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ABSTRACT

Keywords: Tatun Volcano Group; Chishingshan; Fumarolic gas,

Observation

Recent studies indicate that there may be active magma chamber
underneath the Tatun Volcano Group, northern Taiwan. Therefore, it
becomes an urgent task to continuous monitoring on the potential magma
activity in this region. Traditionally, volcanologists colleet volcanic gases
and hot springs directly from the venting sites to monitor their compositions.
However, it is very dangerous to approach the venting areas, especially
before and during the eruption. Meanwhile, it is also very difficult to set up

a continuous monitoring station close to the venting sites.

Soil gases, which come from deep crust-through fractures and degas
toward surface, usually exhibit different composition of atmospheric air. In
volcanic areas, intensive CO;'is degassing to the atmosphere if there is
magma activity no matter it is in'the dormant or active stage. Therefore, it
becomes a useful technique to monitor the magma activity of a volcano via
measuring the CO, flux. Furthermore, it can keep scientists in a safe
distance to do the'monitoring task.

We'have setup a continuous gas station at Hisao-yiou-ken area, where
has active 'hydrothermal activity. = Combining with other continuous
monitoring ‘technique, we will apply this method, 1i.e., continuous
observation on the variations of soil CO, concentration and flux to monitor

the potential magma activity in Tatun volcanic area.



B

ks
=
50

T3

B
A

\
~

=
- \1.

Joo &
IR

AT

g%‘:
fim
F_k

~2 —;L

-F 9 3
LU PR A S L (R 1-1) e g
R IR SRR o VL ses g ko A R LBaT - %
T s Fxm ¥ HR-2 E]*““Fl l‘f\EF\\\_rO@ Ff«?ﬁ’gk&ﬁ‘;
S ALEAA RN LG o BRI R E 1 - 300 (A

o

1

b

L

=
-h_‘\

e BB MAE1989 e 201990 )5 @ Teng et al. (1992) £ Teng (1996)

AL &

/;IV'ET-/?'J’ ‘;é’%(—}bgﬂmﬁ ]\/rﬁ’r‘]ﬁ/d’&/‘*% /ﬁrrﬁ"w 5‘57\1111#5-!%#

&8 o BiT Wang et al. (1999, 2002) “w= 3 - B dopv BB buin il 58

-ﬁ\:y

FE TR A AR A RARE R SR R RS

ppiu)

LG THV H R R R A XA AR b AR
TR ArA A g 3Rk uE 2 M Wang ef al. (1999, 2002) 4 i

%ﬁﬁj«éﬁé’? Ao BT L AR ARG (T AT 4 A gnad L M fRSR A IF R

(extensional collapse) 7 Bfve F A H 2 it fEen > BIB AL + & 0

BoARREL L E e iRk R g 2 RS F R ITR AR > FIE LB
sl RARTS SEIENTRUE R LIRS Sl SL NN R 3}%&: o REE

GRS E 2 TR



IR - g SNIF A  s RGN B I § B e

L2
il
W&
M v b,
o]+ W
% 14

o R
w6l F |"
. | ' rq{ .-"'
* k& T T T
kT

W W e

SIStololatolofcleteYe

B1-1: o @t Wi A RE L S L LFES Rl g 30
BHEATELGE-

B h g B Ry SRR A H L R F EEAF 7 R
3 609 RANIREIE Shiang e (B 1-2 Yang et al., 1999 % &
%M:ﬁ@%ﬁ’%%)’%ﬁS?%%%%TWJﬁﬁﬂ?ﬁﬁﬁﬁﬁi
e HEATRZBREER TR A AF LA BV LD
<~ FLkT (B 1-3) ; Song et al. (2000) L Fpetdasm~ = L LFEF i
- %% e Chen and Lin (2002) #iTd o 28 2 482 257 » FRah
LGP AF RALLAEE  THHERG VLA A N LELFE AP
B LE B EAFE LS FED > TR PGS D L LEERITGD
- AR R ERZEET S G A o - B P s X i S A
ATV v Rk

‘*‘T
ﬁ éki



)P‘
|
s
=]
o

HLZE
IRIEANIEE=
it T&J@
]
/INHBT
R7KIT
T
OHIL

DU fie -

N
IS

CO 1 2 3 4 5 6
[3He /4He] / Rjr

N
>SS O B OD>DA4O0 ©

ml_z:—a-la Yl Fe g Wk E2 HeNe=38~2 3 PR FH o

: s C: & S M: b&:ﬁgé‘.,ouf BA A A h L L
iﬂz&;\ 11*‘60/9 b&uﬁzﬁ!ﬂéﬂ; s M < b oy R
B4 St b (~90%) - (F%&EE > 2003)

