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Abstract:  Carboniferous strata of the South Kitakami Belt in Northeast Japan contain large volumes 
of volcaniclastic rocks that indicate intense volcanism. We conducted zircon U–Pb dating on samples 
collected from two stratigraphic horizons: coarse felsic tuff from the middle part of the lower 
Carboniferous Shittakazawa Formation, and sandy tuff from the middle part of the upper Carboniferous 
Kidoguchi Formation. The samples yielded weighted mean ages of 339.5 ± 2.6 Ma (middle Visean) 
and 313.6 ± 2.3 Ma (early Moscovian), respectively. The former age is more tightly constrained and 
slightly younger than the late Tournaisian age previously determined using fossil biostratigraphy and 
lithostratigraphic correlations. The latter age indicates that volcanism was ongoing throughout the late 
Carboniferous. Taking into account the occurrence of late Carboniferous granitic rocks and earliest 
Permian andesitic tuff in the South Kitakami Belt, our results suggest that igneous activity lasted from the 
Carboniferous to early Permian.
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1.  Introduction

The South Kitakami Belt (SKB) in Northeast Japan 
contains thick sequences of coherent Carboniferous 
strata dominated by volcanic rocks and limestone 
(Kawamura and Kawamura, 1989a), in contrast to exotic 
bodies of seamount rocks in late Paleozoic and Mesozoic 
accretionary complexes such as the Akiyoshi, Mino‒
Tanba, and Chichibu belts. The Carboniferous sequences 
represent intense volcanism in and around an island arc, 
and subsequent less-intense but continuous minor to 
moderate volcanism near a carbonate shelf (Kawamura and 
Kawamura, 1989b). These sequences are unconformably 
overlain by Permian clastic sedimentary rocks that were 
deposited in a shelf environment (Kawamura et al., 1990). 
This change from Carboniferous volcanism to Permian 
minor volcanism or quiescence represents a key tectonic 
transition of the SKB from an active to a passive margin 
(Ehiro et al., 2016).

The Carboniferous sequence in the SKB comprises 
mainly volcaniclastic and terrigenous clastic rocks in 
the lower section and carbonate rocks interlayered with 
volcaniclastic rocks in the upper section. Volcaniclastic 
rocks of the lower section have both basaltic and 

rhyolitic‒dacitic compositions but lack typical andesite 
(i.e., bimodal volcanism), suggesting they formed in 
an extensional region such as an intra-arc or back-arc 
setting (Kawamura and Kawamura, 1989b). In contrast, 
volcaniclastic rocks of the upper section consist mainly of 
felsic or intermediate tuff. The contrasting lithologies of 
the two sections imply a minor change in volcanism and 
tectonic setting after the early Carboniferous. However, 
the ages and geochemical signatures of the rocks of the 
two sections have yet to be fully investigated.

The ages of these Carboniferous strata have been 
determined by fossil fauna and litho- and biostratigraphic 
correlations (e.g., Minato et al., 1979). Paleontological 
evidence indicates that the lower section is the upper 
Tournaisian to middle–upper Visean (Kawamura, 1983). 
The limestone in the lower part of the upper section has 
traditionally been assigned to the upper Visean based on 
the characteristic coral fauna (UVCF; Niikawa, 1983), 
and the other parts of the upper section are correlated to 
the Namurian to lower Westphalian (i.e., Serpukhovian 
to Moscovian; Minato et al., 1979). These ages suggest 
that Carboniferous volcanism in the SKB continued for 
much of the period but was more intense during the early 
Carboniferous. However, reliable radiometric ages for the 
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clastic or volcanic rocks are limited to detrital zircon U‒Pb 
ages for sandstones in the lower section (Okawa et al., 
2013; Pastor-Galán et al., 2021). Accordingly, the detailed 
history of Carboniferous orogenic activity in the SKB 
remains poorly understood.

In this study, we conducted zircon U‒Pb dating on two 
samples of felsic volcaniclastic rocks collected from the 
lower and upper sections. The dating results are used to 
cross-check fossil-based ages and constrain the history of 
Carboniferous volcanism in the SKB.

2.  Geological outline

Carboniferous strata of the SKB are distributed mainly 
in the southern Kitakami Massif (Fig. 1) and at the 
eastern margin of the Abukuma Massif. The distribution 
of these strata is discontinuous due to the presence 
of unconformably overlying Permian and Mesozoic 

sedimentary rocks, the effects of faults and folds, and 
Cretaceous granitoid intrusions (Fig. 1C). The lithology 
and age differ among the 10 identified areas of exposures 
of these sedimentary rocks (Fig. 1C), meaning that the 
stratigraphy is established separately for each area (Fig. 2). 
Below, we outline the characteristics of the Carboniferous 
strata in these areas (Figs. 1C and 2), with a particular 
focus on stratigraphy and ages.

