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£ Hap7L A Yo, SaAS7E 22 COs, Cole, CHs T AR &= e 22 Ao =
UEhY BhitA|lo] ol 2 Q1% B4t 7hA AE S FEHEE ZIAof wet 2 AtolE Hole A2 = yEh
th. Julong 27304>9] 25== Wt 23] vl w3k ou pHE tha W2 A0 2 AR QI Ca | Mg o]
9] 73, Julong 235E € H hE SMiEF A9 2359 vjuste] @A W2 2EE Hole
Ao 2 e o, ol Julong A% 2349 &-94] Wk AlZke] WA 7] g2l Aoz e
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Sangchul Lee, Sung-Hyo Yun and Hoon Young Jeong, 2014, A geochemical study of volcanic gases and hot spring
water at Mt. Baekdu. Journal of the Geological Society of Korea. v. 50, no. 6, p. 811-820

ABSTRACT: This study performed geochemical analyses on the volcanic gases and hot spring waters from the
Julong hot spring at Mt. Baekdu, and it also proposed several future works to better predict its volcanic activities.
The volcanic gases examined were measured to consist mostly of CO,, with CH4 being the second most abundant
component. H, and He, the volcanic gases with high diffusion coefficients, showed larger temporal changes in
their concentrations. In contrast, CO,, C2Hg, and CH4, those with lower diffusion coefficients, exhibited smaller
temporal changes. This indicates that the temporal changes of volcanic gases are largely dependent on the diffusion
coefficients. The temperature of the Julong hot spring was higher compared to those present in South korea, and
its pH was slightly lower. The concentrations of Ca and Mg in the Julong hot spring were much lower than those
in hot springs from South korea and other oversea volcanoes. This would result from weaker water-rock interactions
near the Julong hot spring due to the short residence time of the hot spring water. Based on the geochemical analysis
of the major cations and anions, the Julong hot spring water was found to be generally classified into a Na'-CI
type in the Piper diagram.
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of et A+ T2 S5 AFA] Yo =S
tH(Zhang et al., 2002; Song et al., 2007; Zhao and
Liu, 2010; Zou et al., 2010). =+ E°] GRACE 21
TS 0|83 Geoid B0 7Hs38R]7] A7HA|
(Lee et al., 2013; Oh et al., 2013), = AF-9] jH
Bo 20| B2 ARS8 sk, A
23|55 At Aoz EEHUATHYun and
Lee, 2012; Jiang et al., 2013; Yun, 2013a, 2013b).

w22 SshE Y] S-S B 9
3] X|FX#Z(Ratdomopurbo and Poupinet, 2000;
Matthews et al., 2009; Budi-Santoso et al., 2013; Inza
etal., 2014), | EH$] L A 2]HSKelectronic distance
measuring) 9] &4 (Pingue et al., 1998; Young et
al., 2000; Ramirez-Ruiz ef al., 2002; Saepuloh et
al., 2013), A71% 9 A71Ae] 3= (magnetic
and electric field observation)(Sasai et al., 2002;
Zlotnicki et al., 2003; Lillis et al., 2008; Zlotnicki et
al., 2009), PHA| FH o] 2= W3} I=(Yamashina
and Matsushima, 1999; Cigolini ef al., 2009; Feseker
et al., 2009), 3I7EA0] F=(Giggenbach et al., 2001;
Aiuppa et al., 2007; Ohba et al., 2008) 5-2] T}t
HPo] AHg-EIC

