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Abstract This paper has comprehensively summarized geological characteristics of the Aobaotu fluerite deposit and discussed
its mineralization and material sources on the basis of studying rare earth elements and Nd isotopes. The Aobaotu fluorite de-
posit is a monomineral-fluorite deposit occurring at the contact zone between the volcanics-volcanogene sedimentary rocks of
Lower Permian Dashizhai Formation and the Middle Yanshanian granitoid. REE contents of fluorite ores range from 8. 04 x
107 10 30.04 x 10 %, 19.42 x10° on average, LREE/HREE ratios range from 0.24 t0 0.65 , 0.52 on average, La\/Yby
ratios range from 0. 07 to 0. 62, 0.26 on average, and 3Eu range from 0.42 10 0.90, 0.6 on average. The REE pattern shows
a HREE-enriched distribution with an obvious Eu negative anomaly. Nd isotope data show evolutionary characteristics of the
palaeocontinental crust, with ¢Nd (138 Ma) ranging from —7.30 to -30.55, suggesting that the crust is the main source of
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this deposit. It is held that the ore-forming fluid is a mixture of waters from different sources, as evidenced by the discrimina-

tion diagram of Th/La-Th/Ca that reflects the remobilization crystallization trend of fluorite. The marine volcanism in Permian
formed the source bed through exhalative sedimentary mineralization, and the Middle Yanshanian granitoid supplied fluid and
beat energy for the remobilization and concentration of the source bed. The ore-forming fluid precipitated in the structural

fracture zone of the Dashizhai Formation and formed the Aobaotu fluorite deposit.

Key words monomineral-fluorite deposit; heavy rare earth elements; geological characteristics; Nd isotope; Siziwangqi; In-

ner Mongolia
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Fig.1 Simplified geological map of the Aobatu Fluorite deposit ( modified from No. 102 geological party of Inner Mongolia, 1988b)
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Fig.2 Geological section of No. 08 exploration line in the Aobaotu fluorite deposit,Inner Mongolia
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Fig. 3 Ore (wall-rock) samples: (a) is multiple-phase fluorite ore, the central part with light-purple color is

fine-grained layered fluorite, the outer part is middle-coarse-grained to great-grained fluorite; (b) is silt intercalated

with white fine-grained brecciated fluorite
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Fig. 4 Chondrite-normalized REE patterns of ores and wall rocks from the Acbaotu fluorite deposit, Inner Mongolia
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%1 HAMETTRETARLITROFER /x107°
Table 1 Table 1 Analytical results of rare elements in ores and wall rocks from the Aobaotu deposit, Inner Mongolia / x10~*

