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ABSTRACT

Continuous geochemical monitoring on fumaroles and bubbling gases of hot
springs from Tatun Volcano area has been cairied out for two years. The dry gas
compositions of the samples are typical compositions of low temperature fumaroles,
which dominated with CO, (65~85%) and high H,S/SO, contents.

Combined with helium, carbon and nitrogen isotopic ratios, one is able to
estimate the proportions of each end components in the fumarolic samples.
Consistent results show that large amount of mantle derived components are involved
in the gas samples in this area. The highest helium isetopic ratio of 6.8R4 is
obtained from the fumarolic gas of Da-Yiou-Keng (K 3i; DYK). Up to 90% of
magmatic component was estimated for its gas sourees. It implies that there may be
magma reservoir underneath Tatun Voleano area.  However, no significant
anomalous variations of helium isotopic ratios of the gas samples have been observed
during last two years. It suggests that'the de-gassing system in this area is relatively

steady in the period.
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5% i Chen et al. (1996) #1 Wang ef al. (2000) #4%F %, - B B 44 dh 8 1%
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Y B PR A R 8 L R A% 7R 2 4% A (extensional collapse) & Bl (B =) -
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R SREGF KL E S A B B 69 B 1k: Casadevall et al. (1983) # 3,
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45 PHe/'He Wi > B AHK Bl — %2 844080
He/'He et B A FE 2 5 938 78 38 A M % (Sano et al, 1984;
Sano and Wakita, 1985; Symonds et al., 1994; Wang et al., 1994) - d74
b R ARG AR EA T oKL TE RIS R R R R A Ak B K\ TE g A B
B0 B © # JOL " R R SUE X A R AR R
AT RAE HIRT 8 A E BB KL E B A A k2 —
RENT WAL RBRERBAT > AL E G TRAMBRLEA
17347 AN R e R e SR LA (Yang eral., 1999 5 #5324 > 2000)
BT 6 LR MR T A BT KT AR B AR A0 A7 A o RIS OK
i 2GR KL #7482 & 0 Song et al. (2000) AR 3E K &, ok L BEE 2
ZHEES BT RGEZ SRR R R B R B A E K
e EAMBRERLEGH ZARZI5W 25— ER N 40000 TR
B )R KL v R R R R R B A A R 4Rk 0 BB — 3K
PR KLy 8RR B S B0 Kk KL B 2 R S0 ik 2 — o KRBT R
F FURAE A Y s AL B M BUSRA R RUALR A M AE 0 B K A
ML AU LA G AR R B LR R A S A
BERBEBEA LTS —EFTEEFE -
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SRR S~ S TR ) (R R B ARAT e T | 0 T S
YE & 333 A B 64 4 3 18 42 (physical process) ' 7~ i B 2y 78 # by R
RACERBAL > BARTHRAF AT o) AR R AL B B L TR -

A4 B AR YA RAALEF M2 F " He it "He R R A% 5 %
SR A AR AR 09 A S M g “He ~ *He ~ *He o

2B Fo a4 “He & oy dhfo 4L 355 %8 & 4 2y
**Th - *®Pb+6‘He +4 8"
2*Th — *%Pb+8*He +6 8"
25 s 207Pb+74He+4B'

B KSR R T A D B RS B S (PLi(n, @) °H — He &
JEIRSN) o —FEB R RAREH LT RIET A K He o

"He/'He Woffif R K HE 5 b 80 S AAR K+ 2 442854 ¥ 4 “He/'He
AR T B ik 12X 107, /& shfn bk s 4 oF RlRIE (<10®) - w24
4% *He/'He Hoftiff38 — (1.399£0.013) X 10+ #/Bik & B8 3
KRG HARERS AR TR T E R - — 30k » R,
RAE R e kKB A AR F 0 B T H 3 T4 *He/'He
A F G AR (0.1~0.01 £ R FHfd 5 0.1~0.01Ry, Ry & K £ 1
8) o d MR R A K B8R 46 B8 CHe/'He > 30 R,) » Bk iR 755>
TS T o MAMIR A AT IS YWY EFHREY *He/'He 1
B A RARFEAAMERRERL B32R) 2 WA BREHA
b3R8 5 R F B % R E (Mid Ocean Ridge Basalt) > # 3,414
JFH 34—y "He/'He wft (8F1R,) » BATHEZZH DB > T s
LTHAFZHE EHRMEG (B ) o

Wt oy SR A A RA T A H B E R R B A MR8y T R
& ("He/'He > 30 Ry)~ L33k (81 R,) ~ H A gt (0.1~0.01 R,)
mER (LRy) WyiBE -
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A TERT MY LGRS T @ RRIFAF R PR
A% B — B IR R AL 3 B USE R

5= (RL, 'R-""Jx10”3 (1)

sl

£ b R, ARAES P C/C hiE s R A2 EHe PC/PC b
S 84 B4 B permil (*oo)° Bl 4 % 44 Bl 5 4% 2 4% & PDB (Belemnitella
Americana, Peedee Formation, Cretaceous, South Carolina) » A EF B4

8 51 § PCopp 89 K T ©

BRR P A A E -~ ek~ dk R AE SR B 6 RIR < T
M & 0y 45 e U M BARTE A 4 B £ B ORR 3 BRI A
RE A Blhe | RARHEY E BRI LA HAE B E A
SOAE M SA T R M AR B K A SR A M B E - MR B LR A B
Kt Bl A E Heft A ARILARY ~ B b~ 8 0 PC =-18~-38" 5
7 fo 9k it A BE O PC = T30 5 HKILAEE K 6 VC = +5~15
s BEBRE S C=H2~2" ¢

MK E PRI AT =R AL (1) RBEEBRRY R
BB E COpn(2) UG BRMEREBHERYTER C)VABRLTT
izt B P TREA LR M5 E (carbonatite) 245
T 53C =510, ; & RILRALT s £ R R Z KL AE (0
BC)cor =276 /o0, (8 C)cpa= -20~-30%, ° -

(=) EROVIRICBIEBT

Wk e BAH 9% LARAEAKRE  RA KRBT XG £
R 2 b R R T B R A KRR R 8 RAR TR
BRBAE BRARAWRIRAERANRECTREGE AR
(Marty, 1995) » {24 B4 RAE & LRI B ag )AL I L AR 1R
BRX - HHFELFENTRENR

GEAARAEEFE-RNFRALRLEML (6 °N) A A
7})1' ’ éﬁ'fﬂ%&’fﬁ‘?ﬁﬁé’]l?ﬂ: ) %Bj]&'ﬁﬁ%/% T}&&—i&%ﬁ"kﬁg
Al AR HEAEIETERM

BHRRASERGBRRAREFRER  KLEHITHEN R
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Ao REBLBRAATZM@ammty - (1) KA (2) # (3) 5
My o BN AR T R e R 0 ALR A R b i =
188 Rt ABE R B AR (Blox) « LB AR B Bl ib R a4 Il
AM A&V L F ARG & KE RS NoAr p > B384 % d 4
[ U4 04 I DU AR M SR AR ER Sh A Ny 45 JE AR P B (Matsuo et al., 1978)-

Back-arc basin Island arc

Atmospheric
IFN: 0 l;/O‘I

Sedimenty
. PJ—
1>N:+5 ‘/(HJ 7

=

Sedimenty

Continental B
Crust

Upper mzmtle/v

Upper mantle

HN:'S 0/00
: Sedimenty
Upper mantle
BT LA AAR S R T E

AREESPN R £48: 6 N=[ (PN/MN)sample / (PN/N)air -1]
x 1000 » %45 2 permil (%o0) ° RAZ A EE S "N =0 %, 5 H &
o & PN LB A SR A BB — AR K A -3~-8 % Z M (Javoy et
al, 1984; Javoy and Pineau, 1991; Marty and Humbert, 1997; Cartigny
etal., 1997)» B AT KEDA FIH Ky 6 "N KL -552%,
B 9 — 18RRI TR 0 38 s B SUARM 0 AT R ITAE M BODTAR B R
Blisd 0 28 N EEEN 5 L0 1SN L5 EA+2~+10 %y 2 M
(Peters et al., 1978) °

o ¥ A % &8 (MORB) % 4% 5% 6,5 (fluid inclusion)#y o #7 4 R
BR RASEREAR G F PAV A vl 2 R RAF 8 E A8 Bl (Marty
etal., 1995) » =7 fL3b % R IR 09 LA s RATFER A48 0 M LR Rl L IR &
(vesicularity) 2 4 247 84 NofCAr pu Al 4 F e 35 248 0 301204 o 3040
MR R E M AR A R X AL R R A A8 1 49 (Marty,
1995) » = vA — 330 B AR LR A -
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Ao BRI T RRERLRRABBR BN TR B LE o
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B P E R B OOL R RE S T kAT B T
IR RA T BCER AR TR T MR o iR KR8 0 R
BRI B AT R R BEALH BREAKT 5 REF 59
I R EA BB E BT AR Rk B - R T
MR E £ B0 T SRR A R W6 HEK R 4
B R EE SR RS ABE B TAT MR IR PR R - B R
1P A5 18 3 25 AR 5K R BB IR RO AFEARIRAE R D T A B b
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(Z) ZRRIE

KB T A THM T R BB R R R AR g b B 4
MHRREHR TR FASZEBRMFRLEAMD T LA TAMBLE
H - RIT ARG Y o AT AT A A& o PR E RBL MY a0 Rk, 0 TR SR A B R
THREYELRRE - — IR KL EA T2 80 AR5 FRAK
(<1%) » 1 He/Ne tfifk & (He/Ne >1000) ; Rz R T o QA E%
> @ He/Ne tb iR 4% (He/Ne =0.3) - pivh > M TAEBA AL
7 M He/Ne tbff » RFIET&RMATH B R E R T RMBYL -

AT RA L AELETRAMNRLLFRATRG > KRN
747 =T VAR R0 P - AT 09 B3 0 AR B AT A ER o R T A A
MR M AUEF R E E R A A KOLE R R o

KA T AL I 63T 0 PR BRI & F 2 AT BN 8 Ne % 4 g7
A (AAEATHY “Ne 2 FEEGNKLFTALE) » ATA
FOE A K a9

a=air; m=measured; c=corrected;
Assume all the Neon “*Ne in'the fluid samples come from air;
Hence **Ne,="Ne,,; and'He.='He,,-'He,.
He,/**Ne,, = (*He.+’He,) / Ne,, = *He/°Ne, + *He,/**Ne,

= [3Hec/(4Hem-4Hea) * (*He,-'He,)?"Ne,] + CHe,/'He, * "He,/**Ne,)
CHer'He),, *(*He/2%Ne),, = ‘He 'He, * [JHe,,‘/zONem - "He,/Ne, ] + CHe,'He, * *He,/**Ne,)
CHe/*He),, * (‘He*"Ne),, = (CHer'He), * (*He"Ne),, - CHe/'He), * (*"He/**Ne), + ("He/'He), *
(*He/Ne),
CHer*He). * ("He/**Ne),, - CHe/*He). * ("He™*Ne), = CHe/'He),, * (‘He/**Ne),, - CHe/'He), *
(*He/Ne),
S (*He/'He), = [(Her'He), * (*He/Ne),, - (Her'He), * (*He/*Ne),] / [(*He/*Ne),, - (‘He/**Ne),]
S R, = (RN - RN,/ (N-N,) :where R="He/*He, N=He/Ne ratio.