ol €49 o= B F A7 gk 2|3t
A HUERPE I 24 W3} sk gt
FHIAE Hol7] gl SHHESHY] & 4-&
o1A 282 = Qe 34 shRol YA k=
A WE E= AZBHEoA -850l o3 B/
To} k] Wi=Atof| SJs A& ZA7HA] 455
Hr} 3R oho] $X]gt vk 1 (magma cham-
ber)71] 4kt whInks Qrelo] Zkagtol ke 3
WHEES S5 ZolSo] mhantz e B
wo] uhoy AFRe] 225, 1 R s}
29| e 2 | 7 5he 2 12 A "th(Proussevitch
and Sahagian, 2005). 3Hi7kA0] AR o 2 H,0O7}
ol 7P =231, I th A& tAI = vpaute]]
gt o=t F& CO, ool 2A UettA "t
(Bruno et al., 2001). 1 8}2] SFA7}A0] ABoj=
SO,, H,S, HCl, HF 59] At 71412} H,, He, N,
Ar, CHy, CO F9 H-EE 7]H|, 223 n]gkeda
(trace elements)®} F7]&d Fo| HEHA ot
(Cadle, 1980; Symonds et al., 1988; Chin and
Davis, 1993). o]& A& & CO,, SO, H:S 59 &

&&S/Cl, CO/SO, T Hl&-S Shihi st & SH4t
&5 AAA=Z g AMEI Uk vpanke] A
o2 SRS} sk nfantRRE gvks
371 gEs] dojut CO,, SOy, HoS 59 vliEdo]
7t 3 7N 47 9] mhaate] gt &
3= 2po] 2 Qlste] EESTHAE sHrtA Q] AtE
z4o] t=A yepdtt g3ix=rt 53] 22 CO,
= I AHAQ el 2717 7k, thE A
EE v]3)| &al=7t &2 HCl, HF 52 27171
25 £5 A DA 7R upute] @] ol
A "ok 3, Asdhe Sh7tEE AR Aske
AE Tt 7k Adwe AR} Aske] S8l
a1, olof] wet 2|5k=2] x|&5He E4d& HIAR1
o} upaml 7149 7hA0] JiFs @ol Wol pHIE
ozl Rehp= FH AT} Az Aol F7tst
Al =L, o]= Q&f Rt gaiE F HY =
(total dissolved salts)7} so}2It}. AA| 2 Federico
et al. (2010)2 o|g=g]ote] Vulcano 3Hitof| A up1
o F20]| 7P7RE A|shpofl Al 220t F L (salinity)
7} 78 = A vebgthar 2

S, & =79 A+ AYQl WEARS SHTEA
240 JlojA vl A|gE Holot. I o] = W4k
o] A F, Aot W X4 5O FH AV A
gEo] Qo] kA7) gol gajEe] 1 =Tt
-9 7] wjZo]tH(Xu et al., 2012). 53] Eof 2Jsf
A &8l == HCl, HF 9 SO, 5] AH3714|=
& 231 9D #2500 Whgo] W] o]
7k ZH O AR E40] A 2 Aew dEA
QAT Symonds et al., 2001), B2 & Eof] 2 &X]
%= COy Hy ¥ CHy AE-2 24 oA EE&E=+= 7}
L22HE ST ¢ Qv SMbpAEg oy} 3t
A7t G e 234 45 Sl E 3t
o gt 8T ARE S 5 Ut 2 =22
H A SR EA ) 2 Ao iRt A3 H 24 2
BE Rast, o|et AHH X|3Hy ou|e} g
AR AR

tol

2. SRAOLA B 2HS JMF

2 AFoA B4 SHvkA 9 2349 FF
Rk R B YIS slon, FuEn
(Changbaishan waterfall) $<+9] Julong 20|t}



(2 1). BRIFFAL 23]0] ZA(20144 99 620~9
¥ 7¢) Julong 23] A2 thE U] XG4 XY
SFThsite 1: 42"2'26.64"N, 128"3'30.12"E; site 2:
42"2'27.50"N, 128"3'30.40"E; site 3: 42"2'28.01"N,
128"3'30.54"E; site 4: 42"2'27.61"N, 128"3'31.28"E).
23421043 99 7Yof| M7k Y7 o] o
SR o NECS EEES S
shbhs 8 Sai%e] AFE BE 28 6ANH 8
A Ajole] oot e,

