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The Genesis of the Ore Hosting “Dolomitic Marble” in the Bayun Obo Deposit,
Inner Mongolia . China: Constrained by Isotopic Results
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Abstract  The Bayan Obo Fe-REE-Nb ore deposit, Inner Mongpolia, China is a super large REE deposit. This deposit attracts atten-
tions of many geologists and geochemists for its unique geological characters and geotectonic background. However, there are quite &
number of controversies on various aspects of its genesis, such as when the ore deposit was formed, where the ore forming matesials
came from and what conditions and geotectonic environment the deposit was formed. Among them, the genesis of ore bearing
“dolomitic marble” is a focus point of debating.

Isotopic methaods are important tools for study on ore deposits. Therelore, supplemental stable isotope investigation was under-
taken in this study to reach more information on the forming conditions of “dolomitic marble”. The high contents of REE and Nb,
the REE distribution pattem, the low initial ¥Sr/%Sr ratio and low 5%°Si values of trace silica in “dolomitic marble” all indicate its
magmatic origin. The high 8'®0 values of carbonate and silicate minerals, and the relatively high 8S values indicate that this rock
had experienced isotopic exchange with sea water, implying their submarine volcanic onigin. The 32C values observed in carbonate
and silicate minerals can also be explained by carbonatite assimilated by oceanic carbonate. Therefore, based on its isotopic characters,
the “dolomitic marble” is more likely of voleanic carbonatite rock formed during middle Proterozoic era.

Key words  Bayan Obo deposit  “dolomitic marble”  stable isotopes  REE  genesis of rocks
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Table 1 Sulfur isotope composition of

barite mineral and whole rock

#5 B Sy %o &/
B-2000 BRATY 10.0 fkeh
B-2002 EROTY 13.1 Fah
B-2010 EROFTY 10.9 Rkt
B-2021 ERLEY 14.5 ke
B-2027 REATY 23.7 ¥FaH
B-2007 2 0 i)
B-2009 £t -2.1 7o
B-2022 33 9.0 oA
B-2023 8 10.7 L)
B-2016 ) 12.7 ¥
B-2029 *H 11.2 vA
B-2039 ke 1.1 e
B-2058 £ 7.3 7ha
B-2083 E3o) 6.3 va

e ¥ i
il ¢

e
T
Ll
Y
AN Y T

T AR T e L T

1 1 Ll

7] 0 ] ] 12

85 corl
®2 gxTErEaELL FHiTHes
R B S [ 3R 2 A P

Fig.2 Sulfur isotope distribution of barite, sulfides
and bulk of ore from Bayan Obo deposit
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carbonate rocks from Bayan Obo deposit %o
HE b OCume A*Coupa B0y APOG &k
Cal Dol Cal Dol
BY99106 KEEH -5.0 — — 21.2 — — -
BY99107 KA -3.0 — — 21.1 — — —
BY99109 PP -4.0 -4.1 0.1 16.8 9.3 7.5 -
BY99114 “BREREST -3.9 -4.0 0.1 12.7 9.2 3.5 -
BY99115 =P SN Vo ~3.2 -4.1 0.9 13.3 9.2 4.1 -
BY99117 ‘HEHRAHE" -3.9 -3.8 -0.1 18.1 12.8 5.3 —
BY99118 “HRRAES" -3.7 -4.1 0.4 1.7 9.1 2.6 —
BY99119 “MARXEBL" -2.9 -4.0 1.1 17.8 10.4 7.4 # REE
BY99120 “HEREAEE" -3.0 -1.9 -1.1 18.0 14.5 3.5 # REE
BY99122 KE& -2.9 — — 21.5 — — ¥ REE
BY99123 “HEAAHE" -0.7 -0.7 0 16.8 13.3 3.5 # REE
BY99124 "HEBfREE" -1.4 -0.5 -0.9 21.0 14.7 6.3 # REE
BY99125 “HaBiREE" -0.7 -0.7 0 14.9 12.8 2.1 # REE
BY99126 CHEERAHE" -1.3 -1.3 0 13.5 12.2 1.3 # REE

A ETREE RN — & NE—SW(IS ~ 195" 5 S B R4 .

