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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;;Cl06(Se1.0003.02)2. Wangkuirenite is the natural counterpart of synthetic Pb;Cly(SeOs), and isostructural
with synthetic Pb;Br,(Se0;), and Pb;1,(SeO;),. 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, =94.287(2)°, V=971.87(5) A’, 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 Cl™ 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 (3CI1+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
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Table 1. List of lead-selenite-chloride minerals

B B EANAL R pag g SR
SR A Callochalcoselite) Cu'"CuZ"PbO,(Se0;),Cls C2/m SCHR [22]
A4 (Guangyuanite) Pb;Cly(Se*05)(OH) Pnma SCHR [23]

K243 (Orlandiite) Pb;Cly(Se*'05)-H,0 P-1 SCHR [24]
WG (Prewittite) KPb, sZnCus0,(Se0;),Clyo Pnnm SCHR [25]
BhiAi A (Sarrabusite) Pb;CuCly(Se0s), C2/e SCHR [26]

F#{"f (Wangkuirenite) Pb,Cl,(Se05), C2e AR3C 3CHR [5]

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

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

A A Pbs(Se0;),Br, ICHR (3]

A A Pbs(Se0;):1, ICHR [3]

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

A (Pb,Cu3"0,)(Se0;)4(Cu CL)Cl; ICHK [28]

B HH (PbCui'0,)(Se0;),(CuCl,)Cl; SCHR [28]

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

£ Cu**Pby(Se0s);Brs SCHR [29]

A RAH Cu?"Pb,(Se0s),Br, ICHR [29]

AR 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 IR [29]

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

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

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

B HH Pb;(Se0;)(HSe0;)Br; Rk [31]

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

£ Pb,Cd(Se0;),Cl;Br; SCHR [31]
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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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[118(0O+Chyapfu, THHEH FEEA A BRI Pb; ,Clos(Ser 0005.02)2 FHERAEILN PbiCly(Se™05),0 FZA-
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(A2 %K 532 nm ) [E A 0628 (IR 150 mWIH50%) Fl— AN A HIICCD CHEAT#E &
Rl &) o WO mAR, R A4 em, SGRIR/NAT pm.
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Table 2. Analytical chemical data for wangkuirenite (wg/%)

Hor FEME el Pt 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-St&4E R

TR AR AT AR, RE— B A A B A MoK 4R T Bruker APEX2 CCD
X5 AT A 58 T 23 A K X 2R AT S U . AR Downs S EOG HIMAR T, Ak
RN X- R EIE T E R FECANRABRS 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 TECANMRXITHEIE WA, 11%)
Table 3. Powder X-ray diffraction data for wangkuirenite (d/A, /%)

Ly dyyi: Ly dirg 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




648 7/ 2024 4E
(84£3)
Ly dyysi: Ly dirs h
28 2.889 34 2.887 4
18 2.833 15 2.836 2
45 2.791 41 2.791 0
61 2.706 58 2.709 1
8 2.416 6 2.418 -2
4 2.310 2 2.308 3
6 2.241 2 2.241 -2
9 2.213 6 2.214 5
19 2.159 19 2.159 -6
5 2.141 4 2.143 4
11 2.115 10 2.115 0
7 2.101 4 2.102 -2
7 2.066 3 2.063 6
18 2.048 18 2.045 -2
43 2.008 32 2.007 4
7 1.988 5 1.989 2
3 1.904 6 1.904 -6
7 1.887 5 1.886 -3
10 1.878 7 1.877 5
14 1.809 16 1.809 7
5 1.792 5 1.791 3
6 1.767 5 1.768 1
4 1.756 2 1.757 4
18 1.710 8 1.711 7
10 1.679 6 1.679 -2
26 1.672 13 1.672 -3
7 1.658 4 1.659 6
3 1.648 1 1.648 3
3 1.632 3 1.633 2
4 1.621 4 1.621 0
10 1.597 10 1.595 1

AT A AT S B R AE —N0.07 mmx0.06 mmx0.06 mm oK /N T S AARRE T SR AR,
oPIMWi%E50.5°, REWIK TR 5830 so T4 AU R A ER UL S MBENCeBiC2/c. EELAM
o 74 45 1) /2 FH SHEL X TU /4% 23 8] B C2/c >R W € (1), T 25 MRS A& ) & FHSHELXL20198% >R 58 il 1),
NZA KA. BT BSHARAE TS, A& TRIFIEBRIT 5. iGET
WAL E I AR W N, B & MBS BE TR . BERERSIH RS TR, &
LR T AR FNALRE S 8 N A TR SFIR 6, TS B s K N FI N R 79 . BN S AR R A
BrownP 45 I S HCR TR T (£8).
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Table 4. Crystallographic data and refinement statistics for wangkuirenite, guangyuanite, and orlandiite
EELCA CRID EELCA EHO s unlikzivel R
FHAR Pb;Cl,(Se*05), Pb;Cly(Se*05), Pb;Cly(Se*"05)(OH) Pb;Cly(Se**05)-H,0
i AR R L ®o7 =#
(AR Qe C2/c Pnma P-1
a/A 13.4266(4) 13.4213(11) 11.0003(5) 8.136(3)
b/A 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)
al(°) 90 90 90 62.58(7)
BI°) 94.287(2) 94.301(2) 90 71.84(4)
2(°) 90 90 90 75.13(4)
V/A 971.87(5) 971.00(14) 912.31(6) 529.3(7)
z 4 4 4 2
T e (g/oem®) 6.48 6.474 6.348 5.699
Ha il 207 <66.30 54.96 <66.82 <54
AT R Kk 6465 1081 8832 2430
ASERTIN R 1828 1081 1662 2287
SR I>20(D IS L 1637 1010 1391 1311
K ez 61 61 62 128
R(int) 0.035 0.036
%5 IR, wR, factors [I>20(])] 0.025, 0.058 0.029, 0.083 0.021, 0.033 0.047, 0.104
A 1.013 1.017 1.044
SHTCHR A3 SCER[27] SCHR23] SCHR[24]
x5 IECANEFIBLRMEREEFNUESHK (AD
Table 5. Fractional atomic coordinates and equivalent isotropic displacement parameters for wangkuirenite (A?)
JRTHRIE X y z Ueq
Pbl v 0.042 42(6) Ve 0.018 95(9)
Pb2 0.207 89(2) 0.007 29(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) 0.437 22(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)
%6 EE-AMETRBSY (A
Table 6. Atomic displacement parameters for wangkuirenite (A?)
JET fric U U us U u” e
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)
0O1 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)

