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Abstract: Previous detrital zircon U–Pb and fossil studies of the terrigenous rocks in the southwestern 
unit (Nakatsugawa Complex) of the North Kitakami Belt have suggested that the unit was formed during 
the Early to Middle Jurassic. In this study, we additionally performed detrital zircon U–Pb dating of 
two sandstones in the southwest part of the Nakatsugawa Complex (sample OM-07 and OM-06) for 
constraining the spatial distribution of the Early and Middle Jurassic units of the complex. As a result, 
those two samples showed youngest cluster ages of the middle and late Early Jurassic (183.3 ± 1.0 Ma in 
OM-07 and 176.7 ± 1.6 Ma in OM-06), respectively. Combining data from this and previous studies, we 
conclude that the unit from the southwestern margin to the location of OM-06 in the complex was formed 
during the Early Jurassic, while its northeastern part was formed during the Middle Jurassic. Moreover, it 
seems that the Nakatsugawa Complex has been formed without a significant age gap.
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1.  Introduction

The Kitakami Mountains, located on the Pacific side of 
the Tohoku Region, contain geological units formed in the 
Asian continental margin during the early Paleozoic to the 
late Mesozoic (Fig. 1). The southern half consists of the 
South Kitakami Belt composed of pre-Silurian basement 
rocks and Silurian–Early Cretaceous shallow marine 
deposits, while the northern half consists of the North 
Kitakami Belt composed mainly of Jurassic accretionary 
complexes. Between the two geologic belts, there is the 
Nedamo Belt composed of early Carboniferous and Early 
Triassic accretionary complexes (Uchino, 2021a).

In the North Kitakami Belt of the mountains, age-
diagnostic fossils have been reported from pelagic 
sedimentary rocks of chert and limestone at several sites 
since the 1950s (e.g., Onuki, 1956). Those data suggest 
that the age of oceanic rocks within the southwest part of 
the belt is older than that of the northeast part (e.g., Ehiro 
et al., 2008). 

On the other hand, the accretionary ages of the belt 
indicated by fossils and detrital zircon U–Pb ages from 
the terrigenous clastic rocks show a geochronological 
younging polarity from the southwest to the northeast 
(Suzuki et al., 2007; Ehiro et al., 2008), and vary from 
the Late Triassic to the Early Cretaceous (e.g., Matsuoka, 
1988; Uchino, 2017, 2019, 2021b; Ueda et al., 2018; 
Uchino and Suzuki, 2020). In addition, Nakae and 
Kurihara (2011) indicated the presence of a late Permian 
accretionary complex in the western margin of the North 
Kitakami Belt in the Kamaishi area.

In the Nakatsugawa Complex of the Sotoyama district, 
the southwestern margin of the North Kitakami Belt, 
detrital zircon U–Pb and radiolarian fossil studies of the 
terrigenous rocks also show a younger accretionary age 
within this unit toward the northeast, from the Early to 
the Middle Jurassic (Fig. 2; Uchino, 2019, 2021b; Uchino 
and Suzuki, 2021). 

For this study, we collected additional sandstone 
samples in this complex, and conducted detrital zircon 
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U–Pb datings. The result of the U–Pb datings constrains 
the spatial distribution of the Early and Middle Jurassic 
accretionary complexes within the Nakatsugawa Complex.

 
2.  Geological Outline

The North Kitakami Belt is composed mainly of 
the Jurassic accretionary complexes that occupy the 
northernmost part of Honshu in the Japanese Islands, 
and is most exposed in the northern part of the Kitakami 
Mountains (Fig. 1). In the Kitakami Mountains, the belt 
in contact with the Nedamo Belt on the southwestern side 
and the South Kitakami Belt on the southeastern side by 
the Hayachine Eastern Marginal Fault. It is further divided 
into the Kuzumaki–Kamaishi Subbelt on the west and 
the Akka–Tanohata Subbelt on the east by the Iwaizumi 
Tectonic Line based on differences of lithofacies and 
presence or absence of Paleozoic fossils from pelagic 
sediments (e.g., Okami and Ehiro, 1988; Ehiro et al., 

