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Occurrence and chemical composition of the Early Carboniferous island arc-type
volcanic rocks of the Setamai District, South Kitakami Terrane, N.E. Japan*

Makoto Kawamura**

Abstract Early Carboniferous formations of the South Kitakami Terrane are characterized by various type of volcanic
rocks, such as basaltic coarse volcaniclastics, lava and acidic tuffs.

Sedimentary occurrence of basaltic coarse volcaniclastics (lapillistone) of the Arisu and Odaira formations of the
Setamai Subbelt suggests that they formed as sediment-gravity flow, such as volcanic debris flow, subaqueous
pyroclastic flow, and turbidity flow.

A graded acidic tuff unit in the Shittakazawa Formation of the Setamai Subbelt is observed as a subaqueous
pyroclastic flow deposits. Acidic tuff of the Karosawa Formation of Omata Subbelt sometimes contains numerous
accretionary lapilli, so interpreted as derived from terrestrial (or shallow marine) pyroclastic volcanism.

Chemical compositions of the volcanics were also examined. Basaltic rocks belong to island-arc tholeiite and calk-
alkaline rock series. Remarkable bimodality and the lack of andesitic components on the volcanism suggest that the
terrane was situated in the intra-arc extensional region within a matured island-arc in Early Carboniferous time.

Keywords: South Kitakami Terrane, volcanic arc, Lower Carboniferous volcanics, basalt petrochemistry, Ti-rich
tholeiites, acidic tuff, subaqueous pyroclastic flow deposits.
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Fig. 1 Index map of the Setmai and Omata Subbelts of the
South Kitakami Terrane.
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Fig. 2 Generalized column of the Lower Carboniferous
formations of the Setamai and Omata Subbelts.
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Fig. 5 Lithology of the basaltic volcanic rocks. a: Basal
boundary between the basaltic lapillistone (BL) of the Arisu
Formation and mudstone (Ms) of the Shittakazawa
Formation. For locality, see Fig.7. b: Basaltic lapillistone
of the Odaira Formation. c¢: Microphotograph of the
basaltic lapillistone of the Odaira Formation. Note porous,
amygdaloidal texture of basalt lapilli. Open polars. d:
Brecciated basalt lava of the Karosawa Formation. Scale is
lens cap (5 cm in diameter).
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Fig. 6 Column of the basal part of the basaltic lapillistone of
the Arisu Formation. Loc.: mouse of the Shittaka-zawa, see
Fig.3.
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Fig. 9 Lithology of the acidic tuff of the Shittakazawa
Formation. a: Coarse-grained, eutaxitic acidic tuff. b:
Microphotograph showing essential lens (arrow) and a
fragment of quartz (Qz) with corroded form. Crossed polars.
c:  Microphotograph showing vitroclastic texture and the
crystal fragments of quartz (Qz) and plagioclase (P1). Open
polars.
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Kawamura (1985a).
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Fig.12 Outcrop view of the basal part of a subaqueous
pyroclastic flow deposits (S.P.F.). F.P.: fluidized part of the
alternation of sandstone and mudstone (M.S.). Black arrow:
basal surface of S.P.F. White arrow: "ball structure" of in the
basal part of S.P.F. For locality, see Fig. 10.
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ZNT, FRCHEE KNS T A EAEEREA
2>b 7% % hyalopilitic Mz T dbonHs. K
HIIH e b —ikicE L v, £z, e
TENIC, Gt~k oM P A o &SR

JIAHEA

BRWEIND ZLRH 20, KAXKRYETD
L5 EAYTH 5. IR Z b DI
i3, BEY L L CRIKELYERE B X UHED
FRIEXKIER & EN 5.

