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Fig. 2 The outcrops in the study locality and the mode of occurrence of sandstone beds. a: The 

outcrops representing the transitional boundary between the Sorachi and Yezo groups in the 

quarry. b: Top view of the quarry. Three columnar sections in Figure 1 have been logged for the 

south, west and east side of the quarry, respectively, by combining multiple columnar sections. 

White dot line areas are the outcrops covered by sediments at present. c: Dark green-colored 

claystone in Unit 1. d: A turbidite bed (type 1) in Unit 4. e: A poorly sorted silty sandstone bed 

including plant debris and very angular rip-up clasts (type 2).!
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Table 1 Content rate of amber-concentrated beds. See Am in Figure 1-d for specific horizons. Amber 

concentration was estimated in the field as an area ratio of amber and sandstone of the exposed part 

as cross-sections and bedding planes.!
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Fig. 5 (continued)  
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Table 2 Summary of SHRIMP U-Pb isotopic compositions of zircon. 
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Fig. 7 Fluorescent tomograms showing soft-resin deformation structures of a planar-shaped amber 

of Am 01. a: Complex internal structures of a planar-shaped amber. b: Horizontally-oriented 

flame structures on the interface between sandstones and amber. c: Flame structures and 

ball-and-pillow structures of amber.!
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Fig. 9 Three dimensional mode of occurrence of ambers (Am01). a. The whole shape of 

Samples. b. Upper part of ambers. Amber pieces and fragments are dominant. c. Horizontal 

section of the amber. !
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Fig. 12 (continued) !
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plant debris forms stratifications, which are concordant with the surface of the bedforms, 

though truncation and cross-stratification are uncommon in their vertical sections. The 

long axis of the plant debris on the surfaces is aligned. This orientation is parallel to the 

trend of current lineation, which is developed on the surface of bedform Be 02 in Unit 4 

(Be in Fig. 1-d). 

 

DISCUSSION 

1. Amber deposited in hemi-pelagic environments 

   No reliable sedimentary structure indicating water depth below the storm wave base. 

Benthic foraminifera assemblages are often used to discuss paleobathymetry in the 

Cenozoic (e.g., Hayward, 2004; Van Hinsbergen et al., 2005). It however, is the fact 

that benthic foraminifera are poor preserved by dissolution in the deep pelagic sea 

bottom, and actually missing in our sediments. The ichnofacies index, which had been 

widely used for bathymetric evaluations, could not be  applied because distribution of 

benthic biota is not only affected by water depth but also other multiple factors such as 

substrate condition, dissolved oxygen level, food resources (e.g., Kotake, 2014). 

   Megafossils are very rare in the siliciclastic sequence of the studied quarry. Only a 

few shell-dissolved ammonoid fossils were recovered (Fig. 1). Most sandstone beds in 

Units 2 and 4 are interpreted as distal turbidites. A well-developed lamination caused by 

radiolarian skeletons and thin ash-fall tuff layers in the claystones of Units 1 and 3 

indicate a calm depositional environment and very slow sedimentation rates. The 

thickness of the mudstones, excluding the amber-concentrated sandstones, is estimated 
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Table 3 Summary of sedimentation rates in the geologic record.!
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Chapter 2 

The destruction events recorded in the lowest part of 

the Yezo Group in the Nakagawa area, northern 

Hokkaido 

 

ABSTRACT 

The Yezo Group is a thick terrestrial siliciclastic fore-arc basin deposit (Late Aptian 

to Paleocene), which is distributed from southern Hokkaido to Sakhalin, deposited 

along with the eastern margin of Eurasia. In the Nakagawa area, northern Hokkaido, 

lithofacies and biostratigraphy of the middle to the upper part of the Yezo Group have 

been established based on fossiliferous and continuous strata. Those of the lowest part 

of the Yezo Group are, however, still unclear because of lack of fossil occurrence and 

limitation of exposure of strata. In Chapter 1, amber- and plant debris-concentrated 

turbidites at the boundary between the Sorachi Group and the Yezo Group, and in the 

lowermost part of the Yezo Group were described in the Shimonakagawa Quarry. In 

some other localities in the Nakagawa area, chaotic deposits such as conglomerate beds 

and slumps inserted in siliceous mudstone have been sporadically recognized. 

The purpose of this chapter is to integrate the lithostratigraphy of the uppermost 

part of the Sorachi Group and the lowermost part of the Yezo Group in the Nakagawa 

area, focusing on the chaotic deposits. Results show that the chaotic deposits such as 

slump deposits are concentrated in the lowermost part of the Yezo Group. They 

strongly indicate that the presence of instability relating the destruction of the 

hinterland in a 20 km scale in the Nakagawa area, latest Aptian.  
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understand depositional process of the lowermost part of the Yezo Group in the 

Nakagawa area, toward for tracing tsunamites in Chapter 1 at regional 20 km scale. 

 

GEOLOGICAL SETTINGS AND METHODS 

The upper Cretaceous regional stratigraphy in the Nakagawa area has been 

established in previous studies (e.g., Matsumoto, 1942, 1943; Ijima and Shinada, 1952; 

Nagao, 1962; Hashimoto et al., 1967; Takahashi et al., 2003; Taki et al., 2011). The 

Sorachi Group in the Nakagawa area consists of the pillow lava, volcaniclastic 

sediments and siliceous sediments, in ascending order (e.g., Kawaguchi, 1997). The 

group is subdivided into four formations; The Onisashigawa, Osashima, 

Monomanaigawa, and Pechikunnai formations in ascending order (Kawaguchi, 1997). 

The Pechikunnai Formaiton is the uppermost part of the Sorachi Group and consist 

siliceous claystone and volcaniclastic sandstone. The Yezo Group is subdivided into 

nine formations and they are organized in three parts; the Kamiji Formation in the lower 

part, the Moihoro, Shirataki, Sakkotandake, Sakugawa, and Saku formations in the 

middle part, the Nishichirashinai, Omagari, and Osoushinai in the upper part 

(Kawaguchi, 1997; Takahashi, 2003). The Kamiji Formation conformably overly the 

Pechikunnai Formation (Sorachi Group) and stratigraphically represents the lower part 

of the Yezo Group (Iba et al., 2005). The formation consists mainly dark gray-colored 

mudstone and alternating beds of sandstone and mudstone, and subdivided into nine 

units (Kj1 to Kj8 in ascending order; Hashimoto et al., 1967).  

The boundary between the Sorachi and Yezo groups (The Pechikunnai Formation 

and the Kamiji Formation, respectively) is defined as a gradual transition green- to 

black-colored mudstone (Kawaguchi, 1997). That can be traced over 300 km from the 
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Fig. 2 Maps of the study area. a: Sakkotan area. b: Chirashinaigawa Creek. 

The dot lines indicate the route in the study area.  
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Fig. 4 Lithofacies of the uppermost part of the Sorachi Group in the Shimonakagawa 

quarry. Dark green-, gray- and dark gray-colored mudstone in Unit 1 (a) and 3 (b). 
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boundary, very fine- to medium-grained sandstone and dark gray-colored mudstone are 

distributed. Plant debris is occasionally included in sandstone. The total thickness is 610 

m. 

 

2-2.  Sakkotangawa Creek  

Pechikunnai Formation: Dark green-colored and non-bioturbated claystone and 

very fine-grained sandstone are developed. The total thickness is at least 30 m. 

The boundary between the Sorachi and Yezo groups: Gradual transition from the 

dark green- to dark gray-colored mudstone occurs. 

Kamiji Formation: The lowermost part of the formation consists of dark 

gray-colored mudstone (30 m thick), conglomerate, and very fine- to medium- grained 

sandstone. 6 m above the group boundary, medium-grained sandstone is deposited with 

folded mudstone (Fig. 7-c). The sandstone is not continuous between 1 m in a lateral 

side without faults. The sandstone holds dark gray-colored mudstone clasts in its lower 

part (7 cm in diameter). A conglomerate bed occurs 30 m above the group boundary 

(Fig. 7-b). Two conglomerate beds are distributed in 200 m thickness of the sequence. 

