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Abstract: A tufa is a freshwater and open-air carbonate which is potentially important for the
reconstruction ‘of Quaternary terrestrial environments. Ubiquitous occurrence of tufas is the
prominent feature of the Atetsu Limestone Plateau, Okayama Prefecture, southwest Japan; the 36
locations of the tufas, including 23 newly found, make up the largest number among the
limestone areas in Japan. Analyses of water chemistry indicate that the most critical chemical
condition for tufa deposition is a saturation index for calcite larger than 0.5. The water acquires
such supersaturating firstly by dissolving CaCO, in an underground water system, and then by
degassing CO, after issuing from a spring. Effective CO,-degassing is achieved by turbulent
flowing over a certain distance. In the Atetsu Limestone ‘Plateau, the latter hydrological condition
is met for the tufa-depositing waters by their flowing down on more than 20m high steep slope.
These waters generally appears at the lithological (or thrust) boundaries between limestone
and other rock type. Whether or not the water appears is strongly controlled by the relation
between the lithologic boundaries, topography, and underground water level. Many locations in
the Atetsu Limestone Plateau fit these geological and geographical prerequisites. This partly

explains the ubiquitous occurrence of tufas in the plateau.
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Fig. 1 Locations of limestone bodies (Hirao, Akiyoshi,
Taishaku, Oga, and Atetsu) in the Akiyoshi Belt,
southwest Japan.

5.

by 7 72 LT LIS 5 A BRI DWW COMRE
HIERIATON TN A, by 7 7 OBIE I RIS
BRI NDG I ALV, Z ORI L CEREY
IZERE L CERE - KRR ETEL T 5 &,
FNo DMEDPRERE L ML CEEI§ 5 2 L AL H
o TWD (JFEF - 52, 1998 ; AR - JH, 1998 ;
FREF - HAT, 1997). BIMERRE, by 77y OREICE
BLTWAT 7 /N7 577 ORREEDTHNEH %
RELLCTHETLHOT, FlReALTIENTRTHS
(Chafetz and Folk, 1983 ; Bi%(34>, 1996 ; BEH - 3
&, 1998). FA7-H 25, MEAETHERLA Ny 7 7 D&
KEHIBERETH L. LD >T, by 770K
R A B LFA T T S, BAEARS L LTHER
L2EsEEh o, HEPSEBEEEE T TOHRER
WMAEOND LHFETE L. 351, Hhy 77 0ER
% IRFEBSERFIC L VR TNE, RO HRER
mHEONLD.

PEDE I, by 77 OmRERZFORENSEITH
Sl lhoT&72 0%, LarL, by 77 el
KEBKOTBAEE ORISR EL HY, &
512, Py 7T OHRBLBE - HIELAEOEDDIZOW
TIHIFEAEREINTEL Y, BMEREL LTESN
T&7z (FE, 1997).

Bobid, by 77 OREEEM LR EZ IS 2
T 572012, MERICET S HARR~IWVAROAIKE
HIL L AAT A BILERMEES (8 1K) % iigue i
& LTCEY, MEE0MI - #E - KEIZOWTRE %
EOTEZ. 2L T, MEEDOIBMELS by 77 %25
RL, KOWmBALFEMSTHHERIZOVWTRE L
(Kano et al., 1998). ¥ &k, BAET CORT, ERN
TERAOMY 77 BEEMFEEZEZ SN TS (Kano et



FILEREED by 7 7 (HIEH)

al., 1998).
KEHTIRIES, MBEOME - E - KEL, M
77 DTG - BREEREET S, LT, FFICELNICH
EEAT T2 o 7B E RE O B LLERILE BT 1L # IR0 i
WRAZBLCLT, by 77 ORI, HEETHEHIT
BKEEA 2 BT 572012, BTN E &0 ik
ZAECHESE L TWA I L ZHLMITT 5.

2. MEBOMA - E - by 7 FORHEKE

MHEA &L, LEICEEILEFRTEROFHR (1KvH)
TR - mE (L) wmdkds - LB (12<139)
B - 3¥% (To/z) M - HE (O H»A) HIEBELOL
WHIEE Z R TR TH D, PRI RSO RIKE S
A a2 T, ARTHE, A% LEOH
WERETEHE LTHY, AKESEBIEN SR
i, AKERH, FREMERKEARMEIERI LICT
5.

4, MEAEHIIBVT, My 7 7 O5MmRE TR
&L, Kano et al. (1998) T Sh/-13% G DS CHT
28I T hry 7 RER L. Inb6D My Ty
3, ABHRICHIES N 2 A2 R E, BEDHRETO
by 77 TH5D.

AETIE, MEEEEOMK - & - by 7 7 OG54
KB REET S, MEASBOMENEE 2 KR
7.

2.1 FEEOHR

AL, BROBeI2EEROBELEL, ER
400-600m |2, HEHFIE L HAT L2EEFEETH
DEMBEREENLYS. MEAE, SHEEHLERYT
HEEMINCIY, W O2PD/MEHICTE S LT
5. EEMINE, EEAELLERI, BRIOZHET
JeA~FE D AE - FEANT BN (B2 »N)
JII - AN AER (88L) JilE, BEAFELLHH
(Tobw)) JIRZ0LHMTIA~TRILE FEH/ITH
% (2. FMEAEOKEHIIERSn T, &bEN
BRI - R OWMKESEL, 62 HosEENTES
125-180m T& 5.
FEHEOMBITHEICHERCEEL TS, T42b
b, AIKESAE L FERIKE SRR T IO R AK
X RL B, ARESAEHTIE, EE400-500m 12, &
RO LM EAIKEBRPIED 5. AKEREL
DAatESHIE, BHESIEEALRSNT, 1ZIZT—FED
ESHAE 2 HOME L o TWA. —F, HE=RDIEA
IKEGABIE, —BICBEF A L Tn T, BHEAS
BET 5.

NG &N E LR XS EEIIIBVICIE, RAE
1 5km FREOHFH CEHB~BER RO O NG, &

O~ RRESHIE, FBERE ETROHER S - #
B OB I N TWD. BRINRERIEOFHE
~BERHRIZ, I L MBS 5 D DM IZIX
SENRTNS (FEH - AH, 1970 ; P38 HERFZE SV —
7, 1970 AT HREFERESR, 1972 &%, 1973 3
B . m, 1987). IhO B S TS, EEF
EASOkE (MWTEL) H100m0a4&H - K
20-25m OHEME - HEI0-13m DEEFEE - XE3-7m
OEMEOLZEERE, EO-1m OMFEETH 5.
%8, ELROROMPHEABOBERLEREL T, &6
HDLEMICED S OLEI60m DEEE % X 5 ICRE
THEHELHL (EH - i, 1970 HATHETERER
£, 1972).

AR ESHBICIIEL B VA PHIESR LN, 728
ATAKREEREIZEZEZ D) =% (M) HFET
5. H2MOSEENT, 1/250008FX FHR] - [
] - B (bSz, T, AW - KB (&
x2)] - UIESH (bbdwvbid)] ETiR507 3L
EDOFY =29 B S5N B, BHTIRERS UACE
BONEEL ¥ — 2R TE L. P — R IBEHE
* 27 2500% <, HERENLR (Vosrribd
R) OB AMEATRORER N — R, F0%
KREENB L #500m, EFEP»S OHRKAFEEIB X Z60m
THb. F)—20ELE, MEBSLAIKE LIFRKED
B AR IS BT 5.

