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Magma Process during the Ninokura Stage, at Towada Volcano, NE Japan

Miwa Kurr* and Kei Kurita**

The activity of Towada Volcano started about 200,000 years ago and more than 20 eruptive episodes have
been geologically recognized. The Ninokura scoria group, investigated in this study, is a series of pyroclastic fall
deposits (NK-a to NK-k) that erupted just after the latest caldera-forming Hachinohe pyroclastic flow (13,000y.
b.p.). In order to understand both the deep and shallow magma processes of the Ninokura stage, we have
particularly examined the chemistry of glass inclusions enclosed in phenocrysts, in addition to whole-rock and
mineral chemistry. Glass inclusions are useful because they are considered to represent magmatic melt present at
the time of crystal growth. The bulk rock compositions of the Ninokura scoria belong to tholeiitic series. On
the other hand, the compositions of glass inclusions range from tholeiitic series to calk-alkalic series, suggesting the

%65 367-381 H

mixing of both series magma.

The compositional change and supposed magma processes during the Ninokura stage are summarized as

follows.

In the earlier stage (NK-k to NK-i), each scoria has large heterogeneity in the composition of

phenocrysts and glass inclusions, and the chemical compositions of magmas tend to be more mafic with time. The
compositions of glass inclusions are on a mixing line formed by the Hachinohe magma and a basaltic magma.
We interpret the compositional variation as a result of mixing of the residual felsic magma (Hachinohe) with the

newly injected mafic magma.

residual magma was replaced by the mafic magma at the time of the NK-h stage.

be explained by fractional crystallization.

In the middle (NK-h to NK-e) and later (NK-d to NK-a) stages, the compositions
tend to become SiO,-rich. The heterogeneity is minimum at the NK-h stage.

The interpretation is that the
Magma of NK-g to NK-e can

In the last stage (NK-b) remarkably SiO,-rich glass appears. It is

probably crustal melt generated by the heat of repeatedly injected basaltic magma.
Key words: Ninokura scoria, Towada volcano, glass inclusions, magma process

1. FLC&®HIC

R KIS AN FALE o k117 v v MicfiEd 25
e A V75 KiliTd b, K22 JJERNCHRE -0 &
SNAKUTEEE, HLWIES D SIEHIC AN DS Z DI
Ky —FIZXENTED (Hayakawa, 1985), i
S5, SEHNF I, hF I, %avT s
KBIE 45 (Table 1).

AimOWFHRTH 52 oA 3 Y 7#IE, +HIH
A VT TR E S 13,000 FERTO /R KR (L) 126t

WTIE & A CEFREIRIER A & 29I L 2 EREE 2L
HOR 3 TR THERYIRECH . IR, BX %
13,000 £EHij 2> 5 11,000 £EF] D #Y 2,000 £ & Hig s 5
N, FAii&bH I, J, KO4BIIXSHINLTWDS
(Hayakawa, 1985). Z D%, AF| « ZEH (2003) ik D,
JedbEiA SR EICHER T 5, Disd &b 11 [EoEH
T (NK-a~NK-k) 735 - 72 2 &R S i (Fig. 1
B LU Fig. 2). AimTld, AF) - ZEH (2003) IcHEL, g
A S &, FREEPHGEES 2T Y 7 TEITRELE
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Table 1. Summary of eruptive episodes and stratigraphy of the Towada volcano after Hayakawa (1985)
and Kuri and Kurita (2003).

Tephra

Age Eruptive . Rock . . o
(y.B.P) episode (n;??(s)mg) Stratigraphy series ~ Volcanic edifice
1,250 A Kemanai "4.5 flood / ash flow CA Ogurayama

Oyu 1.18 ash fall, pumice fall CA lava dome
B  Sobe 0.79 ash fall CA, TH
Mayogatai 0.09 pumice fall CA, TH
5,400 ¢ Utarube 1.49 ash surge, ash fall CA Nakanoumni
© Kanegasawa 0.81 pumice fall CA crater
g Chuseri 4.01 pumice fall CA
®
P D Oguni 0.20 pumice fall, ash fall TH
[ .
2 8,500 E Kaimori 0.39 ash fall CA
Nambu 0.97 pumice fall, ash fall
F Kabayama 0.34 ash fall TH
Natsuzaka 0.57 scoria fall
¢ Singo 0.25 pumice fall TH
H I, J, K 6.3 scoria fall, ash fall Gosikiiwa volcano
or Ninokura or lava flow, dike, TH, (CA) (Gomon Isi
NK-a —k 1.74 flow, soil lava dome) ?
13,000 L Hachinohe 40 flood / ash flow CA Towada caldera
Hachinohe 10.9 ash fall, pumice fall
2 M Maita "6  ash fall, pumice fall CA
=)
E 25,000 N  Ofudo “40  flood / ash flow CA
5 Kirida 4.7 ash fall, pumice fall TH
[
[N}
= 0 3.5 pumice fall, ash fall  CA
(@]
P 3.0 pumice fall CA
Q Okuse 10  flood / ash flow TH
1.9 scoria fall / pumice fall
110, 000 RSTUV pumice fall, scoria fall, CA, TH Aobuna volcano
© ash fall, lave flow, soil Hakka volcano
ﬁ W ash fall from Toya volcano -
[1]
i XYZ pumice fall, ash fall, -
= block & ash flow, lava

flow, soil
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5o < HF A > NK-k~NK-i 2 O &R, k2
) TS KIUKE THERET 2 E#E > NK-h~
NK-e = O, 22 7OlIKENLL, Y
ICFIE LT B A H > NK-d~NK-a % 0 &%
HEd 5.

