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UCHINO Takayuki (2021) Geochemical features and origin of basalt within the Jurassic accretionary complex
in the southwestern margin of the North Kitakami Belt, Northeast Japan. Bulletin of the Geological Survey of
Japan, vol. 72 (2), p. 109-118, 4 figs, 1 table, 2 appendices.

Abstract: Basalt within an accretionary complex is generally considered to be part of fragments scraped
from a subducting oceanic plate. Regarding the basalt within the North Kitakami Belt in Northeast Japan,
although it is also thought to be of oceanic islands, there have been few geochemical studies of the basalt.
In this report, whole-rock geochemical analyses were preliminarily conducted on six basalt samples from
the Early-Middle Jurassic accretionary complexes in the southwestern margin of the North Kitakami
Belt to determine their origins. As a result, four samples showed a geochemical signature consistent
with MORB, whereas two samples were alkaline oceanic island basalt, according to geochemical
discrimination diagrams and trace-element spider-diagrams. Notably, a certain amount of basalt indicating
the MORB signature is recognized within the North Kitakami Belt.

Keywords: basalt, whole-rock analysis, Jurassic, accretionary complex, MORB, oceanic island, North
Kitakami Belt, Northeast Japan
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Fig. 1 Geological map of the southwestern margin of the North Kitakami Belt, showing sampling locations of basalt. Geological map
was referred from the Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan, AIST (2019).
Cenozoic geologic bodies are not painted, and legends of the Nedamo Belt are omitted.
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Fig. 2

Photomicrographs of thin sections of the analyzed basalt (plane-polarized light). (a) Sample A from forest road
along upper stream of Nakatsu River. (b) Sample B from Kinemata Stream, branch stream of Nakatsu River.
(c) Sample C from Okawa River in Kamatsuda hamlet. (d) Sample D from middle stream of Karumatsuzawa
River. (¢) Sample E from Shogakubo Stream, branch stream of Karumatsuzawa River. (f) Sample F from large
cliff below the Gando Dam.

BS: black seam, Chl: chlorite, Cpx: clinopyroxene, CP: clinopyroxene phenocryst, Ilm: ilmenite, Pl:
plagioclase, Pm: phenocryst pseudomorph, PP: plagioclase phenocryst, Tau: titan augite. All samples are under
the open polarized light.
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Table 1 Whole-rock major- and trace-element geochemical
data for basalt in the southwestern margin of the North
Kitakami Belt. Major- and trace-element units are wt.%
and ppm, respectively. FeO*: total Fe as FeO, L.O.1.: loss-
on-ignition.

Sample No. A B C D E F
Rock type  MORB MORB MORB MORB OIB OIB
(Wt.%)

SiO, 51.10 46.19 4292 4747 46.57 47.03
TiO, 1.31 1.99 1.35 1.44 2.78 1.98
Al,O4 18.12 17.18 18.38 1639 16.28 18.02
Fe,04 1422 12.05 11.23 1048 12.64 9.88
MnO 0.11 0.18 0.18 0.17 0.21 0.18
MgO 1.83 5.06 4.53 6.93 6.23 6.22
CaO 2.91 9.03 14.02 9.28 4.74 4.80
Na,O 6.35 2.57 2.47 3.72 3.77 4.43
K,O 1.28 2.82 0.16 0.25 2.38 1.68
P,04 0.17 0.14 0.11 0.14 0.60 0.50
Total 9739 9722 9535 9627 9620 94.72
L.OI 1.84 3.03 5.16 4.06 3.76 5.82
FeO* 12.80 10.84 10.10 943 11.37 8.89

FeO*/MgO 699 214 223 1.36 1.83 1.43
Na,O0/K,0 496 091 1544 14.88 1.58  2.64

(ppm)
Sc 42 45 48 36 15 15
\'% 191 323 351 249 179 173
Cr 250 350 680 220 <20 <20
Co 46 47 38 35 22 26
Ni 70 110 210 70 <20 <20
Cu 30 40 30 70 20 30
Rb 20 46 3 3 33 51
Zn 200 180 110 110 140 100
Sr 145 153 190 35 340 216
Y 30 36 32 24 35 25
Zr 72 114 81 93 265 183
Nb 2.6 2.6 <0.2 6.3 64.9 48.3
Ba 64 190 140 40 325 290
Pb <5 <5 <5 <5 <5 <5
Th 0.3 0.2 <0.05 0.5 5.5 4.2
Ga 11 21 21 14 23 18
Hf 1.8 3.0 2.1 2.1 5.9 43
Ta 0.2 0.2 0.0 0.4 4.0 3.0
U 0.2 0.1 0.2 0.2 1.5 1.1
La 3.7 5.1 2.6 6.0 51.4 30.7
Ce 6.9 11.1 8.4 14.7 101.0 65.4
Pr 1.4 2.2 1.6 2.2 11.5 8.0
Nd 6.7 12.9 9.5 10.4 45.3 31.3
Sm 2.6 4.6 3.2 3.2 9.7 6.8
Eu 1.0 1.7 1.3 1.2 3.1 2.0
Gd 3.7 6.0 4.7 4.2 8.6 5.8
Tb 0.7 1.1 0.9 0.7 1.3 0.9
Dy 5.0 6.7 5.6 4.5 7.0 5.2
Ho 1.1 1.4 1.2 0.9 1.4 1.0
Er 3.1 3.9 3.6 2.5 3.6 2.7
Tm 0.5 0.6 0.5 0.4 0.5 04
Yb 2.9 3.6 3.6 2.4 3.1 2.4
Lu 0.4 0.5 0.6 0.4 0.5 0.4