SREIAE AFFH (evacuated bottle method) €]
st Giggenbach bottley o] 7H3F g 2] ARE-E| 31
QA|THSortino et al., 2006), WFARL EoFZof vF
T 27120] glo] £HE Bo) B shba
= A2fafobt gtk ofdl A9 L4 BT Lhe

= 27F0) SPAI7ARkE 712} Alo]A] g el
© 2 grolfj7]7} o] g 7] i, Giggenbach bottle
¥ o183 Shihao) 27 Bl oldl
AL AZaP] 915 LA%H et srle

£ Zj7]o| 2& %, 0|5 FAP|Z W (sampling

128'00'
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bag)ell §71 WAL ol §ahelck. 19 2k & AT
o AHE shkrel AF PHE 24D 9)
o $4 AehRo] WHs} AdE ZurlE S
A5 WiESHE £2%0] T §, W] A7 F
A& o] &3] Zujj7] YHeo F7]|E dlo 2 oy
o} o|F A5t SHTEA7E 2 7] Uil Bo)

W A2 230 TYWoR 10} ojg) g
7| - B FAZ|E ANGR e, 120 mL &7
9] A|&¥(serum vial)ol] M55 AT F F7]
7} B QS WRAI,

AF SR RAL 71 42 HABI5P7] 9I) 23]
A A7LA(China Earthquake Administration) Z]7-
getal g Aol 7kA I 20lE I8 X (gas chromato-
graph)& ARSsl B4t 71X 2ot J=jZ=
thermal conductivity detector7} F-2Hgl SP-3420
R o2 7EAE SHI7FAR ARES| AP
sHl7tA 0] Al o) 94.898% CO,, 0.503%
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Fig. 1. Location of the Changbaishan waterfall. This is reprinted after Hahm et al. (2008).
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o| 2R HATAS A} THH, A7 2H Al
F=joll pH, 7] A% % (electrical conductivity,
EC), & COy, ol % ol 52 EA4RE 234
T Al2E= B4 o nylon membrane filter (pore size
= 0.20 pm)E AMESH] RHES AAR pHe
520A pH meter (Thermo scientific Orion inc.)&
ARS8l SR, A7) A== Versa star pH/ISE
Multiparameter (Orion Inc.)& AME3] &4t
€L CO; T2t v 22 Ui os EAFh
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YB3} o] & FA7|E ARRS] 1 mL 36% HCl 4=
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Fig. 2. Schematic diagram of sampling apparatus and procedures for volcanic gases: step 1: the evacuation of a
funnel after submerged under water, step 2: the collection of volcanic gases into the funnel, and step 3: the transfer

of volcanic gases into a sampling bag.
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Table 1. Temperature, pH, electric conductivity, and anion concentrations of hot spring water in the Julong hot spring.

Temp. EC F cr S04~ HCO;5’

(C) pH (mS/em)  (mgll)  (mgl)  (mgl)  (mglL)

Sitel 68.1 7.88 1542 6.85 108.10 2.49 64.14
Site2 749 7.79 1752 6.63 99.74 237 86.38
Site3 713 7.75 1639 6.74 115.88 2.63 127.69
Sited 749 7.90 1721 12.60 96.08 272 100.88

Table 2. Geochemical compositions of the major cations and trace metals collected from the Julong hot spring.

