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Geochemical characteristics of hydrothermal alteration in Penggushan district
of Xiangshan uranium orefield and its implications for ore prospecting

XU Jian-jun"?, XIA Fei', ZHANG Yi-yang', PAN Jia-yong', LU Chuan®, WEI Xin>, DANG Fei-peng” and
ZHONG Fu-jun'
(1. State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China;
2. No. 270 Research Institute, China National Nuclear Corporation, Nanchang 330200, China)

Abstract: The Xiangshan uranium orefield in Jiangxi Province is one of the largest volcanic-related uranium
orefields in China. The Penggushan district is located in the western part of the Xiangshan uranium orefield, close
to the Julongan and Zoujiashan large uranium deposits, and has favorable minerogenetic conditions. In recent
years, a significant breakthrough in the exploration of uranium deposits has been made in the Penggushan area,
where the hydrothermal alterations are high-temperature alteration with less later superimposed alteration, so it is an
ideal place to study the relationship between high-temperature hydrothermal alteration and uranium mineralization.
In view of this, on the basis of a field geological survey, this paper analyzes the geochemical characteristics of

hydrothermal alteration in Penggushan area through petrographic and whole rock geochemical analysis and discusses

YR HHA: 2022-04-08; #F HHEA: 2023-03-20 ; 4545 ABHN

E€WA: ERARF#ILS (42002095, 42172098) ; P EGI AR A G -REB T REERBESHAEERESLRER AL
(NRE2021-05, NRE2021-15) ; A% %15 -5 M0 [ 5K 0 5 S0 2 FF AL 42 (2020NRE08) 5 H A% Tall 3 5 =y 852 H ( 202027-1)

TEBEE N VMR (1989 ), B, B TR, NFale 1t 5 e BHe R TAFE, E-mail: xjj270@ 163. com; #H/E#H . B FE
(1968- ), B, #¥z, FENFHMT HIECESBFTAE, E-mail: fxia@ ecut. edu. cn,



%541 VPR A o AR LR PTG Juty L DR ol R A~ 5 i B HORT R 5 75 503

the characteristics of high-temperature hydrothermal alteration and its relationship with uranium mineralization. The
results show that the high-temperature hydrothermal alterations are commonly dominated by albitization, desilica-
tion, chloritization, and illytization, and locally overprinted by apatitization, pyritization, carbonation, and silicifi-
cation. The uranium mineralization shows a close spatial relationship with the albitization, apatitization, carbona-
tion, and desilication. In the Penggushan district, uranium mineralization is alkali-metasomatized and formed in a
medium-high temperature reductive environment. The occurrence of apatite in fluid is possibly an important factor
for the formation of high-grade mineralization in the study area. Apatitization and carbonation superimposed on alka-
li metasomatic alteration are most strongly developed in the ore body, which are regarded as the most important
prospecting indicators in future uranium resource exploration of Penggushan area.
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gushan district; Xiangshan uranium orefield
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Fig. 1 Geological sketch of Gan-Hang volcanic rock belt (a, after Yu Xinqi et al. , 2006) and Xiangshan uranium orefield
(b, after Chen Zhengle et al. , 2011)
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1— Cretaceous sandy conglomerate; 2—Early Cretaceous Ehuling Formation porphyroclastic lava, crystalline vitritic tuff; 3—Early Cretaceous

Daguding Formation rhyodacite ; 4—Late Triassic Anyuan Group gravel, sandstone; 5—FEarly Paleozoic metamorphic rocks; 6—granite porphyry;

7~ 8—granite; 9—volcano strength( speculated) ; 10—fault zone; 11—uranium deposit; 12—Penggushan district
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Fig.2  Geological sketch map of the Penggushan district
1—H U REE R 5 20— F FEEG RIS [B (K, ) BRBEIE s 3— F B RMIA 41 T B (K o' ) BD# K s 4— F FEG TS
A EB (K, d) RBIRHER ; S—AERBER ; 6—HEIRTE R 2 7—SCI i 243 ; 8—HeMIWi3ei 1 ; o— K ISR ; 10—RAESHT IR ;
TI—P B IR s 12—/ NG IR 13— 5 14—4hifL

1—Quaternary residual and slope deposits; 2—Porphyroclastic lava in the upper member of the Lower Cretaceous Erhuling Formation (K, e”) ;

