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First report for brianyoungite in the Korea
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ABSTRACT: The mineral brianyoungite, a hydroxyl Zn carbonate, was found for the first time in the Gukjeon
mine, and its occurrence, mineralogical-geochemical characteristics, and formation environment were studied.
The brianyoungite forms spherulitic-rosette aggregate composed of platy-to-bladed particles and is closely
accompanied by gypsum and bechererite. The X-ray diffraction analysis results indicate that the brianyoungite
in Gukjeon mine is monoclinic with beta very close to 90°. Thermal analysis showed the 6 stage of weight loss
due to the dehydration, dehydroxylation, carbonate decomposition and sulfate decomposition. The mineral shows
characteristic Raman bands due to Zn, CO;z', S0.* and (OH)". The empirical formula is Zn3 5(CO3, SO4)27(OH)a.
The brianyoungite in the Gukjeon mine might be secondary mineral formed by the reaction of sphalerite with
COs-containing water on the surface. Additional report of brianyoungite are expected after further research on
closed or abandoned domestic Zn mines.
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SrthJamber ef al., 1994; Warr, 2021). Eg}o|A Y
7Fo|E Q] o] A& Rl 332 Zny(COs, SO4)(OH)4
olc}. Bafoleiedrtol= oA Bhikle] A3} g
Atg o2 R)ehE=t), o442l a}sHA]of|A] 1 Hl=
3:10|tk(Anthony et al., 2003). Brownley Hill 33-AF
9] - Ao oaf 13t 3FeHal Zn,93[(CO3)0.75
(SO4)028](OH)3 072X BHAME-Z X Ss}= A 9
H]:= 9F 1/4 o]tK(Livingstone and Champness, 1993).
BejololgrolEA AT & A Ao
803 o] o] |4k, 3}et 2A4o] FstA ¢zl 3
2 uhe Home, Salee AT Fare v
&o] gutt B =7 AsHA €717} o "t

Balo|ogrlo|Er} 22 WAE Brownley Hill
AL H2ohS WO BHPD), LAz 2(Ag)
= APFSHAE FARIE), o] FAFY] Alsttioll A Bt
0|17 EZ} AREETE Heol| @70l Ex it
B o} AoflA] 0|2} 3PE(secondary mineral)Z
AZEET #9, v, 2, ofZ 7Y B XY
oA EE 1 glo.m(Anthony ef al., 2003), O}A]
of A Ho A= d2oATt T A Ho] LA Utk
(Ohnishi et al., 2013). o] FEL EF =1} uj2o
A ot 9] Lel(slag)ol = EATCHBril
et al., 2008; Piatak and Seal 11, 2010).

a4 A de] 4E TR o] ) 4t
27} BEE 242 A7) Yate] ) 7)o}
o1 AL 2ARG 23} H27IEfo|Ebrochantite),
W (devilline), 2o E(linarite), &HH7}o|E
(schulenbergite) 59 M-S o= 2%
AR S| BRtol AN o) 2R £R)
eth= AS ¢A H}AHJeong er al., 2018). 53]
7 Wl 248k F2FAA = olE olQd=
alol=R = glrjo=(hydrowoodvardite, (Cuy ALY OH):
[SO4]x2 nH,0), HIA|2|2}to] E(bechererite, Zn,CuSiO
(SO4)(OH)4), S=FA |2 |E(glaucocerinite, (Zn; xAly)
(OH)x(SO4),2 nH,0) 2} 72 =20-2g A o] Jlaple]
-OIASAFESO] FHiolA A2 EarEithKoo
et al.,2018). 0|9} 22 AWM 335 o] o] = WY
48wt Befo|gdrlo| =} ol Heo.
2 P E o], o]l dAtolA= o] FEY AREAH,,
FEstd B4, shst 240] Bale] A8 Lohi
L, o] 5 v 2 o] FE=2 A e7Ff tiste] 1L
W5} g,

