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Wangkuirenite—a new lead chloride-selenite mineral
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Gemmology and Mineral Resources, Jiangxi University of Applied Science and Technology, Nanchang Jiangxi 330100, China; 3. Key
Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, CAS, and Guangdong Key Laboratory of Mineral
Physics and Materials, Guangzhou Guangdong 510640, China; 4. 24 Cuesta Vista Drive, Monterey, CA 93940, USA; 5. School of
Geosciences and Info-Physics, Central South University, Changsha, Changsha Hunan 410083, China)

Abstract: A new mineral species, wangkuirenite, ideally Pb;Cl,(Se* 05),, was discovered from the old lead-arsenic mine of
Baccu Locci, Sardinia, Italy. It occurs as tabular or bladed crystals. Associated minerals include chalcomenite, orlandiite,
olsacherite, anglesite, and quartz. Wangkuirenite is very pale yellow in transmitted light, transparent with a white streak and
vitreous luster. It is brittle and has a Mohs hardness of ~3. Cleavage is perfect on (001). No twinning or parting was
observed. The calculated density is 6.48 g/cm®. An electron microprobe analysis yielded an empirical formula [based on 8
(O+Cl) apfit] Pb;;Clyo6(Se1.0003.02)2. Wangkuirenite is the natural counterpart of synthetic Pb;Cly(SeOs), and isostructural
with synthetic Pb;Bry(SeOs), and PbsI,(SeOs),. It is monoclinic with space group C2/c and unit-cell parameters a=13.4266
(4), b=5.5826(2), c=13.0024(4) A, p=94.287(2)°, V=971.87(5) A3, and Z=4. The crystal structure of wangkuirenite is
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characterized by Pb*"-(Se*'0;)*" layers parallel to (001), which are interconnected by CI™ anions. There are two distinct Pb**
cations (Pbl and Pb2), one (Se*"0;)*" anionic group, and one CI” anion in an asymmetric unit. The Se** cation is bonded to
three O atoms, forming a typical (Se*'0;)* trigonal pyramid. Both Pb1 and Pb2 are 8-coordinated, with Pbl surrounded by
(2C1+60) and Pb2 by (3CI+50). The O and CI anions are distributed around both Pbl and Pb2, suggesting that their 6s°
lone-pair electrons are inert. Wangkuirenite is one of six lead-chloride-selenite minerals documented thus far and it is
closely related both structurally and chemically to sarrabusite, PbsCuCly(SeO;),.

Keywords: wangkuirenite; lead-selenite-chloride; new mineral; Baccu Rucci; Italy

TZELA, —ANEAELAPLCL(Se* O:),MH T ¥
P, RILTERFHECT BEESEA (Baccy Rucci) Hi-fif

S L Ok [ MO R T % N
(1934—2015) W44 (K1) . FELHR T 19604 4

TE KR 0 T 22 B0 3K 3 2 b2 0, 196348 Mk 5T 4 I 22 B

F 2 24 Sl N P R 25 5 BR AL 2 B BT LR B oy gomas W
J5 TE 197 64F 1A v [ 2 AR Tk 2 b B A 2 ) ol 2 2 e ¥
(% . ERIRRAM I — A TORG T 905 A0 Bk AL 2% -

ISR, R3] T AT R FIN S E ., fh
TR PEFR 7502 p Al KRBT 100203, kT
SAEAE, Hh SRR L E (BRI T 5 R
Yiet)  CEEE Mk, 1989) . AR 7E R AR &7
FH A H TR IRAT 7 KR R A i
EEHKATH (IMA1985-049) MIRIMHE . EEFHA
YR Y a4 53R 45 T B BR80T 5 b 44 Ay
RERZWAHE (S IMA-2023-030), H [FBYAE 5 K1 T 8ER e (BT20144)
FETRAE N S K% B Alfie Norville = A A ¥ EYITE  Fig. 1. Photo of Prof. WANG Kuiren (taken in 2014)
(a5~ # 22731) FIRRUFFIUH (FEf75#R220047)