Hunter and Blake (1995) (&, #E¥0fHAL, 25 1% - #%
EILHA I & O Sr [FRLIARLL O s R A S, +FiIH
KILTRANVI-TIVH ) ZRHNEY LT A RO EL
NHELTHED, Lh vy 5 HTR/NIBESER D < 2
2WEOMNEEL, BALVTIHTIRL O REELD &
SORITRMEOANERH LA EAERHLE. S5,
Zogra ) THOBEHN A = o2& (Ninokura
Stage) EEFL, TDO= <V LTA FZRIIOUIAEXL
REE~< 7= 008lkERa L, & 51, DEOHEEDAR
YIES I - TTE &GRS 72,

S|« B (1999) 13, HAHVFIHicBLWTIE= S
TOEHE (VLT A NRYD pOoHERE (hvs T
YR NERMIICEEL T AT L, ZogRa
) TR A EE G B L OB 2 3 ) T (Table 1)
TREEMEN Y LT A bRIITHZITHEED LT S
RV AV 7 TV h ) A TH B T & AEfE L
7.

iR 5) < 7 < OIFFE L < 7 < HRK D RN 15 AL

41° 0Q°

369

ERBIE SR AR 2/ 0l LIEHY L < & 72kl
W onESh, FifHEhTo~ ST e 2 2B
292 CEESERE L TR SN TV S (Ferriz
and Mahood, 1987; Hochstein, 1995; Hunter, 1998;
Laube and Springer, 1998 75 &),

RHIFETE, RANVTIIICY LTA PRAIOZ T
7 OWEHIEEIA ED K 5 IR L TR vy 7ov
) RANOBAEHIEEI N EBITL TV 5 7D ZIH S
129 A ExHNET R —ogxa ) 7RI R
D oGS NI < 7 < QR & 5 & DI HLER ©
WAOEHMERL TV EEL, W& BLOMRFO
5 AU DAFESTETT - fo. KRS, 5 REAY)
BagEnlEo 2 v M EKL TEB D, </ <
HE(LOFERICE L 7o EE SR TdH 5 (Clocchiatti and
Massare, 1985; Roedder, 1979; Watanabe et al., 1992;
Gioncada et al., 1998).

2. SWRBS LUSTFE

(LIS, BEBHE OhITSNTED, i
W AFMEEP T Il TV S, AR« EH
(2003) @ Loc. 3, 5, 6, 7, 8, 10, 13, 17, 19, 21 /5
S hzalk 2 H V7. NK-a$ X NK-d i3 Loc. 1
TOBRBEBHEDATHY, NKF 3 Loc. 3BLT 10D 2

141° 15 41° 3Q°

A NK-f: 5cm | NK-e: 20cm

\/NK—h: 10cm
Aobuna ",_.\_\ NK-g:10cm

Pacific ocean

OHachinoh

400{¥£\/"‘l\ UGonohe
Lake Towada —
(Calder J NK’k.lOCIIl .
&
T WAL
-7 NK-c:10cm Towada _ g
volcano 7]
Nakanou OSannohe s /4
crater ldh{ﬁ};fqi
/ NK-i: 20cm N S
4Q° 20 | R A\
\ _i.
| , NK-J:10cm L~
Hakka | Ogurayamg™~___~"\NK-b:10cm R
Lava Dome %l \
i I 10 24 [km] .+ ° A Quaternary volcan \
Gosikiiwa ? t | /Volcanic front ?
Fig. 1. Location of the studied area. Isopach of each Ninokura scoria eruption unit from Towada volcano is also

shown after Kuri and Kurita (2003).
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S TRl 2 B L 7228, ELDSEEA T W icfce, [k
AT 21T-> T, JUFEHY (L) (KM
(Loc. 4: AR « ZEH, 2003) (2T HP4 (Hayakawa, 1985)
EWEFN 2B RIL, 13BoasEREE L
TH (T - 72,

BN IIRIRD 2mm (—1¢) LILED KFE% BV, IR
DB ODMFRAE T 1o, 213, B ER SR A
ZEREL 7215, RESAEZAZTT L5 — b+ RICEE
LHTEE LB E Lz, 851, MRS
&, - FHBRNES 2 BT, —iBid, klers
K+ VR TEY 2%, WA LR R E L
7.

AL T 1 XRE - G RSB T RE9eRD
ARV, FEOLHFHE L OME TR 2 R T
Lz, #52E— KB 21ER L, it i Nakano

etal. (1997) ITfit - 7o, ABIFETE, FECRMKORE
RoHHET 5.

