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Abstract

To get the three-dimensional distribution data of helium and the production mechanism
of helium in the Joban coal field, a hole 745 m deep was drilled at Takado, Takahagi City,
Ibaragi Prefecture, in 1965 (Fig. 1).

This well was named GSH No. 1, and at the well, the geochemical studies on ground-
waters, natural gases and drill cores had been made.

The stratigraphy of the drill site is listed below.

Taga Formation (Sandy shale)

Shirasaka Formation (Shale)

Tertiary
Asagai Formation (Shale <€ Sandstone)
Iwaki Formation* (Shale € Sandstone)
Pre-Cretaceous i Basement Rocks (Schist)

*Coal bearing formation
By the production test for gas and associated groundwater at the well, the following
results were obtained (Fig. 2, Fig. 3).

Temperature of groundwater at casing head 19.8°C
Depth of production parts 650.2-745.2 m
Geologic horizons of production parts

lower part of Iwaki Formation

basement rocks (green schist)

Gas production by mechanical lifting 9.16 m?/d
Water production by mechanical lifting 23.8 ki/d
Gas-water ratio 1: 2.5
Productivity index 5.3 ki{d/kg/cm?
Composition of natural gas (free gas)

He = 0.2249%, H, = 0.0009%,

O, = 0.44 N, = 27.10

CH, = 72.19 GO, = 0.05

Ny/He = 121

The value of observed gas-water ratio is 1:2.5, and this is about 1/4 compared with that
of theoretical dissolution of gases in the corresponding groundwater.
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The contents of uranium and thorium in' the rocks from Iwaki Formation are only 1.5
ppm and 7 ppm respectively.

The relation between Ny% and N,/He ratio in the free natural gases obtained from the
wells in the Joban coal field is shown in Figure 8. The lower two points are important to discuss
the production mechanism of helium in the region, and express the chemical compositions of the
GSH-1 well and Koyo No. 128 well. The straight line connecting these two points crosses three
curved lines on the left side of the figure, and at the area of 5%, Nj, the value of Ny/He ratio
is about 150; on the right side, at the point of 1009, N,, the value of N,/He ratio is about 40.

Judging from these data, it is concluded that almost amounts of helium of the free gases
in the Tertiary formations are derived from the underlying basement rocks of the Joban coal
field, and the calculated chemical composition of the original natural gas in the basement rocks
is 2.5% helium and 97.5% nitrogen. The basement rocks are granite and schist, and helium was

produced by the radioactive disintegration of uranium and thorium in the rocks.

The original natural gas containing 2.5%, of helium was mixed with coal seam gases

which had been produced by the coalification of coals in Iwaki Formation.

In the whole region of Joban coal field, according to the previous geochemical studies, it

may be assumed that the rate of migration of gases from basement rocks and the composition of

the gases are almost constant. Thus, in general, as for the relation between the helium content in

natural gases and the reserves of natural gases, there exists negative correlation.

The authors conclude that the reserves of gases with a high content of helium, for in-

stance over 0.1%, of helium, are not enough to make the economic gas deposits in the Joban

coal field.
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LB T & ARSI+ 0B Tk, JEEI
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EFREABMT DA TVS. LhL, FhbDy 7w

AN NN

<
X AT

i FLBE 650~692m
3 3
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Casing program

T8I B BREMBPADFRI~Y 7 P LT SHE (B
E650~602m) 1z, HLBHFE Y b LTz,

HREREO KR L E 2R T, ZoWERREAR
5L, &ffe LTEREEEORERE(ITIRD bhis
2, BRI L T OMBIR Y, £ EENTIEA
o FhE . BB LOEEDER, & btk Bt

2, FOESHEOMBERS > T 2HTREREIAE
FTENE HNREOCTIE, WL HDORRIITRS.
EIFRIZ, OISR TROSIEEZRT.
F0RhO, BhREEIZ OV TLUTIRHHET 3.

pH &, 7.4~8.3THT VI VETHS.

