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Geochemistry and Mineralogical Characteristics of Precipitate formed
at Some Mineral Water Springs in Gyeongbuk Province, Korea
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29 AR ddd EXEE= Y¥ FFHN AAE $Eey EAL $37 BEY nAE
gtk rerel SAFHEL Ca-HCOs Na(Ca)-HCO;, Ca-SOE VERITE kol 714 28 51514
£& Ca, Fe, HCOyolth, thH-E2] pHE 576~6.81 MYE Ro|x|uk Fete] ALE g9jzoz
pH 289 7P S BRIY £ARMXNE ZAZ 8 ZHASF Al B2n BE ot ANEE,
pastdEo tete gxspded] s glo] ol FBEL 44 1Y & UL AoE d=4
o APE YEENAT nf2y AEL g 4T 2AR T Y=, o)= £}
of Mg AR dwis 15 B Ay FE29 £¥E] 2AZ AN g2 g
HEY AL A2 JAE weld © Ak XRD, SEMEH AT $8 FEEL Hslo|x=g)

o|E(2-line type), FH ZErholE, HA 9 WeidE TN, FAGRER PR A%
TS WREe] dpRoA 71 FRY FEL Aesto] =B, oA YR IE 0.1~2
um Holod, W 0.5 pmo] FHY Fujg o] F2 o)t} pHYL WS- RS FSFPME 2
EvpiolErt B H oz YT Futeefole] Y& Gallionella ferrugineals A& kg0l &
A fEsle, SoiEd 7Y AA8E JRE o] Gallionella stalk ¥WHol X034 LX) o]
&& 5L Gallionella He2o19] B0 FREe] P4o FHA JFL & AL oujsi.
208 G FAEYY JAGE 4 HE 9HF BANS 7HAE Ao JEd

TR0]: ¥y, AAE, HYsto|tgdolE, FH 2 EnGOE W34, Avte o} Gallionella
ferruginea

ABSTRACT : Miveralogical characteristics of secondary precipitate formed at some mineral water
springs in Gyeongbuk Province, Korea were studied in relation to water chemistry. The chemical water
types of mineral water springs are mostly classified as Ca-HCO; type, but Na(Ca)}-HCO; and Ca-SO4
types are also recognized. Ca, Fe, and HCO; are the most abundant components in the water. The pH
values of most springs lic in 5.76~6.81, except Hwangsu spring having pH 2.8. Saturation indices
show that all springs are supersaturated with respect to iron minerals and oxyhydroxides such as
hematite and goethite. The result of particle size analysis shows that the precipitate is composed of the
composite with various sizes, indicating the presence of iron minerals susceptible to a phase transition
at varying water chemistry or the mixtures consisting of various mineral species. The particle size of
the reddish precipitate is larger than that of the yellow brown precipitate. Based on XRD and SEM
analyses, the precipitate is mostly composed of ferrihydrite (two-line type), goethite, schwertmannite,
and calcite, with lesser silicates and manganese minerals. The most abundant mineral formed at springs
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is ferrihydrite whose crystals are 0.1~2 pm with an average of 0.5 pm in size, characterized by a
spherical form. It should be interestingly noted that schwertmannite forms at Hwangsu spring whose
pH is very low. At Shinchon spring, Gallionella ferruginea, one of the iron bacteria, is commonly
found as an indicator of the important microbial activity ascribed to the formation of iron minerals
because very fine iron oxides with a spherical form are closely distributed on surfaces of the bacteria.
A genetic relationship between the water chemistry and the formation of the secondary precipitate from