A2, B AR A KNTRFEN. Ry EY
(1983) FEAAEH (1998) $EH:70% WL M H = A
KIBE"H SBOMERET 10%,8°C fHETF — 4%0;: 1
HAF 0% Az FABEE"H 620 EHET 10%,
SIC T — 4%0. MMk 544 01 B s b &
FRER. I A RS 5RP AR
T BRI X R AR AR B A T T XL, R B A
ZIRKEAE”H 350 M 81C k8 HL X B M B
MRER, DB RS E, i Az B
BETHERIBBRBE SO, HE, XA
FEHARHELIFE. 5L, “BFAAHEE"H REE
FINb S B, RRTNESKNRE REE & &
(779.94x 107 ®) . Faure(1991) B7 ¥ TE % L RUBR AR
HEATH REE B (23.74%1079) % 30 {5, 5
S, A= BREEH REE 26 X B A A iy
B, SEETRMME S A KK T KR
F(FEl 4).

Si A EBREA LXK - WA, “BaHXE
BRI BEEMN S ABEN -0.8%~
—0.3%, TH¥H - 0.53%; SIEW AR AA
AR REERE(Ding%,1996) 2 5B 8

.....
.....
.............

L EHERE HEEET.

--------

Logit /B E
a2

l..
JLTrEmE

[l U 1
La Ce Pr Nd Sm EuGd T Dy Ho Er Tm Lu Yb

F4 BT R H AERKBAREE 4+ HR
Fig.4 The REE distribution pattern of “dolomitic marble”

(E5), MEELRE LNEMREATRA.
‘HaBRRKEE" WY SIA S ¥tk E
(0.70127~0. 70590 S5 AR H A B85 Sr 28 31
TRELE 0. 70290 ~0. 70592) MK, M 5§ K H 2
KA O HEE 2 8Y Sc A S F G L (B (0. 71542 ~
0.71935)AHE Bk GK 5 %,2001), XA R
“Hy BB AH A" WIEEHIEEEH.
HE"HzRKRHEA"M C.0 A RHEB LR
—ERBFIE (1997 AN I, TIEB ERIE



540 o % R

2003 £

e W)
EommanmmE H, o T
oeesessssen H L JU W 5 E W
——— . EAL Y. BET
H. 50 2 E B
W TR
mn M EER
— BT AR Y
MRS R
——

L | | |

-1 0 0B B8 04 -B2 B0 02 04 08 0F 10 L2
T
5 Az=WEyREaHya SiRaRLfR
(% Ding %,1996)
Fig.5 Si isotope compositions of rocks and ore
from Bayan Obo depasit (afller Ding et al. ,1996)

FULRE M, X C.0 Ff EHBAEERR
FHA LR RN TR A AT 03,
TEZELR P MBREE D R BR R A A R th B
RAEE

R A = KBE" b IE# UGB A A
B AREE A FIR.
3.2 “H; AR KEE " RTEEAEKMES

B B E TIARBRBR £ A A iR A [, P R 3
(1980) . ZEL B (1983) . X #k B (1986) . A #5(1983)
MERMFCODRH AR HELR AR
KMERAENEE. SMELNEERER:O
‘Bl AEEWREE MINb R EBE. HREE 4
A e ARG A R R, 5 B R I AR A Y
HBR R A BRI, @ A 2 AT B937 Sr A0S 4
FRHAB (0. 70127 0. 70590) S iR A A B S0 Sr 47
BB (0. 70290 ~0. 70592) HIE; @ A s AR
HUE SPCHELT —0. 7%~ — 8. 0% (6, T [
LR SRR B A LR, HE, XA
RRA—ERBARNET. N ASHRKEEH
M RREE, 5 LT E— TR — R A
AR HERBRREBAARAX AR, X
MARRENA Bz RKBE" M 8% 0y.gowlE A
11. 7% ~21. 5% , B R T 15% HIEE S 5 3 60% 124
L i S T RAGRER SR A (5. 0% ~7.0%) o
A BT UE R AEE" 0T 7260 ™
ST~ 2. 1%~ 12. %, VHI K 7. 36% B F X1 H
MHREERBAENEE, BHEXR, SRERE

BABWE LB HEBITE,
3.3 "Hs BERXEE"RTRARBAMHE

Yuan (1992) kB, EEE " HeEREN"Z
EHH RS P REA LA CHERE £ 5
HARRE MBS MR, A, B H - H AR
HTLAHRENEL, BEX—-EH. 2480 E
BIREE” W IR b ER L2 4R 1T, RN R A &
BRRIRE "R AR A L., XI—FRE5 ATK
KREE" WA -3, X 5HE REE.Nb
EEMEYSSAS MBHEERTS 5010
3180y ovow (B 813C {4 . 5%°Si 71 6*S BB 5K
FIZTHABEERESEE. Hl, X -BERATH
PP BN A By A R E R, I EE
WA, X—FRFETENM T RAW 1, B
RERFM E SRR E T, it — 7
PR EarRE,

