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REE geochemistry and genesis of Sumochagan Obo superlarge fluorite deposit
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Abstract

Located in northern Siziwang Banner of Inner Mongolia and lying in the external contact zone between
Early Permian Dashizhai Formation and Early Cretaceous Weijing granite batholith, the Sumochagan Obo fluo-
rite deposit is a world-class monomineral deposit. Metallogeny of the deposit can be divided into two stages. The
early stage ores are mainly laminated, banded and fine-grained compact massive ores, whereas the late stage ores

are mainly megacrystalline and mingled megacrystalline ores. The sulfide-bearing laminated and fine-grained
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compact massive ores mainly distributed between 9~21 exploratory lines are not ubiquitous in the deposit. The
REE patterns of fluorite ores are very complicated and can be divided into 3 groups. The early stage A-type ores
basically have poor-fractionation REE patterns and exhibit low LREE-enrichment with no Eu anomaly. The B-
type sulfide-bearing laminated ores exhibit Th-Er roof-like enrichment with weak positive Eu anomaly. The late
stage C-type ores show HREE-enriched REE patterns with weak positive Eu anomaly or negative Eu anomaly.
The A-type REE patterns indicate the early hydrothermal event. The ore-forming fluids are magmatic fluids
with high temperature and high salinity, with REE elements existent and transported in the adsorption style.
The fluorites were precipitated from ore-forming fluids through the fluid-rock interaction between fluids and
Dashizhai rhyolite, rhyoltic tuffs and marbles. The C-type REE patterns indicate a long-lived evolution and frac-
tionation of the ore-forming fluids, with the REE elements existent and transported in a complex style. The pre-
cipitation of fluorites from ore-forming fluids resulted from the mixing of two end-members of fluids, namely
fluids with high-salinity and high temperature from magmas and fluids with lower salinity and lower fluids from
meteoric water. The B-type REE patterns reflect a local hydrothermal event with high sulfide contents, with the
REE elements existent and transported in a complex style. All fluorite samples exhibit similar trace element dis-
tributions characterized especially by high Ni contents, suggesting a common source for fluorite. All fluorite
samples are plotted in the hydrothermal field of the Th/La versus Th/Ca bi-variable diagram, implying that the
Sumochagan Obo fluorite deposit is of the magmatic hydrothermal type.

Key words: geology, REE patterns, ore-forming fluids, trace and minor elements, Sumochagan Obo fluo-

rite deposit, Sizhiwangqi Banner of Inner Mongolia
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Table 1 Description and locations of fluorite ores from the Sumochagan Obo superlarge fluorite deposit for REE study

A
SMK33-2 33 980
SMC960-33B 33 960
SMC21B 21
SMC13-2 13
SMC13-3 13
SMCI13-7A 13
SMC13-10A 13
SMC13-10B 13
SMC13-15 13
SMC13-15B 13
B
SMC96 9
SMC97 9
C
SMC21A 21
SMC21C 21
SMC13-11B 13
SMC13-5 13
SMCI13-15A 13
SMC13-14 13
50 ,
45 b ~—e—1U —X%—Ni —3¢—Co —a—Cr
—#—S¢ —@&—Cu —+— Zn ——7Zn
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Fig. 2 Plots of trace element contents of fluorite from the Sumochagan superlarge fluorite deposit
10.90x 107 7.77x10°° Ni 28.60 Ni Wede-
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8.12x10°° A C
SMC21B Zn 45.60x10°° Sr 49.50 x 10°° ~
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Fig. 3 Chondrite-normalized trace element spidergrams of

fluorite ores from the Sumochagan Obo superlarge fluorite de-
posit normalized data after Thompson 1982
a. A-type earlier stage fluorite b. B-type sulfide-bearing fluorite

c. C-type later stage fluorite

HRRERE

1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
100
(b) —e— SMC96-4— SMC97

SRR R A

10 I T S S
IOOLa Ce Pr N Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

(©)

——SMC21A
—+—SMCI13-5
—-s—SMC21C
—+—SMCI13-15A
—4—SMC13-11B
—%—SMC13-14

BRI A
=

1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Sun et al. 1989
a. A b. B c. C
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ized data after Sun et al. 1989
a. A-type earlier stage fluorite b. B-type sulfide-bearing fluorite

c. C-type later stage fluorite



37

A I B e PR R

1

MR AL

- JG

i 1

7 N1

i

VAR A S8 T

13

)

