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TIHMEERWS A ZRT . ESIFIH5mbH Y, B FAEmix
N—RXThHDHH, PEHAHIOMITHER LR LREOELE
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T AEMREMR. BREA VT2 (BR) - SKEEEG - B - 88 - IR
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LT LFTERARN. i, BHREEICLDZNED, BEEZILAOR - AT T, FHBETIES 870
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WCETe. 1~5m KOJIRBEN SR D.

BT DR
3 A SR AR LS
BEG - RHRAT - SRERHEEA - LA - AP (RE) - 8RR
A AT AEREMAR. BEA - AT A (KR~ RE) - TR - SRR - SR - BREIX
Ao A - BRER

NTEBE BE=MAEOEMK350mD, Hk HEHE & LERES ORIV, F552,315mi B
M L7230ma/ Nk A2 BB BICHE N L, Wil OPEREIZE L TV DS,

VR O HF200miE, FEECHEA OB 2 i8100m Thitiy, N T FEOFEHIZE L T, 5% 49400
miZJR, & 5IZH500mifit il CRMLILOTEEEICE L TV 2. KO & 1£2,240m, MR & OVF =1
75m, NT¥TOREESITHIOMTHD.

WA RIS, B12:3m DTS - A=Y - VYHPI FTREZIT LD LT HEERS —EITAENL
FoTW3E2Y, ZABIFEEDLY OUKDORNGA L IR ER (F34X) b5, EaaoiftEs
TN—T ORI e EOFERNPD, NTEKLFIRET, ol bHLWEETH D Z LIV
BEL L WHHEHHOBHIZE D2 b0 THAS D, DET-ORLWMBA L, 2 OWHICEIE L TS
NeboThdEEZOLND.

WA ERE - E - T AET, KRESES50em (£) K, FhCHmRICET 28000725,

BT DR
AT A AR A 22 1L
BEG - RHRA - BOTHEA - AR - 8RR - (A D)
il T ARREME. VT2 (BE) - BRA - BTEA - BEEEA - BEE - B - i
HH

H34K N TN T RS
(IZERBOE S CTEAICIEND)
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MAMEBE WMLORE, H2WIEHERAEFICH > WHOEE - Ei2 EIChbnBE0b5
W, REAMARZIEEOREG 2B ABT, BIRE - VT AERIEO/NREAED . kR A R
ERANBIZIN > TES 1,840m « 1,770m « 1,140m 137, FEF - ARSI 9 NHK ZEFTAH,
[ < 1,200m f$if7e E DA T, WIS BHIBIIZIEATICHRI L T D, BADRELESIT,
Sy A ORI TIL 5 ~10em K+ 1m ; B TiE 3 ~5cm + 60cm 72 & CTHrAi O #l2s AL B [\ ¢
WHZ L, BROEELOREAR NS, NTHESIHEIEHC LT, MiishicbotELLN
D, NTFRAIBEORINNT, ZOBAEIE EA30cm, T2 60cm (+) oo —ABIZIZSEN
Tn5%.

BLT DR
W A SR R 22 Lo
BEG - RHRA - SRR - TmEEa - APIA - BRER
fidk o T ALRMEMR. VT A

VI. 3 = O o )=

TR - v — 8 - B EHERY - IHERI 2R IOV TR

VI 3.1 ES¥ED

BRICBEZONPRTNEICHOND A - R E a2 F LT 24T, KRN T3\ 77 2%dk
M- FEOBNN « ATZRHLEZ - B - IS5 NTRAIRE - NERTEESS - AW IR 5 L
ORI - 2D ORAEICED /M EDEOE Tl LicHhbild.

VI. 3.2 A—LE

Z OREHIEIE, FIED (1967) 12X VBB EI N Pml OSAOIRITELEL TWD.
72— A5G d 5 VAL (TNIE2y, 1967) O KRTHRO#E L LCE, 20 Pml Abol b
HEHTHD.

BIEHIE N IC R 1T D b o & b @O AL, PE R CIR R — 2 5 AT 0O K Lk & F i ; BT
EEPI LR  RA NG 08 BESG T - /NEIRIE - OB B DIZE D W OIS B S 7z Ze
8T, OFICEVHIFE & L CIREEOWRER - AMOEO THERERH 5.

