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1 SRE A7(SP)#EIE Zablocki (1976) 72 &S REE
EEELEBRET DI XD TR >THS, EHH
I HEBIE TR AICTDNE LD I Tz,
HEEM EEBLR EHE L - E—RRAE T/
MORBESABIEICKD, BR-ERBEICH
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Fig. 1 (a) The Stern model of the electrical double layer.

(b) Potential variation across the double layer.
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13,
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HEREOEBTHEZEZ EVESERAEIILRE
It TH 5720, KEETDEKMZREZILTHT
OH £ZHTHIENHSNTVWS, ZOXI4%k
DB, HEPO pH HicL > TRA BT B E L
PELTBRED, Y- BOENIT pH KEIH
WZERASN TS (e.g. Ishido and Mizutani,
1981). HIZIESIO, Z2HlicE5 &
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HTEHH, tOEEZEHOBKEICX->TRARS
(b, 1995).
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Temperature; 30°C
constant

Zeta potential measuring device EKA
(manufactured by Anton Paar Co.)
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(pH regulator:HC] * NaOH)

Fig.2 A schematic diagram of the measuring device for the zeta potential.

EKEBEL, REOA-DEEREAKRERBH S ETHR
BBV 5RO IMBEME, ELBBRORTEEA
FWTHREIMICIRE S ¥ Debye PIRICE>THEBN
LZEMEZFNIBFRERENS S, AHETIX
ERITHA TR > TN ERE & TN REEN
BEERAWTHEZGE 7. 2 7IVERRL 2 34
Y 7ND3BREARER 32 YT ICDOWTH
EBEThRoM. MEERERERFTEAVRNHE

W&t > ¥ — D EKA (Anton Paar #:8) Z28HL .

EKA QHIEZIVEIHT ABTEHE 2 £FOH
EBRICE->THEY, B3I Sem OMIZY > 7V ER
B3 B4k TWS (fig. 2). ARHETIRY > 7
NVEEEN 0.5mm ORFITHELEZbOZMERAL
oo BEIZKCI (107°mol/l) 2V, R E 30C
—EORETHELNVIZES (dP) EMTTHERSE
#, FLTH 7V AERICHEE L 8H (Ag-AgCl)
THEBBNEHNET S I ERED,
Fairbrother-Mastin ORXEHWTE—FEM (L)
ZRD 7.

Fairbrother-Mastin D\

(o
dP ¢-¢,

ThHobEIhs, dAVIRBHEMN (mV), dP-FES
(mbar), n:BWEOKMER (mPa *s), K BHOER
{ZHEE (mS/m), & JAMDLBEER, e, HEPO
AER (F/m) TH,

FRORTRY TN F Y ESU—NOBEROE
MEWEL, N7 ERLUTHIEERELTNHS,
LALFEYESU—FAMVEBEL TS L, Fr U
SU—NOERETBEZNLOBELVBER
370, BEEARBROEREBEOHLEZERL

“)

HEEXDBAEIBOTLED, ZOPRIIRE
CEEREINTNS, ZERECLZE[EHIHR
ORELVE, YN ETRELUEMERINICE
WERERKRER- L TEKEREZUEL, £h
ERAVWSBZETRETAZENTES, AFFETHE
WENEATHIEIC KCLEK (10°mol/l), XE{REH T
HOBE#EE L TKCAK (0.1mol)EA WL, i
BTO&3K725,

é‘=d_V, n _KKczo_x‘RKczo.l )

dP £-&, R eno

Kxcor OImolBEOBREHE (mS/m),
Ricio: KCI (0.1mol/D)iE# DB O & IVIEHT (Q),
Ricno™: KCI (10°mol/ )R DB DEIVIEH (Q)T
H5, EFETETRTOE—FENHTBITRNT
XHCEHEZTo 2. EROBERIIY TN
o TRREDN, BEOHNBETY—FEMNDHEICE
KTH2 BORVBEL .,