Kb L OH 5 2afGyo FHE LRI > W TR
SEM 12 & % EDS /it CREURZFFIZEHIE 3 E B &
O HE R T %ERD, EPMA I X 5 WDS 234t
GRS £ v & =) 217> 7. WDS OOk
13, MIEHEL 20.0kV, EHE 1.0X10 A TH 5.

BEEA DT, BAMGSE RS IS b O 132
WEEE b EICTT L) 2ONRETY, REREENTE
HEINBhr -1 bR ONEIOHEES NS 3 THERE
) LB DT ETT 5 Tl

H 5 RAFEYNCOWTIE, FAMES FIcB W T 2 KSR
PEHDBB SNV S ZA—Hh 5155 & DERATH
FraiT-7. 2ntiREat o nwTly, e
N SN S =[S RA [ R oY il

NK-a .
Ninokura
NK=b later
NK—c stage
NK_d 7 ‘
ANAA|
ANA|
NK-e AAAA
ANA,
hALAA .
poasal  Njnokura
NK-f KX middle
NAN]
NK-g A stage
AA
A\ A\ /\
N‘K_h AVAVAVA

AAaal  Ninokura
earlier

NK-j

stage

Hachinohe

20cm

;-
JAVAVAVAVAY
poorly-vesiculated

AA coarse (730 mm)
AA middle (NIO mm)
AL fine

well-vesiculated
scoria

scoria

pyroclastic flow

soil

(" 5 mm)

Fig. 2.

Idealized columnar section of the Ninokura products after Kuri and Kurita (2003).

Section is based on

the data on dispersal axis at about 10 km away from inferred eruption source.
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TNTONER, FEITLHEOEGH 100wt % T3
& HICHITEAIT> THOL .

3. EREH

WEE, TxTogiEozxa) 7ickbnwe, fEAL
(P, HEMES (Cpx), #IAEEG (Opx), #-F4 vt
M, 7oy A DS N NKA, g 20T, v S
V(O &L, HiEEE 12-22% Td - /2 (Fig. 3).
AR (R& 20~10um O/ T IVEE) D% 3y &
BRERmOESIERTH Y, TERBEGH 5 ZAEEKL TV
LD,

CoOAMOME O E 7S 2 aEMONHIERED
AKX % Fig. 4 1289, Type-a 3EEYEE F 15 LI,
Type-b (ZHUE Kiis D TEY % E T PG, Type-c (3 HUH
VboaEmraEtHEThds. DS E Typecito
Wi, 1 20AEYIORE S8 FMEHETHED 10 47
D 1 LI HFiif > ¢ Type-c1 2> Type-c2 1T X Bl L 72,
Type-d~Type-i iZ2 W\ T I HANHE & IEY O MLEB R
TXHIL 72, 3 J@ll Lot S 2 R it e —
OEMEAREZBL THTH - 72,

BB OGS AP RIS LT 0@ 0 Th 5.

NK-k~NK-i: fRIEAOEY 1 X132 (um 4 —
S=m5 ImmEEET) THD. £, FHOREA
BURMES, RIS ONRAE S 2 BB A Ic IR &
N5, Wiz, #v s v AEET 5. NK-i TlEA T 24
EYOIR BRI O A 15 5, FEERORERIH - 72
Db ontEls e, HEEPHEE— FIZENK4 T
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FZ2a) 7L icKESE LT 5. Fig. 3 < FEfED
HR L7z, NK-j B & O NK-k (& 1R & O s 5
ThH5.

NK-h: —ogzxa) 7Hofcs, h v v A%zkb
% & (Fig. 3). #H=A, HiRbEA, ROTHG & 1otk
B Bt um D) & 1mm DL EOBEAEET 2. 1
mm Pl EOFEGE, TOZLIMHrE TV S, fHE
A, HEEA, BOEGE b, BHREA ORI
BT, 2o, 10um PO # 5 2EEWZLL, BEA
&'ld Type-a & Type-b > 5755,

NK-g: B EAEF05mm Pl FOBEDEA
(Type-a) & 1mm VI EDOfEEERICEEIIhE € &S HM
(Type-cl) DIELET 3. TORBENSIIH v T v I3
Hanish - 7z (Fig. 3).

NK-e: 0.5 mm LI N OEHIKORELOHENEEKT
HO, I ADYA XL (um A — 5 =15 0.5
mm fEEET) VWO RMAERES. 7 v S v
DA 5T —HIRAEL oA E L CERT 5.
KIE (Loc. 7: A « BEH, 2003) Dbk T, EAES
TR kR HT D, [KE T RESRSEICHE
s 2RO REA (Type-cl) WEEETH - 7.