Cl™ ¥, BEE L5540 mg/l Th-&b5%<, A

HERBENECIEEEM LT AERAL S, B0 RE LT 790 mgll LHEBESTENR, hEILT
A B oA o T &k &4 W X
Chemical composition of the ground water
- o MTAHBPT VL + + 2 2
i i A oH Cl SO?2 %]%O ’ U(J%Foz_ NH,*| K Nat | Ca?* | Mg+
m mgfl | mg/ ( mgﬁ) mg?l mg/l | mg/l | mg/l | mg/l | mg/l
% B B T # | 140.3~146.1) 8.0, 418 22.7 642 0.0 5.0/ 16.0; 480 12.4 6.6
® H B L B 402~426.7| 8.3 5, 540 7.1 90. 2 17.5 16.7| 36.1| 3,280 214 47.0
" ® B kB 525~530.5 7.5 790 1,174 234 0.0] 6.7 7.3 1,080 36.9 9.0
F OB Jﬁ% B 637 7.4{ 3,100 21.2] 224 0.0 7.5 12.9 1,980 46.3 27.2
FRRIWECLE | s0~745.9 8.0 2,200 47 3% 0.0, 5.3 8.0 1,440 47.0| 21.2
* o o L ¥ 700% 7.6 2,380 10.6] 315 0.0f 6.5 7.6/ 1,550, 48.9 22.9

* 700mAHEDHTAE A= 7 —CHEBM LIS 0.

5—(853)




whEHRHREA R

PETi 2,200 ~ 3,100 mg/l TH kG <,
EBOHEERLTVS,

SO, FWUE B L174 mgll 23% {ig L T
BENEM, 2OMTIE 42 ~22.7 mg/l LA\,

HCOy™ M 74k DV BE) 1%, EEBLEER 90.2 mg/l
TR, FOMIE 224 ~ 642 mg/l THBRLY.

NH* 13, BEBE LR 16.7 mgll TR, 20
23 5.0 ~ 7.5 mg/l CiZIEF—E LIZETH 5.

Ca? 13, R E¥: 214 mg/l THBMISZ VR, %
O3 12,4 ~ 48,9 mg/l T\,

Ca*|Mg* i, (BE) 1%, EBRBLEEE AR LIRS
FREN4A.5L4. 1TORKREVD, £OMHBL.7~2.2T
H5.

42 RHK AR

SEBEEROBEA D AR EBIC, S R0E
EEBED bhinh-Tk.

EHB ERoMTKicE, WKRTAONS 2bb
BRLNZZN, ZOFRAZENEDLD O o7z ®
T, WHFT AL LTOF U AY TN TERP oz, &
DT, WHEFTRChb T, 2 OHTFKICEEN
BEIEH AT OVCTHI LIRERDS, H2RITRENT
W5, ZOH A, CH B¢, He & 0.02vol. % &%
L, NyfHe H23500 &L 00@\ = & ¥ Bidid, B8R
P H—MRIZEHRT B REN A DMBRICEELTv 3.

PlEIE—

(5 23% % 6 %)

BB LETY, FU S HTKISERELT 2238 b
B ofn. R OBAICIEHTTRDEE T A DR
Ny #THBRNBEOFL Riz->T0B. FE O
WETAOHEREERBELESOZh Lt 5 L, ME
@ He 13 0.206 % THED0.02% DR L Z10BHHZ &
PEEEN B, NofHe b TIIZEH F1453 £590Th§
MOENRBBICTER .

FIRE TER e UEESE B0 BERER L 72 FkKiz &
e —HCEHRT ARSORICER L. ZOFTRE,
FIBEREE 128 B3 D AIRE I R LEE ih b
H U 7ol ' 2 DR %, 5 8 RiwRT. GSH No.
1 osE s 21%, CH-N, B¢, He 0.224 vol. % %%
AL, NofHe }3121CTH5. ZOHF R, [AFE 128 %
HOWEEST 2 XV b, He 234072 <, No/He 23KEL,
CH, <, N, 2V,

4.3 37 RERBK

ZORSEIA -V aT Y T RbNZ. 2T
B EMTT B 7o d OREIOREHRL, EEREL L
T, EEHT50m, HPEET40m, FEETmMTHS.

27 BRI O AT IR KR X » TIT e, 4
Frije Clm& NH® (ZEE TR EICHREERL T
HH Lz, 2hooniffEidE 4 RiTrshs.

a7k Cl-& NH* ORERNEENFIZ, $5
HoXr>Ths.