mineral water springs was discussed.
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Fig. 1. Sites of some mineral water springs in Gye-
ongbuk Province and a regional geological map. M-1;
Ojeon, M-2; Dadeok, M-3; Yanghang, M-4; Shinchon,
M-5; Dalgi, M-6; Shinan, and M-7; Hwangsu. AR2;
Archean metamorphic rocks, PALgr; Paleozoic granite,
Jgr, Jurassic granite, Kgr; Bukguksa granite, K1; Cre-
taceous Shindong Group, K2; Cretaceous Hayang
Group, K3; Yucheon Group, N; Yeonil Group (modi-
fied after KIGAM, 1995).
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Fig. 2. Photographs of characteristic precipitate formed at the bottom and the wall of mineral water springs. (a)
Dadeok, (b} Ojeon, (c) Dalgi, (d) Shinan, (¢) Shinchon, (H) Yanghang.
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Table 1. Water chemistry of mineral water springs. Unit: mg/L. *nd: not detected
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Ojeon Dadeok Yanghang  Shinchon Dalgi Shinan Hwangsu
pH 5.8 5.8 6.6 6.3 6.5 6.8 2.8
Temp (TC) 129 14.7 11.8 13.0 12,6 12.3 11.6
EC (uS/em) 497 800 2050 1890 2280 1140 2300
Eh (mV) 53 60 77 70 56 73 310
Na 30.62 35.87 150 166.8 144.20 47.53 7.64
K 6.52 2.74 3.92 6.84 0.08 242 0.78
Ca 45.10 122.16 258.02 219.13 12.0 250.84 40.20
Mg 2040 20.50 99.40 50.95 3.56 43.70 18.70
Si 4426 37.47 18.45 28.56 52.96 26.47 60.51
Fe 34.95 11.63 0.46 0.56 0.12 0.53 224 .43
Mn 0.81 1.19 0.052 2.03 0.02 0.91 7.39
Al *nd nd nd nd nd nd 61.34
Cu nd nd nd nd nd nd 1.98
Pb nd nd nd nd nd nd nd
Zn nd nd nd nd nd nd 3.62
Co nd nd nd nd nd nd 0.29
Ni nd nd nd nd nd nd 0.12
Ag 0.13 0.06 0.10 0.03 nd nd 0.11
As nd nd nd nd nd nd nd
Cr nd nd nd nd nd nd nd
Cd nd nd nd nd nd nd 0.06
Bi nd nd nd nd nd nd nd
Ba 0.08 0.05 0.03 0.10 0.01 0.10 0.01
Sr 0.53 0.75 8.79 2.87 0.31 1.62 0.17
Li 0.08 nd 0.12 1.03 nd 0.31 nd
B nd nd 0.77 nd nd nd nd
HCO; 458 610 2044 1434 2318 885 no data
SO, 17.23 20.44 183.65 24.11 25.33 7.50 1582
Cl 423 14.80 9.36 22.81 26.35 31.77 nd
Br 2.16 2.92 1.12 nd nd nd 2.50
NOs; nd 2.97 nd nd nd nd nd
PO, nd nd nd nd nd nd nd
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ZA wf$ w2 dhEe) 4SS AN E 310 mVE
A ZAHE o ThREA MR B0 3w 7
A BAAA Eabol &2 H,CO:Y FE 2 EA)3
BE 344 FEAAYLZE 2H0] BIl5d}d
B dFodMe Fee] gilo)2d ¥224 8 A
AR