VA 0 SR AP 2 T AR 4o 2 A8 CHe/'He 2 He/Ne Hofl > 4% 419 3%,
T AT B AR E 8y "He/ He Wit « AR EME XA TAMBERR
i (HeNe<1) » BB ERELATE -
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(=) 2B

(1) vwgi&'g 32 4%

RGA (Residual gas analyzer) & —# oW K58 R0 2 Wiy i
1 (Quadrupole Mass Spectrometer, QMS) » o #7 J& 3 % #| F 8 F 1% b=
R R 69 & 884 L EM/Q) » 4 d B AR K Bl 8 LB AR © B
B A B %R 2 #7 (PPAs : partial pressure analysis) ig 3] & % 44 247 B
g o

RGA &4 7 Wm{E 34 - wikagts (quadrupole probes) & & Fi2
#] % & (Electronics Control Unit) o 48 vg #&ag# XT 5 & =@ 4
#T1t 2 (lonizer )~ w9 4% 8 % 3% (quadrupole filter ) ~ #-F1¢i8] 22 (ion
detector ) °

SRR AR E B (B ) FIATHAL R
i P9 (variable valve) # % & B @Mz B A B 4 1/3~12 X &
JEA1 o BB E % 10°~107 torr 42, > 46 7T BAK 3R AT 547 o

1G
RGA-Bench ?ﬂ
! % Variable Valve

Rsiu 1

Analyzer §

| U-trap Cu-CuO
[SolidTee: H,0]  400°C

[Ozz HzJ

B\ RET R AT 2w 8 E SR AR AT A
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AREAT AR *E%ﬂb 0 fE BT AL E PR R e el B 4
(fil ament)#zg.,\ﬁiéﬁ%%a ERME T E LR T R EHEToE
Am%ﬂé%’@ﬁﬁgoﬁ W v AR e R AR A [ AR B e
A TR T —AB 4 el EE Y o g OB %ﬁ%ﬁ BETFALEIEANIE > Mg =
My e BE R wahEET M/Q ey R E o rﬁﬂi\?ﬂ*&#ﬂz#‘éiéﬁfﬂlﬁ
AL - EMIES T IAMEY > RAREEITZHFT MQ
& 7T VAR 18 \7—37}7”\//“’#‘ A% 48 A 2% (7111/\%)?%‘ %ﬁm’%ﬁ%a‘i%ﬂ
Faraday Cup; #2 % 74232 25 Electron multiplier) JB/F358 - & &18H
gzz:%azf‘%nmiaf? > T VLA 4D}l%§‘1nﬁ AT RG> T A1

AR R AL S P ATAE 09 RE A T A bk -

AR E AR A RE SRS YA B Mg R
T EEE s 4 KT A2 SRS RGA-100 24 #T vA 441 amu |
~100 HEdhE » CRABIF R ZBAES T £ 28K AHR
fr e o AN — A AL s (COYA AR Z 7 T8 » P vh — f ) JF) va A
.a'“éajzéﬁxf—%ﬁﬁ ST AR T RALE 2 F T E SRR TR

S (>5~10%) 1% 13 kK — ALz 24 & (<100 ppm) * PFYA KR % $
#"Tr‘ié’rgri 28 P #TEl 2 AR LRSS T Ml — 2L S
A S N

(2) & B 5 E i #r

& KHH 2 973t L6y MMS400 ﬁfﬁ’é—% AR R4 BLth
AR RS AL B RS R A G SR
Smaod A (Bi) o BihA — éﬂ,ﬁi’\/\:f—ﬁi(Tmbo molecular pump;
TMP) ~ 7z #2 % (Rotary Pump)#2 % {8 4 % 3t (gague) ; Cu-CuO furnace »
cold-trap ~ Ti-sponge * charcoal trap ~ & A] ¥l = v9 4% H 3% 1,;; (SRS
RGA100) o & # o0 &8 18 47 25 8 7K ;L"&F%‘fi > T A AR v AR E SR AR B
1\}&4 MR L T AR ALBS LR 48 s 2818 Cu-CuO &8 R (400°0)

MR R R AR > AT A K TR %—ﬁ o Tik > miE—F 547
%Eﬂ Y E c P AABASESL  AMMALBIRER
Ti-sponge ~ #i charcoal trap #7% 4 &4t > 28 T {AE R ) R AB 8 10 torr
%o TENT —msib 2 4 -

%‘ — éﬂ?ﬂ.ﬁgé ’ft? [’]ﬁ,E]'Jf'J-Fﬂ él\. #f%&%%t@é’] Ulbflﬁ_*ﬂiﬁp'fi

M (BA)  Elhd —aBis TR 8RRk T 5 (Ton Pump) -
% {8 & 23 R — 1B B4R 69 A8 4R RURA R F(cryogenic pump) © A
MEAL RGBT A AR E T - REeER " H AR > 88
Ti-sponge % % (650°C)#2 charcoal-trap & R840 F 4 4biE » K354
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éiﬂ%ﬁﬁ%ﬁﬂmmfﬁﬁ%@’qukk B oAb R g 0\
& 18 SEAS Ti-Zr B M R it — % X &ML RR 7k4ﬁé<«ﬁawmméﬁ_
Z(15°K) » TSP EHA AMNAMETHARE & RAFTSEBE
BB R R AE > T 54 RARGAK)E A R(TOK) R AL A R 4
FlL % 2 94 -

%‘é‘%ﬁ%if‘\ K A G A MRS 0 E4E (gain of Faraday ~ 10''; Daly
detector ~ 10’ ) H ARAK Y B A8 AN A A (IO'IZCCSTP[He]) ;
PAAE S 72 B A M T AR e BB (£2.19%) Ao EREA
”%ﬂﬁﬂﬁ(@M)Tﬁﬁﬁmﬁﬁﬁ(ﬂmVU %Tﬁéﬁé
S AT AZ B e o

The Purification Line of the Noble Gas Mass Spectrometer

s R0 14 81 :.-‘: Helium

Pipette: 2.07 Expansion
s R 1 84 .01 :__:" Refrigerator
e R2:173.84 ;
e R3:27.78
e M1 118,96
sz M 21 80,22

M-CTI1:11.06

M-CT2:15.97
e M 3:351.70
e Mc: 48.04
i MU 75,72 .-":'l‘i-Z,r—2

Tank-1: 6000

Tank-2: 3020

Tank-3: 3020

unit: c.c. MM-B ench

CrVOLemc
Trap

70 Mass
7 Spectronmeter

1G

# Tankl
lﬁnk2

Ti-sponge
RGA-Bench g 700°C

Residue Gas
Analyzer

AT

bottle Ti-spong-é

700°C
Cu-CuO i
400°C

B & RHE EHARNTRRINABRZIABRAIR S
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(3) &% B4 & Yo Al 5 #F

o B4 5 O b1 A6 08

I B3I L b i A % > B £ A4 5 E 10-4 torr
AT BB E MY LAk R 0 B3R A 0 1R
MNEg R BEHER E R4 o 545 3~5 48 o A 82 k48 9008 4 o
RRRAMEIE ) ARBEEZEAR T UBER  KAf
Z R AL EAL E R G > R BEARE UK E T

2. LR RAMARAFT FoEESE > ITHMET > 54 3~5 ndg
Z&Pag CO2 M B h e A e BleygEs P o

3. it AR 0 AT A A g8 Oy Ny RIS LRI -
FE 3T ey B PTR B o AR At o i A8 AR A A %
Al o Bk CO, 3B Aa #e 5 A CO,p 88 T -

4, 45K 25cm > 4ME 6mm Bk AR KRS A Fap AR A AT o
B COy BB AR T R AAG R KIEIHAERRE B 2k CO,
Oy e AL T A o By AT A AR LA H SRR AT o
4h A48 84 CO, 0 A A F A8 b1 K 3%4% (Delta Plus, Finnigan Mat,
Germany) i 4745 Bl @ 247 » 434 R oAk 8 "Copp 1946 X, & 7 -

(4) RABIML Fob1a 447

AAMICERGZET R TLEARELABRPHRALTRT
SRR RERHERLBBEMICAEH AR HENSE &
B REH AT B T AR TR AZ AR EFRE & E
MR RABRESBHEAGALRRGE TR T KIRAHT —
ERAMSEE (B+)-

Wb E S n RAE = (1) EE4H LR EHRE S (2) H
RBHLAR T BHERAFMME > TE8 Hy > O, CO -~ CHy
ERABRE PHRSAAEBANTEEINT AL EEARBYE -

shibidiz F o HEME (650°C) A H, ~ O, CO~CH, ¥ A pg L
BEFPZCuO A CugAALERRE (2K TF) ZERERSL
KRS EALE  BORERREBS KRB AR REGLE U
B d  BERAMGUBBMLLE -
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CuO + H2 -2 Cu+ Hzo
2Cu + 02 - 2Cu0

CuO +CO = Cu+CO,
4CuO + CH4 -2 C02 + Hzo

Sampling boﬁle

e = T e f@t-*?ﬂtnp

ma]

N?(%)

CuO +Cu
650°C

Purified gas

.+ }\L]JUE-‘FL*inUZEL—FLQ%’fmefiT%.

WAbth Z BRI TEAS KWWY 22" f48 014 E 38R ( Delta
plus, Finnigan Mat, Germany ) | 47 R EI AL F 47 » b4 BAR M AR
KEREKLHE KD ABZ AR -
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B2 DITIER

(=) XWERETEREHEN

AHREMSHRAERKLEZ K LERARBRAEG T B2HE
HoE A S (TYK) ~ #sg s (LHK) .3 (CSL) -~ A kit
(LSK) ~.vimye (SYK) ~ B4 (MS) ~ ki3 (DYK) - wag
F(SHP) A& (B+-—) » &MTFEH>H T 20 a2 g K i
WOR RGO AR T AR A B A KL cE A (LHK-1) #1238 2 A58,
(LHK-2) W#a R4 se > TTH o0 7THRE - g2 K LA 08
FABCEETHITRZ 4R -

FHHR(DR)
— 2%

J d anmuamn

JUTE: JpErS

B+ — @ KRBT R kA Mg
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o B RARBE AR S S R B R AR AN — A — W T &
WHREABESREZRBEZEET IR EHER  GXWLERETUE
o SWEEBERBEZAMART A AL s £ (68%~91%) -
RABEEIE(HS) 2B hZ > T = EALF(SON S BRI 245 V& o b
— 4R R B R A [ 2 AKOR KO T R AR AR I o

- ERRBRBRSE KRB ZEHEE T aER

F At Wb 2k CH, N, O, H,S Ar  CO, SO,-
KbvookLog s 027 1648 204 082 | 011 8025 0.03
wEIEE R A 099 1118 096 633  0.05 8041 0.07
PogE g foe 052 1322 1.17 - 10587 0.11 7429  0.10

R 12.99
AkyiklER 050 1321 122 1694 009 67.81 023
AibgLokcE A 213 13.05 139 518 0.08 7810  0.06

BB S Fo6 269 11.09 094 189 006 8329 0.04
W sm 2 A6 059 1097 1.07 747 013  79.66 0.12
KB E AW 084 739 040 001 003 9087 0.1
— AR KLAMT LA BRKIARLE (< 1%) » mikdk

FHERF B EZ AL —RAAEZR A ARG B
WBAEFERNBE FTRARETERRAAEESTAA A4 1
ERMHEHE I RENE 0 AFERLTEERN (I 24
fbmg ~ Fie) A ERBR Y HAdRTARSEZSE
RAVTAA BT R ERRERE - — IR TAREGERND SHEHK
BEEE I PREUBSCREZTHFTARBE Rt KA T
MR RHEAR  BHER-EZRAATUAREL  RALEHETRA %
BEAEARTARSE XM EEEMNARERG T H AN AR
BHFEE TR LA LTRSS E .

