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Characteristics and Causation of an Acid Spring,
Newly Found in Kyoto Prefecture

Masukichiro ASAMI, Kyozo KATSURA and Susumu TAKAKUWA

Faculty of Home Economics, Kyoto Women’s University

Abstract

We found recently an acid cold spring containing free sulfuric acid at Mizuho Town in
Kyoto Prefecture. The rock around the spring composed mainly of shale belong to so-called
“Tamba Formation (Palaeozoic)” and contained such sulfide minerals as pyrite and weather-
ed hardly.

The spring is characterized by small content of dissolved matters and having no evidences
of volcanic activity and metallic mining drainage.

Some rock samples collected at the spot were air-dried and pulverized for the immersion
test ; each filtrate from water suspension of that rock powder reached to constant low pH
(about 3.0) after 2 or 3 days standing. Furthermore, acidophilic sulfur-oxidizing micro-
organisms were able to detect and isolated from the rock samples with using Starkey’s
medium.

These results suggest that the sulfuric acid formation in the spring water might be due to
the action of aerobic bacteria, living in the top crushed layer of the rock base.

To confirm this hypothesis, an all-core boring was done at the spring site down to 10m
depth from the ground surface. The ground water freshly rose up in the boring hole was
almost neutral and did not show any abnormalities. However, the immersion tests of
sampled core-rocks from different layers indicated distinctive results ; a sharp boundary
existed at 3 to 4m depth of the rock and below that depth no sulfuric acid was detected.
Moreover, the presence of sulfur-oxidizing bacteria were shown after the incubation of core
samples taken above the boundary under aseptic condition on a Starkey’s medium, whereas
the samples taken below the boundary did not show any microbial activity with this
procedure.

In conclusion, we confirm that all these data should support our hypothesis above
mentioned, and we will discuss the results in detail in this report.
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3 BHRR
AR H— 2 FE ALK 100m, FAEF15m D HEFANIZ, T2 5 DB HKAI IR E > T
W DL DKM E 7o 22/ NIRRT 2 TR L Twb. TR0 E D KTy
pH: 2~3&0mEME2 2L TB ), ARICIIHIE, REQDFEHILIHER T, K1 -C
NDA~DRFEBELZFEKMOMEZRL, ZN5DFEAKDIERIIELLICH T BN THS,

®1 EBLEKQITEKOMEIR

No. BOR ¥ AT ot # pH HEER (us) FEFETR B Y (mg/1) SO,
i 5 H It @ = B - F B\ 2.70 670 157 e1r

il b H I ® M FE 2.68 450 185. i
i 8 H ] © & @ - fwE  2.40 1,200 270. -+
iv 3 H =} O B - i\ 2.40 1,700 386. =k
\% Do FTH&H60m 4 % B - & 3.00 525 = +
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Bz DFEKMZ L DHHEIZ, “WITNL TKPBLOTHERETH - 7225, &FKitr» 50
BIKPE—L THRZ 2 L T a5 (M1 —ChHEHS) TxomerBlELZEZ A, 2.0
L/ %1572, Bl IR BRI 720@E ORERECED SNV, FOHIZH 5 T,
B, CHnEAKipIZE, BE3INL ) HikBEELST 1 ELSIICERL T3,

4 R -1

KLIZBITF 2O 0E KD ) 5, pH 2R UL EFMWEREY» R D £ DOFHKE I
REL, TP IIECIE > TREGH 2T 2ERIIR2DEBY TH L, Thbb, K
ROBMEIZECTAET HBERERIC L 230 TH B, RIIRT LI, @BENRERDOSH
fEDT E R IUE, ARIZZOBEBREDECEFWEENE b T, b DICRRHBIC
EYBKTE LT Fe P EHENBICT &\, F72, Fe 3R INhh -7,

