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(~WEDOH T AU IUBAHIESEL TEME L, SR, BERRSIT 2
YAFALGAREL TS, ¥, RELZ2RCAINRTOD (KD %y h 27 v
ERBNITES EOCHESE RN HIHEL I DEBEK SO FARI2ZED LD T
H5b.

Si0; TiO: A1203 Fezoa FeO MnO MgO CaO NazO KzO ons Igio) sz% b

1) 71.57 0.29 1311262078007 0.64 2.19 3.89 3.39 0.06 0.60 0.42 99.63
bl
2)7000015 14.08 1.30 1.51 0.20 1.34 3.56 3.80 2.30 0.20 2.12 100.56

1 =y g B, |r1ﬁ{xﬂ: *ﬁ O@’?ﬂ‘ . x-lﬁy 1960)
2) H&RER (2R - &) - A%, 1961)

HL 4 B 16 ke

ZIOMIRAE T, KIUESERIRE R S Nch &, T TILOR7Z L ST, B/
GRS RHE R & U CHERE L7z S50, TERTHARSCGT 28 L

Foe L L, I0HHE, WG ZORIEHIEA TR LT, TR RETIERE R
BOWN L » T USRI O IBIEL, £V OBIEE A ST L7zas, 5E
EEREAFESNTEICRNEZZI LN TND (EHE, 1960),

TR L AL, LLEO 2 B2 72 ZIE MBS DM 5 X OV USRI S A
FIOWEE G726 LA KIESD TS DM - URE L. ZoihEns, B
RO Z L3 LOIESEORBER I L » TS s N T 5.

IL4.1 EHRAEEE (G)

IR, R TR £ OREILGEI LS L O 2R TH D KEILOTE
s CREIIFED 2, ZoBEE, 0m OBES£ b5, 95 m ORK R
ST B, ,

W, WREL A ERELGRRE (VA T, ML L THER « RN,
%ﬁﬁb°%%ﬁﬁl0%%%ﬁhfb%cﬁﬁm,%%ﬁﬁ@@ﬁ%ﬁ&%byﬂﬁ
e AR « PEOMNIMA RS IOV EDORE N T AL TET WS,

I.4.2 MERFERE (M)

MEREEL, WHU A LCHEsNABEKLTES. L L, HIEILTTE, 6
HTEHIZ LoD T, KIWESOFEMEMD Z L L TER . INFTOMHEIZLD &,
3 OB EFSAHNTE, A6 DEEOMITHE, MEBRIKEDIBAH(E L T b,

FE, BEA Y GURIER ST KU (VA B T, B s LTRIERT » 8
BT BERIEE - L BORBE R LOMES A DR D LRV ERLET, By
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SADFRE, FEF « PAME - BHBES LOHKEIEEL T3,

1L 4.3 XElpkes (Tr)

KEINL, BREBEEE L2KUTH D, WHE LD LLNEN TS5, \HESMAE
ZERANTIE, BHITZE L,

BRI, BEESHEREASBEALIE (VA E) Th s, HRMEELRL, MM
ELTHRER - TRMA « RREA - VPEORBEAS IUHEI I ADR B, BEE~Y
EMBEHT, BOEr V5 AOPTREROFRE « BAEE « AR X OKESMAEL
T 5B,

4.4 ERBETHEE (FD

HREHLE, SREEEE L22BBALTH S, ERFEORMME, TH,s L
RPN 5T HEPCH LD LSBT D, Tabb, EHOL O ERBEHC
B, F7n, BUBLRS 0T SRREENDL - TL Do I, BT
RHEA TV 25, KILEOFLOER, HEE 0 2 LTE Y, KUKOMEX #2722 L0
TE 2, EAHEZEFEHIB D LTS EEY 00 m DFA KN A FET 2130, HEs
LALH K 500 m D & Z AV AL VB CEEK 250 m R ko, 7, JHE
AN CEAK 100 m OBk TN ENALND,

BRIHE FEAEE, SRFIEEEICER LTw3,

oA, BEARSAEFEEAAEAXRE (VAdE) th b, HARE, AR
oo WML « EEREE - VEOBEE RS JUREN RO S, B, ~VERRE
T, BEar T AOhCEIROMREE « BAEL - BHEE « $0rs, BKEYE
ATWD, EhR, LIELESEAENBHEL W5,

.4.5 ERFEHKERE (Fa)

I OHIREL, BERIFILE EOFR ML T2, KIMEDOBFI L <HEE LTS,
PR T, ERBEHREETERON T 2720, B THEH LTV Th b,
KIADTII T, ZOEMENL, WO0m OFEL YL - T35,

#EHE, BREOKETR, KUERIVA2 YV TE2ELLDOTH D, KL,
RO RELGEE A XAy (VA ) TtHh s,

.4.6 ERFEFHEE (Fm) ,

IO, KRR S UGB REE L TN F RO E R TR
EBIVBRERSLH BE - TULTF LT3,

REEAEFEAARBEAXRE (VAR) Tho, MAEPELT, HKEME
Foe BB « BHEL « PEOEKHEG RS XOSGENRADN B, BRIT, RRERET



REG - WRHER « VEBORGER « S - KBRS IORET S ANnDb b,
01.4.7 ZERHFELEE Fu)

T OB, KR DTEER DL,

VLTS I O KITVE
NDHIL, L ELEREDLIOTHD

WAL HEL X H (IVb-sc

) ThHoH, HRBELREL, W

LLTCHEORKBERER « 48O

WG T - ﬁ%ﬁi@ﬁiﬁi@\%%ﬁx&&

. FFEE, FRLoMEEEAE L

DL, fHEA - BAER - BIBA -

B BIR AR XS REO B

FEMGT 7 Anbins (KK 6),

EREHLHERECBT L ZOFE ROk O mET A WhEr P oAETn

’%%ﬂ?ﬁi%’)%’k_m'ﬁ'o iR 6 & BEE RS

Si0: TiO; Aleg Fe,0; FeO MnO MgO CaO Na0 KO0 P05 Hz? sz0> b

4679 1.61 18.03 4.98 7.52 0.19 5.76 10.55 2.67 0.79 0.08 0.55 0.38 99.90

B « HBER TSR (B3 - EiG, 1960)

.4.8 H+BETREE (KtD)

HTESEE, EEEEAE L, BOBKEREEBEL T 2RBIUTH D, £0OME
HEE, BIIOEEDTERhN RO TN THD. Lrl, HErSIEET D &
FHEMTIH 720D EFZEND, ZOXKUOHERME, THBELULFEED 22
hirbnd,

HHBETMES I, 2 ORKIEEO % T, ik 900~1,000 m o> VHHE 2 F L
TD. B8 30m OIFERT, LK m OBKERER - T3,

ey, MNEETREE Y BEORRELELILE (VIAR) Ths, MAHEY I

f:-%m c RERIEE o AEH - AR LI BROBOANTE (UL Sy 1 b

fkLTw3) 2abhs, ¥k, Mcloem HEOMEEEXEL I LL H 5, BHER,

ANYKFERET, 4BOWE 7 AOTICRFEL OSHIRET & o BAELE « WERIEE «

BRIV BOBKAVEENTV 5, EBEPI, BMEEBIV 27V AT AAVAEDR

o, MCBRERIHEL TV B,

01.4.9 H+EEEREE (Ktn)

TR, NIERIRO $E T, #ik 1,000~1,300 m OFHEFEE MR L T\ b, D
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RO L, ES 10 m OBRER S 2 - T3,

BRI, BETeRRFERYEEARUE (VAdE) Ths, A L L T, A
e WEEE « EEEL c VROMELE S LUBENALIR D, HER, ~VERHE
T, BOBEN 7 AOFK, SRFERL - BAME - fHEL « KLk L0 ROMK
WENBIELTWS, ¥/, HBOPRIE, BER - 27 VAP AVERIOCT7/, ~V 7
Ve ANRGL BB,

11.4.10 ZEBRETHMEE (B

IR, EVIDFEENIG LT D0, HEWTEBHONThEDT, FlLnlE
WERBATH B EFIOMAEMTIE2H, BT 3HOBEENKFITE, BRKEREDHE
EPEL TN D

R, MBESRERERSARELLE (VAdi) Ths, B, HRARE
Foe BlMEA « BEES - BERICLBOBERNADR S, BFHEEZ -~V L& EH
T, &OBENTAOHIT, SPRVER - MREL « BIjEE « SR X UBIKE S
GERTWS. ZBPiE, BEGRITC 27 VAP ALEIEDRLEZELH S

