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Professor Kuno in the age of paleomagnetism, university unrest,and Apollo project
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Hisashi Kuno - Triumph of the Spirit
Hisashi Kuno - Triumph of the Spirit
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As a young American boy living in Japan from 1955-1960, | was well aware of Japans path toward recovery from the devasta-
tion of the Pacific War. Whole sections of Yokohama, where | lived, remained in impoverished condition, and many parts of the
city were still being rebuilt. In the late 1960s, while first studying petrology, | became aware of the work of Hisashi Kuno, and of
his role in the United States as an ambassador for Japanese science and especially petrology. Following the war, Kuno was one
the first Japanese scientists to travel to the United States, where he worked on pyroxenes with Harry Hess at Princeton Universi
His paper about Hakone volcano, and later papers about pyroxenes, rock series, magmatic differentiation and parental magmas
Japan and elsewhere became standard fare for American petrologists wishing to understand island arcs and igneous petrogene
Reading about his life, | discovered how seriously the war years delayed his scientific work, and came to appreciate the obstacls
he overcame in order, finally, to finish his dissertation in 1948, 17 years after he began, and while Japan itself was still in very
dire straits. Then he went on to an exemplary career - helping to carry Japanese science to a level of international awarene
and acceptance it had never had before. His secrets seemed to be great perseverance, assiduous attention both to detail and 1
aspects of a particular problem ? especially pyroxenes, diligence and great skill with the microscope, publication in English anc
a level of serene authority that worked well with students and colleagues. He obtained mastery in his craft during a period o
great adversity, in a way that is to me particularly Japanese in mind and spirit.

O O 000 history of geology, igneous petrology, island arcs, pyroxenes, differentiation
Keywords: history of geology, igneous petrology, island arcs, pyroxenes, differentiation
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The nature of basement rocks in the Izu Peninsula and Izu-Bonin arc: constraint fron
zircon geochronology
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The Izu Peninsula, central Japan, is situated in a zone where the active intra-oceanic Izu-Bonin arc has been colliding witl
the Honshu arc for the past 15 million years. As a result of this arc-arc collision, parts of the 1zu-Bonin upper crustal sequence:
have been accreted and uplifted to form the Izu Peninsula, exposing seafloor volcaniclastic deposits, associated lava flows, a
coeval intrusive bodies. Parts of this sequence, the Yugashima Group, have been subjected to extensive hydrothermal alteratit
and these altered rocks have previously been interpreted as representative of hypothetical widespread Middle Miocene basem:
that presumably underlay northern Izu-Bonin arc volcanoes. New zircon U-Pb ages presented here, however, show that bo
fresh and altered volcanic sequences exposed in Izu Peninsula are broadly contemporaneous and were products of the same |
Miocene to Pleistocene magmatism. Geochemical characteristics of these sequences show them to have formed in the 1zu-Boi
rear-arc environment, providing an unusual opportunity to investigate in detail the growth and architecture of a rear-arc regior
in an active intra-oceanic arc. Moreover, zircon ages from altered basal units of Kozushima and Niijima, Quaternary volcanic
islands in the northern Izu-Bonin rear-arc, show that these islands rest on units only slightlxdldéa) than the main body of
these subaerial edifices, not, as previously believed, part of a regional older Miocene basement, suggesting the near-continut
growth of these arc volcanoes and their underlying successions. The newly obtained ages and reinterpretation of the geochemi
characteristic of the volcanic rocks revealed the nature of the upper crustal sequences that underlie the I1zu-Bonin arc volcanoe
as well as providing key insights on the tectonic interpretation of the Quaternary volcanism in the Izu collision zone.
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Geological meaning of the swarm earthquake occurrence in Hakone Volcano -Relatior