#EILF, MEAaelcHANRERS (1979 ORH
L7z ORI TH8IT B HIb N T 5, 82 RITI,
FORENZDOER L. EFLFOREIL, WiEPH
R EOENBRICER SR, ZORORIERICEE
LTwh (B4, 1973). - & 21, AREBEHLET
1, ARSEEILRCEILR (hhbdh, FodhrE
AR FREFET S, FY—REICEDT 2HV AR
BRI ET S, —F, BRI - ERIN - i
BVORKESG GO BES I, HERRPIEFOR
ICRFEEIND, HEHLBEOELFSAS NS (FHEH
EFgE s Vv — 7, 1970 ; &%, 1973). %7, #EHLWO
HEAERHOMOES L, FICBRIPVIEBNT, &
EEOEEL LB LTWwAEEbN TS (k2
W, B FERFZE SV — 7, 1970).

2.2 FEBOHE

MEEICE, =8 EREE - RETF BT AR
B~V AROELIKEE XV LARMEEE - U7
AR EEIBCO/HL, Thor, AER - =
F - ENROKECE - RS - HEYWHIEBEA - #EL T
Wwa (82 - 3X). .

SRR BRESEIE, 300 MafHiEDORETER E FHO
=EH—HEE (WA WOBEHRESE - EREHEL,
220 MafHEDBETERE DV 2 T REREEICX S




(-7 \
ARG EAACA AN, 7
ARG G AN, 35°00'N F

N A N N A AN NN A AN AR A, AN AN
e N N S N L N N N N N N R —
D N N (e N1 w
T e e e e e o T e P <L
RN A A A N A AN AR ANANRAAA CENANAAXNANANNN Y
LA /%/\l\:‘\l"/\/\a’\f\/\f‘\le R S P ) T /\‘;’ /\e’\e‘ s W o
NANN NANANANANANNN TRNNANANAN » o
B A e A APy AP A 2’ ’r ARl aTalalabalatalatalatal o~
B N N N R AN B SN SN . [ %)
R N N s s s N NN N 2
B, NN irovama area =
o N Y S N SN, m
R N T T T e e e T i e e e e LAY R LT N L T T T T T S
P P A R A P A A A A A AT A A ) LA A A S S A g e el N
R T T e T T e T T e T T T T T T NN W N AT A
A N N N N N N AR :
T3 : B A A AN R ANNANIN Z
P s s - P I T T T P A A R EAP A A A A A s 7
NN NN b M R R R R e T T T T NN N NN N R T T L T e R L Y ~
- e s NIIMI e A e N N N e N P
ARt s PN Ve NI V4 SN CPRNgN
N e S NN DA e N L,
RV EAYEYEAS B N be “ B %
AN NN NN 2T AR ?
RYASEES ER RN \x««.\\O CIRY < b AT AN
5 AR S AR 0 ] AN A ARAASATIANIAN
. N T L Y AR TR TRTEIRAY S L Y EY T R O T T Y
P A I S e I I Ed s P
R N N T R A T T T O T O Y AN R R e e T
P A [P e A P N A A A A AT AP A AV R P R A 7
B Rt P AN AN ANANANN RANANNRNNN
L R R A A ARy S A R A AT A
R T T LAY ALY R O L T e Y TN R N N N
A A A A A A P -~ AT R ST AT A A A e I -
AR NANANNAN CRANRA B ) 77)
- R I L LI L LSS
A AR AN LA SRANY RANKANRNNNN o
EAVES L s g SR, FF LS TS E P
X NN EAN NN NN
AN Y AR A 5
NS AN NN
S VS I A
. NS BANAN ;
AT RV . b
N
Tsuchihashi Tovon.
AN o
AT
3

H

ﬂ=

Ny it
NLT LN, \

- x|
}-Iongo E =
e 'cg P T
: a ) 9 %
2 ¥ —~
- =
‘. ©
. 7 8
; i ﬂ
. aH
< a
’ A [E%
.
¥ Yy #
= L [a)
. ajn
\; ~—
“ Ve

34°53' N =

Tufa Carboniferous to Permian  Atetsu Limestone Quaternary deposits

O Newly found Southern Facies Northern Faceis Oligocene and Miocene sedimentary rocks High-angle fault
Reported by (central facies of the reef) (marginal facies of the reef)

Kano et al. (1998) limestone limestone
O Cave

Cretaceous igneous rocks
[[I]]:”]] Permian and Triassic sedimentary rocks / Thrust fault
basic volcanics 300Ma and 220Ma metamorphic rocks
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DEFEEE 1 RIIRT.
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Fig. 2 Geological map of the Atetsu Plateau (modified from Naka, 1995).
Distribution of tufas and major caves are shown. Representatives of tufas (1-4) and caves (5-9) are : 1; Takatsuma tufa, 2; Kaminoro tufa, 3; Yasuhaya tufa,
4; Shimokuraida tufa, 5; Kanachi-ana, 6: Himesaka-kanachi-ana, 7; Maki-do, 8; Rashomon, 9; Ikura-do. Mapped area is shown in Fig. 1.
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Fig. 3 Schematic stratigraphy of the Atetsu Plateau.

Compiled from the Paleozoic to Mesozoic data of Naka
(1995), and the Tertiary to Quaternary data of Teraoka
et al. (1996) and Atetsu Research Group (1970).

TE&, IhoREFNFNELEEER L CHRESHOHEE
B bR - FOACMELTWA (BIRITA, 1995). B
BT, MELSICAKE T 2IIAKEREOER S
HEIEN Tz,

FMEAIRE, BIEIA RIS S N XREES -
TREBIRE: EhORAXREEEHE, 20O
B HEHA R, & HEIOV LRI HERE L2 BIRATK
o ARAOIKE» SEBR SRS, FEAKEZ, M
BIZI3T20X 6 km*DFHETHM L TBY, KEFICE
Lﬂﬁﬁwakwmwf@éﬁﬁ-M%-%ﬁﬁ%%a

HER RSO AEERH2 (1K), THOZRE
Eaﬁtiuwﬁra®mﬁggd%ﬂ%h%m,
775m (23T A (Sada, 1965). B AIKEITEED S
WL THEROREP BT I HERE L 72 BRAE &, RESEIAEER 123
BLAISBECE TSR Twa (ifiEd, 1981 ;
Naka, 1995). %8B, MEAKEIIRTEE T EO—LR
PRERBBERZIZEALRES WD, 7 FAE
WO D MEBEIHEZEENT VDS (Sada, 1965 ;
ATIED, 1981 ; Naka, 19957z &)

OV A RIEREFIL, FICBE - RBEIL R LEFNE
&, Fx—b - RE -WEPLRIMAE (LLY) B,
REEECTHE - Fy— 1 O70v 2 %380 A5 0V
ICX58 b (Naka, 1995). FHEIX, FMEAIKED

