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表紙の図

3D海底地形図で見る北西太平洋の海山群

　アメリカ海洋大気庁国立環境情報センター（NOAA NCEI）が公開している海底地形図（ETOPO1）を用
い，北西向き，高さ 10倍強調で作成した．図の右側から，マーカス・ウェーク海山群，マーシャル諸島
海山群，マゼラン海山群が連なる．これらの海山の多くは，白亜紀のホットスポット火山活動で噴出した
玄武岩を基盤とする巨大な平頂海山（ギヨー）である．露岩域には最大で 10 cmを超える厚いマンガン酸
化物が分布し，コバルトリッチクラストの有望海域とされている．現在この海域には，日本，中国，
韓国，ロシアが鉱区を保有し，国際海底機構の下で，開発に向けた資源量調査や環境影響評価が進め
られている．

（図：日野ひかり（独立行政法人石油天然ガス・金属鉱物資源機構），文：山岡香子）

Cover Figure

3D topographic map of seamounts in Northwest Pacific

A 3D topographic map was created using ETOPO1 published by the NOAA National Centers for Environmental 
Information (NCEI), oriented northwest with a height enhancement of 10 times. From right to left: the Marcus-Wake 
Seamount Group, the Marshall Islands Seamount Group, and the Magellan Seamount Group. Most of these 
seamounts are flat-topped seamounts (Guyots), whose basement consists of basalt that erupted during Cretaceous 
hotspot volcanism. This area is of interest for the mining of cobalt-rich crusts, since manganese oxides with a 
thickness of up to 10 cm or more are distributed over exposed rocks. Currently, Japan, China, Republic of Korea, 
and Russia hold exploration areas here, and resource surveys and environmental assessments are ongoing under the 
auspices of the International Seabed Authority (ISA).

 (Figure: HINO Hikari (Japan Oil, Gas and Metals National Corporation), Caption: YAMAOKA Kyoko)
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Pleistocene Higashihigasa Formation of the Kazusa Group, Boso Peninsula, Japan

ITO Tsuyoshi1,*, MUTO Shun1 and UTSUNOMIYA Masayuki1

ITO Tsuyoshi, MUTO Shun and UTSUNOMIYA Masayuki (2022) Late Triassic radiolarians and 
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Abstract:  Radiolarians and conodonts were obtained from a chert pebble within the conglomerate of the 
Higashihigasa Formation, Kazusa Group, Boso Peninsula, Japan. Based on the occurrence of radiolarians 
(Praemesosaturnalis sp. cf. P. heilongjiangensis) and conodonts (Mockina sp.), the chert pebble is 
considered to be Late Triassic (middle to late Norian) in age. This chert pebble is presumably derived 
from a Jurassic accretionary complex distributed in its provenance. 
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1.  Introduction

Clasts within sediments, such as conglomerate, are 
supplied from the surrounding geologic units and record 
information of the provenance. Microfossils including 
radiolarians and conodonts can assign the age of the clasts, 
even if they are small clasts. 

Radiolarian-bearing clasts have been reported from the 
Paleozoic to Cenozoic (Table 1) and compiled (e.g. Ishida 
et al., 2003; Ito et al., 2017a, e), but radiolarian-bearing 
clasts within the Quaternary are poorly investigated: only 
by Ito et al. (2020) as far as we know. Ito et al. (2020) 
indicated the presence of a water system different from 
the present one in the Nishi-Mikawa region, central Japan, 
based on microfossil-bearing clasts. Accumulation of the 
data of microfossil-bearing clasts within the Quaternary in 
several areas and horizons will contribute to reconstruction 
of changes of provenances and water systems.

The Pleistocene Kazusa Group is distributed in the Boso 
Peninsula (Fig. 1). Some formations of the group include 
conglomerate layers. We investigated the conglomerate 
for the accumulation of data of microfossil-bearing clasts 
within the Quaternary. We consequently discovered 
radiolarians and conodonts from a chert pebble within 
the conglomerate of the Higashihigasa Formation of the 
Pleistocene Kazusa Group, Boso Peninsula (Fig. 1). In 
this article, we note the microfossils as the first report of 
microfossil-bearing clasts within the Quaternary in the 
Boso Peninsula. 

2.  Geologic setting

The Kazusa Group is mainly composed of shallow- to 
deep-marine successions (>3,000 m in total thickness). 
The group generally comprises the Kurotaki, Katsuura, 
Namihana, Ohara, Tomiya, Kiwada, Otadai, Umegase, 
Higashihigasa, Kokumoto, Kakinokidai, Ichijiku, 
Chonan, Mandano, Kasamori and Kongochi formations 
(Tokuhashi and Endo, 1984; Nakajima and Watanabe, 
2005; Utsunomiya and Ooi, 2019) (Fig. 2). 

The microfossil-bearing pebble dealt with in this study 
was collected from the conglomerate of the Higashihigasa 
Formation. The Higashihigasa Formation is considered 
as a canyon-fill deposit which interfingers with the 
submarine-fan deposits defined as the Otadai and Umegase 
formations (Yamauchi et al., 1990). Chronostratigraphy 
based on magneto-, tephro- and bio-stratigraphy suggests 
the Otadai and Umegase formations were deposited during 
the Early Pleistocene (Calabrian) (Kazaoka et al., 2015). 
The clast-bearing conglomerate is intercalated above the 
U10 tephra bed, which is near the Marine Isotope Stage 
24 (Pickering et al., 1999), at about 0.9 Ma.

The sample locality is along a tributary of the Obitsu 
River, north of Mt. Otsuka (Fig. 3). It is located in Otomi, 
Kimitsu City, Chiba Prefecture in administrative division. 
The chert clasts occur at the basal part of a conglomerate (2 
m in thickness), associated with bioclasts (e.g. mollusks) 
and other kinds of gravels such as sedimentary rocks and 
volcanic rocks (Fig. 4A).
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3. Method

Four pebbles collected from the conglomerate 
were processed with the following method to extract 
microfossils. They were crushed into some fragments to 
create more surface area. The crushed pebbles were soaked 
in 5 % hydrofluoric acid at room temperature, about 20–25 
°C, for 24 h. The residues were collected by a sieve with 

Erathem System Series Reference
Cenozoic Quaternary Pleistocene Ito et al.  (2020)

Ito et al.  (2022) [this study]
Neogene Pliocene? Matsuoka (1998)

Yamamoto et al.  (2012)
Pliocene Kawajiri and Kashiwagi (2012)

Kashiwagi et al.  (2013)
Utagawa et al.  (2017)

Miocene Umeda et al.  (1992)
Kashiwagi (2012)
Ito and Nakamura (2021)
Yabuta et al.  (2021)

Paleogene Oligocene Umeda (1997)
Eocene? Kamemura and Okamura (1994)
Paleocene? Kishu Shimanto Research Group (2017)

Mesozoic Cretaceous Upper Suzuki et al.  (1996)
Inose et al.  (2018)

Lower Kojima (1986)
Takeuchi et al.  (1991)
Umeda et al.  (1995)
Ishida and Hashimoto (1997)
Ishida (1999)
Umeda and Sugiyama (1998)
Matsukawa and Takahashi (1999)
Nikaido and Matsuoka (2004)
Tomita et al.  (2007)
Ito et al.  (2012)
Ito et al.  (2014)
Ito et al.  (2015)
Kashiwagi and Isaji (2015)
Takeuchi et al.  (2015)
Ozeki et al.  (2021)

Jurassic Upper Saida (1987)
Middle? Ito et al.  (2016)

Ito et al.  (2017b)
Lower Kumazaki and Kojima (1996)

Ito et al.  (in press)
Triassic Upper Kametaka (1997)
Triassic? Saito and Tsukamoto (1993)

Kamata (1997)
Paleozoic Permian Gudalupian–Lopingian Matsuoka and Kuwahara (2021)

Takemura et al.  (1996)
Carboniferous Mississippian Uchino and Kurihara (2019)

Paleozoic? Ito et al.  (2017c)
Ito et al.  (2017d)

a mesh opening of 0.054 mm. This process was repeated 
four times. Fossil specimens in the residues were picked 
up and mounted on stabs. The specimens on the stabs 
were photographed by scanning electron microscopy. 
Part of the residues was enclosed within a slide prepared 
with a photocrosslinkable mounting medium (GJ-4006, 
Gluelabo Ltd.). The slides were photographed using a 
transmitted light microscope.  