(http://rruff.info) ",

- S AW - WA R SR I AE AR B M D, RS E R D CHUIER T, U6
& Pb-Cl-(Se* O3 ¥ (K1) . HBME, FraXermi Y#l &Rt 254 2 A HRER . ]
Bk, NT&RE-SAY- i s 2R 2 00w WS DR R . AR 5V 88 E B2 R4
PVRFIR SR, X I PR A Se* I d FEL - 45 W A7 LB SLAR AL 27 3% P A0S L 704 SX BeSe v (R 906 FL T IF A
Z 5T, O R AR I BC A B B JRAE S5 1 b 2 R — s i . eAh, (Se* 05)* HIFEXS FR
=07 SERC AL AT B AE — SR O BRI BEME BT, AR 2 MOt G R AR L R BREA
P e R AR WA A, RIS B (Flansn®, Pb*, SbPY, BiYT &), gl
B AR £ BT R I, S B 2 AT RE AR A A T R BB AR 0 S — T, BT Set ALY
(X=Cl, Br, D f&i&& “fb#87J17 MERUY, CF RER TR S 77X AN R 5T, ok
PAHCLEFE ) S50, X B fy O 48 T A ar il s e i e &4, 1720, B H AT ik, Frefh
WAk, EAFAE AR 2 (AN [E R A - pa A0 P - AR R ERAH ()& A, ikl ZEPrE XS, Se*
5 OJE T i, MPb> G S5XFOM PR 7R, AN EEAMWEE A=, LA
s X 246 9T S AR o LR AT i A S A T R A TE



http://rruff.info

Vol. 44 BRI, 5 EECA RS- ER S 645

F1 B-2NY-TMELELN R SRR

Table 1. List of lead-selenite-chloride minerals

V9 B AL pag g PO
FHl4A 4 Callochalcoselite) Cu"*CuZ"PbO,(Se05),Cls C2/m SCHik [22]
A4 (Guangyuanite) Pb;Cly(Se*"05)(OH) Pnma SCHR [23]

VRZHA  (Orlandiite) Pb;Cly(Se*'05)-H,0 P-1 SCHR [24]
WG (Prewittite) KPb, sZnCus0,(Se0;),Clyo Pnnm SCHR [25]
BEhiAi A (Sarrabusite) Pb;CuCly(Se0s), C2/e JCHK [26]

FZ{"f (Wangkuirenite) Pb,Cl,(Se05), C2e AL LR [5]

B Pb;(Se0;)(Se0,0H)Cly 3CHR [27]

B R Pb;(Se0;),CL, SCHik [27]

A AR Pb;(Se0;),Br; ICHR (3]

£ I Pby(SeOs)l, SCHR [3]

AR Pb,Cdy(Se0;),L,(H,0) SCHR [13]

G| (Pb,Cu3"0,)(Se0;)4(CuCL)Cl; ICHR [28]

R (PbCui'0,)(Se0;),(Cu'Cl,)Cl; SCHk [28]

EEpiil (Pb,CuZ’ ,0,)(Se0s)o(Cu CL)K 1 Clyyyy (x=0.20) ik [28]

A R Cu*"Pbg(Se0;),Brs ICHK [29]

A AR Cu?"Pby(Se0;),Br, SCHR [29]

A Cu}'Pb, 4(Se0;)sBrog ICHR [29]

B Cu3'Pb(Se0;),Br, SCHR [29]

B Cu3'Pb(Se0;),Br, ICHR [29]

£ [Cu3"Pb,0,](Cu'Br,)(SeOs);Brs SCHR [29]

A AR [Cu3"PbO;](Cu'Br)y15(Se05):Bry ICHR [29]

B [Cu} Pb,0,](Cu'Br), 5(Se0;),Br, ICHR [29]

o [Cug'Pb;0,](Cu'Pb, 5,Br; 54)(Se0;)Br, SCHR [29]

A A Pb,Cd(Se0;),X; ICHR [30]

B Pb;(Se0;)(HSeO;)Br3 SRk [31]

AR Pbs(Se05)(OH)Br; SR [31]