ELicEZR Y, FEAKS LM, LI & mEaIICX
&N b (Naka, 1995). FFHRBIZIE, EHE 5 -40m OE
SaFL, THEEOAKERY EhETIHAR, &
K20 XSOM* DA 2 Fr D[R E L v X8 &Fh, 2
NS EFEAIKE & OBEFAHEICHH LT b, HiZE
WBAHKEZE TRV, X9y 2 ICEBRINICERK
10m FEOFKRIL L -BIRES 70y 7 LTEEN
HILEBH5D,

CNOKETFOBBEIL, BEE T EIEe)
IR T BEEWIBIC L - T, BB TS EA2ICH
T, HEBLAT VIV bhdry T (FEFy
7), BEEEMEAKE L EREEAB,AS B F Y T
(MERIKEF Y 7 1), CEEMELKE & LERHESF
WE»L%b+y 7 (MERKEF Y 71) D320
F v FITEENICXSE NS (Naka, 1995). T7%bb
MEATIE, AKEEFRZI2HOATFIA - ELT
FETSH, Wb 3200Fy THERERDO L - THR%
B 5% LW, BT bl — R ot B
DRMEZIITBY (2L 2ITBEHMY 7 +—2L), £
D 728 BT A KA T R TEATENC b 5o THAR L
TWwWa (BB2l). &51, Fv TR L ElkEE L YT
AR —FETER L L —FEROEARBIC LY, M
TRIREDGMIT L VEME 2o Twb, B, BE
7-#E T, BEROL - T@%ﬁ?é@i%@%ﬂ%
WANESD F v TEFR A 3 LB, 18 1m LT OB
WeH % H o (Otoh, 1987 ; Naka, 1995 ; B 1R 13 2,
1995). —7F, BANELZBENACHEET LI LIdTN
THAHH, BEORINT HEPOEZ T, WHHFOMR
ImPUETHLEHEESNS,

MU T AREREEEE, AUERT (kb)) BZH
M35 RPBEIC LS, PSRRI RITIC oA
L, BWE REPrOERENS (Naka, 1995). &
NREEIAKEEE T2\,

AHIFIZIL, FROSAHLEA - B L CHERD
DAY B (SERIZA, 1996). HERE, BERMEREE
KRB E % FR L 35 THHEREMBE &, %Y
HERDOKILE - s - BEAEEICIRSSNh 5. BM
BECIZ, TEEEOKE S EFROAKEEITETS
BEBIHRINDLZ VDD, ZOMERBOSTIZRT
BTH 5P, LEIMEE (F540) HiETE, BEBD
JBIEi$100m Z 8z 5.

B=R BIURETMLY, AREGHBECHHFTS
BAL L 7-8E% - a2 O R AWEHRILBAE, Ticw
S - RED SRS FERGILBE, B Bh oK
% BT~ SERTRE O B R HERR Y - AR METEY - IhREE
KX aEns GFERIED, 199%). ChbicgdThsh
IREBEIDET, KESDHIHELKEBR 2.




hE R E AT A (19995 #5058 25)

2.3 HERICEIZ by 7709

Kano et al. (1998) i, MHEEOIIMEIZBNT, &
RICEET ZBED WP O RERIEZR, WO T 77
EEEDINEERER L. 72770, ZORBIEEHEYORF
TEEHRIE, $CICER - A (1970) & REFIAFZES
V=7 (1970) AT nxEHLRIVAIKEO—TEE LR
L, HTFEROMTHVWSORTWS KEA (TS
ARE), REALDBEL] LI EHERCTERL
72, bR ESEBERL-BBEDO Ny 77 2INZ S
&, BEZTHEATHONTWAS My 7 7id36H A1
2 (E2K).

COH/ED T~y 77D BLIMWEDO L YT 7, K
BICPTERIKE DGR L FOFICHEL T 5. FlKt
&, FRWEE (L) dbho2#Eo bty 770k
THhHb (F2X). Zo28ED by 7 7L, FARBIL
RS MAS L IRRE TARCHER LT A, AELAO
FHRB I, oM EREFIIE Y, &K100m 2
ETLORIKEHEERETHMEN RTINS (Naka,
1995). %8B, TO2#ED My 7 7iE, BHERLOIRE
FLDIERO 120k b T 5,

WFERNCREE, AR E DAL KIFICEED
MHED by T 7 DAL, KD 3 ODOBEE R FRIME
b bo7rid, [HIEHER 1] KESFEARKE
DHBATH-TH, 145 - BEH - BEXELFEORIKE
BHEETEERE L2y, MERAI2] MEE0XE
HINTH BB - FERIN - )%, FARABRO/NE
WRIZIZHER L2V, [HIEHA 3] AIKEE#EOR
HHAFERE L, BRI - AERI - el 7 & o FEEm
JINCES, METHRAREOKEWEICHRETS (F
2[). ZLTC, HEOKEW Ny 77 HELTWS
AiE, SR (EALO) »o0BAERERE LTV
5 EHBA,

—7, BIERIKE S KBEICFHEOMBED - v
T 7 ONAEHMEFHCRTAL L, XD 2 20HAM
PWREROENA, by 77, [HMEHRE 1] BIKESEE
EIRAIKREERDOBEFE (CAHEBEAE 72138 LirE
W) itV ziERE TARICHET S, (HEHEI2] M
TRIKES i E E D SARBIRVEIRR L T 58100
BT5 (2. B WEHA1] &, FMEETIE
RIKEBER2BDAT A — e LTHEETAZE
Ph, RO2DIMGTESL. by 77, [HEHRA
la] MIEAKEF v 71 OFTRZETSE EEIGY,
T R AIKERE IO LR E 'S & AKE DR
FIVEiER L T/ ICHERT 5, BRI MH
RIKAICEHOZREL S L AKEDEHERBY,
TTAKE L O LTS E R B ILEETFNE O SFER
FORFERE T A8 ICHRET 5.

2.4 FHBOKE

Kano et al. (1998) 1%, FfH&DISHEIZB W TEK
PHRKEREL TKEREZIT R, ZOKEEZRL
7z, A, &850, IHIEOBERPLBKDOKEEFTEL
7z, F72, W ODPDIIBWTIE, 199745 A L&D
BR~Z2ROHICH 1 EEEOHEE CKRERELIT-
7z.
HREREGUTOHETITo72. T, BEHMISTKE
EpHZMIELKEAY TV YT 40T — (045 pm)
THMBL7H12100ml FRE L7z, KEED 9 H50ml 120.05
HEDTEECHEEL, TVIVELNELL. -, B
44 (Na', K', Mg¥, Ca*) 1z TIHREFREE,
e %> (C17, NO;7, SO57) oW TIdEEi kA
Frou<x 574 —52HWTEZLE. 60
T=y0b, FE_ERILRESE (Po,) & HRAIIK
4 58I E e (SIC: saturation index for calcite)
%, Plummer and Bosenberg (1982) DO{bFEFfgEfK%
FAVT Truesdell and Jones (1978) D 5126 o TEF
- AP

SIC=log (ACa® aCO,*" /Kspc)
ZZT AER, Kspe idHRADEMERLRLT.
SIC= 0 MR, KIZFHEAIIK L CEBEEOREBICSH
D, BOBEOHBEIEREN T, EOBEOEEICILEM
MTHs.