2. 22 Y A7 Y

OFQIZALS F5to] AFE A=l thsto] AR
o] 7(stereomicrosope) ©]-&3to] FEEQ] AREAT
SE A3 Qo T ABS Slsto] 2ot
) QlAjThe st A YAEE X413
AEA(XRD, X-ray Diffraction Analysis)S AA]|
sto] FERt FE 2AS PobEgith XAIEEA
2 BrukerAl®] D8 Advance A25 7|7|& o834
©m, 40 kV, 40 mA 9| A4 FAEA 0.02,
AFAIZE0.55 2 4-70°(20) 1ol A Al st

BetolelgrlolE 9] A BEAS gohiy] 93}
of, 22 713 slollAl, oF 9 mee] Al olgalo]
F 10°CY} 7HE& ==, 4204 1000°C7HA] 7HE
shaA EiEAS AABIHH. R4S TAAR] SDT-
Q00 o} 83}od, ARIERA|(DTA, differential thermal
analysis), B=ELX(TG, Thermogravimetric analysis),
02 EZSEEX(DTG, Derivative Thermogravimetry)
= SAlol Algstiet

2R A (Raman spectroscopy)-< B3 & 1]
Yoz AaEle BB 477 A5HE RIS
Sfa) sEIRom, AL 8] Eeo] HjmY B
e BUARE o] §3eT). SHEREAE e
EEA}S] RAMANtouch BEE ol gatgom, ¥
0|#] Q] u}AL 532.07 nm, AL 3.84 mW, o]
A 24 A1ZF2 2, AAHE 300 grimm 27 S}l
200-3800 cm™'of) A 103] whEsle] AA]5hTH

BefoAgo|Ee] HUek AHaAbee} Bt
e gotry] st Bha T8 T AR E AR
(EPMA, Electron Microprobe Analysis)& A A3}
ek AR n]EA-L JEOLALR] JXA-8530F PLUS
2dS o] gstgirh Wl 7= 10 um, Y 15 kY,
Af= 10 nA 2204 A8 Beto]Ad g7t
o|E Yof 23 YR £4S Aot v &
SYAEA7(Micro Automated Elemental Analyzer)E
o]-853tt. w|RF A HAiAS LECOAR] TruSpec
Micro R dZ o] 85tF =1, o] e A= 7
2 243 5 2o BeplolA AsAlA 2zt
AES 71 FE= DAAA 3t HE7]0A &
Aok 717190, g, =4, A, 3 RS 5
Al 248 4= gl o] Atoll A= <F 2 mge
Az o] thstoq, 43] 24T Bk ASHE FEHI=
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HBHAIA AMESHAT
3.211 % E9f

3.1 A= Abel

TAFARE oty fHFTY AR el
FAAE A4S 3719 2RIl Tt
FAE AEZu Lo =ZHN, T2 F-oldS A5t
FAT, AA= FA 78 A Ei o] th(Yang and Choi,
2010; Kwak et al., 2015). A3)g=2S F7 6-8 m
= 71, 500 m Ax AFEHh FH TALELS
AotA Ao, BT} SREAlo] A ARSET
AFET FASE MTIEEES FE AN
=@Ao|th. Bepo|dgrlo|Ex 334t A Y
Fo] ZsHA o] FolHd 7 HollA LA U=
b, A3 E= 43S Y& Sl= 33E Al
Yo} QRikeHA 3kt 22 h o] daE 52
Shz Alf 4 (veinlet) 2 2 F2 A= EH, T2+ ¢F
A FHS 25k FH(crustiform) 2= EA7CH
(¥ la). AW o] Z2 2L 1-5 cm, FA1= 1-3

