
Ductilely deformed cherts within intrusive sandstones of the Yoshii Group of 
the Akiyoshi terrane in Southwest Japan: Consolidation time of Permian cherts

Abstract

This article describes ductilely and brittlely deformed chert blocks 
within intrusive sandstones of the Yoshii Group (Akiyoshi terrane: 
Permian accretionary complex) at Kurotaki in the Mihara area, west 
Okayama Prefecture, southwest Japan. The ductilely deformed chert 
blocks within the intrusive sandstones are elongated and have slightly 
preferred orientation. A chert bed just below the intrusive sandstone 
yielded Pseudoalbaillella sp. cf. P. longtanensis Sheng et Wang, 
Pseudoalbaillella sp. cf. P. scalprata Holdsworth et Jones, Pseudoalbaillella 
spp., Pseudotormentus sp. cf. P. kamigoriensis De Wever et Caridroit, 
Trilonche? sp., spherical radiolarians, and sponge spicules (monaxon). 
Pseudoalbaillella longtanensis is a characteristic species of the P. 
longtanensis Assemblage-Zone corresponding tentatively to the 
Kungurian of the Cisuralian (Lower Permian). The presence of the 
ductilely deformed cherts indicates the possibility that the siliceous 
deposits were not yet consolidated when the sandstones intruded. The 
intrusive sandstones may have originated in terrigenous clastic, which is a 
component of chert–clastic sequences of the Yoshii Group in the Mihara 
area. In this case, the Permian chert stayed unconsolidated for more 
than 10 m.y.
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Introduction

Silica (SiO2) is a polymorphic chemical compound 
that commonly occurs in nature (Iler, 1979). Some 
organisms, such as polycystine radiolarians, glass 
sponges, and diatoms, possess skeletons composed of 
amorphous silica (e.g., Hasse, 1988; DeMaster, 2003). 
Many researchers have investigated diagenetic 
processes of biogenic silica by using siliceous sediments 
and rocks from marine cores (e.g., von Rad et al., 1978; 
Riech and von Rad, 1979), on land (e.g., Brueckner et al., 
1987; Lynne and Campbell, 2004; Lynne et al., 2005; Behl, 
2011), and in laboratory experiments (e.g., Williams et al., 
1985; Hasse, 1988). These previous studies clarified the 
following characteristics: biogenic silica accumulates in 

ocean basin; siliceous ooze comprising biogenic silica 
forms into cherts through the diagenetic process; 
opal-A (amorphous silica) is transformed into crystalline 
quartz via opal-CT (cristobalite and tridymite) in the 
process; opal-A, opal-CT, and quartz have differences 
in some chemical and physical features; and the 
transition of these isomers is affected by factors such 
as pressure and temperature. The simplified diagenetic 
processes and differences in the features of opal-A, 
opal-CT, and quartz are shown in Fig. 1, which is 
based on some previous studies (e.g., von Rad et al., 
1978; Riech and von Rad, 1979; Williams et al., 1985; 
Brueckner et al., 1987; Lynne and Campbell, 2004; 
Lynne et al., 2005; Behl, 2011). The differences involve 
distinct deformation structures (Brueckner et al., 1987). In 
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other words, the deformation structure of a consolidated 
chert records its diagenetic process before its 
consolidation. 

The eastern margin of East Asia has a long-ranging 
geologic record of subduction zones from the Paleozoic to 
the present because wide-age accretionary complexes 
(ACs) are exposed, especially in the Japanese Islands 
(e.g., Isozaki et al., 2010). Some researchers have 
reported intrusive sandstones with deformed cherts in 
the mid-Mesozoic ACs of Southwest Japan (Otsuka, 
1989; Kimura and Hori, 1993; Umeda et al., 2006). These 
researchers demonstrated ductilely deformed cherts 
with intrusive sandstones and concluded that the 
intrusions were caused before the cherts consolidated. 
In contrast to the mid-Mesozoic ACs, few studies have 
described the deformation structure of cherts within 

Fig. 1. Simplified scheme showing diagenetic processes of 
biogenic silica and the differences in the features among 
opal-A, opal-CT, and quartz (based on some previous 
studies, such as von Rad et al., 1978; Riech and von Rad, 
1979; Williams et al., 1985; Brueckner et al., 1987; Lynne and 
Campbell, 2004; Lynne et al., 2005; Behl, 2011). 

