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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The geological characteristics, genesis and deposit types of Shuitou fluorite deposit are systematically studied to fully
and rationally develop and utilize its resources. [Methods] Based on the analysis of the geological characteristics, ore genesis and
current situation of ore development— utilization, we summarized ore types and development—utilization value of Shuitou fluorite
deposit. [Results] Shuitou large fluorite deposit was formed in the early Cretaceous, which ore bodies mainly existed in the upper
Permain Linxi Formation tuffaceous siltstone. It’ s a fault—control, medium—low—temperature hydrothermal, fracture—filling type
deposit. The reserve resources/reserves of fluorite ores are 1700.48 kt, with a CaF, average grade 62.27% and CaF, mineral content
of 1058864 t. The spectral analysis shows that useful component is CaF,, and the ore has good floatability and belongs to the easy
separation ore. Fluorite concentrate with CaF, grade 97.56% and recovery rate 87.07% can be obtained by one state rougher, two
states scavenger and four states cleaner. [Conclusions] The comprehensive analysis indicate that Shuitou large fluorite deposit has

good development—utilization value.

Key words: fluorite deposit; ore component; mineral quality; process flows; mineral exploration engineering; Linxi area; Inner
Mongolia

Highlights: This paper summarizes the geological characteristics and genesis of Shuitou hydrothermal fluorite deposit, analyzes the
status and potential of development and utilization, and further optimizes the mineral processing industry, which has an important
significance for fully and reasonably developing and utilizing hydrothermal fluorite deposit.

About the first author: ZHANG Yansheng, male, born in 1967, senior engineer, mainly engaged in exploration technology and

engineering; E—mail: 393454876(@wqq.com.

Fund support: Supported by the finance project of Linxi County Natural Resources Bureau (No.LZC—-2019-180).

1 51 5

AR TP ROT R ) R BRI, 2 T
WL R A REIR A4k, R AR R
% GG R, BEE 2018 4F O A B (1 {45 A A W%
PR AT 4200 77 ¢ (F35°F5,2018) o T4k, BEE
Hh ] Ak b P BRI ) AN
PR AT TR 2P R S P
5 [ ST A SR 2019 4F RS R, 2018 AR A BK A
RPEE A 3T ¢ P AR AR S E A
(45 T 7 a3k A R = 2 1Y 80% , 43 i oh
60%.19% .11%(USGS, 2019),

20 tH228 40 4EA0AT , [ N AMIF 5327 3 AT A 1l ¢
FRIE 0 M BT 26 0 IR R DL R IR K5 2
J7 X A0 R TR T RGBESE (Méller et al.,
1976; 4 {8 Z1 HB 1 A1 75 5F H, 1980; & 7% it &
1981) . ™ E % A4 0 R L ST 5E 1R T 20 22 60 4F
R, FTIY) 2 S A T B R R B P R
(K E 45 19842+, 1985; W {2 i, 1986; % H
SR, 1989 R VL HEEAL R ,1989) . 2000 LU ,
7E [ IR AR AL SUR A IF e T A g IR v
FIVEAN, EE ST T TR 4 R TR I A TR R X gk 7 0 A

AL IRTE T 988 B ERE T, J6R0 70 1 15 4 3 A1
B MR XA (£ 35 F4%,2015,2018) , Hoh 52
WA 4 58 A s - (1) I —B5r i A
B (I F—=1) 5 (2) PUF i — 3 iR A 0
B (I F=3) 5 (3) N AR FRE A A i (I F—
4); (M) FE—iL PG5 A B (I F-5), N5
Hh DX A WA e A BT U ARG A 1l 3456.38 T t,
AN S 4 E S —(PhH H5%,2018)

WS AR AT 8 (I F-4) 2N
AT IR T ) B A, K Sk A R
W R RAE A Z— B 204 60 TR,
JeJE A AIRZ I TAEB XKk 8 A R IT AR
B S B BT A T B AR Ty vk B A AR X A
5T (CE A S04 20145 07 %, 2014 ; 9K 75 G2 %5
2014; 5k, 2014; B T4, 20165 K I %, 2019) .
B 2019 40K, 0 X Ay B 0 1 (R AT 0 U/ i
(121b+122b+333 )" f1 H& 1700.48 kt, *F- 5 {37 CaF,
62.27%, CaF, % i 1058864 t, A SCAELEA I ABF
FEIER b K Sk @ AR X Y B R
SRR ST, 45 A BE 0 iR 5T, 4 B K Sk
AW RIE L RHAE, R 5 224 BRI A FE A5
AR