o §E3h= Fa o2 wel Piper )
3 FHOE Uroud, oA NE 9 ooy
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HCO:8, 27195 E Na-HCO: 3, F48-2 Ca-SO,
3 o2 FEE UutEQ A AFANT
dos Axd Bt ol FEAHHCOD) 2
HEH ARsle] 3012802 AA diole
(C)ol FHg o] A2 Ao Z A4
ZFH(Chebotarev, 1955; Freeze and Cherry, 1979).
Ophori and Toth (1989)9] W=™ A&5e #%
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HCO:3°] A=, W& GfHE Ca-Mg-SOs-
HCO; §o|1} Na-SO;-HCO;&¢] A&t} 12}
THEREC] FRE ARG FHdME aF
SOS7} MFe g EAey] W AssIt 25
g 35kl vhe-& AAYYE Crojy so/ o) &
Mgt 42) 3} 84 A (hydrochemical facies)o. 2 713}
e AL oyt BAYEFEd REHE A
NAE Cast Mg7h 83 wkd el It SO, 77} v
FO2 EA] dEed, FAHFEL E-gAug
9 HFAAA 1YE9) S0, #2¥o2 e
WA etk =8 g4ge] gaEEE o) wh
27] g eidFEe] BFPAgr F43)
g EA4S #93n2 ARAYIA JeUdE 4
AP o2 A3EA e ok 9449 t4
slAe Zg, vlade 2 gilo]2o] ¢4
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Table 2. Saturation indices of mineral water springs
Ojeon Dadeck  Yanghang  Shinchon Dalgi Shinan Hwangsu
Gypsum -2.45 -2.06 -1.05 -1.9 -2.8 -2.34 -1.14
Anhydrite -2.70 -2.31 -1.30 -2.16 -3.06 -2.59 -1.40
Barite -0.14 -0.38 0.04 -0.18 -0.98 -0.67 0.12
Celestite -2.68 -2.57 -0.81 -2.09 -2.69 -2.83 -1.81
Jarosite-K 5.38 3.52 0.71 -0.28 -3.64 -2.09 3.08
Calcite -6.78 -6.43 -3.42 -4.35 -4.98 -3.34 no data
Gibbsite no data no data no data no data no data no data -4.42
Fe(OH)3(am) 3.90 3.35 272 2.55 2.01 292 -0.66
Goethite 9.32 8.77 8.14 7.97 7.43 8.34 4.76
Hematite 20.58 19.49 18.23 17.89 16.81 18.62 11.46
Quartz 1.04 0.97 0.67 0.86 1.12 0.82 1.18
SiO2(am) -0.31 -0.38 -0.69 -0.50 -0.23 -0.53 -0.17
Chalcedony 0.57 0.50 0.20 0.38 0.65 0.35 0.71
HOIRE 9, 2000, ST AR AR gl MY 5 ojn mapyHe] £2e) UTHE 2). 1
Yk Aol Higte] Wl 7] GEo SN2 FOINE FEAFE TaAG} 4R Fo} o
TARE ERUE A4st B-Auee A4 5o AdAgol A oFolAw 9go] o
sk F27t Qioh T Ao AAE BE SeH RN waEHE
Cat #ol29l SO9 AT Hw A2 s YHREE A F24nFE| 72 oj2n. 1
& ATE BOlER CaSO, TARHo] VB & U} o] BN o gEE Auts g

)

AT T e HE Ca FFE B G5
of sl ¥, sO,8h Hel FFe FhHow &
7) gl ols ARALY B-gHAutgd e A
FPRoe B BB A, F F9FE
o A3} gl gafo] M2 HPo A HET} S
o F8 AEE FAA Cadt Mgte) AFASE
0712 Yeh Hind d#4ol o 18y g&
AEE e BFBAZ F49A gED o=
2 krE BOHORZRE Cadt Mgyt 3
SEEHE AART. A EX A gRRe Baloks
9 75 &l ot 2 dFL W Aoy
of 477199 §hatol o] 25 Aol ERAT}
(B3E, 2002).

Eh7} 100 mV ©}313] a3 &3 e] o4
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a7 man $alrt v e A AslE ol
24 Y7 Ao AHAES N2 5 . +3
< TAE MINTEQA2 (Allison er al., 1991)E o
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B AFAgE, 3338, 3A9E, At

A4S BxspEel o] E-gAukol o=
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PR A SO,7 o] e FE N} A4
19 gafAgol ZABTHFHL 9], 1998). 18
U Feee] 949 pHrt B3 80,7 FE H
AR RE W o At A9 48ahg
= FHety, 038 FFE A5 2 o
&3 #HE Z 2 Hopof gk Ak A& 9]
k9l 79 jarosite SE3 HElo|y ThE o
T Pl TEd deoltt. 1¥d XA
ARAS ofn TIPFE A =2 A9PE A4
AAE U FARER 454 ¢ 497 &8
o 1 ol frE W& EEA ARA R 2olg} A
EZANA FA4A FA] A& F W] o
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Fig. 3. Particle size distribution of yellow brown pre-
cipitate and reddish precipitate formed at Dadeok
spring, respectively.
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g H AEL FeSOs> Fe(SOu)” > Fe(OH)," > Fe'™
=22 EAEI, Al 4% ASO.) > AISO.Y >
AP 08 EAT 4 9. $589) A pHY} 3
OJ3E w4 Youg Baolx I FAEE I