B KLCER R D HIG AR GRS AREBREPET AR
AEE TR ERGBE MARPRELENHEENBRLLE S
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(Blt) » AHELE —HBAHESFZI LA SARKYEAAS
T REMS TR VRN TRIBE

AT EERAR — I KL ERES WHRLEBERA RS H
B E AL E R R AL S E (s a) » AR R Ak F I
B IRMEE TR - O LCE R R HOR AT 0 25 R EIBE R K Bl
L KB RNBRERT  RF T i@ty giibdh it L1 R 5%
AR AR FA LB E T - AR REE TR ASZARILS S
T 2R ERAEEG KL BRI EFHR SN E B TFTRRAL
T AR R4 R KO RAS R R Rk PR A8 e R A R KO E B
Z B B R R AR Ry 2 AR B T VA RURE BB 45 KL RURE 4 R
1 -

HME—Z o WERETOE S &0 KR RA0H IR &
W FALEA T THRAERZANME CEET AL KL ENET &
Byt BB EGE  AdmA RIKYBRAL A 2FRARKLEAE
Y ICH IR A S THRRZ LA 0 miEdm R B L R o
WERBT A A R EREI RS EELARSZIHRILS S
TR B A HERE L FEME SRR A AR o

(Z) aEUREBEADITIGR

1999 = A2 » AR TS REWYT 2 I B LA ALY
I B IE T > T VAR R A E BUE o PTA R AESS 1999 F =
At 2t Kb L E F R RARBHRERS  FEHEHRET L%
o B R B AL F LA o

H % £ E 4% "He/'He thi 4L KA ~ sk ~ b2 H P oy £ B 4%
K BRALEETRATHEREK  BRESKLR AW E &AL
LRE AR ABERE H R A A R ) B R ARGEE 0 B s AT A
YheE G ER AR Y AR R E AL R ER S EILL AL
KLWBER T2 2 RBREHEL LREIBAFTRERAH K LELE
REEHE R 2 TR B2 SR AL F A8 I boAE 2 o4 IR E
MR =

WM Z FRME R a8 R "HeNe 48 (B +=) > TR
KRR RIS A s R B RMREASRE BE T
TUAE o M B R e E R KB 09 KL E A BB R RO R P R
WEERMAE -
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1. o e
#% 2B Ay

Muagma

3He/4He (x109)

CRUST

+ = SHe/*He #} "He*Ne #

AR ENE ST R RN E R AR AR R B LR R LR R
B B o AR T o PTAR A RAIR B Z TR A B RALE 7 ik
K 0. > B8 A8 ) B R e Bl Mo B A R A KL R R R R LA
EAE 6 SRS E R A T RR AR B A R B R A E R R W
oA S R E - E A KL AR R RUE R A8 B LR
FRR -

o ARBBABELZ AR ERESITER

AR E Mm% OHe/He Rc/Ra +1o “He/Ne ['He| ppm
kb (DYK)  KW*#&%  89E6 68 06 7.5 11.9
magsE (SHP)  mgRK#E  84E6 62 07 19.0 11.8
4 (CSL)  BAR®E  82B6 61 06 11.4 10.9
WAk s (LHK-2) BAf#® 80E6 59 06 12.1 9.3
mags (LHK-1)  Kgf 78E6 59 08 12.6 6.8
k3 (LSK) K& 77E-6 55 06 5.3 7.1
ki (SYK)  KWg& 7.0E6 53 06 9.9 8.1
% i (TP) BR &M 71E6 52 0.1 13.6 4.8
B i (MS) mRAM  66E-6 49 07 15.5 12.8
s (TYK)  @mARE 5286 47 15 1.9 2.6
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Pk — B TH 1999 F Uk GRRHTRAERE ﬁ\%%ﬂﬂ
&%%ﬁ%%’i¢ﬁ%@ﬁ%wﬁﬁ\%émﬁ%%+\m
AERBEREN %ﬁﬁ#%%%ﬁ\%%%mm&<ﬁﬁ>
TOAK RIS H R AR AL F A (~4TRy) > AR RS
o R B A (~6.8R) s AT A H » KA RFFR T
TS B R BRI FEE (EEMRE) urwE (A K)
BAE KL E T AN AR T (B E) » BT B AT R E
MPERA LGSR EAMAREETAR FETEFRMUBEENE

//E!lj o

(=) IERBEIREEIITIER

REZBARBIEM M E&WEREE A D25 B 5 £ E o
MeER -y eERBET Kb LWEREIES 2R & EE (6°C
3972%),ﬁmuﬁ% (O PC=2~6,) 484 5 T AHF %
%&’ﬁ%ﬂh%%ﬁ%%é°WJ4M40%yﬁ%i$%%m%
Bz lap it Bk LHE AR R REH A E e R
B AR SR AR Z Mok R B o

EI

RE D EBARIRAE AR S 20 B R LA oM &R

Location Np. Date type §C  Ra/Rc 'He/*Ne [*He]ppm
g (LHK) LHK-2-1  07/19/99 B -4.96 6.00 11.0

LHK-1-1  11/22/99 F -5.63 5.27 26.3 7.33

LHK-2-1  12/04/99 B -3.15 5.62 15.7 8.20

LHK-2-1  12/04/99 B -3.51 5.62 15.7
Al (SYK)  SYK-1-3 06/14/99 F -5.93 543 13.0

SYK-1-2  07/19/99 F -5.15 6.21 0.57

SYK-1-1  12/04/99 F -3.40 4.88 16.9 8.91
K (DYK) DYK-1-2  07/19/99 F -6.58 6.65 6.76

DYK-1-2  07/19/99 F 7.28 6.65 6.76

DYK-1-2  12/04/99 F -6.34 6.79 7.72 12.9
E42 (MS) MS-2-2  06/14/99 B -5.40 484 12.0

MS-2-3  07/19/99 B -4.98 4,75 14.2

MS-2-2 12/04/99 B -5.56 4.55 8.83 9.93
¢4 (CSL) CSL-2-2  12/29/99 B -3.04 5.92 8.82 8.20
Wam s (TYK) TYK-1-2  12/04/99 F -3.73 4.49 2.39 2.85
g sx e (SHP)  SHP-2-2  12/04/99 B -3.28 5.58 20.1 11.7
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f & W

(—) REERPZTICNS S

REKLEZ KL ERARIELARTFELELT ERARES
Moy R ek, (HyO ~ CO, » HyS ~ SO, ~ CHy ~ HC1 - N, ~ He ~ Ne »
Ar... ) B FKFAET 95968 L o BATH KR A R R 1ER4E Y
BERod o BELSEY  ERMET > RERERLABEKEZ
A AR A — R 4be B £ (68~849 ) H R A sty A8 (H,S+S0,
~ 0.9-17.29% ) RAR (10.6-16.5% ) (K w ) ; sbfE .58 48 pg B s 7Y
B9 18R Kl R 4, o

Fm 0 KK B & KRR T3 4 g BT 2L ) A & ER A B 4R

*He/'He

3 AE W 28 CHi N -0 'HiS Ar CO; SO g

KRR (DYK) | 027% 1648% 2.04% 0.82% 0.11% 80.25% 0.03%  6.75
A F I K AU (SHP) 0.99% 11.18% 0.96% 6.33% 0.05% 80.41% 0.07%  6.24
LR R AR (CSLYL052% 13.22% 1.17% 10.58% 0.11% 74.29% 0.10%  6.09
Hek 2 E R RIE (LHK-2080 039, 11.80% 1.08% 5.67% 0.07% 8037% 0.08%  5.95
mER 5H A (LHK-1) 10.70% 12.99% 1.28% 12.21% 0.08% 72.61% 0.12%  5.88

KK BURAR(LSK)  10.50% 13.21% 1.22% 16.94% 0.09% 67.81%-0.23% 5.5
ABBCE R (SYK)  |2.13% 13.05% 1.39% 5.18% 0.08% 78.10% 0.06%  5.26
BB R RE (MS) 1269% 11.09% 0.94% 1.89% 0.06% 83.29% 0.04%  4.87
WA KRB (TYK) 0.59% 10.97% 1.07% 7.47% 0.13% 79.66% 0.12%  4.31

# AL He/'He th A& KL B A F 2 R ARG LB H16 > &
BT e Sk S P X A AR E AR EARM o 12 AW G40 AUF]
B AR L WE 25 EE (B R+ —RLE) £ RF ABRE

Ihife o BB TR EEERICHAESENRETATF ZELE
X

2H,S + SO, = 3S 4 2Hy0--m-mmemmmmme- AR
H,S +4 H,0 — H,SO, + 8H - erm- K FRAE BB
SO, +2 H,0 — H,S04+ 2H ---mmmm-- K AEAE F
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MR "He/'He BB B0 Kb EFLhARS S
AP koL A AR T R ARG o R E RAETALA B B L — & KR
B R A Y T EA T 69 HoS 82 SO, A "H 45 330 30 R 0 KRB 4 7,
Bl Rea > BPAiALVER LA #4F HS L SO Bl RERD KA 8 A
Rl K LB AT 2 Ko B—TaRRE A KM EAT  KAA
FERAETCHEY T FFF RENERAR Y RAREEANRK
EALA > A BRI AR AT o hosh— R 0 41 RATAT 94T 80 E K
BABMR > BRI AEEZ K LRFILHAESE -

y = 80.951x - 0.006
R*=0.9266 .

16.0%
g\a 12.0% |
N

D

o
T 80%

40% |

0.0% :

0.00% 0.05% 0.10% 0.15% 0.20% 0.25%
SO(%)
)

B+ = Kb KWL E &2 2 H)S #2 SO, 4 2 §

B+ ZFra o KB KL E A4 2 H,S 8t SO, 4% 0 8K
RE A IELA 0 EAMAMAR R TiE 0.9266 0 4854 Ak K
LA B2 H,S #1 SO, A EF A EAB ]

B KRR N RS AR S 2 A LS WRkBEEKR
SO, Rk A ERTGME G AR RZ  5& SO, 8y KR
2 AR HoS 0 RSB 4 F G v o MEORBER » EFAER Y
WAL R B e R ARAD F A KLER P HHIL AR T E
SN ERMAER QAR BELOBALME TN TF RS EFMF
B 2 WAL o Bk 2 RATAEF 40 KL AR ATHY HoS &
SO, 48 (thfs]) B Ti—F B FKMERAERAERAE X LHEE
HA P R ERE -
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B S w BB RER £HFRARERLHBE & KL
RAEEEHE BEMETERRRBRENERIERABKEER - A58
VERIELE  BIABAKZEBAELEE (v Kb i sBEsz
EHRT ) BARBARIEE > REEHETHAPIFBLSERRL Y
WBE A B o

(Z) PBRERAER R ETEELRIE

(1) Ny-He-Ar 4

WA E R IF i R - RARLERSE TR S EREAE K
LR RIS MR TR B & L% B R EIALE X KA E ARAE R
RHE TP A5 2 RUBY 4L ik R 0% A RJE R 46 Rl &858 48 %, -

B TR KA KL A58 508 &AM BRI KL R P iR R 2
IRIRE R B AR R BT AP R A (N2) ~ &K (Ar) -
A8 (He) HAREMIL LN > BRGRBAKRAT » HikE L
AR AR -

HEtTOTUAESH KK LEZ KSR B2 868 i
AZHHBZRAMABLE T 2R G2 R RAERRET AT
A8 e Bl B &AM CAE I B R AR BT R B T ARG SRS SR
B  PFA SR 2 Rk My FEAs BB MR R R % AR
W RAEEAW TR Z oo B R F 5 FRAERDARIFEE
FFERRBRE R TELERANEDEKERE -

(2) AR EiE

BA SRR LM b e R B R B AR R
Aatam Kol fBE Ry o A RS R AL 200 B IR B B R R4y
WEThHwEEER Mg (1) 28 (1Ry) 5 (2) THibFH
(>30R,) 5 (3) L&k (~8R,) ; (4) #3k (0.01~0.1R,) (4»
Blw) o

HAAWEFRHAER €EEARMHERTIMELAHREATHRESR
MR B B B R MBS AR A BIRE RES (o
FHBIR - BREIN) - BHUERFEAINBEAMYEREES (FE R
AR G TP F K REE - BF H A R A
I EH A IRTRE ) FETHAE o
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i
1\\ Air Saturated Water

\/\, -

i

1000He_/ _ S
3\.\4,,.§,,l,\rv"\""'\"”\100Ar

Tt KA K B R AR &b X N2-He-Ar 328

B
T s
T A
ool A8
/N B
@ o7k Bt
' , KO BT
/ j NoA I

I e /
/ / / /
/ 1 i Il 1 é D. ml O| M

CO 1 2 3 4 5 6 7 8

[3He /4He] / Rajr
Bl+Z& AE KL E Ak He-Ne 38 %

K i

[ .\
—
OO MO 40O @

-30-



R AR L K g Ne/He i /58 (B +2) » KMTAE
Bk T MBS A K KL BCR R T Z AR R F AR > 6000 R
MR TR AR R P Kok BT A5 850 ¢

BB ERARERGRAEKLABAR @FTAERIEE L L
@A E T ERRREF (IR D B2 RARMEF AR R
EMWEEREFBEIE) » PFAE E IR KL F R R T A
AL 2 3b 3R S b 3030 MBS AT R/ T o BRR S IR T
% 2 4838 T AL B Hu 4 %, (Chen et al., 1996; Wang ef al., 2000) » #
F B A A T 0 B I RS VR A B D A AR KR PR A A
7.5~6.5R, > & M AT R R RB A B FZ I T PTAR A R
L ATE R KRBT REAS RN TERKLKLFHZIERETY
SAEARIR T 10 % 4 PRI ARA KD AR MR KRS ey Aty
R 7

BEAHERBEHRAN LB ERERLEHGNERE R
o EREGRE RS AR S E AR B 5 AR B 09 A
e ‘He #1848 » % 38 0 *He/'He Vel « pivAAs " 78 T2
By A R S BB AR R R AT TR RT > M b2 B AR R e e e
HBAK o FALHE G HellHe tett s Rz - # T H2, ThE,
g SR~ s SRR IR A T 0 SR R L AR TARK o AT A A
TAF R EESEERIEFRAEKLERYBRET - |