3—sandstone and tuff of the lower member of the Lower Cretaceous Ehuling Formation (K,e') ; 4—rhyolite dacite porphyry of the upper member of

the Lower Cretaceous Daguding Formation (K,d?) ; 5—granite porphyry; 6—porphyritic granite; 7—measured fault structure; 8—speculated fault

structure ; 9—volcanic collapse structure; 10—large size uranium deposit; 11—medium size uranium deposit; 12—small size uranium deposit;
13 —uranium occurrence ; 14—drill
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Fig. 5 Backscatter images of uranium minerals in ore of the Penggushan district
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Wil AR A Si0, # il 53. 64% ~ 76. 36%,
Na,O {a‘ijj 0.75% ~9.39% ,K,0 &~ 0. 09% ~
5.67%,Ca0 FH8°N 0. 84% ~9. 20% , AL,O, F &N
9.95% ~20.45% , 5 B0 L B AH LR, Ik
54 H Si0, Na,0 K,0 il CaO & A8 bE Ak, BA
FHE R MO (0. 24% ~1.70% , 348 0. 84% ) Fil FeO

(0. 42% ~ 3. 44% , V¥ {H 1. 90%) & &, TR
Fe,0, & (0. 74% ~2. 84% , " F-3{H 1. 45%) . U &

TSR, H 2. 85%10 0 ~41. 11x10°¢, KF4-REM U

Sactter plots of A/NK versus A/CNK(a), Al-(K+Na+2 Ca) versus (Fe+Mg+Ti) (b)

L [Si/3=(K+Na+2 Ca’3) ]
and Th versus U (d, e, f)

RIS LTS & BN U SR
RFMBERZBEF, Th 5~ 7.90x107° ~38. 40%
O FEIME R 21. 15><10'6 ,Th/U B} 0.34~4. 74,
W AR 7 Si0, & &R 55. 19% ~ 73. 57%),
Na,O & H 3. 22% ~9. 48% ,K,0 i K 0. 03% ~
4.81% ,Ca0 FH K 1.04% ~5. 06% , AL,O, &N
13. 11% ~18. 04% , 5ISCHCEBEAAH LU, L8l
A A BA W Y Na,O (3. 22% ~ 9. 48%, V-1
7.05%) .CaO (1. 04% ~5. 06% , ¥ 2. 62%) .MgO
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(0.28% ~ 1. 64% , F- 3 0. 86%) . FeO (0. 94% ~
3.17% , 35 1.93% ) F1 P,0,(0. 11% ~0. 40% , -
0.28%) & f&, WAKAY Fe,0, (0. 76% ~2.39% , F- 1
1.40%) F1 K,0(0.03% ~4. 81% ,"F-¥] 1.00% ) & &,
U &HEN 52.71x107°~96. 90x 107, 314 74. 5%x107°
Th & &4 18.20x107° ~57. 92x 10°°, -4 30. 3x
10°°, Th/U {5 0. 23 ~0. 68, 5 i LU P 2 B AR L
U Fr i 3530, Th & & 08A 31,

WA Si0, N 52.76% ~68. 13% ,Na,0 7
M 3.52%~10.52% ,K,0 & H 4 0.03%~5.08%,
CaO F N 1.81%~7.84%,A1,0, &N 14.78% ~
17.87% ., SRS AH L, 2207 4 A 3 = 19 Na,O
(3.52% ~10. 52% , V-3 8. 55%) . Fe,0,( 0. 22% ~
4.19% -39 2. 17%) . CaO (1. 81% ~ 7. 84% , -1
5.10%) F1 P,0(0. 17% ~3. 94% , F34 1. 37%) &
AT FeO (0. 37% ~2. 69% ,F¥ 1. 75%) .K,0
(0.03% ~5. 08% ,F- 0. 47%) 1 Si0, (52.76% ~
68. 13% ,°F-3159.15%) ik, U &kl 1073107 ~
910x10°° , F-YJ(E N 447x10°°, Th F &K 19.9x10°
~166x10°°, “F-HJ{H Jy 53. 8x10°°, Th/U {154 0. 05 ~
0.36, SMa LB A, U M Th 528 A B
Heam .