(w’.>




e
i
e

™
Ve

(B8

L T L R SRR &

N
CECEC]
3 5km

Chu-tze-shan

Tatun-shan

5.3R,

‘Wanli

Chih-sing-shan

Kuanyinshan

A

@ Tiyuku (st BB )

@ Liuv-huang-ku (% f% &
@ Chung-Shan-Lou ( Hr1Lif#)
@ Len-Shuei-Keng (5 7K
@ Hsiao-Yio-Keng (/) i

@ Ma-Tsao ( [EA&)

(@ Da-Yio-Keng (K i i
Shi-huang-ping (1 f& i
©® Dapu Kk H )

6.1R,

® 1-3 : —’\dq-kdv%igyvﬁgiij’g;pﬁ;i%w@o;t-_!;; X 5 Bt
BRzikR B HAIEIFABREREDCFI(FRES
2003) -




EP.P
|
s

ol

HAHA AL LER L LY TR S - £2 5 &1 (¥ P $iT Lin
et al. (2005a, b)eh RERIFHRAITE ST > 2= E LATRET B ¥ o
H%%@’?ﬁf* R E R T R M A EE R HE S
R TS - RBIEE AN G R E G B E
- ﬁﬁwa@é%% Borildes By S o

~

IR

CECNINONIE & & - STRIRONIL S 3 -8 S0 5 IR S U <
BN LER CERERSFETERITVLEFC 28 0 RS DR
EVLEE R RREA I AT R AR RE P A EREE DD TR

e

A=
=

IEFMEL R Y MBI A B AR F IR L
BooRINGFHME R LR AHE A PBicDA o ;;‘%‘d X irEnE B o T UL ET
BT A T 2 F AR RF P BT 0 2B MR AT S D
it EAF TR o R FER R CHE - F AR PR RT DA
o~ RAERIE ATHE 9 3 & (King et al., 19965 Klusman, 1993;
Lombardi and Reimer, 1990; Schumacher, 1991) :iT# &k LA%™* > 3Fd
BLZE RN A g B P s AR F o7 g =% (Lombardi
et al., 1993; 1996) ¢ 72 & ¥ Ml iE 5 s A 475 WM > o 4o F 2518
BV S S UE SN SERVETS R EAESILE R S G A

RS S BT S S AV R E S A
Y

]

CRPTIRER S LS RIS 1 B SRR
o REPIVLER o EApE ROV LAEAEEF] o WAL E R F LR
Z7F 1 d Lo 3 C00./S0: v #l4e correlation spectrometer (COSPEC) #]&
S02 i & (e.g., Rose et al., 1986; Symonds et al., 1994) - & CO»

HE o EZr EE 3 Cr R > BEL L P2 EEFA (eg.,
Brantley and Keopenick, 1995; Gerlach et al., 1997; Harrisetal., 1981)
BA A EALL T2 VL e i Y 3 R A B L
Hae TR PIDIN Lo R G A fcn] < 5 ¢ (Allard et al.,
1991) c L LiF 48 > 2 RS2 g M- F PR ERSE P PR {%%
gAY o gy W2 - (e.g., Giggenbach, 1996; Symonds et al.,
1994; Lee et al., 2005) - Fletdgd LG o F tAL Rl s A



SECIRGNIE - SNIE S N SRUNIE X R I 3 Bl

- ;? ) y Jjgg,filg ? ’ll+::§ }_“‘fhﬁiﬁ

$ U LE B AR F RS 5 (ded F B d
grp Fpl LEde (Lan et al., 2007) o e enif 2l > b Livf 2 5 fovg 3

DEF{LHLE -

ﬁﬁﬂ%’%i%ﬂ%:iﬂﬁ$9ﬁﬁﬁﬁﬁ fie & & Rv B RLR

ERRAHBFERIAS TR LFR DD Do

v



¥ = i /FI;L P
- RE

IHFMAGANE THFM Tad A SRS AR FREY A2 5 d 0
i3 A DHARBIAE A FEFHOI LB T HEF

g
=EEA | a%%’gir;‘» e R VA L4 ﬁﬁéﬂ?‘m};’ AR }kfﬁﬁ‘#%iﬂi’gﬁ’ﬁé&j %

Repr g s 2RFHRRIEF IR S el A gpg v fen
R R o IR R LSl SRRk ‘ﬂ*‘?ﬂ“”%\'ﬂ"i"}%??«? AT g T
7 % (King et al., 1996; Klusman, 1993; Lombardi and Reimer, 1990;
Schumacher, 1991) x5+ » 3 3§ WS © AR * 2 endg #0378 X >
(A W RBFLDER o e P AT REBHES > 2 7 ME T F ook
oot s R o e bR BRBIT U LIRZF S ) s e HIRBER K
R AT RE BT LA RL