dolx YEEA71ZH UARE ZHT A
a2l NS adeba ozt o)z} giA gl
HAE EEIMe) g Ho|x g2 ALt o &
3t A3 wet gt o AP Bog B
L) vkslA olFHT ol Z2A3SI 2
7Yl wel 2gubel =g 7137} do] YAt
Rzt B BEE7| gEolth 23y 1 AEE
F oFste] AR Hutel AX & Hole Jrhix
dgonz Ui ¥ 2AAAE vug st
T E St 9% ARdME YERTY Hu
A 7F 48 £ X (bimodal distribution)& H.o]7| % 3}
T, %% Y=RE s 4$ 34359 79

s A% 1 542 drhle 2og & ), o
AR 7ol G313 237} ohfet 4
A YAse o7 YEY FA= F4H UL

o

ANRT. & 9Y /Y FEo] 5Ad A4
Aol ol OE FEZ JWHIE Ar FH o)A
U, H28 2%F ol FEE £t U2 WA
A BAE 277 98 FEFIHC] AL ¢n
e Aot dE Y, YUY FHEY B¢
AZ M (yellowish brown) JHEL GEEX Az}
MAAEL GYEIE Hol=d A2 IRE
A7} o aAthad 3).

UEFEE B A2 JAE29 4% d01 =
0.588~0.871 pm, d0.5 = 2.972~6.662 pm, d0.9 =
25553~44.958 um W9, HZA AAF] AL
d0.1 = 2.766~4.247 um, d0.5 = 23.843~31.157
pm, d0.9 = 73.318~258.035 pm HHE Rt
A Z7le YAEA % RS AAZE B¢
=3, W& EEH 2ol Dy AR
Fdol t2r] gield

HEEY XRD 24

XRD £Alo] mp2d AHEL Hgsto|cajole
(ferrihydrite), %18 )(geothite)?} 22 HFAE
I} B o] FE o|ETH LY 4). AR AR M=
A 44, Aol BeER FHsEy o|Se
AAA Y HHY LHE T Fx3 Ho] FA%
Ao E Helrh #HydlolmglolEx gulst 8-dM
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Fig. 4. Representative XRD patterns of precipitate us-
ing CoK ¢ radiation.

o FHE & | ARSI FE 2-line typel 2 3
Ao JFH9 AE AN wAR e 714
< BolA FRSA TRo| A =z gxu i
St ML dMY BEr) dalEn o
& Y BdMe] 4A AAHE Aoz Ho} AR
=l 03 E g gz Jddge @
=94 A4S AnEd o0&y g
AR H 2)5to| =2ko) E(ferrihydrite), X
Y (geothite) & LN ER FHHY B3
=2 HY, 4L X311 Yk o] o
2 AAES AN e 44582 ZHEY
oFite HYe sl ok ol& 500TCAM J}
d3td 2 WS YehgA govt 1,000 T E
FE HH Y (hematite) & AFHo] Tk oFspol
TR AZN AAEL WM} ARA o] Beka
# ] 3o] ko] E(2-line type)® FAETH 3144 3
AEL A9 WaHog o]Fojn 9o}
AEGTH AZH JAEL vAAY 5N
}E(FE HAstolcelolE)z TAHH, 2o

Hwangsu
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Fig. 5. Representative FTIR spectra of precipitate from
Hwangsu and Yanghang springs.

o7 EE 484 AAEL A5 E ozt
TS st Yok A2 FAES 500C
2 7tdste AAEY 2 Aolrth glAT, 1,000T
2 7FEAdE UEE A es AHolsin, 1
T AAHA A WeiMe] agoz Fely
o ol FELARFE WA WA A
Aol ERjsta] 4A FEEA @3kr] wjiolt},

271470 A URE AL B wEA
o2 THED. FFsEe HeslolseolER
ARET B gHdol TRk Jepd
Apefrr e e AP mrt B Fgs)o
E2}o] E(2-line type) ¥ 78 H5ABER o] R0
At} F5ehe F2 HYIFAREQ o 2 ER}
UOlER 74T &3] HYo] BE4ES FolH
o wHZEvR}lEE 1,000C7HA 71¥sHE 1
o] AFEoR HHo] dn.

