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K—Ar ages for lavas of Azumaya volcano, central Japan: Reexamination of volcanic history of
Azumaya volcano

Abstract
@;E;Eﬂi‘* R Rk We determined K—Ar ages and whole-rock chemistry for volcanic
TR AT rocks from Azumaya volcano and the surrounding area of central
A = . . . . .

Japan, in order to reexamine its volcanic history. Based on our

chronological and petrological study, coupled with previous geologi-

Kuniaki Nishiki*, Yoshihiro Takeshita™,  cal data, we reconstructed the volcanic history of the volcano. The
Tomotaka Tanabe™ and volcano consists of thl:ee v9lcanic edifices (the Initial volcanic e‘diﬁce.:,
Akikazu Matsumoto® the Nekodake volcanic edifice, and the Urakurayama volcanic edi-

fice). Volcanic activity started at ~0.8 Ma, forming the Initial volcanic
edifice, which consists mainly of dacitic and basaltic andesitic lavas.
At ~0.7 Ma, dacitic volcanic activity started around Nekodake and
formed the Nekodake volcanic edifice within several tens of thou-
sands of years. Activity of the Initial volcanic edifice ceased at ~0.55
Ma. After a dormant period of approximately 50,000 years, andesitic
lavas effused from the eastern slope of the Initial volcanic edifice at
~0.5 Ma, forming the Urakurayama volcanic edifice and ceasing at
~0.45 Ma. Subsequently, a small volcano (Naruiwa volcano) erupted
in the northwestern region of the Azumaya volcano at ~0.3 Ma.
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Fig. 1. a) Index and relief map of Azumaya volcano and surrounding area. Distribution of Quaternary volcanoes is after Na-
kano et al. (2013). Abbreviations: ST, Yonago-fudo-satomiya; YF, Yonago-fudoson; OF, Otani-fudoson; KS, Karasawa fall.
The relief map was created using GISMAP (10 m mesh digital elevation data) released by Hokkaido Chizu Co. Ltd. b) Pho-
tograph of the erosion caldera in Azumaya volcano, viewed from north of Nekodake.
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Fig. 2. a) Geological map of Azumaya volcano and Naruiwa volcano. Solid circles indicate the outcrops of sampling locali-
ties. This map is based on those of Ota and Katada (1955) and Nakano et al. (1998), which were partly revised by consider-
ing the stratigraphic results of this study. Abbreviations: Yn, Yonagoyama; Hf, Hafudake; Dn, Donabeyama; Km, Kimyo-
san; Hs, Hashigoyama; Ur, Urakurayama; Kt, Kamitokusayama; Az, Azumayasan; Nd, Nekodake; Ib, Ibarakiyama; Mt,
Matoiwayama. b) Cross-section along the line A—A’ on the geological map.
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Fig. 3. Stratigraphy of Azumaya volcano and Naruiwa volcano. Data for the stratigraphic relationships among tephra are af-
ter Suzuki and Hayakawa (1990), Yaguchi and Tanabe (1990), Tanabe and Collaborative Research Group for Jo-Shin Vol-
canic Terrain (1992), and Takeshita and Tanabe (2010). The ages of the tephra and pyroclastic flow deposits are after *Kio-
ka et al. (1998), **Suzuki (2000), ***Kaneko et al. (1989), ****Machida and Arai (2003), and *****Qishi (2009).
Abbreviations: NR, Naruiwa lavas; ST, Satomiya lava; IK, Ikenotaira lava; UK, Urakura lavas; KK, Kaminokai lavas; KT,
Kamitokusa lavas; AK, Akagawa lavas; YK, Yonagokimyo lavas; NT, Nittazawa lavas; NK, Neko lavas; RP, Roppoishi la-
vas; AZ, Azumaya lavas; DM, Daimyojinzawa lava; KG, Kamgawa lavas; IB, Ibaraki lavas; OT, Otani lavas; YN, Yonago
lavas; KO, Koikeyama lavas; KRP, Kuri Pumice; StPm, Satomiya Pumice; KbPm-I, Kambara Pumice I; KMT, Kaishio Ka-
mitakara tephra; Az-MiP, Minohara Pumice bed; Az-SgP.2, Sugadaira Dai2 Pumice bed.
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Fig. 4. Representative outcrops of lavas and pyroclastic rocks. a) Yonago lavas overlying basement rocks. The outcrop at
Fudo-taki waterfall is 85 m high. Photographed from the observation platform at Yonago falls. b) Coherent lava and volca-
nic breccia in the Nekodake volcanic edifice. Photographed from the top of Nekodake. c¢) Close-up of the agglutinate de-
posits in the Yonagokimyo lavas. Flat and dense lithic fragments (DF) have an average major axis of 10 cm. The rock ham-
mer for scale is 35 cm long. d) Close-up of the scoria-spatter deposits from the Naruiwa lavas. Grain size of scoria has an
average major axis of 5 cm, with a maximum of 15 cm. These scorias are spattered and roughly stratified. The pencil for

