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Fig .1

Geological and structural sketch map of the REE ore belt in Panxi rift ( modified after Wang et al ., 2001)

1 —Himalayan REE-rich alkaline complex ; 2 —Indosinian syenite ; 3 —Indosinian alkaline granite ; 4 —Yanshanian alkaline granite ; 5 —Base ment

fracture ; 6 —Area of Mesozoic pericontinental marine facies ; 7 —Area of Presinian old land; 8 —Area of Palaeozoic strata and Mesozoic

continental strata; 9 —River; 10 —Boundary of tectonic units ; 11 — Working area
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7 ] - 0 Y50 R 37 2% M I T S B = MAT-251EM
R LSERk . SRR M S & KRS FE
Peali 4l 11 Baso, , T v, 0 AL # SO, ,
MARALIRE S B DL Cu, O TERAMAITI % sO, 20 1T
FERERI R 20 .2 % AHXTFRUER V-CDT. B 254
i K McCrea(1950) fifiids ik (9] IR R 7 7% K AN [A]
[PIBRKIR SR )5 100 %1 Hy PO, 7EA A I JE R %
W= Hy 0 B Co, AR i 1 i 5 35 A 2 ik B
A AL O, I co, AR, T RS Y Ok
10 .2%,C Il o A Xt ks #E 2 % A v-PDB Al V-
SMOW. &L 40 ~ 60 H W alisf A1 9¢ J7 i1 A1
FUGBRE L o £E 150 CHRJE FE A% 4 h U
b DR B s R T R B K AR A L S A K SR S TR
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ERFE i ) A R 26 23 A 0 SR AR 4818 BrFs 23 AT 7
%( Clayton et al ., 1963) , ] BrFs 55 & %0 #11F 1L
H 500 CRRR AR N RNV YA SR
BH —— A7 SRR Be b il co, SR MRS N £

0.2 %o AHXIFRUE N V-SMOW. TfI Xt T2 A1 AR
FEARP ) Hy0, TR EREARAOUK [F] | [FIALZE
IKTT—FE R G R L BrEs 2341 /775 ( Clay-
tonet al., 1963) ,J BrFs 5 H, 0 ZEEZEH1 300 C &
AT N SNSRI, I 5 R oA s s N e A
CO, M, I HTHEE N £0. 2%, HXTFRIEN v
SMOW. X5 W AmRaERTN co, &7
ALK HT | R 2 0 [R5 25 S i) 2 Hr
KRR 20 .2 %0 MHXTFRUEN V- PDB.

3 Mg R

3.1 & & &SRR

VINTE R N7 RS /R SR TR/ SR RN
BT PR I B R AR 28 AR 4 A T o
G5 7 MEBR AL 2 00 17 AR RAL & b . 2 1
AT 8 CyppplE N - 2.5 %o~ - 3.6 %o,5 EHE AT
83 CyppalH M - 5.5% ~ - 9.0 %, ¥ N -7.1%. 5
PETRATE 8Dy smow E A - 70 % ~ - 82 %0, T34 4
- 76 %o, 2 AT IEI) 8Dy smowlE N - 69 %o~ - 76 %o,
5 EE A1 6Dy swowlH M - 73 %o ~ - 87 %o, 3N
- 81 %o 5 FF AR BB ) 6Dy smow LN - 63 %o ~

F1 MINKREERLYTRT BT MMBET Y
PR ERARNRINERMLEAEAN
Table 1 Carbon and hydrogen isotope compositions of fluid
inclusions in ore minerals and gangue minerals from the
Muluozhai REE deposit , Sichuan Province

5 AR 8 Cy. ppg/ %o 8Dy.swow/ %o
ML-002  JRARENH" - 86
ML-006  JRAKEIH" - 64
ML-008  JEAKENH" - 63
ML-009  JRAREIH" - 73
ML-010  JRBREIH" -7l
ML-01 4 VEp -2.5 - 69
MLZ5 VEp -3.6 - 76
ML-002 A -7.8 - 86
ML-003 A -5.5 - 76
ML-005 A -5.9 - 87
ML-006-1 A - 7.4 - 84
ML-006-2 A -9.0 - 73
MLZ 6 Ji A - 76
ML-005 Ji ik - 70
ML-008 Ji i - 74
ML-009 Ji ik - 82
ML-010 Ji i - 78
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- 86 %0, I - 71 %o

