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t AfAvwyax bxA m y[ AbU4't AAuYEbLBIH. Egpxm p

cUd” oA mKU‘® ThBYA plo~™ o Sy 3 p 3
] 4gnKY* 5 dny' ' N. EW. nx SJ1éx BYFKkgexap'’
3T ZMoF "t Wpol AbUT 3z 5 ¥ Y nKY: 3/

-4-



Ayt 6 ImMKUY' T SO M Cl-SO,T X top UT 3% &
Y«2hbU's ™ x 1ty Wx o6 Y /0 wYsrdb2 Tx p—lwb
oMUYy’ s YR o013 Y60 Wt poZd’ fIBUWST s Cl
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SO, X Wwia1be T mMKY’

X A Tw 6040 Cl TWUYFyTm’ o X A6 |0
oMoMdapY M Zx®8g: SO, Y Y0oMoF X P K
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Bii. €Eap*Y“2hb’'Y r Y& Abd dDnKY axwW ®ephisx
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2-2 " 6Cl x 3/

X X T BY oCI 1 CIl g’ oCxX SX Tw
6006 xAdTWY aBFxnKU*‘Cl Ppo’ Y oWo 1IlX0p
6¢CY NbdBg’ o 1214 X 3IY1/Ww 0 X Tw =
X X 6 BBUGPpYr mTKU' 4 my’ o) X X > Wé

4

0 Tw =XR'H X TVMogXxW=ZaoAd 6 YmdYTtv Mo
A0 304"

30T W Tw YOoMU HO6G pBpUO 6 O6CIl p@p6"* 3
F XTWUbIObly T X %T Tuw v X TOm oMT Y / BUY’
XY ¢pecxA>’ Y %oTL X X T mKY’ w mo A U

TKpuep® AbU' 6 1TYP'Tt ppFtd pdo YAaboMUT CI
F BUAsa> YKU' T Y W X%T mKUA> TP T Clp O6CI xbIM
T

(TR Tl 94 s S oxox LT K9’ Y hdoMUA> F W
6cCl XA Y wbUapyYd nbu:
1) 0 4

XX O0CI X% Tyd T U Giggenbach and Goguel (1989)F O W U
1 s 1968 o¢ x 3 FCI X % Y Mwb0s 2-2-1" x* X X
oy’ ¢ Wy mo A mKpeeg 1 0 U B M SO, HCI, HF P
W’ T AbOMA>Y M B1 0’ 1 s 1968 x KI-KIOs£> ~ 6 M8
SO,p H2S¥ Y™ 6n=BUp’ xX O0CI 1TF SOY H,Sx 1/100

X / 6oMUdpYz nboMUs Appendix A’ A-1-1 x '

Rubber
5N NaOH soln.
Qass flask with vacuum

Teflon-stopcock
(Giggenbach Bottle)

2-2-17 3 5CIl x % s Giggenbach and Goguel,

FrTkpi AEAp odxCxl Mttwups 6 b’ KyTagi At vMo

SMOFX6M (' O0Y1Dlsoel OpdPTWEIED ao0d CIl 6 O

WHoVYwi AEAp6" PBUGpTtWY3I zClI 6Xv . BU' IxCI X

6 ¢U H0ZWo Cls CO,H.So¢xptups °~ 1X nbdeg’ 100ml
X Mt 20-50g X# 6. BUGpYTMDUY"
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w YOoMUBGIX YYTOp®6 b 6% mddyY’' 1 CIl UYT

Twd pdo YAabUueBg’ cc6 do A DtTWY . BUogxP
Y nKU*Q006'A BUT ¥ YT Clpy dWYocUBG' % Wt Y
T pa 1 BUdapyY nKY' 6 ppFt1t 6 ®I1YUdPgxéEM
MBvvT CIl x3% Yy mK(Y® T CI X Yi1AMA> Ty ' T C
1 67 Tuw O # Mt . BUQmYa TmXT =1 WY HOYS8 B Y
Bc’  HOSW6 1 T UBM X YTPoM Tx0¢c¥% Wt . E m
X6 Y aoMBT CI X g 6MWY 1 G0 “ AboMUs Appendix A

A-1-1 x'ZxW=ZoA>mF 1t 1T 1WM X ' O0Clp hioZ
g’ 1t CI F 6CI ¥ 0 T 31 MUGpyYr mKUY®

m’ X R "H1 a 6 3BUBgT’ 3 T2 3 6 B U/
> YKU 1 xi = & 3 P’ HO X RHZ W66 1 Qo¢6 3
BUBGT of. KnkKU* 3 X0gcx# Y’ O0ClI 6 WRBUAapT
Wagsé™ pbo¥%x BUY 4 TWU 3 6 TUBgt’'6 ~YVT T