= 3.0852 CGA07 CGAll CGA23 CGA24 ABTO3 ABTO7 GLS07 GLS08 GLS09
H&a BERE  BREERE  ReE BgrE  ERRE BRERERE ERE R A
La 27.20 24.50 29.30 62. 60 55.30 30.10 32.60 33.20 36.70
Ce 57.50 49.10 59.50 129.00 74.80 50.30 68.50 68. 10 717.00
Pr 7.08 6.00 7.11 14.80 12.60 6.33 8.34 8.27 9.21
Nd 28.20 23.50 27.70 57.90 47.40 21.20 31.80 31.10 35.00
Sm 5.16 3.81 4.70 9.53 7.80 3.30 5.86 5.73 6.50
Eu 1.11 1.36 1.43 3.4 0.83 0.70 0.48 0.55 0.62
Gd 5.04 3.37 4.55 8.91 6.87 2.87 5.53 . 5.43 6.21
T 0.79 0.42 0.67 1.26 0.95 0.39 0.84 0.81 0.96
Dy 4.47 2.31 3.90 7.34 5.02 2.13 4.89 4.79 5.83
Ho 0.9 0.47 0.76 1.50 0.92 0.42 0.95 0.92 1.15
Er 2.7 1.69 2.46 4.72 2.70 1.32 3.07 2.89 3.67
Tm 0.40 0.24 0.37 0.72 0.40 0.21 0.45 0.43 0.54
Yb 2.68 1.66 2.61 4.80 2.59 1.59 3.05 2.86 3.67
Lu 0.41 0.25 0.41 0.75 0.38 0.25 0.46 0.42 0.54
Y 25.50 13.30 22.10 42.50 25.50 12.90 29.80 28.50 37.80
SREE 143.71 118.68 145.47 307.07 218.56 121.11 166. 82 165.50 187.60
LREE 126.25 108.27 129.74 277.07 198.73 111.93 147.58 146.95 165.03
HREE 17.46 10.41 15.73 30.00 19.83 9.18 19.24 18.55 22.57
LREE/HREE 7.23 10.40 8.25 9.24 10.02 12.19 7.67 7.92 7.31
Lay/Yby 6.86 9.97 7.59 8.81 14.43 12.79 7.22 7.84 6.76
8Eu 0.66 1.14 0.93 1.06 0.34 0.68 0.25 0.30 0.29
8Ce 0.96 0.93 0.94 0.97 0.64 0.82 0.96 0.94 0.96
HRe ABT02-2 ABT04-1 ABT04.3 ABTO5-2 ABTO08-1 ABTO8-2 ABT10-1 ABT10-2
a4 HEATHE HATA HAVE HBATA HAVE BOV4E  #HOPA  ARATA
La 1.52 0.45 1.91 0.9 0.72 0.98 1.23 0.51
Ce 3.05 0.80 2.77 1.51 1.44 2.06 2.59 1.1
Pr 0.46 0.18 0.45 0.29 0.23 0.34 0.38 0.18
Nd 1.99 0.88 2.09 1.34 1.02 1.45 1.68 0.80
Sm 0.80 0.37 0.64 0.44 0.47 0.69 0.66 0.37
Eu 0.13 0.09 0.23 0.12 0.11 0.16 0.13 0.10
1.13 0.46 0.95 0.63 0.82 1.11 0.95 0.74
Tb 0.37 0.14 0.31 0.20 0.35 0.43 0.36 0.29
3.36 1.29 3.08 1.61 3.65 4.51 3.6l 3.06
Ho 0.79 0.33 0.83 0.37 0.97 1.15 0.86 0.82
Er 2.69 1.23 3.37 1.40 3.98 4.46 3.26 3.30
Tm 0.42 0.20 0.63 0.22 0.71 0.78 0.54 0.60
Yb 3.02 1.40 4.61 1.61 5.27 5.70 3.90 4.48
Lu 0.42 0.22 0.73 0.25 0.79 0.85 0.62 0.69
Y 30.50 8.4 14.80 9.93 32.80 36.70 23.60 23.90
SREE 20.15 8.04 22.60 10.89 20.53 24.67 20.77 17.05
LREE 7.95 2.7 8.09 4.60 3.9 5.68 6.67 3.07
HREE 12.20 5.27 14.51 6.29 16.54 18.99 14.10 13.98
LREE/HREE 0.65 '0.53 0.56 0.73 0.24 0.30 0.47 0.22
Lay/Yby 0.34 0.22 0.28 0.38 0.09 0.12 0.21 0.08
8Eu 0.42 0.67 0.9 0.70 0.54 0.56 0.50 0.57
8Ce 0.85 0.66 0.68 0.69 0.83 0.84 0.88 0.86

8 F IR & KRG B9 eNd (¢) & (DePaolo, 1988, 3 -SRI A eNd (138 Ma)y -3.22 ~
1981), EFRHM S MMBRHE. MRK 138 Ma -4.82, F&H{EN - 4. 04; WAL B AR BER,
BERPRIESKIOUN R (RRERRKETHN), MBCREKEeNd(138Ma)Hy -1.72~0.77 M
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Table 2 Sm-Nd isotopic analyses and characteristic ratios of volcanics-sedimentary rocks, granite and ores
in the Aobaotu fluorite deposit, Inner Mongolia