FE2R w # b 2
Gas composition of dissolved gases in the ground water
OB | WEEEm | M ff He Ar 0, N, CH, N,/Ar | Ny/He
mi/l 0.0052  0.1135 0. 20, 3.069  22.607
“HERBEE 402~426.7 27 590
K vol. % 0.02 0.44 0.77 11.81 86.96
mlfl 0.035 0. 364 0.48 15. 865 0. 286
E 525~530.5 43.6 453
L vol. % 0.206 2.14 2.82)  93.15 1.68
. HWTARD pH, TA% VERLELT, B COs i34 v.
%3 & it Wt Vol b3
Gas composition of free gases from GSH No. 1 well and Koyo No. 128 well
BEBHL & RE He H, 0, N, CH, Co,
H = N,/He
m vol. % vol. % vol. % vol. % vol. % vol. %
FWRE T2 GSH 1% '
U g 650~"745. 9 0.224] 0.00 0. 44 27.10] 72.19 0. 05 121
FEE 1288* 0.59 0.00 2.43 56.46 40.51 0.01 96
[ E 609~742
Ak (ERWEE) ! 0.66 0.00 0.00; 53.33 46.00 0.01 80

* AR BEEES
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KRBT GSH- 1 BR#c X 5~V v ARWHAEF R (KE— - 16 4)

waR 27 B XTOHMT kKo &EKER
Vertical geochemical data at GSH No. 1 well

®OE | EkE Tk
WE | FW=e | Cl- mgll | NH* mg/l
m wt. % % E m Cl- mg/{
g BEES 50 35.75 3.70 363 64.0
B ” 100 43.95 2.79 1,550 12.1
L | R 150 30.18 4.46 2,580 98.5 | 140~146 418
" 200 9.29 10.75 3,900 45.5
% " 950 18.76 5.54 11,900 3.3
" 300 18.62 5.37 9,850 37.6
=] !
” 350 15.46 | 6.47 7,990 96.7
. LD 2 387 12.87 8. 04 8,430 17.7
. ” 400 16.67 5.98 6,990 17.2 409—
R " 5,540
o BEEE 420 16.53 6.05 3,210 95.7 496, 7—
" 460 15.21 6.56 2,570 14.8
- 529
R 32 500 12.62 7,93 778 19.8 22
“—— 790
SRR 540 14.85 6.73 1,720 7.5 930.5
gl —— 3,100
” 580 15.56 6.41 9,890 6.1 ’
W HORLRD 600 15.43 6.47 9,580 —
SRR 620 92,05 4.57 1,615 8.6
637—
" 640 91.65 4.63 1,182 4.9
i 650——
" % 660 13.41 7.45 1,678 15.6
H D 680 14.11 7.09 1,895 18.8
, o —— 2,200
§§§§ o 700 0.73 135 3,710 —
* 2,380
. 745—

* BEFIEAR  (wt)
= g 1+ W)
SX7r
W=k (ZREE200m % T 150m/. SLF 100m/ fiizk )
S =HEiRERR (100 g f2F1)
7 =fFnEskE
Clmix, U HBEENETIC >N TEML, #E250m 1,182 ~3,710 mg/l TH 5.
O BRI P TR OREEH T ORAME 11,900 mg/l i NH*1%, 6.1 ~64.0 mg/l T, —fkic FRLOMEIEE
Y5, SOREEIMET L, Clagd L, HESOm  DRVWERZAA DD, ZOREEDLHE DRI
OERE LHTIE 778 mg/l IWETHIRT 2. TORE  RHEICR T 2 HEEA TR I EBOK NH OfFic ThE
L REE525~530. 5m > HEFER LIz T kD Clm 790 mgfl 32 L/hE WA, S &b (1969) 25 - B L
WREETS. ZoBsEI 2B E, aTEREAD CIr ik AEMEIGEOEMEEPE 5 FHe, SBMKILEO
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FRREHE GSH- 1 BRMc L 5~V 7 ARRAEFE (HE— - 16 4)
HS5K = 7 B oo KR R - EB H

Carbon and nitrogen contents in drill cores

B %mﬁ 7k(y§} é§$ mﬁ%ﬁ%% 751%5%% & O% e mEER BHER | BHRE/

) o 0 0 % % % EHER
% 50 5.73 0.76 0.26 0.50 0.127 0.002 0.125 4.0
E 100 5.81 2.96 1.15 111 0. 104 0.005 0.099 1.2
150 6.13 1.02 0.10 0.92 0.087 0.008 0.079 1.6
. 200 2.32 6.29 5.54 0.75 0.157 0.001 0.156 4.8
% 250 5.08 0.87 0.10 0.77 0.108 0.001 0.107 7.2
300 5.78 1.06 0.17 0.89 0.134 0.002 0.132 6.7
" 350 5.87 0.75 0.06 0.69 0.105 0.005 | 0.100 6.9

