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The Izu-Bonin-Mariana (IBM) arc system extends 2800km from near Tokyo, Japan
to Guam (Fig. 1) and is an outstanding example of an intra-oceanic convergent margin
(I0OCM). Study of this and other IOCM'’s provide unique insights into the operation of the
Subduction Factory because contamination of mantle-derived melts by pre-existing crust
can be neglected and because the absence of continent-derived sediments makes it easy to
examine arc infrastructure. Because the surface of the IBM IOCM is largely submerged
and its Subduction Factory extends hundreds of kilometers to the base of the mantle,
studying it will require a remarkable (and international) mix of marine technologists
interacting with a diverse geoscientific community: field-oriented (marine and
landlubber), laboratory-oriented, and computation-oriented geoscientists. Outputs from
the IBM Subduction Factory can be sampled in four distinct settings: forearc vents,
magmatic arc volcanoes, cross-chain volcanoes, and back-arc (extensional) volcanoes.
The purpose of this presentation is to acquaint this large and diverse audience with the
magmatic products of this large and diverse system.

One of the most interesting and important aspects of IBM igneous activity are the
boninites, named by Petersen (1890) after localities in the Bonin (Ogasawara) Islands.
These testify to the hydrous melting of harzburgite at the beginning of large-scale
lithospheric subsidence (not true subduction, but its precursor), constrained to have begun
about 45-50 Ma ago. Peridotites exposed in the trench wall and as xenoliths in forearc
mud volcanoes are mostly highly-depleted harzburgites with Cr-rich spinels. These
harzburgites are residues after this intense, early melting episode. The IBM arc

magmatic system subsequently has been in a steady state, in the sense that there are major



progressive or systematic changes in magma composition are not observed. There are
large variations in magma composition but these are controlled by location along or
across the arc as well as by differences in tectonic style.

IBM lavas from along the magmatic front are porphyritic and fractionated, with
Mg# (=100Mg/Mg+Fe) in the forties and fifties. We don’t understand how or where this
fractionation occurs, but we think it happens in crustal ‘magma chambers’, although none
has been identified geophysically. The lesson from the MELTS experiment may be that
arc magmas fractionate in thin, sill-like bodies. The absence of primitive lavas suggests
that multiple sites for fractionation may exist. The cartoon in Fig. 2 presents some of the
likely relationships and complications, and we very much need a better understanding of
the magma plumbing and storage system beneath the magmatic front.

In spite of the generally fractionated nature of lavas erupted along the magmatic
front of the IBM arc, significant differences can be seen on a plot of potassium vs. silica
(Fig.3A). Mariana arc volcanoes mostly erupt medium-K, calc-alkaline or tholeiitic lavas
Izu-Bonin arc volcanoes mostly erupt a bimodal suite of low-K tholeiites and
rhyodacites. The IBM arc is the only IOCM where shoshonitic lavas erupt along the
magmatic front. All IBM lavas from along the magmatic front show trace element
patterns indicating involvement of the ‘subduction component’ (Fig. 4A), with elevated
Rb, Ba, and U, strong depletions in Nb and Ta, and positive ‘spikes’ in K, Pb, and Sr.
Shoshonites also show enrichments in Th and LREE.

Three cross chains have been studied, from north to south: Izu cross chain, four
cross-chains near 32°N, and the Kasuga cross-chain (Fig.1). There is a remarkable
variability in the composition of cross-chain lavas. They are bimodal, erupting abundant
primitive basalts with Mg# >65 as well as dacites and rhyodacites. Cross-chain lavas are
usually more potassic than those from the co-existing volcano on the magmatic front,

mostly falling in the medium-K field, but both subalkaline and alkaline varieties are



erupted. Shoshonites are only known from the Kasuga cross-chain in the northern
Mariana arc, although rare, high-K lavas have been recovered from the cross-chains near
32°N (Fig. 3B).

Lavas related to extension are erupted from interarc rifts in the north (lzu rifts;
Fig.1) and the Mariana Trough back-arc basin. These lavas straddle the low-K/medium-
K divide (Fig. 3C). Lavas associated with rifts such as the Sumisu rift in the Izu rifts and
the Volcano-Tectonic Zone of the Mariana Trough are bimodal, with abundant felsic as
well as mafic lava, but lavas erupted by the part of the Mariana Trough undergoing
seafloor spreading are all basalt or basaltic andesite (Fig. 3C). Most extension-related
lavas show trace element patterns expected for subduction-related lavas and are not
easily distinguished from the arc lavas on this basis (Fig. 4B); however a few back-arc

basin basalts have MORB-like trace element patterns.