MR S4B D EIR & A

B P T EAE R Z © TAEUE I, FeTEse
a7 ) EL FET L5 75)25%67% % OHE
AW - A A R A o nE Tl e A
ER 0,

1. BAER

TH K s o 4 B % D < 0 A o b i BAE
LTWw32s, BHICSLwolt, MHEKETO RS
R AEmE & KRBT O RE T, RERE
B W TIIBBTERK S 25 % O EE A & 7
>TWw3 (JIIF, 1985ab) .

a. HHHREEE
D FAEiRE

2JEE 860 m LA b ¢, {FHETHER Ll
X OIATAA L~ Bk o +- R 2 o FEF 7 04 23
HoNnd, BEREEEIKEILZ oI EEICHET 3
B, TLIESTCELSRETIEBELSO0H
D, MHE~/NNELS T2 s 200m L EDJE X
WCETBE D B, L LHE MR R K
IS BT B ERTHOEREIZE L, JEXIZic
HATWS (IR, 1985a) . Z b OEEMEEIK
HEOEToME TRy, FEE v I
LML EEDEKETH 5.
WMEMH I BT, 2O ERKEL= Y b
DEfEBET L e TcER (Figll)., o=z
=v M, HEOILIH 500 m O ILERE FicE
ML (Fig.10), JEX#) 45 m, FilzAEREAYE
Wa /A, FALZEIKE RS e
B EHRE T, REmREohifgtich-5. F
fOHEIZ, ARKESHIcY 2 2) - ard - ik
B LomEgtaR &0, ZOBKE2
=y FEITH2S, UMTO=20%72=y }IiC
I ens (Fig.ll).

7=y b1 BUREEEOMBE RS,
(~FR) &, BEKLE - FEEKE R EOR
B-HEY» S WH, KA - RBEREOEEY)
LAVREEENS.

7=y b2 BRPRMRIEICS. IR
L, eex—2 27> T4y 7. A% fEA
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Fig. 14 Accretionary lapilli in the acidic tuff of the Karosawa
Formation. a: Polished specimen showing numerous
accretionary lapilli in fine-grained vitric non-laminated
matrix. b: Microphotograph of accretionary lapilli (AL) -
bearing acid vitric tuff. Arrow shows a fragment of
accretionary lapilli.

T 2 7 ) DRED.

72z + 3 kAT REEKE. AR
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FY 7=y MEICTHABRZEREIZED bh
FTWHBNTHL, 2=y baeffkcarz e, A
kL3 2 EfR LA ch 5. 7=y + 1
DOTIEmD”S 1-2cm OEEITITEEY 4 XD T
BEENT, HiRiEEE RS £, Bzl
KINA 7 ABEMLUER 2P EAT 2L w5, ‘M
AL b o o b (Figll)., ¥ 72=v F 1D
TEmEMYICE D, MMoES FRAKTL mic
EL, WEEHRICHUZ N 7 7IROEEE IR TE
7303% % (Figs. 12,13) . TEMO MLICIFE S
ALS moOBRRW AT 528, Frickyh
OYRW AR % R CHhRAE P EEICY 72 =

vy 1O TMICET 287 H 5. HIRWERO
il b Enzies owE LR 2 BAIE L, KIE
TS 2R LT w3, JeaiEg i ic il 2z
LOENEZRL, ZOIZEHEINERY T
FH 7=y F FTERD b J 7RG Bl & 13
EFATLCwS, TEIOMM2ZE L Wiy T
i3, ¥ 722y + 1 FICEGORELE D% XA
I X B HELE R — RS (7% 30 - 40 cm 2
) R ond (Figld). ¥ 72=v 3Dk
e %o L oBIKEW S EIKE ARE L ol
HITFH TS vy —7ThH Y, REEGRIEIBERX
Nin o,

2)%&?

