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Fig. 1 Geological and structural sketch map of
REE ore belt in the Panxi rift
(modified after Wang et al. , 2001)
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1—Himalayan REE-rich alkaline complex; 2-—Indosinian syenite;
3—Indosinian alkaline granite; 4—Yanshanian alkaline granite;
5—basement fracture; 6—area of the Mesozoic pericontinental
marine facies; 7—area of the Presinian old land; 8— area of the
Palaeozoic group and Mesozoic continental group; 9—river; 10—

boundary of tectonic units
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R RS HE R KR FHRE 2 RRTEHERE
REBERMUVEMRMCELRERR L BER
1+ Finnigan 24 & TRITON TI I #4 i, B Ji ji
X 58 B s ¥ + 70 % WK BF A % 45 8 Finnigan MAT
AT ELEMENT B3 43 P 3 4% B 1 384,
BAR S B8 E 1 LR F 48 (2003) , 404 TAE B o
E R Pt BT S5 b R A R TR B IR B R E A

LWERMP L5 U.Th HBANSIE
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2.1 PbRE{EE

&4 HCl + HNO, % #&/5,H 1 N HBr #ii 2
N HCI B, 28 )5 38 1 Dowex-1 X 8(100~200 H)
BB T 2c Mg, 2+ B A 2 N HCL #1 1 N HBr Wk,
WUEB £ 6 N HCl B )5 LB & T, LB
LREWRBEEZHPb ¥BTF 1 ng. FREE NBS-981
M 4E R . 2*Pb/%Pb = 2. 16441 + 0. 00097,
27ph/%%Ph = 0. 91439 =+ 0.00017, ?Pb/?Ph =
0. 059003 = 0. 000084, Pb/**PbF1?Ph/**Pb [
SrHTIRZE A HILTF 0. 05% H10.005%,

2.2 Sr.Nd Ffi%

Sr.Nd [z R, B ERER 50 mg
BE& , ZE N ASE B Rb-Sr.Sm-Nd # B/ S , il A HF
1 HCIO, , #7 % TEFLON % #% 5 , 72 v #8448 - A 1R
F150C,m#k 5 d, HEFHFZET/FEMA 1 mL 6 N HCIL,
BRET,HEMA 1 mL 2.5 N HCl jk & 1 7%, 1 £
MEBBEE LB F,5000 5/ &4 T O 10
d, ¥/ AGW50 X 12(H) (100~200 B)FHE F3&
# 4% Rb. Sr 1 REE 4> B, % 32 Wt i Rb. Sr #
REE 4y %7€ F. A 200uL 0.1 N HCl BRI &
REE, ¥ H % % B 2 WA JB B 7 A #e 4 L #47 Sm-
Nd 48, &5 7€ TRITON T1 % # e B3 B 4%
E SruNd i &. TR BEHRb = 50 X
107",8r = 50 X 107",Sm = 7 X 107,Nd = 8
X 107", kbt NBS-987 B4 % :¥Sr/86 Sr
= 0.710234 £ 0.000007,"*Nd/*Nd = 0.511838
+ 0. 000008, Rb/Sr Fi Sm/Nd 4> #7 i 2 ¥ £ F
0.1%.,

2.3 Bt E

WOFEKRFT A FTRA EREKER L
TC R G BRI T E A RE SR L BT
B 200 H DT MR & BRI A0mghE & L B
A ITmLHFFI0. 3mL1 : 1HNO3F# 150 C
BAREREZZFETRBEHKMA2mL
1+ 1HNO; B H , FI150CHH KR EREXE
ET,HBRER2E CBEREMSHS % HNO, %
BE6mL, M AlImL & I1p/mLRhi#H
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Table 1 Pb isotope compositions in ores from the Maoniuping