Table 1  Major previous studies of radiolarian-bearing clasts.
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4. Microfossil occurrences

Among the four pebbles, only one pebble (sample 
21112309a) yielded radiolarians and conodonts. The 
pebble is a rounded reddish chert, and its diameter is about 
3 cm (Fig. 4B). The radiolarian and conodont specimens 
are shown in Fig. 5.

Some radiolarians, Praemesosaturnalis sp. cf. P. 
heilongjiangensis Yang and Mizutani, Praemesosaturnalis? 
sp., Paroertlispongus? sp., Poulpidae? gen. et sp. indet. 
and Spumellaria gen. et sp. indet. were extracted. The 
specimens identified as Praemesosaturnalis sp. cf. P. 
heilongjiangensis (Figs. 5.1–5.5) seem to have spines 
with an elevated margin and bifurcated end. Such a spine 
is known in a broken specimen of Praemesosaturnalis 
heilongjiangensis (Yang and Mizutani, 1991). 

Two specimens of conodonts were extracted. One 
specimen (Fig. 5.33) can be identified as Mockina sp. 
due to the following characters: a carina extending to the 
posterior end, a platform with only one sharp denticle on 
the lateral margin and an anteriorly shifted basal pit, at 
which the basal margin is upturned.

5. Age assignment

Praemesosaturnalis heilongjiangensis was originally 
described in the Norian (Upper Triassic) in the Nadanhada 
Terrane, Northeast China (Yang and Mizutani, 1991). 
The species has also been reported from the Norian in 
other areas (e.g. Yao, 1982; Yoshida, 1986; Tekin, 2002). 
According to Sugiyama (1997), Praemesosaturnalis 

Fig. 1 Index and simplified geologic maps of Boso Peninsula (modified after from Utsunomiya et al., 2019).

Fig. 2 Stratigraphy of the Kazusa Group in the Boso 
Peninsula (modified after from Utsunomiya et 
al., 2019). 
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heilongjiangensis group mainly occurs in TR8A to TR8C, 
Norian, Upper Triassic. 

The genus Mockina occurs in the middle to upper Norian 
(upper Alaunian to lower Sevatian) (Mazza et al., 2012; 
Rigo et al., 2018). The updated integrated biostratigraphy 
of radiolarians and conodonts by Yamashita et al. (2018) 
showed the co-occurrence of Praemesosaturnalis 
heilongjiangensis group and species of Mockina in the 
middle to upper Norian. 
Based on the above-mentioned radiolarian and conodont 
occurrences, the sample is middle to late Norian in age. 

6. Implication 

In Southwest Japan, Triassic chert is a component rock 
of Jurassic accretionary complexes of the Tamba–Mino–
Ashio and Chichibu belts (e.g. Nakae, 2000; Matsuoka et 
al., 1998; Kojima et al., 2016). Consequently, the chert 
pebble dealt with in this study must be derived from one 
of these Jurassic accretionary complexes. Meanwhile, the 
Jurassic accretionary complex is not exposed near the 
Boso Peninsula (Fig. 6). The nearest-exposed Jurassic 
accretionary complexes are those in the Yamizo Mountains 
(Ashio Belt), Ashio Mountains (Ashio Belt) and Kanto 

Fig. 3 Locality map. The map is modified from the topographic map published by 
Geospatial Information Authority of Japan (https://maps.gsi.go.jp/).

Fig. 4 Photographs of conglomerate and pebble. (A) Conglomerate of the Higashihigasa 
Formation of the Kazusa Group, Boso Peninsula. (B) Microfossil-bearing red chert 
pebble (sample 21112309a). 



Triassic microfossils from a chert pebble within the Pleistocene Kazusa Group (ITO et al.)

− 97 −

Fig. 5  Late Triassic radiolarians (1–31) and conodonts (32, 33) from the chert pebble (sample 
21112309a). (1–5) Praemesosaturnalis sp. cf. P. heilongjiangensis Yang and Mizutani. 
(6–14) Praemesosaturnalis? sp. (15) Paroertlispongus? sp. (16–28) Spumellaria gen. et sp. 
indet. (29) Poulpidae? gen. et sp. indet. (30, 31) Nassellaria gen. et sp. indet. (32) Breviform 
digyrate conodont element (M element?). (33) Mockina sp. 



Bulletin of the Geological Survey of Japan, vol. 73 (3), 2022

− 98 −

Mountains (Chichibu Belt). The Jurassic accretionary 
complex in one of these mountains is the presumable 
origin of the chert pebble. Triassic chert pebbles have also 
been reported from the Neogene in the Boso Peninsula 
(Yamamoto et al., 2012), so the chert pebble might be 
secondarily derived from such strata.

In the current knowledge, the origin of the pebble is not 
conclusive. Triassic chert is found throughout most of the 
Jurassic accretionary complex, whereas some lithologies 
(e.g. limestone, Permian chert, Upper Jurassic mudstone) 
are unevenly distributed in the complex. If clasts of these 
lithologies can be found, their origin can be determined 
in more detail. Further accumulation of the data of the 
Quaternary in and near the Boso Peninsula will clarify its 
origin more accurately. 

Acknowledgments: We thank Dr. NAYA Tomonori 
(editor) and Dr. UCHINO Takayuki (reviewer) for 
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後期三畳紀放散虫及びコノドント

伊藤　剛・武藤　俊・宇都宮正志

要   旨
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Abstract:  As part of the exploration for cobalt-rich ferromanganese crusts in the Northwest Pacific, 
seamount basalts were collected for chemical composition analysis and K–Ar/Ar–Ar dating. Although 
the primary chemical compositions of the seamount basalts were not well preserved due to alteration 
and phosphatization, all 20 seamounts sampled showed typical characteristics of ocean island alkaline 
basalts. K–Ar dating did not provide reliable ages due to alteration, but Ar–Ar dating provided reliable 
plateau ages for several seamounts. Formation ages of 67–116 Ma were obtained from the Marcus-Wake 
Seamount Group, 87 Ma and 105 Ma from the Magellan Seamount Group, and 90 Ma from the Marshall 
Islands Seamount Group, which were generally consistent with those reported in previous studies. 
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1.  Introduction

The Japan Oil, Gas and Metals National Corporation 
(JOGMEC, formerly the Metal Mining Agency of 
Japan) has been conducting exploration for cobalt-rich 
ferromanganese crusts (referred to as cobalt-rich crusts) 
in the Northwest Pacific (JA area, Fig. 1) since 1987 
commissioned by the Ministry of Economy, Trade and 
Industry (METI, formerly the Ministry of International 
Trade and Industry). Promising seamounts were selected 
based on the evaluation of the mineral resources in 
each seamount, and a 15-year exploration contract was 
signed with the International Seabed Authority (ISA) in 
January 2014 for a total of 3,000 km2 of the flat tops of six 
seamounts (JA02, JA03, JA04, JA06, JA12, JA17) off the 
southeast of Minami-Torishima Island. The exploration 
contract requires that an environmental baseline survey 
be conducted in order to assess the environmental impact 
of future mining activities in addition to the resource 
estimation survey.