Lithostratigraphic correlations among the 10 areas allow 
the entire Carboniferous stratigraphic profile of the SKB to be 
divided into two sections: a lower clastic-dominated section 
(i.e., the Karaumedate, Yonesato, lower–middle Karosawa, 
Shittakazawa–Arisu–Odaira, Hikoroichi, and lower Kogawa 
formations in Fig. 2) and an upper carbonate-dominated 
section (i.e., the Takezawa, Shiba, Kidoguchi, Funakubo, 
Okawame, upper Karosawa–Senbakaya, Onimaru–Nagaiwa, 
Takasuzuyama, and upper Kogawa formations in Fig. 2)  
(Kawamura and Kawamura, 1989a). The lower section is 

Fig. 1	 (A) Index map of Tohoku district showing the Kitakami and Abukuma massifs. (B) Geologic belt in the 
Kitakami Massif. (C) Distributions of the Carboniferous sedimentary rocks in the South Kitakami Belt in the 
southern Kitakami Massif. Numbers are main areas where each Carboniferous stratigraphy is established. 
Distributions of the Carboniferous System is modified from the Seamless Digital Geological Map of Japan 
(1:200,000) V2 of the Geological Survey of Japan, AIST (2022). Quaternary covers are excluded.
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composed of sandy clastic rocks and thick volcaniclastic 
rocks accompanied by lenticular limestone and 
conglomerate. The lowermost part of the section 
unconformably overlies Middle Devonian strata at the 
base in eastern areas (areas 7, 8, and 10 in Fig. 2) and 
conformably overlies Upper Devonian strata in the west 
(area 1 in Fig. 2). The depositional facies and thickness 
of the clastic rocks vary among the areas, suggesting 
deposition in heterogeneous sedimentary basins in 
and around a volcanic arc (Kawamura and Kawamura, 
1989b). In contrast, the upper section, which conformably 
overlies strata of the lower section, is composed of 
carbonate rocks in all 10 areas. Abundant volcaniclastic 
rocks are intercalated with the carbonates of the upper 
section, especially in western–central areas (areas 2, 6, 
and 7 in Fig. 2). The main carbonate rocks are stratified 
shallow-marine limestone with localized limestone 
breccia, suggesting deposition in a carbonate-platform 
environment and subordinately in a marginal-slope 
environment (Kawamura and Kawamura, 1989b).

Volcaniclastic rocks of the lower section contain both 
basaltic and rhyolitic–dacitic resedimented pyroclastic 
rocks. These rocks are geochemically bimodal, without 
intermediate silica contents (Kawamura and Kawamura, 
1989b; Kawamura, 1997). The chemical compositions 
of the basaltic rocks plot in the fields of island-arc 

tholeiite or calk-alkaline basalt (Kawamura, 1997). The 
early Carboniferous volcanism occurred in back-arc to 
intra-arc settings under crustal extension (Kawamura 
and Kawamura, 1989b). In contrast, volcaniclastic rocks 
of the upper section are mainly felsic or intermediate, 
although their geochemical signatures have yet to be 
defined in detail (Kawamura and Kawamura, 1989a). 
Their compositions suggest continuous volcanism in or 
around the area of carbonate deposition during the late 
Carboniferous.

The ages of the Carboniferous strata of the SKB have 
been determined using biostratigraphic correlations. 
The brachiopod fauna of the lower section is consistent 
with the late Tournaisian age for the lower part of the 
section and the early–middle Visean age for the upper 
part (Tazawa and Kurita, 2019; Tazawa, 2020). Similar 
age determinations have been obtained using coral and 
miospore fossils (Kawamura, 1983; Yang and Tazawa, 
2000). A distinctive coral fauna in the lowermost limestone 
strata of the upper section has traditionally been regarded 
as being of the late Visean age (Fig. 2). The fusulinid and 
conodont biostratigraphy of the middle–upper strata of 
the upper section (Kobayashi, 1973; Minato et al. eds., 
1979) indicates the Namurian to early Westphalian ages 
(i.e., Serpukhovian to Moscovian).