FeO* and MgO of FeO*/MgO, and Na,0O and K,0 of Na,0/K,0

are the vaules normalized to anhydrous 100 % in total.

WX 28, HIEICH L 72, WEGERE (L. 0. DIZD0n
Tid, B2 g% 1,000 CT2HERINE L 7212 12 L 7=,
B, FHELOSMEBEIZI DOV TZActlabsttD Y = 74
4 b (http://www.actlabs.com/) TEHET & 3. F/-, [EiUt
AR D HE % FR 1R L 7=,

SRR A S 1 RIS T, SO, BHEEIF43 ~ 51 wt.%
ThHh, BBIZEZ2EDOILEBENH S L 2EET
3&, MRZRAEMEERTE WA S (BE3Xa). KRR
21858 wt%ThH 5. C, DOREHIK,0/Na,0ktA% 15
TR L DFREHI IR TEL, TAHVILED b H1EE
OBEHIRE X NS, FHICORRENSIO, &8 &Rt
£ 0 EFOCaOFHEIL, TWNMEERDFAFEE) 23
LT3 EEZL6N5. AldFeO*/MgON 7 & EWAR, Z
NIIFREEADFETE b 2HKFHLKEIZEL TS Z
ik Bd. F72, ADSIO,RNa,0DEHEMMLE D 15
WHIHH G TTRBENC L 2 B2 b 5. EITTRICEHH
T5L, A-DOREIEE, FORBIE DRIIZK X a8
o ohs. HlziE, A-DORRHLSe - V - Cr - NidE,
FORE & O &Vl %R 2%, Zr-Nb - Ba- Th - Hf -
Ta-U-La-Ce-Pr-Nd-Sm-EulZB L CTIZE, FOR
B & DKM A R

4. TREDER

kR OZRED & 512, DhrsFEY - £k%E
B> TOWBEADEESGEHET 51013, ZRIERIC
Ko THBILIZKWTi-P-Zr - Y - NbBEEDES 54 F
Ul D BT A TCHE (HFSIER) % FH O 72 MRk 2251
KAETH S (A1, Cann, 1970 5 Hart ef al., 1974 ;
Pearce and Norry, 1979 ; Meschede, 1986 ; Bienvenu ef al.,
1990).

TN IET ) A E X ST S0, Nb/Y X
(Winchester and Floyd, 1977) 2%\ Cik, EEFD 250k
ANb/YIH0.67 L ED 7L ) BRI T ey b Xh B
(#%53Xla). Ti-Zr—Y[X| (Pearce and Cann, 1973) @ HhER{L
R T, WKTT S ) EICHY T 3EEFOR
FHE 7L — b NZRE (WPB : OIBICHIY) fEikic, Zh
DA BEIMZRE (B Lo 7L ) 5 (CAB), HilEY
L7 4 b (AT)) £~ IEMORBEIKIZ T 0 v + &h B (5
3[Xb). Ti-VIX| (Shervais, 1982) TiZ, E&FDiFHIOIB
12, 2h LS oEHE, HITRRE S %V IEMORBDH
Wiz7 vy b &hd(H3Ke). Nb/Yb-Th/YbIX| (Pearce,
2008) T &, ELFORBHIOIBIZ, Z 4 ok
normal MORB (N-MORB) #* & enriched MORB (E-MORB)
DIz Ty b E D (E3IM). Ak, KIZidRL
TWEWA, E, FIZTiOMnO-P,0, X (Mullen, 1983) T
LERIEDOIADTHBIZ 7T » b Eh 3.

