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Abstract: Fluorite is an indispensable raw material in strategic emerging industries such as new energy and
new materials. In recent years, significant breakthroughs have been achieved in fluorite exploration in the Altyn
Tagh orogenic belt, with the discovery of world-class deposits such as Kaerqiaer, Piyazidaban, and Gajike. How-
ever, the nature of the ore-forming fluids and the genetic types of these deposits remain unclear. This study fo-
cuses on the Gajike fluorite deposit in the central and southern parts of the Altyn Tagh, conducting detailed geo-
chemical research on trace elements in fluorite from different stages based on thorough geological characteriza-
tion. The results indicate that fluorite from all stages is enriched in light rare earth elements, with rare earth ele-
ment patterns showing a "right-leaning" type, and mineralization occurring during early hydrothermal activity.
The Tb/La-Tb/Ca diagram suggests that fluorite is of hydrothermal origin, with hydrothermal fluids undergoing
water-rock reaction with the surrounding rocks. The La/Ho-Y/Ho diagram reveals strong fractionation of Y and
Ho, indicating that the fluorite exhibits homologous multi-stage characteristics, where early fluorite breccia un-
derwent recrystallization while middle-stage fluorite cement precipitated during fluid migration. The 3Ce-6Eu
diagram shows strong negative Eu anomalies and positive Ce anomalies in fluorite, reflecting a medium-low
temperature reduction environment with low oxygen fugacity and water-rock reaction effects. The high F con-
tent in the rock mass and the Ca-rich strata suggest that the F in fluorite originates from K-feldspar granite, while
Ca comes from metamorphic strata and marble. Comprehensive analysis concludes that the Gajike fluorite de-
posit formed in a medium-low temperature reduction environment, and its genetic type is classified as a medium-
low temperature hydrothermal deposit.

Keywords: Gaijike; fluorite deposit; trace-element chemistry; Altyn Tagh
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Fig. 1 Regional geological map of the Altyn fluorite belt



282 Wodb o H R

NORTHWESTERN GEOLOGY

2026 4F

A R 23 2 BT R R RO — ool AR UR
FEL ool e EL RIS E IR Bonh A E R H R
FOR P BLRE | BB 40 5 R e R AR i 2 Mo A A
Wi 7R 4 2 A Ol — B e i % R T 2 b B A Bk TR £
FUURR S, AR EDKARKMINAT S BaR
KAA WIKRER DR R RS . KA 2R R R
o REERHAS RS L K E A RIS y E; SR
SRR SR R AT W 28 LA b 1 — 0 i 2 R IR 4k e, i
AR 2 4 1L 2 2 R OB R, 2023) o R
B R R R i — 0 98 7 25 e A s Bk 2 —
SR R S, LA E LUK AR K
ERHPRRIE | IREA T RIE R £ RIRE R
S — BRI KRl 1 S TR I AR AR E AR R AR A — K
L5 3, JB BT VR T B A B (R /IMVHE 4, 2025),
J52 e 2 b E A B 2R A 1
XWRAGHZIK ., 280950, FEHH
Kt A—t oot RS BiR A e ooty AR B 28 o
RN A - R YE R A S SE R L (] 1b) o
Hrp, By A IR A S i )iz, A e LA
R RALRK A B AR A AR R N S 3,
T 18T )l 8 A 3 S, B %o oy i LA ) e )
Af#H (Wang et al,, 2014) . XAKET Z AT, FBA
WS K. IER AR A K. K ALK A kS, Hh,
IERAE KA Bk 2 E 5345 F NEE 1] KRG IR AT KWt

ZLIFE M NE [ 35 75 B 4w, pe b es Ak, 5
A HITE VIR SC (& 1b) .

IX S ) 1 3% B A B, 2 I T K i — R A AR
Rt AZ IR L v oe ARl Bl A% T G 2B L BT A
ARG B bl e 244 . by AR ARPERG S LA ThoRT
A AR W1 45 22 01K 3 32 3, W B 30 | o B 4 .
DX I I 24 Fh b T e A R R AR IR R AT L
TS 24 I HL PR 2 R T SRR R R 4 T % T
(FE 1b) . 6 75 B W 24 52 NE [, 4 — 5 {0 ) 33 I )2,
FEA 40 km DA L, 5 WAGKIR L 3575 5, WA PHAE
AW R R E R EY], R HARE T S0 450 25 1] .

