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Abstract: Xiangshan ore field in Jiangxi Province is a representative hydrothermal uranium ore field in China. De-
scribing the evolution of uranium metallogenic hydrothermal fluid in Xiangshan ore field and exploring its formation
mechanism is of great significance for promoting innovation and breakthroughs in the theory of hydrothermal ore de-
posit mineralization, and advancing the development of ore deposit studies. However, due to the lack of deep under-
standing of the mineralization stage and mineralization dynamics mechanism, the evolution of uranium metallogenic
hydrothermal fluid in Xiangshan ore field has been a weak link in the study. This paper discusses the hydrothermal
process from filling mineralization to metasomatism mineralization in Xiangshan ore field by redeveloping existing ore
analysis data and re-observing the macro and micro phenomena, with hydraulic fracturing uranium mineralization as
the main focus. The study shows that the main hydrothermal uranium veins in Xiangshan ore field are composed of

filling type mineralization and metasomatism type mineralization. Filling type mineralization has high grade and small
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scale, with K,O content of 0. 88% ~ 7. 03% (average 4. 03%) and Na,O content of 0. 12% ~ 1. 09% ( average
0.35%), complex associated components, small apatite particles, and fast mineralization rate. Metamorphic type
mineralization is low grade and widely distributed, with K,O content of 0. 09% ~ 4. 50% (average 1. 15%), Na,O
content of 1.91% ~10. 01% (average 6. 07%), few associated components, good crystallization of apatite, and slow
mineralization rate. Uranium mineralization begins with filling type mineralization and ends with metasomatism type min-
eralization. The temperature of uranium mineralization does not change much, and the ore-forming pressure and redox
potential show a gradual increase process. The ore-forming hydrothermal fluid evolves towards an increase in alkalinity.
Key words: filling type uranium mineralization; metasomatism type mineralization; formation of time sequence;
evolution process; Xiangshan uranium ore field
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g. 1 Geological map of the Xiangshan ore field( Zhang Wanliang et al. , 2021)
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1—CQuaternary clay and gravel ; 2—purplish-red sandstone and sandy conglomerate of the Upper Cretaceous Guifeng Group; 3—porphyroclastic lava of

the Lower Cretaceous Ehuling Formation; 4—Lower Cretaceous rhyolite porphyry; 5—volcanic clastic rocks of the Lower Cretaceous Daguding Forma-

tion; 6—Upper Triassic quartz sandstone and shale; 7—Qingbaikou schist and phyllite; 8—porphyritic granite (granite porphyry) ; 9—Caledonian

granite; 10—fault; 11—uranium deposit
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Fig. 2 Typical ore vein photo of Xiangshan ore field
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a—the surrounding rock of the ore vein is rhyolite andesite, the middle section at =130 meters depth of the Zoujiashan deposit; b—the surrounding

rock of the ore vein is rhyolite andesite, ZK71-3 core in the northern part of Xiangshan; A—filling type ore; B—metasomatic type ore
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Fig. 3 Ore photos
a— IV A1, T ) (A0 KB BE5E) FIRCE W (TR 41, s, U &k 2. 220%, 45 13Z]S-1, 48 R ILT IR (+) ;
b—FEITA A WA K - B S U Bl 2. 740% , KES R-44 AR FIE TR (+) 5 o—FRIE 4, G A - K =R - -2
FeE U SRR 0.982% , #85 13HYB-3, G 8 Salf K () 5 d—FedH B0 A & 0 A FheAs, Wor e H, U & 520 14. 850% , /£ 5
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a—filling type ore, composed of hydrothermal minerals (fluorite, hydromica, etc. ) and original rock debris ( breccia), with flowing structure,

U content of 2. 220%, sample number 13ZJS-1, Zoujiashan deposit ( +); b—filling type ore, fluorite muscovite pyrite symbiotic, U content of

2.740% , sample number R-44, Zoujiashan deposit (+) ; c—filliing type ore, coexisting with chlorite, hydromica, pyrite and fluorite, with a U con-

tent of 0.982% , sample number 13HYB-3, Heyuanbei 8 belt deposit( —) ; d—hand specimen of filling type ore rich ore, with calcite blocks, U con-

tent of 14.850% , sample number R-20, Shazhou deposit; e—metasomatic type ore, coexisting with calcite, apatite, fluorite, chlorite and pyrite, U

content of 0. 704% , sample number 13YJ-1, Yunji deposit (=) ; f—residual structure of metasomatism type ore, composed of hydrothermal minerals

(Ab+Cal) and residual rock forming minerals (Kfs)

, sample number 13YJ-1, Yunji deposit (+) ; Qtz—quartz; Kfs—K-feldspar; Ab—albite;

Chl—chlorite; Fl—fluorite; Ser—sericite; Cal—calcite; Py—pyrite
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Fig. 4 Comparison of apatite crystallization degree between filling type ore (a) and metasomatic type ore (h)~ crossed nicols)

a—WE KA BS SAR 22 UM IR s b—WEIR A 2 R AT BORECR , ZBRIR s Ap—BE AT 3 Cal—7im 1 ;\ Hyd= 7K = B

a—poor crystallinity of apatite, Shazhou deposit; b—selfshaped and semiself shaped apatite, with larger particles, Yunji dep sit;

