(4) B7ILTR

1) HBHERAEH

1. HgDBADEE
1-1 #hE - #hfiz

AASNSEDIL 4 SOT L— " BREHET L5 THD, BARSIEIL, 2 D OKETL— (B
TL—h, =TT TL—h) OFIC2O00MWETL—F (KFEETL—b, 74 VT
L— k) LAt Z LIC L VIR SN EIN (RINID) THDH, KEFETL— IR 7 4B
W7 L — RO TFIEAAT Z LT, 7 4 U EUAEY L— b RICKLAL (5 —/NEJFL) 23T,
FRHBAMINC > T E L, #2835 2 LK VBT VT AR I,

f | : The Southern Alps
e -¥ »
» . "\P\a‘k ! ,- ‘ D
- . “E ' »
j =

‘-

W kM

‘bﬁv‘l?“‘"

116



ISTL: Itoigawa-Shizuoka Tectonic Line
MTL: Median Tectonic Line
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Fig. 1. Tectonic framework of Southwest Japan and its adjacent areas. (Kano et al.. 1990 EE&%)
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Origin of Accretionary Complex Rocks
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Minami Alps (Southern Alps of Japan)

1. Description of the Natural Environment
1.1. Geology and Topography

The Japanese archipelago lies at the junction of four tectonic plates. The Honshu Arc is an
island arc formed by the subduction of two oceanic plates (the Pacific Plate and the Philippine
Sea Plate) beneath two continental plates (the North American Plate and the Eurasian Plate).
The Pacific Plate also subducts under the Philippine Sea Plate, forming a volcanic arc on the
Philippine Sea Plate known as the Izu-Ogasawara Arc. The northward migration of this arc

forces it against the Honshu Arc, resulting in the formation of the Minami Alps.

North-American Plate

The Southern Alps
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ISTL: Itoigawa-Shizuoka Tectonic Line
MTL: Median Tectonic Line
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The mountainous region known collectively as the Minami Alps consists of the Akaishi
Mountains, the Minobu Mountains to the southeast, and the Ina Mountains to the west. The
Akaishi Mountains can be further divided into the Houo, Akaishi and Shirane Mountain
Systems. Thirteen peaks here exceed 3,000 meters above sea level, most notably Mt. Kita
(Kita-dake; 3,192 m) and Mt. Akaishi (Akaishi-dake). Glacial landforms such as cirques and
periglacial landforms such as patterned ground occur along the main ridge of these

mountains.

Geologically, the Shirane and Akaishi systems both mainly consist of Cretaceous to Miocene
accretionary prisms (the Shimanto Belt), while the Mt. Kaikoma and Houo Mountain System

are comprised of granite.

The accretionary prisms comprising the main body of the Minami Alps are geologic bodies
formed by the offscraping of oceanic basalts and pelagic sediment on the oceanic plate and
terrigenous trench sediment during the subduction of the oceanic plate and underplating onto
the continent. The Minami Alps offers an ideal field within a relatively small area for
observing pelagic sediment, including chert and limestone, rocks such as oceanic basalt and
terrigenous interbedded sandstone and mudstone, and geological structures and various
rocks associated with accretionary prisms such as mélange and fold structures. While the
accretionary prism of the Minami Alps shares many features of the Shimanto Belt
accretionary complex found in other parts of Japan, it is distinct in that submarine sediment

was rapidly uplifted to form the 3,000-meter peaks in this region.

This rapid uplift is the result of the ongoing orthogonal collision of the Izu-Ogasawara Arc
with the Honshu Arc. The folding induced by this collision has generated various tectonic
deformation events. In the southern parts of the Minami Alps, the geologic structures exhibit
a NE-SW strike, in contrast to northern areas where the structures exhibit a N-S strike.
Furthermore, geologic bodies of 10 km in width have been eliminated in the northern parts,
and the width of the Shimanto Belt is also narrower. Estimates indicate the structures have
been offset by nearly 160 km to the north at the maximum point of folding. Most orogenic
belts formed by crustal collisions are due to parallel or oblique collisions, wherein
mountainous regions are formed by simple uplift. In contrast, the folding of the crust observed
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in the Minami Alps is a direct result of orthogonal collision. This is unique among collisions
involving island arcs. The fold structure of the crust caused by this orthogonal collision is