¢

284

B

&

TR« R
€S0 ¥S°0 69°0 L6°0 SP9L ZIT0Z ET6Y OB'ES 66°0 9L°9 T6'O ¥S'S PS1 $1°9 SL°O 6£°T LEO 881 OL'9 651 61°L 9%°9 PI-EIONS
050 8971 1L°0 66°0 9Z°6L €L'0T SE'SY 0S'6S OL0 T6'F ELO O1'S TS'L 90°9 €L°0 86°C OF'1 LI'T 91°L 0S'1 ZS'S 98¢ VEI-E10NS
Er0 0T'1 96°0 61°1 Or"90T O0S°€E  TOIL 0T'8L TI'T €L 60°1 669 11°T 6E'8 LO'T SS'v $S'T 9€°€ O£°CI 99T 606 T6°6 S-ETONS
8S°0 1IL°1 St0 6L°0 68°0C1 €579 96719 0S'06 LI'1T 66°L SI'T +v9°L ST'T 806 II'T 61'F 961 €6°T 8BI'8 E€L'T $O'L #0°C dIT-E10NS
$9°0 TI'T 1£°0 ¥9°0 16°6€  #I°L  LO'BT OI'9C 8€°0 95°C 8€'0 SS°C 9L°0 +8°'CT SE°0 €21 69°0 08°0 12T 1¢°0 081 TI'I JTONS
9v°'0 S0°1 L6°0 LA 86°66 €I'vE T1°€L OE'IL LI'T 88°L €1°T ¥6°9 €0°T LO'8 90°T L&'%# 81 SI°€ 0S°'Z1 €9°C 0Z'01 OL°01 . VIZONS

HBE¥D
LS°0 L171 81 99°1 06°8L1  6F°SL  6Z°6E1 0079l BO'L #1°8 €F°1 OL°0L 09°€ 08°SL S1°C 8F'6 #I°€ 90°L 09°%C 19°S 09°SZ 06°0C LEOWS
€50 €171 ST 081 06°Cr1  88°PS BS'I01 00°FPIL T9'0 €0°S 880 L6°9 BP'T 0£'11 T9'1 ZEL ZT'T ¥6'F 09°LI 06°€ 06°81 08°LI 960NS

LEsed
w0 111 69°0 10°1 6706 BSLZ  PPTI9 O0EH9 TI'T 8P°L TO'T LS9 TOH'T ¥S°L L6°0 10°F 9Z°1 86°C Ov'01 81°CT SL'9 tT°L dST-E1ONS
Iv'0 1071 1970 60 69°¢6 19°9Z 9S°19 09°99 61°1 €0°8 1Ll €89 96°1 96°L 10°L 00'% €1°'1 16°C 01°01 LO'Z OF'9 989 SI-E1DNS
Lr'0 0071 80°C 1072 LL*8FT  10°LO1 Z1°LOZ 007161 10°T 09°¢1 S1°C 0Z'¥1 6Z°¢ 0081 9v'T 00'11 ¥I'E TP'8 08'9E SL'8 06°8¢ 0v'Iv _HOI-E10NS
LF0 2071 el 6L°1 92°6F1  ¥9°T9 OT'STT 00°TTT 9¢°1 OT°0T 1S°T BI'6 28T OL'T1 6v'1 €9°9 16°1 L6°F OL'IT €1°S 0£°ZT 0T'¥T VOT-€1INS
80 6670 91 L1 69°6E1  TP'BS  19°CIT 00°FOT LE'T 0S°6 BE'T TL'8 8T 08°0T SE'1 69 08T T6°F 0E°0Z IL'¢ 0P 0T 0S°1T VL-EIOWS
LT°0 880 ¥S°€ 9T 0s°8 ¢0°S  BS'OT 8Z'9 T11°0 890 60°0 SE°0 #I°0 LSO 800 SP'O ZI'O 9E°0 00°CT 6F'0 191 bE'E £€IONS
SP0 10T 8L°T 66°1 BL'EE 66°81 BLPE 0T°¥T LE'O 0S'T LEO O0L'T TLO 16T OP'0 SO'T T9°0 TL'T SI'L 91 06'S TT'9 TEIONS
9€°0 L6°0 €E'r 8T°¢ 00°IT  SZ'8 90°ST €8 TI'0 L9°0 O1°0 L9°0 ZZ0 98°0 PI'0 SL'0 €20 L9°0 ZO'E 180 8BL'Z ¥O'V dIZ0NS
ve'0 80°1 69°C 8€°C E1°991 Sp°98 BY'IST 00°0ET OT'T 9L°L T1Z°T OL'8 BL'T 08°CT SL'1 89'8 1I8'C ZT'L OL'6T tP'9 09°1€ 01°62 HEE-0960NS
29'0 860 09T (S 9878t L6'€C LL'1P 0T°6C 670 ST'T TEO €p'T IL°0 TT'E PO 60°T 1970 OL'1 SS°L Z8'1 0Z01 #1°8 TEEANS