They are composed of round to sub-round pebbles of chert. The diameter of them is 

typically less than 10 mm. The lower conglomerate bed is 5.7 m in thickness. The upper 

conglomerate bed probably be divided into two beds because the dark gray-colored 

deformed mudstone is intercalated in them (Fig. 7-d). A slumping bed of mudstone is 

distributed 155 m above the boundary. A total thickness of the formation is at least 330 

m. 
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Fig. 6 Columnar sections in the Sakkotan area. 
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Fig. 9 Columnar section of the boundary between the Sorachi Group and the Yezo Group in the 

Chirashinaigawa Creek. #
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Fig. 10 Mode of occurrence of the boundary between the Sorachi and Yezo groups in the 

Chirashinaigawa Creek. a: The sketch of the boundary between the Sorachi Group and Yezo 

Group. b: The boundary between the Sorachi Group and the Yezo Group.#
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Fig. 11 The mode of occurrence of mud clasts. a: 30 cm-sized, dark gray-colored and 

ellipsoidal mud clast. b: The sketch of the mud clast. c: Fusiform-shaped dark green-colored 

mud clasts. d: Tightly folded mud clast. 
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Fig. 12 The mode of occurrence of the slump deposits. a: The whole shape. b: Sketch of 

the slump deposit. c: Cross section of the rolling structures. d: Soft-sediment deformation 

structures with plant laminae. e: Soft-sediment deformation structures with mudstone. 
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are occasionally concluded plant debris. Soft-sediment deformation structures are not 

observed in this part. Total thickness is 1080 m. 

 

DISCUSSION AND CONCLUSIONS 

1. Various lithofacies of the boundary between the Sorachi Group and the Yezo 

Group 

The transition from green-colored mudstone to black-colored mudstone along the 

Pechikunnai Creek in the Nakagawa area are defined as the boundary between the 

Sorachi and Yezo groups (Kawaguchi, 1997). The transition is not alternating beds of 

green- and black-colored mudstones but occur gradually. Chemostratigraphy of 

mudstone through from uppermost part of the Sorachi Group (Osashima and 

Pechikunnai formations) to the lowermost part of the Yezo Group (Kamiji Formation) in 

the Nakagawa area clearly show the difference between the Sorachi and Yezo groups 

and support the onset of continental origin sediment supply on the base of the Yezo 

Group (Kobayashi et al., 2009). The irreversible transition of the mudstone and 

subsequent terrestrial siliciclastic sediments has been recognized as the general trend of 

the boundary sequence through the Nakagawa area. 

In this study, the lithostratigraphy of the boundary between Sorachi and Yezo groups 

and lowermost part of the Yezo Group in three areas were descripted in detail. In the 

Shimonakagawa Quarry, complete sequence without faults from the uppermost part of 

the Sorachi Group and the lowermost part of the Yezo Group are reconstructed in this 

study. In the uppermost part of the Sorachi Group, dark green-, gray- and dark 

gray-colored claystone occur in turn in Unit 1. The dark gray-colored claystones are 

dominant in the uppermost part of the Unit 1. In addition, the 20-m-thick alternating 
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part of the Yezo Group (Unit 3 and lowermost part of the Unit 4) in the Shimonakagawa 

Quarry by U-Pb ages of two tuff layers (Chapter 1). This indicate that the depositional 

environment had not been changed and it was hemi-pelagic during the deposition of 

terrestrial organic-rich siliciclastic sediments (Unit 2 in Chapter 1).  

 

2a. !"#$% &' ()*' +,()-' *$#%./ &01)0$)-%(-$*' -2%#.*.-$/' .)' -3$' 43."1)(5 (6(7(' ' ' '

82(%%9:')1%-3$%)';(5(6(7( '

,-#./0#1/234-5657585#9:5;;<=#ambers and plant debris-concentrated turbidites are 

distributed in ./0# .;5->2.24-5?# @4:-A5;<# @0.800-# ./0# 14;5B/2# 5-A# C0D4# 7;4:E># 5-A#

?480;34>.# E5;.# 4F# ./0# C0D4# G;4:E# HI-2.# "# 5-A# !=# ;0>E0B.2J0?<KL# M/0# B4-.0-.# ;5.0># 4F#

./03#5;0#0N.;5O4;A2-5;<#/27/L#The organic-rich deposits clearly indicate the presence of 

large supply from lands. The land forest destruction and mass-transportation of its 

remains from lands to oceans by large-scale tsunamis are reconstructed (Chapter 1).  

 

2b. Conglomeratic gravity flow deposits in the Sakkotan area, central Nakagawa 

The Sakkotan area is characterized by the conglomerate beds in the lowermost part 

of the Yezo Group (e.g., Iba et al., 2005). The conglomerate beds are classified as the 

Onodera Sandstone and Conglomerate Member (defined by Ijima and Shimada, 1952 as 

the Onodera Sandstone Formation; revised by Taki et al, 2011; Nagao, 1962 as the 

Onodera Formation; Hashimoto et al., 1967 as a part of the KJ1 Member) The member 

typically consists sandstone associated with thick conglomerate bed. The conglomerate 

beds have been sporadically distributed in the range of 20 km scale (Taki et al., 2011); 

the Shimonakagawa area in northern Nakagawa, the Sakkotan area and the 

Okahonaigawa Creek in central Nakagawa (e.g. Igi, 1959; Taki et al., 2011; Hashimoto 
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et al., 1967). In this study, it is clear that the thickness of the conglomerate bed gets 

thinner and grain size of the pebbles get smaller from south to north in the 

Sakkotangawa Creek and the south forest road. In the north forest road, the 

conglomerate bed does not occur. Remarkable lateral transition that thin out in a 1 km 

scale occur in a narrower range than has been thought in previous thought. 

The conglomerate bed exposed in the Sakkotan south road has been well-described 

and considered as the conglomeratic gravity-flow deposits (Iba et al., 2005). Pebbles of 

shallow marine calcareous sediments (e.g., orbitolinid tests, rudist fragments and 

calcareous red algae) are included in the bed (Iba et al., 2005; Iba and Sano, 2006, 

2007). They indicate that the origin of the deposit is shallow-marine. Mesorbitolina 

parva, which is described from the Okahonaigawa Creek indicate that the generation of 

the pebbles and their supply are also in the Late Aptian age (Iba et al., 2005; Iba and 

Sano, 2007).  

 

2c.  Muddy slump deposits in the Chirashinaigawa Creek, southern Nakagawa 

The slump deposits in the lowermost part of the Yezo Group in the Chirashinaigawa 

Creek has been reported but not described in detail (Taki et al., 2011). In this study, it is 

clear that slump deposits are frequency occur in the Unit 1and 2 of lowermost part of 

the Yezo Group (275 m). In the Unit 1 of the muddy slump deposit just above the 

boundary between the Sorachi and Yezo groups, the sole large-scale mud clasts and 

concentration of the fusiform-shaped mud clasts are newly described (Fig. 10, 11). The 

shape of the mud clasts indicates the difference of hardness of them at the depositional 

time. The dark gray-colored ellipsoidal mud clasts should have passed the polishing 

process. This means that relatively semi- to mostly solidified mudstone block (Fig. 10, 
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11) had been generated by destruction of seafloors and submarine cliffs, where are 

shallower than the depositional area, and then polished during their transportation. 