LS mewrE (S

IOMEIE, PRI RE L TR KRB OWEIE TH D MR TERE
L7mA—) v rofsRick s b, BSi230m 2T 3. WHOKE L, NEA~2X,
Bl m B L REBA G EN T2, T/, LIELEBHEDHS 2L TS
BOMEIZ, FIE TS SBT3 A SR S0,

ZoHE, NPT (1960) 12k 5 T, WIHHER S BEA SN T30, BT TG
BOREEEZEAT D ZENG, IORBEUFHEDBIRMHRN F 7213w i
PEEZADILLTEDTHS S,

1.6 AR+ E KU RE

FH PSSO NBEOIGER T, H TS K UBE O JQUREN 2R TiT b, 2 Ok
DKUEEDOFR A PR Uiz —Hus, WADRRINEOREATHEY, Lo s
BhilThRnwoT, NIRRT S - T, KIUEOESZ MBS Z e nTE S,
WO, IO L O, B E BB E TIHREOW SN TE Y, K
DHDITE, LIRS GHREBE 2> T2 SHOBBI IO L D40k
L ORI L7208 - 0 LEZWIZE DB NS b KILBEOIETE D Eo
5 ZAUE, Z ORI KILEEL, TSI OEEOMKEE L5 ZENTE L.

M.6.1 B &KE (Sgb

ZOELE, BEGDOFEFIILICEESALND 3 UDEHRN AL N, BRKERE



DEFEBEIESATHD, TNENOEEROAI L, WIN L afEE 2 L Th- T
3. BB TR, ZoBEERAST
BEY 135 - T 2008BETE D,
BRI, BEEENRERE
aXRE (VAH) Ths, WL
LT, fEA - BH M A« 5%k
e LEOWMBEAR X OEHKENHRD
5. BHEE, ~YERLET, ®
REEOMO F T A D, FIR
BEA-HMNER-FITHE - $ 8k
LD R OMKENBAEL T\ 5,
EEORIL, EHDTIROBER

NELRD BENDD (K 7). O T 11 REEA A REEE P AET
FISRRTHREL L - DEE DL BRR T &% %5

SHiHE S ECFRLTH L,

Si0; TlOz Ales Fe203 FeO MnO MgO Ca0 Na20 KgO on5 ngO Ing; b

5190 1.05 1769 2.50 772052 4.96 9.35 3.04 1.20 0.15 0.46 0.11 100.65

B Z A ﬁ(%m-ﬁﬁ,pw)

1I1.6.2 B+BETEHRE (OtD

BAW T, EVTOMEAZZRIBKITH D ZOWHEEBR L T2 E2mliYs, T
Lj:}gﬁ’(a‘%’? L 'hu)t{"fj’?:t()\i‘lﬂg}:ﬁh&i’ Tﬁﬂk%‘ I,E?C’\@Lff(ﬂ!\ a’)jf’?")zcl/
BABETEE S, P s&d SMDBEAETRIIOT LN, TNFNOEEROFIE
HNEHKEREEEBEL T 5. BOa0EM ST L, INHDIEEL 2 25
B0 ENDEDOEHIR A B ORREEND Y, SBROBHENSLETHD . BABEIE L
5 NE Jjlai2iftil 2 R0 o — TG TS T, BB E PR E ORKBSAEE (T,
WS LSRR BB TV RONRBETE 5.

HEL, ¥BREARKEALLE (VAR THho. BfHE LT, RER « Riimo
EHBERE RS LOBREREBR S, ARIIAVEREMRELXYZ L, 48086 7 75 A0hic,
SPBEA « BAHE DA« LB XOLVEDBKLGNELL TS, EiEok
W7V APALVEIEBC AR, T/ =V - VvARKRIZREH IS,

BABEHS SEFmcovsBEOHERK 1,600 m 1Tk, Wb U5 L KT
CUIRENTFET D, HERZ, BESIOCWESERETH T, FHIL L H 0 EK
BRERE, BEIAARGORENAEOBNEELLR S BSOS, BRE A
Fifm - iEner SlEnRirmag iy XVIAA) Th 5.
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11.6.3 B+EEPESEE (Otm)

IoMEE, BHBEOBEAmICEELTEY, THE IS EORMIE#BE»
T3 KEIUEEMFA-OWE, FHELE TES ZOPMEERBE - TH00
BeTED, KUREDL, T -2 Ehh TR,

VBEAEHEGR LY (VAA) THo, W& LTARER - RBHE « H0EE
BILUCEER AR B, BHEX, ~VEAKET, MEV 7 AORCHER - BRES.
BTG « BB XOBMKEAIREL TW5b, ERod, BER 79 A b ASALED
LERHBLTED, 7/ -V 7 —-VvALILPREEL T %,

II.6.4 B+BEEFHEE (Otw)

IOEEE, BABETE EFES S NE RGN T2/ NIRRT TH D, 2D
TS L PIIAE & OWERIRIIAD Z ENTERV, WAL IEETLE, TOEED
FRFHOL DEEZLND,

BRAEaEaLuy (VAE) Ths, HREPVELT, REG - ¥EEE - %
GRS LSRR bR S AR, ~VERBET, EHDTHBRORGE TS 2D
o, SERAER - MNTES - HAKE c SRS X0 ROBMKENHFEL TV S, %8
Bodicid, BEBEAR LU 27V AP ALAERRCLEBHLTE D, ¥k, 7/ -V 7
— VALY EZDRD,

NL.6.5 EWMEGHEE (Bml)

FBET G, WEIPLRE KTH - T, JEMOFEER S DER 700 m DFA KN EET
s 10 B DO REES 35 & OV ETE SRS, BUKEME S S OMBRKE L TE L0050
ErHETE S,

FEBERPTRIE S, FEEROEHREHE L THY, 10 B oBaii N gKERES L O
FAEIE EHIE L T b, TOEE THR SN T80T, BEKNBERR L, R
Bid b T VEATHNRNDT, RS KB RIT L TV 5,

R, BEEeFRRECERRALE (VAR Ths, M & LT, MR
e HA R - BERHEA c K IOV ROMBANALDR S, BEX, ~VERME
T, Z2EOBET I AOPRERMNES « BABE « fTEE - 88 XV EOBIK
HHREER TV 5, ZMod, BEERIC 7V A FALVEARMELTESY, i,
T =V~ VARZLRBZEALH D, chboEEE, —B kEob oi s R
BEie b,

11.6.6 EWEFHkrs (Bul)

DN, FEBUETH ESSRIO MBI LT 2. KUGEOBEAL BB E,
DIFE DRSNS —HDLDEEZD I ELTEDN, ZOEENHGESTNED
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T, I EPEES SR L.
WA SRR (VAR TH D, FEIH cm oGO E & BEEHIHEAY R
CHERERL TV S, MELL, MLEYE LT MELD « KBS - 0B ERS LU
B LR B, AECIVWEULZLWEVSS D, Tibb, BEAEEIE-~ Y ERHE
THIU T, £EOBE Y T AOHI, $HROMEE « MEEE « HLHE « SR
GEOBKGSHIEL TR D, HBECZ2z7 YV APV ESIUTBEL»ADRS:. Th
TRL, UBEBOTRER, BRALEAOF FADINLTETL S
L.6.7 FF7&Fo7UTHELY (OD
* 7 i, WEIRGZREKIUTH B T Pl E 90 T D08, HEl#ief
KGR T2 b » T D

THOEEE, RO 54 LT D TIFEEEICE OB Z I 5
%, KINHSEERREOEINCHN ZA TR &, ZAU b 1o 3 5HKEEIK S
EPLEREN TS TOEBILL, 3 DEERAALN D

EE, MO GAEMEESRE Gy (VAR th s, BMEEE L, LiE

an_l}—E? B (BRER) oXkd (Blem i) 2GA TW5. MR, £
RA « WA - HERELD . ﬁﬂ%l@@g@ﬁ%E?@Ocﬁgﬂ,Augﬁﬁﬁf
HoT, MER BRELO S S S L0 ROBIKAIBEOTZ 20hicE ¥ T w
BHo LWL, PEOBEARBICZ VAP AALERARHLTHS,

I1.6.8 FTH#F 4l iRty (Cw)
# 7 2wy RO MR LT 34 ?’Jknmz GRS & B OSSR L
TWBORBETED, ZOBEEWIF 7 27 v r UDTEEHER L T3,