Fig. 2	 Correlation of the generalized columnar sections for the Carboniferous stratigraphy in the main areas 
shown in Fig. 1C. Each column is arranged at the horizon of occurrences of the upper Visean coral 
fauna (UVCF). Fm.: Formation. Red star roughly shows the sampling horizon for dating in this study. 
The columns are modified from Kawamura and Kawamura (1989a).
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3.  Samples for dating

Lower Carboniferous Shittakazawa Formation
The Shittakazawa Formation represents the lowermost 

part of the thick Carboniferous sedimentary rocks in the 
Setamai area (area 7 in Fig. 2) (Kawamura and Kawamura, 
1989a). The formation consists of felsic volcaniclastic rocks, 
mudstone, and sandstone, with minor limestone lenses. A 
basal conglomerate and felsic tuff unconformably overlie 
Devonian strata, and the uppermost sandstone underlies 
basaltic volcaniclastic rocks of the Arisu Formation. The 
felsic volcaniclastic rocks, which comprise massive lapilli 
tuff, tuff breccia, and coarse tuff, fine upward to laminated 
fine vitric tuff and also intercalate fossil-bearing sandstone 
and mudstone, suggesting they represent subaqueous 
pyroclastic density current deposits on shallow-marine 
substrates (Kawamura, 1985; Kawamura, 1997).

Sample 22040401-1 was obtained from the middle 
Shittakazawa Formation, at a cliff adjacent to the Omata 
River (39.16147°N, 141.50637°E), east of Komata in the 
Setamai area, Sumita Town. The sample is greenish-gray 
coarse felsic tuff. In areas near the sampling location, 
this tuff is interbedded with fine tuff layers and overlies 
thick beds of lapilli tuff to tuff breccia (Fig. 3A). Similar 
bedding styles have been recognized in thick volcaniclastic 
rock sequences of the formation (Kawamura, 1997). The 
sample contains abundant fragments of dacite to rhyolite 
or volcaniclastic rocks, clasts of entirely chloritized flat 
pumice, and a matrix of fine glassy tuff with quartz and 
plagioclase grains (Fig. 3B and C). Quartz grains are also 
observed within rock fragments and commonly show 
corroded forms. Fine zircon grains are present within 

volcanic rock fragments or along dark seams in the tuff 
matrix. 
Upper Carboniferous Kidoguchi Formation

The Carboniferous Kidoguchi Formation occurs in the 
Oide area (area 3 in Figs. 1C and 2) (Ehiro and Mori, 
1993). The lower to middle parts of the formation are 
composed of limestone and volcaniclastic rocks. The 
upper part consists of limestone, tuff, and sandstone, 
unconformably overlain by the lower Permian sedimentary 
rocks. These units are equivalent to the Carboniferous 
sedimentary rocks at Tassobe (area 5 in Figs. 1C and 2) 
and Omata (area 6 in Figs. 1C and 2), which were probably 
connected to each other prior to lateral offset along a major 
sinistral fault (e.g., the Hizume Kesennuma Fault in Fig. 
1) during the Early Cretaceous (Ehiro and Mori, 1993). 
Volcaniclastic rocks are generally predominant in the 
middle to upper Carboniferous sedimentary rocks in the 
western-central to northern-central areas of the SKB (3–6 
in Fig. 1C).

Sample 22040115 was obtained from the lower 
Kidoguchi Formation at an outcrop on a forest trail in eastern 
Shizu (39.05935°N, 141.51294°E), Oide area, Yahagi 
Town, Rikuzentakata City. The sample is reddish-purple 
sandy tuff. At the outcrop, the tuff has a total thickness of 
15 m, contains interbeds of greenish tuff, overlies gray 
limestone, and underlies felsic coarse tuff (Fig. 4A and 
B) of the middle part of the formation. The tuff consists 
of fragments of felsic volcanic or volcaniclastic rocks, 
plagioclase, and quartz in an inhomogeneous matrix of fine 
glassy silt (Fig. 4C). Volcanic rock fragments also contain 
quartz and plagioclase as phenocrysts. Concentrations of 
black hematite are commonly observed as grains, spots, 

Fig. 3	 (A) Columnar section around the horizon of the dating sample (22040401-1) in the lower Carboniferous Shittakazawa Formation. 
Northwest of Kashiwari, Setamai area, Sumita Town. The sampling horizon is shown as a red star. lp.: lapilli, br.: breccia. (B) 
Polished surface photo-image of the felsic coarse tuff in the lower part of a sequence suggesting pyroclastic density current 
deposits. Lithology shows inhomogeneous nature as commonly containing abundant fragments of felsic volcanic or volcaniclastic 
rocks. Northern creek of Kashiwari [39.16354N, 141.51363E], Setamai area, Sumita Town. (C) Thin-section photo-image 
of the dating specimen, plane-polarized light. Its lithology shows coarse tuff containing fragments of felsic volcanic rocks. 
Quartz fragments are present both in the glassy tuff matrix and the rock fragments. River cliff of the Omata River [39.16147N, 
141.50637E], east of Komata, Setamai area, Sumita Town.

