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The draft science plan for the Subduction Cycles and Deformation (SCD) initiative of 

GeoPRISMS poses as one of its key questions: What are the physical and chemical conditions that 

control subduction zone initiation (SI) and the development of mature arc systems? Understanding 

how subduction begins and evolves is important for this effort because:  (1) a significant 

proportion of oceanic arc crust is generated during SI, thus understanding its composition is crucial 

for understanding the overall mass balance of this potential source of continental crust; (2) SI 

appears to occur nearly simultaneously over length-scales of many thousands of kilometers, and 

thus affects global plate motions, volatile fluxes, and rates of volcanism; and (3) asthenospheric 

flow and geological structures including those generating seismicity in modern subduction zones, 

depend in part on how subduction starts and evolves through time.  

SI and the transition to mature, central-vent arc volcanism is best preserved in the rock 

record of oceanic forearcs. For example, the Izu-Bonin-Mariana (IBM) forearc has long been 

known to have sequences of unusual volcanic rocks related to arc infancy (e.g. Meijer, 1980; Stern 

and Bloomer, 1992).  Recent Shinkai 6500 diving has further shown that this forearc preserves the 

entire magmatic history from SI through arc maturity. Similar SI lithologies with similar ages have 

been encountered in the Tonga-Kermadec and Aleutian forearcs. Siletzia (the Cascadia forearc) 

may be another SI-related forearc, but this is not yet clear. Thus, we propose that to address the 

question posed above, some SCD research should be focused on in-situ Pacific forearcs.  

The IBM forearc provides a rich example of what such focused studies can reveal.  The 

results from on-land studies of forearc islands as well as drilling, dredging and Shinkai 6500 diving 

since the 1970’s (e.g. Hussong et al., 1981; Fryer et al., 1992; Taylor et al., 1992; Reagan et al., 

2008; Ohara et al., 2010) has allowed construction of a rough geological map of the IBM forearc 

(Fig. 1), as well as delineation of its magmatic stratigraphy related to SI. The deepest parts of the 

inner trench slope consist of depleted peridotites overlain by a thin layer of gabbroic rocks. Above 

and to the west of the gabbros, the most abundant igneous rocks are MORB-like basalts and 

associated diabases termed ―forearc basalts‖ (FAB; Reagan et al., 2010). These rocks are the first 

volcanic manifestations of SI. Several 
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Ar and U-Pb ages from the Bonin-islands region and 

near Guam place the age of FAB eruption at ~52 Ma (Tani et al., 2009; Ishizuka et al., 2009; 

Ishizuka unpublished data, 2010). Lavas with compositions transitional to boninite have ages of 

about 49 Ma (Cosca et al., 1998). Low- to high- Ca boninites are upslope and west of the FAB, and 

have ages of 48 to 44 Ma (Ishizuka et al., 2006). Eruption of tholeiitic and calcalkaline arc lavas 

have ages stretching back to 45 Ma (Reagan et al., 2008), thus the transition from SI to ―normal‖ 

arc volcanism required 6-7 million years of subduction-zone development.  

The SI-related stratigraphy preserved in the Tonga-Kermadec forearc appears to be nearly 

identical to that of the IBM forearc. Peridotites are at the deepest levels, with sequences of 

gabbroic rocks and basaltic through rhyolitic lavas cropping out up-section and to the west 

(Bloomer and Fisher, 1987; Bloomer et al., 1994). The oldest radiometrically dated igneous rocks 

are gabbros with ages of ~52 Ma (K. Tani, unpublished data 2010), and a 46.6 Ma basalt from Eua 

island (Ewart et al., 1977). Early-arc volcanics also are preserved on Fiji, with basaltic through 

boninitic and tonalitic rocks having ages stretching back to more than 45 Ma (Todd et al., 2007). 

Little is presently known about the oceanic portion of the Aleutian forearc. Nevertheless, 

Eocene-aged lavas and sediments crop out on or near islands in the central and western Aleutians 

islands. The oldest two radiometrically dated samples of the Aleutian arc massif have 
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ages of ~46 Ma. One was dredged from just offshore of Kiska Island (Jicha et al. 2006); the other 

was collected from Medny Island (Layer et al., 2007). Compositionally, both samples are basalt, 

but closely associated rocks on Medny Island are more evolved. These islands cap the thickest part 

of the arc crust and both have fossiliferous sediment derived from a middle Eocene ridge. Arc 

plutonic bodies increase in age southward toward the Aleutian Trench, and it is thus presumed that 

SI-related lavas that could be as old as ~50 Ma exist within the deeply submerged and thinner crust 

of the forearc (Scholl, 2007). 

It is remarkable that SI occurred nearly simultaneously during the Eocene over this broad 



an area, and by studying Pacific oceanic forearcs, we should gain a much better understanding of 

SI and its dynamic consequences. One of the most fundamental remaining questions about SI is 

whether it occurs spontaneously or requires an initial stage of active compression (Stern, 2004; 

Hall et al., 2003). Gaining a better understanding of lava geochemistry through time and space for 

all three forearcs should resolve this question. Studying SI over this broad scale also would lead to 

a clearer understanding of crustal production rates, the compositions of bulk arc crust, and the 

effects of subduction on asthenospheric flow.  

We therefore propose that one focus of SCD should be to advance studies of SI by focused 

investigations of circum-Pacific forearcs. We need to assess the diversity of forearc structure, 

composition, and evolution in order to decide if the IBM model is globally applicable or not. 

Doing so in concert with geodynamic modeling and studies of on-land ophiolites would promote a 

much better understanding of the geochronology, petrology, and geodynamics of SI overall. Our 

studies of these forearcs are necessarily at different stages of maturity, and further studies should 

take advantage of the different glimpses of forearcs that these provide.  We know enough about the 

IBM forearc to target additional geophysical surveys and forearc diving and drilling towards 

robustly defining the structure, age, and composition of crust associated with SI and arc infancy. 

Thus, proposals should be invited for further study the IBM forearc. More foundational studies of 

the Tonga-Kermadec and Aleutian forearcs also should be invited, and an investigation of the 

record of Cascadia SI preserved in the Oregon-Washington forearc should begin.  
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Figure 1 – Geological map of the Mariana forearc near Guam. The red lines with numbers represent 

locations of Shinkai 6500 dives. Dredges are shown with green lines. The SI and early-arc sequence is west 

of the West Santa Bank Fault. Most lithological units are descriped in the text. ―First and second arcs‖ 

refers to the Eocene to Oligocene and Miocene arcs respectively. FAA are ―forearc andesities‖, which are 

Oligocene-aged high-Mg andesites. 