s BH%  Sm/ug g™’ Nd/ug.g™' Sm/Nd “T5m/* Nd “3INd/ " Nd 20  &Nd (276 Ma) ¢Nd (138 Ma)
CGAO7 BEM A 3.63 22.78 0.16 0.09647 0.512321 45 -2.65 -4.42
CGAll B A 2.7 19.81 0.14 0.08469 0.512402 4 ~0.66 -2.63
CGA23 HEH 3.70 23.95 0.15 0.09354 0.512429 13 -0.44 -2.26
CGA24 i ks e 8.10 56.86 0.14 0.08611 0.512505 22 1.30 -0.65
ABT03 Vid=b Ty 5.97 42.40 0.14 0.08510 0.512449 3 / -1.72
ABTO7  {UBEIRIERIE  2.40 17.16 0.14 0.08448 0.512576 16 / 0.77
GLS07 EHE 4.16 26.5 0.16 0.09484 0.512299 9 / -4.82
GLS08 b Ao 4,32 26.87 0.16 0.09719 0.512383 16 / -3.22
GLS09 ViAo 4.57 28.31 0.16 0.09767 0.512340 4 / -4.07
ABT02-2 HAPH 0.03 0.10 0.30 0. 16983 0.511401 19 -23.19 -23.67
ABT04-1 HETH 0.02 0.08 0.25 0.14708 0.511897 14 -12.71 -13.59
ABT04-3 HEVA 0.06 0.33 0.18 0. 10401 0.512180 14 -8.93 -1.3
ABI052  &AFA 0.02 0.07 0.29 0.14112 / / / /
ABTO8-1 HETH 0.01 0.06 0.17 0.14391 0.511025 15 -29.62 -30.55
ABT082  HAPH 0.03 0.10 0.30 0.16700 0.512039 13 -10.64 -11.17
ABT10-1 BATE 0.04 0.11 0.36 0.23341 0.511797 19 ~-17.71 -17.06
ABTI02  HAFTA 0.02 0.07 0.29 0. 15678 0.511629 13 ~18.29 -18.99
20 TR, 138 Ma BESREAT KMRT £

0 560
t/ Ma
5 AFRTREMBEMEATREY AR eNd(o)-
T2DM Ay AL 2%
Fig. 5 ¢eNd(t)-T evolution lines of ores and wall rocks
from the Aobaotu fluorite deposit, Inner Mongolia
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Table 3 Moller§ genesis discriminative diagram parameters for the Aobotu fluorite deposit, Inner Mongolia

Hag Ca0 /% Ca /% Tb /la Tb/Ca Tb /La atom Th/Ca atom

ABT02-2 70.05 50. 08575 0.2434 0.0074 0.2128 1.86161E - 07
ABT04-1 69.97 50. 02855 0.3111 0.0028 0.2719 7.05197E - 08
ABT04-3 71.17 50. 88655 0.1623 0.0061 0. 1419 1.53518E -07
ABTO5-2 71.17 50. 88655 0.2222 0.0039 0.1942 9.90439E - 08
ABT08-1 71.62 51.2083 0. 4861 0. 0068 0.4249 1.72238E - 07
ABT08-2 .77 51.31555 0.4388 0.0084 0.3835 2.11164E - 07
ABT10-1 71.47 51.10105 0.2927 0.0070 0.2558 1.77531E -07
ABT10-2 71.77 51.31555 0.5686 0.0057 0.4970 1.42413E -07

4 B A ) 4R A 1 JR 2% VR BE 9 38 4K ( Mooller
et al. ,1976, 1981 ;Sasmaz et al. , 2005) ,
METETR, M EM E AT ARALHEMER
TEEHEE, HEA Eu 1 Ce WH 7%, Eu,Ce
B TTEARRTHAL REE TR, BREA Eu’* [Ce’”
LS, B B AR, ZE BB WA
S5 1A R A9 35 78 JC & ( Constantopoulos, 1998 ;
Williams-jones et al . , 2000) , ZEREF BT EILE
IR 3% REE BT s Rk, AT
FE Eu Ce HiX HAth REE TERAEEE BENS
B, ER Eu [Ce RN . BEMLEAT WRIIMA
Eu 58, TREST B T H ™ 13 28 MR IR ( < 200°
~250°, Bau et al. , 1992) KB ERFE ., ZEXFh
WEALEFM T B’ AR FHAb REE T, 5 F
BEFEH B, NI AL 5H ALK =4 REE TE
REVIRES BT WP W HEES, T Eu Bk
BB KOREREERBEHERE, X571
# Ce REEE REAMRESWIRATE (FER
FERHEN Ce** /Ce’* I EALTR IR F- 45 R R 484
AR SE (Bilal et al. , 1992) ) FTRER B T UHUE M
2 A FIX AR B, TR R Ce' R TS
LEENY WTRM, W%, BEit, RE X
RETERHTETYEETHSH AR Ce B,
{BEEXFERT, 0 Ce SR AIREF IR A =4
¥ (in situ) , TR TR ATIR, H AR EA
P AGRETETINETS: 9 =X R AN
HMEnBEATREALHAENER L EEMNK
#,LREE/HREE 4 0.24 ~0. 65,4 0. 52;Lay/
Yby %7 0.07 ~0.62,F30.26, XFIRERBET M
HEOT B TEE T KBNS KBS 3%
ZBEKIESE R TR E B 15 2 S
X&ZHEN REE £ 4 WMBREHEHFETEM La 3
Lu sfnmiin K, K2 & REE M58 F 5 T AR
b, B A N RR UL A S B, Wik