CERAEKIEELE RS - E» S 7 5 i
Ff%é# EHET B B X OFERT & H T
INPEREPRERCIZE X 10 m BT otk G 8
D AEST 5. FENCIEARERED b D &
T & AEEDY DL, WIKAROMBIEIK S &
S9EJEHINL ST 7 AE RIS b, L L, B
HAR D720 Z OFERITIHS 2> Tld 7n o,

b. KRBEHE NI IRE
SISy ¥ B s, FRUERKE X% O T ER
JEH XL ICHBICHET 2. B idvwih
b 10 - 20 m B3I ZENRUTOHENLDTH
5.L%F@T%Fﬁ’%f?5%@i KL

fi (accretionary lapilli) #Friyic& & (Fig.14-
a), JEMJTMIC L) RAF 7 difite 2R3 2 & 2
b, JEAMasEEE LCcE#EEI s IR,
1985¢c) . AKEOEP AL, KIWTHRZEET 5
Ao

b DEED T, HKERMSERIESE
Gl

o Shittakazawa Formation
S.P.F subunit
Karosawa Formation

a accretionary lapilli-free
accretionary lapilli-bearing

Fig. 15 Modal composition of the acidic tuff. 1-3:
correspond to the subunits of the subaqueous ptyroclastic
flow shown in Fig.11.
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2. AAEH

a. MK
D FEiRE

WIRIIC, WK~ FkEEE ©, A% - fE
A DfE SR A5k - 72 (angular ~ subangular)
HABR % &L, —BOICHR - KRR T, 73
> EOMBEE R R S TEIRTH 22, WFER
Ly DR AY) (REL v X) 255 na—X&
73T 4y oEERNTSEDRD S (Fig.9-a).
BETEeE . kuy 7 REEY - B AE - 50
Meh 2670, &— FHEICX > TZDKRED
AT AEEUK S (Pirsson, 1915) I n
5. KA 7 REIHE I, vitroclasticklik % T~
L, ki 72k %%&IcED (Fig9-o). KilAa
F 2R3, —RICE X0.2 mmL T oK (shards)
KobDH% <, =X (wishbone) Ik - =HHIR
- BASAKRRE, S IERIEEZRT. K
I, AHERAHEEZ R T REZE 1 om BEOBAT
7o b s, KA 7 23Tl V1t
L, MmEoHERERYCHEES - a0
HIRICE LTS, T, BV LZREL
VAESRICEDD DL BB (Fig.9-b). Hfmbkh
3£ 0.2 - 1.0 mm, FA% - REAPKRED Z 5D
205, PEOTAVAIVEARDRD LN, HET
BE R 2R S BRAR—RICT AN b
fbL, REEEIIAHERD OR% W, SHEA
378 1.5 - 10 mm, BEREEM KIS - BRIERICS
CRCE (SEREEICE?) hYoXRE -HES
F2% <, XA - TREE XS - FL 74 b
bREEE R COREER BV ERDO LN,

b. KExHE NS RE

wiktfikic, 7 IR EoHEEEE NI
. AIRICE - eRimE 2z e A LR T
b D%, KINEH I —RICREELTE 2%
. PRS2 IEEMIRRIC R o T, %
DEREIE1-2cm T, WERICTIZEFRLD RS
BROLNG., TEEKUGTHOMIZ, ZOWA
b4 EICED bLs (Fig.14-a).
PP ECH : HAEIEHEMASL, MEEomEER
—HREIVOELED LD, vitroclastic fHA%
DARAE LR OERFE L TWw3., FNICEAA %
EUGERH 5. fmA L, £ 0.1 - 0.5 mm
T, REH (Trag b)) EDBOREDS K
5. mhRIE, BEXKISEPEBEOLXREESTDH

JIAHEA

5.

KINEAE, JEE 0.5 mm FE O RIS
(outer skin) &, MR R KE D L5
R (inner part) 2 Sk &5 (Fig.14-b). &%
ANFEER IR & CHIKBL T, BRI BEEERY 7 B IR
DREERLE 2 Fro. WHIERIZ, vitroclastic #H#% %
AL, £%0.01-005 mmokIUyTT7 2Rk EVE
ORISR 2205, mIVRER L OERIZ
Y — 7T, DLAWBKH TS . NIEE
I HLLER IS 1A 2 o TRLEE 2388 03 % 55 W i) Ab
MDA LN 3B DD, “KITHYT 3
bDFED LN, KINEHOEHIE3T T,
wRAMEER & 2 T fE L - NEIEE o —# 5 5 7
5,

IS ofEEEREOE— P, REREe
U XN AERKE ICrEEns, Ly
U iR o 8K A I X TR 7 A 0 & A
—MRICKE L, FrickilZaz &S ol kilg
7 R iR Wi ey P E B
(Fig.15).
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N3, b, wiFioz=v Fb 20 FTFi3iEE
BYMta e a3 28 TH 5.