2008). 
The Sotoyama district in Iwate Prefecture is located 

in the southwestern part of the Kuzumaki–Kamaishi 
Subbelt (Figs. 1, 2). In this area, an accretionary complex 
called the Nakatsugawa Complex is distributed (Uchino 
et al., 2008). The southern limit of the complex is the 
boundary with the Nedamo Belt, while its northern and 
eastern limits are not defined. The Nakatsugawa Complex 
is composed mainly of laminated mudstone, sandstone, 
mudstone, thin alternation of sandstone and mudstone, 
and chert, with small amounts of basalt and limestone 
(Uchino, 2019). They have experienced significant shear 
deformation, and the clastic rocks in particular show well-
developed bedding-parallel cleavages. The formations 
generally strike northwest-southeast and dip steeply to 
the southwest. On the other hand, small-scale synforms 
and antiforms with closed limbs of 100–200 m half-
wavelength are locally developed around the southwestern 
margin of this area. 
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Fig. 1	 Geological map showing the distribution of the 
North Kitakami Belt, the South Kitakami Belt 
and the Nedamo Belt with the intruding Early 
Cretaceous igneous rocks in Northeast Japan. 
This map was modified from the Seamless 
Digital Geological Map of Japan (1:200,000) 
V2 of the Geological Survey of Japan, AIST 
(2022). Colorless and pale beige areas show 
water areas and Cenozoic geologic bodies, 
respectively. Gray dashed line is a prefectural 
border.
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OM-06, were collected in the Sotoyama district. They are 
located between the sandstone outcrops of Locations 2 and 
3 studied by Uchino (2019, 2021b) in terms of geologic 
structure (Figs. 2, 3). Sample OM-07 was collected from 
a tributary (Todomatsu Stream) of the Hiegara Stream 
(Location: 39°43’03.60” N, 141°24’40.35” E). Sample 
OM-06 was collected from a tributary (Sannomata Stream) 
of the Okawa River in the southwesternmost area of 
Iwaizumi Town, ca. 3 km east of the location of OM-07 
(Location: 39°43’11.13” N, 141°27’17.51” E).

They are medium sandstones showing slaty cleavage 
structures (Fig. 4a, b). They consist of quartz and plagioclase 
with subordinate amounts of K-feldspar and lithic 
fragments. Some of the quartz grains show wavy extinction, 
and most of the plagioclase are saussuritized. In OM-06, 
most of those grains are deformed into elliptical shapes 
or elongated, defining the foliation of the rocks (Fig. 4b). 
Moreover, in the sample, pressure solution cleavages are 
observed between the grains. Rock types of the many 
lithic fragments are difficult to identify due to deformation 
and alteration, but the few recognizable ones are chert and 
mudstone. Sericite, titanite, epidote, muscovite and zircon 
were also recognized as accessory minerals. Sericite 

Uchino (2019, 2021b) performed LA-ICP-MS U–Pb 
dating of detrital zircons from five sandstones in this 
complex. The youngest cluster ages based on the YC2σ 
method of Dickinson and Gehrels (2009) are 193.3 ± 6.6 
Ma (Location 1 in Fig. 2), 191.9 ± 3.0 Ma (Location 2), 
164.8 ± 6.5 Ma (Location 3), 258.6 ± 2.4 Ma (Location 
4), and 170.8 ± 2.0 Ma (Location 5), respectively. 
Moreover, in the Kadoma Complex located southeast 
of the Nakatsugawa Complex, tuffaceous mudstone 
(Location 0) shows the youngest cluster age of 209.4 
± 3.7 Ma (Uchino, 2017). Those data, except for the 
U–Pb data of the sandstone in Location 4, suggest that 
the accretionary ages of the Nakatsugawa and Kadoma 
complexes vary from the Late Triassic, the Early Jurassic 
to the Middle Jurassic in a northeast direction (Fig. 2). 
It is also supported by the paleontological research of 
the mudstone located between the sandstone outcrops in 
Locations 2 and 3 yielding radiolarian fossils of the late 
Early to Middle Jurassic (Uchino and Suzuki, 2021).

