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The REE composition of Miocene icelandite in Northeast Japan, and implication for the origin of
icelandite magma

Abstract
%%Eﬁ]‘* There are two types of Miocene icelandites in Northeast Japan. One is
e characterized by high K;O and Ce/Yb, and the other by low K:0 and
ﬁ YL Ce/Yb. High K:;0-Ce/Yb type icelandite is distributed in the northeast
EB'@%%DK&* Kanto (Motegi and Daigo) and northern Abukuma (Kenashiyama)
’ districts, whereas low K,;O-Ce/Yb type icelandite occurs in the central
region of the Tohoku back-bone range (between Furukawa and
; K Shinjo). The fromer was probably generated by melting of the lower
Masaki Takahashi crust, and the latter produced by simple crystallization differentiation
Takaaki N oguchz'** from mafic tholeiitic magma. The estimated chemical compositions of the
MChiO Td gm* primitive magma for the two types of icelandite are different. The

K:0/TiO; ratios of the high K,O-Ce/Yb type icelandite are higher than
those of the low K:0-Ce/Yb type. Chemical composition and mineralogy
of these icelandites suggest that hot, dry, and reducing conditions
existed in the crust where the icelandites evolved. The mode of occurence
of these icelandites and their geological relation indicate that they
erupted in an extensional regime. These conditions were probably
related to the opening of the Sea of Japan which was caused by
upwelling of a mantle- plume during a short time span in the early to
middle Miocene. '
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Fig. 1. Map showing the distribution of early to middle
Miocene volcanic rocks in the northeastern Kanto.
dotted area: early to middle Miocene volcanic rocks.

5T, AHEO KILEBOEMIZITIEI8~1TMalZE b,
BHRUIOBMEKILTA 25 v £4 b T, 16~15MakHtE S h
%, FEHETEHHE T O% S KITEE #5208, %
NEOEHOME T, Th&dBITKLEE&RELZTL
£5. FTinbb, ZOHUKD KILEE)E100~20077F &0 S
& b ® TEBIRR kST L7z & b Tepisodic/a{GEITH 0,
WD KL 7 v v bk, 15Ma IR EER U b B
o~ & KPR CHIS0Km M ERGRICHB Lic 2 &Ik b
(Fig.1) .

2. FAbEhvARERE R () ~FERM)

I ~FEMo B T IR, hEtto
KIEENIEL S LTW5 (Fig. 2) . AHEORM DL
BINFR g B BERZILEE» HIX, 13~15MadK- Ar
ERBIEBhTBY (BH - PR, 1984) , JLECfiET S
ARZIUEE L IZER CEOFE TH A EENAEV. FR
Wi AT 5 E L LTKILEEN R 2 REUBE, RER
B IZCNA~CN5 I M3 % F v LA B L UN. 130 A 1L
AR RVWHEERTHT, Zhb0KIIEEDOERITITIE
12~15Ma T3 Z LB HWELTHBY, EMIcEENICER
ZEILE, FREFELGEREROLOLBEEEATLS
(fHE, 1986) . BEMBOWENOEAMIKICIE, T2 LT
FRAE,I LR LZEFRBAREECSHT LTS, FRED

KILE 2 b1 15MaD K- ArfE A% b hTws (Ohkiet

al., 1993) .

KIULEEERR

1. BIEEHhAACEED

Wb WA O AR, KPEBEREER LUK
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BRI 2 R B E 1 L A ERD BT,
&b THEMICMEH U7z BEUK LIS WEBIRRAD KT
HHEEbhA.