R EECAMAREK ()

E#ELCH NI
Pbl—02x2 2.606(3) 2.600(7)
Pbl—O1x2 2.692(4) 2.698(7)
Pb1—03x2 2.779(4) 2.782(7)
Pbl—Clx2 3.0439(14) 3.042(3)
T 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)
Rl 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)
1y 1.705 1.699
"G (PorterflHalasyamani) %1,
*x8 EECAMBNFIHTEE
Table 8. Calculated bond-valence sums for wangkuirenite
T 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 0.19%x2] 0.26 1.49 1.95
Cl 0.25%2] 0.28 0.87
0.18
0.17
A 1.87 2.03 4.01

2 dnikait

T £ A & 5PorterflHalasyamani®” A\ T. & iliPb;Cl,(SeOs) A0 X ML RN ¥ (R4) . 'EMh
F AT F (00 DT P2 -(Se* 05)> JZ 4Lk (El4a) . & EMHE FCIMEESREKR (K5, X
%*@f%?ﬁffﬁ#ﬁ?ﬁﬁ;ﬁa[l)bscuch(seoa)w Gemmi%m]]*ﬂé\ﬁiE[’JPbSCu(Br, C1)4(Se03), (SiidaZEH)
F AR, BT, Pb*-(Se*'0,)” 25 EZ M Cu* FlY (X=CI&Br)E4i £ —i2 (&
4b. 5b) . ZEHHFAFEE P FAFEA B POT HE T (Bl L PbI A — A B EPb2) . — A4
(Se*" O03)> BB T — A E&EA A R AEIEFRREITCH BRI E FCl. HEFSe* 5 =10 F#A(E
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Fig. 4. The crystal structures of wangkuirenite (a) and sarrabusite (b)

K5 EE0AH () MEFERAAEA (b SRS E
Fig. 5. The crystal structures of wangkuirenite (a) and sarrabusite (b)

—i, BT MFERI[Se™ 051 = i, HSe-ORIBEKTE1.663(4)F]1.739(4) Az [, FHE FPbl
FPb25 N8ELAL, Pbl#%(2C1+60)3 %%, TMPb2#(3CI+50)3 %%, Po—O K 7£3.0046(12)F]
3.1917(12) Az Ja] (£7). BB FORMCI/ATEPIFIPb2 B NFHE TRV A, K EATR I 1
FAETER . R F, 7E6@ 4 A [guangyuanite, PbyCly(Se* 05)(OH)]H, FHE TPb(Pb2)IY 561
(3O+3CH) AR, R 1 —Fh B 2 ) HL ST AR 2 35 1 629N HL 1 (1 P (1) S () B £37

PN AT T (001D ) —AN(Se* 0,)* )2 s K, 203 e /N R 73 Sl ARER Pb. OFISe i
T, B =TGR (Se 0, B T .

FELAB00I T RS, FHCIHE T (Ga/hek) FMcu &1 (/B HEEREN
Pb**-(Se*'0,)* JZ1H; e B 5 K4t .

3 ML R

FRECARR 2w E 6N . MG E(SeOs)* W15+ HIV i i Hr 2 ALL ARGk A 7o 45 07,
N E LA B E R SRR T U R T 665411000 em ! 22 8] A £ VA R (SeO5)> B S 1 H 1 1) Se**-0
HAEHRSN, M320~570 e P FIRE R YR T-O-Se* -0 & PR 2l . (K320 e ' (E 2R, 322 5 (Se0,)*



652 L /= S 2024 4F

B T sh AP A R AR 5%, RN 2 5 Pb-OFIPb-CIF A BAE FH K s kst i e . T ESin
TE B FE5# b5 IR 22 184 [PbyCly(Se* O5)- H,O TR G il £ A1 [Pb;Cly(Se* O5)(OH) 2 A AT, SRk bhike
UL, FERRUFFILH 04 bk =2l A BG4 (4351 9http:/rruff.info/R 100122 FiThttp://rruff.info/
R210013) Az 2 il e B 7 .

Bl6 T4 S AR 2L A e 8 g
Fig. 6. The Raman spectra of wangkuirenite, guangyuanite and orlandiite

EE A RIS DRI 6FI & Pb-Cl-(Se* O:)* B i —Fp (K1), HAhsH R 7 A [al-
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