Fig. 2. Index maps of the study area (modified from Ito and Matsuoka, 2015a). A. Distribution of the Akiyoshi 
terrane in the Inner Zone of Southwest Japan (modified from Kanmera et al., 1990). M. T. L.: Median Tectonic 
Line. B. Simplified geological maps around the Yoshii area, western Okayama Prefecture (modified from 
Teraoka et al., 1996). 
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Paleozoic ACs in Southwest Japan. Sano et al. (1987) 
noted intrusive sandstones within chert beds of the 
Yoshii Group in the Yoshii area of west Okayama 
Prefecture belonging to the Akiyoshi terrane, which is 
a Permian AC; however, they made no mention of its 
deformation structure. 

We previously have surveyed the Yoshii Group in 
the Yoshii area (e.g., Ito and Matsuoka, 2009, 2015a). 
Intrusive sandstones with deformed cherts were 
observed in the Yoshii Group at Kurotaki in the 
Mihara area. In this article, we describe ductilely and 
brittlely deformed cherts with intrusive sandstones 
and report the microfossil occurrences from a chert 
bed just below the intrusive sandstones. We then 
discuss the consolidation time of the Permian cherts. 

Geologic outline

The Akiyoshi terrane is a Permian AC that is 
distributed over the Inner Zone of Southwest Japan 
(Fig. 2A). The Akiyoshi terrane is characterized by 
large calcareous rock masses and surrounding non-
calcareous rocks (Kanmera et al., 1990). The latter 
constitutes chert–clastic sequences (CCSs) ranging 
from the Pennsylvanian to Guadalupian (Carboniferous 
to Permian). 

The Yoshii Group (Yoshimura, 1961) belongs to the 
Akiyoshi terrene and is distributed over the Yoshii 
area in west Okayama Prefecture (Fig. 2B). This group 
consists mainly of cherts, mudstones, and sandstones 
(Yoshimura, 1961; Sano et al., 1987). Cisuralian–
Guadalupian (Early–Middle Permian) microfossils have 

Fig. 3. A. Index map of Kurotaki (modified from 1:25000 map of "Jito", by the Geospatial Authority of Japan). 
B. Chert exposures at Kurotaki. C. An outcrop of cherts with intrusive sandstones. 
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Fig. 4. Field occurrences (A–D), polished section (E), and thin sections (F–H) of chert beds and blocks and intrusive 
sandstones at Kurotaki. CH: chert; SS: sandstone. White arrows indicate cherts blocks within intrusive sandstones. A. 
Intrusive sandstones which are seemingly parallel to the chert beds (lower part) and are oblique (upper part). B. Chert beds 
and intrusive sandstones which form pinch-and-swell structures. C. Angular chert block included in intrusive sandstones. D. 
Chert blocks within intrusive sandstones. E. Elongated ductilely deformed chert blocks within intrusive sandstones. F. 
Brittlely deformed chert blocks within intrusive sandstones (cross nicol). G. Elongated ductilely deformed chert blocks within 
intrusive sandstones (cross nicol). H. Angular step (white dashed line) of a chert block within intrusive sandstones (open nicol). 
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been found in the Yoshii Group (Sada et al., 1985, 1992; 
Sano et al., 1987; Ito and Matsuoka, 2015a). The Yoshii 
Group in the Yoshii area is bounded by the Sembo 
Fault striking approximately N–S. We have named the 
western and eastern parts the Mihara and Otakeyama 
areas, respectively (Fig. 2B). Ito and Matsuoka (2015a) 
recognized an imbricate structure that CCSs repeat in 
the Yoshii Group in the Otakeyama area. 

Materials and methods

Cherts are widely exposed along the Shigikawa 
River in Kurotaki (Figs. 3A, 3B). We observed the field 
occurrence, polished section, and thin section of the 
cherts and intrusive sandstones (Fig. 4). 