2. Bt APERE RS (F)II~FER)
BERILEEE, KhAEREE & KFKBRE LTZh
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Fig. 2. Map showing the distribution of middle Miocene volcanic rocks in the middle
Tohoku back- bone range.
dotted area: middle Miocene volcanic rocks.
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V. TAAZYEL ML, ZoORRBE, SILE, FEEES 75 ,
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REMBRY, HEEEREOBE FICE T, NNE-SSW 70} L oo
%%\ ENE- SW i [HICELS L7 S MO FATENRBED B OB eo o
BUKILEY 72 ElM BB KOV IE LI K DR Ehicdh D L H#E A
EENTWS (HZiF, Tsuchiya, 1990) . 65} A@@g
~ A A A
R
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E el
1. RAsERbAICRER ~ od’
AHIKD T A 25 v &4 M, BEfE1Ovol. % LU FCEHE Q
REIGEGS, VROBRE LT, RHEA, SNCEALHT, “? sl
v VEERBEICET A, BAMEO LD, BMaAs é
LT A =y, ey s VIR, SF—Yv 1 b, #& r
Kb T4 MHBIFETSE (BKE, 1983) . Fi, KT 50t A .
OB ENL, BaE LTI R vk b T4
BIAFT D (REE - N5, 1985) .
2. FAcHhACERE RS (HNII~FER) Ao 7 45 : :
{25V HA ME—RRICBESR10vol. % LA FCHERICE LS 0 5 10 15
HEABE ISV, PEDOHGE LT, fRA, #t—U v A FeO*/MgO
M, BN R—v Vi EREL.
2EESHEK Fig. 3. Bulk-rock FeO*/MgO vs. SiO, diagram for
Miocene volcanic rocks in Motegi and Daigo districts.
1. s AILEES solid triangle: FETI basalts; solid circle: tholeiitic
KHIIC A5 5 KL E LTk, DY LT A FRFID basalts and andesites; open triangle: Nantaisan
TP _ I e icelandites; open circle: Motegi-icelandites; TH:
ZRE~RILE, QAN T An )V RINDEIE, @FLL tholeiitic rock-series; CA: calc-alkalic rock-series.
Fel TilCE G FETIZRE, T LTOTA ATV AL +D4 The boundary is after Miyashiro (1974) .
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Fig. 4. Silica variation diagrams for Miocene volcanic rocks in Motegi and Daigo districts.
Symbols in the figures are the same as those in Fig. 3. The classification in K;O vs. SiO, diagram is after Gill (1981) .
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EHAIHIBIZET 5. @IFMHIBIC o9 %25, @IREAR
I DHZHZDND. KR « KFHEO KILEEIE, FETI
ZREZRNT, DI LAEPmedium-KOV L7 A b
RFNCB 3% (Fig. 3B L UFig.4) . FETIZREITZE L <
KOz U<, low-KOHEBICZDOEBN T2y h&ERS.

VT A PRINOZRE~ZRIIEEETA A5 v B4 + DR
ICIESIOMB EOMER R B 5. FETIZR A, fiov
VT A MEKILIEFEESE LART, FeO*ETIONCE R, K0
ALO;&CaOlzZ L (Fig.d) . YV U7 A4 MNEEHE KLE
B, 62X AREVRERA—D ML Y FERTEIIC
HzbB. TAASYEAL ME, FeO*&NaO, TiO.nE D\
KONDBIWIZBNT, TOMLY F2abEFTRTL S
(Fig.4) . &bz, BEIUTA A5 v £4 M, SIOIZ
LWiZb b bd, RAHBOTA A5 Y 24 b LK
OAKKOILEATHWS., ZALDHEER, YL 7FA( b EX
REBE< /<D TA AT Y B VB I<%, $EED
TAATYEAL bTH>Th, BELUDOLDNLLEARADL D
Z, TNENEMRERSERIC & - THEET % 0k RE
THAZEHZRLTNAS,

2. FAcsh AR RIS ()1 ~FERD)

A BN OEE « ARl iE v 2 7 v h ) RF| 0%
HEEENHET 528, BRMEICIE Y V714 b RIIDZIIE,
TARSTVEAL NOBRRZHLTEY, IATTAHYRT
DKILEBEIFRD bhvusw (Fig.5) . RH#uso KILEEIZ
Mialow-KRFIDOLDTHHKOBIZZ LA, —#i
medium-KZFNIizB 4% (Fig.6) . SiOBIT55% » H75%
¥ TEEMICEL L, SRRaMBIERS b, ¥z,
FTRTOBMHZBNTUTIER—D b L v K2 5E3(Fig.6) .
KHEBDT A AT v A4 M, KK« KTFHIBO S DI A
T, MgOETIOMWEATWS.

FHTIETTFRAER

BESE 7 AL B ET 35 L OV AL 7 S R o T 7 o
ATV EAL NOEEHFTHETREZTablel. IZRYT. Zhbd
DHIKD T A A5 v &4 FBILOHFET B0 KILEEHDZE
TETCEAROBEIILTORY TH 5.

