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Abstract: Key metals such as beryllium, cesium and uranium are strategic metal resources that support the
development of high-tech industry and cutting-edge national defense science and technology. It is found that
the formation of opal in key metal deposits is closely related to the enrichment of Be, Cs, U and other metal
elements, and the enrichment mechanism of these key metals is closely related to the genesis of opal, poly-
phase transformation and microbial action in opal, which are mainly manifested in: (1) Opal origin and crys-
tal phase transformation mechanism control the occurrence form, migration mechanism and precipitation
mechanism of key metal elements; (2) The chronology and Si-O isotope of uraniferous opal can trace the
metallogenic age of key metals and the physical and chemical environment of precipitation; (3) Microorgan-
isms in opal can provide a suitable oxidation-reduction environment for the enrichment of key metal ele-

ments. The mineralogy, geochemistry and microbial mineralization of opal indicate that the genesis of opal
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has important scientific significance for revealing the ore-forming age of key metal deposits, tracing the

source of ore-forming materials of key metal deposits, exploring the genetic mechanism of key metal depos-

its, and establishing the ore-forming model of key metal deposits. Opal as a tracer mineral would play an in-

creasingly important role in the study of key metal deposits.

Key words: opal; key metal; metallogenic mechanism; microbial mineralization
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AR HE 25 — AR RED ), FE R K L HO
¥ HERE (RSIOH) 8 — # AL A Ar 1, Hofb oy
U R 78 4 Si0, - nH,O (Jones and Segnit, 1971;
FREHURT Reeder, 1986) . #4625 11 A BO S5 PR,
P A2 3 K 03 43 Opal-A | Opal-C DL &
Opal-CT = #} (Langer and Klorke, 1974; Karacik et
al., 2011; B, 2019; Curtis et al., 2019), =FEH
A1 B B3 2H B A5 AR Y X 3] 32 240 - Opal-A 5 i
Tl - IeE A, M AE SR A7, Opal-C & H a-
Ji A LT HEBR T A, 1 Opal-CT & Ha- 7 A e b
ou- 8 7 5 FUTC PP SR I A (1R T2 55, 2005) o 28
1A 38 5 HL45 Hi Opal-A . Opal-C 55 Opal-CT 28 & 3t
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VI 255 A A B Z5H AR A A 1o A2 AL
AR SR ISR/ MR ASISAD WS GN TF =y &5
WAE LA I 4 & B o B2 (Petersen et al., 2004;
Lynne et al.,, 2006; Saminpanya and Sutherland,
2013; Liesegang and Milke, 2014; Zeng Z G et al,,
2015; Lowenstern et al., 2018),

ZA A4, Ludwig et al.(1980)7E3
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R A 1 OH I A OCs I TE A AEAE . — - —
TR ISR, [ A Sh2ps 8 SR B A 8 7R G B 8 il
AR IB A T R 7] G, e 2 X DU A %
FERE IR T 1 -1 ot DX RS B 4 b ) A 1
15 7SS B0 ST 1 i DX Y A S R I TR
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SHRIMP , LA-ICP-MS . XRD % J5 2 1 5 43 Hr
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Spor Mountain FlI 85 A" K H B4 it A4 5 1) 2 ik
4, I 7E Spor Mountain [X 38 #4) £ 2 T 45 kG 4 11
R AR 22 (Neymark et al., 2000, 2002; Pac-
es et al., 2004, 2010; Amelin and Back, 2006; Nem-
chin et al., 2006; Neymark and Paces, 2013; Foley
and Ayuso, 2013; Neymark, 2014; Dutkiewicz et al.,
2015; Schindler et al., 2017; Dailey et al., 2018), &
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T Z/E F (Lindsey, 1977; Ludwig et al., 1980; Bar-
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2010; Neymark and Amelin, 2008; Othmane et al.,
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Opal-A BRCIR AR | BU% B3R — AL RE | BBk RN
5171k Opal-C F1 Opal-CT LA K A7 JEAR T A DU Ffopk
A (Herdianita et al., 2000); Hrp , #Og AR H S10. 149
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RZS s RN FERE MBI 25 F R, 5 3K -
DR B 1 A O A A T B R (Nagase and
Akizuki, 1997); i £E7% SRR AL IR IR B, T34
BRI B A 5 TR A A S UK
S B M A 1) B2 OE A A 98 5% Ak (Lowenstern et al.,
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Fig. 1 Solubility diagram of homogeneous multiimage variant
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HJLLLL =R RS (Si0.UO,OHCO:) 8R4
e s 4 T 1 A P (Allard et al., 1999; Ga-
briel et al., 2001; Soderholm et al., 2008; Massey et
al., 2014); TERIBH™ R, ShIE BY 7 AH AT HiAth —
W BB 10 5, ) e P R A B A Y SR )
(Dugger et al., 1964; Tran et al., 1999), Schindler et
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pH {8 & 5~7 Z [A] (Michard et al., 1996; Baik and
Hahn, 2001), H.2& F A7 W% B Al gL AR 2 — 5 Th 23 Bl
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D RIRAE TR A 05—k BT ) 5 4
B B B RE B A (Be[Si04]) B 52 i 88 A
(Bey[Si,0](OH),) .