	 Qz: quartz, vf: volcanic rock fragment.
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or seams in the matrix. Brown oxidized chlorite occurs in 
plagioclase grains and within the matrix. Rare fine zircon 
grains occur within the tuff matrix.

4.  Analytical methods

The extraction of zircon grains from the samples and 
subsequent dating analyses were conducted by Kyoto 
Fission-Track, Japan. Zircon U–Pb dating was also 
conducted using a multiple collector–inductively coupled 
plasma–mass spectrometer at the University of Tokyo, 
Tokyo, Japan. Instrumentation and operating conditions 
for the analyses are given in Table 1. Plešovice zircon 
(238U–206Pb age of 337.13 ± 0.37 Ma; Sláma et al., 2008) 
was utilized as a primary standard. In addition, zircons 
OD-3 (238U–206Pb age of 33.0 ± 0.1 Ma; Iwano et al., 
2013), Nancy 91500 (238U–206Pb age of 1062.4 ± 0.4 
Ma; Wiedenbeck et al., 1995), and GJ-1 (238U–206Pb age 
of 610.0 ± 0.9 Ma; Jackson et al., 2004) were used as 
secondary standards for quality control. Prior to analyses, 
a single laser shot was used to reduce lead contamination 
on zircon surfaces. During analyses, the laser was directed 
onto the center of each polished zircon surface, avoiding 
cracks and inclusions to ensure accurate data.

The 238U–206Pb age, which typically shows a smaller 
error than the 235U–207Pb age, was adopted for age 
determinations in this study. Assuming that the 206Pb–238U 
age is A ± B (A: age; B: 2σ error of the age) and the 
207Pb–235U age is C ± D (C: age; D: 2σ error of the age), 
we considered analytical concordance if inequality 1 holds 
when the 207Pb–235U age is older than the 206Pb–238U age or 
if inequality 2 holds when the 207Pb–235U age is younger 

than the 207Pb–235U age:

(𝐴𝐴𝐴𝐴 + 𝐵𝐵𝐵𝐵) − (𝐶𝐶𝐶𝐶 − 𝐷𝐷𝐷𝐷)
𝐴𝐴𝐴𝐴

 ×  100 >  0    （1） 

(𝐶𝐶𝐶𝐶 + 𝐷𝐷𝐷𝐷) − (𝐴𝐴𝐴𝐴 − 𝐵𝐵𝐵𝐵)
𝐶𝐶𝐶𝐶

 ×  100 ×  (−1)  <  0  （2） 

 
Data processing was performed using Isoplot 4.15 

software (Ludwig, 2012). Analytical results for the 
secondary standard (Tables 2 and 3) are within ±5% of 
recommended ages, suggesting that the results for the 
two samples (22040401-1 and 22040115) are reasonable.

5.  Results

Isotopic data for sample 22040401-1 from the 
Shittakazawa Formation and sample 22040115 from the 
Kidoguchi Formation are summarized in Tables 2 and 3, 
respectively. We use the geological timescale of Gradstein  
et al. (2020) when considering the obtained U–Pb ages.

For sample 22040401-1, all 30 analyzed zircons yield 
concordant ages (Table 2; Fig. 5A). Most grains have 
ages of 350–330 Ma (early Carboniferous), with one 
Proterozoic grain (ca. 1360 Ma) that is interpreted as a 
xenocryst. The weighted mean age of the grains, except 
for the Proterozoic grain, is 339.5 ± 2.6 Ma (2σ error; n = 
29; MSWD = 2.7, Fig. 5B).

For sample 22040115, 27 of the 30 zircons yield 
concordant ages (Table 3; Fig. 5C). The concordant 
grains have ages of 330–305 Ma (late Carboniferous). 
The weighted mean age of the concordant grains is 313.6 
± 2.3 Ma (2σ error; n = 27; MSWD = 1.6, Fig. 5D).