3.3 ME'E—F

Y-y EMHEEE EKA ORFEARIE, HEL
BBSENEZELEEESSE—RE, EHE—
FRLUTHET R A5 M E— P55, EKA
OREFBEE L 0~500mbar TH DA%, A6
FTREENNERCHSNSEBA 7y bO#
BEEELT, IVAY > ME—RTOREZER
L, k&M BEHNOHE (200~ 500mbar) T
100mbar Z & IZRIEZT o2, BIEIXES pH A%
#lis & 2> TRHAMIC pH 2@BETIC, 27
W EEHIREBIZ /5 5 7z pH (pH RiR%E) TORE 21T
W, FD#% pH B Z# > T pH=4, 7, 10 ITAREL
TENFNOREBIZODOWTHEZIT> .
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Fig. 3 (a) Sampling points of the rocks used for zeta potential ( £ ) measurements. Symbols indicate the rang-
es of { without pH-control. Solid circles, solid triangles, open triangles and open circles show £ >10mV,
0mV <L = 10mV, -10mV <{ = 0mV and § < -10mV, respectively. (b) £ values without pH-control
versus longitudinal position of sampling points. Error bars show the maximum and minimum values measured
under various pressure conditions. Symbols indicate the sampling areas. Solid diamonds, open diamonds,
stars, squares and triangles show results of Takadae and Nakadake area, Kishimadake and Ohjohdake area, hot
spring area (Yunotani, Yoshioka, Jigoku), somma area and others, respectively.
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4.1 ¥—-9BUNERR1 — pHERRE —

¥ IVERMEOEAREER B L Y-8
fr&B5kHIc, RUDIC pH RABTY -~ Bir
HEZTFo. AREFEVERELTEEAL NS
ERDTY - BRNORFENETHEIY > TINE
IRHLTWB ZERETFENS (fig. 3). HICHE
ANTEE—F EA+10mV L EDFHAS 4 » B
BEPLTHBY, TOEABEETHSD, £/
A, FH, HRERRE, BRELSHETIE-F
HMR-10mV LT THRERADOHEmMAMEN T &4
Hoheiolk,

FERO pH REIZOWTIRRB &, FUBHICH
EEBEICEY FLAELEDOBERK (KC1 107 mol/l) @
pH 1212 E—F (pH=5.8 i) THokM, BHE
HEY TNV ORERERELZEEOBEHE pH 13H
CINTERBWARH o2 (fig. 4). THIXHEGHK
ORWIZE Y EE—HEO M OZEENRELD
DT, FEREZEBATEAUNSHERD O
BRASAEOTIRWhEELSNS, THhiIZD
WTIRRETHLLBRB,

4.2 Y-S RUAERER?2—MH=4T710&i.e.p.—
pH £RBETY—FBMEZHE L =%, pH RER
(HCl, NaOH) EFA LT, WHpH % 4,7, 10 {HiE

KB LANERT o/, & pH BEIIDVWTY

— B EHE LR, pH OEMES 25120
Y-S BAMNEDHAIZI T ML, BT pH OEH
BB Io2Nh TEY— Y BUOENREADAMIZS T
FLTW< AR S, Fig. 5 3HEOH> 7
WD 1DEFELTWAYN, FAEROERIZTTOY
YINKRDWTHEENS, ChiZ2 &2 HioE—%

Bfre pH OB TRLUZNFICHMNZER TS

%,

BWO pH 2ELEETW &, ¥—FBUHNE
D258 (Lep) BEET S EMHMBENTVD
(e.g. Parks, 1965) . ie.p.ldt¥—F¥ BN OHFHEIT
ZEARETHD, TOEOEBRTIUIELIIREN
BINTGA=F—LLTRHWENS, ZOHEEEL
THBBM® SP F—Y OBERIZKELBNREL
Biz%, BERKEETHD. AHFETIE pH KRE
BREEDETRTO pH BT 55 BMAE
HREIRERTT7 4 v hE8, TOMBMRL=0&
725 pH Ziep. & L7z,

ie.p.& pH RARDO Y — 5 BALAERHFEOBRIC
DWTHARTH B E, EOHENDZ Z ENHBHAL

7z (fig. 6).

4.3 isoelectric point (i.e.p.) L EHBDEEMAR
R

FHETIE Lep. EHARA EORKRERN B
DIz, FRLEY S TIVOLEITONTHA X &

(XRF) #&Fo k. T2 TRARICR SO THR

L7z, JTHROMEE A T 2 BRN 5B /IRT A
—F—2HWTE— ¥y BUNOHERREEE IS &,
B INE 2007 NV—TiZadehsd 2 EAHE
helol, BXERTLOERK & icp. OBRICE
NWTZOITN—TFFIcEBTSE, (i) TiO & (§)
P,Os 2T RTOEEHERITLHET iep. SHHE
MBHeshk (fig. 7). EOHBEIE(a) AlL,Os, (b) Fey0s,
(c) Ca0, (d) MgO, (¢) MnO T& 5, & DB
Si0,, (g) K»0, (h) Na,0 Ta 5N ((W)ITDNT
i3, XRF ORIEHEEDN 5% LOF—F 2HET—
FELULTHRDEMNDE) .