WA AR Si0,(41. 98% ~58. 73% ,
¥151.05%) Fe,0,(0. 84% ~3.56% , -1 2.36%) .
FeO(0.95% ~2.39% ,F-1 1. 68%) F1 K,0(0. 03% ~
1.33% ,°F-3 0. 18%) & &t , 3 55 1Y Na,O (5. 72% ~
9.68% ,F-1] 7.89%) .P,0,(0.93% ~ 8. 21% , ‘-1
3.82%) M U(1 010x107°~3 365x107%, I 1 577%
107°) [ Th(23.4x107°~954%x107°, - 199x107°) &
i, Th/U {84 0. 01 ~ 0.28, MnO % & (0. 11% ~
0.31%,°F34 0. 18% ) tHXIT R 2 . 5 I B8 % B A7
b, & AR Si0, Fil K,0 7 5 i R A%, Na,0 U il
Th SR EEm(E 6) .

4 HHE

4.1 WEFTHAHEE

IR AZ B A RS P S TR Z R A A
(4 2 5 Wy S S, DA B8 9 2k MR a7 4 )
T e R AR S R R IE A, BT ABETEIA
A, AT PR F 8 PR Tl A T DAy B ey
R PE R AE B e A T e A A A A TS, 2
RN PR AT A7 Al R PE AR 2 808 A

B, EERI R BRPRER L A L AE (KR
x, 2011),

AF L7 P S 2 L DX AR o 728 1) o A 5 2
B G HERA2E R AT

(1) A AR . 4% Si0, , Ca0 Na,0 . K,0 .
Fe,0; FeO il MgO &% B LK, FEOLH AL 5
TEE 6a I 6b th oAtk K 7rHl, 1EE] 6c F1E Ta
o AR A R R AR R S R R AR
i AR TR BN S AR, EE R A
R A, A K0 % i Bl Na,O &5 i 1 3
TmiREAR , XA H] T AR TP A S AR B
KABER ML AL (8 3e~30) . 520
() —Bh FEAE P — i BRI et AR, B 4
FHEH W) 8% B 123 A (Petersson and Eliasson
1997; Dolnicek et al., 2014) . VEE Z7EARITHE M
i Na,O & 8805, 1M K,0 Ml Sio, & &5, X
SERE T2 T A BN SARVE T (R A SRR
H1Si0, & 1 AN S MG I, 78 72% LA b Al g ik
W S A R AR A7 B REAL AT G, FE Ik B I A B ik
TR TR A S b e (8 36) . —BOR L, £ X
Tl As 5 FeO \MgO I TiO, 5 A28 fb— i 15 4
Te A B g™ A 56, 7EE 6b 1, FE il Fe+Mg+
Ti &R, W RE S R E & & &R A b #E
Bk (B30 A K, FAHEME CaO &, N
5 a R A O¢, X 5 Fh A fGE N gL 2
()7 A0 A K S A Tk le A Ab T AE 2 B A —
H(E 3d~3F) , AL ok & BT R KR
A K ) ZE AR OC FR | R IR Ak Ak R R b 1ok AR 1) S8 R G
ATCTEHFR, A BB K0 SR 585
ZERN A A A O, AR AL S InTE B A R
KOz 1 (E 36, LB AR A R & & A /b 5
PRLA A, BT A, ik, o AR 2 i
YA A R A+ B b+ ke fh = Bk
fb AR A B R AR Ak < kAL

(2) B AR . Sy AR A S, S AR
A EA AL B K Si0, AL O, Fe,0,  FeO |
MgO . CaO Na,0 K,0 1 PO, & (HEAE &
Na,O .U Fl Th %, 7E&l 6a.6b H, 3T phAs 7 3
AR 15 T A0 0 2 O AR 0 DXk P s 7E IR 6 H, AR
BEIFAAC IR FE L0 AR A 5 I i ik AR 5 2
o, B AR 5 2 7 T B B A Al sE AR
ARG AR B I B &, S S B A A
FE, ST AR HA AR AY Fe,0, A K,0 &4, 5
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f) AL,O, .FeO MgO ,CaO Na,O 1 P,0, & bk
K,O 1 Na,O £ 2t 52 9 B Gl 0 6 b G e, SR I3
W AR A 22 00 T s B A ik gk U8 A Ak kR £6
b B LA KA AR A | 58 T R B IS
FEAR 3 (B 3g~31) . BRFRER L ABE KA 1k 2 5 ik
REM TR K Gl oz - Bk a
B4 LI A A A R R AR ) (&) 3m ~
3n) ., MNHIFES T SI0, & &Ik 73, 55% , 3 5 TR
B RBES (Si0, & 51 68. 53%) , WL H i
ARSI T REAL AR ) SRR AR S U A
Th & 8 o Z 8 (& 6e ~6f), 705 52. 7T1% ~
96.90% Il 18.20% ~ 57. 95%, ¥ ¥ & & 7> 9 K
74.57%H1 30. 25% ,F8 /R EH AR S 40 TE U A
Th TS, B B3R 2B o] A0, S ik A 47 1 o
A KA e+ KR+ S le f fb + B A e+
AR IR ER AL £ iE AL