Twenty-eight rock samples were collected from 
Kurotaki for extraction of microfossils by a hydrofluoric 
acid (HF) treatment. The collected samples were soaked 
in an HF solution (ca. 5%) for 24 h at room temperature. 
After the used HF solution was removed, adequate 

residues were collected through a sieve with a mesh 
diameter of 0.054 mm. The sieved residues were dried. 
Radiolarian tests and sponge spicules were picked up 
under a binocular microscope and mounted on stubs. 
The specimens on stubs were photographed with a 
scanning electronic microscope (SEM). Parts of the 
residues were enclosed within slides prepared with a 
mounting medium (Entellan new). The slides were 
observed under a transmitted light microscope and 
photographed. 

Deformation of cherts with intrusive sandstones

Sandstones intrude into chert beds (Fig. 3C). The 
sandstones form pinch-and-swell structures up to ca. 
50 cm in width (Fig. 4B). Some intrusive sandstones 
are seemingly parallel to the chert beds (e.g., lower 
part of Fig. 4A), whereas other intrusive sandstones 
are oblique (e.g., upper part of Fig. 4A). The intrusive 
sandstones include chert blocks with diameters of 

Fig. 5. Photomicrographs of microfossils from a red chert bed (sample IT09072308) of the Yoshii Group in Kurotaki. 1–3.
Pseudoalbaillella sp. cf. P. longtanensis Sheng et Wang, 1985. 4, 7. Pseudoalbaillella sp. 5. Pseudotormentus sp. cf. P. kamigoriensis 
De Wever et Caridroit, 1984. 6. Pseudoalbaillella sp. cf. P. scalprata Holdsworth et Jones, 1980. 8. sponge spicule (monaxon). 9. 
Trilonche? sp. 
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several centimeters (Figs. 4C, 4D) to several millimeters 
(Figs. 4E–4G). 

The intrusive sandstones are fine- to coarse-grained 
lithic arenite with a few clay minerals and include 
chert blocks (Figs. 4F–4H). The chert blocks are 
composed of cryptocrystalline quartz (Figs. 4F–4H). 
Little gray dots , which were presumed to be 
microfossil remains, can be observed in the chert 
blocks (Fig. 4E). 

Some of the chert blocks within the intrusive 
sandstones are ductilely deformed (Figs. 4D, 4E, 4G). 
The ductilely deformed chert blocks are elongated 
(Figs. 4E, 4G). The elongated chert blocks have a 
slightly preferred orientation under the observation of 
the polished and thin sections, such as right–left in Fig. 
4E and top–bottom in Fig. 4G. The ductilely deformed 
chert blocks range from a few centimeters (Fig. 4E) to 
several millimeters (Fig. 4G). Other chert blocks are 
brittlely deformed (Figs. 4C, 4F, 4H). The brittlely 
deformed chert blocks are angular or sub-angular and 
have no clear preferred orientation (Figs. 4C, 4F). The 
largest brittlely deformed chert blocks are up to ca. 10 
cm in diameter (Fig. 4C). 

Microfossil occurrences

Radiolarian tests and sponge spicules were 
extracted from only one sample (IT09072308) collected 
from a red chert bed just below the intrusive sandstone 
at Kurotaki (Fig. 3C). No microfossil occurred in the 
chert blocks within the intrusive sandstones.

The sample (IT09072308) yielded Pseudoalbaillella sp. 
cf. P. longtanensis Sheng et Wang, Pseudoalbaillella sp. 
cf. P. scalprata Holdsworth et Jones, Pseudoalbaillella 
spp., Pseudotormentus sp. cf. P. kamigoriensis De Wever 
et Caridroit, Trilonche? sp., spherical radiolarians, and 
sponge spicules (monaxon) (Fig. 5). The specimens 
identified as Pseudoalbaillella sp. cf. P. longtanensis 
(Figs. 5.1–5.3) are characterized by a straight 
pseudoabdomen with segments and small pseudothorax. 
These specimens differ from Pseudoalbaillella species 
having an unsegmented pseudoabdomen (e .g . , 
Pseudoalbaillella elegans Ishiga et Imoto, Pseudoalbaillella 
elongata Ishiga et Imoto), curved pseudoabdomen (e.g., 
Pseudoalbaillella sakmarensis (Kozur), Pseudoalbaillella 
chilensis Ling et Forsythe), and larger pseudothorax 
(e.g., Pseudoalbaillella lomentaria Ishiga et Imoto). 
Although Pseudoalbaillella fusiformis (Holdsworth et 
Jones) has a small pseudothorax and segmented 
pseudoabdomen, it has an inflated second segment in 
the pseudoabdomen (e.g., Ito et al., 2015). The specimens 