HE, WREOREmALLE (VAR <, MEme LT, BEG - REEE -
BRBEER I UBELIADBNE, FHEX, ~VERBET, 2EOHEHF F 2D,
RHERR « MAEA « M MA « SR LOKARREL T 5, BRI, BER -

JUAFAAFRRICEEDT 7 ~v 27 U= A LT 5, EEIFEKBIC S bR
DA, ERICEEEALINLTCC3BELH D,

II1.6.9 ~RKRYERE (BD

SRR AIHES *ﬁu\kmﬁﬁﬁé Ho TWBREKUTH D, Yu b 4D IF S T
E, ENGOEIEIE L T 2BIKERSE E » LB S N T % (UEDETZ. BEEY
350m o NW HigizBin L T2 knrxs 3,

‘l’ﬁx"’é’,‘ti, BEHEAT A AERLE (VAR Ths., MGEWELT, MERG « TEE
m@ma;z»%ssm bbb, AL, ~VERLET, Z2EBOBE N 5 ADHIC

1 ﬁ%?%ﬂ“%}llkﬁﬁ.lﬂ I FET 5.
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SPINOMNER « BAEE B HHE « TSIV EOBRKELYE A TV 5, 2B

i, BIER - 7V A P AAFENDBDBR, Biic, 7/ -V 7 ~VvARALDDbND,

IIL6 10 FkAH Xy bLigE (ShD

FTheHs sy b 2RE, MEWNLZRBKNOMEE R L TS0, BITGEA TV 720
DT, WEENTF - TR N LTS EHOES LATEE L Toa0,

MM AR LARUE (VAE) Th5, W, RER « R&EEL - FRH
LR LUEHBETH D, LT, ~VEMMET, LROKBEN 5 ADHCEHROF L.
MER - MAMARS XOREYEA TS, ERIIE, 7V AP AATRICPRD
T =V —VARLZKLRS,

IIL6.11 EhRpHXy boIUTEREE (KID

Ered sy b 2N, BRENZEBAKNTHD, % Hh 7 oERFINOIETE, 1A
F & AEERIKE OTE L OO RENRETE 2, IWMEDTEIZE, NW e LTn
ZEMR Tkm OB (HEKND) BA6N5. ZokoE, BE 0L 5Ly
MEINEN A 1770 - T 2

TEMAEE G, BRI BE L Err h A v b 2L T b =BT
T, 4 OBEEARRIKE EREE LTS, b, SEIHETCE, FilEaso £
sl (g 1,000 m £451) 122 » RS2 L0 b,

HHE, REEE AR ELE (VAA) Ths, WMHELT, ARG HHEEL-.
MO R LUBERALN D, BHC, BEAEELI L5 5, Lk, ~yERL
HT, 2BOMET 7 20, $HIRORITE - M HH « WAL - SR LU P R
DBIKFENEENRT WS, T, BET e 7V A A GERBICT /) -V 27— VA
BnELREH, EMOoLDRE, ChbLbOEMTEEHunEtd - T\nb, ik, kh=
H Ay b2 UDEHEHML T AEECE, “BoPcRAENARHLTWEERD
HBDo
11.6.12 EHEEE (Tal)

FAEE, BKNTH T, P &b SIDEERE, 2NLOMIBPELTH3

BKERE & p S5 TETCS, WikE, ZIUIENSE LD LOCERNTE 3 T,

AR “;ﬁfm'ﬁ»&h%jm"@h”im% (VA &) THon, MAHEHE LT, RIEG « @M
foe REFEL R XOEBER AL 5E, Ak, ~VERHMET, SROBES T ADH

i<, ’flng e RUTIRG « AR « ST B LV ROBKANEGE T 5. X%
DT, 2 VAP AAORIVCEBELANCRPLEBCHELTEY, 7/ -V 27—V AL
AZbhd. EROFERE, L, EBREHTEALTHS

1I1.6.13  EARpBh X v boudifing (Km))
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DO, WTHIE LR OMOIFRCRN L AL DTH D, Z ORI LA
B4y b 2 W QRN ditk 1,700 m fiHEOFME A K LTV 50 FHICIZRIK
EMEE S T D,

R, EEEOEREARIUE (VAB) Tho, BHEEME LT, BEL « KFHM
B WM S X ORISR DR D L, ) ERAET, SROMOY 5 2D
LSRRI « BHEA « MAEL « BER IOBKENGER T B, HEOHI,
JVAPALVEBIOYROT7 7 —v 7 —VvARGBHLTW S,
1L.6.14 =iglifsE (Sal)

IO, BRFEBLIU LR A 2y P2 IOBOERTE O T, BUIIETCR
NI YO TH S, IEOIAEE, LERBIE LT3 FiEF 700 m DERELK A
FET 0 TFillZid, ABEBRIKEEEL > T3,

W, BECeSRRRELTREAZILE (VAID) Th s, MHE LT, AEA -
WL - FEL S I ORBA R DR D, IR, ~)ERRET, SROBES T
Ao, GHHRO RS « BAEE « R - S X OBIKE RS R TV 5,
HRDFRI, CRPVEDO/ VAR ALERELRB,

IL6.15 EsRAH Ay Mo LEREE (Kul)

T OEEG, R & CE R NBL IR L7 b D TH - T A AR O KO BETLE,
#10m DESE L L TCnd, kkmh 4y b2 IUOFET T, ZRUESE® B - T
WHDPHETES,

iz, WA EERELENE (V) TH B, Mihs LT, MREA « EHES -
YBEAS LOSKELALR S, AL, ~VEEHREXEL, ThodTosROBON
7 ADMI, SPREHRE « MG « MAEA » s LUV ROMKG 2N E ThTu
Bo BEOFR, PREWEDO I/ VAL ALLE s PEOBELGRIOT / —V 7 — v AR
LTV B,

[1.6.16 Fo®gEkERE (Ua)

I DBIKHEIREE, BRI MNUEL IS LT D 1AL AR BN LT
WAEFRH 1km OFZLADEETIE, #10m DESE L LT 5,

TOEWER, KUKOKEBoR, RERIUVEHBEOEIZ4<AATHWE., Th
BOBNOHEIL, FARHESIOEAr A £y b7 IWHBHEC L BB,
IL6.17 B+EsEmeE (MD
iR, BB KNTH - T, 4 OBEEM E 2 W IBAET 2 BHR LI 2 & B &

NTD IHEAHDESIEH T VRE <20, BOWRU KOO KT, §i+HHBLE
BB ke n sy b ZINTHREEORMTIZ BB - T 200 BETE S,



B, ARG BBAEEMEERIE (VAR Th s, MSEMEL T, AEH-.
B « VR ML « R U LD TV BOLENL LR D, LHIE, ~ Y ERGL
BT, BOHEY 7 AORCHRER « FJj8EL - BEAHEE « &8s l‘()»/}‘:ﬂi:@@»‘iﬁilf
BIHEL T 5, ZEROMRIE, 2V A AAAH - BEARSICDPHROT )~V 27—V R
AL TW3,

11.6.18 1,840 m &z (181)

DiEEE, L340 m eI T S HIC, BRI E Ede a2 o b 7 DK &0
THN AT D IS, F72, FEsH Y, bEdhe s 2y b o lipdigs & K510
Tx5,

TR B L L E (VA ED) THREEERL T 5. HADOREZLRP L,
HREWE LT, BER - EHREA - ¥BEALAR IO L BOoRENR RO D, LI
NYERBET, ThDTHLROBE 7 A0HI, FEG « FHTHEL » WA - ’,Jf
BOHEE IC L HOMKENAEETFh TS, ZROPIS, PLPEED 27 Y A SV Fe
BHEEABIOCVEDT 7 =V s —VARKIHLTWS,

11.6.19 FiELEsE (D

AR, S~ EHAEREO LIS TE2SAKUTS » T, INEBRIES T 5K
SNTHD

COBEER, WERTEEEARIENVAE)TH S, HHREHIMET « BEHEG.
HHEEERS IOCBE» B0 h. AL, ~VERRET, Oy 720, MEH-
RTTHEG « HWMEE - LR LOCPROHK AR EAL TS, EROFIIL, &80
HEH e 27 VAP SALEDEN, 77—~V 2 —VARKHLTHL 3,