FTTICORZE DI, IRRETREABE « fVm X m RG5O LR 2B LR g R, S
Bothmnds K OVINEIRTE - W RS 7 AR, & IS0 R—ENMOmEXEO N#E, 8o T
HOTHELRLEICE > THERIN TS, Pm-11E, ZhLT_RTCOmMEZEKTEE-> T\ 5. Pm-1
DTFMOR—LER b2 & HEVOE, SRYGHE E (1—1900, HRESE) T82mIZ#EL T\ 5.
—J, TNHLOHEETH - E b O WA TIX, FAUr—2AFORIEH 2.7m T, 5100
i EiCiE Pm-T (3388 b7z,

F£7z, 20O Pm-l (ZALIHIS TR R R (PIEDy, 1967) TICHTEL T\ 5. ZHEIRES
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MO RANBIE, & D VIEKRE AR GTRNIED, 1967) ICELIMBEZBER 9 v —AE1E, +TTEE
0 —A55H5WEE e —2 (LR, 1965 - 1967) TH 5.

VI. 3.3 BRE¥WHY
A KA BN - BB 72 EDOWILT, JIKRNS 7 - 8m OERALB i 2> < - THAMT
DHERT, B VR LR ENDRY, BFICL o THOTUVR—LAEEFIEL TV D.

VI. 3. 4 AI¥EHEY
THIVRIRZ T Lo, 1R & STHEIITAVICOM L, B - . - k2 lhbis.

VI & B

NAEEDE, ZEOEEFREROSfE LTEL TH L. £ b IThE, MICHTFHONE
WEIWENT, EHZED AR U ZEBNT, AREIR O h R - 3R 559 K 1.5kmE 7
DALFAARNTRNNZ D Y, T TIZ ORI E N TN D,

FE35IC [XINE PN D HE 25 AL EBF DA & 3. F72BB20RITITE Y - B (1966) 12 L HipfE %R~

A
BRI
3 #
AFAE il
) Al
i AL
of aXEW
ji N
@ 3
7 v
L L Aw
3 3% 7l A
4010%32 A
Sool ]
78 & W
8 2
w b
RE
A

3560 B3 AT
H20%  ZRHLE BESUE ORI

EHHELO RAROTE
& s % TTHRE aaRi Ei E R =
(em) (m)
IR - 1 40 20—40 FLOBER
no e1-A 40 10—30 RER (A 7RER)
n <92-B 60 0—40 T4 7R R (RES)
" .3 — 20+ bR N
w4 80 70—80 # K
B o F & 35 5—30 F1 T HESR

EIR - BRK (1066) kB
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& i

PUEHIEA OH FEIR L LTI, A - BE8kEE - Bl - BRI ONERBREDRH 5.

BM ZOMENLETLIEEAME LTUL, A 2Za - BEA AR LTHEESATHD
PeRF (ERIERRICE) - A oY A L2l 2E213H 5. RIgHIRN T, arEidde
WO DI &, %E TN LRV

BUEHIERN TITER OBA M & LT, ZREROZR&ERES, AFREEOMAIEE R L2130
O, FHTEAMTORLTWAERNTN /MU THS.

WEEE ISR - TSI CESH 1m ICET D, DO THBITINZZ ERHDHITTE 0.

WL BRILHERSIC ST D, KGR O BUL S H 572 5 A LA RS - T A - 5%
TR EDFEE LCHA LTV A, [XIEHEA TR\ TR AR TBITS N T 5.

WE EEAREBRBLOMASREICEL, BE BTSN N5, BUEIHE S
TEEICRS>TND.

ARE FABAEROGHEERTOL O, EIRH L0 ARER L LTI L, BF214F
FEHREFEENTERIBY 217> T, RAUNVOIERE Uizl RERRIFERE 3 7 tIZ#E L, BfE
IIRIEL TV S,

BR XEHINICES T 5 RROSMEFEI6IRT. EHTREZ LI, T TICORTIN T &M
[ ORI IR EICBWT, ELICIRROSHABENFENI L THY, FLOXICOREZE6H5DH

&y

NF 78 :
Iy .
| -
A
3 e
d, 4o g &
2&@. aly A
&, FHEW

o = i
a7 /?\lLl m&ll.l

m n dg,
Iy \/\4')—/<' UG

a6l i Ry M KN



766.
277.
933.
897,

BENERMA B AR LRE (KE)IRHD
PALAGBMEAERE (KARERMHH. TAKESHITA and OJr1, 1958)
(RAER) BAEEIALARRIUE (BOBH)
MHEEPA D ARBMMEARILE (EREFFLRES)
. FITEAERMEERLE QIHATRH)
. BREAMTBARILE (RELT)

. PABABMAERMERERZLE GRELLTE)
. PABABHABRARMERZLS (REdh)

