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Quantitative analysis of composition of Yuchuanite-(Y)

YAO Wei"?, LIU Peng” and YANG WenQiang®
(1 Xi'an Mineral Resources Survey Center, China Geological Survey, Xi’an 710100, Shaanxi, China; 2 State Key Laboratory of
Continental Dynamics, Northwest University, Xi’an 710069, Shaanxi, China)

Abstract

Yuchuanite-(Y) is a hydrous heavy rare earth carbonate mineral found in Yushui copper deposit, northeastern
Guangdong Province. The chemical formula is Y,(CO;), - H,O, and this mineral was named after Academician Yu-
chuan Chen, which has been approved by the Commission on New Minerals, Nomenclature and Classification of
the International Mineralogical Association (IMA 2022-120). This paper provides an overview of the geological
background, occurrence, physical properties, and crystal structure of yuchuanite-(Y), with a particular focus on its
quantitative analysis using Electron Probe Micro-Analyzer (EPMA). EPMA is the primary method for accurate
quantitative analysis of new minerals, however, the testing of heavy rare earth minerals poses significant challeng-
es. The counting intensities of carbonate and hydrous minerals can vary over time under electron beam bombard-
ment, and the contents of CO, and H,O are generally calculated rather than measured directly. In this study, we ex-
plored the analysis process, test conditions and reference materials, and finally obtained quantitative analysis re-
sults of yuchuanite-(Y). This not only provides basis for the proposal of a new mineral but also brings valuable in-
sights for the analysis of heavy rare earth carbonate minerals.

Key words: Yuchuanite-(Y), hydrous carbonate minerals, heavy rare earth minerals, EPMA, Yushui copper

deposit
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fi Lo R EAE LM R TTR 17RO R
SCEOK M £ 0 &K (Gd~Lu+Y) (Chakhmouradian et
al., 2012; Dushyantha et al., 2020) 7€ SR 25 #4 b B
2 ALY ) T RR N AR ) W T
fir 44 K DA s & # L OC R A B 0, AR ) R
N e S I U A, D BOh R EL R I 51 AR
Y. BARHAMER L TRWE R RS,
{HICER =F B AR 22 5K, PO AR ME B R B — s 7%
w20 Y. RE20244F9 A MK EHrw )
£ 207 S RO Y/ B | 1 AR N7 s i w7 B
TGt w0 YA 144 Fh, b DLRE IR ER 25N
F L RERRER ., FE THSAE R A, X
SOEFR Y0 e B R R i 56
45 b, # 2 B AT, E B R B ER LA S
A, 43 ) J& 5 )1 8% %2 97 [ Yuchuanite-(Y)] (Yao et al.,
2024) . 5 3 [Jingwenite-(Y)] (Liu et al., 2024) . 3C
= PLE2 4" [Wenlanzhangite-(Y)](Liu et al., 2023a) . %
‘% £1 [Hingganite-(Y)] (T 2455, 1981) Fl [ = 4281
" [Bayanoboite-(Y)](Xue et al., 2024) ,

His TR Z [ A AR R AP T, Z R0
IR E AT HE—F b (McLennan et al., 2012;
Jordens et al., 2013; Z=f# [1 45 2018; Dushyantha et al.,
2020) , H 4570 2 W4 IE X 91 28 I K A1 T (Bearden,
1967) . P, 7EH FHREHE oM B v, AN AR 1
JCR MG B &, LR S HM 190K (HREE) 1Y
W), HRAIE X 2 o3 A N B4R I TR B
MG, 73— 7 B ER S RS K
TEH S T EIOR B S B[R] & A= A4k, i Fl
IR FR A TDIRL (Time-Dependent X-ray Intensi-
ties; Zhang et al., 2019; Yang et al., 2021) . It7h, T
RN TGRS il IR BT XE ARG B N Y T
R, I BRIRER A WA 57K 84 CO, FTH,O 7% 15—
TR o X LR Z AR I 5 K AR AR R 1
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BN BRSLA K BT AR A Hg I T B AR A