f#EE 3BT, Kano et al. (1998) L4 EIOH
BEOWE % She- S50 ATHRES KL, &
FEOBERSICOWVTHEA RIEZRT. Fo 77 OHR
EVIHBIEDPLE XL, BETAAIKERSTDREZR
TTIA)EE CaBE, FIICETETRD b /- FE
ZBALRFEDE (Peoy) & HBHEICKT 2 EBMEE
(SIC) WEETHAH. 54X, AFH8OHED T IV
TVEE Py, HSHEIZIESICORA T L%RL
7z,

bw 7y BHRIELKIE TVH U EIER25
millimol (mM) /1 (&/NT2.156mM/1) LLETH Y, 28~38
mM/l D ICE T B, F 72 Pooytd320~3,000 p atm
(logPeo, = -3.50~-2.52) IC&EH L (& 4), SICiE2
AEEBNTCOSUETHS (BESK). by 77 2R
R BKORIBE 72 HEKTIX, 7N EIE3InM/1
PETHY, Poyidl,500 patm (lOchoz = -282) Lk
T, |®AKI18,600 #atm (logPeo, = -1.73) 23T 2 (F 4
B). KD SIC1Z-02~+09F THOIEH Y 2o, #
DEFOFLEHOTICE GBfaf) OfETHs (5
H). /2, W o20fEd s, E£4HETIH
LDy 772 WRERESELKE Ny 77 DWRENIRDS
NBRVIKDDAIZERZL W, by 77 &2 RLKIET IV
AVENFBBLA35mM/A LT, logPeo,d-25LLF T
D, SICIZ-2725+1.0F TOIRAWVERTRY. & BK
TIVHUE « B Peo,DFEBOK (54K dAFHIZEL



FLBRHERD vy 7 7 (FFIEH)

5.0
% ooo °
- (-3
g © ® O’O © 4 °
4.0} £ ‘ oo
& ep © ‘6 R
g 0® L S °
8 90 oo +o
B bl | o0
3.0 e *h | o
= photil |0, +
~ e |©l ..
o] te b Lower limit of
% T+ .W< tufa deposition
2 2.0 + . T+ +
£ +* +
g O +
< : + ¥
1.0 + i ++ N +
+ b 4 M
+ +"':,. + )
+ 40+ + +, |t/ Waternot from
L limestone area
0 + i
-4.0 -35 -3.0 -2.5 20
logPCO, (atm)
e Water depositing tufa
o Springwater of tufa-bearing stream
+ Streamwater without tufa deposition

FAN MEES2E,ORESNIIIDKFRD TV
A1) ELHE B LRFESE. SEFHI OV T T TS
Kano et al (1998) IZFC# L7z, bo 7 7 2HEIE2
X (@®), by 7 rEHBEIELKDEK (O), by
7 7 OWRBAFED SNBVIK (F) AT TR L.
BT VA VE - BIEBURFESEOFEROKITEELIC
FIREVEL TV E N SERE L7z,

Fig. 4 Alkalinity and log Pco, of the 189 water samples
collected from the Atetsu Plateau. 98 samples were al-
ready described in Kano et al. (1998). The waters are
subdivided into three categories; (1) tufa-depositing
waters (@), (2) springwaters of tufa-depositing streams
(O), (3) waters without tufa deposition (+). The
waters which a low alkalinity and a high Pco, were
collected from streams lacking limestone in their
water-resource area.
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Fig. 5 Saturation index for calcite (SIC) of the water
samples collected from the Atetsu Plateau. Water samples
with a SIC less than -0.7 are omitted.
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Fig. 7 Geographical division map of the Shiroyama area. Locations of streams with and without tufas, caves, depression points, and water samples (numbers
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Geographical Survey of Japan. Mapped area is shown in Fig. 2.
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Table 1 Chemical properties of the waters sampled from the Shiroyama area. Concentration of cations and
anions are shown in ppm, alkalinity (Alk) is in mM/1. Localities of the collected water samples are shown
in Figs. 7, 10 (Yasuhaya tufa), and 11 (Kaminoro tufa).

No. Date TCC) pH Ca* Mg* Na* K Alk  CI- NO,” SO SIC logPco, Type of water

1 Oct.18,1997 13.0 7.68 80.6 0.7 1.8 0.4 4.005 42 14 3.6 0.36 -2.37  Springwater

2 Oct.18,1997 149 8.19 65.7 08 43 03 3377 79 15 43 074 -2.94  Water depositing tufa
3 Oct.19,1997 136 7.59 652 16 20 03 3155 82 54 1.7 0.10 -2.37  Streamwater

4 Oct.18,1997 14.0 7.93 67.0 1.8 25 0.6 3.131 4.0 121 6.6 045 -2.72  Water from the cave
5 Dec2,1997 14.0 7.34 815 16 4.4 1.0 3935 58 11.3 6.4 0.03 -2.04  Water from the cave
6 Dec4,1997 116 7.89 275 1.7 29 0.2 1347 34 7.6 5.0 -032 -3.05 Springwater

7 Dec4,1997 124 767 34 09 55 04 0221 3.6 53 2.1 -2.16 -3.59  Springwater

8 Jul18,1997 135 7.63 61.0 0.7 33 02 3.834 37 31 2.0 0.19 -233  Springwater

9 Dec3,1997 5.6 8.44 61.1 44 59 0.7 3427 35 20 7.6 082 -3.24  Water depositing tufa
10 Dec3,1997 7.5 834 465 29 53 03 2598 41 12 52 0.54 -3.24 Water depositing tufa
11 Jul.18,1997 13.5 7.50 86.0 0.8 3.5 02 4432 28 19 45 0.25 -2.15  Springwater

12 Jul18,1997 17.6 8.21 679 1.1 33 02 3593 29 2.8 48 0.84 -2.93  Waterdepositing tufa
13 Dec.2,1997 9.6 837 653 15 3.5 04 3337 38 24 55 0.83 -3.16  Water depositing tufa
14 Dec2,1997 8.2 8.11 24.0 2.7 5.6 04 1.548 44 1.8 42 -0.15 -3.22  Springwater