Fig. 4	 (A) Columnar section around the horizon of the dating sample (22040115) in the upper Carboniferous Kidoguchi Formation. 
East of Shizu [39.05935N, 141.51294E], Oide area, Rikuzentakata City. The sampling horizon is shown as a red star. lp.: lapilli, 
br.: breccia. (B) Photo-image of the outcrop of the sample for dating. The sample was collected from the purple sandy tuff 
bed shown as red circle. Forest road cliff at east of Shizu, Oide area, Rikuzentakata City. Dashed line shows the boundary 
between the felsic coarse tuff bed and purple sandy tuff bed. (C) Thin-section photo-image of the dating sample. Its lithology 
shows coarse tuff containing fragments of quartz-bearing felsic volcanic rocks and grains of partly saussuritized plagioclase. 
Matrix is fine tuff with black hematitic spots and seams. 

	 Ht: hematite, Pl: plagioclase, Qz: quartz.
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6.  Discussions

Previous zircon U–Pb ages for Carboniferous clastic 
rocks in the SKB have been limited to data obtained from 
detrital grains in sandstones of the lower section. Okawa   
et al. (2013) presented a youngest concordant age of 348.9 
± 7.8 Ma (recalculated as the weighted mean age of a 
youngest cluster using the method of the present study: 
350.3 ± 2.0 Ma [MSWD = 0.5]) for a sample from the 
western area (Karaumedate Formation, 1 in Fig. 2). Isozaki 
et al. (2014) presented a younger group of ages of 384‒335 
Ma (recalculated as above: 337.3 ± 4.0 Ma [MSWD = 1.5]) 
for a sample from the central area (Hikoroichi Formation, 
8 in Fig. 2). In contrast to these previous data, our new 
zircon U–Pb ages from the sampled felsic tuffs should give 
more reliable depositional ages because most of the grains 
are syn-sedimentary. Accordingly, our new age data allow 
the duration of volcanism recorded in the Carboniferous 
strata of the SKB to be better constrained.

The age of 339.5 ± 2.6 Ma for the felsic tuff 
sample from the middle Shittakazawa Formation 
corresponds chronostratigraphically to the middle 

Visean (i.e., the Holkerian Substage in western Europe). 
This age is younger than the late Tournaisian age 
determined by the previous biostratigraphic correlation 
of the brachiopod fauna from the upper part of the 
formation (Tazawa and Kurita, 2019; Tazawa, 2020) or by 
lithostratigraphic comparison with the well-studied lower 
Hikoroichi Formation in the Hikoroichi area (Kawamura, 
1985; Kawamura and Kawamura, 1989a). A similar early‒
middle Visean age has been assigned to the overlying 
Arisu Formation by correlation of the brachiopod fauna 
(Tazawa and Iryu, 2019; Tazawa, 2020). Therefore, the 
ages of the Shittakazawa and Arisu formations are likely 
to be slightly younger than previously estimated, although 
the ages of the basal to lower parts have yet to be clarified.

The age of 313.6 ± 2.3 Ma for the sandy tuff sample 
from the middle Kidoguchi Formation corresponds 
chronostratigraphically to the early Moscovian (i.e., 
Bolsovian Substage in western Europe). Previously, 
the age of the formation was tentatively assigned to the 
late Carboniferous based on the discovery of the fossil 
calcisponge Chaetetes (Ehiro and Mori, 1993), whose 
genera occur over a wide interval from the Ordovician 

Table 1		� Operating condition of the instrumentation of a multi-collector inductively coupled plasma 
mass spectrometry for the analysis.

*1: Sláma et al. (2008); *2: Iwano et al. (2012); *3: Iwano et al. (2013); *4: Lukács et al. (2015); 
*5: Wiedenbeck et al. (1995); *6: Jackson et al. (2004)
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to Jurassic but are most common in the middle–upper 
Carboniferous in Japan (Minato, 1975). Hence, the age 
determined in this study more tightly constrains the age 
of the Kidoguchi Formation in the SKB compared with 
previous age estimations.

The two new zircon U–Pb ages and the lithologies of the 
abundant volcanic rocks among the lower Carboniferous 
suggest continuous volcanism in the SKB from the Visean 
to Moscovian. The Visean volcanism, which may have 
begun during the late Tournaisian, is considered to have 
occurred in a back-arc to intra-arc setting under crustal 
extension, along with the formation of heterogeneous 
sedimentary basins (Kawamura and Kawamura, 1989b). 
The subsequent Serpukhovian to Moscovian volcanism 
appears to have been less active than that of the earlier 
period, resulting in the dominance of shallow-marine 

carbonates influenced by sea-level fluctuations. However, 
it remains unclear whether the Visean bimodal volcanism 
continued into the late Carboniferous, as geochemical 
signatures for the late Carboniferous volcanic rocks have 
not been investigated in detail.