Wied m¥%B BUapY mKY "

) Cl X
X CI Twy' CI XRHZ W63 @4 QrthPBUA
6 UadpYmoy: X H-0Z Wo C X~ ORHY T Wo blobl
Tw YAbO sbIObIR'H *xmKU'BIOBIR'H XN uw’ X~ m
KU HOX 3 Tuw r meKYYs 24 ' 245 x' bIObIR'H
XE> Y 10 35X /A> P  x oxygenshiftpx¥Y Yo mKU' ZhH O
He 3 >~ WO NaHe-Ar Twy' Wx /4> bIODbBIR™H XN YR 1 ¢
wbhys 2-4 2-4-6" x ' 1 Nz-He-Ar g’ p nmyd zC
| X NJHe YYoUdapY wboMUYs Kitaetal, 1993« ’ X T

IMoF’ 35Cl p T xT1 WUDHYAwbds 2-2-27 x



THE

N>

yk:l.lJle“'X
o BE
oATE
AR H A
Ml =
ASW
1000He 100Ar
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s W (1986)’ A W Ishibashietal. (2022)t WU * ASW @ 'Ad T 68 xClI
(Air saturated water)
bIObIR"H nKYY’' 1 Y =0k px @2@YD“BUppFrT
BA4® {x6g Yk px x99 tWde AboMUp—-Tiwybd
Y’ Tk px exD“tWYd EAbUFxplo: Shid4 ZWoe 34
YK(s 2-2-37 x ' hiA p 34 Ywlbnb’ Hzp HXO X Wb H;
p H.Sx 4 (fugacity® f)x X 6@ pRBUYUGPpYTMDP Thnb Ry Rsp

b U (Giggenbach, 1987; Enaudi et al., 2003y

100 200 300 500 1000 -4 ! } 3?0 + 5050 —+ :1:0?0: t
- + + o P

> R a) T E b)
e N SR

< s, 3 3

= agmar’c n = 0. 5e

Ay S )

%D v 2 o 04 geothermal =

- arc | @ ° _______T-" N

-4 4 magma| S rock buffer %5 o:ﬂﬁ%

T i S 2 PPyl

o geotherma NS [0 R arc

1 . < 2 magma
[ L — 5 l
‘T --go o
o
= 4 ——
3.0 20 1000/T (K) 1.0 3.0 2.0 1000/T (K) 1.0
2' 2' 3“ RH Z QJ 0 RS p T x h i

Enaudietal. (2003)6d ¢ ‘' S-gasbuffer ¢ SO/H,S=1X >x R,RsXx 36 0’

Y . BUIFCl ogx 36 B rock buffer gk

0 Oocgmyx A ©

BUp —TwhoMQ*
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®eYD“ 004> 367

—

increasing sulfidation state



Ry = |Og(f noff HZO) s T 2.2-1X
Rs= |0g(f i st) s T 2.2-2x

BIOBITw YRbO fXx YblOblpow OGMY' T X =

ppFTwyx a&YD“ 0 H;

SO, +3H,=H,S + 2H,0 s " 2-2-3X

BIOBIR™H  ® HaT 0 SO.Z W6 HS Y %MO ¢’ et WU SO.Z W6 H.S
SPPp6 oW SO/HS Ydwd x QO H: X0YX®t =B Us gas
bufferp @8 x * 3 5C1l 0 ¢ Y .0’k px eV TD“boMOTZT U

SWé 34 x 3y’ gasbufferye OoMU' bt 0’ Y k
"TKUYA> TP H» Wk xXb3hfgd ° 34 tWde nAby
Iy 31 0odwd T 6 bdU (rock buffer)* Ooqmyaxy

rockbuffert - AnboMUp—-~TwhUs 2-2-37 x°
Wo 34 Y'"MybFk px etWd 3pUY6g’
SWo 34 Y hpdUr a2k