. EERRILE (RIS, JLE, 1949

3%. B LANGYEEAEKEARUYE (Wi, Oy and TAKESHITA 1970)
988. (ANAE) #ABEREERRILE (\NTH)
984, (PABAR) ARANTEARMEELLE (BRLLTED
1054, »ALARBAEHTEGRIERT 151 + GEID
1110, HHEERFBEANGT 154 b (BT 5EHNEE)
A, yav v E4 + (i, O and TAKESHITA, 1970)
B, #rEEANAETAGE (BT=ZHLU, TAKESHITA and Ojr1, 1968)
C. BEHEOHFERNESE (XEIL, TAKESHITA and O)1, 19%8)

BRE N HEXKILUAEES IOCHBES OLFERS
* R — N K * . * ¥ — — . N
ooE  NEN|Fe DB B ERFES Y BB A B ME W MERYE | PSR MU A TR | EHL | Bs K| BT D s B
Ple oo B D kumm | N B B|E BB B\ w Ele ® B o8 B BB BB BB 2

v 7 rNe 766 ‘ 377 933 897 } 11 | 240 886 ; 894 r 851 ‘ 396 ! 988 ‘ 984 ’ 1054 1110 ' A } B Cc
Si0; 48,91 49.00 50. 92 ‘ 52,68 52.94 52,98 ¢ 54.00 54,35 57.82 58.92 60. 19 61.73 62, 62 62.78 32.56 41. 66 55, 43
T1i0: 1.15 1.26 1.20 i 1.16 1.19 1. 14 1.13 1. 16 0.71 0.93 0.72 0.78 0,63 0.77 0. 83 2.15 0.82
AlO4 19. 48 17. 87 18.22 | 17.98 18.21 18. 85 ; 20. 87 17.74 17. 67 17.05 17.26 16. 45 16. 37 16. 33 19. 89 19. 14 14,97
Fe:0; 3. 96 5.58 3. 47 ‘ 3.44 4.02 4.57 | 2.57 3.03 1.97 2,73 1. 64 2,23 2.50 2.79 10. 55 5.71 2. 89
FeO 6. 68 4.63 6.76 ' 3.59 4.68 3.93 " 4.45 4,91 4.53 3.50 4, 40 3.23 2.95 2,59 10. 12 6.68 5.75
MnO 0.19 0.17 0.18 0.17 0.15 0.16 : 0.13 0.14 0.09 0.11 0.10 0.11 0.10 0.11 0.39 0.09 0.14
MgO 4,60 5.08 4.59 ‘ 4.35 4,24 3.72 i 2.82 4. 67 3.09 3.52 2. 96 2,36 2,53 2.27 16.22 8.85 6. 86
CaO 10. 18 9.94 8.60 ' 8.93 9.04 8.59 | 8.83 8.72 8.01 6.54 6. 83 5.73 5. 68 5. 49 2,17 12.23 8. 66
NaO 2.70 2. 40 2.94 : 3.27 3.17 3.23 3.58 3.35 2.72 3. 64 3.42 3.82 3.45 3.62 0.95 2,25 2.53
K0 0.55 0.70 1.23 | 1.08 1. 15 1.08 ‘ 1.08 0.95 1. 41 1.61 1. 60 2.08 2.20 2,35 4,37 0.29 1.15
P20s 0.23 0.27 0.31 " 0.28 : 0.29 0.26 | 0.25 0.27 0.20 0.21 0.19 0.20 0.17 0.17 0.20 0.04 0. 16
H.O+ 0.77 1.91 0.92 0.71 ! 0.32 0.68 | 0.10 0.28 1. 90 0. 88 0.22 0.83 0.33 0.35 1.24 1. 06 0. 88

: |
H:0- 0.38 1. 37 0.76 ‘ 0.34 | 0. 40 0.64 : 0. 32 0.26 0.20 0.62 0.34 0.28 0.26 0.32 0.27 0.51 0.25
S ‘ ‘ 0.08 ‘

& a1 ee.s1| 100,18 ‘ 10010 | e0.08  99.80 | e.83 100,13 | 99.83 ‘ 100. 40 ‘ 100. 26 ‘ 99.87 | 99.83 |  99.79 “ 99.94 | 99.76 | 100.66 | 100, 49
: - ) | w : - \ . -

B E KB KE On KE - R KBk KB K KBOATE RBAT OB & B On [k - ke ke - Ka[kée - Kaksm - k& On | Ox o

- ‘ ‘ o — ‘ f ok —

2o s EBIRH ‘ 31,42 ‘ 30.78 | 30. 63 ‘ 29,24 ‘ 27. 48 ‘ 23,54 ‘ 19.79 28. 32 ‘ 20. 80 ' 20,19 J 19. 63 | 16. 38 J‘ 15, 88 ‘ 14.95 | 56.14 | 41.24 37.09