resemble Pseudoalbaillella ishigai Wang, which is 
characterized by having five segments in the 
pseudoabdomen (Wang et al., 1994); however, the 
specimens seem to have four or less segments in the 
pseudoabdomen despite the poor fossil preservation. 
The specimen identified as Pseudoalbaillella sp. cf. P. 
scalprata (Fig. 5.6) has a triangular outline in the 
pseudoabdomen, which is a major characteristic of the 
species (Holdsworth and Jones, 1980). The specimen differs 
from Pseudoalbaillella postscalprata Ishiga and 
Pseudoalbaillella rhombothoracata Ishiga in having a 
shorter pseudoabdomen (Ishiga, 1983). The specimen 
identified as Pseudotormentus sp. cf. P. kamigoriensis 
(Fig. 5.5) has three co-planner rays without meshwork 
between two rays and no secondary shell, which are 
major taxonomic criteria of this genus (Caridroit and 
De Wever, 1986). Ito et al. (2014, 2016) showed that an 
uneven d istr ibut ion of  Pseudotormentus i . e . , 
Pseudotormentus occurred mainly in deposits on the 
Panthalassa. The specimen identified as Trilonche? sp. 
(Fig. 5.9) has a cortical shell with lattice pores, which is 
a similar characteristic of some species of Trilonche 
Hinde; however, Trilonche is diagnosed by inner 
structure (Hinde, 1899, emend. Aitchison and Stratford, 
1997). The inner structure of the specimen was 
unobserved; therefore, the identification is undetermined 
here. 

Age assignment of the chert bed

Pseudoalbaillella longtanensis is the characteristic 
species of the Pseudoalbaillella longtanensis Assemblage-
Zone in Southwest Japan (Ishiga, 1990). Meanwhile, 
Pseudoalbaillella longtanensis was found with Albaillella 
sinuata Ishiga et Watase (e.g., Ito and Matsuoka, 
2015b), which is a diagnostic species of the A. sinuata 
Range-Zone in Southwest Japan (Ishiga, 1990). Based 
on the distribution range of species by Ishiga (1990), the 
occurrence of Pseudoalbaillella scalprata is restricted to 
the Pseudoalbaillella lomentaria R-Zone and the 
Pseudoalbaillella rhombothoracata A-Zone. For this 
paper, we tentatively assigned the sample to the 
Pseudoalbaillella longtanensis A-Zone, although it may 
correspond to older zones. 

The Pseudoalbaillella longtanensis A-Zone is located 
between the A. s inuata Range-Zone and the 
Pseudoalbaillella globosa A-Zone according to Ishiga 
(1990). Ishiga and Suzuki (1984) found the conodonts 
Hindeodus minutus (Ellison) and Diplognathodus sp. cf. 
D. nodosus Igo with A. sinuata. Diplognathodus 
nodosus is a characteristic species of the D. lanceolatus–



Ductilely deformed cherts within intrusive sandstones 101

D. nodosus zone of the Leonardian (corresponding 
approximately to the Artinskian and Kungurian) (Igo, 
1981). Hindeodus minutus was found in the Asselian, 
Sakmarian, and Artinskian (Kozur, 1995). These 
occurrences suggest that the A. sinuata R-zone 
corresponds to the Artinskian. Zhang et al. (2010) 
showed that the first appearance (FA) of Jinogondolella 
nankingensis gracilis (Clark et Ethington) is the same as 
the FA of Pseudoalbaillella globosa Ishiga et Imoto. The 
FA of J. nankingensis gracilis defines the base of the 
Roadian ,  which suggest that the base of the 
Pseudoalbaillella globosa A-zone corresponds to the 
base of the Roadian. On the basis of the stratigraphic 
relationship, the Pseudoalbaillella longtanensis A-Zone 
corresponds tentatively to the Kungurian of the 
Cisuralian (Lower Permian). 

Sano et al. (1987) reported radiolarian fossils from 
cherts at two points (A1, H4) surrounding intrusive 
sandstones. According to Sano et al. (1987), the sample 
from A1 yielded Pseudoalbailella sp. cf. P. lomentaria; 
the sample from H4 yielded Pseudoalbaillella sp. and A. 
asymmetrica Ishiga et Imoto. Pseudoalbaillella lomentaria 
is a diagnostic species of the Pseudoalbaillella lomentaria 
R-Zone. 

