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Suto, S. (1985) Volcanic activity during Pliocene to Pleistocene in southern part of the
Sengan (Hachimantai) geothermal area, northeast Japan—Paleomagnetic study and age
determination of andesite volcanoes. Bull. Geol. Surv. Japan, vol. 36 (9), p. 513-533.

Abstract: Paleomagnetic study and K—Ar age determination were carried out for lava samples
from “Yong Volcanoes” of andesite composition distributed in the southern part of the Sengan
geothermal area. Tamagawa Welded Tuffs, large scale felsic pyroclastic fow deposits which
erupted about 2 to I million years ago, were thought to be overlain by all of “Young Volcanics.”
But field survey in this study revealed that some of the Tamagawa Welded Tuffs covers “Young
Volcanics” in the central part of this area.
Determined age in Ma and paleomagnetic polarities are summarized as follows:

Matsukawa andesite, 1.940.5(?), 2.141.6(?), 2.64-1.6(?), 2.240.3(Reversed), 3.04-0.5

(Normal).

Omatsukurayama Lava, 2.14+0.9(?).
Obukadake Lava, 1.9+0.3(R), 3.14-0.9(?).
Yasemori Lava, 1.81+-0.2(?).

Magarisakiyama Lava, 1.64+0.4(R), 1.94-0.2(?).

Akita-Ojiromori Lava, 1.740.3(R).
Eboshidake Lava, 1.44-0.4(R).
Iwate-Ojiromori Lava, 2.6 4+0.8(R).

Kotakakurayama Lava, 2.3+0.7(R), 2.34+1.0(R), 1.2+0.5(N).
These results indicate that the andesite volcanism occurred even in the formation
period of the Tamagawa Welded Tuffs of rhyolite and dacite composition.
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Fig. 1
center corresponds to figures 2 and 3.
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Fig. 2 Geological map of surveyed area. A: Matsukawa Andesite, B: Omatsukura Lower Lava, C:
Obukadake Volcanics, D: Kensomori Lava, E: Yasemori Lava, F: Magarisakiyama Lava, G:
Akitagjiromori Lava, H: Eboshidake Lava, I: Iwategjiromori Lava, J: Komatsukuramori Lava, K:
Kotakakurayama Volcanics, L: Iwatesan Volcanics.
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Fig. 3 Localities of samples for K—-Ar dating and paleomagnetic study.

PR O KL O H I W FKE B - AR - BOEBEIL
DESICHALPCEIELEEE Lickilb b o —7, #h
IBELUCHERDO X 51c 1 Ma X ) HWERICES Lick
WLFEETHZ LRI DONE. $7220 5 biEE
2T T 8 M 2 HIRER L7 180 DA OREAL T RL A
FTRTCHFERLTRY, BHHOIE LA ETNTHRIUK
SO Le 2 L bR S T w3 (EEE  1984),
SE K-ArERE 2 3B HHSRE LT > 72D BT
DRIETH B, BIREE KRETHRES K
FEXUTERTEORS, KERKURBEORSE, RIERE
= J\EREE thimLyEE ERAHRES BT
BRE, AFERAREE MEREE AEALILE
DYE, MERWREORARCEFILEREOWRS.

3. HMEESRE

HHBERREE T > B OERME % 5 3K TR
T RBHABE L b N~ —CESFMCER L, =
WNTHEENICEEE U, EEMB I RO A 7 —BIRES
BHelE Lie, PR aEEMERCRE L. 1BEE
D BEBE O Bk T S BRI E v | mEl LR 3
X oic U, REBEIEIHEL 75 O RMBEBHEHBRKL

150 O RHBEHIHERESR D 3[E 17 o 7o, RIBHEFHBEIC
L BRALFMOEERER LB TRREVT XD
B8, KEBORBCINESPoTe. 1 EBHEY Y OR
BEOX3EERA L LS, —8 1ED 50k 2E0%
Abd5.