IIL6.20 RsEmE (TD

IoEEE, KR IR B
L T2 NI RIE R TH S, 2R
RSN T2, HEARMELROH
ERREIN TS

5‘1%335;0%%%5 4 3 i R
BEEG L (XVIdE) < b
Do Hidh& LT, RIEGEEHRA.
TR o 80 - L EOMME (R
s TOHWE) S IUCRE/RRLS

RB, OU x5 CFHET, HWE
BIOREAOWMA, BAMCE HORRHL B KRR T RRE T S

TELTHRGCE RSB 5, Fid. BdiR 8 1A

S

‘,
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YARMAE ECRFELEE LoT . ~ Y ERBEORS, # I Ao, REH <&

TIEF c MAVE A S X OB A G A, HBOWIC, BHEARSIT 2V A AL TENE D

BHTHLBHL TS, F/, 7/ -~V 72— VAL LELLNAS (WK8). THITHEE
ZkiTAHC @kﬁ%{@{b?)ﬁbiﬁi’ﬁ)&:}s DTHDe

SIOZ TiOs A1403 I‘e403 FeO MnO MgO Ca0 NazO KO P.Os P}%P Ig% )

60.67 0.79 15.44 4.72 2.67 0.10 2.53 5.45 3.35 2.93 0.12 0.79 0.32 99.88

HEREAN (B30 - 46, 1960)
OL 7 Fimse iRy (Yo
Z MR, BB O TGILER s & OTAPERRO BN, MBI LB BUE
& oS, MR OGS i3l 7m, BT 3m ThL. TR
b, e Wit DB, HIHERSEBIRE « SR JOLE S & OV R IBHE SO LT
Hpm o ok L2 BE 2 IGA T D
OL.8 i+ 6 KL FF
R O LB E ) & B KUBE OB B O, A7 Y ORI LR B
St2Z B, KINEDBRITORESE { bRTAHD EBHIHE TE % FHHEE KLUEE
OEEE, WTNYERHKIEEE B L URBHOWEINI L » THESITHh 002
I1.8.1 EMELTTEHEE (BID
FE g, TR 3 b Tk QIR BE U TH B, FOMEINING, FERE
&R EDBOEITE 8 T, NWHLIH T LT 20 KGO, 12EA 1T
O TV, L2i- T, HEFE, ZETE 2 LAALNR. 2 OEETDOMIZ

BIKEME YL T b
TS, B 1 T
ESIL LT é"

EL, WM OEREER LS
(Vd#) Ths. &M E LT,
FHEG « Rirla » ¥oBEEAR L
HENHEET D iz, AKEAER
A (FKER) oG (f:8 1em)
Nabhb, FEE, ~) EKGE
<, My 7 Aodqu, GRHREER :
o HAEA o ROTHR o RN X A wamE U SEEE P ARG

CAEDBMKAYEA TV B, By 9 B £ BIGE



S, PEOBBEARICARED 7 Y AL ERGFHRL TV,

I1.8.2 EWEL LEHEE (Bfw)

CoEE, ERELOERERR L THY, BES, SWESETEN GRS

(VAT Thd,

R A S L, HAEEYE LT, RET - FBEE « %K - VR OGRS R D
nA. AL, ~VERMET, SROBET T AOGT, ARG« BHAE « AT
I BERIOCVEOBKENE TR T WS, EModic, PEOZ Y AP ALELR

mLrcws (KK 9,
111.8.3 $EEmwHEY (Ne)

HiElL, EBAT LR EOMCHE LB KLNTH D, Nk, 2E A SRS

Tl HERDTREN IS, PEJHIB R L7 500m o
BAKO RS D EFEE, FEEERALLNE R, K
SFBIKERE D SR SN T 5,

e, BEASHEFE R AL (VdiE) ©
HBHo BRE LT, REG . HBEA - KEFHE - 58K
IULBROBEEN R LN D, AT, -~V ERBET,
SROMWEGY 5 A0d, HHHRAHRE « BAE - R
B BEBICLBEOBKEANZENT VB, BROH
ik, PEO 7YV AFALESAREL TS,

1.8.4 &S>S9y rxARBHEEY (GI) SLTUS30Y

kkOfEE (GD

FSETE Eo> NW vz, HEEH 700 m o> NW Jja b <
rsu v rkaRbY, TORMIBERKODERHD, 7T
W Rk R LTS kg, SRR X REETH
U A B OV A O, B I KIS T DU
RinbN TS, HERE, dEAfEE RN, SEAMhE
FTELTUNS, T, BEAELLALEMIPTT IO
KILDFWI OB BT D & 25 N D JEHERHERY
DIEEL, BT - THAI LT B (B ARBD), F3H(1960.
1961) v, ZHH D KIUEERHHERE 1926 £ 5 A O ihE)
OB EEZ 20, b, Pk nRES (B0l
FRBISN TR DTFEDLDTH D,
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Ha, MO BER YaEagls (VdR) Ths, TohEx, HBEE
BHEEXLDTIL BTV 3,

NL8.5 RUNFAOERBEHELY (S HIURUNFXAREE (SD

AN AFKUER, 777y FROOKOBIGEINE LZ2BERTH - T, Z0OREM
(24, JEfEH350m, IR 250 m DFFPIED KD ER LT3, £DKAERTE, 3L
DEET A=) TRENGENL T d, R, 77IEETH- T, Pl b 2HPFE
L%, ek a o NW @il L7 oud, #2000 s LC, filtk 140 L A0
HOEHEESN TS (M, 1926 5 BB AT - 7). 72, LIADILTEREIZH
SEEFIK A, BLORREE A T2 - T3,
B, MEBAER KRER FREAZLE (VAdE) THE, bEhrbosiR
KNEHBEEO U s I BTw 3,

NL8.6 Jrrknks (KD

demkmid, AV Skl 75 500 m DT A S B E R 150m ki TH
B IOk E, NW HEN B 7 7R ES LR L T b,

W, AWEOeE BEREA SR ELLE (VAR) ths, BEHIHL1DHO
NEFRAKVEHEEO L 50X BTW 5,

NL8.7 ks (YD

BEILGEE L, BTz S N MR 7 TSR TH 5. IHEEROEM L, BER
50m DFKANRALND, MENSHWTLLE, ZOBEID U x 2THL L, AV
AFKOGIEARB L ORI EIREL EOWNEIIAIE LT WEASEH L2 D TH
59

MEE S RESp B AL NS (VAR Tha, HHIZ, ghTsdRkom
HEEO Ly Bltvwa,

II1.8.8 sk OEREHELY (C) « hikOEkE (CD HLU 1926 FRAHRE
# (Cm)

PO, 77 7 BRI OEAER I L NSRRI T H S 1D N
W filizi, EE200m OKRIEKD FEKLD BH5. ZOKOBTE, e & FREET
VAT LTHY, WRISENTRON TS, IHETRE T 7THETH - T, HWRDOEE
3 1857 4, 1887~1889 435k (F 1926 425 H~1928 4 (&M - iR, 1927 131 %50 72
ERRINT D, F72, 196256 Hinid, stk mofMl, 759 v FRkaBRIA-
T K TNz,

R, BERG AR LS LR s (VAR Thr, MRBELEL, WM

— 23 —



LT, RRA s BEBEL - BEHEE - KES IOV BEOHBEERALN D, LKL,
ANVERGEETH T, 4HOROT 7 ADPCEMRERE « MAELD « fl7H5 »
GBIV EOBHRKENEERT V5. EEOFI, PEO7 YA AVAERKEL
T B,

1926 R HHER L, hRk D OEEE BBy, WU sH LT3, MRENE
IF KUK EFEE E LT NS T T kEH « KU G4, FHiiBOThd
Ve INSDKIEEHY, WAEROEHL 51320 Dn% 0.

1926 SEDFEF T, FrolizE SRR Lz (2« @2, 1927). Zo XU, i
EOSAUHOBING &H SRR OE B LE (VAR Tho. SR, 2o
P kI RO L 2 I BT D T KD MR D F iz Lov T,

5102 ’[‘102 AloOs Fe203 FeO MnO MgO Ca0 NazO K;O P405 Igfg Ig(g s

53.93 1.25 18.39 3.11 6.21 0.19 4.10 8.83 2.40 1.43 0.15 0.14 0.03 106.16

RUPH ST (S H - HE, 1927)
L9 Eikahd Lo gy (F)

SO, ERS T OB A FE LT 2. IS DML, BEDKLE
O, KIERS L UBE L CEA T D KU S L OB, TS K UTEOME
Pni oA, LK D PEEN TR L T 0 A BRI, RIS O VRS
NTHBZERDHD.