(3) HIH A1 SIRMECILBEA MRS A L Sl
WA EA RAMKE Sio, & & M AR 1k V5 B B K
Fe,0, .FeO MgO,CaO Na,0 K,O Zil| P,0; &
B A TR E R A SR A b kR ER TR
B A TN IR A A B 2 A A AN — ] 6¢c
AR B s i BN A A R SR T R K
Ak, SAEMFNA IR ~80(Kl 3j~30 K 4) , 3%
B 3 Fpi 2 S0 ALOCR BT, T HL, e ik
ARas BN HI A7, Na,O F BB #im, K A b iz
AU S SRS N EAR R TR IND ' TR IN T A
300 0 IR A R it A ik 2 BT SR E A A Ok,
(BB (4 S) B G s A e A 0 B ol %5
RN A 4, R A0 i R kAR
AR A L, TR AR S Sio, & i (P8
55.84% ,3% 2) W EBEAL, H A A2 Sk & Bk
58 AT B S VTR R, HED ih AR A b ik kT
A LA 3 5 i AR | A A3 A T A ik AR A R0 3R

ZE AT WG 0 1 s DA AR 25 0 4 okt A 7 2 /0

CH 4 PR MEER, S LI TIZ KB AL

RAEH B T Bk R™ 208 A 5500,
W ETA RS 5 55 2 WO B AR, ZE S B
B A Ak, W B R AR 5 55 3 AR
TR B Al i AR 118 52 AU AR | T Bl R A Ak Rk 1R
b, ST R BV, R AR ;55 4 B R
AIREA AR T AR RCIR 0 ik , A e e A

4.2 AEMT ST L

P AR 5 LR T B D), kA HL Y
PR A A 1 7 T il b BR Ak 2 S =
o TR i 2 UG B IR AR T2 R E B2 T
SR (R IRAAE, 1990; EMLAE, 2022)
— T, AR T IR kAR R Z N Sh ik £
(T4l L BT P, DRI, A O TR 0 £ A T ok A
XA B ELAT R

5 IECI B A B S Gk L b D B
B 5 FeO ,CaO ,MgO ,Na,0 . P,0, Fil LOI % &, B
1) Si0, \Fe,0, Fl K,0 &1, 7E& 6a.6b HHHY T
TRER T X I 7R 6c BT IR Q A1 P {E, H
RSN, 7E B Ta T AR R S B 2 G
R, B A AR K,0 & Na,0 F#1E,
SRR SR A A R (b o K A AL A
FoREAR b S LR J 0 B Ak RN 8 A 1k (
4) . FEEITh Te WGy AR S SR AR S KA
9 U M Th 5 Na,0 & Z B 2IIEMAHLCR, L
WA, B AEAE R CaO Ml P,0, &, B
[y Si0, (AL O, Fl K,0 &, R E 4 5 R EIn
WAk kR ER AL B A LR R RE AL AR X R
Y], HE 8 AL B AR CaO 1 P,05 LUK
ik Si0, S B AYERE, W& B ARG E NHE, &
FHEE AR SR, &0 A Al A 5 R KA
N2 YRk FRER AL AL AL (B 3n~30) , AR EH A
FEah T CaO A1 P,O; &80, fE ZK14-12 i &
o, B IE R BIA B B A, Na,0, CaO  P,0, A1 Th %
TGN, Si0, Fl K,0 & FEAK, MgO il FeO & HE7E
LA PR 25 LR TR A e, AL O, & LR ik
AR IR (B 9) 3 55 i SCHT IR 1) b A8 R 1 Al A
—3, BMRLORE B e S iR 2 AN A 1l B K
Ak RTRER LA L X R BV (E 4) i
A it 6 5 X o A ) R B A AR — S 1 IE A OGP (]
7b.7¢) .