cmE 7HAAIE, o) Bt F3p FA 7} G2 A E &
At Al o] shi= S-S ww, T Akl A
= W= Alo] v Esh= 97 dukdo]x|ut, &
Ao zut EAshE Wi Atk Aoyt A A
o] oA w-f- A2 2719 4 FHE 7 &
EAEAE A = QU
Helo|AQ7I0|EE Edhe AlRE AAIENA
o2 s, AARIFEES 7R S-S o
=, 0.05 mm ©]3}2] 75 YRE0] HAAE °olF
ALHZE 1b), 77 0.01 mm HEO| B PR 9
of 2174 0.05 mm ©]3}2] F-5-Z1|Z H K rosette)
o= 47 e A& & 4 ATHH o).
AAHAn|EA 7] 9] o]xFHALGAKSEL Secondary-
Electron Image) 2.2 #2519, 10 um F7)2] TA)
HEAZE 2-35 AAA 3laL, 22 $jofl 274 10-100
um A& 9] JLa}AK(spherulite)-3u|Z 2oko] Mgt
A oIFAL Q= F= TET = J=(3H 2a),
Ol i BT HePo|AG7IR|EYS AUAlE
EXXAEX(EDS, Energy Dispersive X-ray Spectroscopy)
A Bt &Rl 4= ik o] FEo] IR

Fig. 1. a. White and blue mineral aggregates composed of brianyoungite and bechererite occur as veinlet filling
in cavities or crustiform on the surface of the hostrock. b. Stereomicrosopic photo of white brianyoungite tiny spheres
less than 0.05 mm in diameter. c. Stereomicrosopic photo showing growth of silky to pearly brianyoungite sphere-ro-
sette less than 0.05 mm across on the surface of very thin brianyoungite plate.
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uj3E 2| AFAIE o)F = 9= F=<| Brownley
Hill 33AHLivingstone and Champness, 1993), ¢4
Z(Wales) 9] Elgar 34} Frongoch 34K Cotterell
et al., 2003y IR A AJA| o oA BiH

SItHAnthony et al., 2003). =8 3FAke] 7, L3k
AR mope) AYAE o R YA B
2 T, QA AL ERAblade) 0.2 thoy)
W, Z2 3 um, 2ol 10 um HEol 5, Ao
w2} sl ol AJte). Fo-AEE mobe)

7 - 283

A A, L FIHY 2b)0] AL E3HA
BAHAT, 25 FIHY 20)01 AP
o] EASHE AH(1Y 2= EARC 25 T
9 B9 % FHE ol Yt 95 T0E
TABRE GAY 7t AR 2 BT Belk
Hefo]Qlgg7to| £/ FabgulR mope] W
AR AZEE 497 WA, S um A= B
A QA BEE PR LA gk Al
M3 AR} o] ABE7]E Sl 3a), Qi

Fig. 2. SEI (Secondary—Electron Image) of brianyoungite. a. Growth of tiny spherulte—rosette with 10-100 um in
diameter from platy brianyoungite aggregate. b. Simple brianyoungite spherulite composed of tiny flaky-bladed
crystals. c. Double brianyoungite spherulite. Flaky-bladed crystals are larger in the outer spherulite than those in
the inner spherulite. d. Double brianyoungite spherulite with massive core.

Fig. 3. SEl of brlanyounglte a. Platy to flaky brlanyounglte about 5 um in w1dth associated with bladed gypsum
crystal. b. Large platy brianyoungite about 30 um in width surrounded by very tiny brianyoungite spherulites. Gp,

Gypsum.
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2oz WA EE B YRR 2717} v 2 300
um =] T4 YA et A eF Zo] EA
81715 JITHLE 3b). o|FA & B Hepoldd
7ho|E AAE 3 ko] 27 (cleavage)o] WY
Sk A TS 4= ok FRBARY A, A
o|2jol| = ol ASHIEFES HAH ol ES 2
o] 245+ A H=TI(TH 4), WAIZEe|E HA|
AR B HAAE o) F= Bl Ao, B
gt 7Hx] a1 Bato|lgrto| Bt 6|7} 4
A gt Hefo|AG7to| EZF A et o] Ak E=
AL o2 Lol B E AR, wAH2to] E9F
o] ¥l F7& LAY 9 &= AL FHFA 0]
9lof| Y29} Hirao ZAt| ATt &2A 3131(Ohnishi
et al., 2013), =Y mj5o| A o} FA o] &
(slag)o| A= A RCKBril et al., 2008; Piatak
and Seal 11, 2010). Y+29] Hirao 3gAke] 79, =4
FitolAebdo] teftt R SA-FNS T
St E S0l AT

