 6 RS (R 1 Y 41~43 45 47 48
5 3 A (R 2 TR 35,38 43 5)  HEME R
AV Z 5 (OIB) Hifb R1iE , A28 £k B HIMU,
EMII 1 EMI 3 /> & 2 i 3y 5T 20 4318 A T By 52
R X, FE S ACN 451.0~422.1 Ma, 24 14
Hir A AL RIS B R — XU X, A4 20 {46 7
(33 W10 24 ~28.34 36 ~42 44 ~ 47 51 53 54
)2 RS (R 1P 25,26 5) 2 MRS
FEA (2 iy 25,27 %), 20 PRAERI A H S R
HBRZ A IX, 8 {2k | A4, 4 R AL

AR X, 3 PR A B A AR (1), 17 R8T
R S—I R A3k A Hung  FEne IR AR X, BE &
f 462. 8~413. 6 Ma; {WIE AR 3 {48 S B, A K
Sk B Mo 5E P X, FE 5L AR 487.3 Ma, 449.9 Ma,
436.2 Ma;2 {FEEHEARER R A& KA, £ 1
23 24 SRR R A R E BN Z RS (1AB) Hbfb iy
fE, =30k | e IR A R X, B 5L R 480 Ma 476
Ma;2 AR AR A& ACA T, BB X
Fr(IAB) AL RRAE , 5 2R 0K I Hb 72 VR X, B B AR
495.9 Ma 490 Ma, Hop 11 s R A 3 145
A T RS X, 46 1 A3MEA (£ 1 H305)
2 Rk A (£ 3 W 59 .63 5) AR BINE
R (TAB) R ARHN B BTAL 475 Ma; FRTEZ M 1
R S—I AU, A OUR X 5 i e, R A
499.2 Ma 485.2 Ma, Fl4x 8 FHEMERE AT H
RIK K BB B P P eS0T R AR A5
JUBEH 31X

SRR, 45 M E s ERES T E 34 (R B
“ R A A R, R 10 R 7E 451.0 ~
422.1 Ma B LA OIB FUBEM: 3t o0 A0 kR
i, 29 29 Ma B[] 4E = 7R R R 08 K EL LB IX 2
W2k H i HIMU, EMIT Al EMI =™ & £ i i oo
2 TR A T Y 2 A b X5 24 {4 495.9~413.6
Ma B A LA T B S—T RIFR I 75 0 T I0RE S, 20 82
Ma I [A] 46 Hh = 1 b 28 08 7 P (R re—F X0) b
X, A3k [ g SEg iR A R IR X A
11RO A F R R OK B PG VS VL ] g ]
TG BE M 25 H
5 i
5.1 BEEEHKBBKESHEREFRT

YT BRI A B S R AR AR AT AT
LR B 25 SRR (OB A FIR R R, 1984 ), Th*?
AR 1. 45% 10" 4F (fFfEEE 1974 ) , AR XT
BE SR R] DL 2N | T DAAS SCES A Al A
AR A M R S, DR A
Bl S B S A e B A E A DG I SR 2
(FRARA TR AR, 1984 ZE WAL 1995, B Eh Bk
8,2013) WA B A b sl L B 20 T A —
FERRRE [ 2, S A AR R A e S A S AIG, D
BRI , A SORE 3 531 43 47 R 25 08 R EL 1L R b 25 0%
T R — P XU DX 7 e SRR A B R A
5.1.1 EEBAXBLKHEFHEEEHERT

R E 5347
FZIE R E L X 10 7 & e 2 R
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BZEA (OIB) AL RRAE, IR X EZ ok 7 HIMU,
EMIT Fl EMI =A™ 5 4 b 35 50 20 4318 A i &2
M X FE AR 451.0~422.1 Ma, £5 A1
Bl A B s LG R TR DX AR A A
FREMAN EL A dh R AT AR R, SR an il 75 b
2 SRR AR 3K 29 Ma B[R] HLE R MR 7 T RI%
WA T L Ly A A R BT B 5T, AR 2 L
(2001) A A Hiu s A 19 3% 2 5 B 5t e A B AR B A
IR B VIAH G, IE 1 29 T HU8 XA b 52 AR 1
F . Ml A SR 2 R 2 e Rt AR RO A — 2
fRIISEIE . SR BLST 45 (2002) AR Z X AL & B e
TR S T B R KGR BE A AR
TA N X A7 A S 5 Bl 0 b A | DRUEL T Bl st [
Pt A BRI RE IR PY 25 P R SRR AL iR A5
AR PG —ZR 9k AT B BT A VR 2, 1 X M2 ik
oK T 55 i A 0 20 5 D) AH G I 5 A i R X,
S AN R 3% X B 5 B HIMU, EMIT Fil /D &
EMI 3G 2H 318 A 1) 7 50 B L g Sr—Nd—
Pb FFAE 2870 A R4 120 2 K H 52 I v I
ol S FLASE A A Bl U O A P B A 5 3 e
8 PR 45 2R, i 2R 0 X M M T [ o ot AR P = R
AR B9 K 2 360 Ma B HA P AR 5 FE E — L
(SR 5 ,2007) , 28 E WA R R ez
AL L b DX AT REAEAE — 1 S50 AR DG B I ir
SKVEH S BN A K LI, e &% X A
VEFH (4R 56 3% 45, 2011 B BT %5, 2014, F 3 B,
2014; P65 ,2018a,b) .