A QAR Ao
R B
SHE3} Y3l 4o B2
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Fig. 6. SEM photomicrographs of precipitate at sp-
rings. The circles denote characteristic points analyzed
by EDS. (a) and (b) Ojeon, (c), (d), (e) Yanghang, (f)
Whitish precipitate at Yanghang, (g), (h) Shinchon, (i),
(), (k) Dalgi, (1), (m) Shinan, (n) Hwangsu.

o7 ygidth 19 S+ uxdoez gy oF
g JAEY HAHEFEY Aot} I
29 A% ¥ 2 Enlufo) E(schwertmannite)’} F
o]FH FHAo] 2ZFog FutAT} 3,390 cm’
498 7 F= (OH) 4 Z(stretching), 1,645 cm’
£ (OH) ¥ (bending)olil 1,034~1,100 cm'=
SOyl AP 1 Sle) FHFaE PAH
YR EAEE Ro2y,

FEoFrEe] AMAANEL 34237 cm'oA &
AHbE] (OH) AFo] YehARL 1 9 Fa
A A SFeith 1424 em'E (CONY v
3 At 4%, 873 em'= v, Out-ofplane bend,
710 em'E v 4 In-plane bend®l )3tk

¢ lo u

o

FARAAERA R ABL VAR AR, A4
A3p4EQ sejstolsetolE, A @ waj4o)

X2 ot

Aol Hulg gd FEF A0 oL InYA
o] k= UTH2H 6).

7% AAETD 6a, byl APEo] &3}
A B Yot AFEY Yxk= 37F G4 )
A #oln J#e AARE S (round) EFH
WA obgd F(subround)olt}. YA =7]= 0.1~10
pmZ7HA] Thokets SUPAES 98 9 3o}
EDSE4 A3} m2H 0|58 A9 Fed AL}

Fekr AAE(TY 6, d, e, Nl THES Fe,
Ca 35| EA%Th 2t G&e YAEo] AT
o8 AFH Bt A YAE JAHE 3
o 2% 6dolA 2E0] 0.1 um ©]5te] A<l v
AdAE 2 A9 F2Ho Yed xdaA
€0l A& Ao EFFo. o] & AHo] 49
Ao Ay wiEd AR A& A A
H& A9 “Ostwald ripening” @4ol] we} o] ¢
AES 4Udoz UHFT #dAo] Y= Ao
BT o]&9 g8txA & Fe>>S, Si, Ca, 0> Al
otk 19 6eolA E 2R Q0 ym)S Ho| &
Eol A= WAy etzA S Ca>>Fe, S>Si
>Al, 0ot} o] I184 EDS EAIHY e AR
9 7490262, Al 2.1, Si 5.1, S 5.6, Ca 4.7, Mn
0.3, Fe 56.1 wt.% ¢ 3}824& Hol:H o= A
FAEEO] FF o]FWA FIE SiAIFEO] 4]
o = Aotk FMAAEY AXHE 6 O
377, Al 1.7, Si 2.4, S 8.9, Ca 48.5, Mn 0.5, Fe 7.1
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Fig. 7. SEM photomicrographs of biomincralization at
reddish precipitates of Shinchon spring. (a) Twisted
microbe and rod-shaped microbe stalks with oxyhy-
droxides, (b) Rod-shaped microbes with iron oxide, (c)
Microbes covered fully with oxyhydroxides, (d) En-
larged image of the central part of photo (b) showing
rod-shaped microbes covered with spheroidal oxyhy-
droxides with about 1 pm diameter, (¢) Enlarged
image of the central upper part of photo (a) showing
flat spheriods and tightly twisted microbes with iron.
() Loosely twisted stalk of Gallionella ferruginea.