|
‘ 387 2.29 0.30 0.09 0.21 0.021 0.003 0.018 11.7
= 400 3.36 0.27 0.02 0.25 0.024 0.003 0.021 1.9
B 420 3.55 1.60 1.32 0.28 0.028 0.005 0.023 12.2
) 440 4.13 0.26 0.07 0.19 0.074 0.004 0.070 2.7
" 460 | 4.58 0.25 0.16 0.09 1 0.07 0.005 0.022 4.1
480 3.63 0.11 0.06 % 0.05 |  0.016 0.003 0.013 3.8
% | . 500 4.59 0.12 0.02 | 0.10 i 0.024 0.006 0.018 5.6
520 4.20 0.13 0.05 ' 0.08 { 0.022 0.005 0.017 4.7
5 560 4.66 0.25 0.03 0.22 . 0.028 0.003 0.025 8.8
600 |  4.54 0.17 0.06 l 0.11 ‘ 0.016 0.002 0.014 7.9
2 640 3.61 0.10 002i 0.08 | 0.016 0.002 0.014 5.7
|

680 415 0.34 0.12 022 0.0% 0.003 0.023 9.6
i 700 2.94 3.90 3.86 \ 0.04 1 0.018 0.001 0.017 | 2.4

DT AR T B0 aTHERAKDENLIEIE — K+ BOIKL, %BFHTIR0.013~0.070% TR0\,

5. BHRELEREZOMICE, B6n X5k, 11
4.4 ATOEBRRLBARES EHRBEEIEDOND. ZOR I B HEMIE, BHO
SERPORBRE L EHERT, BRAKRcdLZ: (1960) &4 (1963, 1970) IC k> TR bRz, b
=725 L TR bhiz. DE ORI AKEG RS OHERE DB A LFILTH 5.
B LioHRSR L EREROS T B, & (K, HHLRSR [ AREERIL L, AREREL OBRIIE 7
1963) DEFFTR > TELDEFA—Th 5. MoXoihid, Bonc2 20RE -7 THLhE
AHTRERE S 5 RITRT. NAESERSELAS. | DOBIILE - AYEFTED

AHRHEZ, BELo£K - ARMBICLE B £ <, WA B LEAD LD TH Y, MoBiIEs -/
0.69~1.11%TH 525, TMHOKA - GHWETE0.05 HFEBOMEDOLDTHS.
~0.28%ICF x>, 4.5 AT7FEDISVEPUTA

AHRERLFEL CATFITP0£<0.079~0.156% Th ANY T AERBLIEY Ty (U) &Y A (Th) of
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Relation between organic carbon and organic carbon/organic nitrogen in drill cores

£6% = 7 i o U ¢ Th

U and Th contents in drill cores
SHE BAE— - KEHT

woOR | ®moEm | % % Uppm | Thppm Th/U
FEW®RE B W 520 B W B 1.3 6 4.6
HOWROE R OW 650 oK B 1.7 8 4.7
¥ B B %K 700 B AR % 0.0 0 —
K B A (BH) 7.0 15 2.1
E R A (B¥H) 5.0 10 2.0

* U.S.G.S. Professional paper No. 121, 1921 X ¥

Bic X o THERShS. LTeioT, He OffE - 1% Eh5UL Th OREMEIC LT, BE 520 mfT0HE
IIEBEATOUL Th OFEREFLLERD 5. BRIk OERSN: He 0BEREL TH B L,
BORIE, ZOMPED=T DS L, AIEER (RE 11844 x 10° mliciz3.
520m), [F/E FE; (650m) 35 X AR SO A LA (700m) 4.8 ANUDLESURBRAHZ EMTFROELTER
DIHFOLDIEOWTUL Th 29 Lk & & R FTTI, Hb (1970) X - TSI 5, ¥
T. Thbb, FRETEUMN 1.3 ~17ppm, Th 23  EHIKOREFRIZE T3 He DX, EEET
6 ~8 ppm THoN, EfLLEBETE, Ub Th H3EFEREOEE LRSI LRSI DD T,
b &bz Oppm THB. EREC He 2 88T 3RRFRE 53 0iciE, 55
HiES (1963) 11, HEEOCE=SROHEREE T, ¥ SCHEBEQEWEIADLERTNETHS.
¥TU 6.8 ppm, Th 2% 17 ppm, F7zdtfED 2 Tk BEREORERIC LT, PREE650~692. 4mDfE3,
U27.2 ppm, Th 2322 ppm THB EHWELTDB. & HEBBHEOREVIDETHZDT, ZoOBIETI
NoDEER, FRBOTh KBTS L, Honicha  BHAFEEy L, TR SEEOTIS~T45. 2mE DE
WBIzU & Th 7. BEFEHILOEET, B L 2ENR B 21T o
EHBO, MHERE 36 X108 EL R L, £hiceg 7=,
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K/ REHT GSH- 1 BRMc X 5~ 9 v L RIRAENE (RE— - fh 6 4)

BONRERIIKRDOLITHS.