A PbyCd(Se0;),ClBr, SCHK [31]
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[orlandiite, Pb;Cl,(Se**05)-H,O]P 1% £ 47 # f1 [sarrabusite, PbsCuCl,(SeO;), ]2 1 R =3, X Hpr A&
SR AT PG William W, Pinch AR =247 (1 & B # Ttalo Campostrini®™ 8 LIRAF1T, AbAE IR
223l IBERARRUFFINE (R100122, https:/rruff.info/orlandiite) o -5 F A5 A~ A7 JLAE 0 W76 AR
IR AREEL . BV 9555 . Zucchetti™!. Campostrini® P2 5 56f I & A0 R HEAT I TEH I
o XA AR 2R Z 0T L2 7 T35 A B R AT 4% 5L (Sarrabus-Gerrei) & 844 1 LA AR
CHATUR” NIIRGEE IR —. WA EE R N B R D R A S L 4
o HR4E VenerandiPYIHRIE, JrE R FEXSWT Y (S EEE IE117%, A EERRIEE


https://rruff.info/orlandiite

646 o % W 2024 4

13.61%) . AEMIE AN BT . BUAMHIRE . BB A P . AR
a4 T — LS R ET ), AR ARET. YRS R O AL .

R220047 0.5cm

GHOFERIE T M LR A, RGOy YN IEME .
K2 EECAKTARAR
Fig. 2. Specimen containing wangkuirenite
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Fig. 3. Stereomicroscopic view of laminar crystals of wangkuirenite (a) and back-scattered electron image of laminar and platy

crystals of wangkuirenite (b)
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F B B B R AE U R 35 K 2% F Cameca SX-100%Y H TR & A (WDSHEER, 15kV,
20 nA, HAR<L pm) .o F3HT AT AR FERIZE6 AN A B R (1) oy 45 I F T3 . ARIE L5 o Hr i e
[118(0O+Chyapfu, THHEH FEEA A BN P ,Clo6(Set 0005.02)2 FHERAIN PbiCly(Se™05),0 FZA-
A AL 22 1 Aw(Pb0)70.75%, w(Se0,)23.45%, w(C1)7.49%, w(O=Cl)-1.69%, &it 100%.

F AP E IS R —ANBENLE 7 F & _EFH Thermo Almega &7 2 R K &EM, HH
(A2 P K 532 nm ) [E A 0628 (IR 150 mWIH50%) Fl— AN A HIICCD CHEAT#E &
Rl &) o WO WAk, R A4 em, SGRIR/NAT pm.

®2 EECANUERS (we/%)

Table 2. Analytical chemical data for wangkuirenite (wg/%)

Hikiy FIME Flel:| it 22 bR
PbO 70.66 69.65~71.44 0.68 NBS_K0229
SeO, 23.40 22.46~24.41 0.68 ZnSe (synthetic)
Cl 7.30 7.08~7.60 0.21 Marialite (USNM R6600-1)
O0=Cl -1.65
Total* 99.71

1.3 X-SH&4EREF

TR A AT AR, RE— SR A A B A MoK 4R 5T Y Bruker APEX2 CCD
X5 AT AL 58 . 3 A K X 2R AT S U . AR Downs S EOG HIMAR T, A
RN X- R BT E R EECANRBRS RN a=13.419(4) A, b=5.5816(13) A,
c=13.001(3) A, f=94.25(3)°, V=971.1(3) A*, Z=4.

#3 TECANMRXITHEE WA, 11%)
Table 3. Powder X-ray diffraction data for wangkuirenite (d/A, /%)

Ly dyyie Ly dips h k 1
14 6.701 7 6.691 2 0 0
37 6.478 36 6.483 0 0 2
7 4.094 3 4.090 -1 1 2
57 3.974 50 3.978 1 1 2
50 3.484 49 3.485 3 1 0
15 3.244 12 3.241 0 0 4
100 3.146 100 3.146 -3 1 2

15 3.006 16 3.006 -2 0 4
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Ly iz Ly dirs h 1
28 2.889 34 2.887 4 2
18 2.833 15 2.836 2 4
45 2.791 41 2.791 0 0
61 2.706 58 2.709 1 4
8 2.416 6 2.418 -2 2
4 2.310 2 2.308 3 4
6 2.241 2 2.241 -2 3
9 2.213 6 2214 5 2
19 2.159 19 2.159 6 2
5 2.141 4 2.143 4 0
11 2.115 10 2.115 0 4
7 2.101 4 2.102 -2 6
7 2.066 3 2.063 6 2
18 2.048 18 2.045 -2 4
43 2.008 32 2.007 4 2
7 1.988 5 1.989 2 4
3 1.904 6 1.904 -6 4
7 1.887 5 1.886 -3 6
10 1.878 7 1.877 5 4
14 1.809 16 1.809 7 0
5 1.792 5 1.791 3 6
6 1.767 5 1.768 1 2
4 1.756 2 1.757 4 6
18 1.710 8 1.711 7 2
10 1.679 6 1.679 -2 6
26 1.672 13 1.672 -3 2
7 1.658 4 1.659 6 2
3 1.648 1 1.648 3 2
3 1.632 3 1.633 2 6
4 1.621 4 1.621 0 8
10 1.597 10 1.595 1 4