LREE JCEZ# 54, HREE SRR AT L
YRR, Bk, BaEEAT RKNIKA LREE/
HREE, FIIR#Y Lay/ YbyfERE 7R T3 A o 54t B9 AR
TRAEC 2L T KBMEL, & FRRES B
B, sHEMm oK. X5MM Eu RE TR
BRI LA TELBE ( <200° ~250°) #H—3, th 5%
a8y A 8RR ARENEE—RE AN DG
IR B 6E— B B RGH AFRE R E X 152
HAAREHE B (B 3),
4.2 FHREIRELBHR

Th/Ca-Tb/La % & & f# &£ Moller % (1976,
1981) 7EXF 228K 150 ZAE AT REHREEE 217
20 |, Pl Tb/Ca Th/La () J&-F 30 LLIE 4 S B0
HEEAT RREFANE, Tb/Ca T LEAR
TH AP RAERE( ZREE WIR) , A
BRAERE X FLER Th/Ca R RES 7T
KM (ERBRE) &% To/La BFEFHHHE
W [ T Witk REE SRR, 38R B Ak E
FTALE B PMELEM, Tb/Ca Bl Tb/La LR
LS M T O N ST I RIR S S
( Primary Crystallization) , Tb/La 77K ¥ J7 ) _F 28
A6 0] F B T WA B9 T 8T 15 4L ( Remobilization Crystal-
lization ) B9 L 4%, Tb/Ca ZER EL 5 9] LR
BT #E A& S REE JTE KR M /E
Bl H Ca BFLIR Y id 2. Moller gt s 3 4
HORFRBRE: FREX(URX) B X
VIFRE X, At a9 K Cala #1 Tb &
BEMXBIERE 3,

£ Moller A R EHH I B+ (E 6),8 M EA
AT S MERBEAERBSERX, RITH
B X 85 7R, 3 b ABT04-1, ABT08-1 il
ABT10-2 BATIBRERX 8 MR HTE Th/La
B ) F KB HEF BLER At B R R 3
AR AAHENEREILNHFE, ERRYE
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1. E-04

1. E-05

1. E-06

& ABT02-2
0 ABT04-1
A ABT04-3
x ABT05-2
¥ ABTO0S-1
@ ABT08-2
+ABTI0-1
= ABT10-2

1. E-07

1. E-08

1. E-09
0. 01 0.1 1 10

B 6 Moller i 78 A AR A A
Fig. 6 Mollers genesis discriminative diagram for the

fluorite deposit

B RAESRAT (B 3) SUZ RIS EHE K 41p—
AR TR R AR FR A P A AR
gERET BB HE Mk LS s a A B 1EH
GERWGE B2, 50 2 ), MG A RS 6
SR By R B AR R A W T BB G B RGR
Wah (A RER L P A AR A RIRA) Xt
PIEARIB IR 2 I E 37 15 4L  Remobilization ) 1945 &R,
XtEH L CRES MR RANER L BERE
HRAERHEYE .
4.3 EAOW KRV WHERR
XA HET ROAET AR Nd A E
MR R, M AT RN AT HE+TT -8
GEFLCE TR T AR A W R IA STIR IR IR A RE1E,
BACE R eNd(276 Ma) K —0.66 ~ —2.65, ik
BUAH eNd(276 Ma) g -0.44 ~1.30, —EHHFF
I Akt 9 eNd (¢) {5 ( Depaolo, 1981,1988) ,
F RN T RGN E, Hl PR S hRA
HARR B, B ETRIE KA Y eNd(138 Ma) 2y
~3.22 ~ —4.82 N - 4. 04, i H AL at BEIR
PIBEAR 7L 1 22 9 eNd (138 Ma) 2 - 1.72 ~0. 77,
eNd() M ER R ETEREYERE LFAES
ER, RUIRER A RIN E L IR
FIRYL, A A BER UBORTE 5 A 8 IR 5 Y
HEREE K, HIELF RS E R TRIBENS R
BAY AK eNd(r) Tit 2 PR #9274 Ma, 1B
RUBRT £ 138 Ma 8, K EHESHE
— 17,4470 - 17. 48 B RN M KK FME, A& H
FERFELEE, RBEEMEN AT HAEREAEEEN