150 Oe ZFEREGZTERESR DBA DR FALOKRE X &
HARE, RA-RA - SRIRC LEBEL D 3{ERR
LIBIE LTcBE& D DUREBEMADEFA (%) 25 1 RITT
7.
WWEHEOILHELBREIZZLORB LO>VTRER
1073-107* emu/cc DA —F —Th o, Thk V{EWE
PR LERBETESRZTTWS, BicEh X VEWE
BR LT LEORE (8 1 FH0 no. 12) YRR O
EFIVERLELDOT, EEOFEBEZITC0EH0
LBEbNhD. FEBHSEORBOBMLIT AL OETE X
e Thol, TDHDH ay; DEDRKREVHR Thb
HEERRBORALF AT B LIS D BRI EE %
FFTWAEES(E 1RPD no.2,3,7,8), BE BEHEH
HR s hIcBa (R T no. 15, 16) ROBEMIRER
L BN LB Uz TR ENDH (RT L no.22)
Bdb.

— 516 —




i IR R o T I — TR LIRSl o T (R 7R)

@

YA
NIPAN

=

B4R iEMAREEBO [HFHOUEH] OB ts i
150 Oe ZEWREHMRAE. Bt THRICERE, B RERCEE.

Fig. 4 Direction of magnetization for volcanic rocks in the southern part of the Sengan area, after 150 Oe
demagnetization. Solid circle: lower hemisphere, open circle: upper hemisphere.
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Table 1 Paleomagnetic data of volcanic rocks from
southern part of the Sengan area, after 150 Oe

demagnetization.
L 3 p 1 X0 e
samples emu/cc
2 3 180 7 6.1 x10-¢ 62
3 3 140 —79 5.85x10-% 72
4 3 167 4 1.43x10* 13
5 3 193 —21 4.10x107% 10
6 3 185 —49 3.21x107* 11
7 3 170 80 4.49x10-5 19
8 3 130 —30 1.66x10~* 18
11 3 181 —55 1.57x10-* 11
12 1 22 —37 5.33x10"2 —
13 3 326 43 8.79x10~¢ 7
14 3 328 49 4.73x107% 14
15 3 310 11 4.79%10-% 71
16 3 281 54 1.93x10~% 65
17 3 161 —67 2.12x10~% 8
19 2 216 —47 1.56x107¢ —
20 3 205 —38 2.15x10-% 8
21 3 178 —32 1.24x107* 5
22 3 177 18 8.76x10"* 46
23 3 150 —61 7.20x10-* 8
24 3 194 —77 9.98x10~* 6
25 1 343 51 2.71x10% —
26 1 173 —55 1.05x10"% —
27 1 172 —52 1.39x107* —
28 1 131 68 6.10x10"% —
29 1 87 50 3.54x10°% —
30 3 13 57 9.38x10~¢ 8
31 2 10 67 4.56x10"3% —

*IHIMPOFFLRL. ** 1 05%EEM.
*: nos. as same as those in Fig. 3.
s circle of confidence.
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Fig.5 Columnar section of the well “52-500-11"
on site no. 1 in Fig. 3. *: nos. as same as those in

Table 3.
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Table 2 K-Ar age of the “Young volcanic rocks” from southern part of the Sengan (Hachimantai) geothermal

area.