AT B AT S B R AE —N0.07 mmx0.06 mmx0.06 mm K/ T AR RE T SR AR,
oM TE 0.5, BRI TS (8830 s. fT5F S5 R R L B RBE N Cesli C2/ec. EELAM
w74 45 1) /& FH SHEL X TV 742 23 8] #f C2/c >R W € 1), T 45 M RE 18 ) & FHSHELXL2019%% >R 58 il 1),
NIZA KA R TSR TEm, F=4A TRIFEBRIT 5. iGET
WAL E I G AR WE N, B & MBS BE TRE. BEERgH RS T R4, &
LW R T AAAR TN Z 800 W B T R SFIR 6, RSB KNWFIANLRT . BN 82 R
BrownP "5 tH IS HCRITFHE I (R8) .
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Table 4. Crystallographic data and refinement statistics for wangkuirenite, guangyuanite, and orlandiite

FELCA RO FELCA (B pirba LA e N 1P )
AR Pb;Cly(Se*0y), Pb;Cly(Se*05), Pb;Cly(Se**0;)(OH) Pb;Cly(Se*05)-H,0
i 5 LAY LAY Eay =4
2 Al C2/e e Pnma P-1
alA 13.4266(4) 13.4213(11) 11.0003(5) 8.136(3)
bIA 5.5826(2) 5.5809(5) 10.6460(5) 8.430(6)
c/A 13.0024(4) 13.0000(11) 7.7902(3) 9.233(7)
o(°) 90 90 90 62.58(7)
BI°) 94.287(2) 94.301(2) 90 71.84(4)
) 90 90 90 75.13(4)
VIA? 971.87(5) 971.00(14) 912.31(6) 529.3(7)
z 4 4 4 2
T pen (g/em®) 6.48 6.474 6.348 5.699
HH s 207 <66.30 54.96 <66.82 <54
WCARATAN K3 6465 1081 8832 2430
ISLATH R 1828 1081 1662 2287
R >20(D) AT AL 1637 1010 1391 1311
e 61 61 62 128
R(int) 0.035 0.036
HJG IR, wR, factors [[>20(1)] 0.025, 0.058 0.029, 0.083 0.021, 0.033 0.047, 0.104
AR 1.013 1.017 1.044
SR AL ICHR[27] SCHR[23] CHR[24]

x5 TECANRFIBLARMEEEMEFHUBZSH (A

Table 5. Fractional atomic coordinates and equivalent isotropic displacement parameters for wangkuirenite (A?)

JRTHRIE X y z Ueq
Pbi v 0.042 42(6) v 0.018 95(9)
Pb2 0.207 89(2) 0.00729(3) 0.358 52(2) 0.012 71(7)
Se 0.394 87(4) 0.498 90(8) 0.385 70(4) 0.009 41(11)
cl 0.148 49(10) 0.4887(2) 0.43722(11) 0.0200(3)
o1 0.3598(2) 0.7346(7) 0.3067(2) 0.0157(7)
02 0.3442(2) 0.2739(7) 0.3055(2) 0.0133(7)
03 0.5151(3) 0.4568(8) 0.3685(3) 0.0248(9)

*o6 FELCAMEFRBSH (Y

Table 6. Atomic displacement parameters for wangkuirenite (A?)