FAKEH S — A AR R 2 SRR, B
PRI A SRR R A i e, FER A &, i 734
fn 7 AT 3k 3.5%
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ABGEBAFH (Cz) EEN R A Jmb 2 KRN
ERRAT TR IO e TR IR A2, )R 24 200 m.
ARG KR (Coht) LR A = 5 KR =
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P AR AT A D D T UL e B 5
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Fig. 1 Geological map (a) and typical cross section (b) of the Yushui deposit (modified after Chen et al., 2021)
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WREH N 3.62 g/em’®, 7E 5 GBS A5 SO TR L )11
VTR W NUUE A X s Bt 1 oW1 5y i O 4
IN o P B R n K RS B 18 37 38 - 3 K (Gladstone -
Dale) & R n=K-p+1 7158, Horb n TSR K&
#{(Mandarino, 1981),p /&% & . WL 115, 453 237 41
Fn k.65, WA FHOE T 2KE, FLA AN
R, B R =R R, 25 BREA P,
B8N - a=6.2134(3) A, b=8.9697(3) A, ¢=19.9045
(1A ;0=91.062(3)°, =90.398(3)°,y=91.832(3)°,
AT R 1108.54(8) A3, Z=6(Yao et al., 2024) ,

i )1 B 2.0 HLAT B A A 2 o R 25 R 28 A 4
8 Strunz-mindat (2024) #7325, 4k 5.CC, 7% 7K ik
TR LM L0 W25 I I 23 R, He b S ks
M 45 S 0 P BR ) R AL ST 13, 4300
Tk 2 il BB 81 41 [ Alicewilsonite-(Y Ce)] , ik 52 % £24M A1
[Alicewilsonite-(YLa)], i 52 8 £1 [Donnayite-(Y)], fifk
£ili 5 41 £1 (Ewaldite) , fifk 22 81 1 [Mckelveyite-(Y)], 7K
3% 571" [Tengerite - (Y)], 9L 7K % 55 47 47 [Kimuraite -
(Y)], 7K 8% %2 47 [Lokkaite - (Y)], IE Hif 8% 45 42 47 [Hi-
zenite-(Y)], 7K B 442 41 [Shomiokite-(Y)], Bl 7K ik 41
% A1 [Adamsite-(Y)], 7K S 5% 8 52 41 [Decrespignyite -
()], B4 50 A1 [Lecoqite-(Y)], 581 SR 425 53 i
238 1) R K Z2 5207 [Tengerite-(Y)], H T2 Y,
(CO,);-2~3H,0, HIKZE5LA S5 AR RS2, i1 ok
F20 Bl Y-0 2 A FI [CO5]F- T = # JE #4 B Y
(110) J2 R 4545 (B 3a.b) , Horh Y-O £ 1 i e bz %
i, EWm AR TUYRTNE, EWhFEENY
O, B EUEA R 8,11 Y S A7 AE 2 Fp e 4 77, 5 —
FAYO,(H,0)(Y1, Y3 FY5); 48 —Ff A[YO](Y2,
Y4 FIY6). G5 HFAEAE 94 C0r, T L [CO5] = ffi
o A 34 (H,0) 7, X1 T 028.029.030,

3 HLFERET T RE A

FE R F R KA X 180 H B2 PR AR 1 145 3
BEAR A b R R A B AR S SR L A DG
2 W ACEE AT RS, B RRIIAORL AR ET B A R
25 B EASC B b A B, R 24 20 nm (B B I S
REELL ) DL IR . HRE S A il 2 FE e b
KA R B 2 7 27 15 58 o0 0 2 30 3 50 B, 9 A A2 A2
54 JEOL JXA-8230, # L - & B M 89 %T 22, JLfid
S IE X, BE & 4y Ot 4K . LDEL . LDEIH (2d=
6 nm),LDE2 . LDE2H(2d=10 nm) ,PETJ . PETH(2d=