3.  Sample Description

For this study, two sandstone samples, OM-07 and 
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Fig. 2	 Geological map of the southwestern margin of the North Kitakami Belt modified from the 
Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan, 
AIST (2022). The locations of the sandstone samples in this and previous studies are shown with 
the youngest cluster ages of the zircons based on the YC2σ method of Dickinson and Gehrels 
(2009). Green dotted line is the boundary between the Early and Middle Jurassic systems.
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occurs along the cleavage plane.

4.  Analytical methods

Approximately 5 kg of each sample was crushed 
into fragments in a stainless-steel mortar, which were 
subsequently passed through a sieve with a 250-μm 
opening. Subsequently, zircons were concentrated by 
conventional panning and magnetic separation. Finally, 
the separated zircon grains were mounted on a 5-mm 

acrylic disc, and polished.
The cathodoluminescence (CL) imaging of the zircons 

was performed at Akita University, using a JSM-6610LV 
scanning electron microscope (JEOL, Ltd., Tokyo, 
Japan) combined with a Mini-CL detector (Gatan, Inc., 
California, United States). The analytical conditions were 
an acceleration voltage of 20 kV and a beam current of 2–5 
nA. Most zircons exhibit oscillatory zonings from core to 
rim in CL images, suggesting that they were crystallized 
from magma (Fig. 5; e.g., Corfu et al., 2003).

Osaka et al. Fig. 3
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Fig. 3	 Locations of the sandstone samples of OM-07 and OM-06 for zircon U–Pb dating. 
The topographic map is modified from the GSI map (https://maps.gsi.go.jp/, Accessed: 
2022-8-10) of the Geospatial Information Authority of Japan.

Fig. 4	 Thin-section photomicrographs of the sandstones from (a) OM-07 and (b) OM-06. White 
arrows indicate the direction of the cleavage plane.

	 Mineral abbreviations: Qz, quartz; Pl, Plagioclase; Src, sericite; Ps, Pressure solution cleavage
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In situ zircon U–Pb dating was carried out at Akita 
University using an Agilent 7700x quadrupole ICP-MS 
(Agilent Technologies, Inc., California, United States) 
coupled to an NWR-193UC laser ablation (LA) system 
that utilizes a 193 nm ArF excimer laser (ESI, Inc., 
Oregon, United States). The detailed analytical methods 
are shown in Table 1.

The discs of zircons were set in the two-volume sample 
cell of the LA system. The areas in zircons showing 
oscillatory zonings with no fractures or inclusions were 
selected for the analysis referring to the LA camera and 
the CL images of the zircons. The selected ones were 
ablated for 30 seconds by the laser with fluence of 7.20 J/
cm2, repetition rate of 5 Hz, and laser spot size diameter of 
20 μm. The ablated materials were carried to the ICP-MS 
with He gas, which was introduced into the two-volume 
sample chamber and cup. On the ICP-MS, six nuclides 
(202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th, and 238U) were 
analyzed. 

Data were acquired for groups of 20 spot analyses of 
unknown zircon grains including a secondary standard 
bracketed by three spot analyses of the 91500 zircon 
reference material (Wiedenbeck et al., 1995), which 
was measured for corrections of Pb/U and Pb isotopic 
ratios. All uncertainties are quoted at a 2-sigma level. As 
measured counts of 204Pb after the correction of 204Hg by 
202Hg are small, no common Pb correction is applied. 

Concordance is defined as values of 100 % × [(207Pb/235U 
age) − (206Pb/238U age)]/(207Pb/235U age), and age data with 
the concordance range from −10 % to +10 % are adopted 
as concordant data. 

Throughout all the analyses, the Plešovice zircon (337.13 
Ma ± 0.37 Ma: Sláma et al., 2008) was also analyzed as 
a secondary standard for quality control. The 28 analyses 
yielded a weighted mean 206Pb/238U age of 341.7 Ma ± 
1.8 Ma (95 % conf., MSWD = 0.55) and 207Pb/235U age of 
337.5 Ma ± 2.3 Ma (95 % conf., MSWD = 0.42). 