* RN KL ¥ 2 = 0FH
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H21FK-B R OFESHE 2
pH pH(» 5| b ®
A B B e xmm) | o [RRAE HT | KT Nat
4 NS EFH2E 47.8 3.3 | 3.08 |1.0008| 1099 | 0.504 | 50.41 | 252.9
5 = % 6 B 90. 5 2.8 | 2.54 |1.0022| 2236 | 1.609 | 130.8 | 587.7
Ca?* | Mg? | Fe** | Fe+ | Mn+ | Al | CI- F- | HSO, SOﬁ-\PhPOr
|
27.23 | 18.19 | 0.480 | 0.186 | 0.222 | 1.499 | 319.4 ] 0.639 | 51.30 | 243.8 | 19. 61
73.06 | 24.92 | 0.718 | 0.306 | 0.798 | 0.629 | 769.7 | 1.149 | 301.3 | 528.8 I 16.11
|
HzSiOs HBOz FreeCOs HASOz H3P04
TD2ORELRPIOMDE—Y v S DD
230.5 | 41.45 | 58.46 | 0.496 | 0.901 air lift TEAEF TV 3.
161.8 | 104.2 | 171.4 | 2.584 | 2.369 ARRBURORMLITLT me/ke.
’ ) ’ ’ - EFRHERETAGEEE ST (1969.9. 8)
AL B LEFHY, ZORUHIFIZASZ ZETHD. BREFROBREOZ OLON, KiLo KELHIH#E

i E B BE A > TN I BITEE A TRV,
I X DIRIR DR 2 F2RAIC

FARHIED (1971)
RETEAAT « FEZE K K OFLF IS

INAEIZ

B 2HEA DL

and TAkesHITA (1970) T X

, EBREAMIEHTIC X 2IRROOITRER G
TR D DRSO FIRITAPURIR TR
— VT ENTB2CHERE —MRICIKR (228 B D =% 6 51X—100m R — VU > KNS air lift T
B FFT0D) THY, HHENBEHED L OB KESTHD.

&%) #EEAKRA-BITHIHLE.

X. A\ EKLERO(ES:

OFTEIX Z v E T, AL (1949),
2655 2 (963 aTHiER) OXLIHELBILTWehoTz.

EOERIZY > THEREDO L H I
11 DEANBRITI, Kk« KRICE > THOENE L.
. R E T KIS O EI R B A R

H4ARITIX

7mE, WO, I\HEOICTEIE R I
PEEE A (1940) -

+ TAKESHITA and Oj1 (1968) 72 Eic k> T4 T
COVTORFRERICONVWTH 125Kk T 5.
Wr &z K ILESED SiO, #iPHIX48.94~62.78%

i (1929)
TANIDA (1961)
#1292 DAy HTEL

145
koY)

ALOs EX&fkEE L TaE<,

- AR (1931) -
+ YAMAZAKI (1965)

BRI 7N e

16.33% 7> 5 £ i20.87% (T3

ik

TAKESHITA and Oj1 (1968) I L% On

Z DX

CFEEW - EROLERMER EERE L ODE

ELTW5.

AsayamA (1953)

ZHUINTEHD KL

IhbEELHDTHBRIORT. 2
DITHTOR#ETY.
TDEA % - FA - £V IO K LEEFIC DN T,

5 1EAH (1952) -

- B (1962) -

IZARENTHDE

IZbicd. BRATELEREN LT A VA MZ

R
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22k ALELIEO & DR

AHEO BT ORE

i 7

=

7l

VAN

I-4)

1-3

1-2)

ZILEEREEOHK
ANT &% 988*

RIWEHEBEEFOTK
BRI EE 984
ERmEBAE 851
WO W wE A 396

RIVEB2HEROTVR
EBRFHRILES 897%
W& LB s 886t

RUERIOTFA A r2ELTS

KB E B ARDO T
WmFE B S 1110%
B4 BB E 1054%

LA B BB KB DO
BEEMES 894%*
x & B B 240%

I-5) RIUEEBREXUOHR

-2 H)