K2 FROKEDWAE

FrEds @ UER AR AR ERARMT A2 1L (AR - 1357227457, JL#& - 35°09'58”) = 220 m
OB G, B (REINE 3 USHE %) BOBRCEER, GRERER, IUALRR
R OB 118.0C (AUR :21.5C) pH:2.4 (U728 M GERZE 2.4
HE (200, 4°) 1 0.9985 FEFETR B © 386.0mg, kg
HFF mg,” kg m-Val m-Val% 7T=#4> mg, kg m-Val m-Val%
H~* 3.981 3.950 58.19 Cl- 6.03 0.167 3.04
K+ 0.68 0.017 0.25 HSO,~ 31.81 0.328 5.98
Na* 2.05 0.089 1.31 SO,% 239.7 4.990 90.93
Cazt 0.10 0.005 0.07 PO 0.32 0.003 0.05
Mg?*+ 6537 0.524 7.71
Mn?+ 3.80 0.138 2.03
Niz*+ 0.29 0.009 0.13
Zn-t 0.43 0.013 0.19
Cu?* 0.51 0.160 2.36
Fe?* 21.6 1.160 17.09
AR+ 6.50 04723 10.65 .
it 46.3 6.788 99.98 7t 277.9 5.488 100.00
e B R0 mg,” kg m-mol B EZY AR 380. Tmg ke
H,SiO, 56.5 0.724 HE R B —8k (D) —FREste SR
(EIRPERR RS 3R

FHPROK 11981 - 4 - 30 SH5ET 11981 - 6 - 20 SN IRR AREHER
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. Na*+K* Ca**+Mg?* Fed*+ Al Clr - B3P _
wOR & OBl V% m-Val mVa% m-Val mVa% m-val mva %
TR - AW (kE) 1.2 5.1 8.7 19.0 32.2 348 59.1 88.3 26.4
EEES OB (BEE) 1.5 2.2 8.1 3.5 12.9 214 80.0 23.2  36.0
WEERS - ABK) 1.3 53 9.4 101 17.8 41.2 72.8 258  76.3
HEiEm- 2B ®E) 1.6 8.9 7.9 317 284 71.6 637 7154 816
Bk BB R GKE) 2.4 034 3.8 2.5 278 6.1 684 003 12.4 7)
— B GEB) 1.4 6.9 52 319 243 925 705 0.9 159.9
BIRERIBER (B2 2.2 2.0 7.0 9.3 324 173  60.6  0.05 29.8
% R B0 B (k) 1.2 13.6 7.8 36.6 2.1 122.9  70.9  0.84 239.1
WEBLTES (ERE) 1.1 40.0 161  48.9 19.7 159.4 64.2 32.6 296.7
= JE 5 R (RE) 27 216 119 58 3.2 147.6 8.1  2.00 180.0 1)
&  m (#2401 16 05 7.8 19 277 017 53 -
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EFHLIIARFHIBAN CRERWEBEbN S EH 3L, MRERE L THHuc = CGREL
e IEEEMEMAY (BE 1 TL b b &)1z, WMENHETRIECHE EFESICHINTE 2) ntig
2RI 2. s 2Ew, B (FORBLEL CEEL TR 2> T30 T, I
SRCRELEITHIET 5 Z L TE ), EiAl (<48mesh) L THMEHE R L 72,

HABOSNE L S IS EIFEERIIR A D LB ) TH EH (RPORABETIIR 1 - C %
Bt S (1~5) iorhol T 3), & icaaateia it L ) #uiE (550C) A5k
EVWRIZERNEED LT,

KIZERBO KRB FERFHC En L 95 % pH ZBIL 2RI 225 BT, RDEREIT- 72,
Thabb, ERABOENTREWIg HLYE L ZN T NEEOIE 7 7 2 2 I2FIL, 2 5HI2HKE
K100ml 22 Mz, B2k E 5 L2eh s BIRICHE L 72 L 00 AR GHREEKREITEL 58