0.8742 nm) , TAP (2d=2.5757 nm) , LIF ., LIFH (2d=
0.4027 nm) ., Z iR EE 22°C,

ST < A P 15 PR 3 A, R 1R 25
WA AT S 8, A7 S i DA P A T DX ) B 2 1) i M o0 #
i BhRHT R BB OG IR L B AR 0 R BRHE
X PR L 2k R R WA XTI LA, RS A% B 1 IR
B AT TSR 0T s IR RS FRARAE (AR A
I H P A5 A T T IR L, 0 AR R A T R
e M ILZE 1, PEANHAR IR
31 EEEEMESWEG

XFF & EM TR AT, AR A R S
TEPE AT R HE R AT T EE o T R s R R R
15 kV, HEEH 50 nA, HBEER /N 20 pm, 3% F LDEL |
LDE2 . TAP .PET ., LIF iX 53 40 6 fh 44, i {4 84 55 5B
JLER~PUICE , WE A K 50 um, 3 B 18] 50 ms, iF
TR EWSIEARRERS I FLE, T
LIF . LIFH {4 L=90~150 mm 3t il P (301 s 1 3%
W S5 S 5 AR A R i 2D 20 um, B BA )
500 ms, PE17 FEAE 4 B Mo B L B AR 1T R (i
AL LAE R AT IR UE ] I HEBR AR TR A R T
Yoo #XF Gd . Ho . Tm &5 & &L H A Z 8 THEndoc
R, W EAEHE AW X3 E LK S pm, 3 BHE] 1s
E— A E R e S 4

BB 43 B M o B ik 1] DL 1] 4a~d, AR 4 LDE2
Al AR 11 52 PR S T T LA S C OC R IAETE , 3 MK I
HOCRLE LT BT 0 25 5% AR SE T BRIR AR 257 A
SRR B AEAE . AT HARCE N Y . Gd. Dy,
Ho .Er . Tm.YbiX 7 FiEE#i 702, i C T & A9 &
SR TR IE
3.2 hEEE.(FRR I AT E

PRI 1, 200 e R s B AR o0 2 I Bk g
IF, A REA Rk M ™= A AR X Sk . R 24 e
SERFIN TR FHIE X S 2RI ALk R i) 2~3 f5 1, fig
i 3RAF FRA TS L (Reed, 2005) , Y Lo FYIlf Uik & fig
}12.079 keV, il Gd~Yb ) Lo £k 5 1Y I F- 384 % BE >
7.252~8.943 keV (Fine et al., 1955) , 22 J# K, 54
BN IO O BEOR R 15 KV AE N I
FERESEWE R s oK o i T H T 3R BOR I RHIE X
SPERTHEIR, 5 R4 0 fe AR R 3 S TR,
RN TR ERER ) S /K1), 3 KA P RO AE
ST 25 5 5] R L AR S BUR AR DR T
B, PR 2 1) F RS TR SR e B KR BE ] LU
AR A AT B, A R RO HE: , S RBE B AR AR K
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Fig. 2 Photomicrographs showing occurrence and mineral association of Yuchuanite-(Y)

a,b. Euhedral yuchuanite-(Y) crystal with bornite and sphalerite (reflected light, parallel nicols); c. Euhedral yuchuanite-(Y) crystals and yuchuanite-
(Y) veins with bornite, xenotime-(Y), and quartz (reflected light, parallel nicols); d,e. Euhedral yuchuanite-(Y) crystal with bornite and chalcopyrite
and quartz (reflected light, parallel nicols); f. Backscattered electron image of aggregates of yuchuanite-(Y) crystals with anhydrite bornite, and
galena, containing a euhedral bastnésite-(Y) crystal
Ych-Y—Yuchuanite-(Y); Bn—Bornite; Sp—Sphalerite; Xtm-Y—Xenotime-(Y); Qz—Quartz; Ccp—Chalcopyrite; Anh—Anhydrite;
Gn—Galena; Bsn-Y—Bastnisite-(Y)
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Fig. 3 Crystal structure of Yuchuanite-(Y)
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Fig.4 Spectrometry qualitative analysis spectrum of
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I, A it HUA LT R AR RO R B AR R AR 2
[ B 2SR, A DX RS I 29 2 22 [, 5 R