SRR AL SRR 2 3 R 8% 0k
E 111 %0 ~ 155 %0, P30 13 .4 %0, 2 1F 47 D511
8 OvsmowlH N 10.8 % ~ 11 .0 %. LA + =700 C(H
(2SN AN N S ik A N W ol = A S
80k, JEA 101 % ~10.3%. K 6D(K 1) A
8% O (R 2) IMNEHR LonAE -] 2 T LLE R i
(ELIESRes FINITE 2

R FER L1 PRI 0 1 07 f A ) e e TR
FAH WML 3. 62 Coppg N - 6.6 % ~
- 6.8%, YA - 6.7% .5 Faure(1986) F+7E M
WA B [, R AEL( - 7.0 %) AH S 40T, 1 HAL
8% Oy smowlEL A 8 .4 % ~ 9.1 %o, T340 8 .7 %, T4 1
“HIUR K IMBRIR S 1) 6'° Oy s mow(6 %o ~ 10 %0) ( Keller
et al., 1995) L[ A .
3.2 WREMIE

TR LA PR (R [R] 17 28 4 1 70 B 45 2R L%
4. NRATUEE ERAT 8*SvcorEHN 0.1 %
~2 2%, TIh 0.8 %, 84S AL EAR AL /N B2l AT
& S Z90 .5 %o) , S W HE MR 7] 17 28 4 ey mid

Fe MINAEEHBLIVRARMEANERMEAK
Table 2  Oxygen isotope compositions of quartz and fluorite
from the Muluozhai REE deposit , Sichuan Province

5 BWEE 8 Ouswow/ Yo /T 8RO T %o
ML-014 VEE 10.8 700 10.1
MLZ 5 VEE 11.0 700 10.3
ML-002 WA 15.5°
ML-003 WA 13.5°
ML-005 A 11"

* A P R A A AL T BT R A O RE
1000Inazsk =2 .51 x 10° T2 -1 .95 ( Clayton et al ., 1972) .

O * SMOW
20 S e e
I BE)E‘JK:
£ 7 I :
5 0y 0 W _ - _ |
D’; 80} DA
«w 100}
A0 4 8 12 16 20 24 28
é mo*v-sww/o %o
2 PUNIIR% 288 L0 IR sD-6'* o Kl i
Fig.2 8D versus e} diagram of the Muluozhai

REE deposit, Sichuan Province

®3 MIABRREFELITRABRAKR SRMCRAM
Table 3 Carbon and oxygen isotope compositions of calcite

from the Muluozhai REE deposit , Sichuan Province

FE 5 WA 6 Cupps/ % 8% Oupps/ % 8 Oyvsmow” / %o
ML-005 JTfiff -6.6 221 .8 8.4
ML-008 Jrfitfr -6.8 221 .4 8.8
ML-009 7 f#A -6.8 221 .7 8.5
ML-010  Jrf#fa -6.7 2215 8.7
MLZ-6 JiffA -6.7 221 .2 9.1

* 8% Oygmow = 1.03086 x 8% Oypp + 30.86 ( Friedman et al .,
1977) .

Fa WNAREEHLIVREREBEMABYT WRRERAMARERAK
Table 4 S isotope compositions of barite and galena from

the Muluozhai REE deposit , Sichuan Province

5 [ EX S 84Sy cpr/ %o
ML-006 EmA 2.2
ML-008 EmA 0.1
ML-010 A 0.1
ML-015 ik -9.3
MLZ-10 D78 -8.6

(K 1986) LIX 5% R A R S
MO SRR AEAI W) & . 0T ERT R P U e L 3
Sy corfH N - 8.6 % ~ - 9.3 %o, LN A KA AL
Yot s (B34S 4L e B h i s ol R
KT b 52 32 s (PR SRS K T BRI
R HUK L B TARRE A P R 2 IR YR
FNBE AR A A (0 7 fift AR B S A DR R 5
T A AL R R R E P2 s B n] RE R BRI
FEORYE . —  RHZ X A S s i A 1 s
th 0] B T ZORYE T Hbg

4 IR RZEiR

ARA HT I FTRCR (1 2001) ZETHREAS
JEAE L AR G A E R R K 1 o P I 2 5
B HBERIHG TR AR ORE T AR —
AR B A AR BE S 2 M 1 3s B 2R AT 1T
B B BERG R A T B P A AL s i i
(e LR B AR BE A 40 .3 ~12 .2
Ma ,J& T AR (2615 55 1995) . BRIk e
FERG IR (W) 1l 5 BE G A A s b R &R
KRIETER IRAE R A AL SR i B =R
YRS AT PR IBIR AL 2= R 5 U T 55 R 2 PR A H IR
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TRARARL AT LAIA Ry AR P 284 AT R AR &8 T 7 A ARk
(BB BE A Ar iEPFERR N 35 .5 Ma , 5 R EK) .
DRI AR ZE8% L0 IR () T Al 55 22 PE SR A S