KR IFEE RAEAR T3 [ RS R AE A 4TRy (b
A) L 6.8R,(Kibin) LM BBERLLETHMERGEEE
B A SR QRIS T.5R, > Rl K i "8 R4 b ~90%60 4y
2 (7T5Ry) BT VvEHZME (0.01R,) 4k s MMALHE
R AR E Y 3 EERARBRE TR S WHEMET (37%) -
BB A B RN B B8Ry K B & ik 8596 M AR AR A
AERER o BER L KA LUENTREIZRAEAS LR
(63-90%) » i F LI BAZ PR L T R B LA 8B H AR TE &
% o

(3) A&l
RARBA T A MmEEH ZMRIR (Sano and Marty, 1995) > H4X,
% CO He ABIL AN ~ AR FEL FAHF
M (MORB) : *He/'He~8R,, & C~-6.5%2.5%,
L (marine limestone and slab carbonate) : ‘He/*He~0.01RA, 8§ PC~0£2%5, -
S (organic sediment) : *He/*He~0.01R,, & BC~-30°,,

-3]-



P o Bl B R E k%kmﬁmﬁﬂ%m@ﬂ&?ﬁ(6
BC=-3~-7 o) KRB S 2 — A B AR 46 @m (6°C=-4~-9°) » 4. % 4%
TRAERORE BB IETAEARRL SRR 2 8] T L3 B o b W2 09 8
oo ZRRME R B IRAREE AT 5] 69 R E) LR A 2 e Bl 4 > <]
A ERLELAZHANER T B EBWBERE M2 RAERE
B LR R E AT -

# A ﬁ%#c%ﬁkﬁ””Cﬁi’ﬁﬁﬁu%ﬁkﬁkmﬁﬁ
FRABARSEELZEAR LML SHER XY (B + %)
CO,/’He {4 82 M 3% 70 X+ 44 i > %Tkiﬁkmfﬁmﬁaﬂﬁ‘*ﬂﬂ i*ﬁxil
W 4 8 & ha ﬂ%?ﬂ@%%%méklﬂ%&\%&éﬁ&
X ARAE Sano and Marty (1995)fr32 > #| A fLEE P CO, 48 ~ B4
FHE R F AT E SR AR T RE LR COs Hafp] 2 ) i’& AT
uﬁﬁ-cwa&@miﬂﬁW%wmﬁﬂ%ﬁmﬁ’Amwm*ﬂ%T’
HHERRER

(PC/*Cons= (PCI*ChiorsM +(°C/7Cpinl + (PC/C)geaS
1K”CPH®mB M/("*CrHE)ors + L/ *CLHE)im + S/(2CHE)seq

M+L+S=1
M : MORB L ! marine limestone S ' sediments

EERBAAE Y R ORI H C M=4-21%, L=52~66%,
S=11~30%

RAE D REKLE R PR G 2 A

Location ~ SampleNO. Date Ra/Rc &°C  CO’He M L S
K% BB A
Hiska (LHK)  LHK-2-1  12/04/99  5¢y  -3.15  1.22x10"° 12.31% 57.42% 30.27%

A (SYK)  SYK-1-1 0 12/04/99 4 go <340 1.28x10' 11.69% 58.79% 29.52%
K (DYK)  DYK-1-2 12/04/99 (o9 634  7.01x10° 2138% 61.00% 11.26%
B (MS) MS-2-2 12/04/99 455 -5.56  1.33x10' 11.26% 66.25% 22.49%
Talig (CSL)  CSL-2-2 12029/99 54y  -3.04  1.32x10" 12.10% 57.29% 30.61%
$epks (TYK)  TYK-1-2 12004199 449 =373 3.97x10"° 3.77% 66.19% 30.04%

W (SHP)  SHP-2-2  12/04/99 5.0 =328  7.61x10° 19.69% 5223% 28.08%
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Sediment Limestone

CO,/°*He

MORB

108 ) ' !
-40 -30 -20 -10 0 10

Bl -k Kl B A SR T A e R A B o 5 2 8 Sano and Marty (1995) -

MORB : L # ¥, & (CO,/'He=2x 10°, 6"C=-6.5+ 2.5%,)
Limestone : # # & & £ (CO,/'He=1x 10", §"C=0+ 2°/)
Sediment : A # k4 ¥ (CO,/’He=1x 107, §°C=-30+ 10%,)

ABELXLBEELAEASEAZ M AL HEN
%T/mﬁiﬁ.%%@iii B 3% 7O R AR e

R TEMOT M RIREFEEERIE ﬁ&ﬁakﬁﬁmﬁ
BMARLBBEZN  HAAFMERER P TH ﬁ‘é:_%m?é@ L#S 8
AR E ZARARE I HEBER > B RE R4 T

Sano and Marty (1995)4 L FE P42 2] TR A ML HE R R AM T
MR E8AE M L SAaR | BETRMG BT RER
EARMA L HBRBERERT At Lo REkEeH RAHEY

ARETZmabey S LiEmEAs L S & a4r 25 %R%
—FMERERR > MAMIEEKRE LIBRN M Ry BITRS
RAM RN RBEERA ZEmAR T RANLERT LI 2K 23
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AR FE RN —RRBALRRA NS EEEN 5 A S 2 5%E 0
CEMTEEARM TR » BORIEARIRIE A8 2R 50 « I bt AR
fi 3K L) B8 R RBE AT R R e R RS (~8 Ra) &Y SL 4 %44
TETR B AR iR T ARB E B ik 0 % 8] b B b A MR
‘He ) % & %18 (Staudacher and Allegre, 1988; Hilton et al., 1992;
Hiyagon, 1994) o RiBELA £ & sk & S0 — B4R » B A Fl &1t
188 % A PTG MR He 0054 4 Bl bbb B oAt 5 T 45 & #4
FML R RBEE MM A B — Bt Rk o

FR a8 %5 0 Van Soest (1998) 842k B Mdd b oT4E 2 [ 2 S 41
JERIRZAREL » FlOFH A M AR — A SR B R R 254
GHRFABRAEEMEE (67C ~-30 Vo) B E 5 - R (1)hi
REREMER (diagenesis) R UEMEA_(Catagenesis)id & & 4 4
(T<200C) » 2 MAE BB BRI EE RS (Ohmoto,
1980) » B st e 8% 4 100 2 EIREHEE 2] 600~800 & 4o b 553 64 4k
BT ABERES BIRIFIE AT IR FE 09 R 150 5 5 (D) B
B W BLF B P AR50 RIFHE 8 6C 2K -2~ 10
0/()1?Zﬁ'ﬁ ! 5:3C fﬁ’]‘ﬁ}:\-lon/mé{]é@ ttf?‘”&’]‘ ! ltb@"’_f.t‘/(%‘;éaﬁj,ﬁ‘#%ﬁfﬁ
FEWI G % 8 AR B i IR MR 45 48 Flax B £ 15 ( 6 "C~-30 Vo) >
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Mgk — © BARERES KL E RIS R R A KARZ AT

M4k — © KiBPL s SRR MB ST R RN ERESER

AR M EL CH, N, 0, H,S Ar CoO, SO,

X (DYK)

90506-DYK-1-1 0.13% 25.75% 3.79% 0.08% 0.23% 69.89% 0.13%
90614-DYK-1-1 0.34% 23.41% 3.47% 0.29% 0.20% 72.29% 0.00%
90719-DYK-1-1 0.22% 14.01% 1.41% 0.65% 0.08% 83.56% 0.07%
90818-DYK-1-1 0.27% 11.80% 0.81% 1.72% 0.00% 85.40% 0.00%
90929-DYK-1-1 021% 12.90% 1.05% 2.17% 0.00% 83.67% 0.00%
91025-DYK-1-1 0.20% 12.58% 1.01% 1.16% 0.05% 85.00% 0.00%
91204-DYK-1-2 0.40% 11.67% 1.03% 1.08% 0.06% 85.71% 0.04%
00110-DYK-1-1 0.31% 12.06% 0.88% 0.34% 0.05% 86.36% 0.00%
00504-DYK-1-2 0.20% 25.01% 4.05% 0.37% 0.20% 70. 17% 0.00%
00630-DYK-1-1 0.19% 15.41% 1.88% 0.55% 0.11% 81.81% 0.05%
00630-DYK-1-3 0.38% 14.56% 1.74% 0.68% 0.10% 82.49% 0.05%
00901-DYK-1-1 0.37% 1891% 3.01% 1.17% 0.18% 76.35% 0.01%
00925-DYK-1-1 0.36% 16.19% 2.35% 0.38% 0.14% 80.58% 0.01%

ks (LSK)
90512-LSK-1-2 0.42% 14.94% 1.60% 14.57% 0.11% 67.98% 0.38%
91025-LSK-1-1 0.40% 9.07% 0.36% 17.72% 0.04% 72.22% 0.19%
00110-LSK-1-1 0.57% 11.69% 1.06% _ 16.64% . 0.06% 69.55% 0.43%
700320—LSK—1-2 0.50% 23.67% 3.43% 13.81% 0.22% 58.08% 0.29%
00504-LSK-1-1 0.49% 12.66% 1.21% 18.84% 0.07% 66.55% 0.17%
00601-LSK-1-1 0.53% 17.23% 2.06% 12.93% 0.13% 66.93% 0.19%
00630-LSK-1-1 0.62% 8.26% 0.00% 20.67% 0.05% 70.23% 0.17%
00901-LSK-1-1 0.49% 8.17% 0.00% 20.34% 0.06% 70.90% 0.04%
00925-LSK-1-1 0.54% 12.45% 0.36% 17.75% 0.11% 68.76% 0.04%

s (TYK)
91204-TYK-2-1 0.61% 12.10%  0.79% 9.37% 0.11%  7691%  0.12%
00503-TYK-2-1 0.54% 8.57% 0.82% 5.22% 0.11%  84.59%  0.15%
00630-TYK-2-1 0.61% 9.42% 0.81% 7.35% 0.13%  81.62%  0.06%
00727-TYK-2-1 0.42% 10.00%  0.87% 9.40% 0.08%  79.00%  0.23%
00901-TYK-2-1 0.75% 14.78%  2.05% 6.01% 023%  76.16%  0.02%
00930-TYK-2-1 0.61% 11.04%  0.79%  12.04%  0.12%  75.36%  0.03%
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MHek & = 1 BB AR AR ERE S TER

FARHES CH,4 N, 0O, H,S Ar CO2 SO2

Hiag oo A (LHK-1)
90421-LHK-1-1 0.72% 9.85% 0.31% 9.33% 0.05%  79.44%  031%
90512-LHK-1-1 0.67% 13.87%  0.74% 6.95% 0.09%  77.44%  0.24%
90614-LHK-1-] 0.66% 12.82% 1.25% 8.48% 008%  7635%  0.35%
90929-LHK-1-1 0.75% 9.11% 0.47% 1092%  0.04%  7852%  0.19%
91122-LHK-1-1 0.88% 6.25% 0.00% 12.88%  0.01%  79.80%  0.18%
91204-LHK-1-2 0.72% 12.25% 1.18% 14.14%  0.06%  71.52%  0.13%
91213-LHK-1-2 0.77% 11.62% 1.17% 13.61% . “0.06%  7251%  0.26%
9{229-LHK-1-2 0.77% 9.57% 0.36% 1471% © 10.03%  7439%  0.17%
00202-LHK-1-1 0.82% 11.95% 1.13% 13.71%  +0.06%  72.08%  0.24%
003 15-LHK-1-1 15% 10.24% ~ 0.75% 13.82%  0.06%  74.34%  0.05%
00315-LHK-1-2 0.81% 11.42%  0.99% 1441%  0.06%  71.79%  0.51%
00320-LHK-1-1 0.15% 17.90%  4.28% 4.80% 0.00%  72.80%  0.07%
00327-LHK-1-1 0.17% 10,62% " 3.30% 5.64% 0.00%  80.28%  0.00%
00409-LHK-1-1 0.81% 1179% 1 © 0.98% 13.16%  0.06%  73.07%  0.13%
00417-LHK-1-1 0.82% 6.74% 0.00% 13.90%  0.02%  7832%  0.20%
00426-LHK-1-1 0.85% 9.19% 0.43% 13.66%  0.03%  75.68%  0.16%
00503-LHK-1-1 0.80% 14.70% 1.59% 10.98%  0.09%  71.66%  0.17%
00525-LHK-1-1 0.75% 7.18% 0.25% 1224%  0.02%  79.39%  0.16%
00601-LHK-1-1 0.92% 10.04%  0.51% 7.42% 0.04%  80.89%  0.183%
00606-LHK-1-1 0.82% 9.86% 0.65% 13.15%  0.04%  7526%  0.23%
00614-LHK-1-1 0.66%  23.18%  3.25% 10.89%  0.18%  61.73%  0.11%
00615-LHK-1-1 0.69% 8.77% 0.34% 12.84%  0.06%  77.17%  0.13%
00621-LHK-1-1 0.78% 10.45%  0.54% 13.81%  0.04%  7422%  0.16%
00623-LHK-1-1 0.71% 12.98% 1.54% 14.04%  0.07%  70.55%  0.11%
00629-LHK-1-1 0.73% 14.27% 1.25% 10.96%  0.11%  72.43%  0.24%
00630-LHK-1-1 0.68% 9.44% 0.58% 1498%  0.06%  74.15%  0.10%
00701-LHK-1-1 0.68% 1623% 1.81% 12.03%  0.12%  6891%  0.21%
00706-LHK-1-1 0.78% 8.20% 0.14% 15.15%  0.05%  75.55%  0.13%
00712-LHK-1-! 0.73% 14.62% 1.67% 13.73%  0.09%  69.04%  0.13%
00713-LHK-1-1 0.67% 7.20% 0.04% 13.17%  0.05%  78.74%  0.13%
00714-LHK-1-1 0.69% 16.44%  2.12% 10.79%  0.13%  69.72%  0.12%
00728-LHK-1-1 0.73% 16.86% 1.96% 11.05%  0.11%  69.15%  0.14%
00810-LHK-1-1 0.63%  23.16%  3.61% 11.16%  0.19%  61.18%  0.08%