Whereas, fusiform clasts show folding and twisted structures (Figs. 10 and 11). They 

are concentrated locally, not arranged along layers and not scattered in the muddy slump 

(Figs. 10 and 11). The distribution indicate that they had not much disturbed as to be 

scattered and sorted as to be arranged in the slump deposit. The mode of occurrence 

indicate that they had been peeled off from the seafloors relatively near the depositional 

area in the soft to semi-solidified condition. They had not dispersed because of the high 

viscosity of the muddy slump deposit. The mode of occurrence of large-scale mud clasts 

surrounded by the dark green-colored mudstone layer means that the dark green-colored 

mudstone on the surface of the sea floor in the depositional area had still been in a soft 

condition (Fig. 11). They had pushed up by the strike of the large-scale mud clast. From 

the evidence mentioned above, the origin of the muddy slump deposit is relatively far 

from the depositional area. They had related to the destruction of the sea bottom, not 

only reworking and failure of near seafloor sediments (Fig. 13).  

 

3. The various chaotic deposits on the hemi-pelagic sediments in the lowermost 

part of the Yezo Group in the Nakagawa area, northern Hokkaido 

The lowermost part of the Yezo Group in the Nakagawa area is characterized by 

various chaotic deposits; the amber- and plant debris-concentrated turbidites, 

conglomeratic gravity flow deposits with shallow-marine limestone pebbles and muddy 

slump deposit with large mud clasts (Fig. 14). The occurrence of the similar deposits 

over multiple horizons in each area, and significant difference between each area 

indicate that they depend on the source areas and supply route of the deposits.  
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Fig. 14 The correlation of the chaotic deposits in the boundary between the Sorachi and 

Yezo groups and lowermost part of the Yezo Group, the  Nakagawa area, northern 

Hokkaido, Japan. 
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The sources and processes of the chaotic deposits are reconstructed from their 

lithofacies. In the Shimonakagawa Quarry, extraordinary high-concentrated plant debris 

and amber in turbidites indicate that the wide destruction of the land forests by 

large-scale tsunamis (Chapter 1). In the Chirashinaigawa Creek, two types of the mud 

clasts in the muddy slump deposit (Fig. 11) indicate that they had related to the 

destruction of the seafloors which are far from the depositional area, not only reworking 

from near slopes. In the Sakkotan area, pebbles of the shallow-marine calcareous 

sediments included in the conglomeratic gravity flow deposit (Iba et al., 2005) indicate 

that the destruction of the shallow-marine area. As mentioned above, these deposits 

have common features that they are associated with the destruction of the hinterlands; 

lands, shallow-marine area, and seafloors. 

   

4. The destruction of land, shallow marine and seafloors in the Nakagawa area 

Based on the results, the chaotic deposits are concentrated in the lowermotst part of 

the Yezo Group and the boundary between the Sorachi and Yezo groups and reveal that 

the possibility of the destruction of the lands, shallow marine and seafloors (Fig. 14). It 

is unknown whether the sediments of slump deposits in the Chirashinaigawa creek and 

the conglomeratic gravity-flow deposits in the Sakkotan area are directly supplied from 

the source or had undergone multiple reworking. Iba and Sano (2006, 2007) discussed 

that both of destruction and supply of the conglomeratic gravity-flow deposits occurred 

in the same age, the Late Aptian. The unrounded and fusiform-shaped dark 

green-colored mud clasts (Fig. 11) included in the slump deposit indicate that they are 

eroded in the period that dark-green colored mudstone had are exposed on the seafloors 

or thinly-covered by dark gray-colored siltstone, and are still in unconsolidated 
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presence of unstable period which occur the destruction and slope failure of the 

hinterland.  

The boundary between the Sorachi and Yezo groups has been considered as a period 

of drastic tectonic changes, such as paleo-backland shifts by orogeny of hinterlands by 

westward subduction (e.g., Niida and Kito, 1986; Kiminami et al., 1992). The chaotic 

deposit sequences are located in the base of 8000-m-thick terrestrial siliciclastic 

sediments which supply into the Yezo for-arc basin from the latest Aptian to Paleocene. 

The frequent earthquakes and tsunamis would had been occurred in the early stage of 

the formation of the Yezo Group in the Nakagawa area, northern Hokkaido, in the latest 

Aptian.  

 

<= The various lithofacies of the destruction events'

Although it is clear that earthquakes and tsunamis affect various places such as 

lands to submarine, and make various sedimentary structures (e.g., Dawson and Stewart, 

2007; Montenat et al., 2007), it is impossible to grasp their scale only by tracing and 

correlating of the single lithofacies. In this study, the trace of the chaotic deposits, which 

are distributed in the same lithostratigraphic horizon in 20 km scale. They have 

common features of destruction of their hinterland. The destruction would occur in 

lands, shallow marine and seafloors. Their destructions cannot be grasped by the trace 

of the single facies. It is also cleared that the deposits which are related to be destructive 

events change their lithofacies depending on the conditions of the source and the route 

even though in a narrow scale (20 km scale). This study provides the importance of the 

trace of the deposits which changing their lithofacies by extracting the common features 

focusing their formation process.  
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Chapter 3 

Earliest history of the Yezo Group revealed by the 

calcareous sandstone olistoliths in the Horokanai area, 

Hokkaido, northern Japan 

 

ABSTRACT 

   The Yezo Group is a Cretaceous�±Paleocene fore-arc basin deposit along the eastern 

margin of the Eurasia, and its middle to upper part has been regarded as a reference 

marine succession of the Upper Cretaceous in the circum-North Pacific regions. 

Geological age of the lower part of the Yezo Group, especially of its lowest part, is, 

however, still unclear due to lack of index fossils, though it recorded important 

information for understanding the early history of the Yezo fore-arc basin. Here we 

describe an olistostrome deposit including calcareous sandstone olistoliths, intercalated 

in the basal part of the Yezo Group in the Horokanai area, northern Hokkaido. We 

identify a well-preserved orbitolinid specimen in the olistolith as Mesorbitolina parva, 

which indicated that the lowest part of the Yezo Group in this area is assigned to the 

Late Aptian�±Early Albian or later in age. This is much earlier than previously thought 

(the upper Valanginian to Barremian of the uppermost part of the Sorachi Group) This 

olistostrome bed can be considered as a key unit and correlated with the Kirigishiyama 

Olistostrome Member in the Yubari�±Ashibetsu area (about 80 km south of Horokanai) 
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and the conglomerate in the lowest Yezo Group in the Nakagawa (about 90 km north of 

Horokanai). According to stratigraphic correlation among these areas, it is indicated that 

significant difference of the early history of the Yezo Group is present between central 

and northern Hokkaido: the basin was probably first formed in central Hokkaido in the 

earliest Aptian and then, expanded to northern Hokkaido in the Late Aptian or later. In 

the northern Hokkaido, the deposition of the Yezo Group started with the catastrophic 

deposition which occurred simultaneously with, and possibly caused by tectonic 

instability along the eastern margin of the Eurasia.  
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INTRODUCTION  

The Yezo Group is about 8000-m-thick Aptian to Paleocene fore-arc basin deposit 

along the eastern margin of the Eurasia, which is distributed in the area from the 

offshore of North Honshu Island (Japan) to Sakhalin (Far East Russia) (Ando, 2003; 

Takashima et al., 2004) (Fig. 1). A high-resolution integrated stratigraphy of the middle 

to upper part of the Yezo Group, including macro-, micro-fossil, and carbon isotope 

stratigraphy, has been established (e.g., Matsumoto, 1942, 1943; Hirano et al., 1977; 

Toshimitsu, 1995; Hasegawa, 1997; Obradovich et al., 2002; Toshimitsu et al., 2003; 

Takashima et al., 2004; Shigeta and Maeda, 2005). It has been nowadays regarded as a 

reference marine succession of the Upper Cretaceous in the circum-North Pacific 

regions. On the contrary, geological age of the lower part of the Yezo Group (Lower 

Cretaceous), especially of its lowest part, is still unclear due to lack of index fossils, 

though it is important for understanding the early history of the Yezo fore-arc basin. 