Fig. 6. Reconstructed column showing chert–clastic sequence with intrusive sandstones of the Yoshii Group 
in the Mihara area. Relationships between lithology and radiolarian zones are based on Sano et al. (1987). Age 
is after Henderson et al. (2012); radiolarian zones are after Ishiga (1990) and Kuwahara et al. (1998). Note: this 
figure is based on the following assumptions: the intrusive sandstones were originated in the sandstone beds 
of the Yoshii Group; the strata of the Yoshii Group comprise one oceanic plate stratigraphy. 

Consolidation time of the Permian cherts

In general, the deformation fashion and pressure 
solution are controlled by several factors. For example, 
Tada and Siever (1989, p. 112) stated that “Pressure 
solution is a complex process controlled by (a) 
cementation, (b) clay, (c) grain size, (d) grain mineralogy, 
(e) burial depth (temperature and pressure), (f) time, and 
(g) solution chemistry”. The consolidation of siliceous 
sediments differs with the mineral constitution, which 
varies with diagenesis (Fig. 1). The silica phase change 
is also controlled by several factors, such as silica 
content (e.g. , Isaacs, 1982), water content (e.g. , 
Herdianita et al., 2000; Day and Jones, 2008), and pore 
water chemistry (e.g., Ireland et al., 2010). Brueckner et 
al. (1987) determined siliceous sediments in the 
Golconda allochthon in Nevada and drew the following 
conclusions: high porosity, weakly lithified, and highly 
soluble opal-A deforms in a ductile fashion and 
develops pressure-solution features, while quartz 
cherts develop a brittle structure and fewer pressure-
solution features because of their low porosity, strong 
lithification, and low solubility. 

The cherts within the intrusive sandstones of the 
Yoshii Group are both ductilely and brittlely deformed; 
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a slightly preferred orientation was recognized in the 
ductilely deformed chert blocks (Figs. 4E–4H). Other 
minerals have no deformation and no preferred 
orientation. These observation imply that the chert 
beds retained ductility when the sandstone intruded 
into it. According to Brueckner et al. (1987), the 
presence of ductilely deformed cherts in the Yoshii 
Group indicates the possibility that the chert bed was 
still unconsolidated at that time.

There is no direct evidence to indicate the origin of 
the intrusive sandstones; however, the sandstone is 
composed of fine- to coarse-grained lithic arenite (Figs. 
4G, 4H), which is almost the same as the sandstone 
beds of the Yoshii Group (Sano et al., 1987; Ito and 
Matsuoka, 2015a) .  Sano et al .  (1987) reported 
Pseudoalbaillella monacantha (Ishiga et Imoto) from 
siliceous mudstones underlying alternating beds of 
sandstones and mudstones .  We obta ined the 
radiolarian assemblages of the Pseudoalbaillella 
longtanensis A-Zone of the Kungurian. Consequently, 
the consolidation time of the Permian cherts took more 
than 10 m.y. at minimum (Fig. 6) under the following 
assumptions: the sandstone intrusion started before 
the consolidation of the chert beds; the intrusive 
sandstones originated in the sandstone beds of the Yoshii 
Group; and the strata comprise the stratigraphy of one 
oceanic plate. 

Acknowledgments

The authors wish to thank Dr. T. Kurihara (Niigata 
University) for critical review that improves this 
manuscript; Mr. Y. Kitagawa (Mitsubishi Material 
Techno Co.) for his help to collect the literature of 
Brueckner et al. (1987); Dr. T. Ogawara (Itoigawa City) 
and Mr. Y. Nakamura (Niigata University) for their 
help when we made thin sections and observed them. 

References

Aitchison, J. C. and Stratford, J. M. C., 1997, Middle Devonian 
(Givetian) Radiolaria from Eastern New South Wales, 
Australia: a reassessment of the Hinde (1899) fauna. Neues 
Jahrbuch für Geologie und Paläontologie Abhandlungen, 
203, 369–390.

Behl, R. J., 2011, Chert spheroids of the Monterey Formation, 
California (USA): early-diagenetic structures of bedded 
siliceous deposits. Sedimentology, 58, 325–351.