AR (L) 19.8°C

BT AR 9.16 m?/d

EEH/KE 23.8 ki/d

YR A Ak 1:2.5

M (P.L) 5.3 ki/d/kg/cm?

H AR % 3RILRT

He B8 0.224 vol. %
5, B

51 # T K

LB LM T AR, Cl- ik 790 mg/l Tl
SO2 1 L1174 mgll L &b THL, MMOBEEDOL DL
WL CRERERAKEEZRL TS, £72, TOHTKD
BT A& N BT, 0.206%D He 2 &HFLTRY, &
DR AIRE TE R UEie B DIEH Lot v
o> He JEE 0.224 vol.% ITEVOT, ZOMTAD
WS EENEECHH L EL LN, Bt ETES
7.

(1) HERE R 2T K, BoREC L & TR
SO BEBBLRERDEVLDTHBEH, TOHTK
DEFAHITIT L iz SO 2’%<, BHEMHELONE <
048 mlfl BV, WKRDZ L L LTHEREA ¥ > 1% 0.286
mifl L REBWDE., ZhbDZ b, TOMTAD
REE LTERD 2ODEANRELDND. £ 1213,
BB TTEEOL LI IO TR A bolc B4
T, fhoo 1 01k, FEEEHOMBIZRL T, KkdH b
VIZREEDETAD X 57, BRREE A EBRLIREOM
TIkD, HBRHEERALIZHBATHS.

(2) ZOFEEEHOMTAKRD Cl7 13 790 mg/l T,
B « THOZN LML THRUTHS. Z0OKE
ET 3 AME LMo BT TRAA» bl Y, BEEN
KEL, £ OBEEMEEIBIFI, KAPHERTH
SMETER LI &N, HYBEDOENE S - /cH
FABEOEILSH D ERELbNE. T ORMEHS
DEFICIE, Bk - FEOWRIENR DY, I HITEOWH
FAWE R~BHLTREY, ZoBRE~MER
LT3, ThbnZ &hd, AFEERIcoW T,
BEHh HOREERAL L VCERADBANE I TH S
LEbNRD.

(38) Z oA EMOMT AL, EEHN 2 & » CH,
25 1.68vol. % T&bHd T, THORWETHIC
NEL T IREH AR SN CH, & RS L5
BRBHAL-EHEML T,

4 OB EMOM T KCEEZNIBRESAHBO

He % 0.206 vol. % ©, AWETERR » LESE IO
B2 HEET+ B H 2 o He %S 0.224 vol. %IZiE
W, He OBRFEENHBAD L3 0.085 mlfl T
e, binAic, AUE EEeo U 1.3 ppm & Th6 ppm
BEREN D, HWEBNRICAR S He B2 EE T
3¢, RORFO X5z, 11.844 x 10 mikg 72 1,
ZhHEKE12.62% (F4ERESR) OKCERFETS
LEMET T, B7E He 8130082 mil LB Sh, &
JAlE 0.035 mifl DF L% 2.3 %5,

* EE

UD 1 8hbiErRkshd He
Tho1 ginbAERKESh 2 He

I1 x 1078 mify
3.1 x 1078 mlfy

AR LS 1 ked b

AERksh 3 He 0.329 x 10-° mlfy
BURE OHeEsES 36 x 106y
AWE 1 kg b HUER I A4

&7z He

0.329 % 107% x 36 x 10° = 11.844 x 10~* mifkg
HIRIE DYEAF He ORMEE

11.844 x 1078 x - E.‘?éézz’bz‘ ~- 0.082 ml/l

F =2 & EIEEIC VoNorov et al. (1969) %, ri 7
BHOHRSOMBIZAS He 0E2UL Th 2 65H
L, EMicB) 32— RHERFS DO AERER (specific gain)
# 3.0 x 1079mlfify ¥ L7-. L CTHHERNROMT
KPR OWETE He h 60 EERELEHR TS L 24 X
10°0mlfly L7552 Lnd, T bOHTFKITHERA
FBLCHEIBE LS o bBRTW5. £2MHb
DM X VIEVEEA R He ARG HICkizbhizb
THY, ECEAITEEENS He BMlbo 2 & & 2
7.