considered the key to understanding the formation of the Japanese archipelago.
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The Minami Alps is believed to have uplifted rapidly within the past 1 million years at a rate
exceeding 3 mm/year, which corresponds to one of the highest rates recorded anywhere in the
world. In addition to this intense crustal movement, the region’s warm, humid climate
accelerates erosion by rainfall and streams and rivers. These regions are known as humid and
tectonically active regions; the Minami Alps, a mountainous region set in such a humid and
currently tectonically active environment, is among the world’s best examples of such regions.
In the Minami Alps, one can observe the well-developed V-shaped valleys formed by slope

failure and/or downward erosion by rivers and streams, as well as structures created by the
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gravitational collapse of mountains and mﬁ?g’gm
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giant landslides, all characteristic of

humid and tectonically active regions.
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Vertical crustal movement in the past 100 years.
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1.2. Flora

Vertical distribution of vegetation reflecting the temperature gradient is apparent. Deciduous
broad-leaved forests, evergreen coniferous forests, Erman’s birch Betula ermanii forests,
Japanese stone pine Pinus pumila forests, and alpine plant communities are distributed from
low to high elevations. Located on the Pacific Ocean side of the archipelago, the region
features relatively sparse snowfall in winter but significant rainfall during summer.
Stretching approximately N-S, the mountain ridges are constantly exposed to powerful winds.
The extremely dry, cold environment has created a wind-swept site inhabited by unique plant

communities.

Located in an area where the northern limit of the southern flora found mainly in Southeast
Asia and the southern limit of the northern flora of plant species found on the Asian continent
overlap, this region is characterized by a rich diversity of plant species. (Indeed, it marks the
southern limit of the distribution of 180 vascular plant species.) The number of plant species
confirmed to occur above 800 meters in the Minami Alps include 1,635 vascular plant species
belonging to 138 families, 248 bryophyte species belonging to 51 families, and 98 lichen
species belonging to 15 families. Many endemic species occur here as well, including
Callianthemum hondoense, Artemisia kitadakensis, Ranunculus kitadakeanus, and

Comastoma pulmonarium subsp. sectum, all relict species from the glacial.
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Among floral species, one falls into category EN and four into category VU in the IUCN Red

List.

1.3. Fauna

Animal species confirmed present above 800 meters in the Minami Alps include 39 mammal
species belonging to 15 families, 102 bird species belonging to 35 families, nine reptilian
species belonging to four families, nine amphibian species belonging to four families, 10 fish
species belonging to four families, 45 terrestrial and freshwater gastropod species belonging
to 16 families, and 2,871 insect species belonging to 179 families. More than 30 species of
mammals occur here, including the Japanese serow Capricornis crispus (special natural
monument of Japan) and the Asiatic black bear Ursus thibetanus (VU, IUCN Red List). The
mammalian fauna is consistent with that characteristic of mountainous regions in the central
Honshu region. Fifteen species (two families) of bats have been confirmed to occur here,

making the region one of Japan’s most important bat habitats.

Isolated, relict bird species from the glacial are found here. The region marks the southern
limit of the global distribution of rock ptarmigan Lagopus muta (special natural monument of

Japan).

While certain endemic insect species are encountered here, many of these species are also
found in the Central and Northern Alps. The region marks the southern limit of the global
distribution of alpine and subalpine insect species commonly found in the northern Eurasian

continent and the peri-Arctic sea regions.

2. Proposed OUV

The region is unique in that it is a representative example for an ongoing geological process of
topography formation: (1) The formation of this mountain range strongly reflects the world’s
highest rate of tectonic uplift and the dramatic erosion associated with this uplift; (2) the
formation of 3,000-meter peaks by the orthogonal collision of the Izu-Ogasawara Arc with the

Honshu Arc offers a unique instance of accretionary prism formation accompanying plate
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subduction; (3) the region is a locus of ongoing tectonic deformation, where crustal folding

induced by the orthogonal collision of two arcs is currently underway.