LREE deposit, Sichuan Province

£ RERNER S ARAEBKEL, me |gwam|  2Pb/2Pb 207pp, /204 Ply 208p /204ply
1 1 WEMRIREF 30 min, BYE/5 K MNP-14| ¥ ## 4 | 18.229 £ 0.002 | 15.618 = 0.002 | 38. 543 + 0.005
ﬁ%@ﬁ‘]@ 12}10 %ﬂﬂﬁﬂ@ﬁ%@#ﬁ:@%% MNP-15| % #& £ | 18.220 & 0.005 | 15.600 £+ 0.007 | 38.484 £ 0.021
X . ) . . MO-01 | 77 4 " |18.230 + 0.011 | 15.595 % 0.009 | 38. 435 + 0.022
B L 450~ 500 C RY IR AR 3, F 200 HO A MO-21 | # 4 # | 18.258 & 0.027 | 15. 616 £ 0.023 | 38.494 % 0. 057
ERERSEARPTHRAES . REHESL  MO-s3 | H # 5 |18.188 £ 0.005 | 15.551 = 0.004 | 38. 308 + 0.010
AR TR B R ICP-MS (2854740 pri)  MO-04 | BRHRA 1 18.192 £ 0.002 | 15. 560 & 0.002 | 38. 348 & 0. 005
. . . _ e va e s MO-19 | &K A | 18.247 4+ 0.012 | 15. 602 & 0.010 | 38. 465 £ 0. 025
o BWRAE 1077, F LR ER B ESR MO-66 | & A | 18.271 £ 0.005 | 15. 605 £ 0.004 | 38.491 £ 0.011

WA B EE R TR E .
2.4 U.Th&E _

HERHFRE 50 mg B %A #
ATRUFR ZHEBHERES, MA 1 mLHNO,,3
mL HF, B 5] J& I 2% % M1, B & T & ik (150~
200 C) Em#KTF 24h, HBEMBAELE . R EER.
FE,ZFET,MA 1 mL HCIO,,ZZEHME R,
WA 1 mL HClL, #AZE i+, MA 1 mL HNO;,
ZEETUBREEETF. WA 3 mL 7mol/L HNO;
mEFEE. MR 12hFE.REZR. BBERBEE 50
mL ZEMF,MA 0.5 mL # 1 pg/mL Rh IR H
BLR BT ZZE  BAIRFN,

2.5 He. Ar @fi%

Sl EBSY RO T EA NSRS KT
¥ 20 min, T, EHEEHF120CER 24h . B R
BEE B S, BRI SEEERKRE .S
—EE EER BEARB 4 S8, H, N, O,
CO,.CH4.H.0 L KA HLJR S5 & SR B8 % % .
W BfF , 475 () He il Ne A ZXHT R4, FE He Ne i
ASHEGHSE H, Ar £ G EL MR A
AR F R L, He MR, &5 T—
78 CREI Ar, 4T Ar R R 0 H7 .

‘He A hr s R R, He Fl fa T 15 25 320k .
TRERBAKRE N 1X10°, 43P A 1200,
R 2PN 760,°He5 HD+H® BB T 1§ 0]
ST, % HD+H° KRIE. Ar FER B E
W, 4 JE R 600, TAEHR#E AL # R B KK,
"He/*He=1. 40X 107%,Ar/*=295. 5, & R /°He/
‘Hefti .R/Ra L B *°Ar/~ s~ R N F: 5 #9°He/ He
{8 ,Ra A2 S H*He/'Hefl . FEMAHREER 1%~
5%

3 ArER

3.1 Pb.Sr.Nd F{ir%&

ARV RFBA.FETARBKA
B Pb A BRAMIITHE 1. ANR1IATLIEH &S
B2 45 R 7°°Pb/?*Pb ., 2"Pb/**Pb . ?*Pb/**Pb
4% 51 18.188~18. 258, 15. 551 ~15. 618, 38. 308
~38. 543, fE2Pb/?*Pb—*°Pb/**Pb |- ,{fif T EM I
A EMT 28] B /N X 38, X B &R EM [ (&
2), RPMY Y Ek B B &E 108, R RIEE 208 HEr
fiE .

RIENAHRE
41}
El & Amba
DongarBR B ~/( HIMU
£ EMII
2 o
S | EXWIBR
£ WA
L o iR
EMI calcite
BT
17k DMM X galena
A wAKA
microcline
17 18 19 i) 2.1 22
206pp/24ph
W2 mEFEEgHL Ky afit Rk g (<200

Ma) (Tilton et al. , 1998; Simonetti et al. , 1995; Bell
and Blenkinsop, 1987; Simonetti and Bell, 1994a,
1994b; Bell and Simonetti, 1996; Kalt et al. , 1997)
Pb—Pb &