WIZ, HFSILR R &/ LHILRIZOWT, Thih
N-MORB& 2 ¥ F 54 b THMEILE 284 & —
M (H4X) TENRSEDISE — v AR TAS. ELFD

— 113 —



WEFHAMZWE 20214 HB72% H2H

—~
Q
N’

andesite
57f-----m--e
basaltic
= desit
3\3 andesite .
S 52
N
o A N
(7] basalt >
45 ---ooneee sub-alkali alkali
ultramafic
rock
1 1
0.01 .
01 Nbry { 10
(c)
/island-arc / .
800 | tholeite /| Packarc basin basalt
/” or MORB
400 | /
r/’
/ <
/ / >
300 | /,/ /
) -
v [/ A oceanic island basalt
/ =
200 F | _—
// v o P o
/ _—
/ _
100/ / -
// e
1)~
’/,//// 1 1 1 1
0 10 15 20  (ppm)
Ti/1000

Ti/100

(b)

|AT: island-arc tholeiite
CAB: calc-alkali basalt
WPB: within-plate basalt

WPB %
K>

< ¥

T CAB or MORB

Zr 3*Y
(d)
10
<§J'oc/eanic
1L island basalt
(0IB)
Th/Yb fl r
enriched &
MORB ¥
01 F @/
OQ“
Ny
normal
MORB
O'010.1 1 10 100

Nb/Yb

| V Sample A >Sample B <Sample C A Sample D O Sample E < Sample F |

3K LA ORFH I S IR HBIK. () SiO,~Nb/YX| (Winchester and Floyd, 1977). (b) Ti-Nb—Y[X| (Pearce

and Cann, 1973). (c) Ti=V[X| (Shervais, 1982).

(d) Th/Yb-Nb/YbIX] (Pearce, 2008) .

R FEYK 12 Pearce and Peate (1995)

DF—2I12&kB. &k, aEOCdKTIE, ToaNvEsBl X s > 2CiRBARA EhTn 3,

Fig. 3

Geochemical discrimination diagrams of data from basalt in the southwestern margin of the North Kitakami Belt. (a) SiO,~Nb/

Y discrimination diagram, after Winchester and Floyd (1977). Sample C without the sufficient Nb value was omitted. (b) Ti-Nb—
Y discrimination diagram, after Pearce and Cann (1973). (¢) Ti—V discrimination diagram, after Shervais (1982). (d) Th/Yb-Nb/Yb
discrimination diagram, after Pearce (2008). Sample C without the sufficient Nb value was omitted. The oceanic arc and continental
arc fields, which include basalt compositions from various modern and ancient oceanic and continental arc settings, are from Pearce

and Peate (1995).

AL S 4XaTIEDy A 5ThiZ 213 T, F4XbTidDy
P SLall T TRELEEND #/7F. ZHhid, Sunand
McDonough (1989) T/R & N7z AR 5 0IBD /S & — v
RT3, 2 PADBHZ DWW TIE, DIFFE4Xa
TPrA HThIZ T THE ERD Z/R L, F4XbTIESmA,
SLall i THEMIZE LA D 239, Z4d, Sun and
McDonough (1989) C/R & 17z SR s E-MORBD/ § & —
v EHRIT . Z O (A-C) IZEE 4 [XaTIFKD 2 DK}

ICBEWTULPCTIEREE AR T EDODOZ N ERTITHA
KFEDIS8 =V ERL, 254K TIESmA SLallh
FTERMPIZETFAD DI/ — &AL, N-MORBD &
DL 5.

PLbA &, AGEBAL B re Pa sl i 204 9 5w ~h
WY 2 gk O KA, A-CilFH2N-MORB %,
DKt 2'E-MORB%, E, Filkl2OIADFRiH AR $Z &
PHBAL 72, L7225 T, Z2h 6 DOFEIRE I HINEEIZEL

— 114 —



AGEAL b ¥ 2 T AR LA DLz ()

1007 10003 b
] (a) —— oceanic island basalt (OIB) ] ( ) —— oceanic island basalt (OIB)
1 &\% —— E-MORB ] —— E-MORB
1 Sun and McDonough (1989) 1 —— N-MORB
01 2 400 B\‘“\ Sun and McDonough (1989)
m al — E o
o : 2 :
= 2
z L
3 3
Q )
2 = 105
v Sample A 4 Sample D v Sample A A Sample D
> Sample B o Sample E >Sample B o Sample E
< Sample C ¢ Sample F < Sample C ¢ Sample F
ol 11— T T T T T T T T T T T T T
Ta Ce_ P Sm_Hf_ Ti Tb_ Y Er Yb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Th Nb La Pr Nd Zr Eu Gd Dy Ho Tm Lu

FaX 254 & —NR & n Az JLEAE By i ik vh LEla o i R

(a) N-MORBTHUSL & /=234 & —[X].

b)2 v FI4 b THISLE N2 234 & =X, BRLIZHH SR /ZN-MORBR U2 ' F 4 Ml, SO XHoiigl
i) 7 0IB, E-MORB, N-MORB®/<$4 —  {ZSun and McDonough (1989) iZ & 5.

