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Abstract  Three widespread Early Pleistocene tephras were identified in a sediment core drilled at 
Fuchu in the central part of the Musashino Uplands of the West Kanto Plain, the central Japanese 
Islands. Characteristic properties such as geochemical composition and refractive indices of glass 
shards correlate these unknown tephras to three well-characterized tephras formed by caldera-
forming eruptions. Ebs-Fkd (1.70 Ma), Nyg (1.75 Ma) and Sgn-Kd44 (2.0-1.8 Ma) tephras, all in 
the Kazusa Group, early Quaternary strata, are compared to Fuchu core samples and other boring 
cores from the Musashino Uplands area. Changes in altitudes of those tephras found in other cores 
under the upland reveal changes to the Kazusa Group’s sedimentary environment and landform at 
the time of the tephra’s deposition. 
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1. Introduction 
 

The Kazusa Group, composed of Early Pleistocene marine and fluvial sediments distributed in 
the West Kanto Plain, central Japanese Islands, is a critical component in reconstructing and 
understanding the plains-forming processes that created the Kanto Plain. The stratigraphy of the 
Kazusa Group provides insight into the Kazusa Trough’s transition from a paleo-forearc basin, 
considered to have formed through the Philippine Sea Plate’s subduction beneath the North 
American Plate (Kaizuka 1987), into the filling and formation of the current Kanto Plain. The West 
Kanto Plain is mainly comprised of the Musashino Uplands and Tama Hills (Fig. 1). Stratigraphy 
and distribution of the Kazusa Group exposed in the Tama Hills have been well studied by previous 
studies, clarifying that its sedimentary environment has been affected by glacio-eustatic sea-level 
changes (Takano 1994; Ueki et al. 2013). Also, those in the Boso Peninsula and Choshi areas in the 
East Kanto Plain have been studied; however, the relationship of formations is still unclear between 
the Kazusa Group of the Tama Hills with those under the Musashino Uplands, where terrace 
deposits and volcanic soil deposits (tephric soil deposits) overlie the Kazusa Group.  

Identification of underground tephras as isochorons within the Kazusa Group beneath the 
uplands plays a significant role in correlating the Kazusa Group’s formation to other areas such as 
                                                                               
* Department of Earth and Atmospheric Sciences, University of Alberta, Canada. 
** Civil Engineering Support and Training Center, Tokyo Metropolitan Government. 

- 13 -



 
Fig. 1  Map showing boring sites in relation to the Musashino Uplands and the regional Kanto Plain.  

Altitude of Sgn-Kd44 is indicated in italic. 
 

the Tama Hills. Hence, a tephrochronological study will contribute to clarify the precise distrubition 
of the Kazusa Group, and its integration into a regional cross-section will reveal new information 
on the development of the Kanto Plain as an emerged paleo-forearc basin.  

Here, we show a new identification of three known Early Pleistocene tephras found within the 
Fuchu core drilled on the central Musashino Uplands. Geochemical correlations are made between 
the Fuchu core tephras and well-characterised tephras formed by large-scale eruptions using 
physical and chemical characteristics. Isochron depths and relationships are then compared to other 
parts of the Musashino Uplands to determine changes in sedimentary environment. 
 
 
2. Description of Tephras in the Fuchu Core 
 

In 1981, the Civil Engineering Support and Training Center, Tokyo Metropolitan Government 
(formerly, Institute of Civil Engineering of Tokyo Metropolitan Government; ICETMG) extracted 
a 706.0 m boring (N35°41'24.1", E139°27'45.7"; 70.42 m above sea level; asl) at Musashidai, Fuchu 
City, Tokyo, on the central Musashino Uplands, West Kanto Plain (Fig. 1). 

Initial reports on this core by Endo et al. (1981) described lithostratigraphy, molluscan fossil, 
plant fossil, and geophysical logging. Three units were determined in the sediment; A unit (0–7.1 m 
depth), B unit (7.1–291.2 m depth) and C unit (291.2 –706.0 m depth). According to Ueki and Sakai 
(2007), A unit unconformably overlies the Kazusa Group and is composed of volcanic soil deposits 
(upper part) and gravels (lower part). The unit is interpreted as a combination of volcanic soil 
deposits and Late Pleistocene terrace deposits (Marine Isotope Stage 3). B unit (alternation of 
dominated sand, gravel and silt) and C unit (mainly sandy silt) were correlated with the Higashi-
kurume Formation and Kita-tama Formations, respectively, and defined as parts of the Kazusa 
Group (Endo 1978; Endo et al. 1981, 1995). Based on foraminifera assemblage, it is concluded that 
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the Higashi-kurume Formation was formed on an outer and middle shelf, and the Kita-tama 
Formation represents an oceanic and bathyal environment (Endo 1978; ICETMG 1996). In 2019, 
we observed this core from 240–706 m depth (bottom of the core), equivalent to the lowest part of 
the Higashi-kurume Formation and the upper part of the Kita-tama Formation (Fig. 2). 