32X 3|1 &4

2] 27 ol M o] BFS ALAY
HHS 92 e S RE AR = v
o =a XS8R sEe 19 40] A= 9
11, o] A=E uniteell T2 T3 (Holland and Redfern,
1997)& o|-&3t AAF2E B4 daf= # 1
of AX=o] ek 18 45 Fdto] FHFAe] H
<, Befo|dg7to| BV} Ayt HiAggte| EE E

HoHA seubsiar Qe Sl

Hejo|gledrlo] Ago] R A
WR|9H Anthony et al., 2003), XX 3] A4 2727}
wE AL o] Fo| 22 wud Jo)
Brownley Hill 3AKLivingstone and Champness,
1993)3} Y4 = 9] Elgar XK Cotterell and Mason,
2003) 5 & X¥olt} Brownley Hill 34k XA
AR A <= oJshA (10082 dgo] 71 2
15.44A0] 1L, 7] 3.9] A Al7]= (200) A} 5-L3}
A 7 2 1009] gh= 7Ht Elgar 334ke] -9,
(100)H 2] dgt2 16.5A0]1, mj=39] A Al7|&=
(200)H 2] 50%¢] E3}5t], Brownley Hill 3419
Az} 2o} Siek. FAGALE] A2, (1008 d
& 15.81A 224, Brownley Hill 334k} Elgar
B4 S Aol sigshs g UEhe, 9=
o A Al7]= (200)HS] 38%=H| Elgar FAF 2}
RO FARE Fd= Bt

Hejololgrto| B XAIEEA 277t U
H T XY FAPA A RS unitcell T2 713
(Holland and Redfern, 1997)& o]-&3}o] A=
O HEZAFFE 3 Ak 7 29 AAEH A
o} Befo|Ad g7l ES ARFRE APEAA B
pare] A2 90=Q1 GAMFAIZ I A Q=T & 2
oA %= o]} Hl=Ft AR SIT 4= Stk AP
Ay GAPA o S3kckar 74 ste] S1gta, b, ¢ gE
2 A NG mEof| A Z+2H 157, 6.2, 5.4A0]H, Bgk
T A9 90=of Mt AARFEM Y A=

o

3
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Fig. 4. X-ray diffraction pattern for brianyoungite from the Gukjeon mine.
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Table 1. X-ray diffraction data for brianyoungite from the Gukjeon mine.

d (calc.) A d (calc.) A
I/lo d (meas.) A — - hkl
monoclinic orthorhombic

38 15.808 15.776 15.803 100
100 7.890 7.888 7.901 200
18 5.258 5.258 5.268 300
7 3.943 3.944 3.951 400
3.128 3.126 3.125 020

2 2.899 2.906 2.906 220
3 2.811 2.817 2.820 510
27 2.718 2.711 2.712 021
11 2.682 2.674 2.673 121
6 2.585 2.583 2.581 202
3 2.494 2.497 2.501 012
2 2.402 2.415 2.411 321
1 2.252 2.264 2.259 312
1 2.046 2.038 2.039 122
3 1.753 1.753 1.752 900
6 1.570 1.570 1.550 023
6 1.558 1.555 1.548 812

Sigmafit 229 26.5

Table 2. Brianyoungite cell parameters calculated by unitcell program (Holland and Redfern, 1997).

a(A) b (A) c(A) b (°) Vv (A% Sigmafit Reference
Monoclinic 15.736 6.249 5.433 90.063 534.230 59.1 €9)]
15.730 6.278 5.456 89.095 538.759 48.0 2)
15.776 6.252 5.447 89.397 537.278 22.9 3)
Orthorhombic 15.732 6.249 5.431 533.923 58.0 1)
15.737 6.281 5.470 540.676 48.2 2)
15.803 6.251 5.460 539.331 26.5 3)