HAER, R Wik F ERTHEYE.
4.4 BEAMEATERATER
4.4.1 VRYTRENFHE

B K R AR, —FHW LA
R(EE%,1991) B ite 1, Ik & 5910
F AU W R — R L — R R X — %
&, IR R X 8 4 v N 7 5 0 K i B T R, oy
WRRESEBMHNBIER- R FAERRET—
79 Bl — i H— ARG — T — AR EW R W74k
SRS, BRI, HURE LR
oty A ISR B bRk R — R AR R BV ke,
FToBE KT EAMIM FAKRE—TF &% KWL
—RAHES R ERBEENARTE S (RE
% 1997 ;Zhang et al. ,1989) , BRFMMAFMHRA
REBERA A AR B, FRETHAT X
RANEIRG & A d —E R Tk R E AR A, 3 B
EHBRMEERE(FRES,2007), ARXMHE
WA RSHEETEAY IHME AT K™
HF B KABANAR SR Y, WEUE L
JB B B 8 IR S B R AR S H U B A R B
BE. BIENd B RAR, R &4 AILE
shEEA RESE RS RE R, XA IEY R, &7
WBIRIFIRIRMES R WAH A LTSS EERI AT B A
WESAE AN £, KE#) CO,. H,0, H, .CH, FIT]fE
& HF R SiF, FUALERKE S WER TR T
K A F B GY; BEE KLAE R AT RE#%
A5 KR FU AR IE X , MK B i e RR RS 2 e
FERE KGO T, CO,” H5ilEKBH
Ca’' B THIG &, VLIEAT BBk ER LS, F IR B F
51K EHS SRR SR A BN, 5K
IR A DA TR A S A KR K 3h
FFEERTIBUT R, B A0 KRR 5T
B, HiEHmEANEERE P HAEANER
&, A PR EANERAE, EHAT AHR
AMLERBREC—EAWATATREB ALK
MBI AW, FTRRICR T YT IRE M 2
Z BB LENMERNER,
4.4.2 FUPERFBEHIHT HER

MR HEEERE, AP AERDE, Rk
M B TR AL AT 1L 5 R R, bk 2 R AR R K
Wiz g, KRBT R, RR MR EHRE
b, BT ERL IS T —BERXL—TIRE
R4 GRS EIEE R, T AT B R A S B R 1E
FH (Hooper et al. ,1995; Hawkesworth et al. ;1995 ; &
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4 ,2001) , A HEH ST A0S R ER 1L 2F FR1E
WIERBUAR, 2 — BB M A LT
RO A BB TR a RRAE , BB
Rt AE R A AR BB 3R AR R A R B T
B, XA I A A KPR ]2
B F AT BEE G ALEY CaF,, 7R BIL IS
BrBo B A S TR, 23 KR B WS
B LT R 1 R R AN T RE TG LY CaF,
W, Y0 VY B B = 4 TR AN 0 A A B R AR
A 2 R R B, SRR T R Rk R AL, 3
ULIE Bk T R AR E G AR SRR E
A9 10 ; BEERRR A B AT , FI R B
HYZS R WA K, S ) 5 BE AR BRI, LR R
A P 0 A ) S AR B 160 )5 39 FR 4 BR FE SR A, K
B CaF, MWAT ST, R R H 4. 51\

GEABHESREET
5 4k

(DB ELEAT KEAT AR L TRRR
BARMEARN A AL Eu fARENER T
EEEMFHE, 0 BB R A P HT H FTTRE AR
THRBEN T KA EAL, s RBH Lok, HaM
FAR R GURE T L B AR ( <200° ~250°) MR .

(2)3#3 Moller ) Tb/La-Th/Ca &£ 8" IR A B
U B B s BT K A B ER AA U B
B EHT IS LB RHE , S8R T BEA BB , 3UF LR
A .

(3) ERINHELEAT KED AK N F6L
ROFR,EOT O K eNd(0) BRI HR KB AE,
BA T IRALRE , M X Bl B B E M
RER, LB H R YRR R EER7TEDE.
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AT, ERE, WA, K BA. 2000, MEBEILHFIE e(Nd, ) E7E
RAEBRREMARBFEER]]). BFRIHK,T 441 ~456.

BAT, S8, HTE. 1994, B PR _BOMMER SR
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