In this paper, we report on the chemical composition and 
age of the seamount basement rocks obtained in previous 
surveys. The formation history of the seamounts inferred 
from these data provides basic geological information and 
is useful for understanding the formation mechanism of 
cobalt-rich crusts. It is also important to understand the 

characteristics of the particles derived from the basement 
rock for the suspended plume generated during the mining 
activity.

2.  Study area

The JA area is in the southwest of the North Pacific, 
extending from around Minami-Torishima Island (Marcus 
Island) in the north to the Caroline Islands in the south, 
and from Wake Island in the east to the Mariana Trench in 
the west. In the northern part of the JA area, the Marcus-
Wake Seamounts (JA01-JA06, JA11, JA12, JA17, JA18, 
MT473) are linked in an east-west direction, and their 
eastern extension is continuous with the Central Pacific 
Seamounts. The Magellan Seamounts (JA09, JA13-JA15, 
JA19, JA22) are arranged in the NW-SE direction from the 
central to the southern part of the JA area. To the southeast 
of the JA area, the Marshall Islands Seamounts are aligned 
in the NNW-SSE direction, and some of the seamounts at 
their northwestern end are distributed in the southeast of 
this area (JA10, JA16) (Fig. 1).

Most JA seamounts are flat-topped (Guyots), and their 
tops are generally shallower than 1,400 m in depth. The 
basement rocks of the seamounts are mainly basalt, 
hyaloclastite, and conglomerate, which are covered 
by shallow-water limestones and pelagic sediments. 
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The limestones contain fossils of corals and thick-
toothed bivalves, suggesting that the volcanic islands 
or atolls gradually subsided and reached the present 
depth. Limestones are sometimes phosphatized to form 
phosphate rocks. The exposed basement rocks are covered 
with ferromanganese crusts of several to ten centimeters 
thick, and foraminiferal sand is deposited on the flat tops 
(Watkins et al., 1995, Usui and Someya, 1997).

The depth of the basin is 5,500–6,000 m, and it is 
known to belong to the oldest zone in terms of geological 
age of anywhere on Earth, which corresponds to the 
Cretaceous-Jurassic period according to paleomagnetism 
(e.g., Larson et al., 1985, Abrams et al., 1993). Based 
on the 40Ar/39Ar age of basalts, it is considered that the 
Marcus-Wake Seamount Group was formed 100–120 
Ma (Early Cretaceous), while the Magellan Seamount 

Group and the Marshall Islands Seamount Group were 
formed 70–100 Ma (Late Cretaceous) (Smith et al., 1989, 
Staudigel et al, 1991, Koppers et al. 2003).

The chemical composition of these basalts is similar to 
that of basalts from hotspot volcanoes in French Polynesia 
in the South Pacific, suggesting that these seamounts were 
formed by volcanic activity in the French Polynesian region, 
and have been subducting since the Cretaceous, moving 
with plate movements to their present positions (Smith 
et al., 1989, Staudigel et al., 1991). Volcanic activity in 
French Polynesia is often characterized by unique isotopic 
features such as HIMU mantle endmember (Zindler and 
Hart, 1986), and is referred to as the South Pacific Isotope 
and Thermal Anomaly (SOPITA) (e.g., Staudigel et al., 
1991). However, Koppers et al. (2003) proposed that the 
seamount chain was formed by intermittent short-term 

Fig. 1
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Fig. 1  JJA area in the Northwest Pacific with seamount names. The map was created using ArcGIS ver10.8.1 (ESRI 
Japan). The used topographic data is ETOPO1 published by NOAA National Centers for Environmental 
Information (NCEI). The coordinate system is the World Geodetic System (WGS 84).
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hotspot activity with diverse isotopic compositions, rather 
than continuous hotspot activity over a long period of 
time, based on the diversity of isotopic ratios and the 
contrast between the two regions.

3.  Materials and methods

In each seamount, rock samples were collected mainly 
by arm type dredge (AD) or chain-bag dredge (CB), and 
core samples were collected by deep-sea drill machine 
(BMS: Benthic Multi-Coring System) from 2001. The 
year and project name for which samples were collected 
and/or analyzed are shown in Table 1 and 2.

3. 1  Chemical analyses
Analytical methods for bulk chemical composition vary 

with each analysis year.
FY1989–1990: Detailed analysis methods are unknown.
FY1997: Major elements were measured by Inductively 
Coupled Plasma Atomic Emission Spectrometry 
(ICP-AES), FeO by titration, CO2 by high-frequency 
combustion infrared absorption method, H2O and loss 
on ignition (LOI) by gravimetric method, and rare earth 
elements by instrumental neutron activation analysis.
FY1998–2002: Major elements were measured by ICP-
AES, FeO by titration, CO2 and H2O+ by high-frequency 
combustion infrared absorption method, H2O- and LOI by 
gravimetric method, and trace elements by Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS).
FY2005: Major elements were measured by X-ray 
Fluorescence Spectroscopy (XRF), FeO by titration, 
C by electrometric analysis, H2O+ by high-frequency 
combustion infrared absorption method, H2O- and LOI 
by gravimetric method, and trace elements by ICP-MS.
FY2018–2019: Analysis was performed at ALS Canada 
Ltd., Canada, including pretreatment. Major elements 
were measured by XRF or ICP-AES after mixed lithium 
tetraborate and lithium metaborate melt treatment. Trace 
elements were measured by ICP-AES or ICP-MS after 
mixed acid treatment or lithium metaborate melting 
treatment; H2O+ was measured by high-frequency 
combustion infrared absorption method; H2O- and LOI 
were measured by gravimetric method.
FY2020: Analysis was performed at GSJ/AIST. Rock 
samples were dissolved using mixed acid (HNO3+HF), 
and then trace elements were measured by ICP-MS 
(Agilent 7700x) combined with the indium internal 
standard technique.

3. 2  K–Ar/Ar–Ar dating
Based on the observation under microscope, samples 

with minimal alteration were selected for dating. The K–
Ar dating was conducted through 1998, and the Ar–Ar 
dating was conducted starting 1999.

In the K–Ar dating, potassium was determined using a 
flame photometer and argon isotope ratios were determined 
using a noble gas mass spectrometer. The decay constants 

used are based on Steiger and Jaeger (1977).
λe = 0.581 × 10-10 /year
λβ = 4.962 × 10-10 /year
The ratio of 40K in K was determined to be 40K/K = 

0.01167 atom%.
For the Ar–Ar dating, the analysis was carried out by 

the step heating method. When a constant Ar–Ar age is 
obtained from contiguous heating steps comprising >50 
% of total 39Ar, the age is called a plateau age. Plateau 
ages are considered to indicate the age of formation of 
the sample without secondary Ar loss. The isochron age 
can also be determined from the Ar isotope ratios obtained 
from each step.