NK-c: #H=A, HRMEA, RAHGE 12 ITmm PLE
DIE} AR T VN ERVASS

NK-b: fHEA, HiRMA, RAHEGE 12 1mm PLE
DOHEOFEAHT D, o RIFVAENRGE AR,
Fhic, METRTEHEE AL, HRelk a7 A
DOEIFH D 5\ id T 7 AR B REES A R R R

average of bulk rock chemistry [wt. %] mode [%] g%
unit  Si0y TiO9 Al903 FeO MnO MgO Ca0 Nag0 K90 phenocryst ggi
T r— [l others
NK-b  48.0 1.2 21.6 13.1 0.2 4.9 9.2 L6 0.1 - L] matrix
NK-c 48.6 1.2 21.6 12.8 0.2 4.8 9.1 1.6 0.1 13.0
NK-e 51.0 1.1 20.1 11.5 0.2 4.9 9.1 L8 0.2 19.7 SN
NK-g 53.1 1.0 19.3 10.7 0.2 4.1 9.8 1.6 0.2 2L1 v
NK-h  49.1 1.1 21.2 11.6 0.2 5.2 9.9 L7 0.1 1L7
NK-i 54.1 1.2 18.1 11.4 0.2 4.1 8.4 2.3 0.3 12.4
NK-j 56.0 1.2 17.8 10.7 0.2 3.3 7.7 2.6 0.4 22.4
NK-k 55.4 1.0 18.0 9.9 0.2 3.9 8.9 2.4 0.4 14.8
0 5 10 15 20 25
(%]
Fig. 3. Representative modal compositions and whole-rock compositions of each unit. The data of NK-i~NK-k

vary widely in each scoria.
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A (Type-cl, Type-g, Type-h) ZPFEHd 5. FRIHTIZ
NK-b (3 NK-c &b TR L TV 208, BfEE F ¢l
NK-b (& NK-c itk TREFHi 22 U<, R 7ol
BREGEEFORROVEET 2 HTXEITE 5.

4. 2F HEELUHSREEYWOTETHER
41 K

SEFE IR TIE, NK-k 2 S NK- 1Zh 13 T Sio,
=53~56wt.% OHEPHTHED L, TILIE (NK-h LIFE)
I3 §i0,=47~53 wt.% OEPHTIE 5oL DD, 1FIF—
EM DI MITRDEAIC S % (Fig. Sa).

Type-a Type-b
®
(3]
Type—cl Type—c2

o

° o ©
) ° °
Type—d Type—e
®
(@]
Type—f Type-g
®
(@] @%g@%§§

zoning boundary
glass inclusion

illustration of morphological
Classification is based

Fig. 4. Schematic
types of glass inclusions.
on zoning patterns of phenocrysts, distribution
patterns of glass inclusions and the relative size
of glass inclusion to the host crystal.

42 TS RAEWMERK

REA, HRNEG, RSN, v 5 v HDRLICE
FN D47 RAEYRAK O BEA LG, —o R
WS O RG50S0, EANED, o 4Rk
HFPHAN L, 2, SiO EAEIN, %K Sio, 1T
ERL->2 b, [ERFICE SIO, 2D bOBHHET 2. 45
2 EBEYD S0, Fid NK-h TH/Mitiz & % (Fig. 5a).
RS T o g4k 4@ U T Sio, B Lz T
& AR S,

Fig. 6 IC&, B, 7o 2aBGMEBLOGaEN T 2
D Si0, BTt % FeO B & CaO BA/RY. 45 R4l
Y GHT 5 2 DMBEAHIZIFIFER - TEY, (XS0,
(60wt.% Kii) 25 &5 S0, (60wt.% LIE) ZFID 2
D DERD 5155, RIGHNC IR OMEHIC L 5
FTI1OOM LY FIZRE-TWA, DT &L, AEYE
AD% DRREBEE, & GO RIS BT 5 AR
& (Fig. 6 TRHD) REHTEX BT TH 5 &2
PE->T, A DH 52 IZENSHBERICEY A E NI
FHTD AV MR E R LTV B SRR L 7.

Fig. 7 l3%%A, 77 RAEYHB L AHENT I 2D Si0,
1Zx$9 % FeO*/MgO %27/R"d. 9 NTOEHETEEHK
X LT A R RINCHIS 9 2 5 ORI 0T 9 6 Tt
L, 75 20EMBLOAENT S ZHKkIEY LT 4 bR
b o AV 7 7oA Y RH DR A T L CIA S 2 L
TW5, BRI Si0, 25y v 7 A +RFNT, & Sio,
FANE AT T ) FANHIGE LT WA, AICEE
N34 5 2aEWIMESNH L TVEDIIHL, #E
[ICEEN 275 2aHEYE S0 BT LT, 60% A
& 70% Ll FICiRET 5. 65% LI EoaEYIE, NKb D
MEAEZOBRIY oM TH% TE, Typecl,
Type-g % 72 (% Type-h D BEFHAE 25>,

4-3 HSMERK

arid, 87 5 v IRILY), BERRIGHIY) A BR < BRER B &
e\ CiT-te, BEAD Anda 7, Valbic™
DEMAIE%EE L T An=80~95 DFEEICEEE L € — 2
ZFEB, BXE An=70fHLICb/ NS VE— 7 ZHo,
il An<65 DRV EEA /R T HERAGFET 5. BIET L
DEALGH 5 ZEEYDOEAICILRTZ LW (Fig. 5b).

