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図1 マグマの発生に対する，マントルの上昇，加熱， 

水の付加の概念図．星印の温度・圧力条件にあるマントル

が加熱（右に移動），または上昇(下に移動)すると，マントル

はソリダス温度（溶融温度）を越えるため，マグマが発生す

る．あるいは，マントルの温度・圧力がおなじであっても，水

の付加によってマントルのソリダスが低下(左に移動)した場

合には，マグマが発生する． 
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図2マグマの減圧に伴うマグマ水の析出と散逸，星印の含

水量・圧力状態にあるマグマが上昇（下に移動）すると，飽

和含水量曲線を越えるため，マグマ中に気泡が発生する． 

気泡量はマグマの上昇とともに増加するが，それらの抜け

かたは噴火様式によって大きく異なる．
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Southwest Japan intra–plate monogenic volcanism:  
Case study of San–in Pliocene–Quaternary volcanic centers 

Hoang Nguyen, Jun'ichi Itoh, Isoji Miyagi, Kuniaki Nishiki  
(Institute of Earthquake and Volcano Geology, AIST) 

 
Monogenic volcanism occurs in the San–in area in 4 

major stages associated with the Japan Sea opening and 
the subduction re–initiation of the West Philippine Sea 
plate (Uto et al., 1994; Kimura et al., 2003; after Tamaki 
et al., 1992; Taira, 2001). The eruptive stages include 
pre–opening (>20 Ma), syn–opening (20–12 Ma?), post–
opening (12–4 Ma?) and arc–related (4–0 Ma).  

Samples with ages ranging from ca. 5.3 to 1 Ma were 
collected in Tottori Nanbu, Kurayoshi, Sakane, Wakasa, 
Mihirayama and several other localities to analyze for 
geochemical and Sr–Nd–Pb isotopic data. The samples 
are phyric basalt, basaltic andesite, andesite, dacite and 
rhyolite. Except for a few basaltic samples falling in the 
alkaline field, most of samples follow the normal 
tholeiitic trend (Cox et al., 1979). Some samples from the 
Tottori Nanbu and Kurayoshi areas having high MgO 
and SiO2, high Sr/Y (45–110) plot in the adakite field, 
although different from field defined by Setouchi high–
Mg andesite (Shimoda et al., 1998). The study samples 
exhibit high LILE/HFSE ratios (for example, Ba/Nb), 
high (relative) Pb and Sr contents, the features vastly 
attributed to the involvement of arc–related (crust–) 
hydrous fluids in the mantle source. Their 87Sr/86Sr 
ratios are high (0.7045–0.707) and εNd are relatively low, 
between 2 and 3, accompanied by relatively high ratios 
of 206Pb/204Pb (18.2–18.4) and 208Pb/204Pb (38.34–38.65), 
suggesting involvement of crustally enriched source in 
the magma formation. Correlation between the isotopic 
and trace elemental compositions reveals a combined 
effect of fractional crystallization (FC) and assimilation– 
fractional crystallization (AFC) in the formation and 
evolution of San–in volcanics.  

The Northern Kyushu (SW Japan) intraplate 
monogenic volcanics including south Hirado 15 Ma 
tholeiites, Ikitsuki–Hirado 7–9 Ma, Iki–jima 8–1.3 Ma 
and Gotoshima 1–0.1 Ma alkaline basalts (Hoang and 
Uto, 2003; Hoang et al., 2013; Uto and Tatsumi, 1996; 
Uto et al., 2004) located west of San–in, are taken for 
regional comparison. In difference from the San–in 
magmas the northern Kyushu are mostly basalts. 
Except for older basalts from south Hirado and Ikitsuki–
Hirado which show geochemical and isotopic 

characteristics comparable to the San–in lavas, the 
younger northern Kyushu basalts, including most of the 
Iki–jima samples, are distinct from the San–in in that 
they have lower SiO2 and higher FeO* and TiO2, their 
trace element patterns, showing high LILE (Ba, Rb, 
Sr…), high HFSE (such as Nb, Ta, Zr, Hf…) and high 
rare earths, are oceanic island basalt (OIB)–like; their Sr, 
Nd and (especially) Pb isotopic compositions are 
characteristically more depleted. These geochemical and 
isotopic features observed in the young northern 
Kyushu basalts are consistent with being derived from a 
deep, asthenospheric source as compared with the San–
in lavas.  

The difference between San–in and young (<7 Ma?) 
northern Kyushu monogenic intraplate magmas thus 
reflects the difference in depths of magma generation. 
The San–in basalts, showing high SiO2, low FeO* and 
TiO2, high LILE/HFSE ratios and variable enrichment 
of Sr, Nd and Pb isotopes may reflect melts being 
generated in a shallow, crustally contaminated mantle, 
introduced, for example, by Cretaceous Pacific 
subduction (e.g., Uto et al., 1994). This mechanism has 
also been explained for the formation of 15Ma south 
Hirado and 7–9 Ma Ikitsuki – Hirado melts. In contrast, 
the younger northern Kyushu basalts, exhibiting OIB–
like geochemistry, low 206Pb/204Pb (17.7–18.2), relatively 
low 87Sr/86Sr (0.7035–0.7045) termed as Indian Ocean 
asthenosphere–like isotopic signature is believed to 
present throughout the eastern Asian mantle, may 
reflect being derived from deeper, more fertile and 
enriched asthenospheric sources (Hoang and Uto, 2003; 
Hoang et al., 2013; Uto et al., 2004). This research project 
has been conducted as the regulatory supporting 
research funded by the Secretariat of Nuclear 
Regulation Authority (Secretariat of NRA), Japan.  
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