Osaka et al. Fig. 5
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193.5±7.0 Ma 188.0±4.3 Ma 178.3±7.0 Ma 262.6±10.3 Ma 

(a) (b) (c) (d)

Fig. 5	 Cathodoluminescence (CL) images of the representative detrital zircons from (a, b) 
OM-07 and (c, d) OM-06. Scale bars are 50 μm.

Table 1  Analytical condition of LA-ICP-MS for zircon U–Pb dating.
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Detrital zircon U–Pb dating in the Nakatsugawa Complex (Osaka et al.)
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5.  Result of U–Pb dating

The isotopic data of samples OM-07 and OM-06 are 
summarized in Tables 2 and 3, respectively.

For OM-07, 64 grains of the 74 zircon grains show 
concordant values. Of these, more than 80 % are dated to 
the Phanerozoic, and 11 grains are dated to the Proterozoic 
(2000 to 1800 Ma) (Fig. 6a). All of their Th/U ratios are 
over 0.1, which is characteristic of zircons crystallized 
from melts (e.g., Rubatto, 2002). The age histogram of 
the Phanerozoic zircons also shows a bimodal distribution 
with peaks around the middle Permian (270 to 260 Ma) 
and early Jurassic (200 to 180 Ma). The youngest age 
is 176.4 ± 7.2 Ma (grain 61). The youngest cluster age 
based on the YC2σ method is 183.3 ± 1.0 Ma (grain n = 
13, MSWD = 2.3).

Of the 67 zircons measured in OM-06, 64 grains are 
concordant in age, with more than 90 % of the zircons 
dated to the Phanerozoic and only four to the Proterozoic 
(1900 to 1800 Ma). Except for the grain 85, their Th/U 
ratios exceed 0.1, which are characteristics of zircons 
crystallized from melts (e.g., Rubatto, 2002). Focusing 
on the Phanerozoic zircons, their 206Pb/238U age histogram 
shows a bimodal distribution with peaks around the 
middle Permian (270 to 260 Ma) and Early Jurassic (200 
to 190 Ma) (Fig. 6b), and only one grain (grain 13) shows 
the Ordovician age (462.6 ± 15.2 Ma). The youngest age 
is 169.5 ± 6.3 Ma (grain 112). The youngest cluster age 
based on the YC2σ method of Dickinson and Gehrels 
(2009) is 176.7 ± 1.6 Ma (grain n = 3, MSWD = 3.7). 

6.  Discussion about the depositional age of 
OM-07 and OM-06

The youngest age of detrital zircons could constrain 
the maximum depositional age of the clastic rocks (e.g., 
Brown and Gehrels, 2007). In particular, if there has been 
active zircon-forming felsic magmatism with eruptions in 
the backland, the youngest cluster age is considered to be 
approximately the same as the true depositional age of the 
clastic rocks, because detrital zircons from newly-formed 
felsic volcanic rocks could be supplied to the trench in a 
short time (Sharman and Malkowski, 2020). 

Geochronological studies of the felsic rocks in the 
Korean Peninsula indicate that the granitic formation was 
active in the Asian continental margin during the Early to 
Middle Jurassic (e.g., Sagong et al., 2005; Kiminami and 
Imaoka, 2013; Kim et al., 2015) while the Nakatsugawa 
Complex was formed. In addition, the contemporaneous 
felsic volcaniclastics associated with the granitic activities 
must have also been formed in large quantities, even 
though most of them may have been lost probably due to 
surface erosion (e.g., Han et al., 2006). 

Both OM-07 and OM-06 show the youngest cluster 
ages of the Early Jurassic. Considering above the felsic 
magmatic history in the Asian continental margin, their 
youngest cluster ages could represent their depositional 
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ages, i.e., the sandstones of OM-07 and OM-06 were 
deposited in the Early Jurassic. 