BNLABEERDORED G B H LAY ER N KPR E 0 TR

i,gg}f\:;-‘_g—gja v % Rl f »}ﬁj}gd Lbige Fe P3P F ¢ o Fpt I BRI L
L.].lif: g $’\§C’ j\i/?] L_I/r-fi" {#Egiim}\ il??ﬁ;ﬁ&# o '1,{1_1/?]
JiF RB ER * 4p ¥k 3 R (correlation spectrometer o f§ A COSPEC) | £

- % vz #(e.g. Rose et al., 1986; Symonds et al., 1994) -
TALFAY Ak FMA G F T ERE R LR
HigAeY o 5 gy W2 - (e.g., Giggenbach, 1996; Symonds et al.,
1994; Yang et al., 2003; Lee and Yang, 2004) c 2 & & L v 2 4 divg
gAY ZF AR F R ARV LT G R T OUERIDIR T

ZF ERaVLF R (Allard et al., 1991) - ﬂt“;%%’ﬁ B SN Y- $

SRy

BmiplR o T U R RS RN TRIC LEE 1 0 JEd il
B BAR 0 TR EIER LA AR T A BT o B enigg

B ED R R YT LHLR



XA L LE S B L Ral L i S ELRI A

Fo8 1BFMAERRI 2

FLEFHE FMA G HT T 0 B B ()P AR IT IR 2

 FRAZLAE U == £ I '&151%_“ AR IEIER SO FHETR B IRA o

E A M BT R Jx Fick % — 2.5 3 T 7 (25 ¢
eA=-vD(C/d\) v : 2+ 3L WﬁD:i%ﬁ%ﬁ%& (1)
T HIRR e 77 FERA PR AL niER 4 o445 Darcy 2
pa=(/pW)(dP/dA) k 3 * 3EBE el - TR AR R (2)
yﬁwg{+aﬁiﬂ_ %ﬁ@’am%ﬁﬁﬁﬁﬁia’é%%@

5 B E £ R E 7 2 1 & 4o (Chiodini, 1998)':
L@ﬁi 2 R F CRRRATE R - ERARFERSS §FCRURR
P FlREEM G E ()Y g vsD s A R R RN L]

CERZTESETGEOEA S BRI DR B P
F# £ @ 8 CO, i £ (e.g. Kucera and Kirkham, 1971; Reiners, 1968) - Gurrieri
and Valenza (1988)#— 3 213 24 ~50 24 E ek fa 47~ 2 5 > {17
HFEFHTAFF A FFORNBFER I D F LRI ERE T oM
BF M N FENE R et T U R R o - BPER D Z
Filmk R~ ”I;IE_F% BERGPRERCY) B3 -F LU E
LB R T FE @il COy 0 Cad T ¥ B R BRE T~ R B8 L

TS ol e ¥ 0 BT T AR 0 VAT R AR KRR S
FARHZFELEDER G FWEL > B4 FF LB KPP P

(Kanemasu et al., 1974) -
3. Bk ST F I s es § T frens s
Cerling et al., 1991) o B4cf | * gk S e FR| 73 B ez § P pt o @ f&d &
¥ EARSERFED - §F RS R o g 32T Y
d'ehE B R BRERFE > 4L o
4. % B # % (Closed-chamber method)l d &~ 144 7 Chiodini 3 & ) el
€477 3 4 (Chiodini et al., 1998) : &2 3 4 & ¥+ - ?Wgw’ﬂ%:i
ﬂﬁkimﬂﬁg#“ﬂﬁgOQ@%%é TR AR EPF D
rp| 8 33k dppck (Parkinson, 1981) % Bl

5]4e(e.g. Kinzig and Socolow, 1994) -

;lig\:‘ H j?% L’I‘ha ’



=28 rPTFTERNEZEZRG

ﬁﬁﬁ%ﬁ%&ﬁ¢%¥&%ﬁiié’i%¥%*ﬂwmﬂﬂﬂﬁmd
Er 4 3 e EhORFMAESFRFIEIN-F CRERRE - RE
A& AL ZA (F2-1)
(1) otk feiF » BF MR 2 LICOR LIS20 -44ct
B kR @RI B 0-20000 ppm 2 £R it & )R R B 0-50
ppm °
(2) %A% # ¥ (Circular chamber) : % - = 2 % F h& BY - pIRAHA
6.2x10-3 == 2% 5 B 20 A 0 KGfE 34 TN s FikF 2 DG
rg@%&@’&?&$pﬁﬁﬁﬁo;@?%ﬁ%ﬁﬂﬁiﬁ’n2
g F RN F TR Ly g RGP RN F AR
FAZE-d W F PRBARTF S0 N M B ER G B
PECF R - FReh 5o B3R FE D F
ALk RBSHFLAREOE 80 RED DF B RAE
FA| o G B R RAE (silica gel) fgBond 4~ b L4 AApg
@ﬁﬁﬁﬁwofﬂ’@ﬁiwﬁ’@%%i§$”iﬁﬁfiﬁ?”