3 % O 2%

—

AN

8

XREBIORUEXE L TIRBALUHEOLK

LHEBEE 1%

AREE - A2 Y ¥ 377*

IREFIVCRUEEXE LT IRBAUROMR

XEINE A 766%
#FEH KW EE  933*

—BAXEKILEE e MBABERIENAY BRLUE
. ARFE - A2 Y viRdAT BB
* XKEF - KFESW




H221R-A B R o b % 4 H E 1
N | & o KB (GE) | oM |i%§fa§ Sio, l Nat | K+ ‘Mg2+ Car P | Als | Mue+ | F- | CI- | SO&-
1| #® v R B R 170 (22.0) |56 (MR)| 120 | 62.8| 100 | 420| 2.14| 40| 0.12 | 0.04 | 0.00 | o0.17 L2| 230
2 | & o % |28.5 (25.5) 5.8 (MR)| 640 | 129 |125 2.7 | 870 | 23.7| 0.10 | 0.20 | 0.36 | 0.17 | 167.9 | 168
3 | B % |34.0 (24.5) | 4.8 (BCG) | 749 | 148 | 148 26.7 | 850 | 26.2| 0.02 | 2.30 | 0.54 | 0.31 | 196.5| 216
6 | ® 4 ® & |185 (2L.0) |56 (MR)| 892 | 130 | 127 27.5 | 32.0 | 102.4| 5.46 | 0.06 | 114 | 0.33 | 146.5 | 325
7% U1 & | 195 (25.0) | 4.6 (BCG) | 449 | 110 | 49.8 | 12.5 | 8.8 | 18.2 7.93 | 360 | L11 | o040 | 67.9 158
s | B “ % |25.2 (19.0) [ 4.6 (BCG) | 606 | 127 | 93.0 | 20.0 | 13.5 | 24.0| 546 | 4.40 | L46 | o0.52 | 109.0 | 240
v B w7 # | 19.5 (23.0) |3.8 (BPB)| 410 | 89.9| 58.6 | 12.7 | 511 10.8| 0.47 | 5.10 | 117 | 0.32 | 85.8 | 226
10 | » # | 240 (20.0) | 2.8 (TB)| 48 | 92.8| 70.3 | 15.0 ' 6.60 | 16.8| 0.05 | 9.40 | 161 | 0.44 | 105.4 | 246
LA & F B W A | 80 (25.0) 50 (BCG) |, 146 | 45.0| 4.61| 1.80| 3.06| 12.7| 2.57 | 0.49 | 0.25 | 0.1 2. 47.1
1B| WF®- %o E#® | 85 (25.0) |50 (BCG) | 135 | 50.4| 511 1.73| 2.97| 12.7| 2.03 | 0.13 | 0.22 | o022 2. 54.0
12A xﬁﬁ;ﬁ(’;_ ) ‘/) 52.0 (22.0) | 6.3 2756 | 134 | 365 19.3 1280 | 448.1 3.51 | 0.09 | 0.59 | 0.28 | 41.1 1850
12B, ARBAEERES) | 48.3 3.1 1948 | 68.0 | 79.4 | 5.8 | 62,0 | 237.1| 0.74 | 8.8 | 167 | 126 | 13.8 | 1590
12c§ xmﬁﬁ(%i@a) 33.6 5. 85 2128 | 149 | 87.0 | 11.0 | 49.5 | 307.8 | 0.75 | 0.09 | 3.09 | 0.40 | 10.7 | 1440
13 » % o 0 W & 340 (20.0) |84 (CR) & 1792 | 111 | 468 36.7 | 87.8 | 71.3| 0.20 | 0.00 | 0.04 | 0.27 | 303. 46.5
4o o B | 14.8 (24.5) | 7.8 (BTB) | 1086 | 39.7 | 318 13.8 | 40.3 | 419 0.09 | 0.06 | 0.11 | 0.40 | 157. 58.0
i

No. 1—3. 6—14 : 4 « KA - HH (1970) X 3,

(iﬁﬁ. pH LAt Bz mg/!