~—apatite ;

Cal—calcite; Hyd—hydromica
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FHHER SEA T 20 AR HEAT T I &, R 2R BGR 1Y 1R
PRI (CANBRIR ) , A2 52 M 2 T 25 I ) e O B 1A
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Bl 5 o R AR G
Fig. 5 Fading and alter ‘ticn phe.gm=hon' | ore-forming wall rocks
a— R OIS LRI RES (BEIRAER ) FICEBE fRZ 2 e MR b—H @R AL R BES (BERAE R 4 IR AR K Z 2 A
& BREE BIA R o—RRAR T, L BE A e JB S (F) 5 d—RIREET R OKS ) 6, BUE NS (+) 5 e—Ratak
Peath(+) s (—8 A A, JFUA R S 5 (+) 0 PV—RHCA ) Ks—8 KA Qu—Aa; B—R ), Se—Anfl; Chl—&f;
Cal—J7fift 41 ; Kin—sile 7
a—unaltered granit~ p ohyry ‘po. shyriti granite ) -~ ith K-feldspar phenocrysts predominantly red in color, Fenggang pluton; b—bleached granite

porphyry (=6 ‘hyiitic aruile) wi'h il—feldspar phenocrysts predominantly white to pale green, Hengjian pluton; c—plagioclase appears as pseudo-

crystals and

< Guvified ) bre olith is granite porphyry(+) ; d—sericitization (hydromica) alteration of plagioclase, protolith is porphyroclastic lava

(+); e—oci oriization of biotite( +) ; f—kaolinization of K-feldspa, protolith is porphyroclastic lava(+) ; Pl—plagioclase; Kfs—K-feldspar;

Qtz—quartz; Bt—Dbiotite; Ser—sericite; Chl—chlorite; Cal—calcite; Kln—kaolinite

Th=0.05% ~ 0. 062% , 25 KWL H"JK Th=0.051% ~
0.077% AR Z LW R Tk #™ 14&F- 34 Th 0. 046% .,
AP . © DSz e A7 oA
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WL FE AL A v, 28 A4 s 568 6 Th
Az 3X5 Th i M BR T2 S5 A 56, FE BRI T PR
AFIT Th BIEAERS, & F A SOT B ERME A TR
FRE R AL Th A1 U L [R) 75 LT B8 ( Nisbet et al. |
2022) , BHTHT I IR AR € AR Sl U Th LRl E b
RN T RAF 0Bk A4 25, 24 20 e P
[l BPEAE AL B B A, Th 5625 U 208, Mk LA P 1) 7
TS

WA UP RRBY), IR A PO, H

0.30% ~ 7. 59% , ¥ 2. 47% , U-P,0, #5& R %
0.682(Fi%k =18) ; AW 7% P,05 K 0. 14% ~
12.59% , V-1 2. 48% ,U~P,0, X %0 0. 601 (%L
=34) (KT R, 2021) . BEATE TR S5 R W,
P,05 5 U Th SREE 7ERR 55 F T, v M 23 A
TROMECIR 25, L TR P 5 a0 A YRR IR 25 B L B8 e
(EEZR, 2021)
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TR A A NN 22 . 26 b e R AT X 78 P
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ZR eV E NI A AN X R 2a RN ENEE T S'd
A, B2 A A 72 B A2 AR T FL A (8 SR
85, 2010) AR KT AL BUHIAE B A R, TR A8
(AN

ARLLAT™ FET 1% B A 52 Al (8 et A s 4 ], JC AR (8
TR B R B S I SO B | AE B B R AR TG
A7, BB (R) &7, AILE AT,
JEAEAR R PE A A9 R AL o Y R TR
TEV N RASAILG £, TLESE A SO = B
M (P 6a) , B A1 R & K AR 2R TRER ),
TERTTT 25 W RIS B 0 b, WEI 5 i 4158
B L W2 (81 6b) | JE— 2Bk 1l s 4
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TR0 A R P ol S Rl BT Y T
SR S AR T T R A (2 o A R R ik AR Y AT
G/

R 100 um
e —

6 HIA (kR Eh) SR b () FOF A7 SRS BE L A4 (b) B8 F s (IEZZ i)

Fig. 6 Microphotos of albite ( carbonate) interbedded with hydromica (a) and calcite interbedded with clay minerals(b)