15 Dec2,1997 118 722 103 12 46 02 0663 35 19 2.7 -1.68 -2.67  Springwater

16 Dec.2,1997 11.2 8.08 20.7 19 7.1 0.2 1.146 47 41 7.7 -032 -3.31 Springwater

17 Dec.1,1997 104 8.09 32.6 2.8 6.9 0.2 1.809 47 41 7.7 005 -3.13  Springwater

18 Dec.1,1997 9.3 8.17 314 2.7 6.1 05 1.638 47 76 6.9 005 -3.26  Springwater

19 Dec.1,1997 12.0 8.00 144 28 7.0 0.6 1.065 3.0 32 22 -0.58 -3.25  Springwater
Kaminoro tufa

17 Aug.30,1998 146 7.61 756 09 29 03 3478 32 46 3.8 0.24 -2.35  Springwater

16 Aug.30,1998 154 8.05 739 09 28 03 3440 3.2 4.6 3.8 0.67 —2.80  Streamwater

12 Aug.30,1998 179 8.08 756 0.9 2.8 0.3 3528 31 48 37 075 -2.80  Springwater

10 Aug.30,1998 18.2 8.24 68.8 09 2.9 03 3344 31 45 3.9 0.86 -2.98  Streamwater

9 Aug.30,1998 19.00 8.16 663 0.9 2.9 0.3 3133 32 49 37 075 -2.92  Streamwater

8 Aug.30,1998 19.1 8.16 599 09 29 03 2963 32 45 35 0.69 -2.95 Streamwater

6 Aug. 30,1998 19.8 8123 557 09 29 03 2.689 32 45 3.9 070 -3.05  Streamwater

4 Aug. 30,1998 20.6 8.21 553 0.9 28 03 2706 33 47 37 0.69 -3.03  Streamwater

2 Aug. 30,1998 21.0 8.11 543 1.0 29 0.5 2.584 32 48 38 0.57 -2.94 Streamwater
Yasuhaya tufa

19 Nov.8,1997 132 7.48 740 06 2.8 06 358 6.1 4.5 23 0.09 -2.22  Springwater

17 Nov.8,1997 125 8.18 740 0.7 2.6 0.6 3558 6.1 4.5 22 0.77 -2.93  Streamwater

16 Nov.8,1997 12.0 831 736 06 24 06 3507 6.1 4.5 23 0.88 -3.01  Streamwater

15 Nov.8,1997 119 8.15 72.8 0.7 2.7 0.6 3487 62 44 22 072 291 Streamwater

14 Nov.8,1997 11.8 829 716 08 24 0.6 3447 6.0 4.4 23 0.84 -3.05 Streamwater

13 Nov.8,1997 10.8 834 69.7 08 25 1.0 2367 6.1 4.4 23 0.85 -3.12  Streamwater

12 Nov.8,1997 10.0 8.34 693 0.7 2.5 0.6 3276 62 45 24 0.83 -3.14 Streamwater

10 Nov.8,1997 12.6 7.57 745 08 24 0.5 3553 65 4.4 2.7 017 231 Springwater

9 Nov.8,1997 123 7.73 737 08 2.5 0.5 3553 6.6 43 28 032 248  Springwater

8.5 Nov.8,1997 11.8 8.06 72.5 0.8 23 0.5 2427 65 4.1 32 0.62 -2.83  Streamwater

8 Nov.§,1997 11.1 817 713 0.8 2.8 0.5 2417 6.6 4.0 29 070 -2.94  Streamwater

6 Nov.8,1997 10.7 8.07 66.4 0.8 2.7 0.6 3186 6.5 4.1 3.0 0.55 -2.87  Streamwater

5 Nov.8,1997 11.7 7.94 722 0.8 3.0 04 3447 6.7 44 31 049 -2.70  Streamwater

4 Nov.§,1997 11.8 799 733 09 2.8 04 2528 6.7 43 32 056 —2.74  Streamwater

3 Nov.§8,1997 11.2 8.14 713 09 24 04 2442 6.6 4.2 34 0.68 —2.91  Streamwater

1 Nov.8,1997 11.0 8.06 68.0 1.1 3.1 04 2367 65 39 3.6 0.57 —2.84  Streamwater
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Fig. 10 Yasuhaya tufa in Hokubo Town, Okayama Prefecture. (a) Route-map, (b) vertical geographical sec-
tion showing the location of the springs, (c)average thickness of tufa deposits, (d)change in alkalinity along
the stream on September 26 and on November 8, 1997. Location of the Yasuhaya tufa is shown in Fig. 7.
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Fig. 11 Kaminoro tufa in Hokubo Town, Okayama Prefecture. (a)Route-map, (b)vertical geographical sec-
tion showing the location of the springs, (c)average thickness of tufa deposits, (d)change in alkalinity along
the stream on January 31 and on August 30, 1998 (other chemical properties of the waters on August 30
are shown in Table 1). Location of the Kaminoro tufa is shown in Fig. 7.
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72, BBCOREICE, BHEREZELELTYWSE My
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12, FORIEFEERICH RSBEPBHESNS.

IRERBOFRE - SATIXI9974E1LR DSk, A #kEehoic
ToTwh, BI-dHICIE, LLE2RESELER
T, 1998FE 1AL 8 ADT LAY EOE{LERL.
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T ) BEORDOBREITELELI00 S 6 120 T RK
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DT NA ) EORANEE 8 A 2%09mM/1 TdH B DR
L, 1HTR03mM/ITHA. ZDOHEL, tv 770
FBIRIEFIERTHAZ EERL TS, 199848 AN
F—% (1% T, EHE1I7TOEK (SP2) %K<
L, FBHEOR®D SIC 130.57~0.86, logPeo,ld-2.80~-3.

05 (Poo,=1580~890 patm) & IFIFHELTWVAE, IO
Z o, TEMEREOR A A & SIC OBSHNLEH SR
TEBITREZ > TWA I L5 RT.

4.3 BEEbY 77

EE Ny 77id, WEIRBOHEL (EF4539m)
DT OEO T iR, AKFHEHE292m, HE73m O #iH
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KOBHEATH A AORIKEBOM P ST Y, BES
N Y EFRAIOBTEAOTAUIE . AUTH RIS
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TKDFRAINT &Y RENKEDBWA L, W 9FET
HKiZ—EEATLE D). KIZWA7 (SP3) Li#llss
(SP4) FHED 2 AT CHUEH L, DIRBEEA 0 TAL
MRS ERY 5 T TRELTHRNG. &b, EFED
MELEDD, WET725 5 F TOETIIHERZD
FEEICEDN, BTOREIKELGEENLEEDIT,
AT RIS 2o T B, MERLBWITEITE AKX
EVEHLTBY, F0L L OEFITAKED ExHiin
TWwa EREENS,
EEORTHEST S by 7 7 12 BHE N (BATD
76cm). 72721, HIE11E 9FED 2 FETO/NRE
LIS, S 4 ERICEET A My 7T RIEL, &
WRDELEDT T v 7 7 BB LEET S L) [
o (B13-cX). BHIFLOERLH 2B E13 511 L
HADH2TIE, by 7 rid/NEELR<Y Y NIRO B D

H12M FHBEOB/ICHEDSNL ARy 7 7. (B) H&I0ME, (B) BlAsfhE BE
OHBITZNZFNB L F15m, 2m. WEOMEZEIRKITRT

Fig. 12 Fish-scale tufa in Kaminoro stream, near Stations 10 (left) and 8 (right). The width
of each photograph is 1.5m (left) and 2m (right). The locations refer to Fig. 11.
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Fig. 13 Takatsuma tufa in Hokubo Town, Okayama Prefecture. (a)Route-map, (b)vertical geo-

graphical section showing the location of the springs, ©)

average thickness of tufa deposits,

(d)change in alkalinity along the stream on May 18 and on August 16, 1997. Location of the

Takatsuma tufa is shown in Fig, 2.
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W ZFHEN5 P2 TIRBR SN L AKEIZOSnM/L (T
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Fig. 14 Altitude difference between the 34 springs that
yield tufa-bearing streams and the major river floors in
the Atetsu Plateau.
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The base of limestone of the B body dips to the direction of the spring of the Kaminoro tufa. Mapped area is shown in Fig. 2.