Loc. Sample Isotopic 2Ar rad “Ar rad o Magnetic
no- no.¥ no. age (Ma) (105 ml/g) (%) K (%) polarity**
1 1 52-11-1 2.14+0.6 0.0068 6.3 0.90 —
0. 0078 7.7 0.90
2 1 52-11-2 2.6+1.6 0. 0058 2.6 0.60 —
0. 0060 6.2 0.60
3 2 1774 1.940.5 0. 0052 7.8 0.72 R?
0. 0055 7.0 0.73
4 7 2-22 3.040.5 0.010 11.5 0.86 ?
0.010 10.2 0. 87
5 8 2-23 2.240.3 0. 007 13.0 0.86 R?
0.008 12.8 0.88
6 9 3-39 2.14+0.9 0.0028 5.1 0.34 —
0.0029 4.8 0.35
7 10 HM3M 3.14+0.9 0. 0040 7.8 0.34 —
0.0041 5.9 0.34
8 11 HM5D 1.94+0.3 0. 0066 11.7 0.90 R
0.0072 11.1 0.92
9 15 KAIM 1.840.2 0.0078 19.6 1.16 ?
0.0088 16.7 1.16
10 17 YK5M 1.64+0.4 0.0082 9.3 1.40 R
0. 0090 8.8 1.41
11 18 1818 1.94-0.2 0.0071 13.4 1.00 —
0.0074 17.0 1.00
12 20 JK5M 1.740.3 0. 0061 8.9 0.97 R
0.0071 11.8 0.97
13 22 EB4M 1.44-0.4 0.0073 6.3 1.27 R?
0.0076 8.4 1.38
14 24 KD10M 2.640.8 0.011 5.8 1.14 R
0.012 7.5 1.15
15 26 4-442 2.3+1.0 0. 0044 4.2 0. 50 R
0. 0046 5.3 0.50
16 29 4-900 2.340.7 0. 0060 6.4 0.67 ?
0.0063 7.3 0.69
17 30 3-53A 1.240.5 0.0029 5.7 0.63 N
0.0030 3.8 0.63

The constants for the age calculation are: A3=4.962 X 10~/y, 1,=0.581x 10-10/y, K%/K=1.167 x 10~4,
#nos. as same as those in Fig. 3. xR reversed, N: normal, ?: not unique, —: no data.

SWTLEET BB ERDE. BN EREIRRE

[52-500-11] F1ORBHZDWT 21406 Ma (3 20
no. 1) B8 2.641.6 Ma (R < no.2), DS OHiFE
BEHZ DWW T 1.940.5 Ma (RILK no.3) Thol. Z
N DLERJEE Tamanyu and LaneHERE (1983) 257 L
T CAN I 0 A1 IO K-Ar 448, 162+

0.09 Ma B8 1.364+0.08 Ma L 3 L BAFW.
WINZILER I >WTE bz K-ArfERIE O K4S
URERCHEY 3 5. SEOMNZIAEO WK
HETCRLTLLTRTORBHZ W T BIFRERIE
LRI TRAEVWD T, SHBHEVARAINVER RSN T
BRET2LERD S,
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Table 3 Chemical composition of some of the volcanic rocks in Table 2.

no.®w 3 5 6 7 8 9 10 11 12 13 14 17
ioc. no.® 2 8 9 10 11 15 17 18 20 22 24 30
sample no. 1774 2-23 3-39 HM3M HM5C® KAIM YK5M 1818 JK5M EB4M KDIOM 3-53B®
SiO, 57.19 61.62 54.25 54.38 58.48 61.60 62.68 61.94 58.03 62.07 63.21 59. 34
TiO, 0.57 0.52 0.82 0.66 0.63 0.67 0.71 0.65 0.70 0.69 0. 59 0.75
ALO, 16.39 16.52 17.31 16.59 15.77 15.53 15.83 16.26 16.12 15.72 15.71 18.33
Fe, O, 3.15 2.47 3.35 4.40 3.65 3.04 3.12 2.67 1.99 3.80 2.72 3.81
FeO 4.71 4.24 5.86 3.66 4.17 3.81 3.38 4.53 6.14 2.66 3.66 3.19
MnO 0.05 0.13 0.16 0.13 0.15 0.15 0.10 0.06 0.15 0.08 0.12 0.14
MgO 4.14 2.18 5.15 4.13 3.85 2.77  2.39 2.92 4.14 2.44 2.53 1.69
CaO 7.65 6.26 8.24 6.98 6. 96 5.75 3.53 5.97 8.05 5.16 5.47 7.36
Na,O 2.37 2.87 2.50 2.12 2.45 3.16 2.45 3.07 2.74 3.02 3.02 3.19
K,0 0.86 1.00 0.38 0.37 0.98 1.24 1.28 1.20 1.04 1.15 1.04 0.72
P,0O; 0.11 0.11 0.10 0.08 0.08 0.12 0.08 0.12 0.10 0.13 0.09 0.13
H,0(+4+) 0.99 1.39 0.62 2.79 1.61 0.82 2.12 0.06 0.15 1.30 0.89 1.06
H,O0(—) 1.64 0.48 1.02 3.42 1.05 0.86 1.82 0.38 0.46 1.54 0.68 0.28
Total 99.82 99.79 99.76 99.71 99.83 99.52 99.49 99.83 99.81 99.76 99.73 99. 99