WA NG G AL b A RIRT Bl f R R
#ﬁ*iﬁiﬁimﬁ:iﬂﬁ%aa@&i%wﬁé’@%%Mi’
TAlA B g B3R 23§ PRUER 3 S 8RR 4 & (Welles

etal.,2001) -
3) £ AT RF S B HE L AT RER o4 ¥
FAIR N E N T L g B § wdcdy (Hppm/s) o TR

PIBp T 2 R B DR R R o A R B T EATRIE AR T

fl § redkens it o



AN LE S B R Rl L F Mk RS

10

gas "in" line

..

gas "out" line

Portable IR

Pocket PC Cirdulah .
chamber

# 2-1%

Soil
IREFEEERZ RERE




Fr & IR FHLESPR

B3P F PR EAH A R RFER(0) 0 v FHLF DM T

FLERFIRER - F PR - 7 F R 0T ol 5
VcCeoo,t+dt = VeCro2t T PinpAcCsoilCO2dt - @outAcCro2,dt (3)

Ac % chamber & & # > V¢ % chamber ’%Q?ﬁ-% » Ceopprdr o = F 14 B2 dt pFRY
HAck R o Ve Coopprat PR T 2 B thdt p = F PRI 4 FE o 5B E
2 t pF %] chamber p = ¥ " BE £ (Ve Ceop)e F dt FERFR > d b 38 e
E (PinpAcCsoil cozdt) » T ¢ 2 it 41 chamber HF £ 12 (QouAcCro2dt) 40 £ © @
FALEDF F it 5 (Qinp ~ Qo) R BIAI A F AR F TG RS R
PR o X V/Ac T 55 X ehg > FltQ)7 B = ¢

dCc02/(Cco2,t-Csoitco2)=-(@inp/He)dt 4)
D5 FF ¥ fieen- AP, S AR O FE ST B

Cc02,7Csoitco2H(Cairco2-Csoilco2)exp(-t@inpHe) (5)
F ARl (t-0) 0 (4)F 1 e

Pinp(Csoitco2-Cairco2)=(dCco2/dt) = pHc (6)

VLR BE T HFC fCRERT K g RIS F P RER

(Csoitcoz >> Caircoz) * FI2t -

Psoilco2 = aHc (7)
B Y Qoiicor BAFET_ 0B 0 m oo AT IR AR E R E 5 Coop-t eAl oo gt
BEAagmaknT J REPITLG o DR SF KRG AT UL PR DR
3T o

11



SEIRE Sy R s R QNI I 3 R el

FIH FHAPIFREREES S

SEAIEFHAN YRR BRI FHEFFHRIGA
12 F g At e RF RIS S NZIDA A MadhE 4 2 2T 502
piE TR APFE FAFEFIEF RS Fr TR e T
RO F MR X R BEENF BT R F TR (MS400,

Micromass, England):&i7 % I & v @4 47 o

12



F b o R
)FEQ § B "LL"“%:

= % T

2

r?

¥
"

I

¥

2%

ar

Ji

il

ALESE
BE B

R

3 L

AvH G o g A E U AB R LR

ek P Ak 8

LSS &)

AR AE R2BE 0 L

ERE A E R

= @5 14 )

)

HLRE

S N e SRR L UL W
\lycﬁ ?,T: s
XTTTY

b

it

IEVELE ¥

FRETREFE I EF HER
A E I O IR ET S LERF S F LA Mt T B
?iﬁiﬁﬁ@ﬁiﬁiﬂo
HEpEed 3

\m. %

F HEREE L - B
¥ (4@l 3-1) -

s .E.-:'-i:*éﬁl,é%%:ﬁ%
11 i
i E
I| .-'.l_
— L WEEED
H
=
[]
oz
o (]
: Eg%@] B FEZSE
o
]
s I |
: -'u
jE 1
Hp
b
Ei] y
Eﬁ%i