P L SCRT 2T, 0 4ot Lt DX 4 A 6 5580 B A
Ak B A B IR £ A0 RN 2 R A Tk AR 56 R )
(B 4) AR S T AL SR R 45 (2009) BT IR 19 5858
ATk, T EAAEF L AR R ILT 2
KRB TERES A B 8 8 PR e B L kb DX 08 B IR
WA= (Min et al. , 1999; Fiz%s 2012; BN
&, 2013 BHEREAE, 2016) o FEMG &N I kb X A
TR v S A A RIS IR R B Y
8, XA AR & R CaO (Na, OB K, O, 7£ & 6d
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B IR Y R 2R B B TR A2 g AR
AR, A T Bl TE AT R A A el AR
FESTER] 6d 3 H Bl E AL H . RIS AR
FH 22 J5 B35 b BB I R %o ol A8 25 R A T B G
FEARHE A T AR N, 855 (2012) A B sE At
THASAAU A TR 9 (BB B A R
A1 AR SE ) AR TR LR RS I B B A U
W IE KRR BN A AR, KORRRAR T 55 A DL 5
JE AT FLBRE AR T R AR 3 RS (IR AN
8,1990) . AN, W ACAIE i sk e A R FA 2R
=t KA A RS 0 R TTIE Y B T X
AR, BA & A Al i RCR (& R 45, 2000)
A8 s L DX 2 P9 R B A AL kA ke A
b WA iR Ak Ak e F (B 3n~ 30,
K 4) a1 2 S8 k6 s i a3k (B S) i

TN A AL FNBRTR R AL 7] A2 S B DT
K, W VE IR bR,
4.3 XEHFIEAMBTR

WSS A K Na S50 42 8 7 ATE B R
AR oy N sSAE B AE RN EIIR & 32U
(FEIRR, 2002) . B AT A 048 7 T ik 22 A8
AP, sk S s A E S R B
BRI SR HAM A L HA I BT i 52 104 H
A RA R R AT 5 A (RS, 1998;
FEARRAE, 2009) o A6 MGGl LUt DX, o A 255 ik 25 g
TR MEIESRIER B T ) 2 s A  HIX
P AT AL A 5 W A A B I A fb RN PR R A G Ry
R IR vl v R T 1 0 S £
FRRFRER A A2 B IR 33 55 i A HRGE A B sC
PREVENTACERAE (KL SR, 20025 X3F45 ) 2005; 2
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#l, 2010; SHFERESE, 2016) LAY A,

FEAR R (2011) D, B A2 AR Bl 7 AL A 11 s T
F R ik, R BTN RIS, SR A E 1
B A AR R B V) o X G 2y LUy b DX 4 A 4 i P
BE AT B, A £ VKRBT 3 SR AR IR
2 R A FURE N R A T 5 H R R R P A KR )
Ef e A (B5) 0 Tk AL 2R A R B Bk
W ([ 5b.5d.5e.5f) . A FIER Bl — B B
T R T, 455 T AT MG A 1L B X )
WA, TATIA R G 2ty 1Ly b DX Bl 8 1k R T A g R A
Bk BT s R R AR T AN A
FEAR LA™ AR R L R 22 KIS 50 R B IE
TN B ik ( Fis %, 2012; 0 5 BE S,
2016; 25U R4, 2016; FIE% 2017) , WAL
RUBHA™ A A L Bl FE P 2 — 5 k33 ) 4L