12 EEASHELEXEEERT IH

B A B S S AR AR AL AT LAy R Il K S0
1 S B E T A R TIEAE I S B HEOREVE
(Kastner et al., 1977, Williams and Crerar, 1985;
Saminpanya and Sutherland, 2013), H: & M FITIE
YERB R Z 2 F N R E A A4t mEIF M
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Fig.3 High-resolution optical images of opal

M-BHiAT ; Q-1 9% ; OP-F5 FH 1 & Schindler et al.(2017)& M.

Schindler et al.(2017) 858 F B , U ZEREAT HAH
Y ) B RN AT S 5 24K T Opal-A—Opal-C/
Ope-CT— it A Je i AR SO, o5 — 5 T, TEARXT
FRUE 1) P-T SRR R I AR TS BE T, A SR b IR
FEAN AR 1A J2 22 ) sl B 1 A el v R 2
Yz w15 3), & rT LAgE R B8 A 7 4F 4R,
AT O b 5 R AR AR, R A V-
FRUTTE KL, U MR A 5 A8 S it A e i il A
153 BB BRI AR IERS A E R A 241
SRR R B UTTE L 2 =Rl DTS
A s A SR AL R S S A 1
BT 5 S B T KIS AR R A A KR RIS
WrFR RUTVE s QFEA [RIWT AR 2 b AH 14 28 11 A e fhast
R, B I RS BTG 5 5 B 0k A ER L 2R R
gGorp, I e Opal-CT S A 9 (141 4) DA M
Opal-CT 5 #A [13 fih LT 5 B U 5 QR it 4k
i S e T B AE DA R TEAA
HhFE (A 92 FLBR BRI, B0l me 2+ ok
MR LAY S I AR R A R S AR A
TLEGVIVE Y = R A5 — 2R W ) (Schindler
etal., 2017),
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Fig.4 Uranium bearing mineral at the contact interface between
opal and quartz
Opal-E 141 ; Qtz-f1 9%, 4% Schindler et al.(2017)& M.
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4N SHRIMP | SIMS 45) , AN BEHE 1 5 2 11 41 AN
[7] DI TR AR, 8 PT DASS & 25 1 A Th At st i
JUFR R AL AR BT 7 A [5] o 40 P e 3R 22 AR 1 DL
(Nemchin et al., 2006; Paces et al., 2010), Neymark
et al.(2000) 12 FH B HL 5 Jo 33 v oF 56 [ Py A2 38 N
Yucca Mountain b X 55 DU 22 % #l 2 11 A #2547 534
W5, JF % T — Rk A U-Th-Pb I4EFE AR, ik
AP A E T SRV [A)— 2 A P AN R [R] 07 3%
R0 T AR TIMS 20 M 8 , Neymark and
Paces(2013)ji 3 SIMS 5 XRD #f —H R E A
U-Pb AR AHIESTE , 4521 W], XRD -5 *Pb'/°U
AR RH IR S e T 8 A A e e Bl A b ik
AERS AT P I B T T GG 1S O, 5 — Dy TR EIE 1
Wilson et al.(2003)5 Whelan et al.(2008)#& i A9 7E
RIS T 25U B P W I F B A 77 A R R Y
WL, o AELZE A FH SIMS 5% LA-ICP-MS X 2 [ £ £ T
J5tAL U-Pb 73 A 3 A v, 5 A ] — A 2 223 5
TIMS 547 (925 1147 U-Th-Pb 5 U 51 [al i 2 58
{8 2 A #E (Neymark, 2014), 3t & H AT & 114
U-Pb A A2 A58 v A — 4> BR ] o T 25 11 47 Y U-Pb
A BRI BIN ] F 22 R T LUT LA
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BRALZE RGIF L, 15 U LA TS AT # 51 Pb & 4E
TR W AT BB 20T R A 14 R i B2 )