scale is 14 cm long.
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Table 1. K—Ar ages of volcanic rocks from Azumaya volcano and Naruiwa volcano.

Localit Sample wt. K0 Rad. *°Ar* Non rad. K-Ar age*
S Sample ID Geological unit p 2 . P g
No. (9) (wt. %) (10° ml STP/g) Ar (%) (Ma)
Naruiwa volcano
. 0.331 1.55 + 0.06 86.1 0.30 £ 0.01
NR1 Az-Nk1 1.
z Naruiwa lavas 0.324 %8 1.45+0.08 897 _ 0.28+0.02
Mean age: 0.29 + 0.01
Azumaya volcano
Urakurayama volcanic edifice
0.331 2.54 £ 0.05 62.7 0.46 £ 0.01
UKt AzUkt - Urakura lavas 0.325 173 2.49 +0.05 752 0.45+0.01
Mean age: 0.46 + 0.01
YK1 Az-Yk1 Yonagokimyo lavas 0.327 2.16 3.20 £ 0.05 54.9 0.46 £ 0.01
NT1 Az-NT1 Nittazawa lavas 0.333 1.73 2.74 + 0.06 67.8 0.49 + 0.01
Nekodake volcanic edifice
0.334 5.93 + 0.08 55.6 0.67 £ 0.01
NK1 Az-Az4 Neko | 2.74
e erotavas 0.327 5.8+ 0.1 685  0.66:+0.01
Mean age: 0.67 + 0.01
RP1 Az-Az3 Roppoishi lavas 0.335 2.97 6.57 + 0.08 48.2 0.69 + 0.01
Initial volcanic edifice
DM1 Az-Nk2 Daimyojinzawa lava 0.340 1.01 1.91 +£0.04 69.1 0.59 £ 0.01
AZ2 Az-Az2 Azumaya lavas 0.338 1.69 3.1+0.2 88.7 0.57 £ 0.03
AZ1 Az-Az1 Azumaya lavas 0.331 1.86 3.97 £ 0.06 50.1 0.66 £ 0.01
KG1 Az-Kg1 Kamgawa lavas 0.291 1.96 4.4+0.1 771 0.69 £ 0.02
oT1 Az-Ot1 Otani lavas 0.275 1.33 3.2+041 84.3 0.75+0.03
1B1 Az-Ib1 Ibaraki lavas 0.334 1.13 2.73+0.05 72.5 0.75 £ 0.02
KO1 Az-Ko1 Koikeyama lavas 0.300 1.1 2.90 + 0.09 83.5 0.81+0.03
0.331 46+05 94.3 0.80 + 0.08
YN1 Az-YN1 Y | 1.78
z onago ‘avas 0.254 44+03 913 0.76+0.05

Mean age: 0.77 + 0.04

The groundmass fractions are used for age determinations. The decay constants used in this study are
Ag=4.962x10"%y, A;=0.581x10""%%y, and *°K/Kix,=0.01167 atom % (Steiger and Jager, 1977).
Standard Temperature and Pressure (STP) used in this study are 0° Celsius, and 1 atm pressure.

*: Errors are at the 10 uncertainty level.

MBI UKk TRAREZEEE,, ERERAEICEDNS.
EEIIRECGREAECRIE TH 2.

RREAEE CRH - FrE, 195913, ERELEIB IO
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HIRAEE, OLEUEHEA THB O . EEISRH A ER
MARILETH 2.