3.4 "Hy BERABEE"BTR“EWRIAE"

Fr R F(1997) B8 55 X/ E S HR 2 1R 3% 4
il B “Hy ARIAHEE " RBEHEREE
KRR N B, HEREHFEFQ002)MNEE:
BT EBRBRZ I, AR Z R M55 K N6
“HERAREE"TEMRERE A —F. 1t
SRS RENAERERMN MALE W
BESEETHERE " OERELENRERE
R TP W TR R A TR,

4 g

BB e, vTRLA R B R A A" R
T BRER A K 1L E BB B4 L 4% 74y, i 19] R3 L
LN

AES (1994, 1997,2001) WB“EEHER
AT Sa-Nd S0 ER N 1 273 £ 100 Ma, Nb-
REE-Fe 5" A1 # Sm-Nd ZFHFR R 1 305 + 78
Ma, iR 2 5 1% 89 Sm-Nd SR ER R 1 240 = 94
Ma, H“H =i AHE " ER TR SRR ETTH
EHE

“Hz= A AHEE"HE REE M Nb & & ,REE 4
AR, K S S W L E AT S BRI EIE
BREN SR RER, A RAEFRERETIE
#.

‘B EREE"PRERRLEERET YN E
SPOME, B AEHMA S ER AL HSHEH
HAEEKEETV RGEBIEN, A HEK AL
B R T IR



%ol

THF¥: H A KA H & RS 0 05 E 7 R AEE 541

"ARFEAHE" PRRB T W8 81 C H AT
P32 P K iR £ 1R e BB R A RE, B TN
FERR MK UL RRBR AR $5 30 7 7776 (6 T e

Hik, ARG RARER, “HoERHEA" £
PR A KL A NE R LB, S —
L BT I = F0 180 b 1 8 A o A R 2
P EERIEN,

Bibt BAGTRGBRSSE RS E R
FFEBTE .. RBE . A KREES AR AT
HETF TREMH LS.

X X W

Eifs, BEE. 1983, A B0 KEFMT. F R R ERY Ei
BRFERTEITL, (4):1~15.

WER RHE, LHX 199 85 BEEH L5 ot B RBAE
(AR . R E R (B ), 24(12) : 1208~ 1307,

B TR &, 1987 A HIHMEBRMANTER T R EMEY R +
AL AR e S AL BE MR S R, 73~ 79,

PRRE. 1993 WM R H BRAM RS R LRSS 20
BeETEEIGE X L AR, 561 ~ 562.

MEE, TAR, ER % 2002. 5 = TPiM8 54 REE-Nb-Fe 871K
——— T ML T B LB R R SR B R IR 76
(4):525~540.

FIYEDR. 1935, G 2 I #E. FRBEEL£E,.(2):270
--282.

R 1989, HEH S E-H LI EAT AR fEN RS
i, (7):1~5.

FHER MG BE% 1982 GRENS KNS R HRTR. R
Fheg (2):270~276.

L 1983 TiEH#TAZSASRASRBmE R e B,
ST IRAE . P E IS EE SR, (1) et R R,
156~ 185.

AEKE . 1959, (I MR R SRR L R A, 13 - 44,

M HE 1986, 1 ST £ B4 BRI KER B HRRITE. Bk
B,32(2):481 ~ 489,

HRE . 1981, B SR IR A 8 PR G IE . R L BDER, (3): 15
~28.

FHER . BE, M. 1097, A RALRHESHZE O % K
W L BB, T1(3) 202~ 211

M. 1998 iR M AL AR R P R SR, M TR B R AL
TS e —— e e R A AR R T E R, 2808
Fid:1-6.

TARRBEEH, EEE. 2002 ASBE—— i B
A BENEE. MEEM . 76(4):501 ~524.

HYX, LEEE. 1983 A TS Ban s A ElE A £41
BATLR . # A2 BT (R ). JL AT MR MY RRAL, 14 21

B3 % 1997 Bo KR M BkAL & Tk 145 . o [ Rl {i & bk
{2EREST . AT R HURRE , 344 ~373.

BRE. 1979 AR E ASIE LR E &8 REF {1 KRR E

R A HERARTER TS SRR CR(T . b3
B A, 56~ 69.

HREH, A, 54K 2000, O 2 WINERE 8 S8 5l 5
R 25 10 B R 8 R LR O BRI E L 74423 169 - 180,

RN, R, RS 1994 B S 0 BRI SR R 0 3T 8
B, (1~2)85-93.

kT ERE,BRIE%S 1997 HETREE H BREK Sm-Nd
H#i AR ST HEF. MERFER, 18(3):267~274.