PORBVEA IR, T Cs AT DL B T
mn A A A 2 PRI 5 I 2 A TR A
RIVRT B A0 PR A BT ISR R 21 45(1995) 15 4=
I (2002) 75 P4 LA 15 22 b DA 47 DR v e B3
T 5 ESRAFREE 5 115 XL 22 55(2006b) i i [F]
LR R 2 X B kAR S IE A R R AT T
U-Pb A28 I 12 , F-45 5 28 4t DA 17 PR v i) SR A2 40
434403 ~ 202 Ka 99 Ka.39 ~ 25 Ka .17 ~ 4 Ka LA
LT B B, He b4 i o™ 5 B Be Y
PGS BN N B Y o AR IS BV g™ IR, 3%
AT REIGAE T LS SR U BE K E I , HATE 5 4
AR T, NEED 5 TR S P SRR o
TR IBGHE AT A B n 5 OR AR K B T
KR &% M (Lindsey, 1977; Foley et al., 2012;
ARIGENE S, 2022), T AR AT TR BURHAOR R T /5 4
IR PRI R B I e TN DR, 2 A BB AR
AR AS BE A Xof 1oy ¢ ) )8 s A [ Ah 2 s
TIMS .LA-ICP-MS . ICP-AES , SIMS . SHRIMP % 4%
AR, UESE T Spor Mountain #b [X 7E 42~39 Ma,
38~32 Ma A} 21~8 Ma & & A4 T — UK 1L
TP IS e 7 A B BE A T B =LA
BB OGS , B R A T 21~8 Ma i [A]JE
BEEE K A (Ludwig et al., 1980; Neymark et al.,
2000, 2002; Paces et al., 2004, 2010; Amelin and
Back, 2006; Nemchin et al., 2006; Neymark and Pac-
es, 2013; Foley and Ayuso, 2013; Neymark, 2014;
Dutkiewicz et al., 2015), Ludwig et al.(1980) 42 &
Spor Mountain " & H1 8 1141 5 & 4l By g 4t
AR FR is A = M BE X S kAT T
U-Pb AR 224304, 25 5 22 BH « Spor Mountain 85 # R
o5 B A AR R B A SR T AR IR 21 Ma,
8.2+0.1 Ma LA 2 9.1+0.1 Ma, 5B T 15 JK 24 T2 I,
ARG B A TR B R g St A 4 )i
U8B T Spor Mountain 855 PR A BT AL R 21~
8 Ma,
22 EEAEERMNEREERE A