KT 20 pm B, 3RAF B FRAE X G 26 38 B 25 5
(Zhang et al., 2019) . A, BE£EA 18 1Y A3 A BE
LA 7] B 0 JE A 7T T BRI N TR R FARE N S
TRE SO fE FE OCHE . 2R A N TR) L SO TR B
149 52 32 AR X Fb 45 SR LA K TDT RN B 5% 0, 45 o 3
WE R 50 nA, RBER /N E K20 pmo BRT YL R
VTR ] 1 o0 20 s, AR TR & KT 10%,
JC K W B ] 58 B A 30 s, BN R A7 B A9 AL
P i) e S5t T 1 — 2
3.3 HHEXSHERHIERE

Y JUE PR TAP S, Dy Er U & BEH# LIF ik,
M Yb.Tm Ho .Gd L E #E#% LIFH S {A7EF il &, C oC
R LDE2 A, KI5 EPES Mg 8], 7 # HREE JC
FIBERE LalE N T R BN R-IR I /2 Ho TG, Ho
() Lo 5 Gd 19 LB F & , Ifif Ho (19 LB AT HEARME, KL,
XFF Ho ot &, vE#E La TR &R JHE T H IR IE .
34 AL E RS ERERE

WA A7 0 7 D P R R R R Y T X
V) ) i PR P S B, T AS 2 3 2 S AR, LA
AT T 51 A e D O = T U 1 0 Tl =
U ™ 8 i) HREE JC % , JUHJ2 i i ) HREE JT & 1M
TR AR T RS I 7 AR v P R AT R
JEE SR T 0 (B S0 22 45,2022 ) o FE i 15 19 0] 3 B
VA T 0 A 7 5 000 S0 G, 5 0 4G A0 g D2 1R
BRI AT RB O — 3L
35 FHIERIE

IR 32 o o N T K 1Y 7 N L O i 7 W
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Table 1 EPMA analysis conditions of Yuchuanite—(Y)
s FRIE X 4k 53t W A7 TEIRAE, LR MR R .
b FrlE R . ] ) ) bRkt
R A L/mm mm mm []/s Hsf 6] /s
1 Y La TAP 69.631 1.400 2.800 20 10 YAG
2 Gd La LIFH 142.305 1.346 6.394 30 15 REE1
3 Dy La LIF 132.821 3.127 1.308 30 15 REE4
4 Ho La LIFH 128.306 1.305 1.789 30 15 HoP,O,,
5 Er La LIF 124.060 1.691 1.937 30 15 REE4
6 Tm La LIFH 120.035 2.028 2.336 30 15 REE1
7 Yb La LIFH 116.257 1.146 2.033 30 15 REE2
8 C Ka LDE2 125.368 35 40.000 30 15 Calcite

(EAAR,1987) (HAIER Tl . i T #EIE Gd ot
% LB Xf Ho JG & Lo 9 T4 , Il i 4l GAP;0, b FE 1Y
Gd. Lo {7 & 10 B% 95 5 5 1998 B Iy, 2R J5 I 5 200
GdP;0,, brFE Ho Lo {7 B FIBR T 5GBSR Iy, A1
RBU=1yo) Tg, TR S KB4 4 0.508 87 ,Ho TG
) FLISRE N Ho g =Ho()-0.508 87%Gd o
3.6 EARKIE

SARAGIE I ZAF i, DT BRIR L
) CO, FEARAG IE T 54 3 FJ)70(Lane et al., 1994;
TR DLEE 20175 8K R B 45, 2021) - 5 — 2 W5 Bk R £
W b Y BE B 1A 8 A, MO, R MCOs 2
5 IE 5 55 A SR AR R 0 P A1 AR R b O R Bk
Ak R CO, T S 5 IR IE ;55 —Fe Hi
M CL O Te R & 1 DL A7 3R I . MAA 5
BF, AT &8 TR, oAb 2 R, Bk, R
2D CO, 1 F B R A T LR I
37 RIERRHEE