(@Bth) £ £ & Q5 5T



WE R E M A & (1995 H5085% 2 %5)

FAENCER T2 MEROBELEL TS (B9 - 15
X). ZORKEOHEERIL, FEEZERITZUTO
BEMTH S, HLEE (F5) OWBHEDIZLALH
CRELEMZEL (BIN), BROEEAFMOES

(EDoRBETIZRW) /A Tn THE. ZOHMER
ST CRIKEEREEIBICHTA5ET 5 &, B
TRIKEBEESFIBOBERH, HFE LK, A
IREBRREZREL R, SHEERE (F/203% L8
H) ZiR>T, ZOERFAICHENILTATHAH. 2L
T, TOHTAKIE, BHERREIMER L H 55T
BHTAZ LIRS, WHAK BIK) ITREATNS
£91, EFE My 77 BRI N TV A ERAE, £
B CAKEEROREEREE IR VKL & o TV A BT
ZhHY, TITOEKREFMMICEHONMIKENTE
i, EHEEHEICES ZMADE LD, ZoRKEY B
BLTWAZELRERL, LEOMELEMNITE. —7F,
FEEAERME I, AREEROEEE AR X IC
EHL, Lod RS IERT 20T, BHA
(1620 519) ICIIAKEAEGT @B LKIEHFD
mhAD R, F72, FEHEAEAE - LFEFTE T,
AREEAEROERR A F N FRER & - FrE & 2Ee
L, HIRESZhENEME - RS ICESILTBD,
EEREHBERMIBZE LTS, 2O LR, DTk
B5 D AKEEREBEE L2 KeHEH &, #im11 - 13
CHES - 9Ty 77 2 HREERLDTHA Y.

ZR Yy 77 (BN Z2HEIEL50WFT ($EF
W) &, MBAIKEST Yy 7IOTHEAEY 5HLE
(F5) O lCHb. 22TiE, AKEDOEERIZH
40°CHAMXICEFILTEY, EER~-FmX ERT
WEEOESMFHEML LTS, 22 TiE, LFES
BAHE - JbFESHE & FRR IS, AKREOEKEICHE> TE
B S N7z T RRO—ERDS, BEORVLERE I T
HTAZERIETVWEIDTHA .

FEEAMFESEIE, MEAKE CERNGMA LT
BY (BI5R), ZZICEBAISEDON Y. Z0Z
EHAREDEEROER S LERNFMEEZHI LT
) ECHBATE S, MERIKE CEHEROAKE DR
HOMEFHAIZ40°EE T, AHfEOERAmEFE T <
M CEM LTS (B9 - 15H). Tk %l
A, HTAINEKEFHOEILFEFER SNV E
Y, {MREEL < OMTKE F CARIKEDEKRICHE-> T
MEFTAHTHAI.

Beat i F OFEF R (B15K) 1k, MERKECE
EOFAIBINAIE S AHAROEALF bxELO) <
B, ZEOBEKFHDLNSE. 2Tk, MBEGKE
CEERORIKREDEETIZ, EEm6OnHEizd by, WHh
MIZ20° AR E TSI L TW A, FEFORMNEO I ETRIX
F30° CHM A IZEFIL TWAE. ZoHAOKIC, BIE
O MR 2 # T KT & A~E B E e A HERE O

FESH & IRV AL, TARIE, WBESEHE
EREICIE > THEENL LD, D LAMOERIC
Lo TR ENL EFREIND, 7ok 21E, M3 S AR
eV —"7 (1970) 7 EAHER L T2k, #EDOW
PRTE K #EASERLE (BREera ML) oFhEkiEs:
B L CWZaTERESEITT O NS,

T/, WL TRER I 2 WY, FRILFOEER
NERD Ny 7 7 2 HESE LA (FE2K) T, b
AR EOFREEAHRICH30° TEF L, AIKEE B
OFHEAAIZITHEH WO IAER L TV 5354 T b RHHE S
SHTADSEHTAEND L. 2T, AKEGHE
T, BEHOAKAERD EALICE 51O LR EE
EVGAHELTNAE, T L) IC, AKEEEFIFAIKE
ERCHRINLBIRERL LTHEEST 2546, KE
(1979) »MEHE4 5 L) 1C, AIKEEROL - TROSA
ABEREIIAER Y 7 — & LOREEL, #T/KE% L
B THTAEZHAKSETNEEEZLND,
DEzZ sk, AKELIIFRKEDEHEERT
(F-03E LWTEE) OERHAE & ERAEE, HTK
FOFEIH LRESBELTWA. FI6KICITEHE
R & EREOBREERNICEK L. BIKE SIERIK
B OEANEREAFRER T, poMEREOMBER FH & FH
LHaE (e ziE, EFE Ny 77 OBE) 1, HM
BRE IR - THTFAKRDFEZE L, HERE & AHEERE
OB ETHTRIZERT S (516-a[X). AHEERE
ASHEE & W HENAERNT A TH, AKEERD AL
IZHIERIKESET L (& 2L, HEdFoER
NERD s 77 O%E), FEEFREIERN) T —
& LTCHEBEY A REMEDSH B (5516-b [XI). ‘EAEBERM
REEFOBE (72 213, LHBEAHEHMEOEE)
i, HITACRIEEHBERTORE % 2T 2w (516
).

MEEUN O, FREEESO MY 77 (HHIER,
1997) - FRBEMJNIT DO b v 7 7 (Kano et al,
1998) - BB F—FNVID Ly 77 (FEFII,
1997) b, AKE L FAKEOEMEEREFE» S EH
THR/ICHELTWAE. Tho08b $72, BHAEERT
DIEFHAE SERAMICHF SN TER L Twb L7
b,

BRI [WEHE 2] M AKESAEEES A
BinwEIBERETATI Ny 77 3HWRET S, 1200 T
ERT L, MEGOBEAREOKCHE N 225812 R
THoHYS, Wor0sEIE EEELO) REKIE
AMBITVICEET A Z L, EAMBE S TAKRD
REXHEF LTV I EEZBERLTVAS,
MEFETBZL L RROBEZFHEOTHNHNY 7 7
(oM ZHRESELIAR, AREGHOILFESE
T, JEE-FEAEICE S BAREORE  EEORTET
PN E T 2 EILEL OB L TWA, ZOBEARE

—112—



FLUEREED v 77 (FIE»)

e,
AT
ERANAKS
R ARRIICRRRARXY

Potetetetetetetetetele!

boveds &

I RIS
atetetetedeteteteletetetelete
et et atetatatatetetatetetotets!

pleleteletedetoleteteleletetedeletelatelels!

&® Tufa

| Limestone

Non-limestone

—Y—  Underground water level
Y¢  Spring
~"  Underground water

FEI6K  HEREE L ERE - T OME 2 R TER
. (a) | EHERE (FLRELEREE) MEETE
ERJIANMER T A%, (b) | EEERE (F/010E
LWREE) AEZERIE L FEHECES T A EE, (©
CEEERE (FRELEWER) EALRSE.

Fig. 16 Schematic diagram showing the relationship be-
tween the geological structure, and locations of spring
and underground water. (a): lithologic boundary sur-
face (or thrust surface) gently dips toward the major
river, (b): lithologic boundary surface (or thrust sur-
face) dips away of the major river, (c): lithologic bound-
ary surface (or thrust surface) steeply dips.

OEEBORKEEH EICIX, MEAKEEIEISA
L, ZZTIFAKEPILEREISH30°THEF L T
5. AIREGFEAKERICHRE N BREMKRE LTHM
LTWwWa, COMEEE,rLEZ DL, AIRERH LD
LRELIZHTKIZ, AKELFERIKEDEHERE

(ERRE EWBE) 2 AEKNY 7 —& LCEEL,
ZEORVAKESILERT O BARE IR > TGEH
LTwbERZENS.