Brueckner, H. K., Snyder, W. S. and Boudreau, M., 1987, 
Diagenetic controls on the structural evolution of 
siliceous sediments in the Golconda allochthon, Nevada, 
U.S.A. Jour. Struct. Geol., 9, 403–417.

Caridroit, M. and De Wever, P., 1986, Some Late Permian 
radiolarians from pelitic rocks of the Tatsuno formation 
(Hyogo Prefecture), southwest Japan. Marine Micropaleont, 
11, 55–90.

Day, R. and Jones, B., 2008, Variations in water content in 
opal-A and opal-CT from geyser discharge aprons. 
Jour. Sediment. Res., 78, 301–315.

DeMaster, D. J., 2003, The diagenesis of biogenic silica: 
chemical transformations occurring in the water column, 
seabed, and crust. Treatise Geochem., 7, 87–98.

Hasse, R., 1988, Diagenesis #13. Origin of chert: Diagenesis 
of biogenic siliceous sediments. Geosci. Canada, 15, 
171–192.

Henderson, C. M., Davydov, V. I. and Wardlaw, B. R., 2012, 
The Permian period. In Gradstein, F. M., Ogg, J. G., 
Schmitz, M. D. and Ogg, G. M., eds., The Geologic 
Time Scale 2012. Elsevier, Amsterdam, 653–679.

Herdianita, N. R., Browne, P. R. L., Rodgers, K. A. and 
Campbell, K. A., 2000, Mineralogical and textural changes 
accompanying ageing of silica sinter. Mineralium 
Deposita, 35, 48–62.

Hinde, G. J., 1899, On the radiolaria in the Devonian rocks of 
New South Wales. Quarterly Jour. Geol. Soc. London, 
55, 38–64.

Holdsworth, B. K. and Jones, D. L., 1980, Preliminary 
radiolarian zonation for Late Devonian through Permian 
time. Geology, 8, 281–285.

Igo, H., 1981, Permian conodont biostratigraphy of Japan. 
Paleont. Soc. Japan, Spec. Paper, 24, 1–50.

Iler, R. K., 1979, The Chemistry of Silica: Solubility, 
Polymerization, Colloid and Surface Properties and 
Biochemistry of Silica. Plenum Press, 896p.

Ireland, M. T., Goulty, N. R., and Davies, R. J., 2010, Influence 
of pore water chemistry on silica diagenesis: Evidence 
from the interaction of diagenetic reaction zones with 
polygonal fault systems. Jour. Geol. Soc., 167, 273–279.

Isaacs, C. M., 1982, Influence of rock composition on kinetics 
of silica phase changes in the Monterey Formation, 
Santa Barbara area, California. Geology, 10, 304–308.

Ishiga, H., 1983, Morphological change in the Permian 
Radiolaria Pseudoalbaillella scalprata in Japan. Trans. 
Proc. Palaeont. Soc. Japan, New Ser., no. 129, 1–8.

Ishiga, H., 1990, Paleozoic radiolarians. In Ichikawa, K., 
Mizutani, S., Hara, I., Hada, S. and Yao, A., eds., Pre-
Cretaceous Terrane of Japan. Publication of IGCP project 
No. 224, Pre-Jurassic Evolution of Eastern Asia, 285–295.

Ishiga, H. and Suzuki, S., 1984, Discovery of Permian 
radiolarians and conodonts from the Shimomidani 
Formation in the “Maizuru Belt”, Southwest Japan and 
its significance. Earth Sci. (Chikyu Kagaku), 38, 197–206.

Isozaki, Y., Aoki, K., Nakama, T. and Yanai, S., 2010, New 
insight into a subduction-related orogen: A reappraisal 
of the geotectonic framework and evolution of the 
Japanese Islands. Gondwana Res., 18, 82–105. 

Ito, T., Feng, Q. L. and Matsuoka, A., 2014, Permian 
radiolarian distribution: endemism of Pseudotormentus 
De Wever et Caridroit, 1984. Sci. Rep. Niigata Univ.. 
(Geol.), no. 29 (Supplement), 45–46. 