For the measurements, the samples were crushed, dried 
at 105 °C for 3 h, and then finely ground to 180–250 
µm. The sample (2 g) was washed twice with 20 % nitric 
acid and once with 5 % hydrofluoric acid to prevent the 
formation of gases from carbonate minerals and other 
secondary minerals that could interfere with Ar analysis. 
The acid-washed sample was washed thoroughly with pure 
water, methanol and acetone. A portion of this sample was 
packed in aluminum foil and set in the reactor. Detailed 
procedures were described in Ishizuka et al. (2006).

Neutron irradiation was carried out at McMaster 
University in Canada in FY1999, 2000, and 2001. The 
samples and the standard samples for J-value measurement 
were irradiated for 45 hours. The standard samples used 
were LP-6 (biotite, 127.8 Ma) and Fish Canyon sanidine 
(27.95 Ma). The samples were heated in 8 to 11 steps in 
the range of 800 to 1800 K. In 2002, neutron irradiation 
was performed at the research reactor of Oregon State 
University. The samples and the standard samples for 
J-value measurement were irradiated for 16 hours. The 
standard sample used was Taylor Creek Rhyolite Sanidine 
(27.92 Ma). The sample was heated in 11 to 15 steps for 
the range of 460–1100 K.

Ar isotope corrections for K, Ca, and Cl originating 
from atmospheric and neutron irradiation were performed 
to determine the 40Ar/39Ar ratio. The 40Ar/39Ar ratio of the 
measured sample was then calculated from the J-value of 
the standard sample. The criteria for determining the age 
of the plateau were: 1) three or more consecutive heating 
age values in the medium to high temperature range must 
agree with each other with 95 % confidence limits, 2) the 
plateau must contain more than 50 % of the total 39Ar. 
The weighted average of all the age values comprising 
the plateau was used as the plateau age (Dalrymple et 
al., 1980).

4. Chemical composition

The chemical compositions of the basement rocks from 
each seamount are summarized in Table 1 and 2, and the 
plots of H2Ototal (H2O+ + H2O-) and CO2 against LOI are 
shown in Fig. 2. The ratios of major elements to SiO2 
are shown in Fig. 3. LOI is >5 % in most of the samples, 
suggesting that they have suffered strong alteration. 
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The decrease in SiO2 is observed with the increase in 
LOI. The alteration reflects two stages of magmatic 
activity: hydrothermal alteration (recrystallization 
of hydrous minerals, increase in H2O+) and seafloor 
weathering (formation of clay minerals, increase in 
H2O-). With alteration, calcite crystallizes in the voids 
and CO2 increases. For the samples with >1 % P2O5, 
the effect of phosphatization is considered. It is known 
that many elements, including alkali elements, are lost 
in hydrothermal alteration and alkali elements are added 
in seafloor weathering. In addition, with the increase of 
calcite and phosphate, elements such as Ca, Ba, Y, and 
REE are added. Careful interpretation is needed since 
the chemical composition of the rock changes from the 
original composition due to hydrothermal alteration and 
phosphatization.

Although SiO2 of most samples are reduced due to 
increased LOI and CaO, these samples are classified as 
basalt. These basalts show a wide range of undifferentiated 
basalts with high MgO and Mg# (MgO/MgO+FeO*,  
FeO* = FeO+Fe2O3) to highly differentiated basalts with 
low MgO and Mg#. The high Na2O+K2O (>3 %) and high 
TiO2 (>2 %) relative to SiO2 indicate the characteristics 
of alkaline rocks.

Figure 4 shows the Ti/1000-V diagram (after Shervais, 
1982) and Figure 5 shows the Zr/4-2Nb-Y diagram (after 
Meschede, 1986). In the Ti/1000-V and Zr/4-2Nb-Y 
diagrams, the plots are in the oceanic island alkaline basalt 
region, although there is some variation. In the Zr/4-2Nb-Y 
diagram, samples with slightly higher Y values outside the 
oceanic island alkali basalt region are considered to be due 
to the increase in Y caused by phosphatization.

Figure 6 shows the Ba/Zr–Nb/Zr diagram. The Ba/Nb 
ratios of most of the samples are in the range of 4 to 
10, which is similar to the basalts in the South Pacific 
Isotope and Thermal Anomaly (SOPITA) region where 
the seamounts in this area are thought to have been 
formed. The samples with Ba/Nb ratios higher than 10 
are considered to have undergone Ba addition due to 
phosphatization. This is especially true for JA09 and JA15 
Seamounts.

The MORB-normalized diagram is shown in Figure 
7, and the REE chondrite-normalized diagram is 
shown in Figure 8. The reference values used for the 
normalization are those of Sun and McDonough (1989), 
and the figures are divided by seamounts. In the MORB 
normalized diagram, each seamount basically shows a 
smooth downward pattern enriched in incompatible 
elements. Rb, Ba, U, and K increase or decrease due to 
the influence of alteration, and the increase in Ba and Y 
may be due to phosphatization. For the samples with a 
large increase in Pb, MnO is also high, which may be due 
to the contamination of ferromanganese crusts. Ti-poor 
samples are found in JA02, JA03, JA05, JA09, JA15, and 
JA17 Seamounts. Since Ti is an element that is difficult 
to move during alteration, it may reflect the primary 
composition and may have been produced by different 

Fig. 2

Fig. 2 H2O, CO2, and SiO2 plots against LOI of seamount 
basement basalts.

magmatic activities.
The REE chondrite-normalization diagrams also show 

typical oceanic island alkaline basalt features enriched in 
LREEs for many samples. Two samples from the JA03 
Seamount (02JA03BMS04B-1, 02JA03BMS04B-2) and 
one sample from the JA17 Seamount (05JAl7AD07r2) 
show a low MREE pattern that is different from the other 
samples. In the JA02 Seamount, JA09 Seamount, and 
MT472 Seamount, some samples show negative Ce 
anomalies. The negative Ce anomaly reflects the influence 
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Fig. 3

Fig. 3   Major elements plot against SiO2 of seamount basement basalts.
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Fig. 4

IAT
MORB

and
BAB OIA

Takuyo-Daigo

Fig. 5

Takuyo-Daigo

Fig. 4  Ti-V discrimination diagram for basalts (after Shervais, 1982). The fields are IAT-island arc 
tholeiite; MORB and BAB-mid-ocean ridge basalt and back-arc basin basalt; OIA-ocean island 
alkali basalt.

Fig. 5 Zr-Nb-Y discrimination diagram for basalts (after Meschede, 1986). Samples with P2O5>2 % were 
excluded because yttrium is increased by phosphatization. The fields are defined as follows: AI, 
within-plate alkali basalts; AII, within-plate alkali basalts and within-plate tholeiites; B, E-type 
MORB; C, within-plate tholeiites and volcanic-arc basalts; D, N-type MORB and volcanic-arc basalts.
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Fig. 6

Takuyo-Daigo

of seawater and may be due to calcite crystallization, 
phosphatization, or limestone incorporation. On the 
other hand, some samples from JA02 Seamount and 
JA06 Seamount show positive Ce anomalies, suggesting 
contamination of ferromanganese crusts.