1. BAsEihAALEER

AHEDOT A AT v &AL &, FETIXREBLIOG Y LT
1 VEZREOREN D v 71 & OFTECRME S s
BERDES REERNALND., TA A5V X4 ME, KO
BOBENZ S 0b LT, mAHE, BAlLEL Lo
VR I A MR A=V EIRL, EFEETRICH LTE
FELELTRIEEA, EFuARFLHEZCHADO LS
(Fig.7) . Zhizx LT, YVv 74 NVEXREZEF+E
TRIZZ LS FlHA 2 —vARL (Fig.7A) , FETIXH
BRI EELRICER, RICMOBRR 2 — v EET
% (Fig.7B) . W&k d, TARITVEL FOFRT A2 —
VEELLERY, TRLOXREE~< I bORME
mOLERTIETA AS v B4 24T A LITEEETH
A. bk &ix, Ce/Yb vs. CeD 7+ 2HENM ETL
h—BHRICRENh% (Fig8) . B#FIETELEAXALET
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Fig. 5. FeO*MgO vs. SiO, diagram for Miocene volcanic
rocks in the Tohoku back- bone range.
solid circle:  tholeiitic  andesites; open circle:
icelandites; TH: tholeiitic rock- series; CA: calc-alkalic
rock- series. The boundary is after Miyashiro (1974) .

RONENREST SCe/YbitiE, FIETHEICAT 35 EEH
DNETe, VT VA, BA, fFA (72 L, Eukkl)
TR EDREGETALFRIC Lo TR EL B LY. Thbb,
R IERAOETIZHE > TCeBABALTT > T,
Ce/Yblbizig L A EREIL LW EE 2 T LW, Fig.8Tlt,
CeBAHWVIFECe/YDRMEL Y, TAASTY XL %
VLT A MNEZXRECFETIZR S b O ¥t ks 55 1L e
HATERT A LIIRETHS. FLETEORLALDIL,
AR« KFH D Y vy A MEKIUESEIZ, Ce/YbELOEW
EHEKUEEEBWTA RSV A RS TE, Lk
b OMICHE &S EERE N LCoBBE B TERITED
bhignwZ &icin 3.

2. R APREIIE RS (H)~FER)

MDY LT A VERILELTA ATV EA My, BE
FETRRICEZ Lodin 0 FEZF ETEER R 2 — v TR
L, SIOHINT 51> T, &k LTETBRE LARD
FHEETROMEL TR L TITL, BIRRRE S5
TEROBEMEA 243 (Fig.9) . Eulc DWW TliE, SiO.2888m
TR ONTHERAICEDTZERIRD BN 5. Ce/Ybvs.
CeD 7 mt ZHERIZB VTS, CeRMHEIM LTHCe/Yb
g A EZE LU, BRSO S 2 — v
zg (Fig.10) . SiOZMLN B CEFEN R ERE LN R D
BT E&d, BaEmILERICE > TEL BT % 2 L N EE
TH5H. AHEDOT A A5V EAL ME, VI T4 NERLE
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Fig. 6. Silica variation diagrams for Miocene volcanic rocks in the middle Tohoku back- bone range.
Symbols in the figures are the same as in Fig. 5.
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Table 1. Representative major and rare earth element analyses of Miocene icelandites and their related tholeiitic
andesites in Northeast Japan.

Sio,
TiO,
Al,04
FeO*
MnO
MgO
Ca0
Na,O
K,0
P20s
TOTAL

(ppm)
La
Ce
Nd
Sm
Eu
Gd
Dy
Er
Yb
Lu

69.31

0.67
14.28
5.57
0.15
0.58
3.28
4.39
1.77

n. a.
100.00

21.50
43.04
23.78
6.86
1.40
6.06
6.24
3.63
3.50
0.55
33.58

65.16
0.69

16.11
6.02
0.02
0.83
5.09
3.65
2.43

n. a.