HR¥EY
L20e nde NAMN] TRH/ARIT JE¥H 3991 d3d A M 09X wl 3@ o &g qL PO NI wg PN Id DS ¥1 auH

(90T /84 y1sodap apionyy 0qQ Ueseyrowng ay) wWoty 5210 LNy Jo uonisodwod JFAY € AqBL
(o-0T/"M ¥ BWLEVUTHIEWMM AT EBHLBYYE €¥



38 2009
3.2 2
CI Bau 1991 Bauetal. 1992
4
ABCS3
Ce A 2
Ce
Eu SMC13-3 SM(C21B
Gd-Dy A >REE  10.38X
10 ©~207.12 x 10°° 82.47 X 10" ° LREE La Lu >
HREE 0.92~2.96 2.07 Lay Yby 1
0.61~4.33 2.17 Eu=0.88~1.11 OH F  CO%
1.01 8Ce=0.27~0.62 0.45 3 La Lu n<1 A 4a
B
Th-Er roof-shaped Eu Subias et al.
SREE  101.58 X107 °~139.29 x 10~ ¢ 1995
120.43 x 10" ¢ LREE HREE 1.66 ~ Bau 1991 Bau et al. 1992
1.80 1.73 Lay Yby 1.84~2.54 B
2.19 8Eu=1.13~1.17 1.15 6Ce=0.53 ~ 4b Th-Er
0.57 0.55 3 roof-like
C Moller 1991
Eu
Eu Eu
SREE  18.07x10 ®~73.11x10°¢ 53.22 Eu
X 10~% LREE HREE 0.64 ~1.24 Bau et al. 1992
0.97 Lay Yby 0.31~0.97 0.68 9~
SEu=0.54~2.12 0.68 6Ce=0.43~0.65 21
0.52 3
4 B
3
U Sc Cr C 4c
Co Ni Ni
Sr 3a 3b Bau 1991 Bau et al. 1992
Sr 3c REE La
Lu LREE
Sr Sr Ca HREE

Sr



28 1 39
LE-04 (a) ASMK33-2  0SMCI33 LREE HREE
X SMC2IB * SMC960-33B LREE HREE Lay Yby Eu
1 E-05F 8 SMCI3-2  eSMCI3-10B A
- b + SMCI3-15 = SMCI3-15B Ce
iﬂﬁi‘ Pegmatitic ¢ SMCL3-7A A SWICT3-10A Constantoplous 1998 Williams-Jhons et
i E00 - al. 2000 Eu
§ Eu
E 1 Eo07 * E
E- Ps o u
Hydrothermal Sedimentary 200 ~250C Bau et al. 1992
1.E-08} C
1.E-09 L L L 3
0.001 0.01 0.1 10
| E04 Tb/La (JEFI) Ce Co
(b) *SMC96
BSMC97
1L.E-O5 2008b 2008c¢
Ll
= Pegmatitic
E=
M- L.E-06 | / Tb La Tb Ca Moller
6
5 IR 1976 150
E 1.E-07 Hydrothermal
JUBLEY Schneider et al. 1975
Sedimentary
1.E-08 Moller et al. 1976 3
SMCG Tb Ca
LEOS 001 0.01 0.1 1 10 Ca
B4 Tb/La (JR FL) Th La
(c) | mSMCI3-14 ASMC21A »SMC21C Mol
XSMC13-11B #SMC13-5 O SMCI13-15A otler
1.E-05 F . S5a 5b Sc A
~~ H ‘. . .
;‘i Pegmatitic Sa SMC13-3 SMC13-
1.E-06 F
i 4o X 10B Tb Ca 100
<
© P Ca
g LE-07 Hydf‘;)thermal V{rﬁfn\%
Sedimentary
1.E-08 | REE
C Tb Ca
1.E-09 4 L f
0.001 0.01 0.1 1 10 Tb La
Tb/La (JEFE) 5¢
5 Th La Th Ca Richardson 1979a 1979b
Moller et al. 1976 pH
a. A b. B c.C A
Fig. 5 Tb La versus Th Ca logarithmic plots of fluorites
from the Sumochagan Obo superlarge fluorite deposit Base
map after Moller et al. 1976 A
a. A-type earlier stage fluorite b. B-type sulfide-bearing fluorite Ps

