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i 3 M H Intrusion and emplacement processes of magma in the shallow crust at the flare-up
stage: Focusing on the adakitic rocks, Kitakami mountains, northeastern Japan

Calc-alkaline to shoshonitic and adakitic rocks are produced based on subduction of the oceanic crust,
which were cooled and solidified through the processes of intrusion, ascent, and emplacement from magma
chambers to plutonic (granitic) rock bodies. The plutonic rocks are the main constituent rock bodies of the
continental crust. Thermal release from the magma chamber causes contact metamorphism and the
development of regional low-pressure/temperature metamorphism in the crust. Therefore, the formation of
calc-alkaline to shoshonitic and adakitic magmas that occur in the subduction zones in the island arc-trench
system contributes significantly to the development and evolution of continental crust.

The plutonic rocks in the Kitakami Mountains, which produced due to the subduction of the oceanic crust,
consist of adakitic rocks and non-adakitic (calc-alkaline to shoshonite) rocks. The plutonic rocks in the
Kitakami Mountains have U-Pb ages of ca. 125 — 110 Ma, which corresponds to the ‘Cretaceous Magmatic
flare-up stage’ of ca. 112 Ma. That is, the plutonic rocks in the Kitakami Mountains are the best targets for
evaluating the dynamics of magmatic activity in the subduction zones of the island arc-trench system
because they the plutonic rocks were produced by adakitic and non-adakitic magmas during the flare-up
stage.

We aim to elucidate the intrusion and emplacement processes of the magma into the shallow crust, using
the adakitic Sakainokami plutonic body and non-adakitic Kuki granite in the Kitakami Mountains. The
Sakainokami plutonic body occurs as adakitic lithofacies at the central parts and the surrounding
non-adakitic lithofacies, and the adakitic and non-adakitic lithofacies do not show the zoned distributions.
The Kuki granite is only accompanied with the non-adakitic lithofacies.

This paper describes the results of petrological and geochronological studies for the Sakainokami
plutonic body and the Kuki granite and discussion the differences in their intrusion and emplacement
processes in the shallow crust. The petrological study describes the mode, whole-rock chemistry and mineral
chemical composition, and discusses the spatial distribution of petrological characterization in the target rock
bodies. Spatial distribution of petrological characterization for the Sakainokami plutonic body was carried
out by using a large number of rock samples collected from outcrops at different elevations. In contrast, the
spatial distribution of petrological characterization for the Kuki granitic body was carried out by using
borehole core samples. Based on the chemical composition of the hornblende, pressure-temperature (P-7)
histories of the magma chamber are presented based on the application of geothermometer of Putirka (2016)
and geobarometer of Mutch et al. (2016). The pressure can be interpreted as the depth of the magma
chamber. For geochronological studies, the simultaneous determination of zircon U-Pb age, titanium
concentration, and Th/U was performed using a laser ablation inductively coupled plasma mass
spectrometer (LA-ICP-MS). Time-temperature (#-7) histories of the magma was constructed from the zircon
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crystallization age (U-Pb age) and crystallization temperature (titanium concentration).

Chapter 1 in this paper presents review of adakitic and non-adakitic rocks in the Kitakami Mountains
during the flare-up stage, and the investigative purpose of this study. Next, Chapter 2 presents the research
methodology. Chapter 3 describes the results and discussion of the Sakainokami plutonic body, and Chapter
4 describes the results and discussion of the Kuki granitic body. The final Chapter S, discusses the
differences in intrusion and emplacement processes between adakitic and non-adakitic magmas in the
shallow crust during the flare-up stage. In particular, based on the combining the P-7"and #-7 histories of
each magma, we focus on 1) differences in the cooling process between adakitic and non-adakitic magmas,
and (2) differences in the rate of magma intrusion in the shallow crust.
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