F4 RRAETHERL -EERBEE £ 0ERK

Noo #% HU B OFT 8 Bk (%) B (%) A
1 BHHOO?d#10 m @‘??ﬁ’jﬁ_}) 4.09 5.19 2.40
2 B H 0o O iﬁ;’i@% 1.92 7412 2.57
’ i(%D ;k‘r‘;ﬁ?%ii mJ; Eﬂfﬂ J:L> 28 6.28 2ol
4 BHOLFoERM % ﬁﬁ’f‘j&_m 1.03 2.91 2.67

iR 1.63 3.36 2.58
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BlichbzoTRHIELZ., #HREAXK2DEEN T, MELEE Nod, 5) DKEAHIZIZEA L pH
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HAXSREME( 2 7 > b )

«~—0.00KEV 10.24KEV —

K3 MRRBEEOKE - 882 - MERE) DEHXBREIRS b
W 5E B A HEYERTERY ZALX—GBETILVEF IV AT L
HERAXEE D 74 ) v 7HE, W—xEMmERk
W 5E & . TiF#e, 10KEV, 30mA, 100sec.
Moo & Si(LD) AR R

x5 HAEAXBCII»ZRRPHOBESH

Heo TR R
e el o X i 8
AN e O (Int.)

1 58 653

2 853 7,935

3 832 7,833

4 46 470

& 42 435
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LLZoORAPIEL W ET UL, KROEET b EFWEHEDZ OREVERENEN AR B H &
LT, BREMEIC & D ED = RO EFT THERE 2 W72 BERERTER H R i O WG Vv Iic RT3
BEHT KIC RS N, BT 2 5D 5 ERWEERS 2 EH T 2 010 T 2 REBIRE D 7 <
WMEABET I LTHDEEZTH, RKEXTFHERIFELLZVWERDLNS,

IOEHEBELY, RL CBMOEHICHEMEIELSL TV a2 E» 2 RIET 5 HAYT,
BiRCE AR ) BNo2 BL 3, b IS EONo 4 BL N5 2K E L, 2160k
W& lg 2 Z N FIWRERE (Ss) K 1g 2R L 72 Starkey #5#50ml (C#:FE L, £ 2 ARG
RHIEM T CHRREELZRA LA, BEAD L HITHIEBIR (/2 4) 134 Mm% H{be
FEHOMWMELIT LA LT E R Ao 2DIck L, BAMK (F24) 2R -ERs
1TEAEMILL, 8o pH L 2. 08I NEETE* 2T 5128572, SHICH2HENEL D IZE
B50L ) e EEMAATOEEL ML, ZpFERIEREMEICE T A 2 X 2R L 297
RIZBEHRDOBIEIZE > T e,
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7 RH#icsFErR—1) L IRE

EELIIR 51, BRoMH2EMNT L 20121F, BICEBORBEE 2 %, 3 H R
DHTORITICOWTLFART 2 LEZKEL 20T, BAM-DOELEZIES  Hif s EsD, 1984
7 A30, 31HOW HIzH 72, FLE66mn, HEI0Mm DA —)a T R—1) > 72 & 288 MFER %
5 U H KB 2 E L 7.

4132 ORKRKT, BE6m F TIIMILL 2 BEEEOWIRN TH - 720, FNLTIRES
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DBETIRILL GBI ~VID), 7~ 9m DOEEZ A CREVIE L 72,
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72 CILPICIZERE 9 m DRI 2 b L —F— 2 3% 2 NEE0m DIE{L e = VEZ AL,
— B L E 2 A, BNICEAL 72HT KD KIAIZ+20emicE L Tz, ENOKIZFEY 7
La v Ry TERCTIAL 2, BAKESD VO TLE SRR AU KAAT A > T
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D& wBALETERES 6 B R L CH BRI SRR L 2225 2 B H ORI
KiZWTFNLBHEBROFHM T KE R LTI EHNTE L), K6DO~®IF Z 15 ENIREUK
DHERERTLDOTH 2%, HE L IEETHRTT2R) TIE, WINLRICREED ) 207
bR WHEDOHT K TH -7, ZHUKL, JES CILEDEBICHE L T bIcBH L TR
HEBEADKEK (£6—0) 3EELBELEL, HEER, ERBREWEELICENKEZKE
¢ BB MEZRL 72,