B8 7R 0 L SR R A T AR Al A Y
PGV A LR 0 R e 0 ki 2% 40 5 P
AR R AH 4 TR, — 7 i, B B AR L
Fe Ni S 3Lk B 7 KA 2, PR A2 28 A6 FH o f oh
2 FBE K Na BB B IS . RIAERPERR B o
FAL, Al AN S R S B AR SRR e i A b g T
I 78 J5 AR TR 8 R vl 42 5 | 1 25 2 P T E AR
Fili e | 3k L K Rl e sl EL = R — A B
(fif1=F AR BT A, 1998 ), 55— 5 1, RIS B 4] Bt
s obte A Hng X, B 5, PR sk Ak 2# R fiE 2 B
S R R g ] L 0 At P A R T B A
(] REPERS /N . UK, Grffithes (1986 ) i 4 B #1114
ARPE B K L 3h 9 J5 PR AT BE Sk B TR Ml A, 1
VAN w2 S R DT A TP s 1 T 2 VR B B
AR LA A1 A A S) T 5 Niu Yaoling (2009 ) 214
AR ERAZ Bl b X I R 2R G e R X A
AR HESE (ROC) G 7 Bl 52 (RCC) 7778, (HE

FTRFE B 2B SR A R STk O Rl PP LA
i o R s = B A Al RS R T REOR VRS R
ST IR BTG . AR, FF HA% R o A4 |
EERORTHR T, T L A i A (0 U] RE AR i
BRI — IG5, M b — BBl oA o e R T A% 0 301 B
(Morgan, 1972; FRIESE,2020) , & B i ER G H6 5
TREBI R A I Lo B AR 005 A A R A
MR b R AR Bl B AT DU Y A b A
iRz N bl | JH R v o U] AT R I ) 0 AR
HB A 48 R 3 T sk T IR A, FL AR R 43 WA B e J
T A AR W P AR A A v, BRI, AR R S
U, M A s 2 B A Bl A A T R TR A
T L A T O

PR B8 )2 BT Li Ziying 55 (2015) 78
BRI TR 330 W IR AN I 302 BRI I Al
TR T 0 M4 @ ah, 6 1R s Be g U
JETEH 80 0.02% ~ 1. 57%, 3 H i M1k, 25
B R B b AU DAY RS S AE TR, &8
B0 M) A BRI Al ok [ MR AR AL, Bl AT AR R
H SRR B AR A 28 18T b sk oA 3 ) i s i 3
BE (XBARFIZE R ,2017) . #2408 (1999) Wik N 7E
% A JE R 2 07 T i A thAZ ol AR LAIG
Witk &Y B s 4 e e e, B S T
Wiz, S TR R AR SRR IREA Y T
2900 km Py (XM R H A RA
JELL b, BT A2 A FL T2 58 A R Fl T
ARSI A R A, A TR A& &
T B R RN SRR, VRN A (F a2
TR ,1979) Ktk , 4@ fh (0 1) i L BALY)
AR T Fik iz« & @b WA IR, 5 R B M A
R AT REAETE R TR, WAFFEEL TR X AL &
R BRI TRIRER RS Z5 b FROTRIE U A
ARE R B AR Al BL , H R 2808 R L I A 7E M A 2
T DA 7™ L e e AR A AR AR S A
5.1.2 kR HA(EAFT—AR) KEFHSE