Olistostrome and its related gravity flow deposits, which contain shallow-marine 

carbonate olistoliths and/or pebbles, occur in the lower part of the Yezo Group in central 

(Yubari�±Ashibetsu area) and northern Hokkaido (Nakagawa area) (Fig. 1-a) (Sano, 

1995; Takashima et al., 2004; Iba et al., 2005; Iba and Sano, 2006). They have been 

recognized as the remarkable key unit in the lower part of the Yezo Group (Iba and Sano, 

2006, 2007), and provides one of the most important clues for understanding the early 

history of the Yezo Group. 

In this study, we discovered the above-mentioned key unit from the basal part of the 

Yezo Group in the Horokanai area, which is located between the Yubari�±Ashibetsu and  
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Fig. 1 Locality map and columnar section of the lowest part of the Yezo Group in 

the Horokanai area, Hokkaido, northern Japan. a�±b: Locality map. c: 

Lithostratigraphic columnar section of the study route. 
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Nakagwa areas. Biostratigraphic study of the Lower Cretaceous sequence has not been 

established there. In this study, Mesorbitolina parva (larger foraminifer) from the 

calcareous sandstone olistolith in the lowest part of the Yezo Group are described and 

discussed its age and regional correlation, and the early history of the Yezo Group are 

reconstructed. 

 

GEOLOGICAL SETTINGS  

The Jurasso�±Paleogene Sorachi and Yezo groups, widely-distributed in Hokkaido 

Island of northern Japan, is composed of ophiolite-based large fore-arc basin sequence 

(Ueda, 2016). This continuous sequence is composed of a piece of basaltic oceanic crust 

(Horokanai Ophiolite and the lower part of the Sorachi Group), volcanogenic and 

siliceous sediments (the upper part of the Sorachi Group), and thick, terrigenous 

siliciclastic sediments (the Yezo Group) in ascending order (Kiminami et al., 1992; 

Takashima et al., 2004 and 2017). The fore-arc basin is a part of an extensive (up to 

1400 km) and continuous basin along the eastern margin of the Eurasia, from offshore 

of North Honshu Island of Japan in the South to Sakhalin Island, Russian Far East in the 

North (e.g., Ando, 2003; Takashima et al., 2004; Ueda, 2016).  

In the Horokanai area, which is located between the Nakagawa and Yubari�±

Ashibetsu areas (Fig. 1-a), the Horokanai ophiolite, the Sorachi group, and the lower 

part of the Yezo Group, in ascending order, are distributed (Kiminami et al., 1992). The 

boundary between the Sorachi and Yezo groups has been considered as the 

unconformable (Igi et al., 1958). Kiminami et al. (1992) reported the conformable 
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boundary (forest road along the Rokusenzawa Creek) and the slump deposit on the base 

of the Yezo Group (eastern road along the Inuushibetsu Creek) around the Onnebetsu 

dam site. The study argued that the boundary between the Sorachi and Yezo Groups are 

conformable. The radiolarian assemblage from uppermost part of the Sorachi Group can 

be correlated with Archaeodictyomitra laclimula Zone and Cecrops septemporatus Zone, 

which is assigned to the upper Valanginian to Barremian (Kito, 1987; Kiminami et al., 

1992; Taketani and Kanie, 1992). In contrast, age-diagnostic fossils are absent in the 

lower part of the Yezo Group.  

 

RESULTS 

1. Lithofacies and geological age of the lowest part of the Yezo Group in the 

Horokanai area 

The upper part of the Sorachi Group and the lowest part of the Yezo Group are 

exposed along in the Onnebetsu dam site of the Inuushibetsu Creek (Fig. 1-b: 

�����ƒ���¶�������������� �������ƒ�����¶����������������The upper part of the Sorachi Group is composed of 

well-laminated dark green-colored claystone without bioturbation, and its thickness is 

about 165 m. 

Lithofacies of the lowest part of the Yezo Group, which is about 130 m in thickness, 

can be divided into three units. Unit 1 consists of muddy slump deposits including large 

calcareous sandstone and bedded sandstone blocks, and dark green-colored mudstone 

blocks (Figs. 1�±2). The matrix of slump deposit is dark gray-colored siltstone. The 

calcareous sandstone blocks are composed of massive fine-grained sandstone with 
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Fig. 2 Lithofacies of the lowerst part of the Yezo Group in the Horokani area. a: 

Calcareous sandstone block in the Unit 1. b: The mode of occurrence of the calcareous 

sandstone block. c: Well-stratified green-colored claystone and sandstone in the Unit 2. d: 

Sandstone block and muddy matrix of the slump deposit in the Unit 3.  
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carbonate mud matrix. Their maximum diameter is over 10 m. Well-rounded chert 

pebbles, limestone intraclasts, and ooids are abundant in the calcareous sandstone 

blocks (Fig. 3). Typical Cretaceous tropical shallow marine fauna (Masse, 1992a, b), 

such as orbitolinid foraminifers and calcareous red algae, occurs in the blocks (Figs. 3�±

4). An age diagnostic orbitolinid species, Mesorbitolina parva (Upper Aptian�±Lower 

Albian), is identified in the calcareous sandstone block (Fig. 4). 

Unit 2 is well-stratified green-colored claystone and sandstone, which is similar to 

the lithofacies of the uppermost Sorachi Group (Kawaguchi, 1997; Kiminami, et al., 

1992) (Figs. 2�±3). Unit 3 is composed of alternating beds of fine-grained sandstone and 

dark gray-colored mudstone and intercalates three muddy slump deposits (Figs. 2�±3). 

These slump deposits also contain calcareous sandstone blocks and folded sandstone 

layers. 

 

Systematic Paleontology 

Family Orbitolinidae MARTIN 1890 

Genus Mesorbitolina SCHROEDER 1962 

Mesorbitolina parva DOUGLASS 1960 

Fig. 4 

Type specimen: Holotype P5494 deposited in the U.S. National Museum of the 

Natural History from the Peak Formation, Lower Albian, Grant County, New Mexico, 

USA. 

Material: One axially sectioned specimen recovered from a shallow marine  



86!
!

  

F
ig

. 3
 P

ho
to

m
ic

ro
gr

ap
hs

 of
 c

al
ca

re
ou

s 
sa

nd
st

on
e 

ol
is

to
lit

hs. a
: o

oi
d,

 b
: c

al
ca

re
ou

s 
al

ga
e,

 c
: o

rb
ito

lin
id

 fo
ra

m
in

ife
rs

.
 



87!
!

  

F
ig

. 4
 P

ho
to

m
ic

ro
gr

ap
hs

 a
nd

 d
ra

w
in

g 
of

 
M

es
or

bi
to

lin
a 

pa
rv

a. 
a:

 G
en

er
al

 v
ie

w
. b�±

c:
 D

et
ai

l o
f t

he
 e

m
br

yo
ni

c 
ap

pa
ra

tu
s.

 



88!
!

calcareous sandstone block from the lowest part of the Yezo Group in the Horokanai 

area, northern Hokkaido (Fig. 1).  

Description: The test is small, low conical, the base of which is slightly convex (Fig. 4) . 

An embryonic apparatus is centrally situated in the tip of the test, and consists of a 

protoconch with a small subembryonic zone. The diameter of embryonic apparatus is 

������������ ���P���� �7�K�H�� �S�U�R�W�R�F�R�Q�F�K�� �L�V�� �J�O�R�E�X�O�D�U���� �Q�R�W�� �H�O�O�L�S�V�R�L�G�D�O���� �7�K�H�� �G�L�D�P�H�W�H�U�� �R�I�� �S�U�R�W�R�F�R�Q�F�K�� �L�V��

�������������P�����7�K�H���G�H�X�W�H�U�R�F�R�Q�F�K���L�V���H�U�R�G�H�G�����7�K�H���V�X�E�H�P�E�U�\�R�Q�L�F���]�R�Q�H���L�V���V�L�P�S�O�H���D�Q�G���G�L�Y�L�G�H�G���E�\��

a small number of regular septa making a reticulum. The lower surface of the 

subembryonic zone is rounded. 