5. Formation age

The ages obtained from each seamount are summarized 
in Table 3. Below are the formation ages for the Marcus-
Wake Seamount Group, Magellan Seamount Group, and 
Marshall Islands Seamount Group.

5．1  Marcus-Wake Seamount Group
(1) JA01 Seamount (Miami Guyot)

Ar–Ar dating was performed on three samples with 
relatively little alteration, but no reliable age values 
were obtained from 99JA01AD12 and 99AD13K01. 
99JA01AD18 yielded a plateau age of 85.7 ± 2.0 Ma. The 
stage-heating age spectra and inverse isochron diagrams 
are shown in Figure 9. The 40Ar/39Ar age measurement 
data are shown in Table 4. This age is slightly younger 
than the Ar–Ar age of 96.8 ± 1.2 Ma reported by Koppers 
et al. (2003).
(2) JA02 Seamount (Lamont Guyot)

Ar–Ar dating was carried out on three samples, but 
no plateau age was obtained for 01JA02BM02C due to 
alteration, and an isochron age value of 60.00 ± 16.92 
Ma was obtained, which is not considered to be a valid 
result. A plateau age of 72.4 ± 1.4 Ma was obtained for 
02JA02BM06B. Figure 10 shows the step heating age 

Fig. 6 Nb/Zr-Ba/Zr discrimination diagram for basalts. Samples with P2O5>2 % were excluded 
because barium is increased by phosphatization. The area enclosed by dashed line indicates 
SOPITA island chains (from Christie et al., 1995).

spectra and inverse isochron diagrams. The 40Ar/39Ar 
age measurement data are shown in Table 4. The ages 
obtained from the high-temperatures (9 to 12 steps) are 
much younger than those from the low-temperatures (1 
to 8 steps) and the K/Ca ratios of each plateau decrease 
rapidly at high-temperatures, suggesting that the Ar–
emitting mineral phases may differ between the high 
and low temperatures. In addition, the K/Ca ratio and 
40Ar* (radiogenic 40Ar) are generally low, suggesting 
that the ages obtained are not from the source rock but 
from secondary mineral phases. A plateau age of 82.4 ± 
0.5 Ma was obtained for 02JA02BMS07A, which is in 
harmony with the Ar–Ar ages (81.6 ± 1.2 Ma, 87.2 ± 0.6 
Ma) reported by Koppers et al. (2003).
(3) JA03 Seamount (Arnold Guyot)

K–Ar dating was performed on one sample and 
Ar–Ar dating on two samples. The K–Ar age of 47.5 ± 
1 Ma obtained from 97JA03AD19 is unreliable due to 
alteration. A plateau age of 98.4 ± 0.4 Ma was obtained 
from 02JA03BMS04B. The stage-heating age spectra 
and inverse isochron diagrams are shown in Fig. 11. The 
40Ar/39Ar age measurement data are shown in Table 4. 
The K/Ca ratio of each plateau is very high, suggesting 
that the main source of Ar emission is alkali feldspar 
in matrix, which is K-rich and has a high K/Ca ratio. 
Ar–Ar dating was performed again on another part of the 
02JA03BMS04B, yielding a whole rock age of 100.6 Ma 
and an isochron age of 93.6 Ma.
(4) JA05 Seamount (Batiza Guyot)

Ar–Ar dating was performed on one sample, and the 
stage-heating age spectra diagram yielded an age of 98.4 
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Fig. 7

Takuyo-Daigo

Fig. 7  MORB-normalized patterns of seamount basement basalts

± 0.4 Ma. However, the plateau age criterion is not met 
because there is no plateau greater than 50 % of 39Ar. 
The inverse isochron diagram cannot be used to verify 
the plateau age because no isochron can be drawn. The 
stage-heating age spectra and inverse isochron diagram 
are shown in Figure 12. The 40Ar/39Ar age measurement 
data are shown in Table 4.
(5) JA06 Seamount (Xufu Guyot)

K–Ar dating was carried out on two relatively unaltered 

samples, which yielded the ages of Late Cretaceous (80.0 
± 2 Ma, 86.5 ± 2 Ma), but the results are not reliable due 
to alteration.
(6) JA11 Seamount (McDonnell Guyot)

Ar–Ar dating was carried out on two samples. The 
obtained plateau ages are 109.4 ± 0.3 Ma and 116.43 ± 4.94 
Ma (Late Cretaceous: Albian), which are reasonable results. 
Figure 13 shows the stage-heating age spectra diagram of 
01JA11BMS02A. The 40Ar/39Ar age measurement data are 
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Fig. 8

Fig. 8  REE patterns of seamount basement basalts

shown in Table 4.
(7) JA12 Seamount (Zhinyu Guyot)

K–Ar dating was performed on one sample and 
Ar–Ar dating on two samples. The K–Ar age of 72.4 
± 2.3 Ma obtained from 89JA12AD07-A is unreliable 
due to alteration. The stage-heating age spectra of 
02JA12BMS03B gives an age of 85.6 ± 0.4 Ma. However, 
the plateau age criterion is not met because there is no 
plateau greater than 50 % of 39Ar. The inverse isochron 

diagram cannot be used to verify the plateau age because 
no isochron can be drawn. Figure 14 shows the stage-
heating age spectra and inverse isochron diagram. The 
40Ar/39Ar age measurement data are shown in Table 4. 
A plateau age of 66.77 ± 0.17 Ma was obtained from 
02JA12BMS04B.
(8) JA17 Seamount (Scripps Guyot)

K–Ar dating was performed on two samples and Ar–Ar 
dating on one sample. The K–Ar ages of  29.5 ± 1.9 Ma 
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Fig. 9

and 94.6 ± 4.7 Ma are unreliable due to the effects of 
alteration. A plateau age of 105.29 ± 0.19 Ma was obtained 
from 02JA17BMS01A, which is consistent with the Ar–Ar 
age of 101.4 ± 1.4 Ma reported by Koppers et al. (2003). 
The 40Ar/39Ar age measurement data are shown in Table 4.
(9) JA18 Seamount (Kimotsuki Seamount)

Ar–Ar dating was carried out on one sample, but no 
plateau age was obtained. The 40Ar/39Ar age measurement 
data are shown in Table 4.
(10) MT473 Seamount (Tsunogai Seamount)

Ar–Ar dating was carried out on two samples and 
yielded plateau ages of 79.77 ± 0.21 Ma and 84.4 ± 0.3 
Ma. The 40Ar/39Ar age measurement data are shown in 
Table 4.