F’Hﬁi%&—-— )IL %%{ + ﬁkf’ﬂ %7K'f§ \#ﬁ‘ 24’-%

FAk TS CH,4 N, O, - H,S Ar CO2 SO2

Hirg 578 & (LHK-1)
00812-LHK-1-1 0.60%  22.55%  3.34% 1130% 0.19% 61.95%  0.07%
00816-LHK-1-2 0.59% 10.74%  0.67% 13.67%  0.09%  74.19%  0.06%
00817-LHK-1-1 0.53%  13.58%  1.44% 13.35% 0.14%  70.92%  0.03%
00818-LHK-1-1 0.54%  1535%  1.90% 13.00% 0.17%  69.00%  0.04%
00820-LHK-1-1 0.67%  10.46%  0.66%  13.66%  0.08%  74.45%  0.02%
00821-LHK-1-1 061%  9.80%  0.50%  14.00% 0.08%  74.93%  0.08%
00828-LHK-1-1 057%  9.00%  0.11%  15.15%  0.07%  75.06%  0.04%
00831-LHK-1-1 0.73%  1024%  0.57%  1224%  0.07% . 76.11%  0.04%
00901-LHK-1-2 0.67%  6.36%  0.00% 15.16%  0.03%. . 77.73%  0.04%
00907-LHK-1-1 0.59%  11.96%  0.80%  14.07% ~0.09%  72.43%  0.06%
00908-LHK-1-1 1.42%  13.55%  126% . 13.70%° "0.12%  69.93%  0.03%
00914-LHK-1-2 0.66%  12.17%  0.85% .12:93% 0.10% 7326%  0.03%
00918-LHK-1-1 0.72%  725%  0.00% 15.06%  0.04%  76.89%  0.03%
00921-LHK-1-1 0.68%  6.96% " 0.00% 13.80%  0.04%  78.48%  0.05%
00925-LHK-1-1 0.65%  820% +0.08% 1478%  0.05% 7621%  0.04%
00926-LHK-1-1 071% 11.24%  092%  735%  0.09%  79.67%  0.01%
00929-LHK-1-1 0.67% 1278%  120%  1235% 0.11%  72.83%  0.06%
01010-LHK-1-1 0.85% 1587%  1.90%  13.19%  0.10%  68.09%  0.01%
01016-LHK-1-1 0.67%  33.06% 4.16%  853%  024%  53.33%  0.02%
01027-LHK-1-1 0.66%  2649%  3.86%  10.82%  020%  57.97%  0.00%
01106-LHK-1-1 0.65% 35.08% 5.78%  850%  031% 49.67% 0.01%
01127-LHK-1-2 0.75% 23.36% 3.68% 16.64% 022%  5532%  0.02%

-53-




Misk & = @ Bsg o B R AR R F KR o ER
HAR MR CH, N, 0, H,S Ar CO;, SO,
g foa(LHK-2)
90310-LHK-2-1 081%  17.95%  2.62%  3.64%  0.15%  74.76%  0.08%
90719-LHK-2-1 1.25%  11.32%  091%  243%  0.07%  83.95%  0.08%
90818-LHK-2-1 1.18%  16.12%  1.63%  0.40%  0.10%  80.57%  0.00%
91020-LHK-2-1 1.07%  10.93%  0.70%  2.60%  0.06%  84.65%  0.00%
91025-LHK-2-1 083% 11.11%  0.76%  6.08%  0.05%  81.03%  0.12%
91108-LHK-2-2 0.87%  1143%  0.85%  5.18%  0.06% 81.45%  0.16%
91122-LHK-2-1 1.17%  8.90%  0.46%  5.95% 0.03%  8333%  0.16%
91213-LHK-2-1 0.99%  15.46%  1.84%  5.59%  0.09%  75.88%  0.15%
91220-LHK-2-2 1.07%  10.07%  0.71%  548% - 0.04%  82.55%  0.08%
91229-LHK-2-2 1.09%  9.69%  035% 651%  0.03%  8220%  0.13%
00110-LHK-2-1 1.07%  9.87%  0.57%  7.03%  0.04%  8131%  0.12%
00124-LHK-2-1 1.00%  8.94%  043% @ 7.55%  0.02%  81.95%  0.11%
00202-LHK-2-1 0.98%  8.76%' 034%  8.13%  0.02% 81.65%  0.12%
00304-LHK-2-1 021%  1698% . 2.21%  181%  0.00%  78.79%  0.00%
00327-LHK-2-1 020% 1480% 2.38%  231%  0.14%  80.11%  0.06%
00409-LHK-2-1 091% " 9.22%  0.81%  5.68%  0.07%  8322%  0.08%
00417-LHK-2-1 092%  7.67%  035%  5.08%  0.05%  85.82%  0.12%
00417-LHK-2-1 0.92%  7.77%  029%  6.05%  0.04%  84.77%  0.17%
00426-LHK-2-] 1.17%  12.39%  123%  4.80%  0.07%  80.26%  0.07%
00503-LHK-2-] 0.94%  6.57%  0.08%  721%  0.04%  85.09%  0.08%
00517-LHK-2-1 1.12%  13.70%  1.58%  4.00%  0.08%  79.32%  0.19%
00525-LHK-2-1 091%  6.89%  020%  575%  0.04%  86.05%  0.17%
00601-LHK-2-1 1.10%  12.08%  125%  4.58%  0.07%  80.86%  0.07%
00606-LHK-2-1 1.14%  1232%  1.15%  3.78%  0.07% 81.41%  0.13%
00606-LHK-2-3 0.92%  857%  0.53%  5.83%  0.06% 84.01%  0.08%
00606-LHK-2-4 091%  7.79%  035%  639%  0.05%  84.44%  0.08%
00614-LHK-2-1 0.96%  13.12%  1.23%  549%  0.07%  78.95%  0.17%
00615-LHK-2-1 091%  7.66%  038%  6.10%  0.05%  84.81%  0.10%
00621-LHK-2-1 0.94%  10.58%  0.77%  7.10%  0.04%  80.42%  0.15%
00623-LHK-2-1 0.86%  10.58%  0.71%  7.06%  0.05%  80.60%  0.15%
00624-LHK-2-1 1.07%  1041%  0.85%  5.48%  0.05%  82.07%  0.08%
00624-LHK-2-3 0.94%  939%  050%  7.17%  0.03% 81.85%  0.12%
00624-L.HK-2-4 0.92%  8.98%  045%  6.87%  0.03%  82.62%  0.13%
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BWERZ | B0 R R R £ KIS i R

AR 2 CH, N, 0, H,S Ar CO, SO,
Hiag 2 g6 (LHK-2)

00629-LHK -2-1 0.98%  12.14%  1.02%  543%  0.07%  8023%  0.13%
00630-LHK-2-1 ~ 0.86%  8.14%  040%  6.75%  0.05%  83.73%  0.06%
00701-LHK-2-1 0.96%  1139%  0.96%  626%  0.06%  80.20%  0.18%
00706-LHK-2-1 087%  835%  046%  6.83%  0.05%  8338%  0.07%
00712-LHK-2-1 0.94%  1342%  140%  6.38%  0.08%  77.69%  0.10%
00713-LHK-2-1 0.94%  830%  048%  6.48%  0.06%  83.65% - 0.09%
00714-LHK-2-1 1.01%  13.63%  1.52%  5.04% | 0.08% 78.60%  0.13%
00724-LHK-2-1 1.00%  13.53%  1.19%  6.10% " 0.08%  78.05%  0.06%

00726-LHK-2-1 0.94% 13.61% 1.38% 5.81% 0.08%  78.10%  0.09%
00727-LHK-2-1 1.01% 16.15% 1.93% 4.50% 0.11%  76.08%  0.22%
00728-LHK-2-1 0.97% 13.08% 1.27% 537% 0.07%  79.11%  0.12%

00803-LHK-2-1 1.01%  10.61% 0.90% 6.26% 0.05%  81.10%  0.06%
00809-LHK-2-1 0.93% | 10.21% | 0:74% 7.36% 0.04%  80.56%  0.15%
00810-LHK-2-1 1.03%  10.38% * 0.80% 5.40% 0.05%  82.28%  0.06%
00812-LHK-2-1 0.88%  10.24%  0.66% 6.65% 0.04%  81.41%  0.11%
00816-LHK-2-1 077% 9.98% 0.75% 6.44% 0.08%  81.94%  0.03%
00818-LHK-2-1 0.89% = 14.13%  2.16% 4.41% 0.15%  7823%  0.03%
00820-LHK-2-1 0.79% 7.80% 0.38% 6.04% 0.05%  84.92%  0.01%
00821-LHK-2-2 0.68% 11.41% 1.04% 6.95% 0.11%  79.79%  0.02%
00828-LHK-2-1 0.78%  16.41%  2.45% 5.39% 0.18%  7479%  0.01%
00831-LHK-2-1 0.89% 11.68% 1.17% 5.74% 0.10%  80.42%  0.01%
00907-LHK-2-1 0.79% 8.08% 0.24% 7.32% 0.06%  83.49%  0.02%
00914-LHK-2-2 0.78%  15.84% 1.99% 6.15% 0.13%  75.11%  0.00%
00918-LHK-2-1 0.80% 9.58% 0.68% 7.60% 0.07%  81.26%  0.01%
- 00921-LHK-2-1 0.75%  12.80% 1.25% 7.07% 0.11%  78.00%  0.02%
00925-LHK-2-1 0.80% 7.18% 0.04% 8.27% 0.03%  83.66%  0.02%
01002-LHK-2-1 0.61% 3347%  5.04% 1.49% 0.33% - 59.03%  0.03%
01003-LHK-2-1 1.18%  16.55%  1.76% 6.29% 0.11% 74.11%  0.01%
01010-LHK-2-1 1.08%  13.25% 1.31% 7.41% 0.08% 76.87%  0.01%
01023-LHK-2-1 1.36%  11.43%  0.93% 4.82% 0.06%  81.40%  0.00%
01027-LHK-2-1 1.12%  24.13%  3.25% 5.67% 0.15%  65.68%  0.00%