The accretionary prisms comprising the main body of the Minami Alps consist of geologic
bodies formed by oceanic lava basalts and pelagic sediments on the oceanic plate and
terrigenous sediments deposited in the oceanic trench scraped off during the subduction of the
oceanic plate and accreted onto the continent. Within a relatively small area, the Minami
Alps offers an ideal field for observing chert, limestone, and other pelagic sediments, rocks
such as oceanic basalt, terrigenous, interbedded sandstone and mudstone, and the geological
structures and various rocks associated with accretionary prisms, including mélange and fold
structures. While the accretionary prism of the Minami Alps shares some features with the
Shimanto Belt accretionary complex found in other parts of Japan, the region is distinct in
that one can actually observe the results here of the rapid uplift of submarine sediment from
depths of 5,000 meters on the seafloor to form 3,000-meter peaks—a total uplift of 8,000

meters—followed by dramatic erosion.

In many parts of the Shimanto Belt, features typical of accretionary prisms are visible in the
lithofacies distribution and structures. While accretionary prisms are now widely known to
exhibit structures distinct from normal geological stratifications, this fact was first shown by
biostratigraphic studies carried out on the Shimanto Belt in Japan using radiolarian fossils to
determine the precise age of geological strata. Such studies and the availability of many
favorable outcrops that enable such studies have made the Japanese archipelago, and
especially the Shimanto Belt, part of the frontlines in the study of accretionary prisms, where
large numbers of domestic and foreign researchers compete with one another. The Japanese
archipelago and its surrounding seas are considered to be a type locality of accretionary
prisms, and the results of biostratigraphic studies here are regarded to be the most precise

anywhere in the world to date.

While the Minami Alps forms a section of Shimanto Belt and exhibits rocks and structures
typical of accretionary prisms, outcrops suitable for observation occur along the coastlines of
Shikoku and Kyushu regions and Kii Peninsula, making the latter regions representative
fields for research on the Shimanto Belt.
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Chert—Near Tenguiwa Rocks in Mt. Shiomi
(Shiomi-dake)

Chert is rock formed by the sedimentation of
radiolarians, which are plankton with
quartzone shells, on deep ocean floors several
thousand meters deep. The chert found in the
Minami Alps tends to be red, the source of the
name for the Akaishi Mountains (“aka” and

e s |
Pillow Lavas—Near the South Akaishi
forest trail in Mt. Ofuda

Pillow lavas are rock formations with a
thin membrane-like surface formed when
lava extruded on the ocean floor is rapidly
cooled by seawater. The pillow lavas in the
Minami Alps were basaltic lavas that
originally covered the surface of the

a relic of the Subduction

Mélange:
Zones—Near Ikenotani along Sumata River

Mélanges are rock formations that appear
to consist of jumbled up fragments of rocks
from geological layers that have been

broken up and mixed. They are
characteristic features of accretionary
prisms. Many of the mélanges found in the
Minami Alps are believed to have been

formed as the oceanic and continental
plates pushed against each other at the
plate boundary.

(A7 IVTRAEMHERERE)

oceanic plate and were subsequently
incorporated into the accretionary prism.

“ishi” meaning “red” and “rock” in Japanese,
respectively).

3. Comparative Cases

3.1. A mountain range formed by tectonic uplift at the world’s highest rate and subject to

dramatic erosional processes
= Southern Alps in New Zealand

Substantial uplift (maximum rate of tectonic uplift during the Quaternary: 17 mm/year) is
found on the eastern side of the Alpine Fault of the Southern Alps and along its line of

extension.
= Central Mountain Range of Taiwan

While the scale of the mountain range is grander than the Minami Alps of Japan and the rate

of uplift is presumed to be high, studies to this point have not generated adequate data.