Fig. 2
Maoniuping LREE deposit, Sichuan Province and young
(<200 Ma) carbonatites from around the world (Tilton
et al., 1998; 1995; Bell and
Blenkinsop, 1987; Simonetti and Bell, 1994a, 1994b;
Bell and Simonetti, 1996; Kalt et al. , 1997)

Pb—Pb isotopic characteristics of ores from the

Simonetti et al.,
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Table 2 Sr—Nd isotope compositions in ores from the Maoniuping

LREE deposit, Sichuan Province

AUFEH, L :=26.89 Ma(l # S | 5 H&H | 7Sr/%Sr | (7Sr/%8r)i | es () | 7Sm/MINd | 19Nd/MNd | ena(®
o R R 2 B PR PR R gy MO-20C| FfF | 0.70615 | 0.70615 23.8 0. 06269 0.512363 —4.9
MO-26 | HfRA | 0.70663 | 0.70663 30. 6 0.1284 0.512379 —4.8
;k l—'gr =t 3

Br % 41 BF 7% 53 AR 95 #E 4R 5 MO-20B| TG | 0.70626 | 0.70626 25. 3
Re-Os ¥ BT 3R 18 B9 B A mo-ssal ma7m | 0.70625 | 0.70625 25.2 0. 08102 0. 512404 —4.2

26.31 ~ 27.47Ma, ¥ # 3 MO-55B| EEH | 0.70648 0. 70648 28.5

. \ MO-74 | E&A | 0.70633 | 0.70633 26. 3

26.89 Ma, REFOIH v MO-27| % E | 0.70637 | 0.70637 26.9

M oesfH, BHE R LV KT
AEFEAN efB (—4.2~— 4. DM EFHH St/
8Sr); {H (0. 70615~0. 70663) , TE ena— (¥"Sr/%Sr);
EL R F EM T # EM I 2 (] B 8 /) X 35, , 48 % 5
FiEEM I (E 3, NRPBT YRR B B EHIE,
AWRFEEZRIERE, 5 Pb [ £ H BT K4 e
—

HIMU
FIEREHERE
Efl & Amba
o DongarBk & &
o |FEREK ; EMIL
3 |mEEAL
«@ [ 3:115 5017
5 b MEWTRRRE SRE
EMI calcite
o ERA
10 1 1 1 1 1 1 ba}’ite
-0‘702 0.703 0.704 0705 0.706 0.707 0708 0.709 0.710
(*'Sr/*Sr);
B3 WIS RRHE 9 Ky A f R R AE (<200

Ma) (Tilton et al. , 1998; Simonetti et al. , 1995; Bell
and Blenkinsop, 1987, 1989; Simonetti and Bell, 1994a,
1994b; Bell and Simonetti, 1996; Kalt et al. , 1997)
Nd—Sr &

Fig. 3 Nd—Sr isotopic characteristics of ores from the
Maoniuping LREE deposit, Sichuan Province and young
(<200 Ma) carbonatites from around the world (Tilton
1998; 1995; Bell and
Blenkinsop, 1987, 1989; Simonetti and Bell, 1994a,
1994b; Bell and Simonetti, 1996; Kalt et al. , 1997)

et al., Simonetti et al.,

3.2 ®ixwE

BEESBIERLE 3, B LEASMEmE 4
MK s Brs. HFFEHEITETE 4.

HE3IELE 4B S 7T RARXHE BTN
—F:

(1)% G # + M8 2IREE % 414.2 X 107~
985.1X10"%,LREE/HREE 3} 0. 64~1.09,8Eu 3}
0-82~0.89, EHM HE T R F ,3Ce H 0.88~
0. 99, LERANBFHWARE HFLTELAERNER
ZmamMeE(H O, 55 XKREEARTE L6
REARAL (43445, 1995b)

(O F B+ 45 DI REE H 3096.7X10°°
~3966.8 X 10~°, LREE/HREE Y 12.11~12. 79,
dEu 4 0.77,8Ce 0. 94~1. 03, B L L E AR
H— AT EMEL(E O, SHHETEERE
5 R A A L o0 R o A B R AE L (CE RIS,
1989),

(D FFR 4T F + 248 2D REE 24 659550. 1%
107°~683062. 8 X 10~ ¢, LREE/HREE 3 144. 72~
168. 71, VLA AW L E RS T F S F LXMW E
ERE. MH0La/Sm), AKX L. 27~73.45),F%
BBk AR L B EE . SEu k0. 35
~0.41, BEBFHH Eu 5H . EHLESBRNE L
(B 4>, JLREE#R & 4 18 #9 B £ ra BE 15T A4 19 B 43