2. 0kv XiB. Gk IldBsa

wt% SFEEH, o &

YE A, F33E, SIAIFEYS FA]

ol XRDEAM o] waw oA Pejilo] F& ojR:

2 8249 ZZ(skeletal)
t}

AENFFR(LE 6g, b2l A%, vnd Sy
TIEe AR EC] YAH Ak 17 6gol A <)
AHEL O 118, Al<0.1, Si 2.0, S 7.0, Ca 4.6,
Mn 2.1, Fe 72.6 wt%% 24 <& 7170 18 24
(¥ 6h) 3FAL Fe>>0>8>Si, Ca, Al
>Na, Mg>Ksolth. 1852 #gsto|Edo|E
oW, A3 & AAHF um)& FMoln. 7
9 71 0.1~02 umEYIt 35 o=y ¢
E, okd¥ o FAs EAAoT).

an
ox

DIV FFR(E 6, j, K BS obzel vl
A3t 789 dgstol=golErt &
29 Fel N AgaksEe A
6i). EDSEA O] o) g 318tx=4e 0 44, Al 33, Si
53, S 12,0, Ca 8.5, Fe 66.5 wi%clth. 19 6j<)
A5 TEYAE 0 30.5 Na 12, Mg 1.7, Al 1.8,
Si 7.0, S 5.8, K 0.6, Ca 58, Mn 174, Fe 45.6
wt% 242 7HA e o)e FE HEslo| ol E
Z FAEA, A5 BN, uiteatatE, F4ry
FEol Ao S ¢ & g AL o &
AH 22E HolEd Ca>0>>Fe>$>>Si>Al
o] stz E 7R =, ol WA AR
ol Agsipig g FagGEo) A4S |
Bhlith 27]ekry AAE0 i3 XRDEA AT
of m=d WajM s} Aol BF3 Hgsto|=a}
OJETL FE o]F= A& Yepdt o3 T3t
e AFAsEEL A H ke Felstols
2ol EQ2-line type)olth. Walld A9 =27)& 5~
30 um, L] Helslo|melolE Ao A=
0.5~2 um 97} E3it}. FiE FYo] FE o
T okl E, AV E 9lof AlEokrete Hlsly
1 FH} theken

AlQtekrrte] A9 tiad, Yutd) ofdd e 3
glsto|=eto] EVL E3te, HlHd e HHAo] g
wAEAG. I8 69 1A E oY g, duae HE
A7} dsted EDSEAE T 0 17.8, Na 1.6, Mg
32, Al 43, Si 75, S 119, K 0.5, Ca 29, Mn
17.4, Fe 332 wt% 8824 & 7130 Hstol=
Zlo|Ef= 0.1~0.5 pm 2719 AR Eo] 28 o|x
THLE 6m). °159] 813t24& O 12.0~14.8, Mg
1.9~2.0, Al 29~34, Si 65~10.0, S 125~12.6,
K 04, Ca 29~33, Mn 2.2, Fe 54.6~58.1 wt%9]
o ol= Hdle| =gl EF} FE o]FE 7}4H)
el A FatdFEe] I THT &L By
T Zoltt. dF HFstol=eolE AFAE A
oldle 3 AHFHTA WA aEgxFog
dAAdEo et o] AAZAL Mn>Fe>>S, Si
O>>Al, Ca>Na, Mg ¢9] 83242 713t}

FrE JAEY 3824 gAZ Fe, $>>Si
> Al 0>Ca¥] ot} 19 6nol A o]y e 38
2L 0205, Al 45, Si 49, S 17.7, Mn 0.8, Fe
515 wi%Z Yeldth ol d3slealsE g7
mE#3Ee] FE olFE FE2AL uwgddi)
AAEL Y, ol 4, Aol 3 &
3 AgslpislEe u ZEnh}o)Eojr},
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ol FAA AHE ulo] 2w AHAENA SF
T AFNEFELS YRR Hgslo|saoER
TAEE O 1 371€ 0.1~2 um Mo, FF
HOg2E 05 um oI5t FHPAo| FE o] 2T},
WH-E9 o ME FBFE o Wajlo] &3}
AR pHZL WS- @ FrgoME fH2EDR
o|EV} EAH 0|t}

Alg S0 28t

rol
i

HEs9 €4

ogk

g ol 22 nYEL FajA B
g, ol§& HE AN E dTE 3] wi
HAREY P40 523 &L At HE 434
715 dEHR JHELZE Leptothrix ochracea,
Gallionealla ferruginea, Toxothrix sp. 5°¢] ¢l+=d],
o)E2 FAEA A ALY v E ) E(mat)
oA & XA TH(Wang et al,, 2001).