IDEHIZ, MEISBTRKRAOFEERELHEL T
5%51E, by 77 OHREMHL LT, AKEEFEAK
BOEMERE (X723 EWEE) OBk L SAaNE
HOBELZETHZ LB TELTHA .

6. 5 H W (I

KT, FMEREVIBREEI N7 4 =V FOHF
T, My 77 OERICETAME - #F - KELGEE
gL, by 77 OHBEBEICOWTH LS. FOBEE,
bo 77 ORFREICIE, B-|OIKEEGITS A
%569, 20X RAKEE S OKOTEIIE, HisH
HERLHIEIESEEL TWAZEFTHL MR-

L L, FERE Y 77 OFREREL W EW®RLD
BENE Ry —ATHBEE LS Kano et al,
1998). M#E&HORIKESEROFEL, FUMKEFICR
THEAROFERE - IWOROKES - LSROFRE
CERBETHLY, by 77 OREL Z0OHE NS Ep
LRZ L, MERIMEELHFREICHEL TEs
K&, MEELUAOLEO SHILTD vy 77 DF
R MERATON TV ED, BHEZ Ty 7 7 08ER
X, FREWTHET (FHIE e, 1996a ; #H H I3 D,
1997), FKEHBDL HET (FAHED, 1996b, o), FRE
B2H B (Kano ef al., 1998) 123 X720,

ERNZBWTEMBICILEFEE TIZE A LRSI NE
Motz by 77, MEEHBOEROM T Z0HFE
BELDL TRER) EVIHIZRTELHOATVS., &
BB ETIZI995E T TEHERE LTRES K, H#
ARCHER 2N OTEYWETHFEEN TV .
HBETH DL W) KEADOFRISHEWORMF ZITE o
TIHHATH L. BE LIKERCERIRA VL%
BEOMERICRILT, Z IR ZRO7EHFHRDS
%, R bOMBRY, b7y R EESRE L THo
TELBEZIMELIIREISNTEY, KFEPLHRE
3 7213 A AR E R OO A RS Hils Tl .

Dy 77ICETAMEEOREEDORED 1D
i, FRTHRARzL D ICHE LRIk NS
TH ). MERICBITE Ny 7 7 EEMIREIC
NRTEWLEPSEE L K» MR L, EHAIERK
BEFEAKRBEOEHER (F3ELRE) 1> TH
LTS, §EoT, AREEHELOBFE LI EH
R (2 3E L) BB TIUE, by T 7R
T AHME - HIBEAEIHIENTWEZ LIZRDE, IO
BB E BRI ELFNICHFAT 50 LT,
EOFEINBET T, BEBRPTFRE TCEENMCD 2

—113—




WOE R E A & (1999 H50585%25)

I TH5.

F72, b9 1 OORERIIMFEESDOKOE BT REEN
Wiy ABICEBRLTWAR D Lk, F— ¥ 0k
L nwHERE GEEIED, 1997) - #kEE (FMiE
7, 1996b; Yoshimura and Inokura, 1997) - R &
(Kano et al., 1998) DIKIZME S TRESI N/ZKICH
N, TVAYE - CPEEL b IEWEL R @M A
HbH. SHBROFEIZLY, ZOEANHEIrOONTEF
WE, MEAEORERIIKOBEBR IO PbLHE - 1
BISRBICINR T, AIKEDER b A5 005
WCXOBHBHENLZ LILR 57259,

BEF NN RFHEFEHOSHMABIE - BRERERS AL
i, ALEGTICDOWTHIEE - #HNTEL & &b,
by 7 72OV THEA BHBES Y W75, HERAE
BT EERO T A S A & BETER L REZEO i et
i, EREFMATOLLEEEELRI AV PEWZn
7o. F7o, HHELEWERERRREMERO A RE
Ehizideheh, MEEOELFICET AR T
HKICET A TH % SEOR W 2w BN TOADHIE
RLKEFREIIL, JEBRFHEIHMERERE X 7 L %R
DEMIEES A - BEHFEIA IR BEA - /NEH
BFSA-FHIEESA - HHBHRIAS ITEB IV
72niz, dLEETREICIE1/50008 TR 0 A F ICEH %
BloTwiz/iwvniz, AENGHIBOBE L DF 42 Hh 5,
My 77 OKER) CHET2EHORME, LIk
YHAY REKIEREE Mo Tz5nw/z, DLEoBE
WCELEFLBR L EiT5. 72, AECEL-BHEO—L
ELTEBRFBRBESP OOV 7 F IR E& A L
7z,

X ®&

ARARZRE (1975) WD, 7=V 27K, noll,
32-39.

P FUARTZE 7 v — 77 (1970) A< DHVESE /) — +
5. MEAEOEIL LM EER R #EkEE,
24, 225-227.

Bogli, A. (1980) Karst Hydrology and Physical Speleol-
0gy. Springer-Verlag, Berlin, 284p.

Casanova, J. and Hillaire-Marcel, C. (1992)
Chronology and paleohydrology of late Quater-
nary high lake level in the Manyara Basin
(Tanzania) from isotopic data on fossil
stromatolites. Quat. Res., 38, 205-226.

Chafetz, H.S. and Folk, RL. (1984) Travertines:
Depositional morphology and bacterially
constructed constituents. Jour. Sed. Petrol., 54,
289-316.

—114—

Chafetz, H.S., Utech, N.M. and Fitzmaurice, S.P.
(1991) Difference in the 60 and & *C signa-
ture of seasonal lamina comprising travertine
stromatolites. Jour. Sed. Petrol., 61, 1015-1028.

Davies, W.E. (1960) Origin of caves in folded lime-
stone. NSS Bull., 22, 5-18.

Dreybrodt, W., Swenson, U., Zaihua, L., and Yuan,
D. (1994) Influence of hydrodynamic condi-
tions and water chemistry on the formation of
tufa in Haunglong, Sichuan. Cave Karst Sci.,
29, 9.

Emeris, K.C., Richnow, HH. and Kempe, S. (1987)
Travertine formation in Plitvice National Park,
Yugoslavia: Chemical versus biological control.
Sedimentology, 34, 595-609.

Ford, D.C. and Pedley, HM.(1996) A review of tufa
and travertine deposits of the world. Earth Sci.
Rev., 41, 117-175

Ford, D.C. and Williams, P.W. (1988) Karst Geomor-
phology and Hydrology. Unwin Hyman Academic,
London, 600p.

FEHFHE - HER (1998) IR b v 7 7 O
. OAMEZAEI05E2MASEE, 324.

FREFRIES - SAAIA (1998) BRMEMTHEDIRE L
LTo by 77 ROWEEE (2). BARBER(LE
£K19984FEHE, 167

BRNEM - A 3 (1977) FIEAKEEBOT
Wil & > 7 < > SETUA. RS 2,
19-26.

BYURRE - oA - FIB (1995) REILEHTR
BRI DA 7 4 T4 b EEREE. BAR
WEFERFEIRERERFARITENE, 71-87.

FFHA - HHEEE - FHRA (1997) WHEAETS
o by 7 7. RS, 22, 55-70.