PH® () AiBuvciBik, ( ) o7ruvd ik pH )‘—ﬂ—ﬁiﬂi)
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WA HHTEO B B KILEEOE ST R
5 B ’ﬁ@;ugﬂ‘f#axigﬁza*% mlEsulmne s Hann| 2L BHEE B
3 N 3 3 ot | [R) N e ELY > ¥ =
-'7“‘/7';1«No‘ 766, 377 933 897 11 240 886} 8941 851 396| 988{ 984‘ 1054‘1110
6213 i) 36,0 37.30 33.7] 44.6/ 30.2| 37.0] 44.9/ 35.1/30.1 20.8 7.523.6] 39.130.0
B s 1.1
& £ 5| 30.8 25.9 27.8 34,1 25,6 28.0] 40.8 24.2[19.6| 15.0| 4.9]18.0/ 30.9121.7
B RE 0.7/ 0.0/ 0.6/ 0.5 4.3
BaER 0.6/ 7.9 1.7 5.1 3.1 3.4 1.4 4770 2.0 1.3/ 2.5 2.9 25
MNAER 0.0 1.2 0.9 41 12 4723 2.7 1.3/ 25 2.6 0.4
PABAE 4.3 .3 3.7 3.5 0.2l 0.7/ 0.5 0.0/ 0.2
& & 0.3 .2l 0.5/ 0.7, 0.6/ 1.5 1.3 0.80.7 0.9 1.1
B # 6.0l 62.71 66.3 55.5 69.8 63.0 55.2 64.969.8 79.2| 92.5/76. 4| 61.069. 9
EREY 0.8 0.3 0.0 2.1 0.3 8.5 1.7
& £ B | 30.7 27.1 34.3] 27.2| 43.4] 36,0/ 29.1) 28.925.6] 50.7| 31.5/43.9| 42.5/14.3
E=4 = 1. 0%
BAYER | 24.8 25.9 23.9 10.5 8.9 9.2| 3.1 4.7 4.7 7.2 4.4 L8 4.7 2.7
FHER 0.3 4.9/ 4.9 6.1 4.9 4.7 1.9/ 6.0/ 10.1 5.4 1.4 L0
PABAE 0.7, 0.2
& A 6.71 6.0 3.6 4.7 7.2/ 7.0 12.7| 84 2.6 4.7 7.6/ 51 2.8 3.5
% KA 0.2 0.0 0.0 0.1 0.2
x5 A L1 2.5 3.7 &2 5.4 4.7 54 18.232.9 10.9] 38.9]19.9 46.5
= g ’ 100, 0' 99, 8] 100. 0] 100. 1} 100. 0| 100. 0| 100. 1§ 100, 0{99. 91 100. 1{100. 0]99. 9!100.1’99.9
Eﬁﬁﬁgﬁ/t ‘ ! l ‘ | | i ’ ‘ L 0‘ ’ 2, 6‘ 16.2|
* MEORRELAL,
%
1or ~8\
o OZ %o C
a0 °
° (o3
Ad
o s
o o NeOrEE—T
/’ ¢ i
)
1 1 1 ]
50 55 60 oy 65 %

#5371X

Si02

T AR
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30r ‘ 7

—— AFENUEE °
—o- Fak - MEE  E5EALEE
—C- BEABTVHUEROTNE

—J- BAONUEE TinE
20F N

K20 Naz2d

30 - 20 - 10 Q
S.I = MgOxXI00/(MgO+FeO+ Fe203 + Naz20 + K20)

#38[x KoO/NaO-S.I. [X

SEELTHEMRAICEDZEE LHRMLTEY, &<IZ2087%IET 540 T, 2B REN
45%F DN%LL EBREANER->TND.

2) Pecock DT VI3V —F A LMEHITHEITHO L 512 62.6 TH Y, IREK L OKIEAL AR O
FHIE 64.8 (YAMAZAKI, 1965) KU 23720 O <, BUEK ILHF O SR &R A BUE R Ol 61.3 (B,
1954) & DFTHHOMEERT. FHE - FEIE - X0 FHIROHEHIT60.0TH 5.

3) Na2O * KO #ix & iRy, 22 Te ITHBREODDOIEEE38K D L 9 12 K2O/NaO-S.1.

(MgO x 100/ (MgO + FeO + Fe203+ Na20 + K:0)) ¥ E TN & T4 % - FoHg - 25 4 5 IR o
KIEE L 2 LG ETHD. NTEFAAROFEHMEISENR ST EO/MSNE01FE KO/Na:O
W@, MEDJECEORCEICHMLTNS. b S 1. OEIN/NE < KO/NaO sk
Vb, AEATEKIUFEOANAZIEETH Y, LR TRILHORIITY S &R FEIC, &
M FEH 22 EIES <A E R LT THEEIEEB L TWD. S5I5, ZoRIiE, AFEIZBVLTR
B VBN O KILERRD EPEFIOFN KO ICHEATNDZ EEHRLTND.
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X. BHAKEIZHOWT

IEOI044FEM, NFTEOBHRBEEITIECWVBNWTHEATHS., EENMILDTNAITERIZA-T
ZAHE, B EOBIGEZ RS RN RABOMTHY, &I, AWNATHEITITERNHMHICIBIBD
NEELVWESARD 7. BILETHLHLZ LEDTF oD, HEAELTEIRETH -2, AH—2
B, ZRER—KAIR (3795 AI08), ZRMEE— RN, B — IR R, R R iE— R i,
FH—N\FH, NFR—NMR2EZE DT, FLEACEBEITVEEIIEEBEL TW R -7,
INOOEIZMZ T, BECIEr—7 T oA NTE, BB - KiJhE - N TSR - SHHEECE R L
2%, SEOXHIFEMLOE A B LI, TR I 7T oI, 518, HROEER
IEEROBEICECTELTWD. BREMAIECD ETHMBOBELRIZ0E L, & TR 1- i o 75 gL
FEAIZELTWD., 29 L BRI YRR & UCHE - 8 - I PO EBER KUY 0L
BROBEZ LD, WEL, NFTFEICBIT 5210 0BITHREICE L TWD o Th.
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GEOLOGY
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TATESHINAYAMA DISTRICT
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Abstract
GEOLOGY

The map area is geographically and geotectonically near the centre of the Japanese
Islands and covers the northern extension of the Yatsugatake volcanic chain.

