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Abstract: Mesozoic strata are distributed within three zones separated by NNW-SSE trending
major faults in the Ofunato area, southeastern Kitakami Massif, Northeast Japan. The representative
stratigraphic sections from the Triassic to the unconformably overlying Early Cretaceous strata are seen
in the western zone. We reviewed the stratigraphic divisions and examined the zircon U-Pb ages for three
strata: the Triassic Myojinmae and the Lower Cretaceous Kobosoura formations in the western zone, and
the undivided Early Cretaceous strata in the central zone.

The Triassic Myojinmae Formation is characterized by terrestrial conglomerate and reddish purple
sandstone indicating 219.2 = 4.1 Ma (Norian) as a weighted mean U-Pb age for the youngest cluster of
detrital zircons. Considering the occurrence of Monotis fossils, the formation is regarded as the Norian
deposits. Early Cretaceous strata (Ofunato Group) in the western zone consist of terrestrial conglomerate
(Hakoneyama Formation), marine deposits (Funagawara and Hijochi formations) and marine to terrestrial
volcaniclastics (Kobosoura Formation) in ascending order. A weighted mean U-Pb age of zircons for
the welded tuff in the Kobosoura Formation indicates 124.7 £ 0.6 Ma (early Aptian). Early Cretaceous
strata of the eastern zone are composed of thick volcanics (Ryori Formation) and marine to terrestrial
overlayers (Attari Formation). In the central zone, the undivided Early Cretaceous strata consisting mainly
of volcaniclastics are distributed and a weighted mean U—Pb age of the zircons for its felsic tuff indicates
121.9 £ 0.6 Ma (early Aptian).

Integrating previous studies on fossil ages, whole sequences of the Early Cretaceous strata in the
Ofunato area were formed by a transgression with andesite-dominated volcanism in the Hauterivian to
Barremian, and then by a subsequent regression with felsic volcanism in the Barremian to early Aptian.
In the early Aptian, terrigenous clastics including ejecta might have partly coevally deposited on the land
surfaces while intrusions of felsic-andesitic magma caused the Cretaceous granitoids and dyke rocks in
the Kitakami Massif.

Keywords: zircon U-Pb dating, South Kitakami Belt, Kitakami Massif, Ofunato, Iwate Prefecture,
Triassic, Early Cretaceous
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Fig.1 A: Distribution of the Lower Cretaceous rocks

in the Kitakami Massif. B: Detailed distribution of the Lower

Cretaceous rocks and of the Upper Triassic strata of the South Kitakami Belt.
Base map was referred from the Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of

Japan, AIST (2022).
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Fig.2 Distribution of the Mesozoic strata in Ofunato area.
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Fig. 4 A: Distribution of the Upper Triassic Myojinmae Formation in the Ofunato area. B: Correlation of route section
columns for the Myojinmae Formation.

Base topographic map is from the 1:50,000 Map of Sakari (Digital Map 50000, Geographical Survey Institute of
Japan). Fm.: Formation, c.: coarse-grained, f.: fine-grained, v.c.: very coarse-grained.
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5 B =B R OEARE SORRBOR B DS & A,
A RERGIEEIE (pm) & 2Rk A THEE OB (gb) & GO HEERE (cgl) . RANIAEES O 4N RO BRELE
Fi&ad. B: ADEEE O PR OMMKEAWERE (gs). ARG (Monotis?) % PET BREDEBL (sb) & Eh 5. C:
B EBLY 515 5 M7= Monotis?DWEFT.  FMRIETTARNEIZEI BRI, B4R DOMjd £ 7 ¥ 3 V2.

Fig. 5 Field lithology and fossils in the sampling locality for dating of the Upper Triassic Myojinmae Formation.
A: Conglomerate (cgl) containing a conglomerate block (gb) with two intercalations of reddish purple muddy sandstone bed
(pm). Arrow shows the sampling point for dating in this study. B: Greenish gray sandstone (gs) underlying the conglomerate
of Fig. 5A. The sandstone bed contains a sandstone block (sb) yielding fossil pelecypod Monotis?. C: Monotis? fragments
obtained from a sandstone block of Fig. 5B. Road side along the Suzaki River, referring Mj4 Section in Fig. 4.

F6lX A-FOHIE HIEUR O Wi .
A FER=BRUIMATEOREEIREWS. A% (Qz), »VRA KD, #EA (P Ok T 6kEH (gr) -
Jes (ms) DEF D EE NS, KAV TTIARRATAER ER O, GORMRINGZIAO B EIIS S XA, B+ MBH
MR/ RE DIEAGEEICS. 21— 2 F 2 7 ¢ ol &R TRV IS RER A (P1) & AN (Cpx) Offisl A
NEEND. KM HHEER. C : KX AT A AL O KBRS, JeBE A DKl 7 2B AR
SRR (P, B0 (pm) REERBEEICA () D& 2 & E N 5. HEHIH/NER. §XTHA - —.