3.2. Folding of the Crust Due to Plate Collision
= Three Parallel Rivers of Yunnan Protected Areas (China, (vii), (viii), (ix), (x))

The region provides an invaluable record of geological history over the past 50 million years,
including the collision of the Indian and Eurasian Plates, the closure of the Tethys Sea, and

the uplift creating the Himalayas and the Tibetan Plateau. While this region represents a
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plate collision orogenic belt, its geology differs fundamentally from accretionary prism

formations.
» Swiss Alps Jungfrau-Aletsch (the Swiss Confederation, (vii), (viii), (ix))

The region is a remarkable example of the Swiss Alps, formed as the result of uplift and
compression starting around 20 to 40 million years ago. One notable structure is the
overthrust in which a crystalline rock mass dated at 400 million years ago is observed on a
younger carbonate rock mass. The region also offers a rich variety of geomorphological
features, including U-shaped valleys, cirques, horns, valley glaciers, and moraines. While the
region is an example of a plate collision orogenic belt, its geology differs fundamentally from

accretionary prism formations.

3.3. Accretionary Complex
= Western Japan (the Shimanto Belt)

The stratigraphic group referred to as the Shimanto Belt distributed along the Pacific side of
the southwestern Japanese archipelago and including the Okinawa Islands is recognized as a
typical accretionary complex. The Shimanto Belt is among the world’s most extensively
studied accretionary complexes, and the results of this research have contributed
significantly to the international study of accretionary complexes. Major portions of the

Minami Alps consist of rock formations belonging to the Shimanto Belt.

In 1976, a geological survey carried out on land confirmed the presence of an accretionary
prism, prompting the initial proposal of the concept. Combined with results of marine
geological research, the results of subsequent age determination studies based on radiolarian
fossils and paleomagnetic investigations of the Shimanto Belt have led to the development of
a more detailed theory of the formation of accretionary prisms. Since then, numerous studies
of accretionary prisms and complexes have resulted in the elucidation of structures unique to
accretionary prisms, reconstructions of oceanic plate stratigraphy (from the bottommost

oceanic basalts, to pelagic sediments including cherts, to semi-pelagic mudstones, and finally
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to terrigenous interbedded sandstone and mudstone, or turbidites), recognition of the

significance of mélanges, and the proposal of a model of accretionary complex formation.

Cape Muroto (Muroto-misaki) in Shikoku is a designated global geopark due primarily to its

significance as part of an accretionary prism.
= Te Wahipounamu - South West New Zealand (New Zealand, (vii), (viii), (ix), (x))

This region is a prime example of glacial landform. While an accretionary complex is believed
to be present here, the characteristic features of an accretionary complex are not precisely
described. High altitudes, snow cover, and glaciers present significant obstacles to scientific
investigation. Studies to date have been inadequate. A tectonic history of its formation has yet

to be established.
» Barbados (Barbados, Tentative List)

The Scotland District of Barbados features an exposed accretionary complex formed on the
ocean floor at the junction of two crustal plates, the Caribbean and Atlantic Plates. In terms
of surface area, the exposed accretionary prism is at a significantly smaller scale than the

Minami Alps.
» The Jurassic accretionary complex in Western Japan (the Chichibu Belt, Mino-Tamba Belt)

Widely distributed to the north of the Shimanto Belt, these belts share many features with
the Shimanto Belt. A relatively continuous combination of chert, vari-colored shale, and
turbidite can be found here. Together with the Shimanto Belt, these belts are among the

world’s best-studied subaerial accretionary prisms.
» Cascadia accretionary prism

This accretionary prism was formed by the subduction of the Juan de Fuca plate beneath the
North American Plate, accompanied by the subduction of thick sediment deposits. The region

has been extensively studied as part of the ODP (Ocean Drilling Program).