2 TR ML SRR

it v e DX H R = T T SRR R e
W, T2 e NE [ 5 35 B 07 R LA R, JEHE LA sk B 1A
WA RE, B — R AN AL RS, &ALk
AR A BRI ER A R, A PRI K BB R
FrRRea 3, IF TR A AR BA B B R (18] 2a) o #
A EE A T IR RH R R, 7 KA A 7 [6]
HEZEEMSEAR (K 22) . @ BB2K 6300m
DAL, 52 NE [ A, X8 47 5 oA A W A4 P ] £
FHCIEL 2a) , 5 Ui J2= 044 35 28 8 S8 JAT 1 52 A 14 2
A =T5 kA1 ok, KR DX PN B TR A 3 o T IXARA

[ S

[ st g i 2 S

[ ] oo
B et
]

MR RS
AL G
RIE 1

++++++++++++
++++++++++++++++++++
++++++++++++++++++++

+++++
¢¢¢¢¢

++++++++++++++

B2 ZHERHEATKRMERE(a)F0 GKCO7 BIR L& HIEE (b) (#72= A #%, 2026 1£30)
Fig. 2 (a) Geological map and (b) cross-section of the Gaijike fluorite deposit
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Fig. 6 Cathodoluminescence (CL) images of fluorite in different stages of the Gaijike fluorite deposit
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Tab. 1 Trace element composition table of fluorite in different stages of the Gaijike fluorite deposit (10™)

AN TR R B B 4 3 A1 FI- I a (N=10) FI- b (N=20) FI-TT (N=25)
Li 0.21~0.66 (¥{H 4 0.36) 0.00~0.20 (¥ {4 #70.07) 0.05~ 162 (¥{H H13.6)
Be 0.00~0.30 (¥J{f 5 0.19) 0.00~0.29 (18 >4 0.09) 0.17~3.65 (¥ {f 2 1.00)
0.27~1.02 (¥{H 2 0.50) 0.06~6.31 (X1 770.52) 0.09~3.94 (¥J{H 7 0.49)
K 3.03~ 167 (¥{H K 28.5) 0.83~99.1 (X1 Hy7.12) 0.47~56 887 (H¥{H Ky 2461)
Sc 0.02~0.04 (¥J1{# 4 0.03) 0.00~0.15 (¥ {4 #70.06) 0.11~2.92 (¥{# 4 0.93)
Ti 0.21~10.8 (¥ {H #2.31) 0.02~0.68 (¥ {E 4 0.24) 0.16~455 ({4 4 26.6)
\% 0.01~0.31 (¥{H 7 0.14) 0.01~0.10 (¥{# >4 0.05) 0.19~36.8 (¥ {H }3.84)
Cr 0.37~4.26 (¥{H 4 1.23) 0.33~2.00 (11 27 0.89) 0.53~11.6 (¥I{H #2.24)
Mn 1.34~64.0 (¥11i 4 12.0) 0.10~27.5 (¥{H #3.36) 0.46~2 146 (¥ fEH K 1072)
Fe 170~ 323 (¥1if Jy238) 150~202 (¥J1f Jy 168) 221~ 11603 (¥{H K2 154)
Co 0.03~0.15 (¥{H #0.07) 0.10~0.45 (¥{4 #0.16) 0.09~ 1.50 (¥J{# 4 0.25)
Ni 0.02~ 1.18 (¥ {H 4y 0.44) 0.06~0.76 (¥1f 77 0.32) 0.16~5.41 (¥1{H #0.88)
Cu 0.04~ 1.07 (¥{# 4 0.25) 0.00~0.07 (¥J{4 #70.03) 0.12~997 (¥J{# y 40.1)
Zn 0.03~0.36 (¥{f 4 0.22) 0.00~0.52 (¥ {8 4 0.25) 0.38~58.2 (¥{H J5.59)
Ga 0.17~0.38 (¥ {H 7 0.24) 0.10~0.50 (Y11 47 0.26) 0.24~11.3 (¥{H 2} 2.07)
Ge 0.36~2.37 (¥{H 4 0.83) 0.02~ 1.80 (X711 2y 0.45) 0.21~3.17 (¥{4 4 1.39)
As 0.08~1.95 (¥{# 4 0.79) 0.27~3.95 (¥{H #1.77) 1.70~2.51 ({8 4 2.06)