FEMS i 1L b X A b B K A SR
Fahw At SR R A (B 5a.5b) , B
BE KA S A B IR, B TFAE R LT
PRIGTRASACHI BB A1 (=i AR 55, 2020) o SE 50 Hb Bk
b2 W] Wl 5 i IR 2 RRAE AT AE A I
RGBSR UTTE B B4 (M BT 45, 1997)
AHLLE B 5 ffA C-0 TRl Z MBS He-Ar [R 2
A R A AN L) 4 TR Bl S AR e T 2 5 5|
TR A AR R (Hu er al., 20085 % uK %,
2014) o B HIE WK B RRIE M B o (MR R
1996 ; HEAERAE ) 1999a) , 23kl Mg i A S n 5
W B Wl Bl B AR, AR T2 AR A
ERE ARG AL, R R RS U E Bl 1
B RKEIECREL, Ti855(2020) Ak, AL AT H
BRI K TR E R H T 10 B QR B S
MBI B, BEAE S AR T Il EL AT AH L) b
BRAG AT, IR AR A A AR IR AR R
AR BlRT AT ) sk Ak 2 e 5 U 5L A B 22 1 AR AH
Sifa e ARG 3l . Bonnetti 25 (2020) XFAH L
HIHh ™ fE 5T R, R A R B X
FIVKH LT R e 5 1 S TG sh 3 DA G,
LCHEDN S 4ty Ly b DX R i A Rl L A
B, ATRedE 7R M Tk A 3 o0 A RO A, 1E
A Ay Ly i, DX YA SRR A b il 222D (U0,) P T
SAFTE, HALH I A4 B AL 22 M o & A i As i, B
WA 1Y) AR T B AT, (45 Wl K A R il A DL
TETHAE COT \OH | F | Cl S48 B 88 + (IR R 55

1999a) , W3R T BLA™ i A4 1k 2 41 43 16 -, IRV B, 9
T LAY R LR IR A7 6T (U0, > B 55 g e v e
FFBI ) 25 DT TE 7 0 K A i AR PN B2 T (e B
2019; &R, 2020) X WAL T AIE™ P IE L,
TE R KA A A e R R K R A (A5 MG
LB X B A7 P,O5 Al CaO Y 1 & 48,

4.4 MR EEMETR

Pl e AR 2 PR A R 1) (8 A A A e
T AR v R B BB PN R AR A A
DRy L RN & S 1 S 7 N o TR P B o =g
BN AN A TAEM E R0 brE . A5
WA 2 %5 U) 0 R il AR sl AR 21 ) X R AT i A
HAETEZENE X,

S 4 L b IX 4 L b A DL Ak 5T Ak g%
T AR AR R 3 R & A o Ik A AL ik
WAk BRFRER AL ANRES .t IE R BIA 2R, dk A
b ZREAL B IK £ A iz g R A e R R A
b G AR AR A R A ik AR A i R iR A
T R AL Ak RN I A AL AR R 20 S5 M s B, H Ut
SRS MG A Ly DX A P AROR AR Sy AR
B 10, — M e, aae AR v fel i), Hoo0 1 — i
A AR I AN ] A FE A 10 ~ 50 m, A~ B & LT )
HMEAR O] T 50 m; ke A AL R Bk Ak ik AR VS R
HoRGBE B AR T 10 m B KA AL FIBRIR R4 11 1ok
AR AR BRI AR O (<10 m) . Ptk 7EEF A1
S AR s s ask A v IO n 5 X A A Ak il AR 1
IS, FEAE AR B9 N 4R SR8 A 10 R 2k
WALAR | 5 5 iE— 20 SR K A A A R R 1k ik
s KA RIRIR SR AL A AR AR 0 R & B e
SR ZL, AT DR R BB R hR A
5 458

(1) 06 ot L b DX g Y8 AR ol A 2 B R K
b ErEfl ghle A e R LA 1k 3 R & A
BERATAL b iR ER AL FIREAL.

(2) b S Ak B A A kiR R AL RN
FREA AR SR B ), PR ok AR o R A
L Fnsh e PriciE fVER

(3) BRI Sl Ak s i e AR B i Ak, T8 T
H i ek 30 S PR PR B K A A AR E T Al ) T
TEFIE S,



54 4

VPR A o AR LR PTG Juf 1 DR ol 8 il R A~ 5 i B T R 5 75

517

<10m

<3Im

>10~50m

Na

m +

Na -

W

A A

L A IR

BKAf

WAL R A

it

PR

G

A R

fRiEfift

izl EeRia

— i

-
At

[k

10 MG 2k 1Ly b DX B ol AR 437 A 25

Fig. 10 Zone model of hydrothermal alteration in the Penggushan district
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