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Abstract

Title: Thermochronometric investigations of the northeast Japan Arc

Shoma Fukuda

To comprehend how the development and formation of landforms occur is a
principal issue, and plays a key role to estimate the geomorphic and geologic
evolutions. In particular, mountains, widely distribute on the Earth’s surfaces, are
one of the major topographic expressions, which should be formed by the
interactions between vertical crustal movements, such as uplift and denudation.
There exist some of methodologies and markers to detect vertical crustal movements,
and they are based on several geoscientific regimes, e.g., geodesy, geomorphology,
and geology. The targeting areas and timescales vary depending on the methods.
Hence the appropriate methods should be selected for target phenomena to be
detected. The mountain building, studied in this PhD study, is thought to occur on
the geologic timescales (>10° yr), and proceed accompanied with loosing surface
materials where erosion is dominant. Therefore, it is difficult to approach by using
conventional ~methods mainly because of methodologic limitations.
Thermochronology is capable to estimate a long-term denudation history in
erosional regions, which has been successfully applied to major mountain belts in
the world, for instance the Europe Alps (Wagner et al, 1977). Thus,
thermochronometric approaches are considered to be as reasonable indicators for
reconstructing the mountain building process. In contrast, few thermochronometric
studies of mountains in young orogens has been carried out (Herman et al., 2013)
because of low-reliefs and methodologic limitations.

The northeast (NE) Japan Arcis one of the island arcs, comprised of Japan Islands,



which has a typical topographic alignment of an arc-trench system. Tectonic histories
of the NE Japan Arc are supposed to change drastically through geologic timescales,
and have so far been investigated in terms of geology and geomorphology. Three
tectonic stages were roughly proposed (e.g., Sato, 1994); (1) the margin of Asian
continents prior to 21 Ma; (2) the formation of back-arc basins by the opening the Sea
of Japan until ~13 Ma, and (3) the formation of the NE Japan Arc after 13 Ma. The
tectonics since the initiation of the NE Japan arc is characterized as the E-W
compressive stress field, derived from the subduction of the Philippine Sea and
Pacific plates (Takahashi, 2006; 2017). From the Pliocene to Quaternary, the strong
compressive stress field has been developing, which probably contributed to the
formation of inland topographic alignments, such as mountains and faults (Yonekura
et al., 2001). In recent two decades, the applicability of thermochronology for
Japanese mountains has been confirmed as an effective tool for mountain building
process (Sueoka et al., 2015; 2016), based on the studies of Japanese Alps (e.g., Sueoka
et al., 2012). However, few quantitative investigations about the mountain building
process in the NE Japan Arc have been performed so far.

This PhD study has applied low-temperature thermochronometers, such as
fission-track and (U-Th)/He methods (namely, FT and He methods, respectively), to
the Cretaceous—-Paleogene granitic rocks regarded as the bedrocks of mountains in
the NE Japan Arc. Sueoka et al. (2017a) firstly attempted to estimate the mountain
building process across the southern part of NE Japan Arc by using He
thermochronology. This study uncovered the contrasts of thermal and denudation
histories between island arc components, i.e., a fore-arc, volcanic arc, and back-arc.
However, the reconstructed thermal and denudation histories were discussed
relying on the apparent He ages, inferring the issues about these reliabilities still

remained. Based on low-temperature thermochronometers for two E-W transects



(i.e., the N- and S-traverses) across the NE Japan Arc, this PhD study therefore aimed;
(1) to reconstruct high-accurate thermal/denudation histories based on AFT
thermochronology using the same samples reported He data by Sueoka et al. (2017a)
along the S-traverse (Chapter 2); (2) to verify the reproducibility of the contrasts of
suggested thermal/denudation histories along the S-traverse, by compared with the
newly He thermochronometric results across the N-traverse (Chapter 2); and (3) to
quantitatively constrain the uplift style of the volcanic arc based on the denser AHe
thermochronometric mapping and numerical calculations using the simple slope
developing function (Chapter 4). Consequently, the contrasts of thermal/histories
between island arc components were revealed from two traverses across the NE
Japan Arc. The common features of thermal/denudation histories were also
estimated in parallel to arc-trench (i.e., N-S) direction, implying the formation of the
N-S topographic alignments is possibly caused by the plate subduction. Moreover,
in order to constrain the previously suggested uplift models of the volcanic arc along
the NE Japan Arc, the uplift style of the volcanic arc over geologic time was
successfully reconstructed from thermochronometric approaches.

Integrating these case studies, the contrasts of denudation histories were
observed across the NE Japan Arc, namely, denudation rates at eastern side of the
Ou Backbone Range (OBR) showed slow and stable through the Paleogene, while
these rates at western side of the OBR showed rapid caused by the intense
compressive stress field since the Quaternary. Spatial continuities of thermal and
denudation histories along the NE Japan Arc were revealed, inferring that the N-5
topographic alignment of landforms is probably controlled by the plate subduction.
Moreover, the uplift style of volcanic chain in the NE Japan, the OBR, was
quantitatively estimated as a doming style based on thermochronometry, which

implied the uplift styles vary strongly depending on the local geologic setting even



inner the same island arc. Therefore, the applicability of low-temperature
thermochronology in the NE Japan Arc are verified, and expanded to even relatively
lower relief mountains, as thermochronologically confirmed by previous studies in
Japan Alps having >2000 m elevations. Geological implications from
thermochronometric studies of a typical arc-trench system possibly provide the
insights into general island-arc, inferring that the plate subduction controls the
landform developments in island arcs. In addition, the volcanic arc, which commonly
are observed on arc-trench systems, have probably been uplifted in doming style
through geologic timescales. This PhD study created a thermochronological
framework for mountains in young orogens like arc-trench systems, and verified
thermochronometric studies in the island arc setting can effectively offer geologic

and geomorphic implications.
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