HRHERE ST

JEZ WS R R —F R X 24 15 & SRR A A
B CARIE IR G 2%, B 1A S—I BUAE
L ARk A Hu g | STNE TR A A A IR X R i
£ 495.9~413. 6 Ma, £ A4ERFIE B 5 HIERIZ
X IR Z K TR 82 Ma 19 B[] HL b i 0 ey 52 445 1k opy
Bl At E R T RS, ISR P XA
B AR A 1 SRR 5 AT BB R R LU — A [ 32 i A
TG Bl 2
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R — BRI Ay 2 b e A 3 ik b R i 4 HTIE X
( Wilson, 1963, 1973; Morgan, 1972), %= F #i
(2006 ) ARAE FR AT B0 S5 A AR L 43 S R Al
AR R ARIE G, RV R ST B 7= A T s, £
FIA . LTRSS A4 BT A A P AR T
Fe B RS B ; M A vh il s A BV ] T
1 2 LUK 1 1 K L AR A e i, i
RUPR ST Bl 1Y 9] 5 2 A R 0 58 R B ik i3 B
CHELLBE ), an PGl ) B R ek S 4k, KT A 4
SR SR T KRG, HoRe U2 - th TR R Rlire i 5h
JZ, Y M AT AR R AR T e i | — ™ A= 45 il F
IRME PRI IR T R #h 3, 2277 A 4y 3 i
J'& | Z NN S 2 B ST SR O E T AR T
SRR SE | HoARIG S 2 AR PR 73 o 3, AL
THREE 2w A BOR AT IR AL R 5 AR H AR
TR (2T HAF, 20105 FIEHAE,2010), JLZE G
P — PR X AR S SR SR AR L Rl Z L
R 3, HAC R BT 4 i a B e R
B ANE T 5 DL B AT B4 55 A,
AR FE 423 ~ 382 Ma (X fH %, 1991; F VL 5%,
2020) , TATHILIREE 495. 9~413. 6 Ma WAL Z 14
T R — P XU, DX AT BE A7 7 5 A2 e AH AR ) ity 2 A
S T kA% oK AR A R T U AT ph
it A KB 5 DAFR A 8 0 e i A b7 H
o DU b 0 R b 7 A (S T A A G R A e SR
Rt 7R A% K i AR Al ELBREETT , A E KR
AT RERIZ I - 1 2268 2R 5%
FE it A2 BT ) 32
5.2 #H&Mi#A Th/U TANERRT

i H A AR R K AR ES A B Th/U
{3 K ( Belousova et al. , 2002) , A X FE S WA TE X
FRELGE , B PFHBIX 5 e AR W Pk i 3 S 2
AR, Th/U IR, R E L & S rh B A A o
IR S E AR, Th/U B (E2), B, XA
RE AT A R R PR R R b HUs ARl R T 1l i
WA R A T HUR R IR PGS i 27
FE & FS0808 % &t ik 2384x 107 A A BAFE K 2 1L
WELE A FE R (LXG-8-16-2017-1B) 9 KLk 7 v i 15
BIal & w Rk 5275107 (R #) , & X s, i
AP ST S SR il ER T s 4 . Ok, a3k
AT Th/U (H 5 ELAE 7 8 b i & & DU EATTHE
A 555 W Z I8 Y 53 IiE 2R 80 OC (Rowley et al.
1997; Mojzsis and Harrison, 2002) ,— & I& L T /i
FRECH 0. 2( RITHRAAL K K,2004) , &5 47 Th/U N

ZWT Al EL 5, e R AR B AL AT B
JEHT T R PR A R AR (0.24 g/t) BUAN A R
(0.045 g/t) 5 (BJE,1976) , fill7E Ji M b 1 36 ik
Fe4t 5% (Rollinson and Windley, 1980; Nozhkin and
Turkina, 1995) , T LU &t X /D 0 e 25 00 e
HEEA ™ Th/U ZKT 1, MBS 3 RS I &
& H,0 F .CO, S5uifhk, I F GEN Ak TR Ik b iy
i, CO, WA TE 5 AR WUS HEAT Wiz MTTE Y
PR (ARiK%,2001) , Bffigh 2 IBEPE A H ok
i1 Th/U S8 8, IR IR A RE b 13MY-6 (% 1),
Th/U K 4.9~22.0, MAEMRYESK Do w5, 8
A1 Th/U BAK , Ui 4E b 3 0 BE i GSG-49 (% 3)
Th/U 24 0.01 ~0. 06, BLAh, A e A7 55 5 )t 23 %f
Th/U 3& BN, i T8 O Ay s o B, 2
AT LT A, DU A AT IR AR 5 A
Th/U {8, )X Z IRk (Harley et al. , 2007)
5.3 $h $EHIKRBEENE TR R
5.3.1 XfIksh hEHRARHER