 
Fig. 2  Lithological columnar sections of the Fuchu core. Tephra sample is labeled by FCU (abbreviation 

of Fuchu) and its depth in cm, and those in red are tephras discussed in the main text.  
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In total, we collected 28 tephra samples including scattered lapilli in sand or silt, lapilli layers 
and ash layers (Table 1). Tephra samples were labeled according to their basal depths of tephra (e.g. 
FCU30552 for tephra observed at 305.51–305.52 m depth). A small number of vitric tephras mainly 
composed of finer glass shards (< 1 mm in diameter) are found in the core and are uniquely more 
distinguishable than those of the coaser pumiceous lapilli tephras frequently occurring in the Kazusa 
Group (Suzuki and Murata 2011; Suzuki et al. 2011). Therefore, we paid much attention to the vitric 
tephras, and attempted to explore the identification of vitric tephras in the Fuchu core correlative to 
known vitric tephras.  

 
Table 1  List of collected tephra samples 

 
In this study, all major element compositions in glass shards from selected samples and 

candidate tephras for correlation were determined (Table 2). We employed a combination of energy-
dispersive X-ray spectroscopy (EDS) and wavelength dispersive X-ray spectrometry (WDS) 
analyses for enhanced accuracy of major and minor elements. EDS was carried out by JSM–6390 
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scanning electron microscope (JEOL Ltd.) and an EDAX–Genesis APEX2 energy–dispersive X–
ray spectrometry (AMETEK, Inc.) equipped at Tokyo Metropolitan University using a 0.6–nA 
current at 15 kV under the same condition as those used in Suzuki et al. (2014). WDS was carried 
out with similar conditions to Jensen et al. (2008) on a JEOL 8900 SuperProbe equipped at 
University of Alberta, using a 5 µm beam and 6 nA current at 15KeV accelerating voltage. Time-
dependent intensity (TDI) corrections were made on WDS analyses using the “Probe for Windows” 
software to reduce the effects of alkali migration (Donovan et al. 2014). Refractive indices of glass 
shards were determined using a refractive measurement system (RIMS) refractometer (Danhara et 
al. 1992).  
 
 
3. Correlation to Three Tephras with Known Tephras 
 
Ebisutoge-Fukuda Tephra (Ebs-Fkd) 

Tephra layers repeatedly occurred within a depth of 302.74–306.70 m in silt to sandy silt 
sediments, around 10 m below the boundary of the Higashi-kurume and the Kita-tama Formations. 
Except for basal FCU30670 (306.50–306.70 m depth), most of these layers contain rounded fine 
pumice clasts with diameters less than 1 mm, indicating their deposition as reworked tephras of 
FCU30670. Refractive indices and major element compositions of FCU30670 and FCU30552 are 
similar (Tables 1 and 2, Fig. 3), with FCU30670 mainly containing of stripe and bubble-wall type 
volcanic glass shards with refractive indices of 1.502–1.503 and high potassium content of 
4.28 wt.%. These features display characterstic properties of tephras originating from certain 
volcanoes located in the Chubu area (around the Hida Mountains). Comparing known Lower 
Pleistocene widespread tephras derived from this area, only the Ebisutoge-Fukuda Tephra (Ebs-Fkd) 
(Machida and Arai 2003) can be correlative to FCU30670. 

Ebs-Fkd is a representative Early Pleistocene widespread tephra derived from a caldera-forming 
eruption in the south part of the Hida Mountains in central Japanese Islands, with an estimated age 
of 1.70 Ma (Machida and Arai 2003). Characteristic properties of FCU30670 shown in Tables 1 and 
2 are similar to those of Ob2 tephra in the Obama Formation of the Inubo Group, Choshi area, which 
correlates to Ebs-Fkd (Kd 38 Tephra in the Boso Peninsula) in the Kazusa Group (Fujioka and 
Kameo 2004). 
 
Nyukawa Tephra (Nyu) 

Within the silts of the Kita-tama Formation, two vitric ash layers of FCU38595 and FCU38440 
were detected at depthes of ca. 385 m. Both have very similar characteristic properties: abundant 
fiber, stripe and sponge-type glass shards characterised by refractive indices of 1.500–1.502, 
presence of orthopyroxene and clinopyroxene, and mean contents (determined by EDS) of SiO2: 
76.91–76.99 wt.%, CaO: 0.97–1.01 wt.% and K2O: 4.65–4.67 wt.%. This similarity suggests that 
the upper layer is a reworked tephra of lower FCU38595. Although these properties of FCU38595 
are distinctive from FCU30670 (and therefore Ebs-Fkd), the geochemistry suggests a similar but 
discrete tephra that also originated from the Chubu area. Thus, a strong candidate tephra correlative 
to FCU38595 and positioned below Ebs-Fkd, such as the Nyukawa Tephra (Nyu; Machida and Arai 
2003), should be examined.  