HRiH A 3 F o] ARG - e RS IEARFELL G
@ #s 58 RERR AR RE L] 5 (Drake et al., 1972) , H
2% [E E 5 HE RS, 430 REET(Eu .Gd . Tb . Tm) .
REE2(Nd.Sm.Yb.Lu) .REE3(Y.La.Ce.Pr) .REE4
(Dy.Ho .Er) ,w(REE,O,) 7t 4.00%~4.46% 2 7] , 1& /]
T TR S RBARNT Y, AR E , BRTE N
A ESHF I = E R IEAAE ;@ B LB Ehbr
FE(REEPO,) , H1 2 [ ] 5 2% K40, f24% La~Gd
Y #7404, Hod w(REE,O,) R 5, 7E 61%~71%
Z 8] ZERRFEUE S T REE JC R & 8 & AR
i, AL LREE N 3 ;3 7 + A BRI AR AL,
H E bR T B 2R, 5% La~Lu DL M2 Y JTC &K LR Tb
(Tb;Gas0,,) \Lu(Lu,SiOs)ArkEsh , HAbA + 0 E brkt
H REEP,0,,,w(REE,0,){F 24.13%~81.17% Z|A] ,

SRR W B W IR ST 2R IR L
FWERRER AR o (EARVE R A, M £ ek ik
Pakf , A B A TDIS . LA HoPsO, brAt S 1], Jin
L EAE 15 KV, B M 50 nA 5515 F ,Ho JLE La i)
94 J32 i R BRE P 38 KN SR ARE (8] Sa~d) o X TRFA Y
REEPO, ik, NI HLEAE 15 kV, H A 50 nA 2544,
WBER/NH 20 pm B, 7 B 4RI ZE 1 m Z 4, 7T
IR R PR E 1Y

4 LR 57He

4.1 FTHFE

12 S8 25 R 3% 2 TR 1 w0(Y,05) K 43.09%~
46.83%, F ¥ {H N 44.83%; w(Gd,05) A 0.57%~
1.67%, -2 {H A 1.05%; w(Dy,0,) 4 2.85%~4.49%,
F I 3.80% 5 10(Ho,05) 4 0.88%~2.37%, F-HAIE N
1.41wt % ;w(Er,05) 4 3.80%~6.07%, F-IE 1 5.14%;
w(Tm,05)4 0.66%~1.19%, F-FIH 4 0.97%;10(Yb,05)
4 3.07%~6.87%, V-2 { } 5.53%. w(HREE,O;)
60.93%~65.09% , - ¥ {f 4 62.74% ., CO, Fl H,0 [
AR b R 45 ARG 1849 2 1) HREE . C JH T4~
BB o w0(CO)ITHAE R 32.54% , w(H,0) 15
80 4.44% , 7 Br & 1 BB R 97.91%~102.07%, -
BIE N 99.72% . 4313 R 0=10 apfu it5., 15 5]
Zu XN (Y1461Yb0.1lEr0411DYO.08H00,03Gd0402Tm0A02)21.99
(COy),-H,0, fi 4k )5 A - (Y,Yb,Er,Dy),(CO;),-H,0.

PRI, B 0B 42 0 1 B A 23 7 38 Y(COy), -
H,0.
42 MRERE¥S

FERLR SEI A7 e LA ME S, 1 e R A 10T
RCHMISGEESIG, R, P2 FE XX
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Fig. 5 Characteristics of La ray intensity variation with time under different beam-spot conditions of Ho element

R2 GRS HEFRISITER wB)%
Table 2 Electron microprobe analytical data w(B)/% of

Yuchuanite-(Y)