Fig. 4

Spider-diagrams showing trace-element patterns of the basalt in southwestern margin of the North Kitakami Belt. (a) Spider-diagram

showing N-MORB-normalized trace-element patterns. (b) Spider-diagram showing chondrite-normalized rare-earth-element patterns.
Standard N-MORB and chondrite values for the normalization are from Sun and McDonough (1989). Patterns of the typical oceanic
island basalt, E-MORB and N-MORB are also after Sun and McDonough (1989).
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Geospatial Information Authority of Japan.

— 117 —



WEFHAMZWE 20214 HB72% H2H

80 I 0 $0 n (wdd)
vl I (4 €C LT LT UL
01 01 £6 6 ad
60 80 g0 ¥'0 €L
901 801 L4 v JH
rc €CT £€0 9Te0 n
8rlI ¥'Sl e 80°C (&3 we aA
£¢ €€ 8€0 ¥Teo wr
rl L'yl §T LTT el
&r Sy 90 6L°0 OH
eI €6l 9'€ 6'¢ £a
9c LL'T £9°0 £€9°0 qL
rl LYl PO
4 60T re T nq
44 PEl &€ 6€°€ ws
L8 €65 el el 114 6'¢€C PN
sr Y i
cel 6cl £ v'vc v L'6€ D
8¢ L09 01 1’11 Ll Ll L}
9 6 0r€ [433 24 S8l 90§ L6Y 811 Ort1 e
eI Sl 660 80 SO
60 1 as
£l 'yl 6L 69 aN
81 91 LIS (829 76 88 1344 ¥8€ 8¢ s€ 1z
611 Izt <4 L1T 9€ re A
orr LOT 1611 soct 061 861 & 6¢ rrl [44! 1S
193 ¥S fe 0c 14 0¢ A
[ 94 sV
113 9¢ Ll 61 €D
£6 001 08 08 994 091 uz
orr ozt 1343 0€€ n
08LE 019¢€ 0L 0L a6 06 N
8T 4 ocr 1€1 124 144 D
00881 00001< 6 06 1€ 0ST D
0r¢ (433 8 8 9c €LT < &> 8l €51 orLl LEIL A
860 > 9% € £ 1> 4 4 °td
rr 44 'l I 9¢ 9¢ ¢ S £ 53 oS
1200 100 €10 1o Fro 1o 00 00 00 S0°0 4’3 Teoe ‘0'd (%)
960 86'0 L8C0 6T°0 90°'1 [40! £0 LTO 870 8+°0 170 1o ‘oLL
£00 <00 99°1 (728 9290 99°0 &r’s 7S rECO €C0 €0 ¥$°0 o
[y w1 I'L 10°L rl'c LTT L8T v 681 16°1 980 680 o%N
£€l L€l 08 €8 601 11l 650 90 6r1l 89°11 9'Er w1y (0]
L6 €9°6 #E0 43U LE9 €9 910 ST°0 £ror SO°0T £€0 €0 O3
§LI0 LT°0 8010 1o £91°0 LT0 Fro v1°0 §sro ST'0 91700 100 OUN
£l SYI1 179 LTY 01 86°01 Ic¢ 81°¢ L66 10°01 6470 Lo ‘0%d
(Y €861 69°0¢ €0°1C (47 6v°Sl £l 9Tl rE8I Sy'81 81 $8'l ‘oav
96LY WLy 667 €105 J&43 €9°CS 8L £€°69 Sler 96'LYy i L911 ‘o1s
payfips20  pamsedw payfips2d  pamsedw paifisod  painsedw paifiliod  painsedwr paifiliod  paInsedwr paifiriod  panseawr paifiri20  panseswt paifi120  pamsedwt
Bl-dld ¥-AS qe-sLa BTM 1-ddl EL1L0 MED 1-ONd 769 LSIN a|dwes prepuejg

"A[9A10adsaT ‘sanfeA PoyTIe0 UMOUY ) pue ‘Apmys SIY} Ul pozAJeu. sanjeA o) o)edIpur
PAUNIo0  pue  paInsesjy, "(S[BMSIBW S0UDIRJAI PIYNIFD) so[duwies pIepue)s 10J BIEp [BOIWAY009T JUIWS[I-908Y) pue -Iofewr Yo0I-9[oyp\ [V d[qRL

AR A2 W Y “RI[POYNISD | () 3 [PAINSEIW | BRI L0 L) T ok e

20

— 118 —