Fig. 6 Photo-images of thin-section lithology for the dating.
A: Reddish purple muddy sandstone of the Upper Triassic Myojinmae Formation. Sand grains are K-feldspar (Kf),
plagioclase (P1), quartz (Qz), granitoids (gr) and mudstone (ms) fragments. Road side along the Suzaki River. Outcrop
for sampling is shown in Fig. 5A. B: Welded tuff of the Lower Cretaceous Kobosoura Formation. Plagioclase (P1) and
clinopyroxene (Cpx) fragments are scattered within the glassy matrix showing the eutaxitic texture. East of Hosoura
Fishing Port. C: Lapilli tuff of the undivided Early Cretaceous strata. Plagioclase (P1), pumice (pm) and felsic tuff (tf)
fragments are present in the muddy and glassy tuff matrices.
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1 DUSEMAK O T HN RS A

7T A E TR E O R

Table 1 Operating conditions of instrumentations using a quadrupole and a multi-
collector inductively coupled plasma mass spectrometry for the analysis.

*1: Wiedenbeck et al., (1995); *2: Iwano et al. (2012); *3: Iwano et al. (2013); *4: Lukacs et al. (2015); *5: Slama et al. (2008); *6:

Jackson et al. (2004).

va—xvreARELI

(A+B)-(C-D)

x 100> 0 ® (1)

(C+D)—(A-B)

x100X (-1) <0 = (2)
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X%, v 420y 7 MEOKIEY T FExcel D 7