SRR FE A (1998) TAA e I Tl —H BE Ll oty
PG AT TR R et iE A T4 e v
Sk ArHh PRI b 2H BT R v R AR L
Fe Bl ES B ML S R B H 66 Ma LK HHT
B[ EEAR R 55 M A B S e A S sl i AN R 482 1 T
MACEEN AR 2 S LA R Bl B & A= i 28 A ik
n) B 2R 7 I B i T2 BT 1 BB 3 B0
POl A AR B e sk I B vty At 5 S i
ZUPR AR G ILER . BRI TR S
Jer Tl i BE Ll L s B A BT A A% B A )
NWW IR 60 e A7 ot W3 A s A8 e aly . AR
SRR 55 (2001 ) H HH R e 1T L 8 B ol i A g Ly
B ROHE Eph R B B 1 e B LY 1
TN T e 2 v 3 e B2 i Fn e R o
I i) 307 s 77 1) 2 S0 e RO o . FESRSES B2 B R I
PR R e R b b T 1) i R R A e AR A vl 5
Aol BB T R A R M A ST VR R K R i . B
HA SRR AT | F g 5 R B o s
VA S B R P S N g R Ak | 5 B00 JRA
FAEH P2 AR IE KA A2 s 4k . ) 3 ok = Wi 4%
(1988) WIFFT A I VG M X M T30 1o A7 R4 45 3« S
L IFE R FE e s B 5l AR BE B 4 A
HEDARE 25 X — IR B A 5 s A T 2 A S
Bl RE- BROAR el 4 4% & i 73X — 321 A 2 )=
JE R A XA B R B SRR BRI L A
A BESE b

AR R IS A JEFNEE A 62 CyppplE I 5
b R B [7) A7 2 EL IE BN - 2 %0 ~ - 10 %0, 58
PP AGAE - 5 %P A T 1996 ; EAEMAE 2000 ;
KIS ,2000 ; Nadeau et al ., 1990 ;Pineau et al .,
1990) FH MR HLRF A . il A% SRR
WEETH 1K) 8Dy s mowlE I 5 &AM ] 6Dy spmowlE
(- 60 % ~ - 80 %, Kuroda,1975 ;B %) ,1988) #f

B F2 BAT 3 Bhe e 3) - ©
b SR A B SRR . I R R U ) e [
PEZRALK 8" Cppp BTG53 N - 5 %0 ~ - 2 %ol
- 9% ~ - 3 %o Taylor,1986) ; @UTELA H BRIER #h 4
(B S h 7K S e BUE A BAE A . XMk IR )

T [F) A7 32 20 B B AT J ik R 3R AIE 613 Cyppp 2
G - 2 % ~ + 3 %o EAHBRIR E 6" Cypps K%
FEAIEAE 0 %o/ Ai( Veizer et al . ,1980) ; @& Fhm A h
AU . AR — e -2 ¢, DRI e [m) A3 25 4 ik
TRAG 3L 83 Cyppp B ATE A - 30 %o~ - 15 %0, T35
M- 22 %e( Ohmoto,1972) . #i Ray F£(1999 ; 2000)
PR AR FAEBRIR A 1 62 ¢ Al 6'% o i X 48z K
TR R P A2 Wi 3 IR s e .
W 3 FE 3 Pros AU 50 L0 PR b 7 il A Bk
SRR 2 A A I AR E L H 8 Cupp 8 Ovswow
BN - 6.6 % ~ - 6.8 %K1 8 .4% ~9.1 % ,5 R Em
PR Rk AR SR AL A R]

B AR R I B BE 84S xs) i LUEEH f
W P S AR 2 A B R T . AR Ohmoto
(1972) BB T A8 S U B2 45T N T Re 4
HENESA + A A & Spng ~ Sy
TEH AR ST N Ui ) S o R R A7 A7
8'Smr > 8855, 6 Sppy < 84S wg s WIR AR L
FHICLE B SR AN REAAAE AT RERI AL & B A
+ WEBERAT + T A I 6 Sy ~ 84S ws . iUk
T A DR AR H ) ™ I8 A PR () A6 3% AL RSO A
TR ER BR8] . ARIEH A b R R SR )
B 2 1R R, AT W A AR 2R R R L IR A 2
AR ,2.2%>84Sys >0, 7 He 5 MRS IFEH 84S
H(0 3 %o) FHIL (5K 1986) L u A B os H Sl
bR N RE T it i L L