£6 K- TIBAERGHKNE
{208

sy K IR WEER KRB
AR (c) pH 7 us ) (mg/ ke)

@) 22.5 6.9 260. 87.
® 22.0 6.9 210. 71.
® 19.5 6.7 180. 74.
@ 20.0 6.8 160. 77.
® 21.0 6.9 210. 81.
® 20.5 7.0 150. 65.
@ 31.0 3.2 1. 298.
*D~@I3 T ENKRAE 2 B, @
I3 E TR K

rR7 A=) rrarvEAOER

x = 5 W
5 or o 0 &5 # 24 W W& HEH AN
% e ! T 3 5

I 0.0~0.3 450. 3.25 275} 605. 3.05 290. +
II 1.0~1.3 565. 3.15 282. 695. 3:10 292. +
I 2.0~2.3 435. 3.40 270. 500. 3.50 270. =+
v 3.0~3.3 960. 2.85 320. 1,420. 2.80 334. i
v 4.0~4.3 27. 7.30 51! T2 7.45 54. -
VI 5.0~5.3 210. 6.60 88. 340. 7.25 102. -
Vil 6.0~6.3 21. 7.30 53. 67. 7.60 63. -
Vil 7.0~9.0 35. 7.65 60. 97. 7.80 89. —

R—1) > 7 aPHIKICOWTUE, WT AL L RIRE 5 HTIT» 72 & & < [MERD 533 TR, $fe,
EEAl L 72 kARl 2 S L, RIECOFERICEE L T2 5 D10g,/100ml KR D3040 5 L U 2 e
BOHHWIZDOWT pH, EEHFEL S NCERBEHELWEL 72, HRIIRTHEBY) T, HHEE
fEE LNoIV &V & DR ICEIR & L 2 B EEDTRD b1, EEEEE D ERIIA L L 4m BT
RETIZEBI>TWEWI L 2T L L TE T,

*No. I ~VIOBRIZNG , BEISE TR TELD, VIBIUVIIZER CREZ 72T, Ya—27F
Pr— b AT L RS E AT 2.
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I TEEBAKIC DWW T L RTRL 6 TH T 7z o & [6] L F#: T Starkey #3531 & 25538 /B 2 R A
72& 2 A, No. I ~IVO KD 2B R E D L & 853 pH DT HERER 1, Bk kKE S OH|
EAER L &L AT LHHEI R LN,

8 WEEEREOMEICRT 2EE

UL, RRDOEET 5 WEHERTERH S H OB S48 o) LAY R W 8 TR ban
PEEE T OMEMBEOMRIERICE VERT E2LDTHS ) T2, EEHLDLFWIZWH#H
WEELEETILNOTHLENZ LI,

Thiobacillus J& D E |2 ALF I ST 5358 # (Chemoautotroph) 128 L, BH OMILEEME O
AR EI3RL ), @K RBIANLT—ICKFET A2 &%, S, HS 2wl S 28E L L
T, TNLDEBILBRTRAET 2 T AN X—2EERKNTATP OEE & &% 2 2 FRER %
FoTWBZ EDHMLNTW5Y,

W BRBE T SH O RE A iR 2 5 F & B TR 0 G ERIR 12 FI FH 3 2 Bacteria leaching (3 ¥% 8L
EEREENTEY, Roy?id leaching IZFE L TOREMEIC & 2 FifbEuM & D o b BERTESR 4 B
B2, KRk 9 HIREMELERIG & AL RGBS L D#TT 230 THE L, &
RIS L T 5,

(k29 2 FeS,+ 2 H,0+ 7 0,— 2 FeSO,+ 2 H,SO, (1)
CE{L2) 4 FeSO,+0,+ 2 H,S0,— 2 Fe, (SO,);+ 2 H,0 (2)
(t2#9) Fe, (SO,);+FeS,— 2 FeSO,+ 2 S (3)
(E{b26) 2 S+ 3 0,+ 2 H,0— 2 H,S0, (4)