The volcanic chain in this area follows an arcuate trend and swings towards the NW,
from Tengudake (2,645.8m), the highest peak near the middle part of the southern
border of the map, to Tateshinayama (2,530m) in the NW part.

Except for the eastern and western border parts of the map, where basement rocks

are exposed, almost the whole map area is covered by deposits of the volcanic chain.

BASEMENT ROCKS

The basement rocks of the eastern border area comprise Palaeozoic-Mesozoic sedimentary
rocks of the Kwanto Mountains. They are intruded by a rhyolite dyke (20m thick) and
are partly covered by the Shiga welded tuff of Neogene age.

The basement rocks of the western border area comprise part of the Enrei Formation



Table1 Outline of the formation history of the Yatsugatake volcanic chain

’ Western alignment ] Eastern alignment
I-6) Lava cones. /;i\_‘
(Andesites) ‘;
v-u* 2 |Southern areal
Northern area 5§ ——M—
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ows: " tuff and mudflow
(Andesites) 2 i A%
:-5 V'V[ &g
3 &5
A | Southeon area |II-3) Two lava cones. 20
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= | Northern area |IL-2) Eruption of pyroclastic flows and thick lava flows with som%liva
cones.
Andesites, dacites and rhyolites; various pyroclastic flows )
V-VI-XVI-X partially welded; mudflows.
Southern area |[I[-1) Stratovolcanoes.
Andesite lavas; scoriae, agglutinates and agglomerates; welded tuffs.)
(Va—»c'Va—>d'V~Vd
= | Southern area |I-2) Stratovolcanoes.
£ Northern area Basalt and andesite lavas; agglomerates and scoriae; ‘fNirasaki-)
& IVd—c-Va-Va—c-Vd type pyroclastic flow”’.
K
O | Northern area |I-1) Stratovolcanoes.
Basalt and andesite lavas; scoriae and agglutinates. )
= | (e e e e Ve Vbose. Ve TLd-d- Vd- Vd

The symbols of rock types are after Kuno (1954).

of Neogene age. The highest peak in this area is Yashigamine (1,878m).

The Palaeozoic rocks are Permian in age. They consist mainly of sandstone and
slate with thick beds of chert and intercalations of limestone and schalstein. The Meso-
zoic rocks are Jurassic in age and consist of slate, sandstone with chert, limestone,
conglomerate and schalstein.

The Yashigamine volcanic rocks are composed mainly of lava flows and tuff breccias
of hornblende-hypersthene-augite andesite, and crop out along the southern side of the
Yashigamine fault where they form a narrow ridge running in a N60°W direction for
a distance of some 4 km.

The Yashigamine Fault is separated from the parallel trending Takayama Fault to
the SE by the Oiwake Volcanic Graben, some 3 km wide and 13 km long and has
a vertical displacement of more than 200m.

The arrangement of volcanoes of the Yatsugatake volcanic chain is controlled by



this graben, especially that of the northwestern volcanoes.

YATSUGATAKE VOLCANIC CHAIN

The Yatsugatake volcanic chain trends N-S over a distance of some 21 km. From
Tateshinayama in the north to Amigasayama(2,524m)in the south. The highest peak in
the chain is Akadake (2,899m).

The oldest record of volcanic activity in the Yatsugatake volcanic chain is found in
the early Pleistocene as scoria fall deposits. The deposits grade laterally into the upp-
ermost formation (Uryuzaka Formation) of the Komoro Group which includes the Pliocene-
Pleistocene boundary. Although no volcanic activity has been reported in historic times
it is certain that the youngest eruptions are Holocene in age.

The Yatsugatake volcanic chain can be divided into two areas according to the mode
of eruption and the composition of erupted products. The areas are designated as the
northern area and the southern area.

The boundary between the northern area and southern area is located in the region
of the Natsuzawa Pass (the middle part of the southern border of the map). The area
of the present map is therefore occupied mainly by volcanics of the northern area.

An eastern and western alignment of volcanoes is apparent.