FHEOMEMEME, —oalloafiarge LT,
SiE 2RV, GO IEORRE £ R T (Fig.
8). JBIEM & D EIE, NK-k TRAEHEAD I 713 An=
75~90 DHEIPHAZFE S AL, ) 413 An=89 IcFErhd 3
(Fig. 5b). NK-bIZFET 2B ICa a2
Type-cl DFHEA (Fig. 4) O An ZH—OHFEOH TS
¥5> % An=71~87 Z/Rk L7 (Fig. 5b). NK-b LU
NK-c Tl 1ED RS RO RHE A hiho eI N
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[ glass in OI
(a) glass in PI (b) Pl core
| glass in Cpx Pl rim
[frequency] B glass in Opx [frequency] O P others
matrix glass 2
o L Nil 1gh R
B ype—cl ,g,
o 20 8 -
Z 10 4
0 0
15
P 10
= 5
.
5
® 4
=] 3
= 2
1
0
10
o0 8
oL 6
= 4
2
0
= 10
= 5
0
- 15
I
E 10
5
0
) 8
0 6
= 4
5
2
0 0
5 5
4 4 2
ORI 3 \
E 5 2 N
1 (1) §
0 ;
8 > L N=34
g ; g
z 4 2 §
- 2 (1) ; § 3 ) )
0
45 50 55 60 65 70 75 80 50 60 70 80 90 100
0
$i0, [wt. %] An [%]

Fig. 5. a) Histogram of SiO, content in glass inclusions, matrix glasses and bulk rocks for each unit. The SiO,
values are recalculated for the total weight to 100 wt.%. The data is revised from Kuri and Kurita (1999).
b) Histogram of anorthite content of plagioclase for each unit. An=Ca/(Ca+Na) X100 in mol%. The
data is revised from Kuri and Kurita (1999) and Hunter and Blake (1985). The range of host plagioclases
including high SiO, glass inclusions is shown by <.
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T%\ (Fig. 8). BHLVIEOREHEEZFHMAEI T T
An=81~88, ) AT An=78~81, HHIFEDBHHEE
FOREIZ T 7 TAn=71~80, ) 4T An=54~60 %
/K4 (Fig. 5b).

A oA EL T MgE=66~78 135>
KboD (AF « FEH, 1999), BEELFHRE LR E AR
foIs 0, Mg T 2% Al D 55\ IR SR iiE & F o
boOMEFEAETHS (Fig. 8).

25 T T
CaO * ol ©° glassin ol
® 5 © glass in pl
o Ao cpx 2 glass in cpx
20 [ v opx V glass in opx
8 matrix glass
+ bulk
15 7
101 oPX
pl
cpXx
5 b i
0 .
effect of secondary
20 [ crystallization 7]
pl
CcpX
15 T T
10 [ 7]
5 - i
2]
0
40 50 60 70 80
SiO9

Fig. 6. CaO and FeO vs. SiO, wt.% variation diagram for composition of phenocrysts, glass inclusions, matrix

glasses and bulk rocks.
high-SiO, series.

represented by the bold arrows, in any host crystals (pl, cpx, opx).

There are two distributions of glass composition; i.e., the low-SiO, series and the
None of the distributions are influenced by the effect of secondary crystallization,

The low-SiO, series can be explained by

fractional crystallization of olivine, plagioclase, clinopyroxene and orthopyroxene.
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HANEA T OB Mg =62~80 £ 155 < (A NK-i~k THHMICER S NcERRIcE TN 55
A o B8HH, 1999). 7o72L, oA RS oMK, RHEAA An=90, HEVE S Mgt =73~
Wb 0D, —OEKIHO NK-b, NK-g, NK-h T3 74, RIAHEGD Mgt =66~70 TH > 2. NK-i TlIHHE
RS A O RES S 0 (Fig. 8), RAH 4, HAOWLWFNORE T IENOmG o RaEs b
G RS 5, FAEL (Fig. 8), @ABEVEHBEERIIEENS.

80 T T V.
NK-b Y,

L ofe] /
S Type—cl, g h & oo /

glass in Ol
glass in Pl
glass in Cpx
glass in Opx
matrix glass
bulk

+B4ADO O

Si0 5

SiO 5

Si0 ,

1

45

FeO*/MgO

Fig. 7. FeO*/MgO vs. SiO, wt.% variation diagram for composition of glass inclusions, matrix glasses and bulk
rocks in the stage of NK-k~NK-i, NK-h and NK-b. Boundary between tholeiitic series (TH) and
calk-alkalic series (CA) is from Miyashiro (1974).



Mg#=Mg/(Mg-+Fe) X100 in mol%.

<& rim & microphenocryst
O non-equilibrium px

Fig. 9.
line, and Mg-rich pairs are tied with dashed line.