HARARECKH - FH, 1955 @) 13, EITH LR
RO T 2EEBIVORBEOKREE TH . M ORI
Mo, HENOBARTHERINTHWS LTINS, AH
R GBSO LA TH S, AREENSIEETIEN
(1989)I2L 5T 0.46 + 0.02 Ma & W5 K-Ar FFCA RS
INTN5.

L/ SEEA CRH - FrH, 195513, K7D Bt ORE
= 2113 m R 2 A TH 5. KH - FEH0955)
TlE, RBEAEZENIINT IHNOHRICKO R E U, HFEmIC
BHERE R—LROBEREDE T D 2> T, £
7z, MW (Fig. 2) 251815 &, BREZRNZHALX
LHARD—E LT D Z EBAEETH D, 51T, KH -
H (1955) 2R LU 7o G A 2ERR O Mg 1K IR O S A 1288
BT B EiRENS, AFETIE, WalkILkzE#ELdT 2
WEI1Zy MZEWDZ. KH - FHA955)ICL5 &, AE

RSO EREGRIIETH 2.
4. A KL GEENRSER ; 9 30 EEAD

AR, K71 I‘Fﬁﬂzczéﬁﬁ T /N KR (Fig.
2) T, WEEEHE HEBEEAO2DOMEIZ Y Mok
5. KH - FHA955)1E, K FPIITRBICH W TARKAILEK
IZAYS T BARTIASE D 3 DO /NSRS R 2 SR d L 7= 728,
BOEEICHAT D EERICDONTIE, AR CIERET &
MHks Mo 72

AR A GEE, KT PRI OEE LI S
BEBIOREAIRETH D, AEEEIEKT 2/ (E
% 867 m) DR AMAIE S 780 m L TIXAKE L2 a0y 7
HERD 5N (Fig. 4d), "BETHE CTIIBAREIBE N FE L /-8
JEK 20 m DIEEDIHT D, HEIREGESEN LS
GAHANEARILETH 5.

HERE ML, RTFABEEMNEICOMT S 1D
WETH2. HEIIMNIEGHMEGT 31 N Th 2.

K-Ar E£RBIE
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Table 2. Major and trace element data of volcanic rocks from Azumaya volcano and Naruiwa volcano. Sampling localities

are shown in Fig. 2.

ALO; Fe,0; MnO MgO CaO Na,0 K,0
(Wt. %) (Wt. %) (Wt. %) (Wt. %) (Wt. %) (Wt. %) (wt. %) (Wt. %) (Wt. %) (wt. %) (wt. %)

P,Os  Total

II:I(())(.:. Unit Rock type 510, TIO,
Naruiwa volcano
NR1 Naruiwa lavas (cpx)-ol-opx A. 5840  0.69
ST1 Satomiya lava opx-cpx D. 64.75  0.58
Azumaya volcano
Urakurayama volcanic edifice
UK1 Urakura lavas opx-cpx A. 58.81 0.77
UK?2 Urakura lavas opx-cpx A. 5997 0.73
KT1 Kamitokusa lavas opx-cpx A. 59.73  0.71
YK1 Yonagokimyo lavas opx-cpx A. 60.88  0.67
NT1 Nittazawa lavas opx-cpx A. 5823  0.75
Nekodake volcanic edifice
NK1 Neko lavas opx-cpx D. 63.98 0.85
NK2 Neko lavas opx-cpx D. 66.67 0.71
RP1 Roppoishi lavas opx-cpx D. 66.63  0.70
RP2 Roppoishi lavas opx-cpx D. 65.54 0.74
Initial volcanic edifice
DM1 Daimyojinzawa lava (opx)-cpx-ol BA. 52,96 (.97
AZ2 Azumaya lavas opx A. 58.88  0.91
AZ1 Azumaya lavas opx-cpx A. 57.06 0.85
KG1 Kamgawa lavas opx-cpx A. 5934 0.87
OT1 Otani lavas opx-cpx A. 5742  0.80
IB2 Ibaraki lavas cpx-opx BA. 54.82  0.98
KO1 Koikeyama lavas opx-cpx BA. 5549 0.83
YN1 Yonago lavas (cpx)-opx D. 64.51 0.78
YN2 Yonago lavas (cpx)-opx D. 63.67 0.78
Dyke
ON1 Dyke OpX-CpX A. 57.75  0.80