(1) Brownley Hill mine (Livingstone and Champness, 1993), (2) Elgar mine (Cotterell ez al., 2003), (3) Gukjeon mine (this study)

S sigmafic] 3 o Fo| & e et
7] oA, A A% SAFEAS sigmafit
ol 22,92 APAA L H-9(26.5)Hct Zton
2, A= gdshs Aol o AEd Aoz o
AZc} Beto|dgrlo|EV) 22 YFAY Brownley
Hill ZH4Fe] A9, hydrozincite@} @3 AAAAS
7R 2L A& E W, hydrozincite@} HElo| A G710 E
O] AARARE {ARRH Ao Z XU EQJtHLivingstone
and Champness, 1993). 121} Hzlo|dg7|o|E

+ hydrozinciteE $RI51A] a1 AR EE F-97)

t1 ko mg(Cotterell ef al., 2003; Frost et al., 2015),
AT2E5 hydrozincite®} I3 Ao AT da
% gle Rz PrEh

0°C, 290°C, 600°C 750°c —E—‘,:— 57}H E%‘_t&—
S o8l 4= Qi) o] £ 290°C Hto] 5

bl
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7V & 1325 Ui, 120°C 729 S8Rke=
@3t 7|38 B ojFe}) o] ¥kt 190°C, 600°C
9} 750°C 9] SERES 9 2= - Saksict.

7tgo w2 A &9 T A Usd= €%
FEA TN BF 6TA Y =2l S5
25 I 4= Sl 204 105°C Alolol A=
1.74%, 130°CO)A] 230°C Ato|o| A 2.38%, 30
5°Coll A 690°C Atolof A= 3.11%2] &gt &
ZAE BoFA|ah 105°ColA 130°C Alo|oj A=
1.63%, 230°CO)A] 350°CAtolo| A= 13.26%, 69
0°CojlA] 800°CollA= 3.11%2] F43% S5 4
£ Uehdt} olo} 22 T A P2 nEEF
4 JAHNAE R I 5 ok F4%
FaTt @Ak 2% koA 3709 w2
|2)gt 227} Yebb=d) biete, ket S5
ta 7o A= ket 9 =25 H el £3] 305°C
|41 690°C Ato)9] S5 Tae wi-$ A5t )
EEFTHEA JAHoA= IS otk 7} v
ot}

Hajo|Qdgrto|ELl 7o vhAMY, 4, 4
718 BF 7HA= FE) gt 484 Zdak= obF
X Al ALY gleng, 7 FENEo] oEA o
olvt= ARMAE HEsHA & = §IAREL ES X

Rl ol oft

=
o

N

2

(dehydroxylation), BFAFE 9] £-3f ¥H-8(decomposi-
tion of carbonate), 3H4FF @] B3] WH-S(decomposi-
tion of sulfate)5°| £X}% o2 dkAIskc) o9 4t
=0 HA L2 dojd =& JATE F 7 o)
9] ¥kg-o] Ao HAE = ik

T334 Betolddgrtol Eof gt QE4A dut
£ 71& ek vlasto] vt gol s e = 9l
o} =20 4] 105°C, 105°Co)| 4] 130°C Atolof| A &
ojtb= FEHRES BT FA olge| WE S
7+ (Morgan, 1977; Bish and Duffy, 1990; Foldvari,
2011)2K 3.35%9] 5 A4S FHSkE 130°C
-230°Co| A 9] bt FEW-E-} 230°C-305°CAL
ol9] FAR FANGL WE T4 C09| S
of w2 H3ZH(Bish and Duffy, 1990; Livingstone
and Champness, 1993; Foldvari, 2011), 15.64%2]
o9 W F 7S Aot 305°CHA 690°C
Apole] Shareh EAURS T} 690°CA] 800°C Aol
9] FEHHS2 CO,%} SO59] 7|3t 2 W3 o=
o Ao, ool whe}5.97%2) 53 747} b,