Distribution: This species is widely distributed in circum-Mediterranean region, 

Middle East, India, Tibet, Pacific guyots, the Caribbean region, the southern part of the 

Western Interior Seaway, and Japan. In Japan, only three localities are previously 

known (Iba et al., 2011); limestone olistoliths of the Shuparogawa Formation (Upper 

Aptian) in the Yubari�±Ashibetsu area, central Hokkaido, limestone pebbles of the lowest 

part of the Yezo Group (Upper Aptian) in the Nakagawa area, northern Hokkaido, and 

the Hiraiga Formation of the Miyako Group (Upper Aptian�±Lower Albian) in Rikuchu, 

northern Honshu Island.  

Age: Late Aptian�±Early Albian 

 

 

 

 



89!
!

DISCUSSION 

1. Age of lowest part of the Yezo Group in the Horokanai area 

Slump deposits in the lowest part of the Yezo Group in the study area have been 

known previously (Kiminami et al., 1992). The occurrences of the calcareous sandstone 

olistoliths are, however, newly discovered in this study. Well-rounded pebbles of chert, 

carbonate intraclasts, ooids, and typical Cretaceous shallow-marine carbonate platform 

biota (e.g., orbitolinids and calcareous red algae) are abundant in the olistoliths (Fig. 3). 

It is indicated that these calcareous sediments originally deposited in a shallow-marine 

shelf, and were later transported into a deeper part of the basin by an olistostrome.  

The Orbitolinidae is a larger benthic foraminiferal family, which was most 

diversified during the period of the Barremian to Cenomanian. Its species had short 

biochronological ranges and provide reliable chronostratigraphic information 

(Schroeder, et al., 2010). Orbitolinid species in the calcareous sandstone olithtolith is 

identified as Mesorbitlolina parva, which indicate the Late Aptian to Early Albian age 

(Schroeder et al., 2010; Iba et al., 2011). Now it is revealed that the lowest part of the 

Yezo Group in the study area is precisely assigned to the Upper Aptian or younger in 

age. Whereas, the Unit Ma of the base of the middle part of the Yezo Group in the 

Horokanai area is correlated to the Maruyama Formation (Igi et al., 1958; Takashima et 

al., 2004). The formation is the KY-2 of the widely traceable key units of the Yezo 

Group (Takashima et al., 2004) and can be traced from southern to northern Hokkaido. 

Its depositional age is considered as the Late Albian (Obradovich et al., 2002; 

Takashima et al., 2004). From these ages mentioned above, the lowermost part of the 
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Yezo Group is considered as the Late Aptian�±Late Albian. The age of the lowermost 

part of the Yezo Group has been inferred from the upper Valanginian to Barremian of 

the uppermost part of the Sorachi Group by the radiolarian assemblage which can be 

correlated with Archaeodictyomitra laclimula Zone and Cecrops septemporatus Zone 

(Kiminami et al., 1992). This study is the first report of the geological age from the 

lowest Yezo Group in the Horokanai area which is much younger than previously 

thought. 

Most remarkable tectonic change within the entire sequence of the Jurasso�±

Paleogene Sorachi and Yezo groups is recognized at the group boundary. Based on the 

differences geochemical composition of clastics between the uppermost Sorachi and the 

lowest Yezo groups, Kiminami et al. (1992) discussed the remarkable shift of the 

tectonic setting of the hinterland from an oceanic island arc to the active continental 

margin along the Eurasia continent at the boundary. Deposition of olistostrome at the 

basal part of the Yezo Group is probably influenced by tectonic instability during the 

period of such major shift of tectonic setting. It should be noted that deposition of the 

Yezo Group in this area started with catastrophic deposition, and subsequently 

siliciclastic sediments continuously deposited until the Paleogene. 

 

2. Regional correlation and early history of the Yezo Group 

2-1. Olistostrome and gravity flow deposits in the lowest part of the Yezo Group 

  Olistostrome and gravity flow deposits, which contain shallow-marine carbonates as 

olistoliths and/or pebbles, are well known from the lower part of the Yezo Group in 
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central (Yubari�±Ashibetsu area) and northern Hokkaido (Nakagawa area) (Sano, 1995; 

Takashima et al., 2004; Iba et al., 2005; Iba and Sano, 2006) (Figs. 1 and 5). They have 

been considered as one of the most important key units in the Yezo Group (Iba and Sano, 

2006), and the olistostrome reported herein can be correlated with this key unit. 

   In the Yubari�±Ashibetsu area, the Kirigishiyama Olistostrome Member of the 

Shuparogawa Formation represents an olistostrome bed with many huge 

shallow-marine carbonate olistoliths, which contain carbonate platform biota such as 

orbitolinids, rudists, and calcareous algae (Iba and Sano, 2007). Largest carbonate 

olistolith represents slab-like shape (about 60 m in thickness and over 3 km in length) 

(Takashima et al., 2004). Iba and Sano (2006, 2007) identified specimens of 

Mesorbitolina parva (Late Aptian�±Early Albian) from the carbonate olithtoliths. Ando 

and Kakegawa (2007) supposed that the Aptian�±Albian boundary existed in the lower 

part of the Kasamori-zawa Member of the Shuparogawa Formation that directory 

overlies the Kirigishiyama Olistostorome Member. Thus, the Kirigishiyama 

Olistostrome Member should be the Late Aptian in age. It can be concluded that 

calcareous sediments were deposited in shallow-marine environment in the Late Aptian, 

and transported into a deeper part of the basin as olistoliths within the Late Aptian (Iba 

and Sano, 2006, 2007). 

Iba et al. (2005) and Iba and Sano (2006, 2007) correlated this olistostrome bed with 

gravity-flow deposit in the lowest part of the Yezo Group in the Nakagawa area, which 

is located about 200 km north from the Yubari�±Ashibetsu area (Fig. 1). In the Nakagawa 

area, the conglomerate bed (17 m thick), which interpreted to be gravity-flow deposit, is 
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intercalated in the lowest part of the Yezo Group (Iba et al., 2005; Iba and Sano, 2007). 

It contains abundant shallow-marine carbonate pebbles (Iba et al., 2005). Based on 

multiple biostratigraphic data, such as Mesorbitolina parva from the limestone pebble 

and an ammonoid about 100 m from the horizon above the orbitolinid-bearing bed, Iba 

and Sano (2006, 2007) concluded that calcareous sediment deposited in shallow-marine 

environment in the Late Aptian, and was later transported as pebbles by 

high-concentrated gravity flow into the deeper part of the basin also in the Late Aptian. 

Based on similarities of lithofacies, stratigraphic position, occurrence of calcareous 

olistoliths and its fossil assemblages, and geological age, olistostrome bed in study area 

seems to be correlated with the above-mentioned key unit in the Yubari�±Ashibetsu and 

Nakagawa areas (Fig. 5). 

2-2. Age and correlation of the uppermost part of the Sorachi Group 

An important radiolarian datum plane: the last occurrence of Cecrops septemporatus, 

which is correlated to the Early Barremian time, was identified in the middle-to-upper 

part of the Shirikishimanaigawa Formation, the youngest formation of the Sorachi 

Group in the Yubari�±Ashibetsu area (Takashima et al., 2001, 2006), and uppermost part 

of the Sorachi Group (Pechikunnai Formation) in the Nakagawa area (Fig. 5). In the 

Horokanai area, Kiminami et al (1992) also reported radiolarian assemblages from the 

uppermost part of the Sorachi Group and pointed out the similarity with Cecrops 

septemporatus Zone. Thus, the upper part of the Sorachi Group of three areas is almost 

synchronous based on radiolarian biostratigraphy (Fig. 5). 
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Fig. 5 Comparison of the lowest part of the Yezo Group between central to northern Hokkaido by 

the Late Aptian key unit (modified from the Iba and Sano, 2006). Geological data are based on 

Takashima et al. (2004, 2006) for the Yubari�±Ashibetsu area, Igi et al. (1958), Kiminami et al. 