ke glole] 4% Gallionella ferruginea= 2
e Ax 47 FEAH Y 7). Gallionella
ferrugineat HJE 2ol YRA Y T gn=m
THE AR 27171 YAFPos HEY §
Ef7} 53 QA d)(Ehrengerg, 1836), ol dAst=
¢ AZE HAEY "Wolg mE UMY
stalk matE 4] & THGhiorse, 1984). ©] e g o}
< O FASH NN A BEHAWN, B3] o
A ~F4 pH, HEAAS 200~300 mv =7
AN CO7t FE3E ¢ & WEFrHHolm et
al., 1987; Hanert, 1992; Sogaard et al., 2001; Peng
et al., 2007). £ AMDO A= 424131 413}
E(HFO, hydrous ferric oxyhydroxides)®] &4 7
#ol Ath(Langmuir, 1997). Gallionella ferruginea
o A& 7Hd 23 7L AaT) 28 24
ke AEolA 271 ol 29 dAYL E & Y=
Hl(Hanert, 1992), FeSOF 52712 A% Gallionella
stalk ©7|3ol FF & TH(Sogaard et al., 2001).

AEGTE JHE W9 Gallionella ferrugineadl
et EDS $H3HEA AT Al 3.9, Si 6.0, S 197, Ca
5.5, Mn 34, Fe 61.5 wt%& YElgt) o= A&
koA HA BAEHE FEF F Fasoln
ZolEE HI RSl WM, dgsAE Al F4Y
FE 59 #4243 nKTE B Gallionella
o #7118 WA e YA stalkS E3) 1 um
ojste] Fngd FYog @ ALNIEE Yy
A WA == AEH A E s, 1
d TedMe HER ASIE A, I 1A E

L& HEE A o] 2 Aol HXe] 37
U stalko] 2719 FFol AL uby| R ot
%3 Feld EALS 71AA ®hKucera and Wolfe,
1957). °]&& YA 271d S didks B9
FES Add 2E2He 87444 F Ygdg
(Cholodny, 1924). wehA Al&ekre AHE 7
- 27Hdo] Aol 383 n2E FANA A3t
HgFet ol gH oty Bl JFS woke
& Aot 27 7914 RE0] Gallionella stalk
HAAEE AsA €9 Utk 53 Gallionella
© delstolEgo| ER A A olA Hel 4
sto} AL 9FE wAAWFortin et al,
1996; Sogaard et al., 2001), 229 A3 UH
3] T FH(Hallberg, R., 2000). ©] 2} 7o) AWES
HoZ AXE Hestol=go|Ex &334 A
Ago2 PYHH F2o)=4 FHgslojtolE
o vty W=7 ER Fd|, 1 olfE AALE
Apete| @dd] HAFEs] wlEo)th(Sogaard er al.,
2000). A2 AAEY A$ FvFEF 739
HALE AAE 0] Gallionella stalk FHAA =g
A Exsted], )2 E4-& Gallionellad] 2%
o2 3t HPEo] FHHUSS s}

{ rio to rlr

2 9
e 94 REd= o FHL gRE 2
F-294 A, F8 B FoA pHE 5.76
~6.81 MAZA ofi Ao &31A]Th dojH oz 3
8- pH 2.89 744 Yet Yzt =7)
© YAA ged o FAAE ok Byt
A HEEEER @A uet AP0l tEy)
ot} JHAEE FAshE /M £33 FEL H
Z3to| Sefo| E, A AN, pH| 2ZEvfUoE g vt
Aolil 479 M, PIHEHE So] FHbEY,
AAMHHAEL BB A o] B3l 7 gs}o]
Eg}bo] E(2-line type), A HAEL WaXo] F
g o]Zth Fesle|seolEY I7]E 0.1~2 pm
Helolw, BFAHOZE 0.5 um ol8te FuYA
o] FE o|ETh pH7} W& AL FHEE
vho|EvE A AT Avtee)o} Gallionella
ferrugineat AELFTHAAN HA BEo| Hed),
o] X9 HFEEL Gallionella®] BFo Fahe ut
of gAHE Aoz WY} o £AF AHEe
PAEAS A2 FEAo] gt
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