JETHRT Ut v ve U U o
Pbl 0.010 57(13) 0.021 67(16) 0.024 73(15) 0 0.002 24(10) 0
Pb2 0.011 44(10) 0.013 35(12) 0.013 26(10) —0.001 33(6) 0.000 47(7) ~0.000 29(5)
Se 0.0064(2) 0.0114(2) 0.0103(2) 0.000 28(14) ~0.000 09(16) 0.000 28(14)
cl 0.0223(7) 0.0164(7) 0.0207(6) 0.0038(5) ~0.0031(6) ~0.0006(4)
o1 0.0157(18) 0.0127(18) 0.0184(17) 0.0026(14) ~0.0001(14) 0.0039(13)
02 0.0132(16) 0.0115(18) 0.0153(16) ~0.0046(13) 0.0012(13) ~0.0033(13)

03 0.0079(17) 0.040(3) 0.026(2) 0.0016(16) ~0.0001(15) ~0.0004(18)
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Table 7. Selected bond lengths for wangkuirenite (A)

®7 EECAMABEK ()

EELCAH NLAE e
Pbl—02x2 2.606(3) 2.600(7)
Pbl—O1x2 2.692(4) 2.698(7)
Pbl—O03x2 2.779(4) 2.782(7)
Pbl—Clx2 3.0439(14) 3.042(3)
P 2.78 2.781
Pb2—02 2.496(3) 2.490(7)
Pb2—02 2.552(3) 2.568(7)
Pb2—Ol 2.600(4) 2.599(7)
Pb2—03 2.617(4) 2.623(8)
Pb2—O01 2.672(3) 2.668(7)
Pb2—Cl 3.0046(12) 3.005(2)
Pb2—Cl 3.1634(14) 3.162(2)
Pb2—Cl 3.1917(12) 3.194(2)
T 2.787 2.789
Se—03 1.663(4) 1.652(8)
Se—O1 1.713(4) 1.713(7)
Se—02 1.739(4) 1.733(7)
T 1.705 1.699
‘&M (PorterflHalasyamani) %1,
xRS EFEICAMBNFIHTEE
Table 8. Calculated bond-valence sums for wangkuirenite
FT Pbl Pb2 Se KA
o1 0.23x2] 0.27 1.3 2.04
0.24
02 0.27x2] 0.34 1.22 2.12
0.3
03 0.19x2] 0.26 1.49 1.95
Cl 0.25%2] 0.28 0.87
0.18
0.17
SR 1.87 2.03 4.01

2 dnikait

T ZE A & 5PorterflHalasyamani® A\ T. & il Pb;Cl,(SeOs) A0 X ML RIRN #) (R4) . "Bk
F AT T 00 ) P> -(Se* 0,) B4 (K4a) . FEWME FCIHEELS K (5. XFh
G KRR A E 5 AT 1A [PbsCuCly(Se0;)s, GemmiZk P14 I PbsCu(Br, Cl)4(Se0;), (SiidaZg )
HA R, TEEAINE Y, PbY-(Se*05)* E5 EZ M Cu® X (X=CIZBr)&E 45 7E —iL (K
4b. 5b) . ZHPGFIEEWFAFEA B PO HE 7 (Bl EIP LA — AL E EPb2) . —
(Se* 0, & 7 A — A B AR AR R T N IR 7 Cl. BHES FSe*' 5 =ANOJR FHE & 18
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Fig. 4. The crystal structures of wangkuirenite (a) and sarrabusite (b)
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K5 EE0AH () MEFERAAEA (b SRS E
Fig. 5. The crystal structures of wangkuirenite (a) and sarrabusite (b)
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(3O+3C) B, Tl T — i i S (1) 27 R A 2235 M 652 91K HL 7 I P (1) BN T A7

AT AT T (001) I —AN(Se* 03)2 2 TH s K. 2B &/ NEk 5 4L EPb. OFISe sl
Ty =R AR (Se 0, B B T 1A

FZEI A0 HHES, FHPCIHET (GE/AERD Mcu® 57 (Ea/ERD MHEERK
Pb*-(Se* 0y)* 2T & B 5 K4 F .

3 S MINOK A&

EE AR 2 E KT . R4 5 (Se0,)* B B 1 Bl () hr 2 AN L1 AN 6 1S B 78 45 SR,
W EEA A E RS ERAE TIN AT 665811000 e 2 [A] (115 2R VA T-(SeO5)* BH B 1 1 Se**-0
HAEHRS, 1M1320~570 cm™' PN FIRELR YR T-O-Se* -0 & Rz . (K320 em ' (U3 2E, FE5(SeO;)*
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