(1992) and this study for the Horokanai area, and Kawaguchi (1997), Iba et al. (2005) and this 

study (in Chapter 1 and 2) for the Nakagawa area. 
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2-3. Implication for early history of the Yezo Group 

The Kirigishiyama Olistostrome Member is interacted at 1200 to 2000 m above the 

boundary between the Sorachi and Yezo groups (Takashima et al., 2004). On the other 

hand, in the Nakagawa and Horokanai areas, the conglomeratic gravity flow deposits 

and olistostrome is just above the boundary between the Sorachi and the Yezo groups 

(Fig. 5). In the Nakagawa and Horokanai areas, a hiatus, possible ranging from the 

Barremian to Early Aptian is supposed to occur around at group boundary. Such a huge 

hiatus is not recognized in the Yubari�±Ashibetsu area (Fig. 5). 

In summary, the upper part of the Sorachi Group in the three areas is similar in 

lithology and the depositional age. The early depositional history of the Yezo Group was, 

however, significantly different between the Yubari�±Ashibetsu (central Hokkaido) and 

Horokanai�±Nakagawa (northern Hokkaido) areas, although they were located within the 

same Yezo fore-arc basin. Thus the differentiation of regional sedimentary sub-basins 

within the Yezo fore-arc basin during the Aptian is inferred, when the deposition of the 

Yezo Group started. The deposition of the Yezo Group was probably first started in 

Central Hokkaido in the Late Barremian�±Early Aptian, and then expanded to northern 

Hokkaido in the Late Aptian. In northern Hokkaido, the fore-arc basin sequence started 

with catastrophic deposition, such as olistostrome or conglomeratic gravity-flow 

deposits, which occurred simultaneously with, and possibly caused by tectonic 

instability along the eastern margin of the Eurasia (Fig. 5). 
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:/,'-$1P#-,&#-,.%(9&)#-1#)(=($-8#17&.('&"1#("#$%&#?601%0#E"(9&,1($6#`01&0';##

(

AG*EH@*(

KL! F&,+,N02#+(#N&(

K.KL! R,'/#%0,1(#N&(,4(5"#++,-./#'01&(2#'3,1#%&($+#%4,'/(MN(=;#W#-") #<-58&;#OVTP(

!"# 178($1# /:# $%&# 1-'78&1# 4%(.%# 4&,&# -"-86G&)# :/,#JSA,bJWA,# 9-80&12# `"#

./".&"$,-$(/"1#-,&#5&8/4#XKK#77'2#A,b`"#(1#-5/9&#T#77'#M<-58&;#TP;#<%(1#./'7/1($(/"#

,-"=&#1%/4#$67(.-8# :/,#4&88*7,&1&,9&)#8/4*`= #.-8.($&#M@-./51&"# -")#?-0:'-"2#OQQQR#

\&"(1/"#&$#-8;2#OQQUP;#<%&#,&108$1#$&")#$/#1%(:$#$%&#8/4#,-"=&#/:#,-$(/;#<%&#17/$#/:#A^TX#

>?#4($%#$%&#8/4&1$#&::&.$#/:#)(-=&"&1(1#(1#./'7-,-58&#$/#$%&#e_fYAA#.0,9&#4($%#Tn#

&,,/,#MN(=;#W#-") #<-58&#OVTP;#<%&#&1$('-$&) #-=&#/:#$%&#,0)(1$#5(9-89&1#(1#OOX;JJ��OOU;KJ#

`- 2#$%&#077&,'/1$#>7$(-";#

#

K.PL! D&$,50%0,1#+(#N&(,4(%"&(2#'3,1#%&(,+05%,5%',/&(3&6(MN(=;#S#-") #<-58&;#XP(

d(,./"#=,-("1#:,/'#$%&#$0::#8-6&,#/:#KQTT*KO#,-"=&#:,/'#-5/0$#XK#$/#ZK#h'#("#1%/,$#

-3(1#-")#&0%&),-82#105%&),-8#("#'/,7%/8/=6;#<%&#4&(=%$&)#'&-"#/:#TKWD5b#TXJE#G(,./"#

-=&1#/:#-#$0::#8-6&,#MKQTT*KOP#(1#OOU;ZJoK;ZQ#`-#M"#g#XT2#`Af\ #g#O;XP2#4%(.%#.-"#5&#

./,,& 8-$&)# 4($%# $%&#077&,'/1$# >7$(-"#-")# +)*"%,(,(-.$%/#0 "(.*"$#d/"&#M_==# &$# -8;2#

TKOWP#MN(=;#S#-") #<-58&#OP;#

#
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#

# #

N(=;#W#<%&#,&108$#/:#JSA,b#JWA,;#\/$1#-")#&,,/,#5-,]#$%&#-"-861(1#)-$-#4($%#Tn#&,,/,;#a8-.B]#

e_fYYA#.0,9&#9&,1(/"#X#M`.>,$%&,#&$#-8;2#TKKOP;#a80&#-")#^&)]#QZp#+/":()&".&#8('($#

8("&; 
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#

# #

!"#$%&'()* +, !-. +/ !- !0*'1--* !" #$%!&#$'()*+,-$*./01
!-23'45 6*,6,37, 6*666636 23"2"4!5

!-22'45 6*,6,378 6*666667 23"2"4!&

!-29'45 6*,6,26+ 6*666636 23"2"455

!-28'45 6*,6,263 6*666667 23"2"456

!-2:'45 6*,6,269 6*66666+ 23"2"457

<-58&#O#<%&#,&108$1#/:#
JS

A,b#
JW

A,; 
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#

# #

!"#$%&'()* ("''+$$#',' -.''+$$#,' /"''+0,' /"''+0,'

-1''+$$#,
2+-1,3455

$$#6 7&''+$$#,
!89:';< =9>*?> @?5*:@ 4@*@4 4A*B> 9*5? >?*A:
!899';< =A9*>? @A?*:B ?4*B@ ?4*>4 ?*9> 94?*5:
!894';< A9=*45 @A=*@: ?5*>5 ?5*=: 9*4@ :?4*B9
!89?';< A4@*9= @9@*9= 4@*>9 4@*49 4*9@ :9>*4@
!89A';< =B@*=? A4=*B@ ?5*>: ?5*?: 9*:: A>*55

<-58&#T#<%&#,&108$1#/:#$,-.&#&8&'&"$1#-"-861(1; 
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#

# #

N(=;#S#E*D5#G(,./"#-=&1#56#AF^!`D�� *&;#+/"./,)(-#78/$1#/:#KQTT*KO; 
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#