Na K Ca Mg As Pb Cd Tl U Re

(mg/L) (mgll) (mg/L) (mgl) (ugll) (ug/L) (ugl) (ug/l) (ugl) (ug/l)
Sitel 184.05 2422 18.60 1.10 31.25 7.12 0.12 2.50 0.61 N.D
Site2 214.06 2257 19.82 1.00  38.76 0.81 0.02 0.21 0.05 N.D
Site3 201.53 21.53  19.10  0.97 34.82 0.51 0.02 0.09 0.02 N.D
Site4 21136 22.68  18.69 0.97 33.47 0.38 0.01 0.07 0.09 N.D

270 25 1= 68.1-749C 3, o] Szt

2 234(25-73.6C) 2t v w3 off 2 Hell &3}
= AL 2 YePdtHKim and Choi, 1998). Julong
2349 pHE S-2vet 2349 B+ pH (8.1)°
Hlg 25 WA S A Sol29 79, Julong
£3e] HCOr FEt 92Ut £39] 55 49
(24.0-2155 mg/L)2] B =0l 23 1LHKim and
Choi, 1998), F&} SO, &= Sautel 2349
W 9)(F=05-292 mg/L, SO:=6.2-456 mg/L)%}
H w3l @okeh. 58 42 Julong 2342 CI 5

= Sefufe 240 B W91 16281 mg/L
ol v]&] YA =tH(Kim and Choi, 1998).

3 2+ Julong 2F o] tfgh QFo] 9] 4] Aut
£ Uehd Aolth. ol F Res & ATolA AME-
gt BAR] o8 FAEHA EUHEATAA:
<0.01 ug/L). Mackenzie and Canil (2008)°] 23}
w lanfol 4 7hAR Belshs s} 34 ol 2t
o} o211, 53] Cde}Rezt 2ol7t 37 vekdein
Bstgieh whebA] Re S52 oket 5 QA €
Th, Cd/Ree] BlE ol 44 spkRst 21719 o
of &-&g 4= Qlth. HA=Z ste}o] Kilauea 3HH
22 1 Cd/Red] H|7} & AR 34| F7FE A
o 2 BIEAHCrowe et al., 1987). 3 20| A4 B 11
H As == MEES Brete AXAR &8
H 4= lth(Mambo and Yoshida, 1993). As+ 3}AF
7k29 2=71100C o]st2 HolA|H iR Eof

SAU S w-gal HAE o] SHikkAof Zdolgl
A Ak, 300C o4l 739 As7h A 2] A= R
&1 SRAZEA el EA5HA] "t Y& Tokachi
3Hike] Eotol| A o] Ao} BtE= o] TAE
SitH(Hirabayashi ef al., 1990). 3 20| X119 Cax}
Mgo} 5=t 3 2 94 Ajo] Sishikg o] A=
£ A Attt Julong 23429] Caidl Mg9] 5=
ofg sy eHolq RaE BEst ulwLs ol
22 3 Holal ik ol & &9 v]= Arenal 3Hit
o] 2HoA 2004 11¢Y Ca¥t Mg 5=+ 47
68.37 mg/L, 45.6 mg/LZ Julong 239 Bi5=
¢l 19.0 mg/L, 1.0 mg/Le] Hv|s} d53] =Urt
(Lopez et al., 2006). T3t S Yunnan x| ¥ 2] Jifei
29| BxA7e} v x Julong 242] Cax}
Mg SEE Ao o we Ao et
(Liu et al., 2015). ©o]+= Julong 244E= AX A 5
of 4 A2 YE AFHo| w27 LofuhHA
A\ X 7Hresidence time)©] Zol B3} 47 HH-S-
o] A3l| tEo2 24Tk T I 13} X 20] 4
A5 23840 shokd] 248 STk ]3] 24
Aol wWE Rl Ao Ao, ol
Julong £30] 4=8ko] W27 Lol 7] uhe
Q) 502 S F3, olefet el that F7}
Al Y AL A7 BagE A0 2 ek
293¢ 94 A3 Julong £ Lol 24
% ol B AnE Edi= UeEhd Piper dia-
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Table 3. Analytical results of volcanic gases in the Julong hot spring.