Pyroxene quadrilateral with isothermal lines by Lindsley (1983).
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LA EL B A S BLELALELAY NLELALALEN B SR B AL SRLANLARL L SN D B BN AL L AL R AL B |
reverse normal | reverse normal | reverse normal
NK_b- o om b o @ ee -+ o o o -+ -
NK'C - ® emumane e -+ ® o0 o0 o -+ oo opme -
NK_e— U & © -+ LN ] - * —ad L] L] -1
NK_g - * coseEm -+ L] LN ] L] —t— oo —
NK‘h -~ L] ompwe oo -T-* o L] o -
NK—i - L] o OEBEBEe 0 L] g L] . T e ®ow L d -1
NK‘J ~ ;To * - e e -+ . -
|
NK-k L ] ‘, L] ° -+ - L L ] -
PRNTRRN ST NS WY li PRNSIT ST BN SAT RIS BT R WY | BTSSR TS PRI SR S | | TSNS N N PRSI TR ST S |
20 -10 0 10 20 -10 -5 0 5 10-10 -5 0 5 10
pl: An(core)-An(rim) cpx: Mg#(core)-Mg#(rim) opx: Mg#(core)-Mg#(rim)
Fig. 8. Deviation diagram of the An (core)-An (rim) in plagioclase and Mg# (core)-Mg# (rim) in pyroxene.

Typical pairs are tied with continuous
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5. EBRIEES

[ 4G OFEAHRL % Lindsley (1983) @ 1 5L FTD
SHRXKICTESE L1 (Fig. 9). AmclRiEmERVIL
AL T Lic o, Rl—f@ENoRETI 7 &
a7, Jak) roflAasbETHUBRELARTT—4
T h B E L, MBI 2 & LTk- . KR
ZRTHABDETH->ThH, HEEEOMAELE X
D b Mg IZEUHEAH NK-e, NK-, NK-j TEAT D
(Fig. 9 ). [F—IRE TG d 2 E oA LHE
DEAE L 75 WIEEf 7S 45 13, NK-c O 5 Ca O Hifhi#
G, NK-c, NK-e, NK-g D& Fe DHAHEG, NK-i D5
Mg D&, NK-i, NK-j, NK-k O Fe OfGHEA
TdH 5 (Fig. 9 FPHEN). NK-i OB E H -k
£13950°C 2R L, HFT 2841 An=90 TH - /2.
Fig. 9 % b & T &K BHEMG O ISl & KR E % Fig.
10 1079, IFEmSELGICO VT, *OREHEHES
EiEE LTRR L. LT 7ERTRIEE, ) LET

EfEERd. ogHEHE T KE (800-1050C), —
OEMRILIE T I3 &R Z /K9 (900-1,180°C). NK-h &
HERETH 5 1,180C 2R L 72,

6. HERHMILENS RABEYMOILEFESE
“oEoRBHEYIc oW TRELGEFNIIEENS
#'5 REEYD Ca/Na € VHOER% Fig. 11 12k
B REAFYNIE NITB VT TEHE 213 28I
T EPEFINIL, 75 2EAEYDTE B2 EEOR
HRIEZR Uz, 72720, #9 2 aGPimsks i b E
THLAE, ) AFOMBKMEARA L. EROWE
B2 v b R OSSR K 16T 5

TS 2AEY &) LEBICEAET B EEYT
FHEMBEVIRSAE V., CHREEARGETEE S
BHESE L IVW T & (Fig. 8) LEBAITH S, Ak
I ERNE, E52EMREVHEDD, NK-b,c,ei,j B
UKk TREE (Kp) 34ZFb-oOEEGELICEFEDRL
(Fig. 11 thBE#EMN), NK-h & NK-g OO HE 13 Kp —%E
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Fig. 10. Minimum and maximum temperature estimated using pyroxene geothermometer of Lindsley (1983) for

each unit.
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OV & 13—, HE (Kp) 5.5 Lo 18 L
(Kp) 3.4 Lo 1 gifli 3 Licsdid 5. & 510, NK-b
DOFHEA, BHERN OIS/ 5 Type-b fHRA &,
REA- A5 2ABEWE bICIKCa/Na EVILERT
Type-cl, Type-g, Type-h (Fig. 4) @ 2 7'V —FiThhri
5.

7. & z

71 REAHERETDEKE

BEAOTERNAM Ko (Fig. 11) &, &7k
DHEWV, HEVEEIPREVE EIFERRE 5.
BlZ13, Kp=341F, KLm7L3IFLZRER O
TKIESZUTE 1kb, 4wt.% DEKEDOEEIT, Kp=5.5 3,
BTV FLRRED K Y ) RS R T ORIFIKES
T 2kb, 6 wt.% D EKEDLEICHS 9 % (Sisson and
Grove, 1993). Sisson and Grove (1993) 12 & %583, &
TN ) LREDRT, BKEME T TEET 20kb T2
Tb Kp D3 20 KiiTd v, HHEKLBET VA
) ZREEENEL B 600, EMMIcE_oalio<
JRF AR EGATOI S ENRIEE NS,