As shown in Table 2, Ob1 tephra in the Obama Formation of Inubo Group, which is correlative 
to Nyu (Kd39 Tephra in the Boso Peninsula) in the Kazusa Group (Fujioka and Kameo 2004), is 
mostly indistinguishable from FCU38595 (Table 2, Figs. 3 and 4). Although K2O contents 
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determined by WDS analysis are slightly higher than those by EDS analysis systematically, the 
similarity between FCU38595 and Ob1 is proven by both methods. Therefore, this data confims 
that FCU38595 is correlative to Nyu. Nyu, an Early Pleistocene tephra, was derived from a caldera-
forming eruption that occurred in the southern part of the Hida Mountains, and its age is estimated 
to be 1.75 Ma (Machida and Arai 2003). 
 

Table 2  Chemical compositions of volcanic glass shards 

 
Sengan-Kd44 Tephra (Sgn-Kd44) 

FCU57680 occurs at a depth of 576.65–576.80 m as a gray-colored vitric ash-fall deposit within 
the Kita-Tama Formation’s silts. With a total thickness of 15cm, this vitric ash bed is composed of 
abundant bubble-wall and stripe-type glass shards characterised by low refractive indices (1.500–
1.501) and high SiO2 content (EDS; 78.27 wt.%). Its petrographic properties and stratigraphic 
position (below Nyu) indicate that this tephra correlates with Sg3 tephra in the Kasuga Formation 
of the Inubo Group, Choshi area, which is defiened as the Sengan-Kd44 Tephra (Sgn-Kd44; Suzuki 
et al. 2020) (Table 2). 

Sgn-Kd44 originates from a caldera-forming eruption event rated VEI (volcanic explosivity 
index) 7 in the Sengan geothermal region of the north portion of Tohoku, northeast Japanese Islands. 
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Due to its magneto-stratigraphic positions (middle of the Olduvai subchron) at Choshi area (Sakai 
1990), the eruption age is 1.968–1.781 Ma (Suzuki et al. 2020). 

 

 
Fig. 3  Chemical compositions of glass shards extracted from tephras in the Fuchu core by EDS. 

 
4. Discussion 
 

Three tephras, Ebs-Fkd, Nyu and Sgn-Kd44, detected in the Fuchu core by this study are 
extensive stratigraphic markers that were widely distributed across the central Japanese Islands, 
providing a precise isochron for various Quaternary studies in landform development, sedimentary 
history, and crustal movement for the period between 1.7 and 2.0 Ma. All three tephras have been 
previously identified in the Choshi area and the Boso Peninsula in the East Kanto Plain where 
precise ages were determined. However, they have not yet been detected in the Kazusa Group of the 
Tama Hills in the West Kanto Plain, even though its depositional age is most likely to include the 
period between 1.7 and 2.0 Ma. This is likely explained by the presence of several unconformities 
in the Kazusa Group of this area, causing discontinuity of sediment preservation. On the other hand, 
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Fig. 4  Chemical compositions of glass shards extracted from tephras in the Fuchu core by WDS. 

 
a few cores collected in and around the Musashino Uplands have contained these tephras. The 
Mitsugi B-1 core (11 km NW of the Fuchu core site) contained Ebs-Fkd, and the Haneda Airport D 
core (37 km ESE of the Fuchu core site) contained both the Ebs-Fkd and Nyu (Fig. 1; Suzuki et al. 
2008, 2010). Additionally, the Mizuho, Musashi-murayama and Hachioji cores in the western 
Musashino Uplands all hosted Sgn-Kd44 (Fig. 1; Suzuki et al. 2008, 2013). 

By comparing elevations of tephra among these cores, we can consider the sedimentary 
environment and crustal movement in and around the Musashino Uplands. In the Fuchu core, basal 
depths of Ebs-Fkd and Nyu are -236.28 m and -315.53 m asl, respectively. In contrast, those in 
Haneda Airport D core are -211.70 m and -218.97 m asl, respectively (Suzuki et al. 2010). Although 
these tephras are deposited in similar massive marine silt, the difference in elevation between Ebs-
Fkd and Nyu in the Fuchu core (79.25 m) is significantly larger than that of Haneda Airport D core 
(7.27 m). Under the assumption that the post-depositional uplifting rates are not significantly 
different at both sites, a depression surrounding the Fuchu core site was likely buried with rapid 
sedimentation. 

In the Fuchu core, Sgn-Kd44 has a basal depth of -506.15 m asl, a significantly lower depth than 
those of sites in the western Musashino Uplands such as the Mizuho core (118.12 m), Musashi-
murayama core (-15.03 m) and Hachioji core (-37.53 m). The Sgn-Kd44 horizon is contained within 
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an alternation of coarse gravel beds and silts at each of the three sites, showing evidence of a 
changing sedimentary environment on the shelf. A glacio-eustatic sea-level change in the western 
Musashino Uplands would have affected the area in this way, in contrast to central Musashino 
Uplands where the bathyal environment had continued.     
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