The geological history of the volcanic chain is divided into two periods; an older
period (Early to Middle Pleistocene) and a younger period (Late Pleistocene to Holocene)
which are separated by an erosional unconformity.

The outline of the history of the volcanic chain is described as follows and is shown
in Table 1.

I The Older Period
I-1) Formation of stratovolcanoes along the eastern alignment of the northern area.
A large mass of low relief stratovolcanoes (2,100m a. s. l.) rising some 1,000m
from the basement rocks was formed by basalt and andesite. A large quantity of scoria
fall deposits, which are made up of thousands of fall units, were produced at this time.
[-2) Formation of stratovolcanoes along the eastern alignment of the northern and
southern area.
A group of stratovolcanoes (2,400m a. s. l.) rising up to 1,000m from the basement
rocks was formed by Vulcanian Type eruptions, accompanied by some Strombolian Type
eruption, of andesite-basalt. The volcanic activity was accompanied by a Nirasaki-Type

pyroclastic flow (KOFU BASIN QUATERNARY RESEARCH GROUP 1969) .

II The Younger Period
-1) Formation of stratovolcanoes along the eastern alignment of the southern area.
These volcanoes are composed of some tens of thin andesitic lavas and scoriae,

agglutinates and agglomerates which originated by violent eruptions. Strombolian Type



eruptions occurred in the later stages of the development of the volcanoes. Welded tuffs
were also produced. A linear arrangement of volcanoes became distinct and the volcanic
centres gradually migrated northwards. The highest peak in the volcanic chain, Akadake
was formed at this stage.

II-2) Eruptions of thick lava flows and various types of pyroclastic flows along the
middle of the eastern and western alignment of the northern area.

The eruptions comprised lava flows, pyroclastics (partially welded tuffs) of andesite,
dacite and rhyolite. Many mud flows occurred at this stage.

Volcanism during this stage was very strong. The lava cones of this stage were
covered by many lava cones which were formed in the later stage. The volcanic
centres began to migrate westwards.

I1-3) Formation of two lava cones in the western alignment of the southern area.

The main volcanic products were andesitic blocky lavas.

-4) Formation of lava cones in the western alignment of the northern area.

Intense volcanism resulted in the eruption of pyroclastic flows and andesite lavas
which built up the main volcanic ridge seen today. Paired alignments of volcanoes
were completed at this stage. Minor alignments which are represented by the twinned
lava cones trending in a NW-SE direction were also formed at this stage.

I-5) Formation of stratovolcanoes in the eastern alignment of the southern area.

Andesitic lavas, welded tuffs and a mud flow covered the rocks of stage M-1).

II-6) Formation of lava cones in the western alignment in the northern part of the
northern area.

Blocky lavas composed of viscous andesites were erupted from 7 craters. The minor
alignments of the lava cones were fully achieved during this stage.

Thus generally speaking, volcanism began from the eastern alignment of volcanoes in
the northern area in the older period and formed large scale stratovolcanoes. The center
of activity migrated to the southern area with the construction of stratovolcanoes. After
an erosion interval, the younger period began with the formation of more stratovolcanoes
of the eastern alignment of the southern area and many lava cones were formed along
the western alignment of the northern area. Two lava cones were formed in the southern
area along the western alignment. Thus, with the exception of the two lava cones which
were formed during the II-3 stage, the volcanoes of the younger period occur both in the
eastern and western alignments, thus presenting another alignment of the younger period.

Olivine basalts and pyroxene andesites were erupted along the eastern alignment during
the older and the younger period. Rhyolites, dacites and hornblende andesites were erupted
along the western alignment during the younger period. Distinct paired arrangements of

cones and volcanic rocks of different compositions occurred in the younger period.

PETROCHEMISTRY

In nowadays 13 chemical analyses of the basalts, andesites and dacites are known in



the Yatsugatake volcanic chain. The alkali-lime Index is 62. 6, which is slightly higher
than the Pliocene volcanic rocks of Kirigamine-Wada Pass-Utsukushigahara area, in the
northwestern extension of the chain, with an alkali-lime Index of 60.0. The ratio of
K>0O/NazO increases steadily from south to north in the Yatsugatake volcanic chain, and

also to the volcanic rocks of the Kirigamine-Wada Pass-Utsukushigahara to the northwest.

ECONOMIC GEOLOGY

Geothermal activity in this region is not common and consists of a few low temp-
erature hot springs. Among them, the Honzawa hot spring has the highest temperature
of 52°C. Most of the hot springs are found in the area of the southeastern extension
of the Yashigamine Fault.

Other possible economic resources, e.g. sulphur, limonite and limestone are negligible.

Andesites are quarriable.
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