5．2 Magellan Seamount Group
(1) JA09 Seamount (Ioah/Fedorov Guyot)

K–Ar dating was performed on two samples and 
Ar–Ar dating on four samples. The ages obtained from 
98JA09AD20 are 70.8 ± 3.5 Ma and 71.5 ± 3.5 Ma, 
corresponding to the Late Cretaceous (Maastrichtian), but 

it is likely that some of the Ar in the rocks was lost due 
to weathering and alteration, resulting in slightly younger 
ages. The Ar–Ar ages obtained from relatively less altered 
samples (99JA09AD34 and 99JA09AD35) are 86.8 ± 1.0 
Ma and 105 ± 4 Ma, respectively, corresponding to the Late 
Cretaceous (Coniacian) and Middle Cretaceous (Albian). 
There is a large gap between these ages, suggesting that 
there were two distinct periods of volcanic activity. The 
Ar–Ar age from 00JA09AD58 is 66.6 ± 1.8 Ma and 
corresponds to the Late Cretaceous (Maastrichtian), 
but is unreliable because 39Ar only accounts for 33.8 %. 
No plateau age was obtained from 00JA09CB69 due to 
alteration. Koppers et al. (2003) reported Ar–Ar ages of 
86.7 ± 0.4 Ma and 88.5 ± 0.7 Ma. The stage-heating age 
spectra and inverse isochron diagrams of 99JA09AD34, 
99JA09AD35, 00JA09AD58, and 00JA09CB69 are 
shown in Figure 15. The 40Ar/39Ar age measurement data 
are shown in Table 4.
(2) JA13 Seamount (Magoshichi Guyot)

  K–Ar dating was carried out on one sample and yielded 
an age of 66.9 ± 2.2 Ma, but the results are not reliable 

Fig. 9  Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating (JA01 
Seamount)
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Fig. 10

Fig. 10   Step heating age spectra and inverse isochron diagrams for Ar–Ar 
dating (JA02 Seamount)
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Fig. 11

Fig. 12

Fig. 11  Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating 
(JA03 Seamount)

Fig. 12   Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating 
(JA05 Seamount)
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Fig. 13

Fig. 14

Fig. 13   Step heating age spectra diagram for Ar–Ar 
dating (JA11 Seamount)

Fig. 14   Step heating age spectra and inverse isochron diagrams for Ar–Ar dating (JA12 
Seamount)
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Fig. 15

Fig. 15  Step heating age spectra and inverse isochron diagrams for Ar–Ar dating (JA09 Seamount)
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due to alteration.
(3) JA14 Seamount (Govorov Guyot)

  K–Ar dating was carried out on one sample and yielded 
an age of 86.8 ± 3.0 Ma, but the results are not reliable 
due to alteration.
(4) JA15 Seamount (Pegas Guyot)

K–Ar dating was carried out on two samples with a 
slightly higher degree of alteration. The obtained ages 
are 56.0 ± 2.8 Ma and 68.7 ± 3.4 Ma, corresponding to 
the Early Eocene to Late Cretaceous (Maastrichtian). 
However, these ages may be slightly young due to the 
loss of some Ar in the rocks through weathering and 
alteration after the magma solidified. This is supported by 
the facts that fossils from the Late Cretaceous (88–85 Ma) 
have been found in this seamount, and previous studies 
suggesting that the Magellan Seamounts were formed 
during the Aptian at the end of the Early Cretaceous 
(Smith et al., 1989, Abrams et al., 1993).
(5) JA19 Seamount (Hemler Guyot)

K–Ar dating was performed on two samples and yielded 
ages of 78.1 ± 2.5 Ma and 79.6 ± 2.6 Ma (Late Cretaceous), 
but the results are unreliable due to alteration. Ar–Ar age 
of 100.1 ± 0.8 Ma was reported by Koppers et al. (2003). 
(6) JA22 Seamount (Butakov Guyot)

K–Ar dating was carried out on two samples, yielding 
ages of 53.3 ± 1.9 Ma and 69.9 ± 2.3 Ma, but the results 
are unreliable due to alteration.

5．3  Marshall Islands Seamount Group
(1) JA10 Seamount (Rykachev Guyot)

K–Ar dating was performed on one sample and Ar–Ar 
dating on five samples. The K–Ar age of 43.6 ± 2.8 
Ma obtained from 89JA10AD04-E is unreliable due to 
alteration. No reliable Ar–Ar ages were obtained from 
99JA10AD11 and 99JA10AD17. An age of 82.7 ± 3.1 
Ma (Late Cretaceous: Campanian) was obtained from 
00JA10AD34 but is unreliable due to lack of agreement 
within the 95 % confidence limits. Plateau ages of 91.8 ± 
0.7 Ma (Middle Cretaceous: Cenomanian) and 88.5 ± 1.2 
Ma (Middle Cretaceous: Turonian) were obtained from 
00JA10AD37 and 00JA10AD41, respectively, suggesting 
that the basement basalts of JA10 Seamount were formed 
during the Middle Cretaceous. Figure 16 shows the 
stage-heating age spectra and inverse isochron diagrams 
of 00JA10AD34, 00JA10AD37, and 00JA10AD41. The 
40Ar/39Ar age measurement data are shown in Table 4.
(2) JA16 Seamount (Changpogo Seamount)

K–Ar dating was carried out on one sample with a 
slightly higher degree of alteration and yielded an age 
of 54.1 ± 2.1 Ma (Early Eocene to Late Cretaceous: 
Maastrichtian), but the reliability is low due to alteration. 

6. Summary 

The basement basalts of seamounts in the Northwest 
Pacific show characteristics of ocean island alkaline 
basalts similar to those of the basalts from the SOPITA 

region in the South Pacific, although many samples have 
been affected by alteration and phosphatization. The K–Ar 
ages of the basalts are likely to be younger than their 
actual ages due to alteration. On the other hand, Ar–Ar 
dating is more resilient to alteration than K–Ar dating, 
the plateau ages obtained by Ar–Ar dating are considered 
to be reliable. The basement basalts of JA01, JA02, 
JA03, JA11, JA12, JA17, and MT473 Seamounts in the 
Marcus Wake Seamount Group have Ar–Ar plateau ages 
of 67–116 Ma, the basement basalts of JA09 Seamount in 
the Magellan Seamount Group have Ar–Ar plateau ages 
of 87 Ma and 105 Ma, and the basement basalts of JA10 
Seamount in the Marshall Islands Seamount Group have 
Ar–Ar plateau ages of 90 Ma.
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北西太平洋における海山基盤玄武岩の化学組成及び生成年代

山岡　香子・石塚　治・両角　春寿・日野　ひかり

要   旨

北西太平洋海域におけるコバルトリッチクラスト鉱床の探査の一環として，海山基盤玄武岩が採取され，全岩化学組
成分析及び K–Ar/Ar–Ar 法年代測定が実施された．海山基盤玄武岩は変質やリン酸塩化の影響を受けて初生的な化学組
成の保存が良くないものの，試料が採取された 20 海山は全て典型的な海洋島アルカリ玄武岩の特徴を示した．生成年
代については，K–Ar 法年代測定では変質の影響により信頼できる年代値が得られなかったが，Ar–Ar 法年代測定ではい
くつかの海山から信頼性の高いプラトー年代が得られた．マーカス・ウェーク海山群に属する海山からは 67 ～ 116 Ma，
マゼラン海山群に属する海山からは 87 Ma 及び 105 Ma，マーシャル諸島海山群に属する海山からは 90 Ma の生成年代が
得られ，概ね先行研究で報告されている年代と一致した．
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要　旨

岩殿丘陵西縁部の帰属不明の砂質シルト岩試料の堆積
年代を明らかにするために，珪藻化石分析を行った．分
析した試料からは，珪藻化石帯NPD4A帯（Denticulopsis 
lauta帯）を特徴づける珪藻化石が産出するため，年
代は中期中新世前期と判断される．また，Cavitatus 
lanceolatusを産することから，本試料の年代は生層準
D41.5（Cv. lanceolatusの 初 産 出：15.6 Ma）–D43.2（Cv. 
lanceolatusの終産出：15.2 Ma）の区間に限定される．珪
藻化石層序に基づくと，本試料は比企層群荒川層の上部
か市ノ川層に対比される．