5.1 ¥—oRAKCKETIER
() BRE-IRUEOCER

BROMRIZE < DFE Si0, 23 50%LL EFFEL,
FEBBRRAOH TS Si0, IXEKTH 5, Ishido
and Mizutani (1981) &, SiO, 2F4& L LEAER
ERiep DEFELS, BEAERET(PH <2)TEW
BO¥-YEBHNOBFBEZATHIZEERLTNS,
Parks (1965) ® James and Healy (1972)% L& @
HREWNTH S,

SETOHRENT—YOBRTE, AE0t—
FEMIEEBRRI TH S Si0, DEERERETE
TEZBZENFRTHo BT, BEALEDOESE
FT—-yBUOFZRIALLTHELNTER, LML
EHEOY TR AOERIRERZ KL TY
3EEbN 3% pH RFABOWERERE (fig. 3) HHH
B9 3 &, MBEOHAIIRK-20mv »5+20mv £ TH
BEBWEELE NS BEOEEELTVBTE
AHBA L 2%, LEOLXIRAEBMTRATATHS
ZERBENTHD,

MR D ETOY—F BUMNEICE > TRE
ZHHELT, EX6NZERIT pH, BE, BHE
OBRERE, SEHERBEEORVWIEITENS,
ERRETRHELABEOCBRERETI—ETH B
B, CheDHEOBLIZDWTIIERTE RV,
pH LATGHROBNWZDWTIEERTHIENT
&5, LTFIC pH BIUVERMRE, E—-FEND
BRI DONTERT S,
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Zeta potential (mV)

Fig. 4 Relation between zeta potential without pH-control and pH of the solution at equilibrium.
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Fig. 5 An example of zeta potential ( { ) versus various pH ( A sample from Nekodake ). The -
solid line indecates a fitting cure of { = a (pH)> + B (pH)?> + v (pH) + & («=-76.50, B=11.41,
v =-0.57, 8 =161.12). The solid circle shows i.e.p..
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Fig. 6 Relation between zeta potential without pH-control condition and i.e.p.. The solid line shows
a regression line.
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Fig. 7 Relationships between i.e.p. and wt% of major elements for Aso volcanics. Symbols show the total per-
centage errors of XRF measurements. Circles, squares and triangles show 2% =<error , 2 % <etror = 5%, 5%>
error, respectively. Solid and open symbols indicate the two groups (solid:group1, open:group2) classified by a
parameter using valencies and ion radii (not shown in this paper ). Solid lines show correlations between groupl
data and i.e.p. and broken lines show correlations between group2 data and i.e.p..
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(2 pH

48 HTRLD, pHREBOE—4E
MRAERWTRANLEL 2 & E0OEHE pH i,
B INEIIKRESERSTED, BLE45~6.5
OETIESDENH o= (fig. 4 2B . I TR
9, 2HLApH 07 FEREEZ20MIZD
WTEETS, pH V7 b, I NICEENS
RAPEREBRPICBRTDIEITE>TRELT
NBIEETER, TOFREMELLTE, (@) #AY
YIRS ENDIEEH ALOMEY, O)EETHO
BHMEDODD, D2 OOWHERNEZ SRS, HE
EIAODOBEKICR-BERENZRIZESENLTY
50T, IThHPBERSICXOKOEECTBIIRE
THZEIZXH T, AV 7IRERNICELE
BHUOBLWEENESH S, UL, RY OEBRERITH
Tk EDBRFRICHBZERNAS Y, £
NZmAT, 2EBRTRE-FEMNEORMIIZ, B
iz Lt o TN EHHICRELTWS E, O &D
DY TN OWTHRBREREROEZTHE
EZiTo>TWaIHEH ST, EERETO pH 34
Nz < FIHMEN 5> 7 S UTRBROBEICBURLTL
9, o T, BEHZAZOEHERHEAIL pH > 7
FORRATRARL, BATOENTOLONEMT
LZZETpHMRY T T BOREEEZEHEHBRN,
T3, ROMEELT, EHREIIBTE—%
BESY L INBIIRESTWBOR, 25U
YOBRIZHED pH 7 bBRRZOTH S D,
TNz, Exov > 7hiconthsdse, ¥—4E
Pz fig. S WRLU & D7z pH Ik EHNH 2D T,
pH EDOMAE EbITE— 7 BUISKAT BHMIC
H5DHTERERWRW, BB, SXITELTTNV
ZowTFoy b fig. 4 ZHBFHENS5TIL
FEOHENEDENS, LhLahs, ¥—5E

KA pHIZ O3B BE TN TV B OE LTI, fig.