15.88
15.51

16.39
16.44
16.17
15.70
16.84

15.93
14.91
14.77
15.45

17.61
17.21
17.20
17.41
18.79
17.07
17.34
15.64
15.36

20.16

823 0.12 382 6.74 2.87 152 020 9847
597 011 242 499 3.02 242 0.14 9991
780 012 3.79 6.88 3.17 133 0.18 99.25
858 0.13 3.63 6.64 279 158 0.13 100.62
736 013 3.14 481 245 190 0.12 96.52
736 0.12 346 6.16 2.88 1.77 0.16 99.72
742 013 3.60 590 276 1.60 0.15 99.10
6.04 0.10 146 329 294 252 023 9734
499 008 121 395 339 281 0.19 98091
505 010 124 388 345 279 020 98.80
509 0.07 085 345 322 278 0.19 9738
935 0.3 3.58 839 3.07 087 023 97.16
744 013 231 7.06 333 152 023 99.01
7.10 011 241 697 324 141 023 96.58
7.08 011 213 6.81 3.18 147 023 98.63
720 012 254 7.72 352 1.07 022 99.40
897 015 3.61 7.14 315 096 022 97.07
873 015 3.60 801 3.00 0.80 020 98.14
562 013 1.61 454 413 1.76 028 99.00
566 0.14 140 465 4.05 1.61 027 97.59
6.71 012 202 7.54 348 1.07 023 99.88

KIS 1O 14 iBHC DWW T T o /2. bRl OB
BB I EAREIITERTRT.

K-Ar FAGIEIZLL FOFIETIT > 72, Afialkh 2 ikekzl,
BTHEL2D5, 0.25~0.50 mm RS20V, Z0D
HIMETAVIAF Iy N —F—BRON Y R %
FAWTCHIREIRRR D BRI s 2R E L A ERE T 5
U a a7 )VACRNRRERREIE Uk, TU D LDE
wd, 7V D U RIGREIE AR E X 512X TR THIR
fbLizb Dz Mz 7V RAARIERR, PEERRE
WFZERT D VG Isotopes #E8 1200C B HH A B & st &
VY, PAr B AN 71K BRI ERE I o2 7
I3 2 FARER O RIE FNES K OB “Ar @ BIC3d
HRAEDORMAIER, FHIENA995) 1T = £z,
Az-YNI1, Az-Az4, Az-Ukl B X X Az—Nk1 @ 4 ik}
IZDOWTIE, 7))V 2 RIGAEIE 21T 2 [V IR U 7.
VT LDOFERNS, FEERNFR OO Y 5 b B b F8UE
At FP-33D B R 2 VY, PERENES LT F 7 4
BURINT 2 0 TE AR, 1989) 28 L7z, HU T LE

EITHT HIREL, A (1989 Ik B A AIEERE O D
RUBIEDKERMNS, +0.5% o /kEE) LRS- K-
ArEREMEIC W 2 I A= 0.581 x 10"y, 2, =
4.962 x 10"y, “K/K,w = 0.01167% (Steiger and Jiger,
1977) CTHh 5.
2. AEHER

K-Ar fFRRIE DRER, KFIEEREN 0.77 + 0.05 Ma (E
AT ESEIGEAR), NILTASEEDY 0.81 = 0.03 Ma, RARE
FHENY0.75 = 0.02 Ma, KRREEEDN0.75 + 0.03 Ma,
JINAETEDY 0.69 + 0.02 Ma, PUBRIAEREDY 0.66 + 0.01 Ma
& 0.57 £ 0.03 Ma, KEHSRIEAHY0.59 = 0.01 Ma, S
GEAED0.69 + 0.01 Ma, BTAESHEN0.67 + 0.01 Ma
(BT EEHER), CHIRIBEED 0.49 = 0.01 Ma, K
TEIDEERNT 0.46 + 0.01 Ma, THARHEEAH 0.46 + 0.01
Ma (EA(TEEEFER), BERAEEN 0.29 + 0.01 Ma(&E
BT EFHEMR) TH oz (Table 1. I72H5, Tk
OFBHXILHAEN 512 0.81 + 0.03 Ma~0.57 = 0.03 Ma, #
FEKIENS130.69 + 0.01 Ma~0.67 + 0.01 Ma, &
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Table 2. Continued.