SCREEESO = 7RPto U-Th #EE»LZ0
HAEEEERHETS L, BLE 1.9 x 107 mllly 45
BNEH, B He B LRI N BEITH 1.0 x 1070
mlfify o &F, 27 RBMGEOEAP ALK & iz
He BOB X TS OBEPH - 1B Icis.

LLEORER 2 B, FHHE O Ol b i il FKiC
BWHEENTVS He 13, Z0OMEREHU L Th o gHiE
KXo TERShIZEEZTLRYAETERLL, &5
iz DSy B0 He OBBUIHI T ROHEI 3 8 b 72K
HEEZBND.

(5) AELEE» SR LT AD, WET X O
Ny/He [hi3 453 T, FIRBTE LV LEBSE BB
HAD NyfHe 1218 B L TH 4 R E . ZHITET
Wiz ~_7z X 9z, BAKOBERERICEA¥XTZ Ny, ©
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B EAEFT AR (B2B%F £ 6 )

BRI b0LBEbhb.
PEERET B L, AEBLEOMTAE, O
DEFIZ B REEDETKD, HBDCIEE LIt HICE
W 2FBE? BBA LKA, ZOEHOH TR~
BALIZLEZ BN, HTAKPIZ SO B2 &
B L HCO,-, K+, Na*, Ca®*, Mg> DExiEEER Y
PHiE, KKEY bie LAFRKMNBA L wgEMI K
. EER He ik, HTFAREET BMEOMET
DUL Th puARENZE L THLAYEETER .
IDEOICELETE L, MTARIEWE LET~RAL
TethiE, TIERBELLT, FREMTFARICEL TEAE
WRREETBZLicb.
WRRHAOHT K « BROKEHEIC 2T, KFEED
WD X7 100 EDd - TRA LS D LEL D%
FELHBEECTOEN, VWERZORRERALTY
L, ZOFRE - iR A Y BEERZVDT,
VeI lfihdiclns.

— T RE L (REE 402 ~ 426.7 m) DHIFKIT,
Q773 5,540 mg/l TH 5. ZOfEF, HRBELRD, %
B 400m L 420m D 2 5D =27 DOfEREKIZ v TH7= Cl-
DENDIZEPRH ERL, £ Tko NH,Y B3R
400 m @ 27 OFBEAKD ENICIERT 5. ZOHTFAD
BT A X CH, BTG, He % 0.02vol.% SHLTEY,
HRIRADE L OF 2 6B 5N BRAN 2 DAL
FLHLTw3. Z0RABIEENS T ADER - B8
COWTEZTARB L, M0 L CAHEE MO T
AICTHERF CH, DME AL R DT, FARBOREH
LERLBEIL CE RV ANEBEBICELLLE TSR
i, ZOBEWENIAHE ESic TR (Rkd 5 it
HRA) BRATBIURTSHS. EZ0F ik, A%
MRRENZ L BEND ARE, b ARSI TS
H5. WHEF AHO He i3 0.0052 mifl T 57T, 0
BEORIX, SERBRAMIES (1963) OFEZRico
VWTOBETLEFEND L5, AREDAVIZEE
BiegEhadUt Th hoAERENILEEZTLARY R
ETRAVIEDRHEICL > TREANS.

BRI LR, AIREFEHE X UREE TR v U
H RS SEHT AT ADOKE R, K7y LV olE
VAR BERT B F AAREAIZEI TV S,

5.2 85 # W ,

Z OREEMT e b I uRIC R T 5 A F VRORR
TAD, EORBEENBERSNIPERLPICTED
i, Z OO~ v AOENEEL T 220,
KPRz L ThH5.

EEIT, FBEGIX (KD, 1969) 485 HAALEH
K DRAHT A2 TOHERCFRIFFIC L -T, =27
KRB OF MRS L ABREZOHWHERL S, PHEHIRT
FRBUSNOHBRICEENS B> S CH, 7 A8
AR DTN S BTN E b, kR T RE LS
DHFEN 5 CHy FABERT DAREMER EE AL R
L ERERST.

