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We have modeled the dynamics of 
plume development above subducting 
slabs. Our 2-D model incorporates the 
effects of thermal-chemical buoyancy 
as well as the combined effects of 
both hydration and melting based 
on dynamic coupling with petrologi-
cal modeling (Connolly & Kerrick, 
2002). We use up to 50 million ac-
tive tracers to delineate the evolu-
tion of the lithological, rheological, 
deformation and seismic structure of 
subduction zone with resolution down 
to 50 meters. In contrast to common 
thinking that hot rising mantle flows 
prevail in the mantle wedge above 
the subducting slab our results sug-
gest that partially molten hydrated 
upwellings (COLD PLUMES, Gerya 
& Yuen, 2003) in the mantle wedge 
are characterized by a colder thermal 
anomaly of 200 to 400 degrees! The 
process is driven by the subduction of 
buoyant crustal rocks and infiltration 
of aqueous fluids released from the 
slab, particularly due to decomposi-
tion of serpentine at depths >100 
km. Low viscosity of these siliceous 
fluids (Audetat & Keppler, 2004) un-
der subsolidus conditions results in a 
rapid upward transport of water from 
the slab toward the melting front that 
forms within the mantle wedge (Fig. 
1). This melting front lies nearly par-
allel to the slab and is located just a 
few kilometers above the slab. Higher 
viscosity (Audetat & Keppler, 2004) 
and slower infiltration of hydrous ba-
saltic melts formed above the melting 
front produces a slab-parallel layer 
of partially molten peridotite which 
is the source layer for the unmixed 
cold plumes transporting magmas of 
peridotitic origin (Fig. 1). Mixed cold 
plumes responsible for transportation 

Figure 1 Development of unmixed cold plumes in the mantle wedge at 
3.7-4.7 Myr after the onset of subduction. Left column shows lithological 
field with geotherms in oC. Right column shows modelled distribution of 
seismic velocities. Each sketch is an enlarged 320x175 km area of the original 
400x200 km model. Model parameters: 40 Myr old subducting plate, 5 cm/a 
subduction rate (see Gerya & Yuen, 2003 for numerical details).
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Figure 2 Development of unmixed cold plumes in the mantle wedge at 16.7-
17.6 Myr after the onset of subduction. Same model as in Fig. 1 but at the later 
stage. 

of crustal and mixed magmas starts 
directly from the slab and consist 
of hydrated, partially molten both 
mantle and subducted crustal rocks 
mixed on hundreds to tens of meter 

scale (Fig. 2). Cold plumes may have 
an upward velocity >1 m/year rap-
idly transporting thousands of cubic 
kilometers of rocks and magmas. 
Using results of numerical experi-
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ments we have also modeled in 2-D 
distribution of seismic velocities in 
the mantle wedge during cold plumes 
propagation. The seismic velocities 
are computed from a thermodynamic 
model that accounts for phase transi-
tions (Connolly & Kerrick, 2002). 
These transitions include melting 
for the various lithologies of interest 
including dry and hydrated mantle, 
sediments, and the basaltic and gab-
broic oceanic crust. The model pro-
vides estimates for the proportions, 
compositions and seismic velocities 
of the stable phases as a function of 
pressure and temperature. Aggregate 
seismic velocities are computed us-
ing the Voigt-Reuss-Hill averaging 

scheme. According to our simulation 
of 2D seismic velocity field during 
the propagation of hydrated but cold 
plumes, water and temperature will 
interact producing either positive or 
negative seismic anomalies depend-
ing on water/temperature ratios.  
These ratios cause the seismic signal 
to change during plume propagation 
with positive anomaly been charac-
teristic for the areas of cold plume 
initiation close to the slab (Fig. 1, 2). 
Strong negative seismic anomalies 
are characteristic at shallower depth 
due to the presence of partially mol-
ten rocks composing plume heads 
and incipient magma chamber below 
volcanic arcs formed as the result of 

cold plume activity (Fig. 1, 2).
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