Loc. .

No. A% Ba Sr Y Zr Cr Co Cu Ni Zn Ga Rb Nb La Ce
Naruiwa volcano

NR1 173 349 368 15.1 94 290 27 80 120 70 16 37 2.1 98 204
ST1 129 551 280 18.0 117 40 13 50 <20 60 15 61 3.0 11.7 26.7
Azumaya volcano

Urakurayama volcanic edifice

UK1 201 390 418 150 87 60 19 40 30 80 16 28 2.0 9.2 202
UK2 207 418 317 205 83 40 22 40 20 <30 15 37 32 99 200
YK1 183 467 289 22.7 101 60 19 120 <20 90 16 45 22 12.0 244
KT1 166 547 275 18.0 101 30 18 80 30 70 15 45 2.0 31.8 189
NT1 207 417 326 192 8 40 19 40 <20 70 17 36 19 89 178
Nekodake volcanic edifice

NK1 122 690 285 23.0 137 30 11 20 <20 70 17 57 4.0 139 323
NK2 93 704 267 260 145 <20 8 30 <20 60 15 63 3.0 148 319
RP1 85 706 260 27.0 150 <20 8 30 <20 80 16 62 4.0 18.1 40.5
RP2 95 696 260 25.0 143 <20 7 20 <20 60 15 65 3.0 16.0 33.0
Initial volcanic edifice

DMI1 282 265 511 168 61 40 24 90 <20 60 19 15 3.6 8.7 188
AZ2 216 455 376 244 77 <20 16 70 <20 40 17 30 22 125 246
AZ1 190 397 395 229 80 30 17 40 <20 40 18 28 2.6 10.8 21.8
KG1 171 433 387 220 8 30 14 60 <20 80 18 29 3.0 11.6 25.0
OT1 169 372 396 200 69 50 16 40 <20 8 18 19 2.0 8.7 20.1
IB2 260 319 405 23.0 64 40 22 90 <20 100 19 17 2.0 109 19.8
KO1 223 304 364 150 51 30 20 30 <20 90 17 13 2.0 69 16.5
YN1 68 547 308 27.6 103 <20 20 <20 70 17 30 2.6 122 263
YN2 72 535 303 250 93 <20 10 <20 70 16 28 3.0 12.6 259
Dyke

ONI 148 378 434 21.0 72 <20 13 50 <20 80 19 17 2.0 14.7 27.0

kRN 513049 = 0.01 Ma~0.46 = 0.01 Ma, MEK
I DIETR RN 513 0.29 = 0.01 Ma (FEAF &4
EWS K-Ar FRBME SN2 SEIEG S5 N7z K-Ar FHU3,
RAE DWERRD SFEHES N D HIERMR PG L Tz,
K7z, 2 MOV IR LUHAETE S N7z 4 5B O K-Ar 40
b, TNEIRAEDHPNT L TWD I EMS, SEHE
iR s N K-Ar £, 2neh o kilE O AR
ERLTWSEEZS.

LECLZHEK

EEALFHR TS 71 4 @ Activation Laboratories
Ltd. ITIKHE L, A8 E 7o X~ R st ACP-MS) T
HIEE N7z, Wiz Table 2 W29 BB HI,
Si0, EAH 53~67 wt.% EXRABELZLENS T T 1
NMZEDIROHRRHEIF 2R (Fig. 5). —7F, "BEXILEH
M, Si0, BAKI 58 wt.% DZZIIE (BEEEE), 65
wt.% DT Y1 b (BERE) Th 5 (Fig. 5). Fkirth
FRE DR E HCH B &, K,0-Si0, M TiE, High-K OfF
W27 Oy hINBRTEKILEERE, WInsHEAY
7 LFRFI(GIl, 198D iIZ7M SN % (Fig. 5h). E/z, MU
KL OF ALK LA X TEE K NI O K LA & N,

MgO RICE#, Na,0 BB & UP,0. BICE LW HIfIZR
¥ (Fig. Se, 5g, 50. & 512, FeO*/MgO-SiO, ¥ T3,
KIEAE IR LR DV T8 5N 5 (Fig, 5). 7,
METCFR DI E A THD &, TUFA L@ LA
KR A Y RICEDBERZ R Fig. 6d). %77,
HRIEOWHIBETRL 2B THS E, PHIAKILRIRT
FAUIE &, K10 Rb/Zr H Rb/Y HeB & O Zr/Y
%59 (Fig. 7).