Ito, T., Feng, Q. L. and Matsuoka, A., 2015, Taxonomic 
significance of short forms of middle Permian Pseudoalbaillella 



Ductilely deformed cherts within intrusive sandstones 103

Holdsworth and Jones, 1980 (Follicucullidae: Radiolaria). 
Rev. Micropaléont., 58, 3–12.

Ito, T., Feng, Q. L. and Matsuoka, A., 2016, Uneven 
distribution of Pseudotormentus De Wever et Caridroit 
(Radiolaria, Protozoa): Provincialism of a Permian 
planktonic microorganism. Acta Geol. Sinica, 90, 1598–
1610.

Ito, T. and Matsuoka, A., 2009, Lithostratigraphy and 
radiolarian dating of the Yoshii Group in the Otake-
yama Area, Okayama Prefecture, southwest Japan: A 
Permian accretionary complex with a pile-nappe 
structure. Abstr. 12th INTERRAD (Nanjing, China), 90–91. 

Ito, T. and Matsuoka, A., 2015a, Imbricate structure of the 
Permian Yoshii Group in the Otakeyama area, Okayama 
Prefecture, southwest Japan. Frontiers Earth Sci., 9, 
152–163. 

Ito, T. and Matsuoka, A., 2015b, Swollen type of Albaillella 
sinuata Ishiga and Watase (Permian radiolaria) from a 
chert boulder in Ie-jima Island, Okinawa Prefecture, 
Japan. News Osaka Micropaleontol. (NOM), Spec. Vol., 
no. 15, 207–217.

Kanmera, K., Sano, H. and Isozaki, Y., 1990, Akiyoshi 
Terrane. In Ichikawa, K., Mizutani, S., Hara, I., Hada, S. 
and Yao, A., eds., Pre-Cretaceous Terrane of Japan. 
Publication of IGCP project No. 224, Pre-Jurassic Evolution 
of Eastern Asia, 49–62.

Kimura, K. and Hori, R., 1993, Offscraping accretion of 
Jurassic chert-clastic complexes in the Mino-Tamba 
Belt, central Japan. Jour. Struct. Geol., 15, 145–61.

Kozur, H., 1995, Permian conodont zonation and its 
importance for the Permian stratigraphic standard 
scale. Geology und Paläontologie Mitteilungen Innsbruck, 
20, 165–205.

Kuwahara, K., Yao, A. and Yamakita, S., 1998, Reexamination 
of Upper Permian radiolarian biostratigraphy. Earth 
Sci. (Chikyu Kagaku), 52, 391–404.

Lynne, B. Y. and Campbell, K. A., 2004, Morphological and 
mineralogical transitions from opal-A to opal-CT in low 
temperature siliceous diagenesis, Taupo Volcanic Zone, 
New Zealand. Jour. Earth Sci., 40, 1679–1696.

Lynne, B. Y., Campbell, K. A., Moore, J. N. and Browne, P. R. 
L., 2005, Diagenesis of 1900-year-old siliceous sinter 
(opal-A to quartz) at Opal Mound, Roosevelt Hot 
Springs, Utah, U.S.A. Sediment. Geol., 179, 249–278 

Otsuka, T., 1989, Mesoscopic folds of chert in Triassic–
Jurassic chert–clastics sequence in the Mino Terrane, 
central Japan. Jour. Geol. Soc. Japan, 95, 97–111.

Riech, V. and von Rad, U., 1979, Silica diagenesis in the 
Atlantic Ocean: Diagenetic potential and transformations. 
In Talwani, M., Hay, W. and Ryan, W. B. F., eds., Deep 

Drilling Results in the Atlantic Ocean: Continental 
Margins and Paleoenvironment. Maurice Ewing Ser., 3, 
American Geophysical Union, 315–340.

Sada, K., Oho, Y., Inoue, M., Koike, T., Okada, D. and 
Kaneko, K., 1985, A discovery of the microfossil faunas 
from the Otake Formation in Okayama Prefecture, 
western Japan. Proc. Japan Acad., Ser. B, 61, 197–199

Sada, K., Takata, Y. and Oho, Y., 1992, Radiolarian faunas 
discovered from the Yoshii Group in Okayama Prefecture, 
western Japan. In Ishizaki, K. and Saito, T., eds., 
Centenary of Japanese Micropaleontology. Terra Scientific 
Publishing Company, Tokyo, 383–387.