c. C-type later stage fluorite

(1] . 2008.



40

2009

380 ~440C w NaClg, 28% ~

48 % 36% —40 %

Plumlee et al.

1995 Fanlo et al. 1998 B

Eu

140~160C
~10.98%

w NaCl,  0.18%

2.0%

Eu

Eu Eu

B Tb-Er
roof-like Eu

Ni

Sr Sr

3 Thb Ca-Tb La

References

Bau M. 1991. Rare-earth element mobility during hydrothermal and
metamorphic fluid-rock interaction and the significance of the oxida-
tion state of europium J . Chemical Geology 93 219-230.

Bau M and Moller P. 1992. Rare earth element fractionation in metamor-
phogenic hydrothermal calcite magnesite and siderite ] . Minera-
logy and Petrology 45 231-246.

Bau M and Dulski P. 1995. Comparative study of Yttrium and rare-earth
element behaviors in fluorine-rich hydrothermal fluids J . Contrib.

119 213-223.

Bau M. 1996. Controls on the fractionation of isovalent trace elements in

Mineral. Petrol.

magamatic and aqueous systems Evidence from Y Ho Zr Hf and
lanthanide tetrad effect J . Comtrib. Mineral. Petrol. 123 323-
333.

Chen X P Gao] Y and CAO J C.1994. The barite and fluorite deposits
in China A . Mineral Deposits in China M . Beijing Geol. Pub.
House. 314-340 in Chinese .

Constantoplous J. 1981 . Fluid inclusions and REE geochemistry of fluorite
from south-central Idaho ] . Econ. Geol. 83 626-636.

Fanlo I Touray ] C Subias I and Ferandez-Nieto C. 1998. Geochemi-
cal patterns of a sheared fluorite vein Parzan Spanish Central
Pyreness J . Mineralium Deposita 33 620-632.

Gagnon ] E Samson I M Fryer B J and Williams-Jones A E. 2003.
Compositional heterogeneity in fluorite and the genesis of fluorite de-
posits Insights from LA-ICP-MS analysis J . Can. Mineral. 41
365-382.

Li SQ. 1985. The super-large fluorite deposit formed by volcanism J .
Geology and Exploration 21 1 30-31

Moller P Parekh P and Schneider HJ. 1976. The application of Th La-

Th Ca abundance ratios to problems of fluorspar genesis J . Mine-

in Chinese .

ralium Deposita 11 111-116.

Moller P Morteani G and Dulski P. 1984. The origion of calcites from
Pb-Zn veins in the Harz mountains Federal Republic of Germany
J . Chem.Geol. 45 91-112.

Moller P. 1991. REE fractionation in hydrothermal fluorite and calcite
A . In Pagel M and Leroy ] L ed. Source transport and depo-
sition of metals C . 25th Soc. Geol. Am. Anniv. Meet. 91-94.

Nie F] XuDQ Jiang S H and Hu P. 2008. Geological features and
origin of Sumogagan Obo super-giant fluorite-only deposit

1-13 in Chinese with Eng-

Inner
Mongolia ] . Mineral Deposits 27 1
lish abstract .

Nie F] XuDQ Jiang S H and Hu P. 2009a. Granite stock occurring
in the Su-Cha Sumogagan Obo fluorite district Inner Mongolia

J . Acta Geoscientica Sinica in Press .