01127-LHK-2-2 091%  23.09% 3.62%  6.10% 0.17%  66.10%  0.00%

-55-



MskEm D PLBBRAB A ERESHER

HAE CH, N, 0, H,S Ar CO, SO,
L (CSL)
90512-CSL-2-1 0.52%  14.58%  0.84%  630%  0.11% 77.48%  0.17%
91020-CSL-2-1 037%  858%  020%  539%  0.03% 8537%  0.06%
00110-CSL-2-1 046%  15.05% 1.76%  1635%  0.10%  65.99%  0.28%
00315-CSL-2-1 0.80% 12.51%  048%  590%  0.10%  80.18%  0.03%
00320-CSL-2-2 046%  2221%  3.48%  1228%  0.19% 61.22%  0.16%
00327-CSL-2-1 0.14%  17.38%  220%  2.79%  0.16%  77.32%  0.00%
00409-CSL-2-1 0.55%  925%  041%  892%  0.07%  80.62%  0.18%
00417-CSL-2-2 0.53%  10.44%  0.65%  829% . 0.10%  79.88%  0.11%
00426-CSL-2-2 0.72%  1432%  0.86%  5.65% 0.10% 7823%  0.11%
00504-CSL-2-1 0.57%  12.79%  0.88%  8935%  0.08%  76.64%  0.09%
00525-CSL-2-1 0.46%  11.84%  1.23%  14.82%  0.08% 7139%  0.19%
00601-CSL-2-1 0.60% 13.86% 096% _.675%  0.09%  77.60%  0.13%
00606-CSL-2-2 0.52%  16.82% 231% 13.42%  0.13%  66.53%  027%
00614-CSL-2-1 0.64%  1044% . 0.52%  4.07%  0.11%  84.15%  0.07%
00623-CSL-2-1 051% 1062% 0.71% 11.65%  0.06%  7635%  0.09%
00623-CSL-2-3 0.52% " 9.41%  0.53%  13.22%  0.04%  76.04%  0.24%
00623-CSL-2-4 046%  8.96%  051%  13.54%  0.04%  7627%  0.23%
00630-CSL-2-1 051% 12.73%  124%  10.58%  0.13%  74.75%  0.06%
00706-CSL-2-1 071%  872%  0.17%  9.09%  0.07%  81.16%  0.08%
00713-CSL-2-1 038%  6.98%  0.00%  18.22%  0.04%  74.28%  0.10%
00727-CSL-2-1 0.46%  1043%  0.78%  12.62%  0.05%  75.46%  021%
00828-CSL-2-1 0.57%  11.03%  0.55%  12.54%  0.10%  75.18%  0.03%
00901-CSL-2-1 0.53%  9.04%  039% 12.75%  0.09%  77.18%  0.02%
00907-CSL-2-1 044%  15.53%  1.78%  11.23%  0.18%  70.82%  0.03%
00918-CSL-2-1 1.01%  13.37% 0.98%  12.99% 0.14%  71.49%  0.03%
00925-CSL-2-2 029%  23.32%  3.66%  10.98%  0.30% 6143%  0.02%
01002-CSL-2-3 047%  9.54%  025%  13.56% 0.06%  76.07%  0.06%
01009-CSL-2-1 0.60% 21.08% 278%  771%  0.16% 67.67%  0.01%
01023-CSL-2-1 0.60% 1931% 2.12%  885%  0.15%  6895%  0.01%
01127-CSL-2-2 035% 16.55%  1.96%  18.02% 0.11%  63.00%  0.01%
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AR CH, N, 0, H,S Ar CO, SO,
Hig (MS)

90512-MS-2-1 3.05% 13.76% 1.36%  037%  0.10% 81.37%  0.00%
90719-MS-2-1 271%  9.67%  0.61%  132%  0.05% 8544%  0.19%
90818-MS-2-2 223%  927%  049%  0.85%  0.00% 87.15%  0.00%
90929-MS-2-1 2.85% 10.69%  0.84%  1.30%  0.06% - 8421%  0.05%
91020-MS-2-1 2.18%  9.97%  0.69%  1.56%  0.04%  85.55%  0.00%
91025-MS-2-1 249% 1061% 0.80%  1.40%  0.06%  84.63%  0.00%
91115-MS-2-1 236%  852%  041%  2.09%  0.00% 86.62%  0.00%
91122-MS-2-1 2.75%  11.13%  0.55%  1.94% | 0.05%  83.59%  0.00%
91204-MS-2-2 215%  930%  0.52%  337% © 006%  84.55%  0.05%
00110-MS-2-1 271%  10.68%  0.95%  2.54% 0.06%  83.00% 0.07%
00124-MS-2-1 2.85% 1026%  0.14% 7 0.50%  0.04%  86.22%  0.00%
00304-MS-2-1 0.65% 14.55%  131%w  1.08%  0.00%  82.41%  0.00%
00315-MS-2-1 2.69%  10.88% - 0.87%  2.51%  0.07%  82.98%  0.00%
00320-MS-2-2 3.10%  10.54% - .0.58%  1.90%  0.05%  83.84%  0.00%
00327MS-2-1 046% 1471% - 1.83%  1.13%  0.00% 81.87%  0.00%
00409-MS-2-2 3.16%  866%  047%  3.92%  0.05%  83.68%  0.06%
00417-MS-2-1 242% © 955%  0.94%  1.57%  0.08% 8537%  0.07%
00426-MS-2-1 3118% 12.96% 1.05%  1.15%  0.07% 81.55%  0.03%
00503-MS-2-1 3.04%  7.58%  042%  1.56%  0.05% 87.31%  0.04%
00517-MS=2-1 3.13%  1584%  1.84%  099%  0.10% 78.01%  0.08%
00525-MS-2-1 3.13%  1028% 071%  136%  0.05% 84.40%  0.07%
00601-MS-2-1 298% 1151% 0.75%  129%  0.05%  83.42%  0.00%
00601MS-2-1(B) 2.58% 1024% 0.76%  2.53%  0.05%  83.79%  0.05%
00606-MS-2-1 279%  15.53%  1.90%  191%  0.10% 77.70%  0.06%
00614-MS-2-1 263%  790%  0.58%  1.64%  0.05% 87.11%  0.08%
00623-MS-2-1 326% 12.11%  120%  1.65%  0.07% 81.58%  0.13%
00623-MS-2-3 298%  10.66% 0.64%  1.50%  0.04%  84.09%  0.09%
00623-MS-2-4 295%  9.85%  051%  139%  0.04% 85.15%  0.11%
00630-MS-2-1 248%  749%  035%  2.11%  0.04% 87.49%  0.03%
00706-MS-2-1 297%  821%  0.72%  190%  0.07% 86.09%  0.04%
00713-MS-2-1 261%  6.78%  034%  233%  0.04% 87.87%  0.03%
00727-MS-2-1 3.65% 1223% 1.15%  0.72%  0.08%  82.11%  0.06%
00803-MS-2-1 323% 11.73%  093%  1.80%  0.06% 8221%  0.03%
00817-MS-2-1 2.42%  9.40%  0.82%  248%  0.08% 84.80% 0.01%
00828-MS-2-1 237%  951%  0.72% 253%  0.07% 84.79% 0.01%
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00901-MS-2-1 2.15%  1225%  1.59%  2.78%  0.12%  81.10%  0.01%
00907-MS-2-1 2.74%  9.40%  092%  1.40%  0.08%  8545%  0.01%
00918-MS-2-1 237%  9.50%  0.86%  2.95%  0.07%  84.24%  0.01%
01002-MS-2-1 2.52%  1123%  1.19%  226%  0.10%  82.69%  0.00%
01009-MS-2-2 337% 13.88%  151%  2.19%  0.11%  78.93%  0.00%
01023-MS-2-1 4.04%  12.40% 0.86%  2.40%  0.06%  80.24%  0.00%
01127-MS-2-1 2.52%  24.71%  3.61%  527%  0.15%  63.73%  0.00%

W (SHP)
90506-SHP-2-1 0.74%  18.79%  226%  4.55%  0.15%  73.41%  0.10%
91020-SHP-2-1 097%  823%  0,13%  664%  003% 8391%  0.10%
91025-SHP-2-1 070%  7.59%  012% _733%  0.00%  84.26%  0.00%
91204-SHP-2-1 135% 11.31% 1.03% 657%  0.07% 79.55%  0.13%
00110-SHP-2-1 134%  9.78% .. 0.61%  7.359%  0.05% 80.51%  0.12%
00320-SHP-2-1 0.18% 1583% 2.73%  2.88%  0.00% 7837%  0.00%
00503-SHP-2-1 170% (+11.53%  098%  3.42%  0.07%  8224%  0.06%
00601-SHP-2-1 1.07% 10.89%  0.88%  5.98%  0.06%  81.02%  0.09%
00630-SHP-2-1 086%  677%  0.05%  9.64%  0.04% 82.57%  0.07%
00727-SHP-2-1 1.06% 12.82% 127%  628%  0.07%  78.40%  0.09%
00901-SHP-2-1 096%  9.41%  0.54%  870%  0.07%  80.30%  0.04%
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B CH, N, 0, H,S Ar CO, S0,
i3, (SYK)
90614-SYK-2-1 277%  10.13%  0.35%  0.53%  0.06%  86.09%  0.06%
91025-SYK-2-2 1.81%  1430% 138%  3.39%  0.06%  79.07%  0.00%
91115-SYK-1-1 242%  9.88%  0.64%  559%  0.04% 81.33%  0.09%
91122-SYK-1-1 291%  926%  0.63%  6.87%  0.04%  80.16%  0.12%
91204-SYK-1 -1 277%  9.03%  0.58%  7.80%  0.05%  79.67%  0.10%
00110-SYK-1-1 2.63%  9.69%  045%  7.64%  0.03%  79.42%  0.15%
00304-SYK-1-1 065% 1455% 131%  1.08%  000% 8241%  0.00%
00315-SYK-1-1 236%  9.84%  0.59%  7.82%  0.05% | 7934%  0.00%
00315-SYK-1-2 2.52% 12.14% 122%  6.84%  0.08% 77.03%  0.18%
00320-SYK-1-1 0.59% 1138% 2.41%  4.73% . 0.00%  80.89%  0.00%
00327-SYK-1-1 047% 21.82% 3.45% - 1.82%  025%  72.19%  0.00%
00504-SYK-1-1 2.50%  9.05%  0.39%  7.88%  0.03%  80.06%  0.10%
00517-SYK-1-1 229% 1935% - 2.80%  3.15%  0.15% 72.10% - 0.16%
00525-SYK-1-1 234%  14.43%.  144%  3.51%  0.09% 78.11%  0.08%
00606-SYK-2-1 | 244% 1555%  193%  483%  009%  75.03%  0.12%
00706-SYK-1-1 237%  12.05% 1.32%  5.13%  0.09%  78.94%  0.09%
00713-SYK-1-1 2.16% . 7.14%  035%  5.77%  0.05%  84.48%  0.06%
00828-SYK-1-1 1.94% 1237% 128%  572%  0.10%  7857%  0.03%
00901-SYK-1=1 2.05%  843%  0.44%  644%  0.05% 82.57%  0.02%
00907-SYK-1-1 202% 11.67% 1.16%  6.17%  009%  78.87%  0.02%
00918-SYK-1-1 199%  12.65% 1.39%  607%  0.10%  77.80%  0.02%
01002-SYK-1-2 295% 17.02% 1.96%  598%  0.13% 71.94%  0.02%
01003-SYK-1-2 327%  15.96%  2.09%  434%  0.11%  7424%  0.00%
01009-SYK-1-1 2.03%  9.67%  0.75%  5.88%  0.06% 81.60% 0.01%
01009-SYK-2-1 0.85%  8.80%  0.56%  5.94%  0.06% 83.77%  0.01%
01127-SYK-1-1 239%  3323% 539%  3.73%  026%  55.00%  0.00%
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Locatiom & Sample dor 20
Sample No. Date spe CHe/'He)roy Rc/Ru = *He/’Ne ['HeJppm
A (DYK)

DYK-1-1 1999/5/6 F 8.786E-06 695  0.17 2.82 .