for Tanna and Hirayama Faults-
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Geological evolution of the Hakone volcano: Kuno’s classical model vs. recent model
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A new model of the Hakone Caldera
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Petrology of the Hakone volcano ; on the bases of rock forming minerals
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Pigeonitic rock series vs. hypersthenic rock series
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Two distinctive differentiation trends, pigeonitic and hypesthenic (P and H, hereafter), are recognized in the sub-alkalic vol-
canic rocks, denoting the absence or presence of orthopyroxene in a groundmass (Kuno, 1950) and correspond broadly to thol
itic and calc-alkalic rock series (Kuno, 1960), respectively. Kuno (1959) favored a model in which P- and H-series magmas
are produced from a single basaltic primary magma via crystallization differentiation under lower and higher fO2 conditions.
Disequilibrium petrographic features observed characteristically in H-series rocks (e.g., Sakuyama, 1981) have led to a gener
consensus that these magmas form via maxing between basaltic and felsic magmas. It is generally accepted that H-series magr
may contain more crustal flavors than P-series magmas as suggested by the following observations: (1) P-series rocks are do
inant in juvenile oceanic arcs, whereas H-series rocks are the major magmatic products in mature continental arcs with thicke
crust and (2) H-series rocks are more enriched in 'incompatible’ elements than P-series rocks. Detailed petrographic and ge
chemical re-examination of Quaternary volcanoes of NE Japan arc, including micro-analyses of isotopic ratios of phenocrysts, o
the other hand, provides a new insight into genesis of these two magma series; the P-series magmas are produced via anatexi
lower crust caused by underplating and/or intrusion of mantle-derived basalt magmas into the sub-arc crust. The mantle-derive
basalt magma mixes with crust-derived P-series melts to form H-series magmas. If this is the case, then analysis and examinati
of the compositions of minerals that crystallize from the primitive H-series basalt magma could provide the only chance to fully
understand the geochemical characteristics of a mantle-derived magma, and hence the source mantle and slab-derived com
nents.

(a) Kuno' s Idea (b) General Consensus (c) New Idea
TH (P) series  CA (H) series TH (P) series  CA (H) series TH (P) series  CA (H) series
Xtallzation Magma mixing ‘II’ Magma mixing
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Xtallization Xtallization LTl é%;é%%?{an I. differentiation
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atlower 1o, Felsic magma via Ldiliis
magma via
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e E 715 ]

4 Primary basalt magm: imary basalf magm

Magmatic ascent High-T mantle ascent High-T mantle ascent
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A sulfur isotope perspective of fluid transport across subduction zones
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Subduction and arc magmatism are fundamental processes in the evolution of the Earth, because they play crucial roles in tl
present-day differentiation of earth’s materials and are believed to be major sites of continental crust generation that have ope
ated throughout geologic time. Processes of mantle melting and volcanic eruptions along subduction zones are often illustrate
by the use of two-dimensional cross-section models of convergent margins. Initially, aqueous fluids released from the subducte
oceanic sediments and crust rise into the mantle wedge, lowering the mantle solidus and stimulating magma generation an
ultimately, volcanism at the surface. In addition, the descent of the plate stirs the mantle, bringing a flux of warmer mantle
material from greater depth, thermally reinforcing the melt generation process. | review here the structure of the mantle wedg
and arc crust beneath the northeast (NE) Japan arc and the lzu-Bonin arc, respectively, and suggest that the third dimensic
lying along the strike of the arc, is necessary to understand the actual production of magmas in subduction zones. These arcs
two of the best places in the world to understand the 3-D structure of the mantle wedge and arc crust. In this context, this 3-L
structure indicates that magma productivity is not uniform along a volcanic arc. Information about 3D structures have come from
independent studies of the mantle wedge and arc crust in the NE Japan and Izu-Bonin arcs, respectively, and common perioc
structural variations, having wavelengths of 80-100 km, can be observed in both areas. Thus we suggest here that the 3D thern
structure of mantle wedge has a direct link to the 3D structure of arc crust via production of arc magma within the mantle wedge
The hot fingers models may play an important role in linking the 3D structures within the mantle wedge and overlying arc crust
to volcanic eruptions at the surface.
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Keywords: hot fingers, arc magmas, mantle wedge, crustal structure, primary magmas, rhyolite



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““m
SVC052-13 00d:302 O00:50 260 17:30-17:45