44y K101 K102 K103 K104 K105 K106 K107
Y,0, 44.08 4511 4490 4520 4428 4412  43.09
Gd,0, 082 091 091 084 1.07 125 0.7
Dy,O, 3.76 348 442 285 373 371 3.4
Ho,0O, 131 101 095 088 145 114 1.22
Er,0, 541 541 380 475 535 522 577
Tm,O, 1.08 1.19 070 095 105 102 .17
Yb,0, 620 511 671 546 527 508 643
CO* 32,54 32.54 3254 3254 3254 3254 3254
H,0* 444 444 444 444 444 444 444
BT 99.64 9920 9937 9791 99.18 9852 9837
44y K108 K201 K202 K203 K204 FHEH  apfu
Y,0, 4428 4683 4514 449 4608 4483 1.6l
Gd,0, 073 130 167 148 105 105  0.02
Dy,0, 325 413 449 445 424 380  0.08
Ho,0, 1.13 1.70 237 228 154 141  0.03
Er,0, 530 440 558 607 461 514 0.1
Tm,0, 1.10 066 081 103 089 097  0.02
Yb,0, 687 522 307 48 605 553 0.1
CO,* 32,54 3254 3254 3254 3254 32.54 3

H,0* 444 444 444 444 444 444 1

B 99.64  101.21 100.11 102.07 101.44 99.71

W PRI T 104 O J5 5 “* " FURTTHIL AT, Bl Yao 55,
(2024).

— R T 2 RO R ERAR(1987) I T

JURNHG 44 B R AR &80 10T 3R X G2k
Z B TG 2 ST 90 2R 80, D i e T
XfF La.Ce.Gd.Tb.Er.Yb.Lu fll1'Y &0 & ] 1% H
Lazk, % F Pr.Nd.Sm.Dy Ho Al Tm %5 T % , 1] &
LB £k, LAk TT o 5 0 JF sk 40 T PR IE , 4 5 20 B ks
o Wk AR (2008) NHLIE I B 45 T LT R4 i
T s SN BR A E S I8 EIE 1Y )5k . Hetherington
A5 (2008) F t, FEAN [ A IISE LR T, s T 3R 5
23 PR B A T A AN )77 7 A5 20 i ek 28 DRI AS
TEAH R S A e Tt . 7K 30225 (2022) 0K,
PR L AT RS A B AT R IE AR G ik
PEO B Ar B2 22 R 0 0 B I A SR B
ER A 1 0 M BOR R . X LB SE R AR O R 4
Pt 7 28ny BIS FEOR SCRF o AR SO SR A
R 20, 30 3 20 0 1 0 A L B BRI A A
G B B W RIS IS AL, IR 456 T RE 55 7
2, ) B R T e S 0 DU R, AR TR
Lo 4

HUIE B KA ) B2 AR A 1) e W+ TR IR AR
FRAE R TDIAIN o Aif N BYBF IR 52 1, 2R /N A3
KHCBE ) s R] DL D R A (Zhang et al.,
2019; Yang et al., 2021) . SR, XF F i iR £6 5 -4
Yk, N 2 5 30 T R ORI AIE X R
THBCRAR , NTTRZ M 0 AR JBE o AR SCZ3 5 25 TR ORI
T A IE AR X R i A3 AT B 52 ), 45 5 B A2 03

g
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S5, B P B AT /N RCBE LA R R ]
PRAEM i F b, R DN OC R IR AE X AR 55
T o BEAh RN RGLEE 1~ BRI i
T P e A7 X 87 LA, i A e 0 e A A T
AR T oI AR T HL T ARORRE Al B 4543
RPN VA U T i

5 45 i

SCHRE T I 1 B LB B T PR SE B M7
LB, sE T E R o0 AR i 04 T B A R ER
TDI W 55 22 F Pk . 3 K 40 A4 3 3% = 1k 0 A
SE MR R A B T RIEAE 32T T
AERPE . A1, SE6 AR A T & B B RO RO
AR RN B [ ) SR R R T E A TR I ARRE
XML L AE T i B R SE o AT )
(8 S SR A T RTEE B A B, BT DT it R TR
i L P it T EE NS AR

BRI SORBURER ) B b S 5 T
PET70 Ja4E L BRBE 1 LU IR I A Ll R0 ™2 536
IR BR S AN BT AL, I R AR 2E
PSR o FE LT SCIE FLZ P, 28 0B S R g L A 7 4
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