DYK-1-1 1999/5/6 F 8.613E-06 7.06 0.18 2.14 -

DYK-1-1 1999/6/14 F 8.944E-06 705 0.18 2.95 -

DYK-1-1 1999/7/19 F 8.932E-06 665  0.17 6.76 -

DYK-I-1 1999/7/19 F 8.487E-06 6.26 0.03 8.58 12.56
DYK-1-1 1999/7/19 F 8.701E-06 6.43' 1 10.16 8.29 1221
DYK-1-1 1999/8/18 F 8.643E-06 6.38 0.16 8.39 11.10
DYK-1-1 1999/8/18 F 8.7112E-06 6.34 0.16 14.74 10.65
DYK-I-1 1999/8/18 F 9.254E-06 6.74 0.17 14.84 10.37
DYK-1-1 1999/9/29 F 8.987E-06 660 016 1035 11.36
DYK-1-1 1999/9/29 B 9.366E-06 6.85 0.17 12.32 11.32
DYK-1-1 1999/10/25 F 9.575E-06 708  0.18 8.38 11.62
DYK-1-1 1999/10/25 F 9.466E-06 700 0.0l 8.07 15.24
DYK-1-1 1999/12/4 F 9.167E-06 679  0.17 772 12.88
DYK-1-1 2000/1/10 F 9.241E-06 674 0.7 1342 1421
DYK-1-1 2000/5/4 F 8.646E-06 740 022 1.68 10.30
DYK-1-2 2000/6/2 F 8.212E-06 672 0.03 2.16 10.34
DYK-1-1 2000/6/30 F 8.870E-06 671 026 4.94 11.73
DYK-1-2 2000/9/25 F 8.422E-06 6.50 0.16 3.67 12.54
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Locatiom & Date Sample CHe/He),wy Rc/Ra  * ‘He/’Ne [‘He]ppm
Sample No. type
v9 &7 3F(SHP)
SHP-1-1 1999/5/6 F 7.817E-06 5.92 0.15 473 -
SHP-2-1 1999/5/6 B 7.866E-06 6.32 0.27 2.44 -
SHP-2-1 1999/8/18 B 9.145E-06 6.65 0.17 15.78 8.55
SHP-2-1 1999/10/20 B 8.306E-06 5.98 0.01 37.70 10.99
SHP-2-1 1999/10/20 B 8.831E-06 6.38 0.16 24.76 9.92
SHP-2-1 1999/10/25 B 8.547E-06 6.15 0.15 4379 . 10.60
SHP-2-1 2000/1/10 B 7.703E-06 5.58 0.14 20.07 11.68
SHP-2-1 2000/3/20 B 8.395E-06 6.81 0.17 2.29 11.75
SHP-2-1 2000/5/3 B 8.212E-06 5.95 0.25 19.04 14.74
SHP-2-1 2000/6/1 B 8.422E-06 6.21 0.20 8.73 12.36
SHP-2-1 2000/6/30 B 9.010E-06 6.51 0.57 2431 10.79
SHP-2-1 2000/6/30 B 8.954E-06 6.46 0.18 28.31 14.86
SHP-2-1 2000/7/27 B 8.646E-06 6.39 0.16 8.46 _ 12,13
SHP-2-2 2000/9/25 B 7.127E-06 6.09 0.42 25.23 12.83
%7K, (LSK)
LSK-1-2 1999/5/12 F 7.772E-06 5.56 0.15 2.91 -
LSK-1-1 1999/10/25 F 8.364E-06 5.98 0.15 7.75 6.91
LSK-1-1 2000/1/10 F 7.550E-06 540 0.14 - 5.58 828
LSK-1-2 2000/3/20 F 7.127E-06 5.09 0.15 1.56 4.42
LSK-1-1 | 2000/5/4 F 7.750E-06 5.54 0.24 6.41 7.80
LSK-1-1 2000/6/1 F 7.527E-06 5.38 0.27 3.28 7.15
LSK-1-1 2000/6/30 F 8.240E-06 5.89 0.53 9.11 7.34
LSK-1-1 2000/9/25 F 7.044E-06 5.28 0.13 5.62 7.52
B RS (TYK)
TYK-2-1 . 1999/5/6 B 5.930E-06 5.10 0.13 1.52 -
TYK-2-1 1999/12/4 B 5.625E-06 4.49 0.11 2.39 2.85
TYK-2-1 2000/5/3 B 5.428E-06 4.52 0.21 1.76 1.90
TYK-2-1 2000/6/30 B 5.610E-06 4.76 0.12 1.61 1.89
T TYK-2-1 2000/7/27 B 3.791E-06 3.50 0.1 1.01 1.81
TYK-2-1 2000/9/1 B 3.959E-06 3.10 0.08 2.49 5.06
TYK-2-1 2000/9/30 B 5.987E-06 4.69 0.22 2.88 2.12
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i{ol:zz’;j Date S[Z;Z[e CHe/'He);qy Rc/Ra  +  “*He/’Ne [ Helppm
F LAE(CSL)

CSL-2-2 1999/5/12 B 8.414E-06 6.14 0.15 12.57 -

CSL-2-2 1999/10/20 B 9.060E-06 6.54 0.16 27.01 11.43
CSL-2-2 1999/10/20 B 8.609E-06 6.22 0.16 26.50 12.02
CSL-2-1 1999/12/29 B 8.033E-06 5.92 0.22 8.82 8.20
CSL-2-1 2000/1/10 B 7.945E-06 6.10 0.02 3.87 7.58
CSL-2-1 2000/3/15 B 8.370E-06 6.08 0.12 16.98 9.70
CSL-2-1 2000/3720 B 7.334E-06 5.98 0.15 2.17 7.69
CSL-2-1 2000/3/27 B 8.731E-06 6.34 0.16 16.52 18.02
CSL-2-1 2000/4/9 B 8.392E-06 6.17 0.17 9.82 10.81
CSL-2-1 2000/4/17 B 8.212E-06 6.05 031 8.89 13.19
CSL-2-1 200074726 B 8.394E-06 6.13 0.25 11.89 1523
CSL-2-1 2000/5/4 B 8.534E-06 6.22 0.26 14.02 12.38
CSL-2-1 2000/5/17 B 9.010E-06 6.65 0.62 8.57 11.30
CSL-2-1 2000/5/25 B 8.520E-06 6.27 0.21 9.70 9.56
CSL-2-1 2000/6/1 B 8.688E-06 6.37 0.22 10.73 12.53
CSL-2-1 2000/6/6 B 7.625E-06 5.76 0.22 4.85 9.62
CSL-2-1 2000/6/14 B 8.758E-06 6.38 0.43 13.59 16.04
CSL-2-1 2000/6/23 B 8.366E-06 6.09 0.15 14.98 11.88
CSL-2-1 2000/6/30 B 8.366E-06 6.28 0.18 5.59 11.51
CSL-2-1 2000/7/6 B 8.828E-06 6.42 0.56 16.06 9.78
CSL-2-1 2000/7/6 B 8.926E-06 6.45 0.16 26.25 11.41
CSL-2-1 2000/7/13 B 8.380E-06 6.11 0.40 13.61 8.56
CSL-2-1 2000/7/20 B 7.457E-06 5.49 0.19 8.81 10.40
CSL-2-1 2000/7/27 B 6.309E-06 5.20 0.13 1.94 10.06
CSL-2-1 2000/8/3 B 8.058E-06 5.89 0.19 11.95 7.07
CSL-2-1 2000/8/10 B 8.254E-06 6.01 0.32 13.83 8.26
CSL-2-1 2000/8/17 B 7.611E-06 5.64 0.19 7.23 9.45
CSL-2-1 2000/9/1 B 7.611E-06 5.61 0.14 8.76 11.72
CSL-2-3 2000/10/2 B 8.495E-06 6.21 0.22 11.84 9.41
CSL-2-1 2000/10/9 B 7.988E-06 5.95 0.15 6.61 14.13
CSL-2-1 2000/10/23 B 8.399E-06 6.19 0.15 8.82 12.04
CSL-2-2 2000/11/27 B 7.682E-06 5.94 0.15 3.50 7.81

_62-



Mk BB R ABZ RRME A R

Locatiom & Sample

Sample No. Date wpe CHe/He),ny Rc/Ra  + *He/’Ne [‘Helppm
i a5 ><(LHK-2)

LHK-2-1 1999/3/10 B 8.689E-06 632  0.16 15.50 -

LHK-2-1 1999/3/10 B 8.635E-06 628  0.16 15.42 -

LHK-2-2 1999/3/10 B 7.807E-06 6.06  0.15 339 . -

LHK-2-1 1999/5/12 B 8.079E-06 591 015 - 11.81 -

LHK-2-2 1999/7/19 B 8.190E-06 6.00  0.15 10.99 -

LHK-2-1 1999/8/18 B 7.947E-06 597  0.15 5.54 16.84
LHK-2-1 1999/10/20 B 8.397E-06 6.11 ., 015 15.53 11.25
LHK-2-1 1999/10/20 B 8.770E-06 639~ 10.16 14.65 11.07
LHK-2-1 1999/10/25 B 8.340E-06 618  0.15 7.40 8.39
LHK-2-2 1999/11/8 B 8.117E-06 592 015 13.81 752
LHK-2-1 1999/11/22 B 7.434E-06 537 0.13 26.31 9.06
LHK-2-1 1999/12/4 B 7.728E-06 562 014 1569 8.20
LHK-2-1 1999/12/13 B 7.578E-06 583  0.15 3.73 7.86
- LHK-2-2 1999/12/29 B 7.827E-06 571 022 1331 . 835
LHK-2-1 2000/1/10 B 8.221E-06 598  0.02 1573 . 187
LHK-2-1 2000/1/24 B 8.432E-06 6.11  0.02 19.53 7.58
LHK-2-1 2000/2/2 B 8.313E-06 6.01  0.15 23.08 7.39
LHK-2-1 2000/3/4 B 8.473E-06 622  0.16 9.94 9.24
LHK-2-2 2000/3/15 B 8.146E-06 599  0.15 9.67 7.98
LHK-2-1 2000/3/20 B 8.084E-06 593 0.15 10.31 11.73
LHK-2-1 2000/3/27 B 7.972E-06 589  0.16 7.97 7.17
LHK-2-1 2000/3/27 B 8.320E-06 6.10  0.15 10.92 8.49
LHK-2-1 2000/4/9 B 7951E-06 586  0.28 8.69 9.58
LHK-2-1 2000/4/17 B 8.256E-06 6.03 034 12.84 9.32
LHK-2-4 2000/4/17 B 8.422E-06 6.15  0.15 13.08 9.51
LHK-2-1 2000/4/26 B 8.408E-06 6.17 036 1044 9.85
LHK-2-1 2000/5/3 B 8.772E-06 636 029 19.48 9.35
LHK-2-1 2000/5/17 B 7.792E-06 570 021 11.53 10.65
LHK-2-1 2000/5/25 B 8.170E-06 592 033 18.69 8.82
LHK-2-1 2000/6/6 B 6.953E-06 510 0.19 9.84 10.60
LHK-2-1 2000/6/15 B 8.016E-06 586 029 12.15 9.01
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Locatiom & Sample drr 20
Date (CHe/'He),yy Rc/Ra  + He/’Ne ['Helppm
Sample No. type
i Ex 2 (LHK-2)

LHK-2-1 2000/6/24 B 8.366E-06 6.09 0.22 13.27 10.02
LHK-2-1 2000/6/30 B 8.394E-06 6.25 0.17 6.63 8.51
LHK-2-1 2000/7/6 B 8.702E-06 6.34 0.16 14.83 8.69
LHK-2-1 2000/7/13 B 8.030E-06 5.88 0.26 11.68 9.16
LHK-2-1 2000/7/20 B 7.848E-06 5.76 0.19 10.15 9.47
LHK-2-1 2000/7/27 B 8.114E-06 6.14 0.24 4.84 9.18
LHK-2-1 2000/873 B 7.834E-06 5.76 0.20 9.33 9.20
LHK-2-1 2000/8/10 B 6.841E-06 5.00 0.13 11.25 10.44
LHK-2-1 2000/9/25 B 8.162E-06 5.92 0.23 19.29 9.11
LHK-2-1 2000/10/2 B 6.481E-06 5.71 0.20 1.40 8.13
LHK-2-1 2000/10/3 B 8.778E-06 6.47 0.16 9.03 9.20
LHK-2-1 2000/10/10 B 7.844E-06 5.88 0.18 5.67 8.89
LHK-2-1 2000/10/23 B 7.666E-06 5.56 0.14 17.24 8.78
LHK-2-2 2000711727 B 7.600E-06 5.83 0.15 3.87 8.32
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Locatiom & Sample doe 20
Sample No. Date ape CHe/'He),, Rc/Ra  + ‘He/’Ne [‘He]ppm
#isg 2~(LHK-1)