Tsuchiya et al. (2014) reported zircon U–Pb ages of 
308–302 Ma for the Wariyama sheared granodiorite 
(Fujita et al., 1988) at the eastern margin of the Abukuma 
Massif (Fig. 1A). Li and Takeuchi (2021) presented 
weighted mean ages of 311–266 Ma for the youngest 
clusters of zircons from five granitic clasts of Usuginu-
type conglomerate. These ages are slightly younger 
than the age of tuff from the Kidoguchi Formation, 
possibly implying volcanism and plutonism within 
or near the SKB during the late Carboniferous. In 
addition, minor andesitic tuff occurs in the lowermost 

Fig. 5	 Results of U–Pb dating for the concordant zircons from the coarse tuff in the Shittakazawa 
Formation and the sandy tuff in the Kidoguchi Formation. (A) Concordia diagram of the former 
except for a Proterozoic zircon grain. (B) Weighted mean age of the former. (C) Concordia diagram 
of the latter. (D) Weighted mean age of the latter. 

	 Error is 2σ. MSWD: mean squared weighted deviation, n: number.
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Permian deposits, which overlie Carboniferous strata 
across a regional unconformity (Kawamura et al., 1990; 
Yoshida et al., 1994). The above synthesis of evidence 
indicates essentially continuous magmatism from the late 
Carboniferous to the early Permian, although less intense 
than the early Carboniferous volcanism.

7.  Conclusion

Carboniferous strata in the SKB contain large volumes 
of volcanic rocks in the lower section and moderate 
volumes of volcaniclastic rocks in the upper section. 
According to previous studies, the former rocks were 
produced by bimodal volcanism in and around back-arc 
to intra-arc regions, whereas the latter rocks resulted from 
intermittent eruptions.

Zircon U–Pb dating was conducted on two tuff 
samples from Carboniferous felsic volcaniclastic rocks 
in the SKB. These samples, from the early Carboniferous 
Shittakazawa Formation and the late Carboniferous 
Kidoguchi Formation, yielded weighted mean ages of 
339.5 ± 2.6 Ma (middle Visean) and 313.6 ± 2.3 Ma (early 
Moscovian), respectively. These ages are slightly younger 
than the depositional ages of the formations, as determined 
from paleontological data in previous studies. These 
precise ages provide tighter constraints on the duration 
of Carboniferous volcanism in the SKB. The change from 
Carboniferous intense volcanism (including concurrent 
plutonism) to early Permian minor volcanism represents 
a key geotectonic transition in the long geological history 
of the SKB.
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ジルコン U–Pb 年代測定による南部北上帯の石炭紀火山活動期の制約

川村　寿郎・内野　隆之

要   旨

南部北上帯の石炭系は多量の火山砕屑岩を含み，特にそれが多い下部では当時の激しい火山活動を物語っている．今回，
石炭系の下部及び上部に挟在する珪長質凝灰岩について，ジルコン U–Pb年代測定を行った．下部に関しては尻

しっ

高
たかざわ

沢層
中部の粗粒凝灰岩を，上部に関しては木

き ど

戸口
ぐち

層中部の紫色砂質凝灰岩を対象とした．測定の結果，前者からは 339.5 ± 2.6 
Ma（ビゼーアン期中期），後者からは 313.6 ± 2.3 Ma（モスコビアン期前期）の年代が得られた．前者の年代は，尻高沢層が，
これまでの化石産出と岩相層序対比で想定された年代（トルネーシアン期後期）よりも若くなることを示す．一方，後者
の年代は，当該火山活動が石炭紀後期まで継続したことを確実にする．南部北上帯内における少量の石炭紀後期花崗岩
類や最下部ペルム系の安山岩質凝灰岩の存在を考慮に入れると，同帯の火成活動は石炭紀前期で最も激しく，やや沈静
化していくもののペルム紀前期まで長期にわたって継続したことが示唆される．

 

難読・重要地名

 Arisu：有住，Hikoroichi：日頃市，Karaumedate：唐梅館，Kashiwari：柏里，Kidoguchi：木戸口，Komata：小股，Oide：生出，
Omata：大股，Setamai：世田米，Shittakazawa：尻高沢，Shizu：清水，Tassobe：達曽部，Usuginu：薄衣，Wariyama：割山，
Yahagi：矢作Co
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