OL10 w & & (A)

R, FIBERSBK B O S A O Wi 5 T, MR S E R LTS, B
HOEE (— O EBEOHAASLND) O, BRI TS, B, HHEG
B 25 & OSHIBE KIUBEDH TH 2500 %\ i, 3G 3T IBEEEICE )
SEHGEN, AERAESEIZHA TS,

IV ) B g

2 ORIGEHIROACEI 3 2 RBE ORI, RRAL RS L UYL R &
S EEE N AL ND . IOFEEHEORITE, LiE WERBKEORERS L O
MRBFEEL T2 UL, ZNET, ZORBBERIZE, A5XFEHERERSNT
Wil L7zhi» 0 ZOMEMRN OB HERE LTE, RIEABZOEMZALND
WELA L, W EREZOMIZA L N2WEEFR, BLUABRRE L ORI

24 —



LTWBIRERERERLDTHE, Z01EIMNL, AHRDD.

IV.1 7% % 8 K

THEFICBECT RV U2 LWERET 280 T D, drivkn R & 0N A
KEPTE, HEHEOUIE RSN TS, ZOMBEOFEOIE T, HEL EE
SENTHE LTS Z b fThbh T¥ 7,

ToFHEORERER, 197 ERETEASSA R L 0T, 19024 K58 « fillo
WERAIES AR OWERIENEY 2, 1908~19124 % Tz, FEMWE L 4,277 tiREM L
Twb, 1017 b, FLERNMPRAARCE W TCAERKORREZ I LD, ¥
%, WERC X > THERARY, 19260k I T, REN1IFtEEEL T
5, FOth, 1904 £, KRR, HEIA DR WT, AERMEERUSMIC X - T
1,020t 8B L2 MR I L oo 1952 EREH IS 238k MM 2 %, 1955 4R s b BEHS B P £k X
KF L 5T, REKAROEKILS HFAER THECIRABIAN E, 1958 405 5
WHRBEORB S Hb¥ Cii7ebhic, 196246 oMk ¥ T, T o4k 21,200t
CEL, 196246 Bol kT, KEKDHORMELIL L XY, HLOBRCWVWLEA
SN Ly, I0BADCAEBEHL L2, IHEKILE, Ko « KINEH R LT
KOBEDRE I K CHE IR, Kl -7k,

THEORMBELIKE oV T, HIXME (1919) o#mdsrsd b, RIFETE, LE -
- (1957) s X OB E LT (1962) oRENRDH B, LT, ThoOREDH
HHHEHT D &S0 T, 1962 4 KT O IE A DX 5B,

REKODOHEBEOHELAIH TR, SHOBEELXHEL, KA IhboBEHE LA
BUE, MEOHOMNLEFT 5K HHELRRL Tl (K 10), & 084, ME O
h TR —WEREKEET B0 T, kiliF Ad o HS & SO 0 RIGHERCFIehh, it
RO bRB, LENoT, Sokdicl, B TokilyADRES, 120~130°

BIR 10 KIEkn () +oRBERT 3 EEC X 5HHER ()
(1961 £ S § By

— 95 —



CoZbIP@BEHILTVL, T5LTxbhikoaiE, MENE L, S99.7~99.9
T ET A, RIEAKHICEWTIE, KA ADRER, 130~200°C tHx hET x4
3, Lavd HS 51080 o FHEN S\, &5 Lok ORE OB,
BETHoto, 1962 # 6 Bom Kiic s\ T, WKIHEHEREAD, KiUF2DRE
HEATBEEDE, HS 5 LU0 SO: 0 BR ML, KNHEOHEEREIVBU L
mlz (BVEBR),
RIEKB KR LI OZ 0T, BERELKRLFR IR TE D, FoMMIETE S40
ZeRIHR T, ZORERMIBEM I T 1,
HAEK PR, SROBIIRH D, KEXR LA, MERC L HERRL
ARADRICH, T, KT ADBENETE (% 200~370°C), o b iz,
HoS 3 kvt SOz o H LA, REASALRK O THRETIETR L LA
27 UL, MRECE S o AEMBEISIKE, SNEEPL G, RS T
H5H5.
BlEoiowe, IR Ak B oduBE H s 28U TEHIE O O KILEE o B,
NREIS ABERBIR 2D 0, —7F, ERKaRLCL I REELRLORELR D, L
L, HHEX NS0T, BT LRETHH S,
IV.2  #ekgi g R

ZOMIEMIROBPELEAE, IR LI QR Wl E L UBR I N L DT,
W ERA S USRI A NS 2B TE, il (1948) 5 L0 REF » 71
T (1957) D|ENHD. INHEBEIILT, TOMELDORD,

W _LIRRANE D B8k SR ShER ORI, FHBEHILE Lk, E#EOET 100m
fIHCH B, Eremn 2y b2 IBHYO KR, SIEHT DR BAK» LR L 2808
THDH, L, BHHET, HELO»LHEERL DO EITHY, MPYOHMELX L EDT
WEhohdb, HEOMTE, Fe50.49~54.562;, S1.312,Ch s, DK E
EEE, $TESEHRRNATC IV EE SO LT 5, 1953 Fiz 2,660 t, 1954 4
U8t wpE L, HAERKILL TS, LaL, TOHEEKOMNTICE, §UEH OB
NAbh TR, TORELSIFEROX v RTIOKTFHt (K062)) wk+ 2L
Whe ThIRE, WMEEEKRELS TERL DD, SEROBENLETH D,

FIRRFHED B SLILR FRFFHEL T2 T, BT BB EEEIK 1 H 5 .
oKL, MUK Edrm s 2y b2 INHEBYORMGE2 HENT2ERLDELBL
BETHBH, HAEL, WG, Mg~ T, Fe 52.32~54.562,, S 1.3, TH 5.
CoEmKICh, USRI bR TE D, FOREBNRERORMIE, KO 7.927
Nag0 0.33 22, SO;3 30.59 22 Ch 5. #EEE AT, B8 107/ t, g n 5 1,000t
C#ET D0 Lch->T, TOHRKIT, FRERINDTHAHH A, VAN ECLD,
R X UCHELEORICIHEL> THAHH .

Iv.3 & 5
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T ORI, FARS. K ERRS L BRI, BBOIIC b R AEH
LTdo T/, IBIEAKY, KIEARESIOCEAAD TR, BRUGEIEIRRELALN
5o

A&ER COMNETE, RE, 3,FEA~Y) VIR - TERREYL TV, &

1%, pH 6.8~6.7, #iH 43~45°C TH 5 (H2HBW). LR (1960) 11, = 0|

Wk, BRMAKIR IVCROROMEKINEICHEE L 2BRREE L, LrL, HiknA

BICROROBBKOEE X, berhrboslirk, HEEROBELZILVWHL B

LE->TWDe LEAST, 2bTLY, TOL5RELDZLERLNLDS. AV

FOWMRECEELWBEY, EALTECHWIRRTHLE2d amhicv. % % TR,
1957 g bhic £—y v7@&R (CHp) x5 e, —68m F it +HBIEKILUEELD

DU KB T H DT, —90~—120 m A i ik B 1E #5 %K 45 ¢, —268~—365m

BEFEBOGAEBRKE, LT —40lm GUE) ¥ CRRAEBO eI L+ THoTo M

Eo#il, —9mxsio —230m THHL T i,

F2k HSEROLEME Ck% %ﬁ - ¥R, 1959)

®ooB & 5 e % 11 m ﬁ % 2|l & & 3
#om ® A B \ 1958, March 27 | 1958, March 27 \ 1958, March 27
5 GON 45 | 44 43

pH " 6.8 : 6.8 6.7
Y (mg/l) | 4154 ‘ 588; 4314
Na+ (mg/1) 644 619 635
K+ (mg/l) 89 : 114 : 115
Caz+ (mg/l) 288 | 532 : 306
Mg?+ (mg/l) 46 47 | 52
Fe?r+Fet (mg/) 1.2 1 0.81 1.4
Mn2+ (mg/l) | 2.9 3.8 | 1.3
AL+ (mg/1) | 31 : 30 ‘ 11
cr (mgll) 556 896 ‘ 551
HCOs  (mg/l) 791 ‘ 798 ; 895
S0, (mg/D) 153 : 218, : 1445
HBO; (mg/l) 9 ' 8 : 14
H.Si0s (mg/D) 205 ‘ 458 169
CO, (mg/l) 145 ‘ 220 ‘ 240