100.00

21.39
45.27
22.90
6.34
1.28
5.91
5.79
3.51
3.29
0.48
31.06

71.01
0.79
15.22
2.72
0.07
0.21
3.73
4.61
1.41
0.22
100.00

18.18
37.07
25.34
8.48
2.02
7.98
9.99
6.11
5.19
0.88
58.12

6

1

10

4

9.89
1.16
4.06
4.07
0.17
0.54
4.51
4.20
1.00
0.42
0.00

8.76

21.55

1

5.30
5.31
1.70
5.13
5.96
3.82
3.47
0.69

30.79

69.88

1.02

15.10

3.61
0.09
0.52
4.39
4.04
1.09
0.27

100.00

8.21

19.97
13.05

4.36
1.34
4.28
4.85
2.95
2.83
0.52

24.82

57.90

1.42

15.84

9.95
0.22
2.69
7.74
3.20
0.78
0.27

100.00

5.28

13.71

9.73
3.55
1.28
3.68
4.14
2.70
2.56
0.46

21.99

54.88
1.79
15.80
11.34
0.22
4.62
7.88
2.68
0.43
0.36
100.00

4.15
11.33
8.33
2.90
1.15
3.17
3.36
1.97
1.77
0.37
18.14

1~5ticelandite; 1:Motegi (Hachimanyama) ; 2:Daigo (Nantaisan) ; 3:Ginzan Formation; 4:Utsuno Formation;
5:Nagao Formation; 6~7:tholeiitic andesites; 6:Utsuno Formation; 7:Nagao Formation. n.a: not analyzed.
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Fig. 7. Diagrams showing the chondrite normalized REE patterns for Miocene volcanic rocks in Motegi and Daigo.
A: Nantaisan and Motegi icelandites (solid line) and tholeiitic basalts (dotted line) ; B: Nantaisan and Motegi
icelandites (solid line) and FETI basalts (dotted line)
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Fig. 8. Diagram showing Ce/Yb ratio vs. Ce contents for
Miocene volcanic rocks in Motegi and Daigo districts.
Symbols in the figure are the same as those in Fig. 3.
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Fig. 9. Diagram showing the chondrite normalized REE
pattern for Miocene volcanic rocks in the Tohoku

back- bone range.

The numerals within the diagram are bulk SiO, wt.% of
each sample.
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Fig.10. Diagram showing Ce/Yb ratio vs. Ce content for
Miocene volcanic rocks in the middle Tohoku back- bone
range.
Symbols in the figure are the same as those in Fig. 5.

FHf - 50 &= . BV

B 7 i b ORHEE% GrEsBEAO MM RR S LIFRIC & -
THRE R EE LD,

%

AR« KFHUIRDO T A 25 v £4 MEmECe/Ybia T L

ECe/YblbZ B2 VY L7 4 MEZRED D B &S
R L > CTEL ZERETHS. AR - iR (1992) I
THIZBFEILT A 25V &4 ME, 0.70673~0.70681 L5
BWISH/ SrRM A R AR EE F D, IO R v v
74 MEZREOFRTEVE (0.70497~0.70518)  (Shuto
etal., 1993) LR AKX RAS. ZOBFEL, WENER
ZEE~ FICHERLTEY, EaSLERE N LTo ik
BREFBERICZ NI EARLTWS, R - R (1992) I
IHE, R KFHEOTA 25 v 4+ ERULLKOI
BA AT RIR I o 2Rt o BEL T A 2T v
B4 MR WTY, AREARSIRAMAELIEFOECERD
h, 74 A5 v &4 + (0.70551~0.70558) DS NEHLDE
SEKILES (0.70432) LY dEWEERRT. 25 Ly —
A b ERE R (1992) 13, TADLDTA ATV EAL bR
TR E ORI & > TR & Lz AT RERE 2 5T L
TWh, T TRz L5112, VU7 A NVEERE< /<)
HEMA SR SLERTT A A5 VAL MR ERT ST L,
EEENFHRO LrbbRETH S (ARG, 1983) .

El, BEUTAAT Y EL ML, BRATAAS VAL &
D HSIOENZ LWich b bTKOE, CeR, Ce/Yb
BB, Ld->TH—< 7 bR ERC L -
THEZ EDICERTAZEANR0E LY., oz Eh
b, BK,Of «Ce/Ybt7 4 A5V XA NVE< J <X, Bk
BEMERM U L5112, BEROETHEE RICT 2 THl R
YE ORI X > TR S W TSV LS I E

h3., ZOSBEHOPTHICHET H&ET CORBECAMN
BEEIEROBRAGBERC L > THREhAERE AV
ME, =RV I TR ) RFITH>TTA ATV & b
BTHRWDT (Flz X, Beard and Lofgren, 199175 &) ,
fEACRBBICRE <, ULad FeO*/MgO D& WIS SE KIS
HEy, BRAGT CHESLEIVNENDS. FE 7427
VEA MIEKEBELZBAE LTEERWDT, <<
CEENAHO0RZI N D Vi o2l iEERD 5. ANA
7% EDEKERMES & F 20 TSR E i —k o BTk
E 212 WDT, HODEAE DN 72 7z Ik BIA HARIREE 28
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Fig.11. Diagram showing K.O vs. TiO; for Miocene
icelandite in Northeastern Japan.
solid circle: Nantaisan and Motegi icelandites; solid
triangle: Kenashiyvama icelandites (Shuto and Inomata,
1992) ; open circle: icelandites in the middle Tohoku
back- bone range.
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Fig.12. Diagram showing oxygen fugacity (fO,) vs. (T)
temperature for icelandites and calc- alkalic arc volcanic
rocks (Gill, 1981 revised).
solid star: icelandites (Thingmuli: Carmichael, 1967);
diagonally ruled rectangular: Motegi icelandites; dotted
area: calc- alkalic arc volcanic rocks.
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