(1) nos. as same as those in Table 2.
(2) nos. as same as those in Fig. 3.

(3) another rock sample collected from same outcrop at those in Table 2.

R4 [52-500-11] DED K-Ar 03 2 Ma %
FRI VS ULEWEETh o, ZOEMRIEKEREN
FFE O ENEREREDORE TADO 2=y FOER LIZ
EE LW (B 1982b), )Mo EZIEEHL R
J_EFRIR O BN ER IR 0 E B O LT ERE B T
POIERTERVDOT, SHEHBIKOCERICOW
TORBBREEPEF IS,

5, 6 NZEILEE (PR - 4 1961). BELLE
BRWED D25 . RYED TALIC BRI AP IET 5.
T OFEPRE LR 52-500-11 o Zzh b FfET,
DI ENEREERRE TR, ENRERKAELVE
WHEZROHEY < B L|ES NS, IBURTZ
DEROYEE 1, 448m D (L3I IER L ILE1S 2 5 28,
N BMNBZIUEEDO—E D, 5 WIiZBommazkil
THDPILEBOHD B TR TE 2w,

SR EFRR O N Z g I >V T R RIE
DHEAT o7, T ORER RS P OEF BT BN ER
> FHMTho(BE IR, $H4ED no 5, 6). B
Bk ORI A FEERE O RN ZIEE L O N EE
THHH, SEDOF—ZEThbRETEXTERW.

7, 8 KMNBRILEBECPHR - M, 1961). SLEEL
TEAZIUEPBR2Y, no. 7 MUK CIIBEERRES L
BREKEEEY. Z OBRKERENEEERKE O L

MECEE RIS (%, 1982b) LEMRBIT W 5. L
PLAERLERENE X S VROGHAMITE, 20
BR BTN REARERAED TAICAE L, T OBAEK
SRR O RS OIHEEREO BRI ES T A
P4 b THY, BHENEEHIRO L EEE T OB AEERK
BEPTWB Y, EROARIRICE LEKE OB
ERREIEEEREDTREVEVWEEZ bR S,

KA I FETERHE ORI AR O & B K E R
B FEIR 4 0 no. 7 ORBIRABKEVWRE
R FUL no. 8 ORBHITEFIRPPK E VB HHRE
LrEhs. BoNERMES 0£0.5 Ma(FE 2K @
no.4) K 2.240.3 Ma (B U< no.5) i3Ik 4
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Fig. 6 Paleomagnetic polarity and K-Ar age of the volcanic rocks from southern part of the Sengan
(Hachimantai) geothermal area. (1) normal magnetic polarity, (2) reversed magnetic polarity, (3)
reversed (from not direct evidence), (4) not unique, (5) no data, (6) Suto (1982b), (7) Itava et al.
(1984), (8) Takaora et al. (1984), (9) Tamanvu and Laneuere (1983), (10) MANKINEN and

DacrrympiLEe (1979). V: volcanics, L: lava.
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Table 4 Stratigraphic correlation between previous works and this paper.