T 7RG PR 4 5 35 SE #AO00 RIS 1 B Ok B A0 0 JC R IR AL A RIE S

i1

AN TR A i B A A

Fl- I a (N=10)

FI- I b (N=20)

FI-TT (N=25)

Se
Rb
Sr
Y

Zr

ZREE
LREE
HREE
LREE/HREE
(La/Yb) y

La/Ho
Y/Ho

SEu

&Ce
Y/Y*

0.00~2.82 (¥{H 2y 1.07)
0.07~1.03 (¥{ii 5 0.32)
85.4~262 (¥{H H}210)
12.5~19.8 ({4 4 16.0)
0.02~4.73 (¥{H 4 0.76)
0.00~0.21 (11 5 0.03)
0.06~0.81 (¥ {H 4 0.44)
0.11~2.05 ({4 4 0.59)
0.28~9.79 (¥{H 4 1.57)
111~ 1.94 (¥ 4 1.49)
3.17~5.49 (¥ { Ky 4.41)
0.55~0.90 (¥{H 0.71)
4.19~5.87 (¥} 4.61)
1.11~1.70 (¥t~ 1.37)
0.12~0.27 (¥{E50.19)
0.99~2.06 ({4 H1.51)
0.13~0.21 (¥{H 4 0.17)
0.92~2.00 ({1 J31.48)
0.14~0.28 (¥ {H 4 0.20)
0.51~ 1.04 ({4 #0.77)
0.04~0.09 (¥{H 4 0.07)
0.38~0.74 ({1 5 0.53)
0.05~0.10 (¥ {H >4 0.06)
0.00~0.00 ({4 4 0.00)
0.10~0.58 (¥J{H 4 0.34)
0.20~8.57 ({1 Jy1.64)
0.00~2.39 (¥{40.53)
0.02~0.10 ({4 4 0.05)
0.50~ 1.39 (¥{H 4 0.94)
14.8~20.2 (¥t~ 17.6)
11.1~15.1 (¥{H H12.8)
3.20~6.12 ({4 #4.80)
1.81~3.62 (¥ }y2.73)
1.12~2.81 (¥t 4 2.07)
5.19~9.75 (¥ {H 4 7.48)
61.3~98.6 ({4 % 80.1)
0.25~0.51 (¥{H 2 0.41)
0.97~ 1.14 (¥{i 43 1.05)
1.82~2.60 ({4 #2.19)

0.21~3.19 ({8 H1.14)
0.01~5.69 (¥ 40.52)
48.3~323 (¥t 4 230)
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0.27~0.99 ({1 27 0.60)
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1.73~8.26 (¥4 K7 5.61)
64.7~103 (¥ 1# } 79.9)
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0.86~ 1.18 (¥ 4 1.04)
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0.11~ 1.54 (¥1{H #0.97)
0.00~ 822 (11 }937.6)
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0.00~ 0.18 (11 5 0.04)
0.01~0.43 (¥{H 7 0.16)
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0.20~ 940 (¥ {H 4 70.6)
0.88~18.5 (H{ii }97.33)
1.99~49.6 (¥ 1H 2720.0)
0.40~6.72 (¥ {H K 2.81)
3.96~37.3 (¥I{H #16.8)
1.68~9.14 (¥t H4.51)
0.23~1.30 (¥J{H 7 0.64)
2.08~23.0 (¥l H75.73)
0.27~~0.97 (¥1{H 4 0.46)
2.12~8.60 (11 493.89)
0.29~ 1.12 (¥{f 2} 0.54)
0.84~3.54 (¥1{H # 1.66)
0.10~0.49 ({4 #0.21)
0.54~4.58 (B }91.97)
0.04~0.51 (¥{#0.21)
0.00~ 0.45 ({4 4 0.03)
0.04~ 1.38 (¥1{H #0.21)
0.33~41998 (¥H H1688)
0.00~ 1014 (¥{H K 42.4)
0.31~22.8 (¥1{4 #3.09)
0.09~21.0 (¥1{H #1.99)
17.7~ 138 (¥ 4 66.8)
9.31~ 121 (¥{HH52.1)
6.39~30.9 (¥I{4 # 14.7)
L.11~6.78 (314 #3.41)
0.78~5.43 (B{ii }y2.44)
2.52~273 (¥fH 7 12.5)
25.3~99.2 (¥l 7 52.7)
0.13~0.51 (¥1{H #0.41)
0.82~ 1.15 ({1 49 1.05)
0.73~2.69 ({4 #1.47)
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JE (Graf, 1977; Moller et al., 1983; Bau et al., 1992),
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WL RAEREKE R PSS OH | F . CO," .\ SO,",
HPO,” . HCO," % J¥ W0 4% &5 W1, 4 3 W 1 e i #E X
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a’, N o B AR Ca”, U B 4 H Eu
J\#'ﬂ%’ M7EE LB R, Eu A BT RIEAE, BR Y
B A A% T Ca”, JE R Bu IE SR . BulE S
16 7 U I AR A A 45 f DUUE 2210 28 3k e iR A
(>250 °C), Eu ft 5% 45 75 HAK IR (200~250 °C)id 72
(Bauetal., 1992) . & e 14 JK Fl- I a, FI- I b, FI-
1145 £1 (1 SBu fH 4 % & 0.25~0.51(¥ {6 2 0.41) .
0.22~0.60(¥J{E 4 0.39) . 0.13~0.51 (¥ {E Ky 0.41),
1, BA S ZIM Eu i 59, 5 X A AL A 97 IR
fﬁﬁE*ﬁﬂJ(EﬂlOb) F6 R BT T AR Ak T A L A R ER
B2, PR A3 B2 AR, 7 A DR R AR i e B
TR AT
Ce 5 Eu Wb BRI 717y 2 B )RR, 76 = 48
WS NE R, Ce™ ok SR AR R I i B A AR G Ce® T
Ce" o Sk A E W GIFMEIR AR, 3