A 0 K R R v 28 W ERHERE IS & R
. el i3eCHEL, BEoELVWLDOHH
2, 2=y FPOTEICREMZFRSOHELEH 5
25, FHNRIFRENEROG A& H 5. 2=y
F D EERIC R T v T~ K[ R AL T RE 23 B &
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75 o 7L E R 2 R b, [FE Tl v
(=ENORHEEY PO 7Ta vy 7 ?) AlREWEDLH
5.
KV EKIEEL, HEBEIMK, HE7 7
70 v 7 1E “matrix-support” D b D 3% L, —%
ICNEBIE %2 R < 28, ANEARE 72 B E 23 4 b
22tdH5. WR~MERAEEEVEMNS.
TR« VK - BT L D IcE L AR,
WEHESEZ X &, AR EOFRIF#EZ ST L



RIS 0 T Bk LR 87

BH 5. BUR~BBFERES 2 HY &S .

DX RHBEFENFEIL, oo kiME
DHFhCEE - EE LT, MR CEE O W
JEYIE 13 (sediment gravity flow)” & LT d 72 5
ANz EERRLTVWSE, RFEICAEONS X5
7% “matrix-support” 7 7 7V v 7 Zff0o b DI,
kD KILEEHR (volcanic debris flow) & # 2 &
Nz, IEREE - FEiko PEmABEINS Z
ELENERBLTWE, AFICEBZEI N Y
7a=vw "%, flow unit ZRTHDOEEZLN
5. AfEEO2 =y b EECBEINZRAT VT
~KEREREEMAEE INIOFEEZE R L Tk
v, KIEEAORIABRE CHEL 2D TH A
5. JEVICHKUDORF D DONRLRICEEND
TEhs, InbokE, S EBERBTHE
BlLi-boltEZ2ZbS.

o oM KILEY E b 725 L KLtk %
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LR ENG., KILBEHEOE XL 1800 mi k&
InTsY (U - JIK, 1989 ZH) | A7
EDFMIX S 22T AR\ A, AR TRIEK L 7=
YIRAEE kEEE L oBEE2SFEH I NS,