AR SRR A SRR ) A
UVE R At b, a7 32 5 AR AL 3R 4018 O AN ok

U AT LA AT R A N R A RURIOL 2R BRI
S BRTE FSCA ) i b 5T 2% - — 1D, BIF R4S AH B
1A A S SR AT LA 2 11 A T T e B 25 A7) 5
o3 —J7 18, Si-O # H8"0 AYEE 5T AT LS Wi 7E i
W R FR R AR R SRR b T 7K D e 22 Rk
WA SEIA o T 1(2020)BF 5846 Y, Opal-A [ 8Si {E
A% T Opal-CT By, X B T Opal-A FTE BGIRJE LE
Opal-CT B &, M AEH i AL T, Si-O B 5
BB I I e 2B B AR A5 Cs 3 A B8 1) S 4
A R S 1 Opal-A & 4 Cs 1 —AN 5
Schindler et al.(2017)7EX} Spor Mountain 5 Thomas
X A AR R, PO TERE A E Uil
SRV A S A sah 5 B R BAREHE, TG
3 0 2 A AR R 2R AR - S KR R ]
PR MBEF R, R TR A PR FZE &
AHEY 43 Z 0], %0 5 UMk B 24 A A= 58748, i T
A A LA S A KAl DA LR A o B A K
5 AT A e U5 T AN [a] 3 7 R e B 0% A4 (Kt et
al., 1985; Zheng Y F, 1991), [A] Bt 954 B T Spor
Mountain i X i) 55 5l 25 1 47 02 22 B sl I [a] 14 252
AR O

3 & A PR S ™

B U0 A 4 R O R i R v BB S S
A= R A D O 4 T e R AR E L RS 5 I
Z L E B R E R B A TR RS e Ak
L B IEE R A TR R 4 i A G b & ARk
4 R IC R S W R I S 4 T 2 A A
FARG, — B LA T Skt 4 Jm T A R 1 A A
HEFRIr o

A TR RS 55 Al H H A& TR (<100°0)
DL A TR PR A, Bl ANAE<30°C ISR T,
A ST RT AREZ: ) 35 Ma Z A (Vark-
ouhi et al., 2021), 177 SRB (& B2 £k 34 I 74 ) L IRB (4%
TR ) S AT B TR S5 2 TR AR ) AT T LAAE<100C
1) P 358 Hp PR AR K () 5 i AR AR, 2000) 0 2R
Firh A K R B SRBLIRB 254 i AE W) F B E G
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P B A A AL 43> DU A < 240 2 R L
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JEL S IBCRIAR 2R AR 3 JELITVE LA e UV 5 B TR
MEEC A T TE (Sivaswamy et al., 2011; Choudhary and
Sar, 2015; 5K A&, 2018), fl A Wy Il ) L™ AL
AT FEAR IR S S LB AL B 15 D0
L EeEYE S A SRR R UV R
L~ 32 A B 34 )5 U(IV) (Lovley et al., 1993;
Reguera et al., 2005; Gregory and Lovley, 2005; Stir-
ling et al., 2015; Li X L et al.,, 2017), Lovley et al.
(199DBFFEHE Y, AW AURT LB K U(VD e
J 2 UV, 17 H A S5 UV 3R J7e il A 2 Pk
IR UV FEIR S5 4F , IRB 5 SRB 7E U(VD) ik
JE UQAV) b Rt e £ 24, Hod il S Ve
H4 U 858 IR (Akob et al., 2012) . SRB 38 31 57
FRBHE AT ™ 42 HaS , 75 T #1858 Hh i) Eh (41
AR LA R B, JF 8 U RS TTTE S it s sk 1k 2
B, 1 TRB W HAT i 25 (149448 UV)RE T, X T U
3 A BB KA I (121, 2008)

EOAEEELE SRR IR P22 B
A YIRS 4 PR - 1 52 e TN U i
o TR (20006) % e [ 74 3 £ X B AR W
s BT I ST, A TR B R A (A A AT
X 4 25 45 T PR S 1 BLAT — E AR RE T R I
T W n] LA ek S5 L H A B T A ER AT
LK i 50 58 5 0 B A0 e A DR WK B K e A ik 22
REW 5 R I K % (Phoenix et al., 2003), {2 ffi —
AL B BESS TP LR M1 A, JF kA 8 7 ULvE R
AR MM AEIR BUH P, Na (K Cs SR80 4 @ X
TR BELS RE 1 S U R B T E R U KT
JoT e S BLIEAH OGO R T Cs VF Sy 5 Ha i o, HLA
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