= Kodiak accretionary prism (Aleutian arc)
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Cretaceous mélanges and late Cretaceous and Paleogene turbidites are distributed within the
Kodiak accretionary prism. This accretionary prism exhibits stratigraphy and scales similar
to the Shimanto Belt. Numerous papers on the Kodiak accretionary prism have been

published.
» Franciscan Belt (West Coast California)

Complex structures consisting of sand and mud interbeds, basalt, chert, and metamorphic
rocks occur in the Franciscan Belt, along with mélange zones. While the stratigraphy
resembles the Shimanto Belt, no conclusive reconstruction of the oceanic plate stratigraphy

has been made.
» Southern Uplands (southern Scotland)

This mecca of accretionary prism studies features numerous classic outcrops. The
stratigraphy of the Southern Uplands resembles that of the Shimanto Belt, with basalt, chert,

and red shale distributed, along with turbidite.
» Northern Italy (from Northern Apennines to Bologna area)

Oceanic plate sequences from Cretaceous to Quaternary are distributed in this region. Due to

its unique lithofacies and structure, the region is a type locality for olistostrome and scaly
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Vancouver), the eastern part of the Aleutian Trench, the Java Trench off the coast of Sumatra,

the Hikurangi Trench (New Zealand), and the East Mediterranean Ridge.

4. Challenges

The main issue is whether a representative example of an accretionary prism and/or whether
landforms and stratigraphy preserving the history of plate collision in island arcs holds
universal value. In addition, in terms of being a type locality for the Shimanto Belt, Shikoku
and other regions in western Japan feature far more outcrops suitable for observation and
have been extensively studied. Thus, those regions may be considered better representatives
of the Shimanto Belt, and it is possible whether the Minami Alps as a whole fulfill the

conditions of integrity of an accretionary prism will come into question.

5. Additional Explanations on Accretionary Prisms
5.1. What is an accretionary prism?

= Accretionary prisms are fold and thrust belts consisting mainly of ocean trench sediment
formed along subduction zones. The sediment on the downward subducting oceanic plate is
continually pressed against the tip of the continental plate, subsequently detaching from the

oceanic plate and accreting onto the continental plate. (offscraping and underplating)

= Accretionary prisms generally incorporate materials such as basalts on the topmost layer of
the oceanic crust, oceanic sediment sequences consisting of limestone, chert, shale and
pelagic sediments such as fine-grained clastics deposited onto the oceanic crust over

extended timeframes, and terrigenous turbidite (interbedded sandstone and mudstone).

= Most of the materials constituting an accretionary prism are terrigenous and began as sand
and mud flowing into the trench regions from land, eventually becoming part of the land
once again as they are accreted onto the continental plate. Thus, the production of

voluminous sediment due to active erosion on the land side as well as waterways for efficient
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transport to the trenches is required to form an accretionary prism. Such active erosion

processes generally require high mountain ranges.
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5.2. The Significance of Accretionary Prism Studies

Some arguments for the significance of accretionary prism studies are given below.

Accretionary prisms record the tectonic history of subduction zones. While most of the
materials of an accretionary prism are terrigenous, they also include mantle-derived
materials (fragments of seamounts and even ocean plates). Accretionary prisms also play a
vital role in continental development, in addition to the formation and exhumation of high

pressure metamorphic rocks and the generation of island arc magmas.

Since subduction constantly pulls ocean floors back down into the earth’s interior for future
renewal, modern seafloors do not preserve records of ancient seafloors. However, geological
research shows accretionary prisms contain fragments of ancient seafloors. These fragments
allow scientists to gather information on ancient seafloors no longer found anywhere else on
earth and have extended the reach of ocean floor research by several billion years at a

stroke.

The existence of accretionary prisms alongside high-pressure metamorphic rock also
provides evidence that the processes of plate tectonics had already been established at the

time these formations originated.

In many parts of the circum-Pacific region, accretionary prisms underplated in the past now
lie exposed on land, having become notable features of the geology at continental margins.
In Japan, which is one such margin, the geologic formations younger than Mesozoic are
mostly constituted by metamorphic belts and fold belts associated with the subduction
process. Thus, a deep understanding of accretionary prism formation is essential for
understanding the solid-earth science related to the Japanese archipelago and its

surrounding regions.
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Minami Alps (Southern Alps of Japan) field guide

S-6 Arakawa Sanzan (Three Peaks of Mt. Arakawadake)

From west to east, the Arakawa Sanzan consists of the Mt. Maedake (3,068 m), Mt. Nakadake
(3,083 m), and Mt. Warusawadake (3,141 m), all located along the ridge running E-W that
branches off from the main ridge towards the Senmaidake (2,880 m). Cirques, linear

depressions, and large-scalelandslides are found along the ridges.