100

95

90

85

Weight (%)

80

75

v b b b v b b

70 . , . |
400

o
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o
o

600 800 1000
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Fig. 5. DTA (Differential Thermal Analysis), TG (Thermogravimetric analysis) and DTG (Derivative Thermogravimetry)

curves for brianyoungite from the Gukjeon mine.
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T i BT 24.98%01 A0, F3H]
ojgtel| W ZrAE 3.35%2 A|et a3t FB
Jz o) 28 7HAL 21.61%2 dEh o]9b 2+
L Av= nFgREEAEAYE St FUE
3l HyO, CO,, SO59] &Fo] 22.15%%1 A3t & YA
& 29E HAZTHRE 3).

3.4 2t8H 24
oot Bote B0 AE AHEYS

2 2%
B NETEE ATsAG BAL) HA B4}

Table 3. Electron Microprobe Analysis for brianyoungite

A5 B0 o] 8EH, T FET A= A
&-go| E31 9tiFrost et al., 2010, 2013; Kampf
etal., 2016).

ZAFA A A& EE Balo|dgrlo]Eo tis}
o] 200-3800 cm W 9]o] A] BFEFELTEASE ATk
% 60)| AN o] Qlek T 6914 HEo0] 200-1600
em” 9] o w9 7het w327} 1001 A £,
3000-3700 em™ Aelef] ghuigt w7} 3-47H 2
3t} o] AR = Brownley Hill Atz 12
A of| As|A}(Esperanza) At A B 1% Halo]

from the Gukjeon mine.

No. 1 2 3 4 5 6 7 8 9 10 11
ZnO 72.03  73.84 7391 7478 7485 75.00 75.21 7532 7577 7583 76.36
CuO 0.04 0.06 0.07 0.03 0.00 0.09 0.04 0.10 0.00 0.02 0.04
Si0, 0.32 0.30 0.51 0.36 0.31 1.19 0.54 0.36 0.31 0.34 0.68
AlLO; 0.00 0.00 0.14 0.06 0.00 0.00 0.00 0.06 0.04 0.00 0.07
CaO 0.02 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.07
sum 72.41 74.21 74.63 7524 7517 76.31 75.81 75.87 76.13 76.20 77.21
No. 12 13 14 15 16 17 18 19 20 avg
ZnO 76.86 7793 7893 7894 79.04 79.10 79.61 80.58 81.31 76.76
CuO 0.04 0.06 0.01 0.05 0.05 0.04 0.03 0.00 0.09 0.04
Si0O, 0.50 0.37 0.39 0.30 0.28 1.30 0.34 0.34 0.98 0.50
Al,O3 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02
CaO 0.02 0.01 0.00 0.02 0.01 0.03 0.04 0.01 0.03 0.02
sum 7742 7838 79.33 7931 7938 8047 80.02 8093 8241 77.34

= 2

2

:

200 6(’)0 10I00 l4l00 18I00 ZZI()O 26‘00 30‘00 34‘00 3800

Wavenumber/cm!

Fig. 6. Raman spectrum for brianyoungite from the Gukjeon mine.
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QA7lol=e] eheraaal Zujet ke fAkslet
(Frost et al., 2015; RRUFF, 2022).