Date CO; (%) C,Hs (ppmv) H, (ppmv) He (ppmv) CHa4 (ppmv)
Sep. 6 sitel 97.232 31.7 10.4 178.7 4638.5
site2 97.347 N.D N.D 14.5 148.3
site3 97.572 N.D 0.2 4.1 1454.3
site4 97.052 N.D 9.1 7.4 3149.3
Sep. 7 sitel 97.807 11.9 13.0 155.6 4775.9
site2 97.572 N.D N.D 206.0 148.7
site3 97.937 N.D 1.5 6.4 1351.0
site4 98.297 N.D 11.1 13.9 3093.8

Fig. 3. Piper diagram for chemical compositions of the
Julong geothermal waters.

gram©|t}. Piper diagram2 9] 4382 8 o]
23} S-0]2-9] EF(equilvalent weight) H|E&Z 1}
Ebd o 24 FEFF Aotk ol Na'9} K'9
FFEE] P Ca¥'ot Mg™' o) FFe= TS
Hlwa) Na* 83} Ca*" $3 o2 TR} £
gol22 S0/ 9 CI'e J ¥& g} HCO 9t
CO5" 9| G50 e v|ms) ClI 433} HCOy
FELE Uttt Julong 2H4E= 4719 S4AHE
oA 9ol 28 Na' o2 Yehytal, o]
3k X (site 3)9] A|RE Aot CI o2 Lefyich
E3} site 304 A& SO T Clo) gk = 3t
7} HCO5 9} CO5™ 9] Fgs=o] g9 2jo|7h 34
ororrth dubd o2 {50, > Cl, Na* > K
2 Ca’" > Mg™ 9] A3ke Yebdch(Faure, 1991).
F23 2L Julong 23420014 Na'9} CI'9] o]

ol A A Uehdth Na's APg4i 2] 3}, 3
o] AR 9 FU o) ol el 4 4
lch(Lee et al., 1997). CI' %= Na' ¢} upa7tA] 2
o] 7199 ol 8 Z7hgrhLee et al,
1997). BHAIgF ch2 2350] i3} $53] 2 Julong
A% O FEE U S3e) A2 L BAE
O] WgkS e uf flof] EAE sl o3t FF
o eJs) AEER grerh e Yelozt WE
shitol QI ok} sheol] kel AR o
FRIZFEo] G5 EHo AAHUAAY, A9 22l
ot Julong &3] B304 Fo| 1< 4 9iek. 1
Al FE8E YA E Julong 4L 3 W RAL
Rae) o2 La%o) et A1l A|sfe 2
o] asjr}.

32 WAl sAblae] B4 AT vehi A
L2, I F AMIZIAIQL CO%t HIG-E 7]A
Q1 CHg, Hy, He, CHsE &%} Julong 23
o) v A A AFH G A7t = HOE AlQlshd
97% oldo] COE o]FojA UL, w|e] Hy, He,
CHF 24E5eh A2 7k AR 5 54 A9
(sitel) o ARE CHe7} HEE L, THE Al ZollA=
GHe7t S A gttt ol SH7tA7} viEE
= 71golt 1 $iAl0] wreh sabrhae) )
#A3] Geb 4 SlThe v1Ee) AT 1wt
Zrolslth(Naboko, 1959; Stoiber and Rose, 1971).
weba] WAk Shbse] et mUE g SUT
Aol A4 0.2 AANSIok o] T Tk 2
3 wizto] thgt G2 wiAAIZ &= et

2 AtollA S3FE H7EE F CO, 2= 90

ol A 998 712] Z78 % U+ Unzen hot springo]
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=