# #

!"#$
%&'()*

+#''#%
,-. /(0123

4
1""'3

56
1""'3

,78 49,-. /( : ;0123< ,-= /(9 ,-. /( : ;0123<

0922-01_1.1 -- 671 1127 117 ±2 54.8 1.9 0.0448 20.7

0922-01_2.1 0.05 539 778 115 ±2 55.3 1.9 0.0519 12.6

0922-01_3.1 0.02 390 374 116 ±1 54.9 1.5 0.0515 4.9

0922-01_4.1 0.06 464 761 112 ±2 56.9 2.1 0.0515 21.1

0922-01_5.1 0.20 304 357 114 ±2 55.4 2.4 0.0569 8.3

0922-01_6.1 0.01 1558 759 116 ±1 54.9 1.4 0.0489 2.2

0922-01_7.1 0.10 1546 2428 116 ±2 54.9 1.9 0.0506 11.3

0922-01_8.1 -- 297 282 113 ±1 56.4 1.2 0.0484 6.5

0922-01_9.1 0.06 369 416 113 ±1 56.9 1.5 0.0462 9.0

0922-01_10.1 0.17 290 370 113 ±1 56.0 1.3 0.0537 11.7

0922-01_11.1 0.05 574 550 116 ±1 55.1 1.2 0.0507 4.0

0922-01_12.1 -- 1189 1751 120 ±2 53.0 1.7 0.0515 8.8

0922-01_13.1 0.10 264 282 114 ±2 56.2 2.6 0.0474 17.3

0922-01_14.1 0.07 917 1170 116 ±2 54.6 1.8 0.0525 6.3

0922-01_15.1 0.12 672 664 114 ±1 55.6 1.2 0.0540 4.3

0922-01_16.1 0.07 1006 1494 116 ±1 55.0 1.5 0.0482 10.9

0922-01_17.1 0.07 593 885 109 ±1 58.3 1.9 0.0540 25.0

0922-01_18.1 -- 339 411 116 ±2 54.8 1.9 0.0532 17.7

0922-01_19.1 0.11 559 950 114 ±1 56.1 1.8 0.0471 22.5

0922-01_20.1 0.01 526 642 113 ±1 56.5 1.2 0.0455 9.6

0922-01_21.1 0.20 526 649 114 ±1 56.1 1.4 0.0476 9.1

0922-01_22.1 0.31 506 520 114 ±1 56.3 1.2 0.0474 6.0

0922-01_23.1 -- 329 267 115 ±1 56.1 1.4 0.0441 5.0

0922-01_24.1 0.12 499 664 110 ±1 59.0 1.4 0.0380 16.7

0922-01_25.1 0.02 474 657 113 ±1 56.7 1.6 0.0482 12.6

0922-01_26.1 0.02 326 406 114 ±2 55.7 2.3 0.0501 11.2

0922-01_27.1 0.12 2762 3658 118 ±1 54.2 1.2 0.0467 6.7

0922-01_28.1 0.06 154 124 115 ±1 55.7 1.3 0.0459 6.3

0922-01_29.1 0.23 146 141 113 ±1 56.3 1.3 0.0480 9.4

0922-01_30.1 -- 345 432 115 ±1 55.8 1.4 0.0431 22.5

0922-01_31.1 5.89 497 643 111 ±2 58.0 2.5 0.0455 17.2

0922-01_32.1 -- 401 635 114 ±2 55.9 2.0 0.0469 21.3

>+#''#%0/(0?#**)?$)@0(A0BCC&'D%E0,-./(9,784F,-=/(9,7G40BE)F?#%?#*@B%?)
: +#''#%0/(0?#**)?$)@0(A0BCC&'D%E0,-./(9,784F,-8/(9,7,560BE)F?#%?#*@B%?)
<HII0)**#*C0B*)0")*?)%$J0KL0)**#*CM

,-. /(9 ,78 4
HE)01NB3>

<-58&#X#A0''-,6#/:# AF^!`D#E *D5#(1/$/7(.#./'7/1($(/"1#/:#G(,./"#/:#KQTT*KO; 
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PL! *,4%.5&60/&1%(6&4,'/#%0,1(5%'M2%M'&5(01(2#'3,1#%&(,+05%,+0%"5(

( ( (<%&#8($%/*:-.(&1#/:#$%&#077&,'/1$#7-,$# /:#$%&#?(,(=(1%(6-'-#_8(1$/1$,/'&#`&'5&,#

-")#$%&#8/4&,'/1$#7-,$#/:#$%&#_B01-B-("/1-4-#A-")1$/"&#-")#`0)1$/"&#`&'5&,#("#$%&#

_B01-B-("/1-4-# +,&&B2# 105)(9()&)# ("$/# :/0,# 0"($1# MN(=1;#JVQP;# E"($# O2# 4%(.%# (1#

077&,'/1$#7-,$#/:#$%&#.-,5/"-$&#1&L0&".&#M!5-#-")#A-"/2#TKKSP#(1#./"1(1$#/:#/,5($/8("()#

7-.B1$/"&# MN(=;#OKP#4%(.%# ./"$-("# "0'&,/01# /,5($/8("()# $&1$12# ./-$&)# =,-("12# -")#

5(/.8-1$1#10.%#-1#.()-,()#17("&1#-")#.,("/()1;#<%(1#0"($#(1#./9&,&)#)(,&.$/,6#56#$%&#5-1-8#

7-,$#/:#$%&#_B01-B-("/1-4-#A-")1$/"&#-")#`0)1$/"&#`&'5&,#MgE"($#TP;#

E"($#T#-")#X#./"1(1$#/:#:("&*=,-("&)#1-")1$/"&#4($%#"/,'-8#=,-)("=2#-")#-8$&,"-$("=#

5&)1#/:#1-")1$/"&#-")#'0)1$/"&#MN(=;#QP;#A-")1$/"&#5&)1#MOKVTK#.'#$%(.BP#./''/" 86#

1%/4# 1&)('&"$-,6# 1$,0.$0,&1# /:# 7,/3('-8# $0,5()($&1# 10.%# -1# :80$&# .-1$12# ./"9/80$&)#

8-'("-$( /"1# -")# .8('5("=# ,(778&1#MN(=;#OOP;#<%&#)-,B#580&(1%#=,&&"*./8/,&)#1-")1$/"&#

5&)1#/..0, #/..-1(/"-886;#C/#.-,5/"-$&#78-$:/,'#5(/$-#%-1#5&&"#:/0")#("#E"($1#T#-")#X;#

E"($#U#(1#./'7/1&)#/:#$%&#4&88*1$,-$(:(&)#)-,B#=,-6*./8/,&)# ' 0)1$/"&#4($%#$0::#8-6&,1#

MN(=;#QP;##

A/:$*1&)('&"$#)&:/,'-$(/"#1$,0.$0,&1#-,&#./".&"$,-$&)#("#E"($#O#-")#T#MN(=1;#QVOTP;#

>$#$%&#5/0")-,6#/:#E"($#O#-")#T2#'-"6#(,,&=08-,86*1%-7&)#.-,5/"-$&#.8-1$1#MK;Z#$/#TZ#.'#

("#)(-'&$&,P#-,&#/51&,9&)#MN(=1;#OK#-")#OTP;#̀-"6# .-,5/"-$&#.8-1$1#-,&#0"*,/0")&)#50$#

$%&(,# ,('1# -,&#-8/"=#$%&#(")(9()0-8# /,5($/8("()#$&1$1#-")#5(/.8-1$1#MN(=;#OKP;#!")(9()0-8#

/ ,5($/8("()#$&1$1#4%(.%#-,&#)&,(9&)#:,/'#$%&#0")&,86("=#/,5($/8("()*7-.B1$/"&#7&&8&)#/::#

-")# :8/-$#("#$%&#1-")1$/"&#MN(=1;#OK#) V:#-") #OT*.2#)P;#<%&#1-")1$/"&#[01$#-5/9&#E"($#O#

-,&# "/$# 1$,-$(:(&)# 50$# 8(L0&:(&)#MN(=;# OKP;#<%&# 1-")1$/"&#:(881# 07# $%&# 17-.&#5&$4&&"#

.-,5/"-$& #.8-1$1;#<%&#-)'(3$0,&#/:#5(/.8-1$12#/,5($/8("() 0$&1$12#-")#1-")#=,-("1#:,&L0&"$86#

/..0 ,#MN(=1;#OK*. #-") #OTP;##
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# #
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#