TAMANYU and LANPHERE (1983) SATO et al.(I981) This paper
Young Volcanics Young Volcanics Akita-Komagatake V. Iwate V. s
— . . ° 4
Obukadake Lava Magarisakiyama i ‘E’
Kashinai Formation Obuka dake ) 23
Kensomori L. 8L
_ (2) ()
Matsukawa  And. Obukazawa F. D D
Tamagawa W.T. Ishigetozawa F. Ishigetozawa F. A
Magarisakiyama Upper Matsukawa _ Kashinai F. R4 | UR | Eboshidake L. 5 |
; Yase i =
Yasemori Vol. Br, . " . l— Yasemori Vol. Br. . ’ s morlk L. ) c §
5 ; ower Matsukawa agarisakiyama .
Kantomori . *  Kontomori F. Ak,“: 5 yam . R
ita-Ojiromori L. >
Kurasawoyema T. 2 Kurasawayoma T. R2 MR —
Gojlimagari T. > - . Obukadake V. v | @
] g . g Gojumagari T. Kayddake V. o =
. by o
Numanosawa T. S Numanosawa T. R LR 5 « v o >
Yunomatazawa T. Yunomatazawa T matsukurayama V. >
i . | Kotakakurayama V. =1
Okurazawa Vol. Br. Tamagawa Iwate-Ojiromori L. w
Welded Tuffs Matsukawa And.
Yamatsuda Formation Yamatsuda Formation Yamatsuda Formation
W. T.: welded tuff, Vol. Br.: volcanic breccia, F. : formation, T.: tuff, And. : andesite, L. : lLava, V. ! volcanics,

(1) SUTO (1982b) LR : Lower Rhyolite Welded Tuff, MR : Middle Rhyolite Welded Tuff, UR : Upper Rhyolite Welded Tuff,

D : Dacite Welded Tuff.

(2) SuTo (in preparation) R
R4 : Rhyolite Welded Tuff 4, D

¢ Rhyolite- Welded Tuff 1, R2 : Rhyolite Welded Tuff 2,
: Dacite Welded Tuff.

R3 : Rhyolite Weided Tuff 3,
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Fig. 7 SiO, content histogram of volcanic rocks
from the Sengan (Hachimantai) geothermal
area. Upper: Iwatesan and Akitakomagatake
Volcanics, Lower: 1 Ma-3 Ma volcanic rocks
(dacite and rhyolite are those of Tamagawa
Welded Tuffs). Recalculated without H,O.
Analysis data are quoted from Aramak: (1971),
IsHIKAWA et al. (1982), Kawano and Aoxr (1959),
Konarr (1974), Suro and Tamanyu (1978) and
Suto (unpublished data).
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Fig. 8 Distribution of thick part of the Tamagawa
Welded Tuffs and localities of eruption site of
“Young volcanoes.” 1: Distribution of Tamagawa
Welded Tuffs (>300m), 2-5: “Young volca-
noes,” 2: <1 Ma, 3: Magnetic normal without
age data, 4:1-3 Ma, 5: Magnetic reversed
without age data. Y: Akita-Yake-yama, H:
Hachimantai, K: Kayo-dake, A: Akita-Komaga-
take, I: Iwatesan. Magnetic data of 3 and 5 are
quoted from Suto (unpublished).
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*vFy 7MBETRL, HER - BEER - @R O
VY BGEME YIS,

26. 4-442 FRESFRGEREAELGZ IS

EFREEUTEOKERE N v R, 39°487297N, 140°
54'50"E.

MNERLHEE OvEE.