REYE 1954 4R LK, il 7 7 v s S 7
s A b5 B T b R (E E N SMT A
W D HF R AR EAT TR RETEHAZ Th K s 2T
A b ER 5 A ) L RE TR, U ; Elsasser ( 1950) #2
A Al RN AL 1Y) 3 AR B T 51 A AMZ AR 5 Deffeys
(1972) Fl Anderson (1975) AR TE“ D™ J2 7 A= (1 ik
SEVETCR M S IR AT R B 25 ) s Feber
85 (1984) SEIG A 5E R B UO,—Fe WAHIA R7E S T
3120 k AYTRLE T H5E IR, AT W b A% b n]
HEAEE YN Ok , A DA 4EFr Bk 7537 ;s Murrell
1 Burnett( 1986) SE B T 5 46 AR AR B0 R, 4l
R0 S A PR ) T SR A, DR A AT ] L B
oy T AMAZ A AT B ALY B2 RE I ; 56 [ 5
FFHRFEZK Herndon KIE) T b3k 517 1A R
REIR SN AL AT 5T, 2006 4, At 7 b A% A% R AR A PR
iz I ( Herndon, 1993) , #2 i “ I 1 K 2f ( Whole-
Earth decompression dynamics)” Bk 5l J7 2% 5 5
(Herndon, 2006, 2014) , 3§ L I %k 88 K i B ok
DI [ fe 5 R JEC IR A 1) 7 £ DA R A I R R AU A
17T Ph 1943 M7 ( Herndon, 2016a, b, 2017), [
W, R BE AL BT 827 I (1999 ) ARS8 HY Bk 1 b
HAZ AR R Y A O R AN EE AR U B
IR B IR Y Bt is 3 A 46 M Pz 2 i 32 2L
g1, Falt, B2 EE (2016) NHT 4.5 Ga LU, 4l
MIRZ SRR SO A5 Ib, SR A R AR B N A &
Az AN A AT 51 R e YR i iz g,



1220 Mo R

it

2021 4F

BRVA T AN NER AT LABRSh b eiE Bl AR SCLUZR
WA LA T L AR S A AR A il R i R R R
454 4 Jm A R IR T R, IR Sl B
AT REAE A Kt 5 2, O AT b e A R K i 80 A
7 by R 5 v Ry A 0 B AR XA I A%
A R IA TR T A RIUESE , T R M sk v Ak e
BRI S R DB A3 T B a7 R R R
HhER 517 B 3 1 2E e v — R R g gk — 2D Bk A AT
B,
5.3.2 XEREHARHER

N ZEHR T HRE 1 D7 S A& K, % b R AU W
IR, AF 1 5% B R 2 A AT 7E it X b (R A
2018) , H1 Reid 7 1906 4FA 37 4« i [nl Bk i ” —
B E W AF UL (Reid, 1910) , RATEZE R, K
7E 1968 4F  Rosue HI Bisque 7ERFT UL JE B Y JL
farRFAE I 2 90T b R A 3 | DL B R R b A% =2 (]
) — AR R . RIHBER b LT i) D JE 38 Ry
HBELA 60° 247 YA A, 200 ~ 300 km 5 B A4 {0 4
Mo BEAHE ] T 2 5 M AZ AR YT, 1] b 2 1 5 M BR 26
[HI3E L —AKIEI . XK [ R R S
IR AN R A BV R, AT Hh Bk (1) 4 I8 A%
(A% ) F A4k AT RE 2 b FE 49 3 42 2l , B 46 Al
Wik . M= 4F 1 AR A JR K (Rouse and Bisque,
1988) . MBS WA i HE b BR P9 A% 3R 1T 55 172 A
KBRS , Thomas (1987 ) i 13 M ERIR A4 & 43 1
IR T e FE S 00 SR R AR, T AR,
W T o2 3\ N 1T B Mo A b il 4 AR AR
W T R AR AR A 2 M (151999 B 5
2016) , ABHLFE ML A TG ] 68 -5 Hb sk P A% 2 1T i
SHPETC R A N A I RE R B B IR