MEEE (1997) POKBURERE b v 7 7 OB E R
R’ L¥a—. IR, 51, 177-187

Kano, A., Sakuma, K. Kaneko, N. and Naka, T.
(1998) Chemical properties of surface waters
in the limestone regions of western Japan:
Evaluation of chemical conditions for the
deposition of tufas. Jour. Sci. Hiroshima Univ.,
Ser. C 11, 11-22.

MERIE - JEE A (1998) kv 7 v oFERMAR
REEH» S bD 5 EREEE). MFEFEMES
EL2RIMREEE, 133-136.

TR @G - BERD (1987) 3. HAOME 7
-HEH, EIZHRR, R, 150-153.

AErgA (1979) HARICBIF 2 M T ROBAEIRI.
WTFANY F7y 7, RAKHERELERE



FINERESED sy 77 (FFiEd)

£, W, 555-563.

s E EEIE 7 L — 7 (1969) $EFLIF DI
HlcowT, HEME, 75, 281-287.

Lowenstam, H. A. (1981) Minerals formed by or-
ganisms. Science, 211, 1126-1131.

AR - BHEZHEE (1998) MR RERIEHEREY &
7 7 ICRisk E N R E RS HARES
WA AETHE, 66.

Morse, J.W. and MacKenzie, F.T. (1990)
Geochemistry of Sedimentary Carbonates. El-
sevier, Amsterdam, 696p.

Naka, T. (1995) Stratigraphy and geologic develop-
ment of the Carboniferous to Permian strata in
the Atetsu region, Akiyoshi Terrane, South-
west Japan. Jour. Sci. Hivoshima Univ., Ser. C,
10, 199-266.

HAWAERZ (1979 WA 1 (4) —% 2 B HAR
BARERAET—. Y ra—HRl, BT, 40p.

FRATHEZESR (1972) MEEOML 2. #HR
™, 38p.

BE B (1970) BRJIIKREILIAFEOKEIZON
T, WA RSE RS 6K &REE,
no.ll, &8-18.

WA - BE R EARE-FH F (1981)
M3 A RS Mg O DR S i, &<
| TREBHEIR DM 1C DT AR ERIER O
#%8, no.3, 173-181.

Otoh, S. (1987) Late Paleozoic tectonic develop-
ment in the northern part of the Chichibu
Geosyncline in the east Chugoku Mountains,
Southwest Japan. Jour. Fac. Sci, Univ. Tokyo,
Sec. II, 21, 379-415.

Pentecost, A. (1992) Carbonate chemistry of sur-
face waters in a temperate karst region: The
southern Yorkshire Dales, UK. Jour. Hydwol.,
139, 211-232.

Pentecost, A. (1995) The Quaternary travertine
deposits of Europe and Asia Minor. Quat. Sct.
Rev., 14, 1005-1028.

Pentecost, A. and Riding, R. (1986) Calcification in
cyanobacteria. In Leadbeater, B.S.C. and Riding,
R. (eds.) Biomineralization of Lower Plamis and
Awnimals. Oxford Univ. Press, Oxford, 73-90.

Plummer, L.N. and Bosenberg, E. (1982) The
solubilities of calcite, aragonite and vaterite in
CO,-H,0 solutions between 0 and 90°C, and an
evaluation of the agueous model for the sys-
tem CaCO,-CO,-H,O. Geochim. Cosmochim. Acta,
46, 1011-1040.

—115—

Rieger, T. (1992) Calcareous tufa formations. Calif.
Geol., 45, 99-109.

Sada, K. (1965) Carboniferous and Permian strati-
graphy of the Atetsu Limestone in west Japan.
Jour. Sci. Hivoshima Uwiv., Ser. C, 5, 21-80.

HRIK— (1965a) AV X FRICHET 25T DA
K. BARBTKERRE 9, 6-9.

EAR— (1965b) RO BT BALEEPKE
My oE8 (F&LTHIVA FROKEMEI
2WwTC). [BHEIE, 6, 145-157.

Shiraiwa, T. Goyal, A. and Tolbert, NE. (1993)
Alkalization of the medium by unicellular green
algae during uptake of dissolved inorganic car-
bon. Plant Cell Physiol., 34, 649-657.

Stumm, W. and Morgan, JJ. (1981) Aguatic

Chemistry. Wiley-Interscience, New York, 583p.

Sturchio, N.C., Pierce, K.L., Murrell, M.T. and Sorey,
M.L. (1994) Uranium-series ages of traver-
tines and timing of the last glaciation in the
northern Yellowstone area, Wyoming-Montana.
Quat. Res., 41, 265-277.

Sweeting, M.M. (1950) Erosion cycles and lime-
stone caverns in the Inglebrough district.
Geographic. Jour., 115, 63-78.

mEmc, (1973) SIS EAIDSSH 5 — [ LR f]
WEHEOFEFIFEE TR0 E LT —. Nature Study,
19, 18-24.

REBE - & 15 - SHNMIA - FEZE - (B
T (1996) K MERERIEHEWOERK BT S
VTN T T ORE. HABEEEE03
FEMARKER, 391

EHELE - #RsE (1970) FILEFE G0 AIK
< D OB I oW T, AL 2%, 3,
4-8.

AL (1997) N 4= v b~ Bt o
 BEMGY). BARELE, R, 9lp.
Tazaki, K. and Ishida, H. (1996) Bacteria as nu-
cleation sites for authigenic minerals. Jour.

Geol. Soc. Japan, 102, 866-878.

BT - ARG - B E - FHEAR - A
W - RB®RE - BIAIER - BHIE— (1996) 20
Boo 1 WEBNE &gk, HE AR

Truesdell, AH. and Jones, BF. (1978) WATEQ a
computer program for calculating chemical
equilibria of natural waters. Jour. Res. U.S.
Geol. Surv., 2, 223-248.

WEHEE (1985) TURY VR —FNBORDE
R, AT A ¥ 729743, noll, 6-9.

HHRE - BEHERE - FAAIA - HEFET (1997)




E HE R A W (1999F H508%2%)

SERAOKICHE. HARMEZRESEI04EEN
KERFRITRANZE, 189-215.

Yoshimura, K. and Inokura, Y. (1997) The
- geochemical cycle of carbon dioxide in a car-

bonate rock area, Akiyoshi-dai Plateau,
Yamaguchi, southwestern Japan. Proc. 30th
Intern. Geol. Congr., 24, 114-126.

ERFIA - o5 F - EEREE (1995) EEsicBly

% RIRIE O BRI & £ N RIS TR Y1k
. BTIHIK, 17, 677-682.

EAAIA - HHEE - FEEE - HAE - KHE

M (1996a) PR HARDAIKEHIBICET 5

—116 —

by 77, AEFHEES, 20, 19-26.

ERAMA - HEEE - s F - RERARS - B0
ERT -E KT - RIFAR - AR EER

(1996b) WWOEBFHEBEOD b » 7 7 B

e

BIZTIT N T T OES, AR

20, 27-37.
FRAA - HEFED - BIEER B Th - 8

B

BB FZyT (1996c) BE S T aBSAKE
WEICBITA My 7 7. AESEMS 21,

59-64.

(A 1 199841016 H ; 3 19984E11H 180

)