KR BRE RAGEE 201 AEZHHEF EH 5 &5 SmNd,
Rb-SrE{fiRER. FEFM,17(4):673—642.

Fide¥, i, FRE %, 1980, NI = B H = A0 L 0 &
FRHIE B LR BRI MU IR 26(1) 135~ 4L

References

Bai Ge, Yuan Zhongxin. 1983. On genesis of Bayan Obo depasit. Bull.
Inst. Mineral Deposits, Chinese Academy of Geological Sciences,
€4):1~15(in Chinese}.

Campbell L S, Henderson P. 1997, Apatite paragenesis in the Bayan Obo
REE-Nb-Fe ore deposit, Inner Mangolia, China. Lithos, 42(1 ~
2):89~103.

Cao Yunlong, Zhu Shouhua, Wang Junwe. 1994, Source of cre-forming
substances and theoretical problems of metallogeny relevant to-+
Science in China. Series B. 24(12) ;1298 ~ 1307(in Chincse) .

Chac E C T, Back J M, Minkin ] A. 1992. Host-rock controlled epige-
netie, hydrothermal metasomatic origin of the Bayan Obo REE-Fe-
Nb ore deposit, Inner Mongolia. . R. C. Appl. Geachem, 7:443
~458.

Chac EC T, Back ] M,Minkin ] A. 1997. The sedimentary carbonate-
hosted giant Bayan Obo REE-Fe-Nb ore deposit of Inner Mangolia,
China: A cornerstone examples for giant polymetallic ore depasits
of hydrothermal origin. USGS Bulletin 2143:65.

Chen Hui, Shao Jian. 1987. Cenesis and tectonic setting of carbonatite in
Bayan Obo. In “Contributions to Plate Tectonies in Northern Chi-
na, No. 2. Beijing: Geological Publishing House {in Chinese).

Chen Hui. 1993, Hydrogen, oxygen and carbon isatope characters of
Bayan Ohbo deposit and their genetic implications. In “Contributions
to the Fifth national conference on ore deposits”. Beijing : Geologi-
cal Publishing House, 561 ~ 362(in Chinese).

Ding D H.1933. A report on Bayan Oha iron ore deposit, Suiyuan, Geo-
logical Report of Geological Survey of China. 23.

Ding T P,Jiang SY,Wan D F er al. 1996. Silicon sotope geochemistry .
Beijing: Geological Publishing House.

Drew L |, Meng 3, Sun W. 1990. The Bayan Obo iron-rare-earth-niohi-
um deposits, Inner Mongolia, China. Lithos, 26:43 ~ 65.

Hao Ziguo, Wang Xibin, Li Zhen et al. 2002, Bayan Obo carbonatite
REE-Nb-Fe deposit: A rare example of neoproterozoic lithogeny and
metallogeny of 2 damaged volcanic edifice. Acta Geologica Sinica,
76(4):525~ 540 (in Chinese with English abstract).

He Zuolin. 1935. Preliminary study on Bayan Obo iron ore deposit,
Suiyuan. Bulletin of the Geological Society of China, 14(2):279 ~
282 {in Chinese}.



542 HooBR

#® 2003 4

Hou Zonglin. 1989. The genetic model and ore forming process of Bayan
Oho Fe-Nb-REE deposit. Geology and Exploration, {7):1 ~ 5 (in
Chinesa)} .

Jiang Chuangyong, Zhang Rerthu, Pan Jun et al. 1982, Studies on isotope
genlogy of Bayan Obo deposit. Geologica Sciences, (2):270 ~ 276
(in Chinese).

Le Bas M1, Keller J, Kejie T et al. 1992. Carbonatite dykes at Bavan
Obo, Inner Mangolia, China. Mineral Petrol. , 46195~ 228.

Le Bas M I, Spiro B, Yang X M. 1997. Oxygen, carhon and strontium
isatope study of the carbonatitic dolonite host of the Bayan Oho Fe-
Nb-REE are deposit, Inner Mongolia, N China. Mineralogical
Magazine, 61:531-~541.

Li S Q. 1983, Second discussion on genesis of Bayan Obo Nb-REE-Fe
deposit, Inner Mongolia. In " Contributions to Plate Tectonics in
Narthern China, No. 1. Beijing: Geological Publishing House, 156
~ 185(in Chinese) .