BERESRA - BAUER - fFEARUAERTD S,
REARREARE 32mm ©, A - &Y - V52KV
BEREAME L B0, BAEAIERE L7 mm T,
BEEHIZIX sector zoning AL L HHH 5. fHEAIX
BRE 14 mm CHRHEAHEGA DO KINERR 5 5. AR
BAZ 2.5 mm CHEEHFEVTBY, HNH I 2AOKE
Brb5. SEA - BEEAR ORI EE 5% 555
RiEBLE o5, ARRY e FvFy 72 R

2 mm G,
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flrE IR E R O R i — BT OLE S o T (AR %)

L. #HEA - BAUER - IR ODED v ) B &
V5. )

27. 4-715 AEEFHEFHEGRITEREIUE
AFREANBVKERE bR VH, 39°48°27°N, 140°
54/32"E.

NERILALEOTRE.

HEEHER - BHAER - AHEARUCEEP L
3. SEAERKRE 3 mm TER « 8 « 9 2 RS
ERAEDE &, BEEARERERE L7 mm ¢, #3
FalTE sector zoning AEE ETH . FHFERIEKRE
L4 mm @, RCREFHERORGESD S, AERITEKR
£ 20 mm CHEEEFHEORTH Y BECY Y v 7 Emng
BED b2 B R O DI CRLR BAVER O K s
BOROLNIERLHD. FERreZxYFy I
BETL BED - BEER - S8 - V) 2EHRO
—IEMROKEEETEM LY 72 5.

28. 4-820 FAHEFAFEORAERRILE

EFRERETHUKER. b RV, 39°48726"N, 140°
54'28"E.

INERILHEE O S.

BERRIAHRA - HeER - R FERRUARTH S,
BEEIEAE 2.5 mm ©, A« &8EH - ¥ AR
BREEWE S LA EORIDRV., BHANES IR AE
I mm G, $BE&ICI% sector zoning 3/ H 5. 4
FHAIHEARE 1.2 mm ¢, RRREEHER O ROSRIE—
WoRECOABZDNS, REIHEAE 22 mm TIHLEK
PHEOTWS, ARREeZF 5y 7lBERL, &
FA - HEER - St R CERIRRBaEBEm XV
5. BERICIIBEERRADNS.

29. 4-900 AHREFAFIELEAEAR A

AT REAREOKEDS b v R, 39°48°27°N, 140°
54/93"E.

INEAILACE ORE.

B IRLER - BANER - R AR UAETHS.
FERIHEARE 4wm T, A - G5 - ¥ ARVE
REEWE ST, BAEAIRRE 1.2mm T, MR
ICiE sector zoning A b 5. SHFEGIIEK 2.1 mm
T, BUREAHER O RISENS 5 5. AEITHEAE 2.4mm
THIEEH O TS, FEARUEANER OEIORIERR
BEHOND., FERICrZ2vFy 7#lGERL, &
BA - BalEr - S8 - Y v R OB AT ER
MI Vs, ERIZZBERSEDLOLNS.

30. 3-53B HRUEARLGTEARIE

MpE e T YRR BIPE 5, 39°477167N, 140°56746”
E.

NEA B O

B EARS - ROFES - BAUEA R OGE X Y 72
5. BERARERE 2.5 mm T, A« GEMROT S
AEEHRS B, HHFELAEREAE 1.3 mm, HEHER
BELCL 1.8 mm T, fJ5ER O EHCHEAEL O KIG
B v, SRR - fOFEE - MAEA RO 5
2AERBGAE D b D, FEIMEOMES « B
ST - B ROEND 2 AFTARIROY Y v 78k
MOBEERLY 25.

3l 3-2 MHAETSAEFFER?ALAARILE

SR E ST 3 3E SR, 39°47°047N, 140°57/007E.

BFRUBEEEORA.

BRISHER - PALAF - BFEARUEAER T
5. BEAIERE 2mm TEAEROY T 2 AFWHN
HB. PABAREERE lmm CEADE RGN D
5. MHEAEEARZ 2mm, BEAEAIFRTCL 1mm
T, SRR CIEAER DR SEA DS, SEE -4
FIEA R OHANER b 72 5 BERREMBS RO bh 5.
BEEIHMER - BaER - &8 - VY YEIRUDE
D|BTTAL D25,
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