F4 Y EY 2 =L Td Blsoplot/Ex 4.15 (Ludwig, 2012) %
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KA DIARRIZ DN T, Isoplot/Ex 4.15 D[ Weighted
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2k WEBMNAGHE Y 7 X BRprRiE s & 2 Wi s hofErE Y )L 3 ¥ OU-Pb-ThEN &7 — & B UU-PbHEAR.
Table 2 U-Pb-Th isotopic data and U-Pb age for analyzed detrital zircon from the sandstone in the Myojinmae Formation determined using
a quadrupole inductively coupled mass spectrometry.
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F3& “HEICREATERE T T X HENE D K B/ DIHREEICA YL 3 Y OU-Pb-ThlRIf R 7 — 2 K UU-PbAFAX.
TAZYAZIET 4 AT =LY b T —HERT.
Table 3 U-Pb-Th isotopic data and U-Pb age for analyzed zircon from the tuff in the Kobosoura Formation determined using a multi-
collector inductively coupled plasma mass spectrometry.
Asterisk indicates a discordant data.
Isotopic ratios U-Pb age (Ma)
7 7 208
G.{g!" “Pb  Error _““Pb Error “'Pb_ Emor “Pb__ Error Th Pb_ Error
208p, 20 28y 20 25y 20 221 20 U 23y 2a
1 0.0482 + 0.0031 0.0195 + 0.0006 0.1296 + 0.0091 0.0065 + 0.0005 0.88 1244 + 4.0
2 0.0457 = 0.0021 0.0197 + 0.0005 0.1244 + 0.0066 0.0065 + 0.0005 0.63 126.1 £ 3.3
3 0.0491 + 0.0024 0.0195 + 0.0005 0.1324 £ 0.0073 0.0066 + 0.0005 0.48 1246 £ 3.3
4 0.0508 £+ 0.0026 0.0204 + 0.0006 0.1428 + 0.0081 0.0068 + 0.0006 0.52 130.2+ 36
5 0.0488 + 0.0024 0.0433 + 0.0014 0.2913 £ 0.0170 0.0152 + 0.0012 0.39 2732+89
5] 0.0485 + 0.0041 0.0188 + 0.0007 0.1267 + 0.0113 0.0058 + 0.0006 0.42 1209 + 4.7
7 0.0455+ 0.0022 0.0196 + 0.0005 0.1232 + 0.0067 0.0068 + 0.0005 0.46 126.3 £ 3.3
8 0.0498 + 0.0023 0.0200 + 0.0005 0.1378 £ 0.0073 0.0071 £ 0.0006 0.65 1279+ 34
9 * 0.0548 + 0.0026 0.0196 + 0.0005 0.1478 £ 0.0079 0.0071 £ 0.0006 0.67 1249+ 3.4
10 0.0497 + 0.0029 0.0196 + 0.0008 0.1343 + 0.0087 0.0065 + 0.0005 0.67 125.0 + 3.8
11 0.0521+ 0.0023 0.0192 + 0.0005 0.1377 + 0.0070 0.0066 + 0.0005 0.51 1224 + 3.2
12 0.0438 + 0.0032 0.0200 + 0.0007 0.1207 + 0.0094 0.0065 + 0.0006 0.58 1274 £+ 4.3
13 0.0483 £+ 0.0022 0.0193 + 0.0005 0.1288 + 0.0068 0.0067 + 0.0005 0.57 123.5+ 3.2
14 0.0478 + 0.0022 0.0191 £ 0.0005 0.1261 + 0.0067 0.0066 + 0.0005 0.53 1221+ 3.2
15 * 0.0536 + 0.0024 0.0174 + 0.0004 0.1289 + 0.0065 0.0053 + 0.0004 0.83 11156+ 2.8
16 0.0495+ 0.0022 0.0195 + 0.0004 0.1336 + 0.0059 0.0066 + 0.0005 0.48 1248+ 23
17 0.0482 + 0.0025 0.0194 + 0.0004 0.1289 + 0.0066 0.0066 + 0.0005 0.48 1236+ 26
18 0.0494 + 0.0031 0.0193 £ 0.0005 0.1313 £ 0.0083 0.0062 + 0.0005 0.69 123.0 £ 3.2
19 0.0515+ 0.0039 0.0201 + 0.0007 0.1432 £ 0.0112 0.0068 + 0.0006 0.54 1286 £ 4.2
20 0.0515+ 0.0024 0.0198 + 0.0004 0.1404 + 0.0066 0.0067 + 0.0005 0.69 126.2+ 25
21 0.0487 + 0.0014 0.0195 + 0.0002 0.1312 £ 0.0038 0.0065 + 0.0004 0.94 1247+ 1.5
22 0.0486 = 0.0021 0.0197 = 0.0004 0.1318 + 0.0059 0.0062 + 0.0004 0.55 12656+ 2.3
23 0.0476 £+ 0.0025 0.0193 + 0.0004 0.1266 + 0.0067 0.0063 + 0.0005 0.46 1231 £ 26
24 * 0.0537 £ 0.0029 0.0197 + 0.0005 0.1463 + 0.0080 0.0072 £ 0.0005 0.65 126.0 £ 3.0
25 0.0480+ 0.0020 0.0195 + 0.0003 0.1291 + 0.0055 0.0065 + 0.0005 0.74 1244 + 2.2
26 0.0504 + 0.0029 0.0193 + 0.0005 0.1342 + 0.0079 0.0065 + 0.0005 0.62 123.1 £ 3.0
27 0.0483 + 0.0015 0.0196 + 0.0002 0.1305 + 0.0040 0.0065 + 0.0004 1.66 1249+ 16
28 0.0481 + 0.0023 0.0194 + 0.0004 0.1287 + 0.0063 0.0065 + 0.0005 0.64 1238+ 25
29 0.0485+ 0.0022 0.0195 + 0.0004 0.1303 + 0.0081 0.0064 + 0.0005 0.62 1243+ 24
30 0.0502 + 0.0028 0.0196 + 0.0005 0.1356 + 0.0077 0.0068 + 0.0005 0.40 1261+ 29
6.3.2 /MNEHEERRE Ma (Z&#/ — V) 7 VHIRTY) DRt o 7 2 2 — (%
HE U2k 8i330C, 27K 283y a -4 b AT ens, ZOHBERIIT —) 7 Y HDRE As

BT (HE3ER). ZLAEDOR T 130 ~ 120 MalZ
L, VR0 AK270 Mad & WAERAE 2 39 (558X
D, BE). 2 v a—&v bk r#EOmEEEERE I
124.7£0.6 Ma (MSWD : 1.3) 278 L, % FLidif ] E dfifd

IZHM§ % (GESIXIF). % ds, Isoplot/Ex 415D ¥ = ¥
M EBEIZ & 5 TRI270 MaD R FIZEIH R R 2 S st ch
T3,

6.3.3 XREXARIHIAERLERRSE

HlE L 72K 5330 TC, 8Ty a—x2Y b &
RT(4FK). 1FEAEDRTAH 125 ~ 115 MalZHEH 4
5 (E8KG, H). 2va—4 v bR FEEomEFa4E
12121.9+ 0.6 Ma (MSWD : 1.4) Z/R L, HiHIEHRLIC
M3 % (GBS, 7, Isoplot/Ex 415010 ¥ = 7
KREIC X DR 115 Mad R T iR R AR S h T 5.

