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Genetic Relationship between Quaternary NE Japan Arc Magmas
and Miocene Japan Sea Back-arc Basin Basalts: Implications
for a Dynamic Model of Hot Fingers in the Mantle Wedge

Yoshihiko TAMURA*

Abstract

0 O Mantle melting and production of magmas in NE Japan may be controlled by locally
developed hot regions within the mantle wedge that form inclined, 50 km-wide fingers. In this
case, are these hot fingers chemically and/or isotopically different from the host mantle wedge?
Forty-four Quaternary volcanoes in NE Japan have been reviewed to evaluate two-
dimensional strontium isotopic variations, and to infer ¥Sr/**Sr contours of the source mantle.
The isotopic composition of magma source materials at depth is found to have little
relationship with slab depth, suggesting that mantle heterogeneity was established before the
flux of fluid released from the subducting slab reached the magma source regions. On the
other hand, Miocene Japan Sea back-arc Yamato basin basalts have the same isotopic
variation as the Quaternary volcanic arc. Cousens et al[11994[0suggested the possibility that
partial melts of sediments, forming at a depth of >200 km may mix with mantle wedge material
0 ¥Sr/*Sr 0 0.7030 resulting in a magma source component with enriched *Sr/**Sr of 0 0.705.
I suggest that after the cessation of Yamato basin rifting, a MORB-like mantle sourcél *’Sr/*Sr
00 0.703C0n the mantle wedge below the Quaternary NE Japan arc was replenished by a fertile
mantle materiald ¥Sr/*Sr 0 0.7050through convection induced by the subducting lithosphere.
On its way to the shallower mantle wedge <150 km[J the fertile mantle material changes
shape from a hot sheet to hot fingers, for reasons not yet fully understood. Thus, the hot
fingers, with ¥Sr/**Sr of O 0.705, extend from 0 150 km below the back-arc region towards the
shallower mantleD 0 50 kmO beneath the volcanic front. A conveyor-like return flow is
interpreted to carry the remnants of these fingers to depth, resulting in greater amounts of
fertile material being incorporated in diapirs beneath the volcanic front, and smaller amounts
incorporated in areas behind the front.
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Fig. 10 Along-strike profiles ofJ al] the Nasu zone and[J b the Chokai zone.
The Quaternary volcanoes are shown in white; the basement of these volcanoes is shown in black. The
two profiles are similar in magnitude and wavelength. The numbers identify the 10 volcano groups
shown in the map insert. Vertical exaggeration x 2000 after Tamura et al., 200201
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Fig. 20 Ranges of ¥Sr/*Sr of volcanic rocks in the 10 volcanic groups of the NE
Japan arc.
Solid and open bars show *Sr/*Sr ranges for individual volcanoes of the Nasu and

the Chokai zones, respectivelyd Tamura, 200301
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Table 10 Yamato Basin basalts[] Yamashita and Tatsumi, 19940 and estimated primary magmas.

ODP Site 7970 upper depleted ODP Site 7940 enriched
12R-2.81 cm 18R-3.6 cm 13R-1.122 cm 20R-1.1 cm
SiO; 48.04 49.09 48.79 48.49
TiO. 1.04 0.97 1.54 1.48
Al.O; 17.40 17.43 16.07 16.63
FeO" 7.68 7.09 10.15 9.34
MnO 0.14 0.27 0.16 0.16
MgO 9.36 7.94 8.14 7.60
CaO 11.17 11.47 10.68 10.71
Na.O 2.8 3.02 2.94 2.78
K.O 0.10 0.10 0.21 0.18
P.Os 0.11 0.08 0.15 0.16
Total 97.84 97.01 98.83 97.53
Calculated primary magmas by the method of Tamura et al.[0 20001
Added olivine
9m 110 110 7m
Primary Fo content
91.0 90.9 87.8 87.1
SiO; 48.35 49.54 48.36 49.02
TiO. 0.97 0.89 1.39 1.41
Al.Os 16.23 16.07 14.54 15.88
FeO 7.22 6.87 9.54 8.87
Fe.Os 0.88 0.84 1.17 1.08
MnO 0.144 0.286 0.164 0.167
MgO 12.99 12.02 12.22 10.39
CaO 10.42 10.58 9.66 10.22
Na.O 2.61 2.78 2.66 2.65
KO 0.09 0.09 0.19 0.17
P.Os 0.10 0.07 0.14 0.15
Total 100 100 100 100
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the method of Tamura et al.00 20001 Calculated
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