１．はじめに

埼玉県の中央部に位置する比
ひ き

企丘陵と岩殿丘陵（第1
図）には海成の中新統が分布している（例えば，小池ほか，
1985；間嶋，1989）．高橋・柳沢（2004）は微化石層序に
基づく複合年代層序を検討し岩相層序の再検討を行い，
この地域の中新統を下位より比企層群と都

と き

幾川
がわ

層群にま
とめた（高橋，2008）．比企層群は比企丘陵と岩殿丘陵の
北縁を流れる都幾川とその支流沿いに分布し，下位より，
小
こ ぞ の

園層，荒川層，市
い ち の か わ

ノ川層に区分される（高橋，2008；
栗原・柳沢，2015；荒井・原田，2015）（第2図）．都幾
川層群は岩殿丘陵では下位より神

ご う ど

戸層，根岸層，将
しょうぐんざわ

軍沢
層，鳩山層，今

いまじゅく

宿層に区分される（栗原ほか，2003；高橋，

2008）（第2図）．比企層群は都幾川層群最下部の神戸層
基底によって不整合に覆われ（栗原・柳沢，2015；荒井・
原田，2015），この不整合は約15 Maに形成された広域不
整合と考えられている庭谷不整合に対比されている（高
橋・柳沢，2004）．

従来，岩殿丘陵では北縁部を除き比企層群に相当する
地層は分布しないと考えられていたが，近年，岩殿丘陵
西縁部において，市ノ川層や荒川層に岩相が類似した地
層が報告されるようになった（原田，2009）．筆者が行っ
た5万分の1地質図幅「川越」作成のための地質調査でも，
岩殿丘陵の西縁部に市ノ川層と岩相が類似する礫岩層と
砂岩層が分布することが確認された．原田（2009）では年
代の指標となる化石は報告されておらず，また，筆者に
よる調査でも年代の指標となる化石の産出を確認できな
かったため，これらの地層の年代と帰属については不明
であった．

北西太平洋地域の珪藻化石層序は前期中新世後期～中
期中新統前期に数多くの生層準を持つため，この年代区
間では特に高時間分解能で年代層序を検討することが可
能である（Yanagisawa and Akiba，1998）．比企層群と都
幾川層群においても，珪藻化石層序が年代層序を構築
するために極めて重要な役割を果たしてきた（堀内・柳
沢，1994；栗原ほか，2003；高橋・柳沢，2004）．さらに，
帰属不明の試料においては，その堆積年代を決定し両層
群への帰属を明らかにするためにも有用であり，例えば

埼玉県岩殿丘陵西縁部から採取された砂質シルト岩試料の珪藻化石年代

納谷　友規 1, ＊

NAYA Tomonori (2022) Diatom biochronology of the sandy siltstone samples collected from the western 
margin of the Iwadono Hills, Saitama Prefecture, central Japan. Bulletin of the Geological Survey of 
Japan, vol. 73 (3), p. 137–142, 3 figs, 1 table and 1 plate.

Abstract: Diatom analysis was performed to determine the depositional age of previously undated sandy 
siltstone samples from the western margin of the Iwadono Hills, Saitama Prefecture, central Japan. The 
age of the samples is assigned to the early Middle Miocene according to the occurrence of diatoms that 
are correlative to the diatom zone NPD4A (Denticulopsis lauta Zone). The occurrence of Cavitatus 
lanceolatus limits the age of these samples to the interval  between biohorizon D41.5 (first occurrence of 
Cv. lanceolatus: 15.6 Ma) and D43.2 (last occurrence of Cv. lanceolatus: 15.2 Ma). Based on the diatom 
biostratigraphy and biochronology, these samples can be correlated with the upper part of the Arakawa 
Formation or the Ichinokawa Formation of the Hiki Group.

Keywords:  diatom, biostratigraphy, Miocene, Iwadono Hills, Saitama Prefecture, Japan

概報‐Report
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関東平野地下の温泉ボーリングのカッティングス試料の
分析でも利用されている（例えば，納谷ほか，2013）． 

原田（2009）が報告した露頭のうち，越
お ご せ

生町六
ろ く じ ぞ う

地蔵の
露頭（第3図）ではシルト岩が観察され，原田（2009）はこ
の岩相は荒川層に類似すると考えた．シルト岩からは珪
藻化石が産出する可能性が高いが，残念ながら現在この
露頭は観察不可能である．本研究では，岩殿丘陵にお
ける比企層群の有無を検証することを目的として，原田

（2009）によってこの露頭から貝化石と一緒に採取された
岩片に含まれる珪藻化石を検討した．その結果，この試
料の年代を制約する知見が得られたので報告する．

２．試料と方法

原田（2009）によって貝化石が報告された越生町六地蔵
の露頭（第3図）において，貝化石と一緒に採取された2
個の細粒砂を含む砂質シルト岩片（no.1，no.2）を分析試
料とした．両試料は露頭から直接採取されたものであり，
両試料の採取層準はほぼ同一である．

試料の処理は基本的には納谷ほか（2009）の手法Aに
従って行った．ただし，懸濁液は大豆大（0.5 cm3 程度）
の砂質シルト岩片を瑪瑙乳鉢で軽くつぶした試料を用い
て作成した．封入材にはMountmedia（富士フイルム和光
純薬株式会社）を用いた．

検鏡は倍率1000倍の生物顕微鏡（ニコンECLIPSE E80i，
対物レンズPlan Apo VC 100 × : 1.40 N.A.）を用いて行い，

視野に出現した分類群の殻数を記録し，合計100殻にな
るまで計数した．100殻計数した後に，さらに広い範囲
を検鏡して，化石帯の認定に重要な分類群の有無を確認
した．Chaetoceros属の休眠胞子については，珪藻殻の計
数時に視野のなかに認められた数を別途計数した．珪藻
化石帯区分と生層準は，Akiba（1986）とYanagisawa and 
Akiba（1998）のNPDとDコードを用いた．生層準の年代は
Watanabe and Yanagisawa（2005）を用い，Raffi et al.（2020）
の地磁気極性年代尺度に合わせて調整された柳沢（2021）
の年代値を参照した．

３．結果

両試料の分析結果を第1表に示す．産出した主な珪
藻化石の顕微鏡写真を図版1にまとめた．両試料とも，
Thalasionema spp.（T. nitzschioides, T. cf. nitzschioides, T. 
cf. hirosakiensisを一括してここに含めた）とActinocyclus 
ingens f. planusが多く産出し両分類群が50 %以上を占め
る．Denticulopsis lautaとD. ichikawaeが共存し，D. hyalina
を含まないことから，NPD4A帯に属すると判断される．
さらに，Cavitatus lanceolatusを産することから，D41.5（Cv. 
lanceolatusの初産出：15.6 Ma）–D43.2（Cv. lanceolatusの
終産出：15.2 Ma）の区間に限定される．

４．考察

高橋・柳沢（2004）は岩殿丘陵北側の都幾川沿いの都

第1図  岩殿丘陵と比企丘陵の位置．地質図は杉山ほか（1997）に基づく．

Fig.1   Locality map of the Iwadono and Hiki Hills in the Kanto Plain. Map after Sugiyama et al. (1997).
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第2図   比企層群と都幾川層群および六地蔵の砂質シルト岩の珪藻化石年代．地磁気極性年代尺度はRaffi et al.（2020）に，
珪藻化石帯および生層準はAkiba（1986），Yanagisawa and Akiba（1998）に従い，Watanabe and Yanagisawa（2005）で
改訂された年代値に基づく．

Fig.2  Diatom biochronology of the Hiki and Tokigawa groups and the sandy siltstone collected from Rokujizo, Ogose Town, 
Saitama Prefecture. Diatom zonation, biohorizones and ages follow Akiba (1986) and Yanagisawa and Akiba (1998), 
and are partly revised by Watanabe and Yanagisawa (2005).