Giggenbach (19870 1991)y rock buffer sty Rw = -28p 1Yo MUY’ DY x

X Y T°"Abhb6 YoM Cam 41" nNboMUdY;
X0fF XA TwRyRO60 gt T x 6" 6 6s 2-24" ' 225 x'Ry,RsY’
o0n whUsrdp  xClI TWo A106- Tw \ (total
discharge) X 672¢’'lbhY T nKudpv BUapt W9y’ T
mx 0 Tmé o 60 g0’ { b6 fugacity x wh pOol g8
S fualfrzo  K2"IX 120", fraffhas X2YIX h2s? XV i)(é Awn x ' Ry, Rsy

p "A BUv ob6 X T @Y O gnbd Ry, RsW’ a X
nmF 1wy 056 MU g Powwyv YKUYA>F MY’ 't g Ru=-3. 0-~'0.
Rs=-0. 2. 9. Bt 0’ T x Wy Giggenbachx \ B U rockbufferxy p d
BYU'Zbht O’ Ry>-251KY s x ' A& ’ s T
61 Ry<-35mKU, ' /1~ sy o _x R
¢’ Ru=-3.0-0Rs5-0.2-R.BTw o¥Yah( X XF /7 BU' 0T
O’ abuwy Ty’ nmé Y a’'¢x06 Yy O 2bh6sd © “ Gas
Loss ' F Wy’ nmo YA OoMBapY" nbUs”® TvMoUyif
x5 X, 86710 xmyYyR<-35YYHO' O A x.8Y Abo
X TP Ry>-25Y Y “Hi o MY *
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S A
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Rcyp 224 p af
oCl Tw AbU hif4 ° 34 1TméEd =¥ X
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Tw 1 oA plo T YKY Tbhuwb o0Cl TmEd 3
BUapYr mKUBgT' m xO0f Cl 6CI T Ot 06 "QB
6a PBU" damnmyOQy Giggenbach (1991)t W4 VA boMU HxArt 0 x
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Xa* Tuwx W=1 0 gnnbd”
tha = [log(X 12'/X &) + 2.5]/0.014 € 2-2-4
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X H:O ¢’ ~TbhIOBIR'H Y£ GoMUAs>Y MY’ ' Zx @wQ nF

30 mKY4aps MNw 245 x'sWo3Cl x Ar ¢ X Ar
p htoMUdapTw 417Q xXF A boMUp—nNwby*d p’ X
xhigw T (t/Xh mKUS S BX6 MosRYXW=tT A

b U s Giggenbach, 1980 ?

logBiz = log(X 12Y/X 112') = 6.23 - 0.014t ¢ 2-2-5)
Ray fugacityx mKdA' 6 X puhmdUegs fifroo X h20") Ry
=-28p" 2:25Tw 2-24Y wbhy*
Cl 6 M1 Oplbow TF "~ oFXY VYAboMUs Nw’
D Amore and Panichi, 1980; Giggenbaoaoh,* 20H8 0 ; D Amc
wx T 00X ¢’ H,67 ¢ClI h x hfi e@x "1 60gBUFxT
K4y’ nb t@gH, tTWIT Yo AboMUA>Y M Q8 71
BU e&x "X 64 QpBUY’ "X X 6 3BU YKU-*“C
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Yr mKU*® Q8 axt Omy Hap Ary Tyt Ogli¥BUBg’ &
TWyY 3Y1TQW Tw oY BUa mx 3YI1nW
o) Ome W T X° TFeae r mKUpM= YKY'

H-ArT 0T S tpaX 30X XTZIMo tuap tQXx & x DY 1573

QU Md 6" Bs 2-2-6" x ‘ Excess Enthalpyd § T v Mo @ Ny epKunu
C. T StuwXpF g00MUY’ thaQP tywWd toTt W MA> Y M tyap toX ©
XY 156 MNUxy’ aAb oyl y

XOomKYU" dx =k

¢’ NoAr Y X Y 38nKUxt O’ 70-80pAdx X 84T w

W AGXE X.06Y by’
my H; Y rockbuffert W4 ERbo MO A> " tuap tox d W’

12146 A TWo6 TAX™ "tWY9 aUp—"wbd* YoU x
TTX tiaX 36 3BUBGCT’ tothab T Twxybp—N" to-thap Arx h
i 6AooUp’' m xA. Kyt e ~  Ar s =0. 3 Rnrotl I M lo=tuaX

6 UsRyxi ®6vyv w T BYs v 227 x?

(to-tma) / lao=g-K1 (7)) s T 2-2-6%
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FIGURE 7.6 Comparison of pH as a function of log w/r for the reaction of andesite, dacite, and basalt with the
diluted magmatic gos condensate (Table 7-1, calumn A). Note the very similar patterns of buffering and absolute pH values
despite the differences in rock composition. All three rock types yield propyliic pH values (buffer plateaus at small w/r)
of approximately 5.6. The “low-HCI" curve refers to reaction of the low-HC| modified magmatic fluid (Table 7-1, column
B) with andesite, resulfing in 0 much more alkaline propylitic pH ond a gold+ich fluid (Toble 7-4, column H).

Reed (1997)
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