5
0 VIRBRR
~
- EX1S
Q FARES
Z .10
15
DI BB
20 , - . - .
0 5 10 15 20 25 30

8 *Ov_smow /%o

3 DU &/ £ IR T A i SR 3%
21 P e s P A s ] A2 24 ,2003)
Fig .3 83 C versus §'%0 diagram of calcite from
the Muluozhai REE deposit, Sichuan Province
( modified from Liu et al., 2003)
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g LR R 26 M LT IR B AR ) ¢ 1 .
O .S [ ZERFAE S Wt BT 1 -5 i 4 3% 20 1
WTEIE R . X — 2510 n] DU U b 55 A Hb Bk Ak 27 2
oAl A 28 BORMHENAIE . 28 3 Bl AE X AR % 968 +
PR IEA T/, 2 A S el e R FR AN 0 R PRI 2 0k
RTINS R B LS R co, MRFAE L AIE B
Wl IR S 5 T W™ ( Groves et al ., 1988) . B A1
J7 f# A1 7SS 19 Nd/' Nd 2 ph/ 2%t Py .
207pp/ 24 ph . 2% pu/2ph 43 il A 0. 706581 ~
0.706601 . 0. 512297 ~ 0. 512356 .18. 2894 ~
18 .3457 15.6172 ~ 15 .6682 Fl 38 .6077 ~ 38 .7865 ,
7E87Sr/%0 S Nd/ ' Nd K AL T EM T HIE B
W AR A M0k A & S g | FL R I8 UL 48 08 YRR 1iE
(S 2005) . S22, C . H .0 .S [F7 % % kLG
GRS N T S N OB R TR TR N B S E B
W8 1y EL 5 b e ) A e IR R FE AN 123 iR B

B AN ARG RGO Gl v
N A (RS IR K D0 SCRE RIS Bl 5 5 AU T A A
F ] - 5% Y5 1] 67 3% M Jo T 59 6 T A T F
B B 4 AR B B TR R T
JUT W A T RIS ) . ARtk — IR Ror
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Stable isotope data from Muluozhai REE deposit in Mianning County ,
Sichuan Province, and their geological i mplications

TIAN Shi-hong'*?, ZHANG Gui-lan’ , HOU Zeng-qian'**, DING Ti-ping' **, XIE Yuwling’,
YUAN Zhong-xin' , BAI Ge' and ZOU Tian-ren'
(1 Institute of Mineral Resources, Chinese Acade my of Geological Sciences, Beijing 100037 , China; 2 Key Laboratory on
Isotope Geology , Ministry of Land and Resources , Beijing 100037, China; 3 Academy of Information of Land and
Resources of Inner Mongolia, Hohhot 010020, Inner Mongolia, China; 4 Civil & Environmental Engineering

School , Beijing University of Science and Technology , Beijing 100083 , China)
Abstract

The Muluozhai REE deposit, located about 60 km southwest of Mianning County , Sichuan Province , is the
third large LREE deposit in Sichuan. The Muluozhai REE deposit is tectonically located on the northern margin
of the Jinpingshan Mountain in the Cenozoic intracontinental orogenic belt of southwestern China . Based on field
work , the authors analyzed the essential ores from two tunnels for their carbon, hydrogen, oxygen, and sulfur
isotopic components so as to investigate sources of metallogenic fluids in the Muluozhai REE deposit and the rela-
tion bet ween the metallogenic fluids and the deep process. The 8% Cy.ppp values of fluids from fluid inclusions in
quartz and fluorite vary from -2.5 to-9.0 per mil, showing characteristics of mantle-derived carbon. The
8Dy.smow values of fluids from fluid inclusions in calcite , quartz, fluorite and bastnaesite range from -63 to-87
per mil, suggesting characteristics of mantle-derived hydrogen. The 8*Sv.cpr values of barite and galena vary in
narrow ranges of + 0.1 ~ +2.2 per mil and-8 .6 ~-9 .3 per mil , respectively , indicating isotopic characteristics
of mantle-derived sulfur. The & Cy.ppg values and the 8'° Oy.gyow values of calcite range from -6 .6 to-6 .8 per

3

mil and from +8 .4 to +9 .1 per mil, respectively, which are fallen into the range of the “primary carbon-
atites" , implying that carbon and oxygen in ores of Muluozhai ore veins were mainly derived from the depth .
The stable isotopic data suggest a mantle source for the REE mineralization and a deep process involving mantle
materials and tectonics .

Key words : geoche mistry , rare earth ele ment deposit , stable isotope , mantle source , Muluozhai, Mianning

County in Sichuan Province