第3図  埼玉県越生町六地蔵付近の珪藻分析試料の
採取位置．基図には国土地理院のweb版地理
院地図を利用した．

Fig.3  Map showing the locality of diatom samples at 
Rokujizo, Ogose Town, Saitama Prefecture, Japan. 
The base map is digital map images published 
from the website of the Geospatial Information 
Authority of Japan.
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幾川セクションと槻川セクションの珪藻化石年代を検討
し、比企層群荒川層と市ノ川層の境界がNPD4A帯中部の
生層準D43（D. okunoiの終産出層準：15.4 Ma）付近に，最
上部の市ノ川層の上限が，NPD4A帯の生層準D43.2（15.2 
Ma）付近，おそらくはD43.2よりも上位に位置づけられ
ることを示した（第2図）．荒川層の下限の年代は不明だ
が，少なくとも生層準D33（16.7 Ma）からD35（16.4 Ma）
の区間を含むことが示された（栗原ほか，2003；高橋・
柳沢，2004）（第2図）．一方，岩殿丘陵の都幾川層群下
部の根岸層や将軍沢層からは，NPD5B帯に属する珪藻化
石が報告されている（栗原ほか，2003）（第3図）．

六地蔵の2試料の珪藻年代はD41.5（15.6 Ma）～ D43.2
（15.2 Ma）であり，珪藻化石層序に基づけば，比企層群
荒川層最上部と市ノ川層に対比される（第2図）．この結
果は，岩殿丘陵の西縁部においても比企層群に属する地
層が分布することを明確に示している．ただし，両試
料には生層準D42（D. okunoiの初産出）とD43（D. okunoi
の終産出）を規定するD. okunoiが産出しないため，生層
準D41.5（Cv. lanceolatusの初産出）～ D42と生層準43 ～
D43.2（Cv. lanceolatusの終産出）のどちらにも対比が可能

であり（第2図），珪藻化石層序から荒川層と市ノ川層へ
の帰属を判断することは困難である．

今回分析した試料はいずれも砂質シルト岩であった．
また，原田（2009）によればこの露頭のシルト岩には径
15 cm程度の角礫が含まれる．高橋・柳沢（2004）は，荒
川層の最上部は塊状の珪藻質シルト岩からなり，市ノ川
層はシルト岩と砂岩の互層や不淘汰角礫岩からなるとし
た．六地蔵の露頭の岩相はどちらかというと市ノ川層に
類似することから，周辺に露出する砂岩や礫岩と合わせ
て市ノ川層に対比される可能性が高い．

謝辞：本研究は，産業技術総合研究所地質調査総合セン
ターが発行する5万分の1地質図幅「川越」地域を作成す
るための調査の一環として行われたものである．東松山
市文化財専門調査員の原田吉樹氏には，珪藻化石分析用
の試料を提供していただいた．地質情報研究部門の柳沢
幸夫博士には草稿に対して貴重なコメントをいただいた．
担当編集委員の持丸華子博士および査読者の渡辺真人博
士による有意義なコメントは原稿を改善する上で大変有
益であった．以上の方々に記して御礼申し上げます．

Table1

Taxa / Sample number no.1 no.2

Actinocyclus ingens Rattray 1890 - 2

Actinocyclus ingens  f. planus  Whiting & Schrader 1985 24 29

Actinoptychus senarius  (Ehrenberg) Ehrenberg 1843 3 5

Cavitatus jouseanus  (Sheshukova) Williams 1989 + -

Cavitatus lanceolatus  Akiba & Hiramatsu 1993 14 9

Cocconeis  sp. 1 -

Coscinodiscus  cf. lewisianus  Greville 1866 - 1

Denticulopsis ichikawae  Yanagisawa & Akiba 1990 + 2

Denticulopsis lauta  (Bailey) Simonsen 1979 15 6

Grammatophora  sp. 1 -

Kisseleviella  sp. + -

Melorisa  (?) sp. - 1

Paralia sulcata (Ehrenberg) Cleve 1873 9 7

Rhaphidodiscus  sp. 1 -

Rhaphoneis gemmifera  Ehrengerg 1844 - +

Thalassionema  spp. 32 37

Thalassiosira  sp. - 1

Total nunber of valves counted 100 100

Resting spore of Chaetoceros 9 19

+: spiceies encountered after the routine count, -: absent

第1表  越生町六地蔵の珪藻化石産出表

Table 1  Occurrence of diatoms in sandy siltstone samples collected from 
Rokujizo, Ogose Town, Saitama Prefecture, Japan.
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図版1  越生町六地蔵から産出した珪藻化石

Plate 1  Fossil diatoms in the sandy siltstone samples collected from Rokujizo, Ogose Town, 
Saitama Prefecture, Japan.

1–3 Denticulopsis lauta (Bailey) Simonsen [no.1]

4–5 Denticulopsis ichikawae Yanagisawa & Akiba [4: no.1, 5: no.2]

6 Rhaphidodiscus sp. [no.1]

7 Melorisa (?) sp. [no.2]

8 Rhaphoneis gemmifera Ehrenberg [no.2]

9–11 Cavitatus lanceolatus Akiba & Hiramatsu [9, 10: no.1, 11: no.2]

12–16 Thlassionema spp. [no.1]: 12–14: T. nitzschioides (Grunow) Mereschkowsky, 15: T. cf. 

hirosakiensis (Kanaya) Schrader, 16: T. cf. nitzschioides (Grunow) Mereschkowsky.

17 Grammatophora sp. [no.1]

18–19 Actinoptychus senarius (Ehrenberg) Ehrenberg [no.2]

20–21 Paralia sulcata (Ehrenberg) Cleve [20: no.2, 21: no.1]

22–23 Actinocyclus ingens f. planus Whiting & Schrader [no.1]

24–25 Coscinodiscus cf. lewisianus Greville [no.2]
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地質調査総合センターの最新出版物

 5 万分の 1 地質図幅 桐生及足利
   和気
   豊田
      
 20 万分の 1 地質図幅 宮津（第 2 版）

 海洋地質図 No. 91 種子島付近海底地質図
   No. 92 久米島周辺海域海洋地質図

 火山地質図 No. 21 恵山火山地質図
   No. 22 日光白根及び三岳火山地質図

 海陸シームレス地質図 S-7 海陸シームレス地質情報集 ｢ 相模湾沿岸域 ｣

 大規模火砕流分布図  No. 1 姶良カルデラ入戸火砕流堆積物分布図

 特殊地質図 No. 42 多摩川低地の沖積層アトラス

 その他 東・東南アジア磁気異常図 改訂版（第 3 版）
   中部地方の地球化学図
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