000000000 0poooooooon o
Petrological characteristics of subarc mantle peridotites
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We would like to make a review of petrological works on the subarc mantle, which were pioneered by Kuno (1967) on peri-
dotite xenoliths from the Megata volcano (Ichinomegata crater). After the works of Kuno, peridotite xenoliths from the Japanese
island arcs, including those from the Megata volcano, have been extensively studied mainly by Japanese scientists. Petrologic
data on subarc xenoliths from the Philippines, Papua and Kamchatka have been accumulated to enable us to build a petroloc
model of subarc mantle. Peridotite xenoliths from the SW Japan arc are representative of subarc mantle impacted by plum
related magmas. The Megata peridotite xenoliths, which are varied in degree of melting, may represent the backarc-side upp
mantle of an arc, whereas the xenoliths from Avacha (Kamchatka) and Iraya (Philippines), which show high degree of melting
and metasomatism, were from the upper mantle beneath a volcanic front. The degree of partial melting and metasomatic modif
cation of peridotite is highest beneath the volcanic front, and decreases continent-ward. Backarc basin opening, if any, produce
a series of depleted peridotite.
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Topographic survey of lake-bottom of Ashi-no-ko in the Hakone Volcano using the nar-
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Throughout the Earth’s history from early Earth when a dense melt could have accumulated at the bottom of the mantle tc
present day setting where melting at ridges, subduction zones and hotspots drives material differentiation, partial melting of th
mantle is an essential process for its material and thermal evolution. Thermodynamic modeling is a general approach suitable f
describing such material and thermal evolution during melting. It can provide an internally consistent model in terms of phase
assemblage, mass- and energy-balance. We have been developing a general energy minimization algorithm for describing st
mantle melting. The algorithm calculates gradient of total Gibbs free energy of the system with respect to any tiny mass of melt:
ing or solidification of melt and solid end-components under the constraint of closed system at constant pressure and temperatu
Molar contents of solid and melt end-components are recalculated along the steepest gradient of total Gibbs free energy of t
system at each calculation step. Equilibrium state of the system is found where the gradient becomes zero with respect to ai
tiny mass perturbation. Thermodynamic model had constructed with the algorithm, thermodynamic formulation of silicate melt
and calibrated thermodynamic parameters for silicate melt successfully reproduced melting phase relations of mantle peridotit
at 1GPa.

Here we present a new multi pressure thermodynamic calculation with newly calibrated thermodynamic parameters for sili-
cate melt. Calibration data source is expanded to include higher-pressure experiment, up to 2 GPa. The thermodynamic moc
describes melting of spinel Iherzolite at 1-2GPa. The calculation is carried out in a system SiO2-Al203-FeO-Fe304-MgO-CaO
with olivine, clinopyroxene, orthopyroxene, spinel and silicate melt. The dCp values, which are a difference of specific heat be-
tween solid and melt end-component, and dV, which is a difference of volume between solid and melt end-component have bee
calibrated utilizing previously reported results of high-pressure melting experiments of mantle peridotite and thermodynamic
properties of rock forming minerals. Simple ideal solution is employed for the activity model of silicate melt in this study.

Thermodynamic calculation with newly calibrated parameters successfully predicted multi pressure melting relation of mantle
peridotite, including elevated solidus temperature at higher pressure. At 1.5 or 2 GPa calculation, temperatures 50-100 degre
higher than that of 1GPa are required to derive a certain degree of melting, which coincides well with experimentally predicted
effect of pressure on melting degree (e.g.; Falloon et al., 1999; Hirose and Kushiro, 1993). Effects of pressure on partial mel
compositions are well reproduced, though FeO/MgO partition between melt and solid are not well reproduced with the ideal
solution activity model. Decrease of SiO2 content and increase of FeO in a partial melt with increasing pressure and increase ¢
MgO content with increasing temperature, as shown in Hirose and Kushiro (1993), are well reproduced. In addition to the effect:
of temperature and bulk composition, effect of pressure on melting relation is successfully introduced to our thermodynamic
calculation with relatively simple thermodynamic formulation for silicate melt.
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