72 TUTHROSHEL YT RS

SEHBS Y LT A FRIITH DI, H 5 REE
YIHHES S v 7 A bR S A v s T v ) REINC R
LTHfHLTWA (Fig. 7). 75 2aBGYkicEEd
% &, 2 D DOEMRINE A B % (Fig. 6, Fig. 7). 2D
25, KSI0, T 2aABEYIOME Ly iz LT A b
ZHNETR L, DA SAAD 8%, HHEAD 34%, HARME
G5 8%, RIHHEAD 6%, Sh-F & vER{EY) 1.5% Dk
EETHEE NS, 2T, HEWEIZNK-hOD v
IO EENE N I RAFYHRIK 0L EE, i
BRiE, 71 v 5 v AREHEEOVEESE, RHEAIE An,
WA T 2 s MgE D & B E A,
F o AN GRS SR A A VW e, —, & Sio, A
S RAEEMB X OAEA S ZADHKIEY LT A - RFH

SRV TN RINERR L TIRS AR LTEY, v
LT A FRFIDEES S~ 7= S AT TIVh ) D
Wik oy < 7= AR ER T8 & &R E RSB
OB A BE LIS WIRY NEiTH 5.

PDIFT, MEe7 s 2aawsk, 8L, fEA-
AV kD Ca/Na DREEGRE & &1, Hx OfgiEfgIc
BEHIEF I > T~ 7~ 7 o v A& RETd 2 (Fig. 12).

NK-k~NK-i; Bi&EB L 0BT — §, B+ 1 X3

25 Core rim T T I T T T T I T T T T ]
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Fig. 11.

Molar Ca/Na plot of glass inclusion and the host plagioclase in Ninokura scoria.

Slopes of continuous

lines show exchange equilibrium coefficient Kp between plagioclase and melt (Sisson and Grove, 1993).
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23Y) 7 TEIRKRELCERY, MEBXUN I 206
DFHERIE Y LT A RRFUD S H v Tov ) R A
LCElIcRECIE S L. £/, </ < REMEM
RERIC 6B 57, RIEAHEIZEE (Kp) 3.4 DFH
Bicit-TF oy hENB T ENS, KL TV
EIRES B &, BICEIGICBOTHEA KHRD~ 7 <
POBESEH L T RSN S, NKkITiZa 7
DERICES, DA T AV E Sio & (67 wt.
% LI 1) ZRTESEONERET 5. MOEET» SR
b 5N BRI 800°C LK TH % (Fig. 10). TD X
I RIEA I, ERNCEH L AAFkiE 725 L
o= O\FEE~ 7<) OEAERSIRAZ N
LEZBE, HPHLYTV. INSDT EiF, HITFEDS
D OFtIT KM~ 7= DA D - T, FEAIKED
NFEE <7< ERUD W, Bk BIRATREE 2 H-5 #
WV EEEYE LTHD AR O RNTER A A S &

NK-k—1i

—®» NK-h ——» NK-g—c

feEFZ 5N b (Sparks et al., 1977).

NK-h; BB KO0 5 2aGY o FECRMR E b
2V L7 A4 PRADER S ARMEISEICPERL TB D, B
GEAHA B S S AAEYIcZ LW Eh D, R
5= 7 <DREARED LNV, TOTAITIZ/N\FTE
HIIOREYIERD LTB 0, (LIRS A &
N, HTFESD» SIS~ 7~ DA R L7 &
FEZoND. INEIOBETRLEZL A VS v ADE
95 &, MOHERERT 1,180°C o&EiR%sRT C
EEbHMNTH B, FHEA- AV P OFEEZRT EHE
ERNPERRT B, Kp B 5.5 2l Lo bong ]
Ao, SFEEBAGRD S, < /< BKITEA TV T &M
RENBD, AL+ OFAKIRIC AT, FHEOREROMK
EARE HEFTH B T &, H—ERATIRIEE LR
wEESRONS, a7 &) AoMES NS VLT &%
EAHbELE, RRORFEKNE LT, v/ <BAETER

—® NK-b

mixing of replacement crystallizati
residual magma by of crustal
and the supplied supplied magma melting
supplied magma mafic magma and

supplied magma supplied magma

Fig. 12.

crust heating

supplied magma

Schematic illustration of the magma system with temporal development in the Ninokura stage.

K D (p1)=5.5

supplied magma

In the

earlier stage (NK-k to NK-i) basaltic magma was supplied into a magma chamber that had been filled with the
In the middle stage (NK-h to NK-e) the residual magma was
replaced by the supplied basaltic magma and a part of the supplied magma was evolved and heated the crust.
In the last stage (NK-b) crustal melting started.