X9] Hats =2l 89.35%¢ Bl AAI3] =343 (Notsu
et al., 2001), WiT=Ako] 4] 2002 €] 2006 Ato] A
A 59 go] s A7)0 Bt FE 96.1%
o} ]2 3TH(Xu et al, 2012). 0|2k T £ o]
H 278 Hoo} He 52 Wi abe] slbaso] 2
HPE 2002G7E] 20061 Atololl 78H Ho9} He
Frof| ZA & vHHH: 5= 2,750 ppmv, He &
%: 700 ppmv by Xu et al. (2012)). o1& 42| &}
A7ks 24E AHEH, CO, GHy, CHiz 1 5
o 2 a7k 91914 Hagt Hels 2t2} of 750,
14ui7h2] 9] & £9] W35 Hol= Z o2 syt
o} oA E 7]A|of whet AIZHE F= W #A 5|
o2 o|79 3UE EAAar(diffusion coefficient)
o o] & 4 9tk LA CO, Hy, He 9
CH, 2] 5= 72} 0.160 cm?/s, 1.604 cm?/s,
1.386 CII‘I2/ s, 0.188 sz/ sO| 3 (Hirschfelder et al.,
1954), C;Hs 0] BHakAI4=E 0.1453 cm’/so]tHElliott
and Watts, 1971). €€ %= ¥/} B3tE Ho9f
He 7}29] SRAbA == W3t A4 7|AIE Bs)
10 ¥} B © I}, o] AL Hy9} Hels SIS E
7t o} S| st 7o) ZAWSPH w4
3 7hso) stz ololy] wlE o S
Bl 2 =BoA AAIE 2= Hquantity)o]
RotA] - AgHA ol x|ut, Fe wWEAF SHAEA
e T L ELEEE X E
e Aoz Ttk shihs W 24 X3}
2 A\ES e WEA SALE oS 2
e 9l8l A&Hel Az el st Wash w3t
2 Aol A A Ap=o] 9o thaat 22 x| 3}st
) Qlaol gt wU o] 2rbdo s Wash,
A, sHi7E22] SO,/ HaS 9] vl SRIREE o=
3l a3 AARZ A2 A Jch(Ossaka et al.,
1980; Ohwada et al., 2003). ©]5 93} SO} H,S9]
Ha] Z3o] Baghd, Cd* o] Eoigle NaOH 2
golo|ut KIKIO, $918 AHgalel 0|58 712}
AeFsler 4= Qlth(Lee et al., 2008; Ohba et al., 2008;
Shinohara et al., 2008; Lopez et al., 2013). &4, 24

ol tigh Ak Bl o] Hidt FHYA 2 T

4 Sle. SH7RA ) HOE ThE 7k Bt oh
7HA2 S gl Beto] glo] shikialo] )
AAR2 ARgE 4= Ik o2 B Bk ] COy/

H0| f

ron

b |5

il
12

oA 817

H;0 H|= 3HHE2] 2|42tz 28531 QltOhba
et al., 2008, 2010). o] v]-&-2 nf1mtol A Ea|H 7k
(magma vapor)} 7142] 4B a-gol SaiAl o
&t g 2=t vt RE grkast Jes
PoskenE §-85tth 714%eld CO/HO g
o mpamtell A fEfjE SHi7EA 9] CO,/HO FHE
ot 7] wiZel miantell A 2eE 7hA] JFs
o] s B7]FolA SA4EE= SHbrrofA
CO,/H,0 H]= FoHIth(Ohba, 2007). o] g
A SRS} QulEes sk ) COy/H.0
H]7} Z7FskcH(Ohba et al., 2008, 2010). A4, Julong
2ASE ZFE| WA Q129 Hubian 244 5
3} BN 55 So thgt A4H ke wy)
HEgS 38 235 9 A&, Ao gt 4

& o} ek
Ab AL

H =R0 o]Abd ol 2014E%E AA} 3H9 =R o)
U= 23 Aelstdsyt o] A 71 A
7)1 A (CATER 2012-5072) 2] A| P02 4=
P AHUTh WEAF SR 7RA 9 2345 At
7+t e B2 =32 4l Jiandong Xu BFARH
(Institute of Geology, China Earthquake Administration,
Beijing) 7 712 ZHAMS] w2 Aok R E =
& AABIFAI L g 2D SiFAl FASH HhAk

dk o) o] ARSI Qo] FALE Uk
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