2. BMERIRE

iR BRE =y oK - WG % 2
THLRDEI IS, OETIcET 2 E1,
Wb RBEIYICAZEDBIECTH 2. @
K ARG K E 2 DK E 5. Kilsa 7
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e LB LRIBEICES L 2BV TH 5
TEERRLTWS, £/, ZOENFIZZ O
WED»H AT, MRKICXVEREICEL RN
bDOTH DA D T, IR K IRIRHERE
)" (subaqueous pyroclastic flow deposits; Fiske
and Matsuda, 1964) (MERZ R TE 5 THA
5. PlimiRJE O RIS G E 257 1177 [0 0 i@t
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HTE 3., L L, ZoOMEWENRIREEEK
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EHEE KIS LA L 2 DB H 5 it
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Table 3 Chemical composition of acidic tuff for 8 oxides. Aver.: average, SD: standard deviation.
Shittakazawa Formation
SH1 SH2 SH3 SH4 SH5 8H6 SH7 SH8 SHY9 SH10 Aver. SD
FeO* 419 151 129 194 267 183 346 135 160 176 216 097
MgO 034 048 043 074 047 059 133 041 060 074 0.66 0.28
MnO 009 001 001 002 001 001 015 002 003 003 0.04 0.05
CaO 153 232 237 068 9.08 181 734 067 042 041 2.66 3.04
Na,O 207 374 394 577 221 469 084 643 582 6.20 417 195
K,O 149 064 078 082 078 082 106 017 099 028 0.78 0.38
TiO, 041 025 027 021 045 024 055 034 018 020 031 0.12
P,0; 009 010 0065 0.08 0.11 003 012 026 0604 004 0.09 0.07
FeO*/MgO 499 315 3.00 262 568 310 260 329 267 238 335 110
Na,0+K,0 356 438 472 659 299 551 190 660 681 648 495 1.73
K,O/(Ky,O4+Na, ) 042 015 017 012 026 015 056 003 015 0.04 0.20 0.17
Arisu Formation
AR1 ARZ2 Aver. SD
FeO* 377 423 400 033
MgO 1.56 1.20 1.38 0.25
MnO 0.04 021 013 0.12
CaO 548 442 495 075
Na,O .32 151 142 013
K,O 023 220 1.22  1.39
TiO, 033 071 052 027
P,04 0.13 025 019 0.08
FeO*/MgO 242 353 297 0.78
Na,0+K,0 1.55 3.71 263 153
K,O/(K,0+4Na,O) 0.15 059 037 031
Karosawa Formation
KR1 KR2 KR3 KR4 KR5 KR6 KR7 Aver. SD
FeO* 380 214 519 472 418 334 6.69 4.29 145
MgO 171 082 107 156 149 200 201 1.52 045
MnO 009 004 015 014 016 003 0.10 010 0.05
Ca0 263 274 340 291 207 1.09 1.58 235 081
Na,O 157 091 115 165 148 093 0.6l .19 0.39
K,C 131 068 129 082 154 1.68 145 1.25  0.37
TiO, 043 020 061 052 039 034 035 041 0.13
P,04 005 002 017 0.10 005 004 003 007 0.05
FeO*/MgO 222 261 485 303 281 167 333 293 1.01
Na,0+K,0 288 159 244 247 3.02 261 206 244 049
K,O0/(K,0+Na,0) 045 043 053 033 051 064 070 051 0.13
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W X AR
SRR
RIS+ Na,O.
WS EEE © TiO,, P2Os.
KMnO4iiEi7E % - FeO.
FL— MEEE
BOH) .
RV 74— FEE  total H2O.

Si0,, Al,Os, total Fe, CaO, K;O.
MnO, total Fe, MgO.
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3. ZTREEMLESE
593k o B LK D ER o 1 e et (70T
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il R > & 1308 Y e TR 3 S D e 20 o
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FHEL 7.
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v, SiOz & T Y e K & D RS R Bk
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K7 DT, DX D RERIT RN % E)
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nicxt L, FeO* (total Fex FeO& LTHF
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72) HHREAED b G, KICTIO, - P05
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— 7Bl L 4 T4 F OTiO I & Tl Ic 7
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TAHYVAERCETSbDLEEZ NS, Mullen
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T A FOfEEICENENEREH .
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Fig.16 FeO*- FeO*/MgO diagram of the basaltic volcanic rocks.
Boundary between tholoeiitic and calcalkaline rock series is after
Miyashiro (1973).
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Fig.17 TiO, - FeO*/MgO diagram of the basaltic volcanic
rocks. Differentiation trends are after Miyashiro

(1973,1974,1975). Shaded area is compositional range of
ocean floor tholeiites (Shuto et al.,1985).
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Fig.18 P,Os - TiO, diagram of the basaltic volcanic rocks.
Discriminant domains is after Rhodes (1973).
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Fig.19 TiO, - MnO - P,O; diagram of the basaltic volcanic
rocks. Discriminat lines are after Mullen (1983). OIT:
oceanic island tholeiite, OIA: oceanic island alkali basalts,
MORB: mid-oceanic ridge basalts, IAT: island arc tholeiites,
CAB: calcalkaline basalts.
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