Hachinohe magma (the residual magma).
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<, BFKESIEOZDNEN CTH > Ic EFEA NS,
KELTEDOZELDIFHRE LTIE, BEE— N2 11.7% &
KW C &5 (Fig 3), fERMEICE B A0k ~DKD
TEERIC X BKEKIE DI E 1T <, Kichafil 2
< 7= OERAD EFITRE S SRR QD 0 J Hs
FZRT,

NK-g; &R A2V b ORI A S, NK-h [\BEC,
INOD= I BKICEATW T &, [FAFRICOKERRE
DEAL D - 1o T EDRBE N, 2L, NK-h &
iz, 200NTT 20HBEENH L. wWINbY L
TA NRIERL, B - AT E SICHEZE S/ hE W
ZEDD, MEDRREDRDPPRRERL S 2 DD~ 7 < DBFAE
LicZ EDRIES NS,

NK-e; 56179 5 NK-h > NK-g & H# LT, 2Emnk
D S0, ZEEMBIZEFE Ui d 27T, #5 2
AEYIO SIo, EHEEEPRHMLTVS, S5, Hif
Da7TEDb ) LRGEERT. INH6DIEE, v/
< E D OFERALDET L, A v FHIC Si0, HEE L 72
—HT, ElmDRME~ 7 < OHEE SRIRFIC D - 7o 7o
EEZOLND.

NK-b; BHEA- 4V b DT B2 5D 7 )V — 7T
JFEL, &% D000 RN Icd - 7 2 EERT
ZEDS, HEOERISE250< S REELTWET
EMRBEEND, EHCa/NaENWHAERT 7V —F
(Type-b) 3V L 74 b RYFAK DG T, Housh and
Luhr (1991) ORMEARECES =7 v OlRER
LIOOCFRE TH 5 DI L, K Ca/Na ®IVHEI/RT S
JV—7 (Type-cl, g, h) 137V 7 7ovh ) ZHDIRER
W atEo 77 2aAFYT, FRRICKS o< 7 <RI
930-960°C f2EE L KR TH B (Fig. 7). Hibd & 2 ITHi
Eh okE AR TEL IR TH Y, D
H15 %05 Si0, TIRES < 7 < DBEAE L 72 T & 2 ERT
5. oD LR, Zogxa) 7o Sr A AHESY
Wit B K = Hunter and Blake (1995) 2SHUEED7ZHN
ANV OMINAEREBLTWS & EFHNNTH 3.
Type-cl, Type-g, Type-h 75 & DRl © 1F 2 G %
FoRlE A 3B OFIEAT (G: Table 1) THRHMIC
HEgan<ctsy (AF] - FH, 1999), ZOFN» 5, #%
D= 7 < iEEOMEFBIRICA - 1 L5 R 5.

PibEo ko, 2k « Bk « 75 2 aail
WOEHRER N, —oallicsd s ko< ~7 ot
2AEMWSpIcd B EpTE . 5%, (DIE-ENI
BV CHEROFRHIC X 0 BmiE » E YRR RS 5
Z & (Fig. 6), Q#EERAEH 5 2GR 2 iRtk
ZRTICO DO, OEH I 2D &
ANTVB &, &5IT, (3)BEMEA &R C R

WRIZLE, BECHEETAEIL-T, w7/ <H
FOHNTO= 7 <7 0 XDZEMTIEHRP, 2 ORE
LA S TE B AREH D 5.

8. ¥ & &

&, W, o 2aaEo FESCRMERE RV T,
FFHKLZogHEHYO~ 7/~ 7o v 22 EBE L
fz. VUTANZRINE S VD T v ) ZH DD RIS
BRI DREND > ENREIN. BA~ I~
DURRSY 13 OB WIRTI T I o s S h o kot
< 7=\~ 7 < (800°C) TH Y, —oFMHHIH
TRET»oB s KB ERML~ 7 ~
(1,180C) &tz T lic~s <, —
DEHE (K HTrEFEE» o s nifat=r
< EHIERDARIA Lk (900 ) Tdh .

AN TR ) RIS NS ESIO,mDH T X
SAYIRARL D A (SRR S s e < 7= &\
FHAEY EORGERYT. —ogisiic i/ \FELY
DERYIE 2 I A A THEET 5 T & 7a CHRICEH
LicleOITEMIREREE 20, REE LA %
O, FE»r D= < OHE AR DRINE &
Wk, ZogMHRHO LR DK & S AE B A
WiEE s, —oghilicid~ s~ 3 X oEElL
fo. [AMT < 7 < OfER L & LR o st S, —
DEMHRIAD NK-b 1T - TRIIHERDSEEE L 1z Lo 7z,

it *

AWML TR AR HIERBR I ZE R C O glic S\ T
BO, PRI EROBCRE ERIEIZIC A RS
BRAEZKWIZIZWiz, £1, EPMA O BR LI
KED € v & —OFEHEIEKIC, XRF OB L
FUE AR FHIEREF 75 O thiF ZHIRICHFEE VL 7o 720 /e,
HRURS B AV 20 O 9 RE 12 (3 SEM O A1 % He
CHGHE LTVt AamfEic 47 b JLRFOFE
HRFHR L D EEL CERAZ VKW, SRERFEK
LEZAD 2 NOBEGE S L CIREHMOEEHERKIC I
ZOMPVT KN 220k Wie, oz Tk
fLEHL 3.
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