ZOR#ETHE LNz TRENC oW, ARREEEY
W5 L, LOBMICHEEE - HIROTEE TR, T
REDRE - FHERE LY b <, MFTbREICRITS
RACKREEEHAT 12 B 5 HRA O FHRRFRIC LB L T
bR ERVD, ZOREPERLDERARCLE
EHTHHDI, ERENDE T ANEEEORBEICIE
ShaandhvBbhs. —F, BE - GRFHE
RV, AREREEACETERN £ & &
n, ThUADERICIERRBENELDTH R VD
T, TOEFIZEDHTADRELE L R VERY. 2
DIz, ZOHIKD A & RFKIRK 2 DOKEN L, A
Mz EZENDRREREEA» OERS NIRRT A L
£25.

ETRE a T OBRER L ARRE / ARERL
OERETT. RroHbNrX o, 28 - AKNE
L, BE - EHEBO 2 o0 bR, 2HELLER
ZhIEOMHBBEGEIHED b5 . E-HiFEOERYIT,
BEOENIV L, F—HEREREICH L THHERE /
HHERERE . 20 LiE, BiEDIR S ICEEFRE
MOEERIVEL bobNTWB LBRTES. BA
CEENBLAI X > THBT S W 2 HEREL £/, Z
OHER & —FT B .

53 H =

T ORSEF BRI L RS R 0E, 27210, AR
JEFES A LB PR HEEH L7r CH-N, R72 1) T
b5, FOZEHERRESED, METHRLLoC, A
WECEENEERBICREESTHS.

L HER R A OBENERB LR TR bhviz
S, SEHREUC M B o Tz,

FTTRBA72 L S, FHE EEOMT /K, HE
FLCRRIZRAD 2 WVITETRABRBRBAL TTELES
KEEZOABDT, BETRIOARE LA EL L
T, FHIEH» & BB ~DORR Y A DRI X 2B8hT
Ezbhizv., Zokw, EEE RN CH, Bloih=
BEVA, H2RBM) 13, FMIETRNZIICEL
SL0 F3RJE TR U7z H A% down migration L7273,
TAORMWB CER LIz H R, FKb B iddiRA:
AWE EF~BEAT S LY LA, up migration L7z &
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KR RERT GSH- | BRMic L 5~V v L EEFAENE (KE— - f64)

Erohb.

HAPT He REDDEGEHLD L, BRBEOTHL
WUEARE R BEMT S sV AT % 0.224 vol.
%, FAIRE_EIROM T ADOEFH AH Tid 0.206 vol.%,
HREE LMOKPEFEL AT 0.02vol% Th5.
B0 L, BLD2ODEEHNAD He 13, Ao &
S EDMEDHEROU L Th hohfshizt#Ezx
THLRAEAETIRAV. LaL, FEHOHEEY 20
BATIE, FRAERHTAKELENARZRL THITKCSH L
PUDBRMEL iz HeB251E T2 L, 0.86 mifl L7x
D, Thid3TERBlicEEhsUL Th B H5HEH
ENic He ZFBEOK 8 FLLEDETHS.

Hijak > Voronov et al. (1969) |z X % specific gain (}
EER) b, ARETHORECS TEDTHETS L
31 x 10 mlllly L7V, #5625 7HBEDOTHH
AEEER 3.0 X 107 miflly I2HEB LT, EIZPIOFLR
ERfELRY, ZOEMCH D He OREFMTEM S
B LBE L TET LItk 5.

Fi, VEDOR=xA)L « REXYEHoOHe LA -

-
NN

10000

HAGRIC RS 5Z & 289 L 7z Gursavo (1970)
kB, RENOHEETIE, RIWICKAR « 1
v I BT AP~ AS He 2%, ToEFAOUL Th
PHEEESNBED L.l ~5{5ThHS.

L, ARBOBRAOIOHEIE, E5ItKEVHI0
RBIZZELTY30T, £Z0 He ORERS BEMEN L
BEIL CEZEB8BEN5.

—iz, PEORRIIHEERPIFCEZRLDOL D
ThoTh, EIEOLDICHEEL THRIEAEAL T
3. BRI LI D D—DDL&UEE, F DM TER
Eh3, =& 21¥ HO, CO, N, CH, B ENEHRENPL
~BET 22 L ThHD. Zh oD HFRABEET+34ML:
X, $7zbb He BBEITHEHLFELT, —Fime L
T, bBAEORERE, ryv 7 EBHARE OMERD - T
WBEEDY, BN RAEBEISE) 5545 LT
VBEEVR B,

VHEOWRIZL D L, Ry A OB, Btz A
TOREITL BT, R{GKFEF AL BB S 28T
—HhEEERT L PR TS,
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HWOH W ERFA#®

HEROHERERBIZ BT B~ ¥ AONMRRI—fREFR L7z
Nixorvov (1970) iX, BHIT AY B KEDO~Y 7 HH
BT 4 VEIRE D BT T B0, REIANY T LD
BEEBBNCO LBV R E LTV 20MERENRD.