7.1 PAMEIE OFARI & B

Wiehal R LSO WE OIS TE Y v a VKT, 9219

ENb. Monotisft aDPEH BT 5 &, iR O
%%ﬁﬁu/—077ﬁfﬁéT&ﬁﬁﬁ§%<,ﬁm-
%%Q%wﬁff h%btioh%ﬁ¥%¢Mﬂﬁ
%ﬁ?%i%ia¥mﬂgﬁ'ﬁméh6ﬁﬂlm
MLEG R T & Braiis & 5/ fR= X 53 & L UINEE -
W, 1958), &/ FRRGIZLPET B MonotisDH: Jg 5241
MIck->T, H—=7VHIRH~/ -V 7/ HlEEh
% (N, 1964). £7z, Okawaetal (2013)1Z&IUL,
FREOWED YL 3 Y U-PbEIZ222Ma (V=) 7V
W) L EhTh D, RBEDZ A (219 Ma) 123500,
mEFE#EE, FEE200 ~350 m T, BERREEE
LT hHETH D UNE - R, 1958), %ISR, B
W, TS EONBUHERM E AN TS (i

M, 1993). FRLOFGHFEHEE ANRA THE S Frighic
AR EIRE R B 1, RETGRLEZIES R 5N 5K

ESEBIZ PR & & e (R, 1986). € 5 L =iz Wigh
HiJE & e 2 &, WIpiiRE TROBIE /M E v, @

RKOEETAIMERTRE 2O BENHKT 2, OFH
IZRIEB AP EEND, BEEORTREL AL S
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AARPEHIX AU O ¥ v 3 2 U-Pb 448 (1IFT - NEF)

Wade T EIHAES

i

¥ OU-Pb-Thlalfi k7 — & K UU-Pb4EAR.
FTAAN)ADIET A A=KV M F— 2 ERT.

Table 4 U-Pb—Th isotopic data and U-Pb age for analyzed zircon from the undivided Cretaceous strata

determined using a multi-collector inductively coupled plasma mass spectrometry.

Asterisk indicates a discordant data.

77 X H R RE S K B AR XSy R AR B A T o L o

Isotopic ratios

U-Pb age (Ma)

Grain

TN B e “Pb _ Eror _“Pb  Eror __“®Pb  Emor __Th “°Pb__ Emor
B pp 20 U 20 =5 20 BTy 20 U 28 20
1 00508 + 0.0019 00192 + 00004 01346 + 00051 00061+ 00005  0.71 1226+ 23
2% 00532+ 00020 00194 + 00004 01422 + 00054 00061 + 00005 08 1236+ 23
3 0.0495 + 0.0023 00192 + 00004 01314 + 0.0061 00061+ 00005 050 1228+ 26
4 0.0476 + 0.0025 00190 + 00004 01243 + 0.0067 00063 + 00006 050 1212+ 29
5 0.0494 + 00028 00189 + 00005 01291 + 0.0078 00064 + 00006 047 1209+ 32
5] 0.0490 £ 0.0020 0.0190 = 0.0004 0.1287 + 0.0053 0.0060 = 0.0005 0.68 1214+ 24
7 0.0521 + 0.0024 00191 + 0.0004 01373 + 0.0063 00060 + 0.0005 064 1220+ 26
8 0.0496 + 0.0022 0.0192 + 00004 01314 + 0.0060 00061+ 00005 065 1226+ 26
9 0.0483 + 0.0020 00194 + 00004 01295 + 0.0054 00060+ 00005  0.71 1240t 24
10 0.0483 + 0.0021 00181 + 00004 01273 + 0.0056 00061+ 00005 066 1221+ 25
11 0.0510 + 0.0025 00193 + 00004 01353 + 0.0068 00061+ 00005 064 1234+ 29
12 0.0496 + 0.0024 00191 + 00004 01310 + 00085 00063 + 00006  0.41 1222+ 28
13 0.0478 + 0.0020 00192 + 00004 01264 + 0.0054 00060 + 0.0005 049 1223+ 24
14 0.0488 £ 0.0023 0.0186 = 0.0004 0.1253 + 0.0058 0.0058 = 0.0005 0.51 118.8 ¢ 2.5
15 0.0521 + 0.0023 0.0194 + 00004 01391 + 0.0063 00063 + 0.0005 067 1236+ 26
16 0.0494 + 0.0023 0.0180 + 0.0004 01297 + 0.0063 00057 + 0.0005 067 1215+ 27
17 0.0480 + 0.0022 0.0189 + 00004 01250 + 0.0058 00059 + 0.0005 068 1206+ 26
18 0.0476 + 0.0042 00184 + 00007 01278 + 0.0115 00054 + 00005 070 1241+ 47
19 0.0506 + 0.0034 00192 + 00006 01342 + 0.0094 00058 + 0.0005 069 1227+ 37
20 0.0480 + 0.0025 00181 + 00004 01196 + 000684 00052+ 00005 061 1163+ 27
21 0.0472 + 0.0025 00189 + 00004 01233 + 0.0067 00059 + 00005 068 1208+ 29
22 0.0464 + 00022 00194 + 00004 01243 + 0.0060 00056+ 00005 052 1238+ 27
23 0.0479 £ 0.0021 0.0196 + 0.0004  0.1295 % 0.0058  0.0064 * 0.0005  0.61 1261 % 26
24 0.0507 + 0.0024 0.0192 + 0.0004 0.1340 + 0.0065 00060 + 0.0005 043 1223+ 27
25 0.0479 + 0.0021 00189 + 00004 0.1248 + 0.0054 00059+ 0.0005 069 1206+ 24
26 0.0519 + 0.0022 00186 + 00004 01334 + 0.0058 00059+ 00005 065 1181+ 24
27 0.0457 + 0.0029 00188 + 00005 01183 + 0.0077 00063 + 00006 053 1198+ 33
28 0.0496 + 0.0031 00195 + 00005 01334 + 0.0085 00064+ 00006 049 1244+ 35
29 0.0506 + 0.0022 00188 + 00004 01303 + 0.0058 00060 + 0.0005 064 1200+ 25
30 » 00543+ 0.0025 00190 + 00004 01423 + 0.0086 00064 + 00006 052 1212+ 27