WEBRR  kExersy ﬂmm%%wf %ﬁbﬁﬁ@ﬁbfbbb<ﬂﬁ®§
EExLORRBETHE. XL, WERE2LBRRELTCERHL TS24 0EEX
bhb, COMEO—22 LT, RKEERBSIVKRKECONLIFBER, W bEEER



T, L2d 85 1,000~1,100m o R mCTHEHL T3 2 E3ARAbhE, $FEHL, 2
B, B0 OMKAITECHEE 2O THAH 5, & 7 1%, pH 3.2~3.5, #E
35°+C, MBI+ vickd, MALTHAREL TV D,
HER BB, 32w oKk kERE X HTwB, pH2.6, 18 33°C T,
LD AT T ALEND B,
BB RO DRR [HUE K DR, 2ROWKILASH DA, Fo- -3k, iR s
ToTWh, ¥RRERLD, BEHCEBEANBNRLTVS, ThLOEBZAERKL T,
2V HrERTNOKEE T, AR, PHIFEALDL, 2R TR T,
BT/ & B BRI, IR R o LM 100m o Ei B i3 5 E R (44.5°
C) 72, vayTRFABIRTVS,
REDRDEBR BRAN S P42 fBoR o ki, &5 1,500m 50 1K
%, R 90~95°C, pHO.6~1.8 DR MA1AHHL Tk v, HAHLORBEREL-> T
B, 196246 )1 28 5 (WMADOWH) COERDHZLO1SKELTHB L7 (HLigss
K &%H, 1962),
Pl EDids, RIERSIOBEMARIZES T, WRIGENCHE - T, MMk DR R AR
bhd, LaLzhbid, SHELDEZVL, BAAFHEIZTE o,
V.4 1 7

OB AL ND ERZAME LT, THHERBKE R 5 2. THHEREK
A, Z OGSO RIZL < AT L T d e IRBETHRBRAS <, 2Pl
MELTHASNE 5. ZORIFOIM IHEET 2 ERRIFHEIC ST, O R
IKEIH LS B ERSIN TS,

Vo ARBRE QWK & 1962 F 005k E)

V.1 1926 LT 015 B

TR, LFE T RMEOPRFMICH B0, LHE L CHRIhLFEBHTHEE, A
FEEEoTR LD TELLRBILT E 0,

R ORI, BREBARKBC X - Thrhi [HRIIIKERSE] (1857) ©, k4
(857 4) 4 427 A, "L (BB PRADL) HMEOCHKIATHHL TS5 &%
VWL TV D, 20T, THELUBELHE L CRMREE, AL%4457230, 5
FHEE ], THWPEEC L CAIRABRLCERRKA M Es 2R3 LRALTVW5. LD
<, Z0&E, PRKODESNPHAKLLEDOTHSLS, HOTHERAFIRELEL TWEED
Scrsk, ZoH, THITOREAKCIZEKLE (KEL 33055 %) ODhdic, &
BEAMBBIE Lo & v 5 (T BB R KEE,

ZThint 30 FEH DA 204 (1887 42) 6 F 3 H Rk, HB Kbl » THEAL DKM
EAT 0%, UBEOTAKBOKE-LIKAHRD, BELLE A, JLU (bhRAkBR)



D FFCERKARHBA L Z & dvbh ot (THBHBREL ). KHY (1891) o 1888
FEOBET LB E, [rva= (FBIE) WER X¥ARS D, MALLEZL T HTR
HEMHETHILEL, BRENAMCATCILYER—EEHC LT, 44 REHMYLTHE
KoK, BELTHRUAFELERKE BELT LD ERD ] 5D (L ELKRBAR
o Fio, INEOERE, WA 224 (1889 4) o i Lzt Tw5 (THRHERE
REEE).

o, miEhg (1891), NEAHE (1918) s X ogisdEl (1918) b o, TG
BT 25880350, chbidld, O TFRIEAFESLZTAEISh, RIFLVWHAD
HHRv, LaLl, KFEL124 (19234) Hinrd, coMKBEBRKECR T L L &
D, MEOEXD S 30EFLE VI, ShitcORIELS 4 (1926 4) OB AkENL TS,
V.2 1926 £ iER)

19236 {4, ek RO S 28 (B33 @, HMM¥o» s, ﬁﬁﬁ@
AR, ZoEMLHML o oH o, T, HAREM (b FORBIRR) ORIE
EAL, BHEEAEMLA, SOEE8 A, B, 7.8m LRkE kB2 En
Bt (HEdE, 1926),

1926 £ 12 523 1, Ak kBT R H D K125 NEE 2 U, KPRz
30mx20m, BE20m o [ A KUATER. 52 5 Ak, 192642 b adn b,
KT 6~10cm oMY L F LIRS, 4 A5-6 HICZBRIK S v, 8 HE AT
OHBHHICHKTERBTH ok 2D, 523 T, MARBIDARARICTL »
oo A BRAICE, KR AT, DAV T, 45 Bix BH, 7 BHIZKREIL D
WL, KERTRICAD, REoBCH LWAkBEZEUA,5 1 13 14 QX8 E) » W
LS, DBDHFE LR E A2 MK E D, 1617 BICRBEILE & A 2
P BT U ot 22 HEEEI S » T, FEBRETLIRE, KED 0L
Lo #23 BN TRERD (MHEBRBILEEL.

5124812051175, S1HHOKRERBRANE C -k, HEEILOTILHAR T,
BECOWT, 5~6BOREDO L EALONBETHEXEL, 20T, BESIFALSIR
REBE, LR TH>THALER (WEOHLIER) OBEKEE « Briko- i, BEM
A, hRAKODEOEE TS T, WHABF 800m Ty, #% 1,300~1,400m o &
FEIhte (BH«EE, 1927), MBI L, NEECET) « AN H D, BKRD BB »
AN (I RRREICER),

DWTHRBIOKITATE, F2RHORELERNE T, TOBRET, hRkn i
DAL SR, BRI R SRR A L T > TR T ot (551K,

COUEOBRBESEL, KOs b 2km O IUHEFHE T, b3 54E (b, 1926) ~
L5 (mrbfy, 1926; ¥, 1926) Lamdbichstc, X bic, 2o LRBHZ, 20K
CREEYENL, 2 KEREEEDL, BBNMEERFIN Lo THRTL, BEEKD S
256~26 > Tkninh 25km O TERBFRBICEL I, BINE BPC H&kE LBz or
B, BHREFEL, 2BOMRKEELRKERD, FKE - BR - SEFOMEEL 2,
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COWKT, St 144 A, i ST, Rk 64T - 602 P kb hiest, ThBIRELL
T2ZRREDOBEEC I DL DTH -7 (6,

ZOWIKT, hkk o EodbEif 2,000,000 md i pEg L C, 1 RBRE e 201
WIS, 1H250m Fe 34y 1km o filc iR L Tk b, HERTHIHE, MEO 2 KWIEILN
Bbhill bR Th, 1KIEMRIEA D #H 4 o (hot volcanic avalanche) T3 -
T, IAPAECELR 2L T 2RBHZELCALALOTHS (HH - R, 1927), =
ORI DIZ A, (A% 10,000 m3, 5kl 3,000 m® 25k m o FC il S iz, Bk
W, BOMBESCHME SR AL D TH L, ), MO LK, kR bk (R
REI D) FARK L (BH BB, 1927).

1926 £5 424 A%, WEXR S E Y, 3 5 WV okl Wekc, FFEIA8H 168
335, ST UCYRREAREY, BM4,600micEL, KNI T2 408G R E -7,
Ehic, 90 1540 /MR H b, 10 B 9 37T DI LB RN H » T, +HIED k7
Bk Art, MB 15848 e, FBEnH 0, THINEREEINC KB ETL
Ton XD, 11~21 B ET/HMEENL D2 S hic.