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(3)



5504 3

SR A4 S ARPY Bk B A PRI BURFAE (2884 S HTTF A R AN (B 797

2 DXHHb S

PSR b DX 43 A T R A — ARG 48 54 PR
M, 76K AR 1A B E Ak s 1L 1) AR Bt (&
la) , BP24 5% 5 (47 (£ 3855, 2017; 9 2 4%,
2020) . HBEH AR DOk, M5 LA &7 T
DN Rl 2k 1 26 i Ak ARt b B ki 8 A A 9 8 K
AR B ER IR ep i A R v 1 BRI IR 2
A R IX ke e A T R b 5 =R 4 (HE % 2 46 | 2010,
2017; % BR4E 2011; Wan et al., 2018) . 22k PP
AT SRR TP B S 2 s ), F 5 DX P &
B — RN 5 M3 16 S A O I R B B
R PR 4R -2 &R0 K R AEL R
IR (Pei et al., 2017a; F 4% 55, 2018; Zhang et al.,
2019;Wang et al., 2020; Zhai et al., 2020) ,

K HEMZE TE N S RBOHRE BY
b R B K T LR B K R
gUhA . AR RKER LR At AR —dedb AR
T DT SR 2 DX e i P BT 4, LR B R 2 S i
FEHTW AT P X BT RR 2 1] A
XN AR AR RS S, A BRES AR R TN K B
FRIABERKIART 12 434 (Pei et al., 2017b)

3 WRHL AL

3.1 FRHE

KK HATH TRAT X A1 L 3 i = 20
TEZGFILEA(Pss) . F &% KA%EH
(Pids) . | — B GERPGAL(Ps1) S BARE GEih v 3k 5
A (Im) (K 1b) . T &5 4 1A (Piss) XK
AL (Pods) EM N —EHEE A Je DBl Tk
FRER A DURR, AR TER X AR IX . B &Gk
PEAL(P:D) A F BLRRE (e 0l Bribs A HL
JE AT AR XN DY B Hh B, 2 E B AR ) b
P, AR 45°~50° _EARD Geiif ve Sk SR A (Jom) £
FONRECE MBS Ae 7 DX B 8, 12
SVASTE LR i B AR, BUA 200~50°, 5 & &

RSl A, A D Rt AP
IHRREDRR A7 KSR RHERY) )R 2 0.8~50 mo [ fk
B e KSR (Jm) | L B G PT AL (P.) Sy
DX St 8 B 1 SR R DX PN S B R (T
1b),

3.2 HFRME

W DX P 114 W7 448 15 = 243k NE [1] FlTIE NS—
NNE [ 2, HA a7 X m iz o006, h £ %
Wrd KL E 2 LK, W 2E ) — i 300~
70° B LT, SPEW L, KR P b B S5
P IR D Gosh A . X W s il 5 A K AR

NGB R, Jey o5 i 5 2 0 e . J58h

AT WL, JE R 24, 2 20 W 24 7 30
H R M Ik T, T 5 9 e AR B T B A
FIVEE Jo WK AAR | Bk 8 A 07 DR ) B B0 A5
o ZHWIRAE K L E 2= BTk, E [ — R 340°
~25° B PG, Ry BRI 2R L 0 F 65°~85°, WTRAEAS
[ L S S A THES ) S A R R
33 FREEE

DX 8 B S HAAE B DN 2 R I TN B
FE A AERF G X LT A 57 & JLH g
BBV TIPEER . A 4 A1 U—Pb A 34 4 3% 0
246~252 Ma(Pei et al., 2017a) , {2 ARFRBL /)N, 5
BRI XKNRAT LSS MAHZ . A
AURFE B0 R IR Sk €0, BEAR 25 48, 6 5 1ok o o 245
¥ o LR IN KBS R A T 8 28 4l AR
P LI RS G R . A A 2R A, BRIk
SR HORA T o 7R DX RS A 1) B PRl
L NN R A BT BIE AR T TR 3R
I8, 55 A U—Pb BT 2415 4 (136.9+1.7) Ma (38
FKHH, 2018)