Belo]dgrto|Ex Zn-0 A o|ol= it
F, A, A7 5 oheret YAt Ao EAst
=0, 2R A I E2AQE ST+ AUk
19 6014 7 5 LrERLEE 1059 e =
AR B0 Jsto] g SO 2wt
sh= WH=gld|(band), BHAZ]O] &JEke] 1059 cm
WL ool uhe Be W=} Uehiss), o] &
EAel AL 533 em™, 707 em’!, 742 cm’!, 1374
em’, 1556 cm™ So]th(Hales and Frost, 2007; Frost
et al., 2013, 2015). 19 694 F= HA 733t 978
em”! MEE SAEAFE] 37| of| gt Ao R of
AR HFrost et al., 2010, 2015; Mabrouk et al.,
2013). FA]o] <J5te] A7) E Tk WEE 435
cm'o]t}h 352 cm9} 380 cm! HAEL Zn-O 2T
o] 2J3t A(Frost et al., 2015), 3400 cm™ o] A L}E}
e oS gieke MEs BRbe] o3t A, 3600
cm’'9} 3635 cm' o] EA5H= HIEE Ao 9
gt 21 0 2 ke th(Hales and Frost, 2007; Frost et
al., 2010, 2015).

3535Kst =M

TFAEY] Beto|AGrto|Eof| tiste] HAHd
02475 o] &5t SsteAde EAT Ak &
3] AX = o] Qlek ZnOE A2J3t CuO, SiO;, AL,
Ca0 & 25 1% ©|5t9] mj9- A2 ¢fo] 3]
o] &= As Tl AT A7 B Beo|dd
F7IIEYS ST 4= Uk 2071 Aol thsted
BAS ZnO FFE 72.03-81.31%°] FHH#Zk
£ 76.76%°]|t}. Balolddgrto|EV} 22 HuE
Brownley Hill 34t] -2, ZnO -2 £4I7 0]
w2} z}o]7} Itk Livingstone and Champness, 1993).
A EAHe g EA% 7-9ol= 61-82%,
= A% Stz ¥t 24 H(Inductively Coupled
Plasma Optical Emission Spectroscopy)?] 7-2-of=
72.19%, XAAFPEAH(X-ray Fluorescence Analysis)
2 70.75%0|ct. S AZAS] AL Brownley Hill
ko) Bfo|17lo|E BERg o] 83 HA Yol
H]3}e] ZnO Tefol Thas AT, £ APoA A
S ARFAw|EA o o3t Aol A9 Y|zt
I ek

nf As A 7S ]85t Heto|d g7t
o|E el Z3HE RS BA8I=tl, CO,,
SO;, 0= 242} 5.31%, 4.45%, 12.63% Ot &
3). €24 Aol ofshd F= EHel & F2
2] ol 3.25%=H, AREAQ SRS ol =
e SR WAL Zn SAREES] ol
7Fsst ghe 2 dE At Morgan, 1977; Foldvari,
2011). H,O SN F2=E Al &3 72
= 9.28%2 AliFer 4= QltkBish and Duffy, 1990;
Foldvari, 2011; Livingstone and Champness, 1993).
foligrte|=0] BstRge] fUSHA W
A el Brownley Hill 3412 AL~ CO,, SO;, H,0O
= 212} 6.62%, 9.90%, 10.70%Z 4, =334 2=
o 230 2 I8, T ol vl AE AR
H7) AE A el N Take b B g3
A Ao BerEth e waw ARE Ae
I BRI, FE dAFe 2717 Y Atem
2, 0|5 T F=0) AT 2 FS AAs] viAE
= ATk

WA, v AEALE, SR A3}
= Faolo] T AR Hejoldgrlo|=o] 2
ATFEAE Znigs ((COs)1s6 (SOa)oss)272 (OH)is5)
°]al, o]F @3l Zn; 5(COs, SO4)27(OH)=
AT 5 Ik FABAL] 7, C0:S0; vl o
2:10]A]9k, Brownley Hill 33AH2] 79 oF 3: 124,
SR BejollAvlolE el BkS g
Sl IS Fol £t WAIA W na}
oldledtol=e] Sfha AT} sLputel glofl,
Tl )= o HAE, gt S X|sh= B4 Y
TS Y 2AE @2 7HA7IETE ol A=
He oA Msh= Aoz o AZI.