Sano, H., Iijima, Y. and Hattori, H., 1987, Stratigraphy of the 
Paleozoic rocks in the Akiyoshi Terrane of the central 
Chugoku Massif. Jour. Geol. Soc. Japan, 93, 865–880 (in 
Japanese with English abstract).

Tada, R. and Siever, R., 1989, Pressure solution during 
diagenesis. Ann. Rev. Earth Planet. Sci., 17, 89–118.

Teraoka, Y., Matsuura, H., Matsumoto, H., Yoshida, S., 
Kamiya, M., Hiroshima, T., Komazawa, M. and Shichi, 
R., 1996, Geological Map of Japan 1:200,000, Takahashi. 
Geological Survey of Japan, AIST, Tsukuba (in Japanese 
with English abstract). 

Umeda, M., Taga, H. and Hattori, I., 2006, A sandstone sheet 
intercalated in layered cherts of the Tamba Terrane, 
Ohi-Cho, Fukui Prefecture. Bull. Fukui City Mus. Nat. 
Hist., 53, 41–50 (in Japanese with English abstract).

von Rad, U., Riech, V. and Rösch, H., 1978, Silica diagenesis 
in continental margin sediments off Northwest Africa. 
Init. Repts. DSDP, 41, 879–905.

Wang, Y. J., Chen, Y. N. and Yang, Q., 1994, Biostratigraphy and 
systematic of Permian radiolarian in China. Palaeoworld, 
4, 172–202.

Williams, L. A., Parks, G. A. and Crerar, D. A., 1985, Silica 
diagenesis, I. Solubility controls. Jour. Sediment. Petrol., 
55, 301–311.

Yoshimura, N., 1961, Geological studies of the Paleozoic 
groups in the Oga Plateau, central Chugoku, Japan. 
Geol. Rep. Hiroshima Univ., 10, 1–36 (in Japanese with 
English abstract).

Zhang, N., Henderson, C. M., Xia, W. C., Wang, G. Q. and 
Shang, H. J., 2010, Conodonts and radiolarian through 
the Cisuralian–Guadalupian boundary from the 
Pingxiang and Dachongling sections, Guangxi region, 
South China. Alcheringa: Australian Jour. Palaeont., 
34, 135–160.

Received March 3, 2015.
Accepted April  20, 2016.



Tsuyoshi Ito and Atsushi Matsuoka104

　　（要　旨）

Ito, T. and Matsuoka, A., 2016, Ductilely deformed cherts within intrusive sandstones of 
the Yoshii Group of the Akiyoshi terrane in Southwest Japan: Consolidation time of 
Permian cherts. News of Osaka Micropaleontologists (NOM), Special Volume, No. 16, 
95-104. （伊藤 剛・松岡 篤, 2016, 秋吉テレーン芳井層群の貫入性砂岩中にみられる延性変形
チャート：ペルム系チャートの固結時間. 大阪微化石研究会誌, 特別号, No. 16, 95-104.）
　本論では，岡山県西部三原地域黒滝に露出する芳井層群（ペルム紀付加体秋吉テレーン）
の貫入性砂岩中に含まれるチャートブロックの延性変形および脆性変形を記載する．貫入性
砂岩中に含まれる延性変形したチャートブロックは，伸長しておりわずかに方向性がみられ
る．貫入性砂岩の直下の層状チャートから，Pseudoalbaillella sp. cf. P. longtanensis Sheng 
et Wang，Pseudoalbaillella sp. cf. P. scalprata Holdsworth et Jones，Pseudoalbaillella spp.，
Pseudotormentus sp. cf. P. kamigoriensis De Wever et Caridroit，Trilonche? sp.，球状放散
虫，そして海綿骨針（monaxon）が得られた．Pseudoalbaillella longtanensisは，Cisuralian
統（ペルム系下部統）Kungurian階に暫定的に対比される P. longtanensis群集帯の特徴種で
ある．延性変形しているチャートの存在は，砂岩が貫入した時点では珪質堆積物が未固結で
あった可能性を示す．貫入性砂岩は，三原地域の芳井層群のチャート ‐ 砕屑岩シーケンス
の構成要素である陸源性砕屑岩に由来するかもしれない．この場合，芳井層群のペルム系
チャートは少なくとも1000万年間にわたり未固結状態だったことになる．