@O EFHOFHIE T H =B R PRI R 5 h,
ZRUEI» DT RICEIKG L SN TELR, AL
DRERJEALY b 5 T2 PUTHR T 2 HEREY & ORERRIC
WHHNTHD PEN - HH, 2006), FARHRIEOEAT
SRMOERBER R E L SN DB, Z DDA R,
Monotisf{t 1 % PET 5 — & BRHE, ERSEEIRE DT
EEDTEHL VR TH 2 THEMENE <, RHZ@I3A
BED K Z OHEIRIT) S & JE P O YU R O HERM) 25148
XN, kb, QRFHEORIKEL L IZhH—=T v
WEDKIEE % BIRT 523, ZOIREHxLE T 7 b
=y o BEREIAHTH 5.

SIOIHIE U 7= e LA oY v a ki
DY — 7 FRUIH270 Ma (L L4CHH]) TH B (FE-IX
B). Z OFUEIXOkawa et al. (2013) e L 72 Hrdi g
OFMRYETE, FUL 265 Mallki FHEROY -2 235 5
Z & LHEPIT B, Pastor-Galan ef al. (2021) 12 k4L,

AL L O =B~ Y 2 TR 1E 270 £ 20 MalJHEE M
VL3 YU-PHER A EBT 5 Z & 2L 52, H
KHNE DIV LRIZZE DIFIR & 72 D155 KECEFHIZIZ &
A E I\, ZHIZT DWW T Pastor-Galan et al. (2021) 1%, 4
HE DGR T s ElIc KRB DY 7~ ERBH D,
ZDHOMHEREIZ L > TRIENZEL L = /RER e A T
W5, HBEOL, N (2023)F, ABHIE ERFOREY 2
FHCAHIA A 659280 MaDWilCa bt A R L, Mi%E
LT 722~ SACETIKECE O Wi 23 I H LR
HHZE D IAE 2 E 2T 5.,

7.2 BIHIEEREOENRESTLIE

AINHH R B oD YA RS BE IR D HERE AR 349 125 Mak
FIUL, I FEORBILBIRERKETHE DD, K
NSRRI ERE L TH—F VT Y H~T7 77 v
RTHADHERII & Ax &N 5. KARERERE %38 U 72 g g,
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Fig. 8
tuff in the undivided Early Cretaceous strata (G-1).

U-Pb ages from concordant zircon from sandstone in the Myojinmae Formation (A—~C), tuff in the Kobosoura Formation (D-F) and

A, D, G: Concordia diagrams. Precambrian zircon is not shown in Fig. 8A. B, E, H: Age histograms. C, F, I: Bar charts showing
the selected individual analyses and weighted mean ages (horizontal moss-green bar). Zircon in Fig. 8C is from the youngest cluster.
The oldest ca. 265 Ma and the youngest ca. 115 Ma zircon eliminated by a reject function of the Isoplot/Ex 4.15 are not shown in

Fig. 8F and Fig. 8I, respectively.
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