SISy
++++++++++++++++++4++++-§++
T T T e T T T e T T T T e
I I

FORARNT 17 A1 H Ce 1 5% (F P NIAE, 1989; Bau
etal, 1992). 7% 5 JK Fl- I a, Fl- I b, FI- 1 # £1 Y
8Ce fH 43 31 4 0.97~1.14(3J {5 N 1.05). 0.86~1.18
(B M 1.04), 0.82~1.15(34 {5 N 1.05), 78 5 Ce
IESH B Ce St AR, 5 X N HAWE A4 5 PREFEAR
(& 10b), {H-R IR IR« PEAR B AT 52 4007 R U™ It 4
SRR R T EL Ce R o W s W IR IE Ce 57
AR R T AR AL TR R B A5, 5 Eu B RO
FEAE— 2 1M F1- T, FI- T8 P85S ) Ce 1 57 %
W pH AR B2 A I i, A) RE 4 7R AU T AR 7R A 7S
AR 5 EE R T K= R, 53 Ce 1 % 2% 50
SYUEIR T B Ce 5 (RITE 2R, 2026) .
53 EEREATERT EL

ZEGHT IR M SURAAE | A B BRI R BR T 27
fiE, IFEE G XN RIRIE IR L TEARIE AL /I E) i 8
W R Y AH G 5% R (5% 43 55, 2022; X S 8%,
2023; 5K %t %5, 2024; Chen et al., 2025), &N N 5575
SO AR BT L T BE O F AR S T A
A K= RN (B 11) o B AR 5 LA i 5y S B0
4 pH {H & A AR Ak, R 002 24 BT I A H R M AR kg e

i 7% <5z W7 244

7T AR g P A ey 4 e g ——
B s O npwmaws [ j: m o THE% iRl P RS
B cocs [ EUTEZTNN  Ead o PR [A] #riv (7]

Bl PFRERART HFHRY EXE

Fig. 11 Metallogenic model of the Altyn fluorite metallogenic belt
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S5 TR M i, % A % 7 U JE (Richardson et al., 1979a,
1979b; Constantopoulos, 1988) . 4 pH<4 i}, CaF, iy
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461 Ma), Bf 7K 4 v e 0 1 38 YAk Ak T 9 52 A0 b A% il
ST RN B B AR vl 4558 o B3 ), v i 2 P P 45 5 UL
70 28 £ b 7 R b0 v %) 7 ORI S R 43 T PR R R
T—rf 8 25 1 (£ 460~385 Ma), Bl /R 45 v g & #4) i
T AR A T I 1 JS R Rk B B, & A A R R
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AN IREATEF EERIEFIERERS, Ca £E
SRR T JO b )2 R R P 3 A Sl I K A RN, B
BE RS . D8E . pH A TH s . SR BT R R, AT
TE IR B AL 4B FE 4

Bt FOTEFRTHRBESERAEERA
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