4 HARFIE AR

4.1 FEFE L EHE
XN Z 5 A ik (fk) , B RS 8] e A
PR 2 W, F A6 R KO s AT B (FE
B —r B OKk)—m o B (kARG ),
SEFEAHIA 10 km (& 1b) . B IREFAMNE L 5 Fl i ALk
B MRRION I B AE R, S0 B
T T ANELL R, B R B — 1T 3k 200~
600 m, AT HESN A RAT o A S A E [7] 340°~
5O AT Y, i f 70°~87° (&1 2) o A ARV E 1) 8 17
SRR, AR LA 0 S ST, AR
0.67~14.89 m, JEEE 2 {L R Eh 103.83%, JE i 481k
AR JEARE L2, BRI A ] RS AR R
A ) A e ) JE i b ) AR SR M B A

http://geochina.cgs.gov.cn FE LT, 2023, 50(3)



798

H

=

2023 4F

Z
el 3 B0 &

I15SE

vV,

- -
. M B

.

.

.

.

.

.

Bl < < = = = < =

117°42"27"E

N + + + + + + + + +

..........

.....

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

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

...........

...................
.......
------
..............
...........

<<<<<<<4
e
T akee
<<<<g<d

8]
—

Pl 1 AP 3l DX R 37 5 ] () S5 KSR A PRI ST T 12 (b) R P4 7K A7 E 45, 20144820
1—5B AR s 2— AR D Gt v Sk SR 4 s 3— b B RPY A s 4— F BRI FA 55— F R/ GAF I 60— R B A3 B0 s T— (kY
AER s S—ENSTIAE R NI 3 9— B ST I B IR I BHE 2 5 10— M2 AR B2 5 11— %5 12—k
Fig. 1 Tectonic location map of Linxi area (a) and geological sketch of Shuitou fluorite deposit (b) (modified from Zhang Shouting
etal., 2014)
1—Quaternary; 2—Upper Jurassic Manketou Ebo Formation; 3—Upper Permian Linxi Formation; 4—Lower Permian Dashizhai Formation; 5—Lower
Permian Shoutshangou Formation; 6—Elimutai quartz porphyry; 7—Jurassic granite; 8—Indosinian granodiorite; 9—Indosinian granodiorite-porphyry;

10—Fault/presumed fault; 11—Fracture; 12—Exploration line
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Fig.2 Profile of exploration line No.1 of Shuitou fluorite
deposit
1 —Quaternary; 2—Sandstone—Slate; 3—Quartz porphyry;
4—Mineralized breccia; S—Fluorite ore body
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Fig.3 Color and ore structure of the fluorite ore
a—Purple fluorite cubic self—shaped structure; b—Blue—green fluorite triangular octahedral self—shaped structure; c—Blue—green fluorite semi—

automorphic structure; d—Purple fluorite semi—automorphic structure

d [
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Fig.4 Ore structure in the fluorite deposit
a—Block structure; b—Breccia structure; c—Comb and strip structure; d—Ring and band structure
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Fig. 5 Ore—forming age of metal—fluorite deposits in Linxi
area (after Song Kairui, 2019)
1-Ore—forming age of metal deposits; 2—Ore—forming age of fluorite
deposits
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Table 1 The chemical results of semiquantitative
spectrometric analysis