Z 2

1. PR ILDRE I D HETE

PaR AL, MO0 &I OBINT OFRRE, AAFZEIC
KBIGTERB L ORAELEREDENN S, IR
F-ER MR, LKA D 3 DO KIHRIZNT 5 5.
ZZTIIHMEIZ Y b OSFRKILEDRERN S, FkILE
OHEEEH NI DN THELRT 5.

FIHK IR DORE NS, PR AL OHRRERIZIA < 534 LT
W5, RXKILEERK T 2HEI=y hDOS 5, KRREHE
BEOE HOUREEEICDWTIE, 2500 HM 51
TEI D BRAR D A B I LY > 7= EHEE S 1 5.
F7m, KRTHEAEREICOWTD, TOHMRAFHEIENIBRE
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Fig. 5. Silica variation diagrams of major elements for rocks of Azumaya volcano and Naruiwa volcano. The boundary lines
in the SiO, vs. K,O diagram are after Gill (1981). The boundary line in the FeO*/MgO vs. SiO, diagram is after Miyashiro

(1974).
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Fig. 6. Silica variation diagrams of trace elements for rocks of Azumaya volcano and Naruiwa volcano. Symbols are the

same as in Fig. 5.
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Fig. 7. Covariant diagrams of several incompatible elements in rocks from Azumaya volcano and Naruiwa volcano. Sym-

bols are the same as in Fig. 5.
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FED DA T 8 & BRI B HIASERLT 5 B OO, FeO'/
MgO-SiO, FICld, #HTFEXIIEZEHRT 5 b0 &30
LR OB BN (Fig. 5). F72, Ml LiL>
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U (Fig. 2), KIEEEH & ARBRATREA RS L 7= 2 1) 7 7568
HANBZ M5 (Fig. 4d), HHAED TN L &% A
5N5. &510, K-Ar @005, WRIALIEBEKION
B DI RIRIRG (K9 15 7740 725, PURTKILICaR% 5N 515 By
PRI ST B O A LA DTS B T 7 Sl ALk
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BEOKFMRIESENFRE Uz, FIHKRER 55 F4ERTE
CIGE Ak L 7z

FIR LR, R LR O R BIGTH 2k L 720
b 5T, AFEKILERE LA THBTEA TV S (Fig.
D. ZOBNOREEDENZ DWW THHMIHATE RN,
R KIS OV R K s THERE S 11 2 3R W RN A
5725 DITH L, FIHIKIIRISAHEFEXIER & R TRIRT
BHEEKEATHERIND ZE06, BEEFINIGEND
HolzZl &, BBV FEKILMA SR UKR @INTEHR
T B7KR) IZJET B HUE D URTA A REIC D W TIIBNT O
MNENT EMD, KRDENZ K DEEIMERDENRE
MEOHERDVEDELTEZLND.

5 TR ORI &2 B, 89 50 JTAERTICIE, A
WAL TIPS E O KINEE AL, CHIREER-ES L/
HEAENENR TN U £, FEDTRZLEED
KT EENEH L. Zo—EOLIIED Rb/Y
W ALK ORI EARF K IR DRI ORI 2R U
(Fig. 8, mikilk&IZRIEOKILE GHALXILE) TH 2
EEZoND. ZLT, K45 TFERNCE, HEREAENR
WU, WELU~ RS OER 2R, WLk &g
FHE L7z,

2014—3
40
Rb/Y Naruiwa |
Nekodake Urakurayama i
@ | 2-0
Initial ]
8 8 OO 410
1 1 1 | 1 1 1 1 1 1 1 1 1 0
0.9 0.8 0.7 0.6 0.5 04 0.3 0.2
Age(Ma)

Fig. 8. Temporal changes in incompatible element ratios
of rocks from Azumaya volcano and Naruiwa volcano.
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“English translation from the original written in Japanese
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