D9 otk T,k n m NW oM~ - BRIk O B, NS o4 130
m, EW o 50m, 2 30m oA okRnfEbiic, ZOWHERNL, 5 Ao
KRS RCBRALEBCHML Tw5 (B, 1927). cokbix [RiEkB ] ¥
W IEME AR ] SRR,

1926 £ omikix, £oHd, DANARIGEZ 250, 1928 Fic A - Thbik, 1716
H, 3H5H, 124 0RiiB &7 - 80T, KWKRIENIIZ A - 7o (45, 1928),
V.3 1962 105 E)

1962 FE o iFdENL, 10 £ LW KOk EE LN D, 2O BRFEHSR ED LR, L
A FR B, WRKOBERNIC - T, FEHCIERE - .

1952 £ 8 I 17 |, 88k K H O BTN H » 2o 99 B & A 1, 7846 1 m oG Zinm &
BT bh, RECKELTT-72. ohbix, [S2FWKILE | ik [IEfikn
FXiERte, -, 1954 EEIHA D, RIEKADOHEETEEIA WL U AL b, LiFLEng
GAID B K OE~GEREEARIN L (545, 1954; Bk« BB o@EgE). 195 78 o
FRALBEORE N E I X D &, HIE MO, BRKAkRT159°C, KIEk 0t 160°C,
HEEA BT 379°CH Lo L, G FEOMEMBMALRER KRR E2, 1997) X D L &Eh -
Foo B, FAEfihbhcEsE T, 4,000 o R T o/ #TEaiEe
SNt (A« Frid, 1956). 1959 £6 F « 10 B, KILPEHMES UGS H I X
(150 iz o © A 40 E)E), 11 ik BRA N O RN INEB L L, RIS
100m L, Mi&ILoEEE 1om il E L LIREFR ARG, 1962). 72, 1961 &
8 14 Hicix, IHMIK B CTHOWGIKAESIBEL DY, Ry Hh 2 v 75 2 A )OHIKIK O
ot (BRENAHKCES).

HER LD B o KUl 77 A DAL SRS D Tk, AR (1962) 2 & » TEFT~ &5



WafitbhTns (F53%5H),

Ik FRIEKUF A0fEER (IWASAKI et al, 1962)

- K% B <'?£5~z” o it ?{@m

7%% HF >ﬁWHiCﬂ<S~Oz HZS l TCOs [ SR
Ze 10 ,(:/1

"o/‘o/
1234956006 145‘19010011 53617 3.3s

B A | BRRAR

Ho\]
or |
/0’
|

|

|
\
!
BEkD | }fgg 12 {

|
KIEXD 97 \9520004 44405 47009500‘03 3.0y

| \
1960, | : |
Tuy 15 | 144 946 013 9253194 _279\03 0.9

1960, P |
AR joy g6 204 ‘97.3‘ 0.12 1912, 9 20. 8 — 60. 8 3.5 5.4

z

* Total fluorine calculated as HF. ** Rn content at N.T.P.

KIEKBIZ DTk, 1957 42 1960 4 & 2 [iicdric » THE N fTie b ey, 0
TR BHE L, ~rs v eSO HS g2 mL, i CO: piEn|mALT\w5b
ORLDER T B, BELL COHFEE, BAKEMCE, SHEVWHEULLMsCS
AT,

1962 Fiw A>T, 4 23 BIREWmE (M==7.1) L%, KIEAKROoREERHILE S5
EIFL 2 h, KUrADEE GBIEN G- T, BEHE AT 200~300°C w@t5d 0
BHbbI, MEOHARKLE Z o, HMECIAMHOEM AW H L,
FLGIGILAE Ulee X BT, *l‘ﬂ?%—@ﬁﬁf,'mﬁ&ﬂu& 533150, 68481,
6F9H2, 6 82802/, KRIEXAKROLIE1.2km othEsi (310 ) i,
50230~6 2T 2Tk, 4HT1HA4l mo kUi iiEZagshc GLIRERA
Sif, 1962), 77, 6 §27~29 iz, RIEADIE R, B 10m i oGis 103
£TETED, PHLOCRBENAD LRI, Fi, KOAEILOHRLH - (R
LT, 1962),

PlEo X s emusi gz, 1926 EQERETI ORI OL £ 3 TE D, TR T
= /=R ERFLELD I E R LD LTVDS, EATIWTHAH, HER, FLuH
KA, WORUEBMNEND ZETH o, RBRITOHTY, LELEEROLELAK
L Cui,
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TOKACHIDAKE
(Kushiro—1)

By
Yoshio KaTsut
Toshimasa TAKAHASHI
Shigeo Dor

(Abstract)

The area of this sheet map, located in the central highland of
Hokkaido between 43°20'~43°30’ N lat. and 142°30'~142°45" E long.,
occupies the southwestern part of the Daisetsu-Tokachi volcanic chain,
which is an échelon belonging to the western end of the Kurile volcanic
zone. The Tokachi-dake volcano is the only active volcano in the
central highland of Hokkaido, and is famous for its recent eruptions
in 1926~1928 and 1962.

The northwestern half of this sheet map area is occupied by a
wide pyroclastic plateau composed of the Tokachi welded tuff; while
in the southeastern half of the area, the Tokachi-dake volcano group
forms a volcanic chain that runs from SW to NE. Talus and fan
deposits are accumulated at the skirts of this volcano group. Due
to wide development of such Quaternary volcanic and clastic deposits,
the outcrops of the basement Tertiary rocks are restricted within only
small areas.

GEOLOGY
The geology of this area, as shown in Table 1, can be divided into
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Table 1

. § Kitamuki-kaké lava (KI) Yakeyama lava (Y1) 1
EEY 1 + .
E E’ Suribachi-kaké cone ejecta (Sf & S1) Central cone ejecta (Cf, Cl & Cm)
(3 + *
§ & § Graund-kako ejecta (Gf & G Alluvial deposit(s A
X[ $3 T a)
E": Nokogiri-dake ejecta (Ne) Bieifuji upper lava (Bfu)
e
S Bieifuji lower lava (Bfi)
e e A AP P AN PP s e Fan and talus
o ) deposits (f)
® Tokachi-dake lava (T1)
o 1
& Mae-tokachi-dake lava (MI)| 1,840 m Peak lava (181) Biei-dake upper lava (Bul)
o B
§ Umanose agglomerate (Ua) Ishlgakl-yama la\a(l) Oku- tokar}ln dakg N
= 1 upper lava (Otu
2 Kamihoro'kamettokuwama upper lava (Kul)
k- 1
2 t N i -
.(g Sanpoézan lava.(Sal) Oputateshike-yama upper ejecta (Ou) ?t%m?};grrr?;(a?;\?a
'§ Kamihorokamettoku-yama middle lava (Kml) (ShD
< 1 - i
& Tairaga-dake lava (Tal) Bebetsu-dake Java (I?I:) : g‘f&’d]‘g‘ﬁf}:(%ag::)
3 Kamihorokamettoku-yama lower lava (KID | Biei-dake m‘ddl(eé;vﬁ
< -
$ . : . .Oku-tokachi-dake
% = throgane?: lava (Sgh) Oputateshike-yama lower ejecta (O) [ . lower lava (Ot}
- 1
é Shirogane sand and gravel bed (Sg)
S ;
q = Furanu«dTake upper lava (Fu) Biei-dake lower lava (BIl)
£ 7
% ) Furano-dake middle lava (Fm) Ko-tokachi-dake upper lava (Ktu)
= 8 1
é% Furano-dake aggromerate (Fa) Ko-tokachi-dake lower lava (Ktl)
s 1
-§ = Furano-dake lower lava (F1) Tairoku-san lava (Tr)
= 1 1
~ Mae-furano-dake lava (Mf)
= o1
3 Genshigahara lava (G)
T <= formation of caldera
“Shimo-furano welded tuff
[Tonokari-tuffaceous mud stone’
o T NC:’ f()rmatloﬁvi);/é;ide\;d T
Tokachi welded tuff (W)
? S
Maru-yama lava (M) Biei-gawa agglomerate (Ba)
| Plio- 9
R BN ? A A A A A A A A AP AN A AP AN
.y cene o
S Altered andesite (Aa)
=
MO— It e e N A A N N P A NN A A AN SN A A LA AN SN NN
cene Biei formation (Be)

Note: Rocks enclosed in [ ) do not expose in this area.
Arrows showing the sequence of volcanic eruption inferred from field surveys.
two units: basement Neogene volcanic and sedimentary rocks, and
Quaternary volcanoes.
Around the Tokachi-dake volcano group, the Hidaka formation of
pre-Cretaceous age and the Biei formation of Miocene age are developed
as the basement rocks. Neogene tectonic movement related to the

— 42 —



formation of the Kurile arc was also prevailed in the central highland
of Hokkaido. As the result of this movement, the younger SW-NE
tectonic line which crossed obliquely against the older N-S general trend
of the Hidaka formation, was formed. Many volcanoes of Quaternary
age were erupted along the younger tectonic line, forming the volcanic
chain above mentioned.