LHK-1-1 ' 1999/3/10 F 8.540E-06 6.12 0.15 28.75 -

LHK-I-1 1999/3/10 F 8.870E-06 6.37 0.16 24.94 -

LHK-1-1 1999/3/10 F 8.803E-06 6.31 0.16 27.04 -

LHK-1-1 1999/4/21 F 8.002E-06 631  0.16 2.70 -

LHK-1-2 1999/4/21 F 7.857E-06 6.17 0.15 2.82 -

LHK-1-2 1999/5/12 F 7.956E-06 5.99 0.15 4.70 -

LHK-1-1 1999/6/14 F 7.856E-06 6.23 0.16 2.56 -

LHK-1-2 1999/8/18 F 8.682E-06 6.39 016 7.61 5.39
LHK-1-1 1999/9/29 F 7.986E-06 5.87 0.15 7.96 6.67
LHK-1-1 1999/11/22 F 7.383E-06 5.2;7 0.13 51.88 7.33
LHK-1-1 1999/12/4 . F 7.903E-06 5.87 0.15 6.05 1 6.96
LHK-1-2 1999/12/13 F 7.788E-06 5.89 0.15 4.40 6.48
LHK-1-2 1999/12/29 F 7.709E-06 5.71 0.22 6.45 6.81
LHK-1-1 2000/2/2 F 8.140E-06 5.95 0.15 9.14 6.79
LHK-1-1 2000/3/4 F 7.823E-06 6.11 0.15 2.96 6.18
LHK-1-2 2000/3/15 F 8.152E-06 6.00 0.15 7.49 6.48
LHK-1-2 2000/3/20 F 7.524E-06 5.87 0.15 2.96 6.40
LHK-1-1 2000/3/27 F 8.465E-06 6.04 0.15 59.52 6.70
LHK-1-1 2000/4/9 F 7.805E-06 5.68 0.27 10.93 6.48
LHK-1-1 2000/4/17 F 8.005E-06 5.74 0.32 29.41 7.16
LHK-1-1 2000/4/26 F 8.322E-06 6.00 0.35 18.12 7.07
LHK-1-1 2000/5/25 F 8.139E-06 5.85 0.32 23.85 6.94
LHK-1-1 2000/6/1 F 7.956E-06 5.84 0.27 8.08 10.31
LHK-1-1 2000/6/15 F 8.491E-06 6.31 0.43 6.03 6.84
LHK-1-1 2000/6/24 F 8.955E-06 6.39 0.24 60.32 7.08
LHK-1-1 2000/6/30 F 8.139E-06 6.08 0.23 5.26 6.10
LHK-1-1 2000/7/6 F 7.998E-06 5.84 0.15 9.75 7.40
LHK-1-1 2000/7/13 F 8.040E-06 5.89 0.27 8.31 6.89
LHK-1-1 2000/7/24 F 7.505E-06 5.95 0.19 2.56 5.45
LHK-1-1 2000/8/3 F 6.139E-06 6.01 0.21 0.97 5.97
LHK-1-1 2000/8/9 F 5.815E-06 4.84 0.26 1.72 5.55
LHK-1-2 2000/8/10 F 6.688E-06 5.23 0.13 2.80 6.80
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Locatiom & Sample dor 20
Sample No. Date bpe (}ﬂ#ﬁﬂymw Re/Ra * He/"Ne f?ﬂdppnz
g o-(LHK-1)

LHK-1-1 2000/8/17 F 7.505E-06 5.95 0.25 2.55 7.12
LHK-1-1 2000/8/28 F 6.041E-06 4.66 0.17 3.23 7.00
LHK-1-2 2000/9/1 F 7.984E-06 5.78 0.12 13.56 7.37
LHK-1-1 2000/9/18 F 7.604E-06 5.62 0.20 8.10 6.12
LHK-1-1 2000/9/25 F 8.046E-06 5:94 0.23 8.37 6.64
LHK-1-1 2000/10/10 F 7.055E-06 5.33 0.25 4.84 7.36
LHK-1-1 2000/10/16 F 6.175E-06 6.07 0.29 0.98 6.32
LHK-1-2 2000/11/27 [ 6.91E-06 5.51 0.16 2.50 8.48
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Locatiom & Sample dor 20
Salhple No. Date tpe CHe/'He),uy Rc/Ra * ‘He/’Ne ['HeJppm
Nl (SYK)

SYK-1-3 1999/3/10 F 7.693E-06 5.63 0.14 11.18 -

SYK-1-3 . 1999/3/10 F 7.520E-06 5.53 0.14 9.38 -

SYK-I-1 1999/4/21 F 7.313E-06 5.40 0.13 8.20 -
SYK-1-1 1999/4/21 F 7.425E-06 5.51 0.14 7.05 - V
SYK-2-1 1999/4/21 B 7.228E-06 5.32 0.13 8.94 -

SYK-2-1 1999/4/21 B 7.353E-06 5.44 0.14 7.75 I
SYK-2-1 1999/5/12 B 7.192E-06 529 0.13 9.34 -

SYK-2-1 1999/6/14 B 7.440E-06 5.43 0.14 7 12.96 . -

SYK-2-2 1999/10/25 B 7.199E-06 546  0.14 4.49 8.01
SYK-1-1 1999/11/15 F 7.140E-06 5.18 0.13 16.89 8.03
SYK-1-1 1999/11/22 F 6.451E-06 4.66 0.12 23.31 8.90
SYK-1-1 1999/12/4 F 6.719E-06 488  0.12 16.88 8.91
SYK-1-1 2000/1/10 F 7.054E-06 5.08 0.13 31.25 8.19
SYK-1-1 2000/3/15 F 7.617E-06 5.58 0.21 16.91 ~ 832
SYK-1-1 2000/3/15 F 7.008E-06 5.25 0.13 5.63 7.23
SYK-1-1 2000/3/20 F 7.218E-06 5.21 0.13 29.16 7.32
SYK-1-1 2000/3/27 F 6.858E-06 5.41 0.14 2.79 7.59
SYK-1-1 | 2000/5/4 F 6.813E-06 4.93 0.18 20.51 8.09
SYK-1-1 2000/5/17 F 6.897E-06 527 0.23 4.07 9.06
SYK-1-1 2000/5/25 F 6.911E-06 5.27 0.18 4.13 8.61
SYK-1-2 2000/6/6 B 6.547E-06 4.96 0.31 4.62 7.74
SYK-1-2 2000/6/14 F 7.708E-06 5.65 0.21 10.06 7.78
SYK-1-1 2000/6/23 F 6.715E-06 4.98 0.12 7.42 8.00
SYK-1-1 2000/6/30 F 7.373E-06 5.61 0.49 4.42 8.14
SYK-1-1 2000/7/13 F 6.981E-06 5.14 0.34 8.69 8.66
SYK-1-1 2000/7/20 F 6.407E-06 4.76 0.17 6.76 8.88
SYK-1-1 2000/7/27 F 6.240E-06 5.43 0.22 1.45 7.22
SYK-1-1 2000/8/3 F 7.079E-06 5.18 0.18 11.08 8.14
SYK-1-1 2000/8/17 F 5.652E-06 4.96 0.20 1.37 8.55
SYK-1-1 2000/9/7 F 6.786E-06 5.06 0.14 6.20 8.11
SYK-1-1 2000/9/15 F 6.400E-06 4.88 0.18 4.07 6.78
SYK-1-1 2000/9/18 F 6.411E-06 4.94 0.13 3.47 747
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f;Z:::;Z?:;f Date .Szzzzle CHe/'He) q, Re/Ra * ‘He/’Ne [HeJppm
Nl B (SYK)

SYK-1-1 2000/9/25 F 7.092E-06 5.25 0.14 7.69 7.29
SYK-1-2 2000/10/3 F 6.443E-06 5.06 0.13 2.86 8.73
SYK-1-2 2000/10/9 F 7.095E-06 5.31 0.19 5.80 11.37
SYK-1-1 2000/10/9 F 8.202E-06 5.93 0.22 2241 6.42
SYK-1-1 2000/10/9 F 7.364E-06 5.34 0.13 18.70 7.84
SYK-1-2 2000/10/23 F 7.109E-06 542 0.14 4.19 8.73
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Locatiom & Sample Y p 0
Sample No. Date tope CHe/He)uw popg +  ‘He/’Ne ['Helppm
B (MS)

MS-2-1 1999/3/10 B 6.652E-06 5.15 0.13 3.32 -

MS-2-1 1999/3/10 B 6.609E-06 5.15 0.13 3.11 -

MS-2-2 1999/3/10 B 6.713E-06 5.30 0.13 2.75 -

MS-2-2 1999/4/21 B 6.650E-06 4.84 0.12 13.58 .

MS-2-2 1999/4/21 B 6.914E-06 5.03 0.13 14.49 -

MS-2-1 1999/5/12 B 6.519E-06 4.80 0.12 8.64 -

MS-2-1 1999/6/14 B 6.625E-06 4.84 7 0.12 12.04 -

MS-2-1 1999/7/19 B 6.525E-06 4,95 0.12 14.24 -

MS-2-2 1999/8/18 B 6.403E-06 4.63 0.01 21.61 12.88
MS-2-1 1999/9/29 B 6.594E-06 4.77 0.12 19.58 12.44
MS-2-1 1999/10/20 B 7.390E-06 5.39 0.13 13.58 11.24
MS-2-1 1999/10/20 B 7.373E-06 5.31 0.13 38.66 9.68
MS-2-1 1999/10/25 B 6.643E-06 4.83 0.12 15.27 12.99
MS-2-1 1999/11/15 B 6.480E-06 4.69 0.12 21.59 10.77
MS-2-1 1999/11/22 B 6.630E-06 4.80 0.12 21.65 10.01
MS-2-1 1999/12/4 B 6.188E-06 455 - 0.11 8.83 9.93
MS-2-1 2000/1/10 B 6.595E-06 4.80 0.02 14.09 11.58
MS-2-1 2000/1/24 B 6.639E-06 4.81 0.12 18.50 11.14
MS-2-2 2000/3/4 B 6.930E-06 5.02 0.02 19.21 12.14
MS-2-1 2000/3/15 B 6.081E-06 448 0.22 8.40 6.06
MS-2-2 2000/3/20 B 6.687E-06 4.84 0.12 21.25 12.86
MS-2-1 2000/3/27 B 6.811E-06 5.00 0.13 9.53 10.74
MS-2-2 2000/4/9 B 6.652E-06 4.83 0.13 15.45 12.49
MS-2-1 2000/4/17 B 6.687E-06 4.92 0.25 9.23 12.39
MS-2-1 2000/4/26 B 6.869E-06 - 5.02 0.29 11.34 13.24
MS-2-1 2000/5/3 B 7.121E-06 5.15 0.24 21.49 13.85
MS-2-1 2000/5/17 B 7.079E-06 5.25 0.49 7.10 13.17
MS-2-1 2000/5/25 B 6.617E-06 4.82 0.27 13.43 13.50
MS-2-1 2000/6/1 B 6.785E-06 4.92 0.17 17.21 10.72
MS-2-1 2000/6/6 B 6.268E-06 4.62 0.29 8.23 1143
MS-2-1 2000/6/14 B 6.967E-06 5.05 0.14 19.92 12.57
MS-2-1 2000/6/23 B 6.491E-06 474 0.12 12.09 14.24
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Locatiom & Sample for 20
Sample No. Date fope CHe/ He)rwy pe/pg  * He/’Ne [*Hejppm|
Hig (MS)

MS-2-1 2000/6/30 B 6.869E-06 4.99 0.14 17.03 11.62
MS-2-1 2000/7/6 B 6.715E-06 4.87 0.12 17.59 15.60
MS-2-1 2000/7/13 B 6.589E-06 5.36 0.24 2.15 10.30
MS-2-1 2000/7/27 B 6.757E-06 4.92 0.19 14.71 12.84
MS-2-1 2000/8/3 B 8.016E-06 5.74 0.20 101.28 13.85
MS-2-1 2000/8/10 B 6.603E-06 479 0.25 17.53 14.64
MS-2-1 . 2000/8/17 B 6.407E-06 4.66 0.10 14.15 11.55
MS-2-1 2000/8/28 B 6.393E-06 4.68 0.20 11.02 13.15
MS-2-1 2000/9/1 B 6.016E-06 4.47 0.11 6.85 13.52
MS-2-1 2000/9/7 B 6.391E-06 4.65 0.15 13.97 15.20
MS-2-2 2000/9/18 B 6.579E-06 4.82 0.16 10.31 12.81
MS-2-1 2000/9/25 B 4.550E-06 3.30 0.13 16.52 16.03
MS-2-1 2000/10/2 B 6.772E-06 4.94 0.12 12.80 14.49
MS-2-1 2000/10/23 B 6.828E-06 4.99 0.12 11.22 12.33
MS-2-1 2000/11/27 B 6.165E-06 4.73 0.12 3.72 29.87
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