(‘crossed nicols)
a—3C M A, U=0.219%, AWM IRYTE , #5 1352-3; b—aIHBE A, U=0.982%, AWM ITTH 8 S0 IR ZK13-3 FL 795. 90~
796.30 m, ¥5 13HYB-3; Hyd—/K=8k; Ab—#K A ; Cho—ikiRdh; Cal— i A Cly—&i+9 9
a—metasomatic type ore, U=0.219%, collected from the tunnel of Shazhou deposit,sample No. 13SZ-3; b—filling type ore, U=0.982%,
collected from interval 795. 90~796. 30 m of ZK13-3 borehole in the Heyuanbei No. 8 Zone deposit, sample No. I3HYB-3; Hyd—hydromica;
Ab—albite; Ch—carbonate; Cal—calcite; Cly—clay mineral
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VRiEL RN R EIET

a5 0 [ BRI FR R, AR 48 < B 6"°0 =

4.42%0~5. 82%0 ( JE SCRAE,1997) , %8 A1 — /K Bl

(FEHET ) 54 8" 0=5. 98%0, NI 17 60 =

6. 3%o( KA ,1982) , i AF — FE AL — 32 X,

B A A S B G — 1) 8 O (B3 i A Ak ta 3
ZEFR5E (2014 ) 38 520 AH L™ B AS ) 346 By



554 1

FROTRAE: VIVUAR A B SEate s b s AR AL A 865

BOT A AP O [RM ZAFAE , I T H3 0 AR R 3
ok O AR 670, , MM H A3 6D (A
PSR, KB R AR REAS 2ok HRAREK, AR
S PR AR K SR AL TR 5 A 5 SR KR O Y A Ok
I, IR i e ik A ok o 810, ML ZE4E 8D {A
BE SRS AE SRR 2 K X IR, s e A 3 A
kIR AZ2# G IR E N E R IAE HECR,
JE& R — R RS,

ALK 2 SRS Sr/%Sr=0. 711 8, 4RFK 1Ll
PR 128 PR 8 A (TR ) St/ Sr=0. 713 27
(BRZ55,1990) , Vo I IR BL A 3 3 A1 ( FTIE AR
W) ¥Se/*Sr=0. 721 028 (JE LS, 2001) , MIHHAE
k) A6 i BE A Y Se/*Sr = 0. 721 78 ~ 0. 731 77
(BRit =55 ,1993) , K IR A LA — SIS — ik
AR AR LA, ¥ Sr/% Sr (B2 Y g A At f i T[]
— AR R G 1 IR — Bl ) 12 e i A i

i R 28 20 B 7 B T Y A f TR A g B AL 2
RS A8 (1) 22 48 #3 ( Chinnasamy and ~/Mishra,
2013) , TEHAFAGR AT B W P L e 1)
TR AL AL He AR M 7 T P DLUE AR AL ), e 8050
B (Ohmoto, 1972) , MRIEAH L IR Aok & (ol
AR FHRIE A (A 7K s B S R
AR S A &) A8 (LA L, 1980) ,
KR AZ GRG0 RS B | i 3% S B
R BB 07 5 6%0~ 8. 6%0 (4 MFES) T F
6. 375%0, Z B0 I 5 BB s B gk A b s K A
itk Ko BHL SRR A A 56 IR 47 %S
=4.5%0~T. 1%0(4 D) T35 6. 3%0, TSI
11 6™S=4.2%0~17.3%0( 19 PNFESL) |44 9. 5%0, A
BHEFA (AR B 20 A, 8"S [H W IEMH, H
>+4%o, JEMFEHT , Bl S50 4 19 84S AR fbyu A &
o KUMRAZCS (M) 55 EAY A 1 Bk
SUS HAR R Hk , Wi AR A1 B Rk S (HH
e, SO KR A B A R T RE B 55 KA
IR b AR It A RN T8 3B A A B Y BT IR AR, Y
IRERTETLAA , T BB K A Ja , AR A A 1l
b, B R A L RLA™ I8 AR — A DR M [ i 1
AL A — R RS, X5 0 . H, Sr [y 2 Kk
ML —3

6 JH R AR

b prids O PRI R A e D R 160 i B 5
[ AL A A S IR A BRI SR J) (pH {EL (Eh {H

sE i AR AR Wy BRI (S 80 A2,
B S BRI AU | B Al iz T ORI
VENLBE AR RS A , B BB R S PR B — A
TR A i ) B A I AL

FURI BT AR B9 AH L™ RSB s 7 s B0 A BR
ZEFRIAE (2014 ) AR UL M- Fu 2 A A 00 a0 8 5
SRR, R R BB, # A TR A
o BALP A ZE AR AR RCY 5~ 60 MPa, J7
A1 AR L AR T S (AR LIS Dy 8 ~ 58 MPa, A
SCHETF R He 2 1 AL Al oo B e I A2
ARAEHT =8, 87 DK B8 B2 I SR BE H 0 SE S
TFAG B, 1] PN AN T2 BB A AR 45 3, SCHE B ™ I
U], S e AR IS A s e T e 1 o
e, IR 7K g 28 (Rt ) 2847 ) s T e 2 ] (3¢
8%) RS W) SIS 2 i 1 A A a T R
Jy, B e 8RR /TR e TR 3RS (py)
(7).

TR 1) 0T AT A B AT AR B AR Y

Ex N

a4 i k2

pH &

Rl £

1 1

Eh &

’v-|i (e I el i 2 1 i £

e 10

e W I
(i fA 2 40)
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Fig. 7 Trend of change of physicochemical parameters

of ore-forming fluids
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