6 255

Jo PR HER PR B T | AR SO TR 7
A2 TTAE— SRR | MELSS S A
i A R O A AR, KB 248 L 206 1 1L
LA B A AR TF R B R R ik
§507 U—Th—Pb [ i 2804 SCHR PR 7l 5t
Brdt ML 2 SRR B0 YT % R i
GBI G TR 5 1 LA F 4538

(1) 1 FIVEE 72 [l — 2K T 0 s 1 vh o BB A
D (NP S LS S g Lk (I N R
T AT B DA R 38 R 30 o T S e
ARSI R

(2) 75 AR 5 A 204K U L e X I

ZRe T B — P UM DRI H AR, 4545 <6 s il
14 K BRAERITABIETE R 3 BTk o < i HLAS S 7 s X
A BE S A AR AT ARl A, A% R B
EEUT QLD L e A 0 PR B TS f e
AIHLTE Je PR R T B AR O R i £ 46
A IC R, IR OCE AL AR Al RS P X 4
e A R R A R R P B X A A Y
JECIAL, B AZ IR — B AL IR AR S i ) 22 0 i
Ly i AR 5 e il A Rl R R 2 A, )
APUESEA EE TR HAZ M AT B R HEIE

(3) DA% b nl e S 4l BRSSO PR OT R O
WA, oAZAZRE H T b A BK S b sk Ak 51k
HRR AR KIT RO . NS I s B A
IR R T T eIV €1 G R L E N R
P ZA B RHETE R

Brigt: o f L P M R AR T T OCE
St OGRS 4 TR AR 22 225 SCIRAE 5
B TAEPTR A% W OS8R ) B, D9 AR SO
WRENEWIFBOE T RS IEAL 75— IF R o0
SR !

i ¥ / Note

O ZFA T TR, 1989, HAR B DX 3 b I 8 25 4 4 (1
5 J3 PR SEALR | 1 AR A )
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Uranium and thorium elements are loss in the deep inside the Earth?

Disscusion from the uranium and thorium contents of zircon minerals from the Caledonian

igneous plutons in the Qinling Orogen

WU Hao'’, LI Xiaogang®’, WU Chen’’, XIA Yu'’, ZHOU Kenken'’, XIONG Guoging'’,YAO Xueting®’
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3) State Key Laboratory of Tibetan Plateau Earth System Science (LATPES) , Institute of Tibetan Plateau Research,
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Abstract: In an attempt to use zircon to preliminarily explore the abundance of uranium and thorium in the
Earth’ s interior, 3 ultramafic samples, 52 mafic samples, 46 intermediate igneous samples, and 90 acid igneous
samples, totaling 191 samples with 6,979 zircon dating data (3,552 for U and 3,427 for Th) , were mastered by
collecting the U—Th—Pb isotopic dating in the literature invovled about Caledonian igneous zircons from the
Qinling Orogen. The data results indicate that the U content in zircon in the same type igneous samples are quite
different, as well as the Th, and both can be enriched or loss in different types of magmatic zircons, without the
overall increasing trend from ultramafic, mafic, intermediate, to acid rocks. In addition, in all samples, 45 highly
enriched samples with an average U and Th contents more than 2 times, 34 of which exhibit the characteristics of
“local long-term” distributions as follows :ten 451.0~422. 1 Ma mainly of OIB type mafic and intermediate igneous
samples from Daba Shan area of the southern Qiling Orogen, most of which show the magma were derived from
mantle magma source of HIMU, EMII and EMI; twenty-four 495. 9 ~413. 6 Ma mainly of I-type and S—I type acid
igneous samples collected from the northern Qinling Shangdan ( Shangnan—Danfeng) area, most of which show the
magma were derived from mantle, crust—mantle and crustal source areas. Combined with the discovery of U metal
(0 valence) in South China and other previous researches, it is preliminary belived that a mantle plume and a
continental hot spot exsit in Daba Shan and Shangdan area during Caledonian period, respectively, and a large
amount of U and Th in the Earth’ s core rise along the mantle plume and continental hot spots, resulting in long-

term enrichment of U and Th in the local melts of mantle and crust, the ultrahigh contents of which are partly
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recorded by zircons in the melting, this process of element migration may be the main reason for producing high

zircon U and Th samples in these two areas, and the reason for generating U deposits in Shangdan area. Our results

possibilily support the hypothesis that U and Th could be enriched both in the core and mantle plumes.

Keywords: Qinling orogen; caledonian igneous plutons; uranium and thorium contents in zircon minerals;

Earth’ s core; mantle plumes; continental hot spots
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