6 4 T FIE
~®— bastnaesite calcite

%A KREKS

™ fluorite nordmarkite

1g(H ¥/ BB A)

“x

R 2
XXt
X

0 i " A " " " " i " o " & J
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Fig. 4 Chondrite-normalized REE patterns of rocks

and minerals from the Maoniuping

LREE deposit, Sichuan Province
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(OME L TUEE, P RE R4 RIEERERITRER. FORTDERERER L TR BEE
bt \fﬁ@E \ﬁﬁ}%%ﬂiﬂk%iﬁ?ﬁ Table 4 The REE c:aracteristic values of rocks, minerals and fluid embodied
X . SN in the inclusi the Maoniuping LREE deposit, Sichuan Provi
%ﬁﬁiﬁ% ]Z: V\]%WEKE*@ ,fu , m € 1nciusions rrom e aoniuping eposi icnuan rrovince
RPEAER LT KRR 5% B9 | DREE® | EREE | SEu | oCe (sLTiJ | La/Yba | (Gd/Yb),
BIE K ZERESHR BT R MNP-1 234. 2 54.15 | 0.79 | 0.38 | 23.02 | 1093.49 | 15.65
B R RRAE g MNP-3 687.8 | 174.53| 0.65 | 0.34 | 33.31 | 11408.95 | 80.77
GOMNE 5 TTLE S 445 MN-8 3205.4 | 13.88 | 0.88 | 0.86 | 13.59 | 234.21 7.29
&
B TR G EA BA A % MNP-13 | 3887.5 |155.19| 0.70 | 0.66 | 38.86 | 3540.15 | 23.88
i fs | MNP-14 | 6680 34.34 | 2.65 | 0.38 | 36.73 | 721.29 9. 41
REE {2V H,Eu 5 Ce T & K| MN-3 | 52977.8 |276.68| 0.65 | 0.35 | 41.31 | 21840.23 | 105.46
FECMEREERR, SERY MN-16 | 95988.8 | 70.08 | 0.75 | 0.36 | 7.86 | 5013.48 | 161.76
ROBIRAE1997) TREFGH (B 4 | VN2 | 6702075 [1aa82 [ 0.41 | 0.78 | 4127 | 23947.34 | 445.74
. % | MN-¢ | 663158.7 |168.71| 0.35 | 0.67 | 73.45 | 37312.41| 510.05
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Fig. 5 Chondrite-normalized REE patterns of fluid embodied in the inclusions

of quartz from the Maoniuping LREE deposit, Sichuan Province
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Mantle Fluids in the Maoniuping LREE Deposit, Sichuan Province
Evidence of 'Pb—Sr—Nd, He— Ar *ﬂotopes and REE

.
TIAN Sh’ihong1 ?, DING Tiping" ?, YUAN Zhongxin?
1) Institute of M meraliResources, Chinese Academy of Geologzcal Sciences, Beijing, 100037

2) Key Laboratory on Isotope Geology, Ministry of Land and Resources, Beijing, 100037
L T . .

o Abstract '

ﬂ

The Maoniuping REE deposit i 1s the second largest light rare earth elements deposit in China. Pb—Sr—Nd
isotopic, rare gas isotope geochemlcal and rare earth element geochemlcal studies are systematlcally carried out
on this deposit. The rare earth element geochemical studies demon%trate that the REE distribution patterns of
fluorite, calcite and bastnaesite are 51m11ar to those of nordmarkite, 1mply1ng that the deposit is closely related to
magma of nordmarkite. In addmon, REE of fluid from quartz eXhll?ltS distribution pattern of flat curve with
negligible Eu and Ce anomalies, showmg its deep source origin. The Pb— Sr— Nd isotopes also indicate the
metallogenic materials are derived! from EM I, which show characteristics of a deep or mantle source. The rare
gas isotope geochemical analyses ‘;als?'o support that there is a genet{icw association between the light rare earth

! W
element mineralization and mantle processes.

Key words: Pb—Sr—Nd iso"%to;ige; rare gas isotope; REE; mantlg fluids; LREE ore deposit; Maoniuping;
- A

Sichuan . !
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