Nie FJ XuDQ Jiang S H and Hu P. 2009b. Zircon SHRIMP U-Pb



28 1

41

dating on rhyolite samples from the Xilimiao Group occurring in the

Su-Cha Sumoqagan Obo fluorite district Inner Mongolia ] .

Acta Geologica Sinica  in Press .

Plumlee G S Goldhaber M B and Rowan E L. 1995. The potential role
of magmatic gases in the genesis of Illinois-Kentucky fluorspar de-
posits Implications from chemical reaction path modeling J .
Econ. Geol. 90 999-1011.

Richardson C K and Holland H D. 1979a. The solubility of fluorite in hy-
drothermal solutions an experimental study ] . Geochem. Cos-
mochim. Acta 43 1313-1325.

Richardson C K and Holland H D. 1979b. Fluorite deposition in hy-
drothermal systems ] . Geochem. Cosmochim. Acta 43 1327-
1335.

Schneider HJ Moller P and Parekh P P. 1975. Rare earth element dis-
tribution in fluorites and carbonate sediments of the east Alpine mid-
Triassic sequences in the Nordliche Kalkalpen ] . Mineralium De-
posita 10 330-344.

Schwinn G and Markl G. 2005. REE systematics in hydrothermal fluo-
rite J . Chemical Geology 216 225-248.

Smith M P Henderson P and Campbell . S. 2000. Fractionation of the
REE during hydrothermal processes
Obo Fe-REE-Nb deposit Inner Mongolia China J . Geochim.
Cosmochim. Acta. 64 18 3141-3160.

Subias I and Fernandez-Nieto C. 1995. Hydrothermal events in the Valle

Constrains from the Bayan

de Tena Spanish Western Pyrenees as evidenced by fluid inclu-
sions and trace-element distribution from fluorite deposits J .
Chemical Geology 124 267-282.

Sun S 'S and McDonough W E. 1989. Chemiacal and isotopic systematic
of oceanic basalts Implications for mantle composition and processes

A . In Saunders AD Norry M ] ed. Magamatism in the ocean
basins C . Geological Society Special Publication. 313-345.

Thompson R N. 1982. British Tertiary volcanic province J . Scott. J.
Geol. 18 59-107.

Wang W C Yang B S and Zhang S P. 1986. Discussions on geological
feature and metallogeny of the fluorite deposits occurring within the
Sumoqagan Obo-Xilimiao district J . Journal of Inner Mongolian

20-30 in Chinese .

Wedepohl K H. 1995. The composition of the continental crust J .
Geochim. Cosmochim. Acta 59 1217-1232.

Williams-Jhons A E Samoson I M and Olivo G R. 2000. The genesis of

Geology 1

hydrothermal fluorite-REE deposits in the Gallinas Mountains New

Mexico J . Econ. Geol. 95 327-341.

Xiao W J Brian F Hao J and Zhai M G. 2003. Accretion leading to col-
lision and the Permian Solonker sutere Inner Mongolia China
Termination of the central Asian orogenic belt J . Tectonics 22

6 2-20.

XuDQ NieF] Jiang SH Zhang W Y and Qian M P. 2008a. Yan-

shanian peraluminous granite in Sumochagan area Inner Mongolia
J . Acta Petrological et Mineralogica 27 89-100 in Chinese
with English abstract .

XuDQ NieF] JiangSH ZhangWY YunF YangC Zhang T]J
Lin R L and Lii X G.2008b. Geological and geochemical character-
istics of Obotu fluorite deposit Inner Mongolia J . Acta Geoscien-
tica Sinica 29 4 440-450 in Chinese with English abstract .

XuDQ NieFJ LiuY ZhangWY YunF Zhang T] LinR L and
Lii X G. 2008c. Sr Nd and Pb isotope geochemistry of fluorite

from the Obotu fluorite deposit Inner Mongolia ] . Mineral De-

posits 27 5 1-16 in Chinese with English abstract .
. 1994. A .
M . . 314-340.
. 1985. ]
21 1 30-31.
. 2008.
J . 27 1 1-13.
. 2009a. -
SHRIMP J .
.2009b. -
SHRIMP J .
. 1986. -
J. 1 20-30.
.2008a.
J. 27 2 89-
100.
2008b. ]
29 4 440-450.
. 2008c. Sr Nd Pb

J . 275 1-16.