Basement Neogene volcanic and sedimentary rocks

Biei formation, composed of propylite associated with green tuff
which has been subjected to alteration and mineralization, outcrops at
the northeastern corner of this sheet map. This formation is con-
sidered to be Miocene in age and widely spreads under the Quaternary
volcanoes.

Altered andesite outcrops only in a small area at the northern foot
of the Tairoku-san. This rock is distinguishable from the Quaternary
lavas in its appearance, because the former has been slightly suffered
from alteration. The age of the rock, however, is not clarified.

Maruyama lava, composed of augite-hypersthene andesite, and
Biei agglomerate develop in the northeastern corner of this area.
They are covered by the Tokachi welded tuff, but ages of them are
still uncertain.

Quaternary volcances

Tokachi welded tuff, composed of pyroxene-bearing hornblende-
biotite rhyolitic pumice and ash, is the most voluminous pyroclastic
flow deposit in Hokkaido. In early Pleistocene (or late Pliocene?),
following the upheaval of the basement due to rising of the rhyolitic
magma, a tremendous amount of pumice flow was erupted along the
above mentioned NE-SW tectonic line and its subordinate fractures.
Immediately after this violent eruption, a major volcano-tectonic depres-
sion was formed by the differential sinking of many blocks divided by
the tectonic line and fractures above mentioned. In this depression,
a shallow lake appeared and the Tonokari tuffaceous mud-stone was
deposited. Then, the Shimo-furano welded tuff composed of hornblende-
pyroxene dacitic pumice and ash, erupted also from the above mentioned
tectonic line. The Tokachi welded tuff is widely developed in the
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northwestern half of this area, but the Tonokari tuffaceous mud-stone
and the Shimo-furano welded tuff are concealed by the later volcanic
ejecta.

Older Tokachi-dake volcano group: After the building up of vast
pyroclastic plateaux, in middle Pleistocene, outpouring of basalt and
mafic andesite lavas from the above tectonic line and fractures began.
As the result of this activity, Genshigahara lava and ruined strato-
cones of Tairoku-san, Mae-furano-dake, Furano-dake, Ko-tokachi-dake
and older Biei-dake were formed.

Shirogane sand and gravel bed, a fan or river terrace deposit,
develops along the Biei river near Shirogane hot spring. This bed
includes boulders derived from the Biei-dake lower lava, and is covered
by the Shirogane lava.

Middle Tokachi-dake volcano group: After the deposition of the
Shirogane sand and gravel bed, in late Pleistocene, most of the strato-
cones and lava domes of the Tokachi-dake volcano group, as shown
in Table 1, were formed one after another. They are also arrang-
ed on the above tectonic line and subordinate fissures. During
these activities, composition of lavas converted from basalt to felsic
andesite.

Younger Tokachi-dake volcano group: In the next stage, Holo-
cene, the younger Tokachi-dake volcano group extruded along the north-
west side of the volcanic chain. These activities are characterized by
Strombolian eruption of a mafic andesite magma. Compared to the
activities of the preceding volcanoes, they are smaller in scale. As
the result of these activities, two strato-cones and five cinder cones
with lava-flows were formed. One of them, a central cone erupted in

the Ground-kaké somma has been active during the historic time.
ECONOMIC GEOLOGY

No workable metal deposits have been discovered in the mineralized
rocks of the Biei formation. However, sulphur deposits, limonite depos-
its, hot springs and certain materials of economic importance are found
in the area of this sheet map.



Sulphur deposits: A number of solfataras are emitting from the
central cone and Kyufun-kaks, and they form workable sublimation-
sulphur deposits. Taisho-kaks, an explosion crater formed during 1926
activity of the central cone, emits H,S and SO, rich solfataric gases.
It is able to get pure sulphur directly from the solfataric gases using
chimneys set on the orifices. During the years 1955~1962, refined
sulphur amounting to 21,000 tons were produced from the Taisho-kakd
by the Isobe Sulphur Mine.

Limonite deposits associated with jarosite were precipitated from
hot springs near Fukiage-onsen and Okina-onsen on the northwest side
of the Tokachi-dake volcano group. The limonite ores range 50.49~
54.56 25 in Fe content, and jarosite ores contain about 6~8 25 of K,O.
As to the Fukiage-onsen deposit, most of the limonite ore amounted to
3,000 tons has been worked out in 1953~1954, and about 100,000 tons
or more of jarosite ore still remain. The Okina-onsen deposit contains
about 100,000 tons of workable limonite ore and several thousands tons
of jarosite.

Hot springs: Many hot springs are welling out in this area.
Most of the hot springs are characterized by high content of SO, -
and low pH (0.6~3.5), and considered to be originated from solfataric
activity, except Shirogane hot spring which is welling out through drill-
holes from propylite of the Biei formation.

Others: Tokachi welded tuff and other basaltic and andesitic lavas

are used for construction works.

RECORDS OF ERUPTION AND 1962 ACTIVITY OF THE
TOKACHI-DAKE VOLCANO

This volcano has been in eruptive state four times during the last
100 years : 1857, 1887~1889, 1926 ~1928 and 1962. During these activi-
ties, the site of eruption has been restricted on and near the central
cone. No detailed report, however, are available for 1857 and 1887~
1889 activities.

1926~1928 activity: At Oh 11m p.m. May 24 th, 1926, the first
explosion occurred on the western foot of the central cone. After

— 45 —



temporal quiescence for some four hours, at 4h 18 m p. m. the second
explosion took place.  The greater half of the northwest side of the
cone, estimated at 2,000,000 m® in volume, collapsed and a great explo-
sion crater (Taisho-kakd) was formed. This activity caused a hot
volcanic avalanche and suddenly melted the snow accumulated on the
western side of the volcano. Accordingly, forcible mud-flow was orig-
inated and swept away the western slope of the volcano. About 25
minutes after the eruption, villages of Kami-furano and Biei, about 25
km distant from the crater, were devastated by this mud-flow, and 5,080
houses were swept aside, and 144 persons were drowned. New volcanic
bombs of olivine-bearing hypersthene-augite andesite were expelled fol-
lowing this explosion. After the eruption of May 24 th, the activity
has gradually diminished, though small explosions occurred intermit-
tently until December, 1928.

1962 activity : After a long quiescence for 34 years from 1926~
1928 activity, on June 29 th, 1962, Tokachi-dake was again in activity.
The first explosion started from about 10h 15m p . m. and reached a
climax at 10 h 45 m~55m, ejecting volcanic blocks and ash derived from
the surface. Five sulfur-mine workers, sleeping near the crater, were
killed by the falling volcanic blocks. After a pause for about three
hours, the second eruption occurred. This activity was manifested by
strong Strombolian eruption, ejecting volcanic bombs, scoriae, lapilli and
ash, most of which were originated from new molten magma. The
volcanic ash was blown up about 12,000 m high and fell over eastern
Hokkaido. This eruption continued almost for a week, and prolonged
intermittently until August. A main new crater (140 m in diameter),
accessory craters and fissures opened on the southern side of the central
cone. They are arranged parallel to the southwestern wall of Ground-
kakd which is a somma of the central cone.  Volcanic bombs, scoriae
and lapilli accumulated around the main crater, forming a small cinder
cone.

Some abnormal phenomena were noted during several years prior
to the activities in 1926~1928 and 1962, viz., increasing of temperature
and H,S and SO, contents of fumarolic gas, activities of volcanic tremor
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and earthquake and opening of minor fissures near the central cone.
Essential materials erupted in 1926 and 1962, are quiet similar in
modal and chemical compositions, as in the following table.

Si0s TiO:z Al:Os Fe;0s FeO MnO MgO CaO Na:0 K.O P:0s Iggg Igz_(g Total

(1) 53.93 1.25 18.39 3.11 6.21 0.19 4.10 8.83 2.40 1.43 0.15 0.14 0.03 100.16
(2) 53.41 1.23 17.98 2.77 6.50 0.20 4.31 9.07 2.52 1.31 0.19 0.11 0.10 99.72

(1) 1926 bomb (Olivine-bearing hypersthene-augite andesite), Analyst S. TANAKA.
(Tapa and Tsuva, 1927)

(2) 1962 bomb (Olivine-bearing hypersthene-augite andesite), Analyst Y. KATSUI.
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