JtZ%x As Co B Sb Ge Pb Sn Ga W Cr

FE/10° 0.52 124 1.24 022 0.11 225 543 0.65 036 2.42

% In Ni Bi Mo V Cd Cu Zn Ag Be

E/10° 0.01 0.14 0.23 0.10 20.08 0.01 4.69 9.66 0.04 0.22

T DB NSl FIA XA Gt T Jy— 0 /A BASE 50
% MR >3% ; KU BE IR 24° 12 52%RH,

7 23.86%~68.71% , i i1 A8 1k REUCH 15.59% , A H
S R (B K B T N T VAT S S DX LN V¥ N N o
TRHLE SRS o ARYET A AL A TR (£ 3),
WA A E Ly M Si0, . ALOs  Fe,0,,CaO .MgO .S . P
4 Horp SiO, 7 i 5.34%~38.36% , F- 1 36.88% ;
ALO;: 0.70% ~2.19% , F 3] 1.75% ; Fe,05: 0.85% ~
3.14% , ¥ 4 2.61% ; CaO: 0.36% ~7.13% , - 13
1.63%; MgO :0.92%~5.88% , 14 5.84%;S: 0.02%~
0.11% , *F- 17 0.06% ; P: 0.02%~0.07% , V- 0.04% ;
Pb:0.00%~0.04% , -1 0.03%; Zn: 0.01%~0.09% , -
$10.06%, fAFEMASGRZMAKR, HKTAHF
ARG ELR 0 A T e
6.1.35 % P H EFUEHSKARS

WA A E 2 A5 £ EALTE Si0,. S Fe,0; fll
CaO, SiO, F %2 R EAR A AR 2L 1 68 7 S ik
B AR T I S K RO EE A A5 5 R
TR s i S AR T LT3 5 R 4 BT
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Table 2 The chemical results of complete chemical analysis (% )
WFEALE MRS CaF Si0, ALO,  FeO:  FeO TiO, Cr.0,  CaO*  MgO
et B QH1 45.33 25.62 1.73 2.13 0.34 0.013 0.007 5.26 1.48
JeH B QH2 90.35 3.12 0.86 073 098 0.005 0.006 0.64  0.62
B E FERZES  BaSO, K.O Na,0O P.O; S Pb Zn As H.0
B QHI 0.12 0.0010  0.0100  0.0120  0.02 0.02 0.03  0.0002 150
B QH2 0.14 0.0021  0.0120  0.0110  0.03 0.01 0.04  0.0001  1.00

H: CaO* 45 Mt
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2.19% . Fe,0s: 0.73%~3.14% . CaO: 0.36%~7.13% .

MgO:0.62%~5.88% .S :0.02%~0.11% . As: 0.00005%
~0.0002% .P:0.011%~0.07% .Pb: 0.00%~0.04% . Zn:
0.001%~0.09%, HATZ BRI AR 54 TLi &AM
. BAY KGR —H a0 K. XU X
A A AT TR AR A DR AR, TG
Tk ME
6.3 FAMEEEMN

Rl AP E 2 K B b, Hoh R 5y
AL TS FITE 0.10~0.23 uSv/h, 20 NEEIK STk
T 2 R AR R FI7E 0.05~0.12 pSv/he A AR
HES DA 1 ) S BRAE AT < AE A RGN i AN i 5
mSv, 55 AN AT R 0.57 pSv/h, 2t
XTLY, Bl RO i B 180 /N T s i A AR )
(GB 4792—-84) iy 2k . Hl A A w4
CaF,, A E 41/ As %1 0.0002% .S 5 2 0.001% , X
VRS2 AT DL Z W AT, A AR Y CaF, 3 i
K i 7S , CaF, &5 1 0.93%~13.48% , 76T A7 4 4k h
AR, CaF, 7 i A /oy , AL B A (AR folt A8 4 M sk 555
CaF, & &8/

XPRE A0 A ) BRI AT T et WA A
y M i K AH 2.59 nC/(kg - h), fx /M 1.60 nC/(kg -
h), FHIME 2.00 nC/(kg - h), LTS H] . wAH A

R3 HARSWERR(%)

Table 3 The chemical results of compound samples (% )

REEOIE B CaF, Si0, ALO; Fe,0, CaO MgO S p Pb Zn
ZH1 45.12 36.54 1.84 2.08 1.52 5.79 0.02 0.04 0.02 0.02

et B ZH2 52.35 37.21 1.65 3.14 1.74 5.88 0.10 0.03 0.00 0.01
PHIE 48.74 36.88 1.75 2.61 1.63 5.84 0.06 0.04 0.01 0.02