Li Yuying. 1959, Geology and exploration of Bayan Obo Fe deposit. Bei-
jing: Geological Publishing House, 13-~ 44 (in Chinese) .

Liu Tiegeng. 1986. A discussion on the genesis of dolomite in Bayan
Obv, Inner Mongolis-with emphasis on the composition of vxygen
and carhon isotopes. Geol. Rev.,32: 150~ 1539 {in Chinese).

Meng Qingchang. 1981. The genetic characters of Bayan Obo carbinatite
deposit. Ceolngy and Fxploration, (3):15~28 (in Chinese).

Ciao Xiufu, Gao Linzhi, Peng Yang et al. 1997, Cpraposite stratigraphy
of the Sailinhudong Group and ore-bearing micrite mounds in the
Bayan Obo deposits, [nner Mongalia, China. Acta Geologica Sini-
a,71(3}:202 - 211(in Chinese with English abstract ).

Smith M P, Henderson P,Campbell L S, 2000, Fractionation of the REE
during hydrothermal processes: constraints from the Bayan Obo Fe-
REENb deposit, Inner Mongolia, China. Geochimica et Cos-
machimica Aeta, 64(18):3141~3160.

Tu Guangzhi. 1998. On material composition, geological background and
forming mechanisms of super large deposits. Science in China, 28
(Sup. ) 1~6 (in Chinese with English abstract).

Wang Xibin, Hao Ziguo, Li Zhen et al. 2002. A typical alkalire rock-
carbonatite complex in Bayan Obo, Inner Mongolia. Acta Geologica
Sinica,76{4) 1501 - 524 (in Chinese with English abstract).

Wei Juying. Shangguan Zhiguan. 1983. Oxygen and carbon isotope com-

positions and its genesis of dolomite country rocks in Bayan Oba Fe
ore deposit. Research of Petrology, (2314~ 21 (in Chinese).

Wei Juying. 1997. lsotope geochemistry of Fe deposits. In “Studies of
ixtope geochemistry in Ching” YuJ. S, ed. Beijing: Scientific Pub-
lishing House, 344 - 373 (in Chinese with Fnglish abstract).

Yang Fengjun. 1979. Preliminary study on sulfur isotope geology of
Bayan Obo rare earth, rare element and Fe deposits. Proc. of Sym-
posium on geology of Bayan Obo Deposit {2}, Beijing: Geological
Publishing House. 36~ 69 (in Chinese) .

Yang X M, Zhang P 5, Tac K J. 1995. Rb-Sr isotope dating on fenites
from Bayan Obo, Inner Mongolia, China and their geological impli-
cation. Scietia Geologica Sinica,3{4);457—467.

Yang Xiaoyong, Zhang Yuxu, Zheng Yongfei et al. 2000. Carbon and
oxygen isotope corapositions of ore-bearing dolostone in the Bayan
Obo deposits as well as two typical mierite mounds and a carbon-
atite dyke. Acta Geologica Sinica, 74(27: 169 ~ 180 (in Chinese
with English abstract).

Yuan Z, Bai G, Wu C. 1992, Geological features and genesis of the
Hayan Obo deposit, Inner Mongolia, China. Appl. Geochem, 7;
429442,

TuG Z, Zhao Z,Qiu Y. 1985. Evolution of Precambrian REE minera-
lization. Precamb. Research. ,27:131~151,

Zhang Zongqing, Tang Souhan, Yuan Zhongxin., 1994, New data of the
ore-forming age of the Bayan Obo deposit. Acta Geoscientia Sinica-
Bulletin of the Chinese Academy of Geological Sciences, 15(1~2):
85~03(in Chinese with English abstract) .

Zhang Zangging, Tang Souhan, Chen Qitong et al. 1997, Sm-Nd ages
and origins of metamoarphic rocks for the H% formation in the Bayan
Oby ore district, and relationship to ore-{orming event. Acta Geo-
scientia Sinica, 18(3): 267 ~ 274 (in Chinese with English ab-
stract).

Zhang Zongying, Tang Souhan, Yuan Zhongxin et al. 2001. The Sm-Nd
and Rb-Sr isotopic systems of the dolomutes in the Bayan Obo ore
deposit, Inner Mongola, China. Acts Petrologica Sinica, 17(4):
637 ~642 {in Chinese with English abstract).

Zhou Zhenling, i Gongyuan, Song Tengyun. 1980. On geological cha-
racters and genesis of dolomitic carbonatite of Bayan Obo, [nner

Mongolia, (jeulugical Review,26(1):35~41{in Chinese).