Moreover, they show the same bimodal age distributions 
with peaks around the middle Permian and the Early 
Jurassic as the sandstones in Locations 1 and 2 of the 
Nakatsugawa Complex which were deposited in the Early 
Jurassic (Uchino, 2019).  Those bimodal distributions are 
also seen in the contemporaneous clastic rocks of other 
forearc or trench-fill sedimentary units in the Northeast 
and Southwest Japan (e.g., Tokiwa et al., 2019; Pastor-
Galán et al., 2021). This suggests that not only Jurassic 
but also Permian felsic igneous rocks were extensively 
distributed around the Asian continental margin during 
the deposition of these sandstones although they are not 
exposed in the Kitakami Mountains at present.

In the perspective of the geological structure, OM-07 
and OM-06 are located between the sandstones from 
Locations 2 and 3 in Fig. 2, and the youngest cluster ages 
of OM-07 and OM-06 (183.3 ± 1.2 Ma and 176.7 ± 1.6 
Ma, respectively) are also between them (191.9 ± 3.0 Ma 
of the sandstone in Location 2 and 164.8 ± 6.5 Ma in 
Location 3). Thus, the depositional ages of OM-07 and 
OM-06 are consistent with the geochronological trend 
of the Nakatsugawa Complex, where the ages become 
younger in a northeast direction (Uchino, 2019, 2021b).

The present study suggests that, in the Nakatsugawa 
Complex, the unit from the southwest margin to the 
location of OM-06 is an Early Jurassic accretionary 
complex, and its northeast part is a Middle Jurassic 
one (Fig. 2). However, it seems that the Nakatsugawa 
Complex were continuously formed during the Early to 
Middle Jurassic periods because there are no significant 
geochronological gap and lithological differences between 
the Early and Middle Jurassic parts. 

7.  Conclusion

Two sandstones (samples OM-07 and OM-06) were 
collected in the southwesternmost area of Iwaizumi Town, 
Iwate Prefecture, located on the southwestern margin of 
the North Kitakami Belt (Nakatsugawa Complex) for 
detrital zircon U–Pb dating. Both OM-7 and OM-06 show 
the youngest cluster ages of 183.3 ± 1.0 Ma and 176.7 ± 
1.6 Ma, respectively, suggesting that they belong to the 
Early Jurassic accretionary complex. 

The detrital zircon U–Pb data by this and previous 
studies clarified that the Nakatsugawa Complex appears to 
have been formed without the significant depositional-age 
gap.

Fig. 6	 Age histograms of the concordant data with Kernel Density Estimation (KDE) plots for (a) OM-07 
and (b) OM-06 made with Isoplot R (Vermeesch, 2018). The horizontal axis indicates 206Pb/238U age. 

	 n: number of data
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砕屑性ジルコン U–Pb 年代測定による北部北上帯中津川コンプレックスにおける 
前期及び中期ジュラ紀ユニット分布の制約

逢坂　将志・青木　翔吾・内野　隆之・福山　繭子

要   旨

北部北上帯南西縁に分布する中津川コンプレックスは，先行研究で報告された陸源性砕屑岩に含まれるジルコンの U–
Pb年代値や示準化石から，前期ジュラ紀と中期ジュラ紀の 2つの付加体ユニットから構成されることが示唆されている．
本研究では，両ユニットの分布をより詳細に制約するために，これまでに砕屑性ジルコン U–Pb年代値が報告された地
点の中で，地質構造的中間に位置する大川支流域の砂岩 2試料（OM-07及び OM-06）について，砕屑性ジルコン U–Pb年
代測定を行った．その結果，前期ジュラ紀（それぞれ 183.3 ± 1.0 Maと 176.7 ± 1.6 Ma）の最若クラスター年代が得られた．
本研究と先行研究から，本コンプレックスは南西縁部から OM-06の分布域までが前期ジュラ紀，OM-06よりも北東部
が中期ジュラ紀に形成され，両者の間に有意な年代ギャップがないことが明らかにされた．

難読・重要地名
 Sotoyama : 外山，Nakatsugawa : 中津川，Kuzumaki : 葛巻，Kamaishi : 釜石，Akka : 安家，Tanohata : 田野畑，Iwaizumi : 岩泉，
Kadoma : 門馬，Todomatsu : 椴松，Hiegara : ヒエガラ（稗殻），Sannomata : 三ノ又，Okawa : 大川