4 LB BENB Y- BUOBRLES D ERFER
THB, i, pHA 5~6 ITBIFBE—F BILITIE
FRETEDTHLEDOESDENH B, 2O &,
B INOY— 5 BUERELTWSHDE pH &b
DULAHOERDOPEAKE NI EEREL T
3,

3) HRER

EROX DIz, B pH OXIX, ¥ TNEOY
— Y BMIINT LT ZEC X RIRENLRERT
HFEnE>THd, RECERTREESCHEROE
REBEII—ETHZH, Y—yEBMNOMBESYT
WVEILRERSZBRKOBRELTEREINZDOE, &

EHREOENL Mz, ZOZ &R, iep &tE—%
BNOEANSDROLDICHRINS, Fig. 612
iep. LEEHREO Y- Y EMOEBERLEDD
THDH, HEOEICEIED THWHENRDSH
3.iepXTOEHRNS pH LIIBERLETH D,
RE-ERERBE—COLEHT TR, BHAMNOME
PATHINIE> TOHREZINS. /> T, iep.
EREREOTY - BHOBICH WHERALND
EWI BRI, TEREOTY—-FEMY, EITEA
MRRICE > THEENTNWB L2 EKL TS,

HFRETEHES L iep.& XRF OHERHEE B
LTH#% &, (a)AlL0s, (b)Fey0;, (c)Cal, (d)MgO,
(e)MnO TIEDHIE, (DSi0;, (£)K;0, (h)Na,0 TH
OMHBERA SN (fig. 7 BR).

iepMRENVEE, T—FBMOFENETHS
pH MEWNR<ARD T ELE2E®RLTWS, Z0d
fig. 7 TEDOHMEA H 2 EEMETRIE, SFREM
E3EIT Lep AT BIHAERL THBEDT, ¥—
YEMOFEER2EIRAZ8MNHILEZDHIL
NTES, BAOHEOH 2 bDIIE—FYBAD
HEERICTIHMRS D EEAONS.

Parks (1965) &M D ieplcDNTELED
THD, a-ALO;: 9.1~9.2, Fe(OH): 120,
Mg(OH),: 12.4, Mn(OH),: 12.0, SiO,: 1.8~2.5,
TiO;: 4.8~6.7 WD iep. DR ZWMEL T
%, Robinson et al. (1964) i AL,O; & MgO O —
FBMOREZETWV ALOs: 9.4, Mg0: 12.5+£0.5 &
W3 Lep OREREEZRL TS, £/~ Ishido and
Mizutani (1981)% Si0, DE—F B OAEZET >
THO, Lepd’2.0 LI FEHREERL TN,

EEEEEDBE, Al Fe, Mg, Mn 2 EDERILY
Tiep.DHEMNKEL, Si OB T ie.p.DEH/H
ENEVIBRICA-TVS, ThEORERER
BEOHMD iep. THSA, FEEHMEELTH
HZBREOEEERITHEE iep OLBRIFRL =26
RORERS, NS OERICHMNTH D, fepi
AT ZNENORRTROBNENEAD iep.
KRESHELTWAZLWRBENS,

ARFE T TIO DERK L iep ORICHEINA
shizhno 288, Parks (1965) DR (TiO: iep. =
48~6.NEERTI & iep MLOEEMITHL TH
B2 EZRLTHED, ULHbEICESED D7D
iep. ETLEOER/\—t > b LOMICHR AR
Bz <WBEREZ 5N 5,

5.2 HRABMGP)TF—SEBROY—-S8BM
MEgLFRAODETIRESM (2000) K&>T
SP AHORMENGFbOINTERE, I TRE—YE
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MHFHI0mV LY >IN BEREEL TVWEE
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IZDONWTERT 5,
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Fig. 8 Distribution of self-potential (SP) on the
central cones of Aso Volcano. Contours show
SP values (100mV interval). A solid circle shows
the reference point. “X” indicates Nakadake 1st.
crater. Open triangles show the locations of the
mountain summits.

Fig. 8 XMERILH A DO ED SP (-1.0mV/m H7%
HIER) ZRLTWS., BB (2000) 1X, HEHH
1LkOiEgzhd s LEAREMRE (NA) 153
ZEERHL, ZOMETRKBEALTVWSEZ &
EHELE, TOROMEORKE, LTOEMEYR
ERBIOBEMEE (TA) DEERDHIRICH S
hBTEMHESMER-T (fig 9).