The areas near the Warusawadake summit are comprised mainly of greenstone masses,
accompanied by masses of red chert. The areas near the summits of the Mt. Maedake and Mt.

Nakadake are comprised of sandstone masses belonging to the Akaishi tectonic zone.
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S-1. Upper reaches of the Oi River and Sawarajima Area
Located on the ridge sandwiched by the mainstream of Oi River and Akaishisawa River, the
Ushikubi-toge mountain path is where stream piracy between the two rivers is beginning to

take place.
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The formation consists of interbedded sandstone and mudstone that began as turbidites
filling the trench. One observes an almost continuous outcrop extending over 100 meters in
width and 10 meters in height, with asymmetrical folds having half-wavelengths on the order

of several meters to several tens of meters.
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S-3. Akakuzure and Bocchinagi

Akakuzure is among the largest landslides in the Southern Alps. The large scalelandslides of
the Southern Alps are characterized by flattened ridges due to the development of linear
depressions accompanying toppling near the ridges, head scarps positioned immediately
below the ridges, and alluvial fans or alluvial cones of displaced sand and gravel formed by

the mainstream flow.
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S-10. The Inui Tectonic Mélange Near Senzu

A mélange belonging to the Inui Group is distributed widely in the Senzu area. The main
constituent of the Inui Mélange is a body of mixed rock in which sandstone masses of variable
sizes are irregularly scattered within a mudstone matrix. Masses of greenstone are also found
in the mélange. The asymmetrical structure of the mélange suggests that it is a tectonic
mélange, formed by shearing action, with the direction of shear close to parallel to the strata.

M¢élanges are characteristic features of accretionary prisms, and among them, tectonic
mélanges that have incorporated greenstone and chert masses preserve a broad range of

information on plate subduction.
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NY-2. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Shimotsutaki Fault

A major fault that transverses the central Honshu region in the N-S direction, the
Itoigawa-Shizuoka Tectonic Line forms the boundary between the volcanic arc
(Izu-Ogasawara Arc) and the zone of geologic formations more than 20 million years old to the
west. The Itoigawa-Shizuoka Tectonic Line is a left-lateral strike-slip fault with an estimated
displacement of approximately 12 km. Part of the fault has been designated a Class A active
fault. Exposed tectonic reliefs and fault outcrops are visible along rivers and streams and

their terraces.
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Y-1. Mini Grand Canyon downstream of Kokkai Bridge and the Hakushu Fault

Measuring approximately 10 meters deep and 10-30 meters wide and stretching for 2 km, the
“mini Grand Canyon” is a nickname given to a gorge topology created by the undermining of
the Kamanashi River bed by torrential rains during a typhoon in September 1982. The lower
portion of the terrace cliff on the left riverbank features a thrust fault outcrop in which a

granite body is overthrust onto a gravel layer dated to 25 Ma.
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Y-2. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Tozawa Outcrop of the
Shimotsuburai Fault
The Shimotsuburai fault is located on the boundary region between the river terrace created

by the Kamanashi River and the eastern foot of the Koma Mountains. In this region, a middle
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Miocene granodiorite body has been overthrust onto a gravel layer corresponding to the

lowermost terrace (dated to several ten thousand years ago).

This outcrop provides evidence for an active fault on the topographic boundary between the

mountains and the plains.
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Y-3. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Tectonic relief Associated
with the Ichinose Fault

The Ichinose fault consists of active fault groups on the boundary region between the Kofu
Basin and the Ichinose Upland and the Kushigata Mountains to the west of the basin.
Exhibiting significant displacement, this is the region’s most active fault. Tectonic reliefs
accompanying active faults are readily observed here. The activities of the
Shimotsuburai-Ichinose fault and the Hakushu fault to the north are believed to have driven

the westward tilting and uplifting of the main body of the Southern Alps.
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