# #

N(=;#Q#+/80'"-,#1&.$(/"#/:#$%&#077&,'/1$#7-,$#/:#$%&#?(,(=(1%(6-'-#_8(1$/1$,/'&#̀ &'5&,2#

$%&#8/4&,'/1$# 7-,$# /:# $%&# _B01-B-("/1-4-# A-")1$/"&# -")# `0)1$/"&# `&'5&,# ("# $%&#

_B01-B-("/1-4-#+,&&B;#
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#

# #

N(=;#OK#<%&#/0$.,/7#7%/$/1#/:#$%&#.-,5/"-$&#/8(81$/8($%1��1-")1$/"&#("$&,:-.&;#-Ð.]#<%&#5/0")-,6#

5&$4&&"# $%&#?(,(=(1%(6-'-# _8(1$/1$,/'&# `&'5&,# -")# $%&# _B01-B-("/1-4-# A-")1$/"&# -")#

`0)1$/"&#`&'5&,;#) Ð:]#_,5($/8("()#7-.B1$/"&;# :]#>" #(")(9()0-8#/,5($/8("()#$&1$#:8/-$("=#("#$%&#

1-")1$/"&;#
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#

# #

N(=;#OO#<%&# /0$.,/7# 7%/$/1# /:# $%&# _B01-B-("/1-4-#A-")1$/"&# -")# ` 0)1$/"&#̀&'5&,;# - Ð5]#

e(L0&:-.$(/"# 1$,0.$0,&1# ("# 1-")1$/"&# [01$#-5/9&# $%&# 8('&1$/"&;#.] #\&:/,'-$(/"# /:# 8-'("-&;# ) ]#

+,/11# 8-'("-$(/";# &]# )-,B# 580&(1%# =,&&"*./8/,&)# 1-")1$/"&;# :]#A$,-$(:(&)# )-,B# =,-6*./8/,&)#

'0)1$/"&;  
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#

# #

N(=;#OT#<%&# .,/11# 1&.$(/"# /:# $%&# $%,&&*)('&"1(/"-8# '/)&# /:# /..0,,&".&# /:# $%&#.-,5/"-$&#

/8(81$/8($%1V1-")1$/"&#("$&,:-.&;#-V5#e(L0&:-.$(/"#-")#("[&.$(/"1#/:#1-")1$/"&;#.;#>)'(3$0,&#/:#

5(/.8-1$12#/ ,5($/8("()#$&1$1#-")#1-")1$/"&;#);#!")(9()0-8#/ ,5($/8("()#$&1$1#:8/-$("=#("#1-")1$/"&; 
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DB*!E**BC<(8<D(!C<!HE*BC< (

1.! The collapse of living carbonate platform and its mass transportation in the 

latest Aptian 

   The formation age of the shallow-marine carbonate itself is estimated as 

113.88! 114.08 Ma (latest Aptian) by Strontium isotope analysis (Table 1 and Fig. 12). 

This result is consistent with the occurrence of Mesorbitolina parva indicating the Late 

Aptian to the Early Albian from carbonate olistoliths (Iba and Sano, 2007; Iba et al., 

2011). On the contrast, the depositional age of the olistostrome bed is estimated in 

114.58±0.59 Ma (latest Aptian) by U-Pb age dating of the basal part of Okusakainosawa 

Sandstone and Mudstone Member (Fig. 8). These two ages overlapped including their 

errors. These results clearly indicate that there is no geological time gap between the 

formation of rimmed shelf carbonate platform in the shallow-marine environment and 

their collapse-mass transportation by olistostrome into the deeper part of the basin in the 

geological time scale.  

   The liquefaction structures and sand injection mix the sand and bioclasts including 

tests of orbitolinid foraminifers and coated-grains are observed at the boundary between 

Units 1 and 2. The mud-rich fissure filling sand is similar sedimentary structures which 

are the admixture of sand and mud (Kawakami and Kawamura, 2002). These structures 

occur when the mud has not been solidified. From the series of the evidence, the top 

part of the carbonate olistolith had been in soft condition when they had been collapsed 

and transported into the deep-sea bottom. Liquefaction had occurred and disturbed in 

the interface of the carbonate block and sandstone.  

The solidification of sedimentary carbonate rocks by their rapid cementation is 

confirmed by modern experiments in Bahama (Friedman, 1998). The results show that 
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the oolitic sand in shallow marine environments solidified in one year. Sedimentary 

environment of orbitolinid packstone is similar to that of modern experiment This 

supposes that the carbonate platform was living when they collapsed.  

The evidence of age determination and soft-sediment deformation structures 

suggest that the collapse of ÒlivingÓ reef directly transported into the deeper part of the 

basin in the latest Aptian. The maximum size of carbonate olistolith in the study area is 

60 m in thick and 3 km in length (Takashima et al., 2004). This latest Aptian carbonate 

olistostrome bed and or debris flow deposit including carbonate olistoliths and pebbles 

widely distributed over 200 km from central to northern Hokkaido (see Chapter 3). This 

is the largest carbonate platform in the Cretaceous of North Pacific (Iba and Sano, 2007). 

It is concluded that that the largest carbonate platform in the Cretaceous North Pacific 

collapsed alive and simultaneously transported into the deep ocean in the latest Aptian 

(114.58�œ0.59 Ma). Such scales of living platform collapse have not yet been recognized 

both in the geological record and modern analogue. 

 

2.! A habitat loss as extinction of carbonate platform biota in the latest Aptian in 

the Northwest Pacific 

A step-wise demise of the carbonate platform biota transpired in the latest Aptian to 

latest Albian in the Northwest Pacific. This extinction occurred step-wisely: large 

benthic reef dwellers such as rudists, dasycladasean algae, hermatypic corals, 

stromatopotoids, nerineacean gastropods extinct Aptian/Albian boundary and then 

epibiota on calcareous sediments such as orbitolinid foraminifers and calcareous red 

algae disappeared at the Albian/Cenomanian boundary. After this extinction event, the 

carbonate platform biota, did not appear in the Northwest Pacific during the Middle 
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Albian to Paleocene interval, more than 50 million years in duration (Iba and Sano, 

2007). Such a drastic disappearance of the carbonate platform biota has never been 

recognized in the Mediterranean, Caribbean and other Tethyan regions. This demise 

event is the reverse of the mid-Cretaceous global warming climatic trend, and its cause 

is still debatable (Iba and Sano, 2007). The collapse of carbonate, presented this study 

can be one of the causes of extinction as habitats loss (Fig. 13).  
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:&(($%*+$4<!
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C?! !2#/%#,(0#%#/%'2$".0(&D&+%/(.+(%"&(E#%&/%(F$%.#+(

N7!: $7+(*%!C&@@*14&>!*!#03$!%16$2+&7$!&%12+&2+(&6$!#*2!;$$7!($)&(+$4!17!)($?1&02!

2+041$2! G$<3<>! -*;$>! IWBIL! "*@*2#16*! $+! *%<>! ABBKM<!N7! +#$! C&(&@*7*1! *($*>!*7!

&%12+&2+(&6$!'#1:#!:&7+*172!+#$!:*%:*($&02!2*742+&7$!;%&:@2!*($!4$2:(1;$4!17!+#12!2+048!

GH#*)+$(!YM<!"#$!&%12+&2+(&6$! :*7! ;$! :&(($%*+$4!+&!+#$!#03$!%16$2+&7$!&%12+&2+(&6$!17!
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IIK<\V�� B<\W!S*>!+#$!%*+$2+!U)+1*7<!This limestone olistostrome can be traced to 200 

km as the debris-flow deposit including limestone pebbles in the Nakagawa area (Iba 

and Sano, 2006). "#$! &%12+&2+(&6$! *74! %16$2+&7$! )$;;%$2917:%04173! 4$;(129,%&'!

4$)&21+2!2#&' !+#$ largest carbonate platform in the Cretaceous North Pacific collapse 

when they still alive, and immediately transported into the deep ocean in the latest 

Aptian. Such scales of living carbonate platform collapse have not yet been recognized 

both in the geological record and modern analogue.!
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North Pacific occurred over 200 km, land forest destruction by large-scale tsunamis and 

submarine slope failure occurred in the same period.!" #$2$!*($!+#$!ABB!@6!2:*%$!:&*2+*%!
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