EHLD 1A, BRI ERG@OH B & L T, FEEME M IR K E DR E TR ALIC HE7I
T2 FA—NHEIT & - TR E 72 Se7s, WIRNIZ 51T 2 KOMREE(Z DRRAE L 72 HY 3 BSHI K
HE A 2 B LR 5) L 4E5% L T SO IcBLE N, EHICINAF F 7o RBERICE B
BAL (ZORIE D BERMNICBIT 5 SO~ —ATPase 12 & 3 ADP+®—— ATP L %L T3 &
EZHNTW3) 12X SO HERT 2 IEDHFAEETRRL T 5.

WIS LT, BEE L% v L BRRTE I RIARTE M E QM) AnLb
2k BT b, BRI SO AT E b & FERIC, BERMMo 2 s HHc k- T
BARDERIEL (B FHE pH | 2.081#%) LiEATT 547, MIEW pH I3HIZ 6 ~ 7TRED LI
RN TNBDT, ZOKELBENIDKFEA A+ > REDFEHFEEME O LG T AL X —HERFD
FEERFEL L ->TndEFEZLNTWS, 19

B I THRER L 72 Rk & 0 M L R ATRERYIC AR L T2 b o, BV idEBiE
BILE TS SRS RATICBEINLRICA > 727 P LD TH BRI DWTIBAHET
»HoH, FOWTNTHBHIZLTYH, BHHEBMOBUIKIZ Z DREMEDO LT IS 20 Fthbe <
R457%cvwnl, 6HICHEMLZEB) THS.

75, AROEHEHEEDBRE % & WEEHOBIS L 7w BRI 2 BT 12 K 5 HEdR L RO R
Hhh B b Lt v, Lo LARROEEERERIZE 5 IR T 3 ~ 4m iR RE TR
2L0T, KHEICEIT 2 L) AEEEET COMBAERKIGIZEZ B2, FitSIms i
HET TERRLKOFETIZ, K- BILS 115 FRARER LRSS L IR S LT 57,
0k BFIC L 5 ERKOERN L SO, FerNEREAZ 4L ENTWIDIZXL, &
ROFL, F2ODFEICHEIUTI2.5MENEE 2, &—HLLw. - TARDERT
LEERIE, 7R 2 MR 2 ORISR B & 013, BREME OS5 SIS L0



140 % R OEER BR B

EEZDHDPRETHDE, EELIIWHROTIRETH 5.

iR, BEEOIEX MO & o8RO B FEMERZIC £ n U T { 728 o 72 AR
HEREMRRTOEGHEE, BEHERIRNEEFEENOHERICRELHHELRLET.

% £ X W

1) ZREEHERR, BIRGL, LHmE - “RETELRES (1964)7, FARNTE LM RATERE 125 I (1964).

2) ZREEFN . “FEAFORRICOWT BRTYEE, 3, 72~79 (1965).

3) ZREER . “HEHRREE (1984)7 FERRFHEELELE (1985).

4) RRMIETF, BHEE | MKRBEEILL S OWEAKINTNNC RIZTTHBICOWT, F1H, REAFLE

FFRFTER, 4, 86~90 (1975).

BIRIEF, aHEE . “(FEE - 828, THNEELEMRIER, 22, 87~91 (1978).

RRIET, BiFEs: (D8 - $3%, ML 23 112~117 (1979).

INTFE=H8R | “EEMEROLFEMRIC DWW, IRRERHE, 28(1), 28~32 (1977).

Suzuki, I. : “Mechanisms of inorganic oxidation and energy coupling” in Annual Rev. Microbiol.,

28, 85~101 (1974).

9) Roy, A. B. and Trudinger, P. A. : “ The Biochemistry of Inorganic Compounds of Sulphur” p. 326,
Cambridge Univ. Press(1970).

10) B “ERA A 72 AL N7 T ) T—ALEMSIEFRME 0 R, (b5 L Y, 18(1),
748~756 (1980).

11) HBFRE=, WU - NIRRT, p. 165, HAEME (1969).