Fig. 8 & fig. 9 3~ M ELKL /=% D SP
AHETHZN, C—YBNOFBIEATHIENS
REOTFTT, BEICHLBHICHEERELEZHDT
Hd. ULhLERFICLVEBEERAMEOY—5E
MOFERETHBEZ ENHASMERD, HBICH
THEMNARDOE A bHEEZLND, FOD
TARHBEHBEORDIZE->T, AT LEEMNR
BICRA At At <, MMMIEL RETHEE
BH5,

ZOHBII NAFLRIGERLTWS =D, &S
BiDsEsE O SP e ERT 58I, NAD
HEEMOBRLEND S, Fig. 10 BEERAOK
iESP F—& 5 EAM (2000) A0R®D 7 N.AD
EFNEZLIWELOT, EiT Tt 2 HER
R BRBEINTWEF—FLEXIENS,

SP OHMEHRIZIL< OXUAETERIZHLT

BB LREEZRLTVWA I ERBEINT
W5 (e.g. M, 1999; Hashimoto et al., 1994;
Ishido et al., 1997; Nishida et al., 1996). % 7= Ishido
(1989) FHBEEBICBWTHEDENBEIZRD
B3 EEBMREFITHBELTWS, Fig. 10 T
J3EEA 1500m fHE & D 8O HUR THIE R A AR B
MBREN, TORKIEH+2.7mV/m T#H > 7=, Ishido
(1989) 2k NiE, ZNETEHO T 4 —Ib K THE
SNEHEHRIE-ImV/m ~ -10mV/m DHEI
H5, L—VBUNOFERETHDZL2EETS
&, BERAAIZASNBH2.TmV/m &S EiIHE
PDRELTRYTHS. BLEOTZ Lo RERAM
BiX, BEOF—YBUNREOHETHBHIC, @
WEIEHE AOHBHRVEFEEL, BREZ SP &
MAHEHBRL TVWEEEZISNS,

Fig. 11 1%, EROZEICETWTHERDMZED
WEHEEREL, BELERRTHSD, BEOR
R, BERAIOT—IENAOIL Y RIZEIIZ
AL, BEADLAOT—F RN ERZ R
LTw3,

6. &

REETIRES OKIIPHBAMEICENTHAE
B Tbh, TORENKBBEMNTHEETS
BROTCHEGRNRABINTEL., BHBEMII
AREDE—FEMIIKESERFIN, SP F—F DR
RCOREHETHLOTH S, ZH E TIZ Parks
(1965), Robinson et al. (1964), Ishido and Mizutani
(1981) &k v, FELRGHMOKRREOY—VE
MAREZTOITELE OO, BATHEINIH
REMHMEBMRT B DI OMBOY— 7 B
ZRIEL BN EEE> TN,

FHETIEMBLUBAO S TS THEFRIZBITS
FAOY—-YEzHEL, pH KABOE—F Bl
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Fig. 9 Observed and theoretical SP profiles around Nakadake crater ( topographic effect removed
(-1.0mV/m)). Circles, solid diamonds and open diamonds correspond to Takadake anomaly (T.A.),
regional Nakadake anomaly (N.A.) and theoretical model, respectively.
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Fig. 10 Correlation between Self-Potential (SP) and altitude around Takadake area (after reduction of
Nakadake regional anomaly (N.A.)). Solid and broken lines show regression curves above and below 1500m,
respectively. A SP/ A AL indicates a gradient of regression line above 1500m (topographic effect value).
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Fig. 11 Observed and theoretical SP profiles around Nakadake crater ( inverse topographic effect of
T.A. considered ) . Meanings of symbols are the same as those in fig. 9.
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Measurements of zeta-potential in various rock samples of Aso Volcano
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Synopsis

We measured zeta potentials in 32 rock samples from various places of Aso caldera. We obtained
positive zeta potentials in 14 samples and negative ones in other 18 samples without pH-control during
measurements. The samples with positive zeta potential are distributed over Mt.Takadake and iit.Kishima
areas where we detected local positive SP anomalies. Then we propose that those positive SPs are not
indicating the subsurface upflow of hydrothermal fluid but due to ‘inverse topographic effect’ caused by
positive zeta potential. Zeta potential of rocks has been mostly treated as negative in the past. However, our
result suggests that it is sometimes not the case and that we have to be careful with its variation.

Keywords: zeta potential, streaming potential, self-potential, electrokinetic phenomena, Aso volcano
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