ELC, ARILDERRLTVOREOE=ZRICK T
A~ T AOEEBEHREPHEESh OB ERTHS.

%8 T, WERELHIZS Y, CoRMH L
OFBE128 B 7 X h BB LI BEE T A D No% & Nyf
He o @74, 232 0OMICE T 5 Nodt 5 %EiHE
DHACEET B E, ThbHFADELRE « BRM
BroEHRLELDT, He & 0.02 ~0.04 vol.% &4
L, =0 Ny/He Hi3150~200TH 5. 2&IZ, Ny 235
%BUULDFAERDB L, BWR4EDDH NofHe Lo
NREL R BEMERTHBNE3 LSS LR SN
. Z05b, F—n No%izxt LT NofHe thofE 5
DREVOIEZBEHENSETEH AT, ROTKRER
EEEBRACE R ORI P S0 F A, H/AOMER R
ROEE « ARBEEP LD FATHS., 20 NyjHe
DRECHREE, REDETELL DT LER
+5.

—75, FIHOTRIRICIET S, ZORHEH L
1288 HOFRT 2 HERAFERE, EOFRA~ERET
5L, Ny 35 %DEAIT No/He HfEIZHI1801272 D,
Eﬁ%ﬂﬂ&@ﬁﬁ-EﬁﬁEmBEMféﬁxoﬁa

FF—FTH. Flo, TOEBELEDOFA~NERE T 5
& N, 23100% D#i4ic NyfHe Jidifao L 729, Ny p3
100%IZIE VRS 238 L £2.5% D~V Vv AEEE T
5 ENHERIEND.

IRBDT ENnD, Ny BL297.5% T, 8X%2.5%
DAY T AESLHMERE D o RKART AN, FEREO
R ERERT 28005 Lt olE~BghL, ol
WE AL CHy RORBAT ACBA LIz & HEE
ENs. BRENOBETIRATAE, bbBAR
EHET AL UTHK s BAEREN YA 3EEh 5 Th
BHN, HEECENLEZD L CH, &b Thk
VCEREET ST ERVEBABRD.

DX eE2DE, ZOREHNLE LN 0224
vol.% o He 2 8H T 258 2%, He 8 HEEEHE
CLTEHETZ L, BBENLBHL - B o F 2

7, FNOEEDRKE N ACRA L, He OFHFEIG I
HlLizzZ lich’.

BEREICRV T, —&7 He ol nb,
HAEs b BEIT 5, He 24 <80 N, BOR
REAN, B BLLICBIE—ETHEILARLI B L

(85 3% % 6 &)

ST, LhRICHEAE 2D, REAARIZBITS
He o &n 3881, BN DRABL RN
T3, HIOREFADEADEAC L > TERSH,
—MERE LTI, HiETBET SREASANEL, £
DHFAOHRIZEENS He 0EIE L ORI, ADHEHE
BEGRAS IR Y 72D

6. & W

FHE Liicix, O &¥fs CH, 2372, SO0
£\, KAOKHBELHTAPFEL, TIEEELT,
Ok TREOHBIZE TN HRAT A LHIT RO
FRICR RN B B .

Z OREHBE L IR B I B RE T XL, B
BTk 2% L LTREL, 0224 vol.% @
He #&%F+% CH-N, BITH 20, ZoHHcLdR
BREMES DT 9.16 m¥/d 2§ &,

HERE» LERT 2RBE A BRI, RRLLD
BIETEENDEED He 13, & LURAOEEES
{HBHEAFOUL Th hoEmRSh, BEFEhizboL
WEESND. ZOEBREND B~ LBEHT KA
RO, BEE 2.5v0l.% D He 25 Ny B &
bhd. TORRHFANR, EBENOE=ZR~LBET
BEDVELENZE—ETHDLARTIENTEDHD
T, REXAHO He SHER, RAFZOHERL A
OHBBERICHS. Thabb, TOHROANY 7 ADTF
FERET, BNATEHICH b 0L LTHRESIS.

BEHHNT R R RO ~Y 7 SRR ER 1D 5 L,
HRTE, MEOKEVCLOTIRARY, LFERmES2E
Bz,

X B
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