ZH3 85.69 8.12 0.98 1.02 0.36 1.07 0.11 0.07 0.04 0.06

B ZH4 91.12 5.34 0.70 0.85 0.64 0.92 0.06 0.02 0.03 0.04
“PHIE 88.41 6.73 0.84 0.94 0.50 1.00 0.09 0.05 0.04 0.05

ZH5 49.58 38.36 1.62 1.72 7.06 127 0.02 0.03 0.03 0.08

Pl B ZH6 53.56 32.18 2.19 1.78 7.13 1.35 0.06 0.06 0.04 0.09
“PHE 51.57 35.27 1.91 1.75 7.10 1.31 0.04 0.05 0.04 0.09
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(- 24 R 7E 0.06~0.10 pSv/h.,
6.4 # AT F AT

KA K s A 00 A0 W kA KA T Yk
A% KA It Bt O, A
BB W5 A 2Ry 22k CaF,
K M Si0,. ALO; . Fe,0,.CaO . MgO.S P45, [ F %
44y CaF, Fh , oAb A Az 21 73 3 A 35 2] Tk A 48
bR, JB T R—A A0 R, AT A PER, R
VR T2 i A o il Ben 5, A7 s
401 Sk 200 H 5 & b 80% L HE B R IR E N
25°C ; BR R4 Fe FHE FH AR HL 2000 g/t, 4EF55 3¢ pH {EAE
8.5 2 A s FH K B S AR 4 i) 501, 4 o 7K B 35 FH i
1000 g/t; FHIMBRVERTISR , iR F 54 120 g/t, @ 4
DRLEE 2 L 4 USRI e RS0, U T8
PR AR R

AR TS, AT BN T FR SRS A
773 49.32% , CaF. i i 97.56% , MK 87.07% .
B # 7= R 50.68% , CaF, iy i 14.10% , [A] Jit &
12.93%.
6.5 HMRARMERIET TEREMIEE

WA R DL A R 3 SRR IE N 2 d51k
FEfR A X N TREBYTE TR, 3 KT8 X
B PR VAN = IR Ve S TS it RPN [ BB iy A 6
a ke BT AR R WA, XA T A
WA LA ST AT 508 e AR R

AN EE SR F41455 4 CaF,, HAb 4
AR IR BN LR A ORI T bR o AR A 1T,
SRR T %0 A o W g0 2
YHEE TR R AN KB G
A7 AT SR, 0 e T A4 IFik
17 T 255 TF g A B e . TR 7R B B 4
200 H 7 80% 0 25 4F N 248 1 UCHLIE 2 RT3 4 K
ISR RE ARG,

Ve IR 45 R DL T I T2 R AR R A K
S KA ] PR, B T A .

7 %45 i

(D) AKKHE A R — KGR, A B8 4 1
1A SR Mg (121b+122b+333) 8 4 5 1700.48 kt,
SE1 AV CaF, 62.27% , CaF, W5 i 1058864 t, w47
A A% 52 W A e A o , 2 DADRCIR 25 B bR

ffo W IR FERIE N-S M RNELL 40, K29 10
kmo YA B BA T YA A
BUNABCRITRA

(2) KK IR JE . — 4L o A 0 IR, 0 A 1Y
1k 2F 104y 5K CaF,. Si0,, H: ¥kl ALO; . Fe,0;.
FeO.Ca0 .MgO .K,O Na,0 .P.0:% . # 1A&H f18 F
PEA 1 4y A CaFs, A A1 3 41534 Si0,. ALO:;.
Fe;0:,.Ca0 MgO .S P %, KA FEARFTUUE A
ol H— R W HOR ™= 0 B A B -
IR E A 4 Tl S 8 A

(3) 3 1 YOHLIE (2 IR 4 PORE R A
KA, IFS BN N BORFE bR 3 A A 77 % 49.32%,
CaF, fi i 97.56% , Inl I K 87.07% . & #" = &
50.68% , CaF, i1 14.10%, [FIK 12.93%, 3E# I
I KK AT AR, B T A,
HARI T RMNAE

pE S

O FEAREE, BEIE, BOOR, 55 0, BElE, 2018, NSl H
VA DR SR Sk A DA 7 A 7 BRI R (R ). AR 06 < WP L T
W KA R .
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