2

-
i

¥ 3-1: w-,‘g,f‘,{;ﬁ;*-‘;l.lﬁﬁ___; g;“f:ﬁeﬁ‘zi .

i
1%
b

i

BLi

| ¥

N\ L

UL

L)

13



SN IRGNIE - SNIE A SRONTE 3 13 5K I 1

W32:R*B%PFEZ22ERAERIKA2 1 73S -

14



B3-3: % 06 5805 At ) B i ESEHEr 3 BAR

15



IR - g SNIF A  s RGN B I § B e

W34 % 07ﬁﬁ%f*izit’ / m.ii ;-w WA T
1] ‘=‘

513—5 08 ﬁfi% #’iiﬁ"ﬁ’ﬁ i m.lii W= PIoRREF 3

16



2 F A EPRIR SR -1 T

LA PUEAE F v kR g AT R E T RN
%+rm<%cw%oz~%%ﬂ%%>£ﬂ 22%'-%éf“%$ﬁ@4”%?
FOLHEHRBE - SRR R b7 22 Dol AR LT RUE
fre- i E R MAE FRHEARE RV AR e FHA RIS A4
Mo Flt g A PR R GT

FiT B Fens BEEE (102 11) a5 2B BRI EH TR
HES ST ABMREF o AR Yt R M E
¢$§’?UMW@ﬂﬁ%°

% 060708 HtrBaid £2 7 WAL § 3§ £ T Rl=k 2 2
ﬁifﬁﬁiéﬂ“*i;%@‘9?u§§ﬁ%%¢g§o
% 06 4%

6 tEEEAd 57 23S i Rd 376 gm'd I 565 gmd' 2
o

HEfgT - i fi%_iﬁfi*?’l‘ AP BYFEHE L o b b ITT ERME T
BFE R A b R RS TR nE 2§ 00 kT 2

E-03

=

i e

07 & 08 HIRFID = L R Tf § ¢ hT - 5 0T BT HE S f
FEC A 08 gt f v 3 LSRN PRS- L L08R FS
SHNAEFAT ORI EFHISH I AL LI PE 0 EL
BEFEN A CAFHAz L2 BATER>REFG > Flt 08 2+ 7 3¢

50

17



SIIRGNTE S I S A R 5 5 R e

23-1: 2HFARAHRAES

Sample P T(C) Flux K CO, FIu>2( 0022F|UX H,S Flu>§ HoS Flux (X Y

(mbar) (ppm/s) (mole/m®/day)|(g/m“/day)|(mole/m*/day)|(g/m./day) (WGS84) |(WGS84)
syk-1-1 [924.6 |20 2.059 (0.700 |1.44 63.4 nd nd E121.54673|N25.17628
syk-1-2 |1924.6 (20 2.196 (0.646 |1.42 62.4 nd nd
syk-2-1 1924.3 [20.4 |1.708 (0.645 |1.10 48.5 nd nd E121.54683|N25.17626
syk-2-2 1924.3 (20.4 |1.433 |0.645 |0.92 40.7 nd nd
syk-3-1 (924.3 |19.3 [2.035 |0.647 |1.32 58.0 nd nd E121.54670|N25.17644
syk-3-2 (924.3 |19.3 [1.928 |0.647 |1.25 54.9 nd nd
syk-4-1 (924.2 |18.3 [0.851 |0.650 |0.55 24.3 nd nd E121.54689|N25.17626
syk-4-2 1924.2 (18.3 |0.555 |(0.650 |0.36 15.9 nd nd
syk-5-1 1923.7 [17.8 0.351 [0.650 |0.23 10.0 nd nd E121.54700|N25.17602
syk-5-2 1923.7 [17.8 0.517 [0.650 |0.34 14.8 nd nd
syk-6-1 [923.6 |25.7 |1.351 [0.633 |0.86 37.6 nd nd E121.54706|N25.17615
syk-6-2 (923.6 (25.7 |20.310 |0.633 ([12.9 566 nd nd
syk-7-1 [923.6 |23.3 |1.219 (0.638 [0.78 34.2 nd nd E121.54724|N25.17605
syk-7-2 (923.6 |23.3 [37.370 |0.638 |23.8 1049 nd nd
syk-8-1 1923.3 [55.4 |20.330 [0.576 |11.7 515 nd nd E121.54754|N25.17585
syk-8-2 923.3 |55.4 |48.850 |0.576 |28:1 1237 0.001 0.04
syk-9-1 [922.7 |22 0.544 (0.640/0.35 15.3 0.003 0.11 E121.54677|N25.17658
syk-9-2 (922.7 |22 0.739 (0.640, |0.47 20.8 0.002 0.07
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