Fej Hetolglgrlol = el A7}
ko] FE<| Bt 2L Ao
HE BB Y $AL 45T 5 U A0R o
ARk B0l E Yo EFE F0 F4L
ofAldl, AA7HA] &7 AEA = BF oS
AFStRE Fitol A ot Fa o] Sl o
9] - FAFEL Hotd A o|tK(Livingstone and
Champness, 1993; Cotterell et al., 2003; Bril et al.,
2008; Piatak and Seal II, 2010; Ohnishi et al.,

.
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2013), Bepo|A g7l Ex= o|F FAtelA 13} 3
ABER EAS= o] ofyz), Aol B F 4t
S 22 FEE AAAE ALE oAAZ olet
A2 AHE BeElo| A g7l E Y ofd i AT
g 12} FEE HotdA ozt A& AARTh

Belo]dgrlol & ol ZFE Jo]&2 4],
eHitg, SHtE § 3R 2R ZE] Stk =
AgAtol| A Beto]ddgrlol BV AR 78] A
o= EHEE0] Wol %9 ed, ol Eol B
o] F7to|E Aol Hadt A& Aleet A
© 2 goEn o] FE9 AR AY tiEEA
St FEQ Aot 2z AAAFER THA &
EstaL glow, E3] AF4to| A= HA 2ol E
£ HIRE thgE ot g E S0 EAE
thKoo et al., 2018). o|xE Elo|dgrlo|EL

2 Fgotdsitad a5 Wol sk, ©f
9 W P40l Wast F RS U BATE
o, §54 Ex W o R AZH A
2 A c(Piatak ef al., 2010; Maghfouria et al.,
2020; Vriens et al., 2020). = 3ZFALo)| A oA 33-4]
o] o2 A3, A3|¢to] Aol HHHE &
I} 9R35HH BA |7 FAE = @A A A4
- E5HA BEE -

oA A E RS EX = 33134 Bajold
B7IO|E= LA} FA 2 Aot Aol X[ #of| =EF
o] &7 & 2ot B S5l A E Aes
FEHh T B, ofd-d FAbe] A= &
WA Ago] = QAT F4t tfRRo] #HF E=
T3 A olg|(Moon, 1997; Lee et al., 2007), ©]&H
FALS % 24 HES0| oln] WA AH o4z
SERAT AT, L4 YR, A D
HEAT DAT FHUA 5 RS A 2
AsfR e} 90} 2ol HetoldiaitolE
2 WA 7h540] 2 Ao AZFETHung e al.
2018).

4.2 2

A Befolelgrtol = T Wy &
szhgos HEEH, MY B-EEA 97
TR mope] AYAE FHGh B
A7t Hmet WA etol=g Ws

Al gHkstar glom, o] A2 90=3 SAEA =
Tk Ao] o Y Ao R A 6GA 9
FF A S G2RE, EAERkg, CO,
9] Hafl ¥k, S0,49] H3f ¥hH-go] «AH R Yo
A0 71Rlsk, FE 2 WY <58 ST A
£ 21.61%0|t}. Zn-O A3, &b7|, A7), 24
9 E5Ao] oJgt gt HErt e, o] 52 B
gho|AG7to| EQ] B4 it Axtdn| 24,
n)gF As-dAE47] @ QR4S Fote] 2743 o]
BEO| 3EAL Zn;5(COs, SO,)7(OH) o2 E&
T £ e, EaE Bapollgrto|Eof Histe]
Zn $=F SO, FRFS £, CO; 2 27 YWt
RG] 7, BaElo]dgrto| B U} Al
Aot o] 2| #of| leEE o] BV E ZFsH= &
T 9h3ste] o|RpH o2 PAH Ao R FEHT

el =

o] d7= 2020 HR(ASH) 2 Aoz gt
AL 7| 2 A TFAME, 2020R1F1A104965711,
2 Mn/Fe B E 7HA]= A 2|ots) g7y <)
B9 B " 7% A A s ot =S
Ut AR EH9 Ao Ea2 & BA=EE
o A ek HEAP A GG HAIA AL
£ =u, 753 g AlASH A &Sk, 79
T A 2& st A AARIA = ZARE E- YT
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