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Abstract

Pacific plate subduction at the Aleutian–Kamchatka juncture, or corner, could be accommodated by either a large bend or a

tear in the oceanic lithosphere. In this paper, we describe a number of observations which suggest that the Pacific plate

terminates abruptly at the Bering transform zone (TZ). Seismicity shoals along the subduction zone from Southern Kamchatka

(600 km) to relatively shallow depths near the Kamchatka–Bering Fault intersection (100–200 km). This seismicity shoaling is

accompanied by an increase in the heat flow values measured on the Pacific plate. Moreover, unusual volcanic products related

to adakites are erupted on Kamchatka peninsula at the juncture. Simple thermal modeling shows that a slab torn and thinner

along the northern edge of the Pacific plate would be compatible with the observations. Delayed thickening of the lithosphere

due to the Meiji–Hawaiian hotspot may be responsible for the required thinning.

D 2004 Published by Elsevier B.V.
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1. Introduction

While the Aleutian and Kamchatka arcs have

both been explored in some detail from geophysical

and geochemical perspectives, the connection at

depth between the two arcs has not been addressed

in detail. How can the Pacific plate, which is
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subducting at an oblique angle in the western

Aleutians [1], physically connect to the relatively

steeply dipping Kamchatka slab to the west? The

surficial manifestation of the connection is the

massive Bering transform zone (TZ), extending

from Attu Island westward towards Kamchatka

(Fig. 1). In Kamchatka the margin between the

Pacific plate and North America takes a sharp turn

southwards, towards the Kurile trench and Japan.

How does the Pacific plate accommodate this sharp

apparent bend? Does the Pacific plate drape over

the corner as a tablecloth folds around a table
tters 226 (2004) 293–304



Fig. 1. Map view of the northwest Pacific. The 3000-m depth contour from the ETOPO5 database outlines the Pacific plate boundaries and the

Meiji–Emperor–Hawaiian chain starting east of the Kamchatka subduction region. The Bering transform zone comprehends the Steller and the

Bering faults extending from Kamchatka to east of Attu Island. The arrows show the present-day Pacific plate motion. High heat flux values are

found on and around Meiji seamount [7,8].
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corner, or is the Pacific plate torn at the corner

along the TZ to accommodate the deformation (e.g.,

[2])? In this paper we explore evidence and

implications for the latter hypothesis (Fig. 2).

Section 2 describes the observations (seismicity, heat

flow, geochemistry and tectonics) which suggest that

the Pacific plate terminates abruptly at the Bering TZ.

In Section 3, we use a succession of simple thermal

models to show that the slab should be torn and

thinner along the TZ to explain the earthquake and

heat flow data. Because this thinner part of the slab

lies under the beginning of the Meiji–Hawaiian

hotspot track, we evaluate in Section 4 the different

hotspot-related mechanisms which could be respon-

sible for thinning.
2. Observations

Subduction under the Kurile–Kamchatka arc

started 45 My ago. Old lithosphere, with ages ranging

from 90 My at the trench to 80 My at the transition

zone [3], subducts at an average dip angle of 498, and
a convergence rate of 7.9 cm/year, in a Northwest

direction parallel to the trend of the far western

Aleutian Arc [4] (Fig. 1). Seaward and to the North,

the old, thick Pacific plate is separated from the

relatively young Komandorsky basin by a transform

boundary where transcurrent motion is distributed on

two major strike–slip faults bordering both sides of

the Aleutian volcanic arc [5]. The Steller (nearly

coincident with the Aleutian trench) and the Bering



Fig. 2. Cartoon of the Pacific plate tear between the Kamchatka and Aleutian arcs, starting at Attu island. In gray is the Hawaiian hotspot track.

A cross-section of the Pacific plate (b2D-CSQ) is outlined by the thick black line. The thermal history of this cross-section, as it enters the trench,

is modeled in the text.
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(to the North of the arc) faults extend over 1000 km in

the Northwest Pacific and, according to plate tectonic

reconstructions, have been active for more than 15 My

[6]. Islands along this transform zone undergo a

significant amount of shear along strike, consistent

with seismicity in that region, and are transported

westward [6]. Where the Bering TZ intersects with

Kamchatka, strong tectonic collisional deformation is

observed [5]. North of the Bering Fault, there is no

evidence for ongoing subduction. Heat flux gradients

are steep across the transform zone, with mean heat

flow values as high as 135 mW/m2 in the Komandor-

sky Basin [7], compared to mean values ranging from

68 mW/m2 (Meiji seamount) to 48 mW/m2 (basin) on

the Pacific plate [8].

About 3% in volume of the present-day worldwide

land volcanism is produced at the Kamchatka–

Aleutian juncture [9] and its composition is complex.

While most Kamchatka arc volcanoes are andesitic,

the western Aleutian arc volcanoes exhibit unusual

geochemical signatures, called adakites (high Sr, Cr,

La/Yb, Sr/Y), attributed to slab melts extruded at the

surface [10]. For the slab crust to be hot enough to

melt requires that it be young [11] or that it resides a

long time in the mantle (e.g., slow and/or shallow

subduction). Adakites and similarly unusual volcanic

products are observed at Sheveluch Volcano, the

northern most active volcano in the Kamchatka chain
[12,13]. Sheveluch Volcano differs considerably from

the Kliuchevskoi group located 20 km to the south

(Fig. 3), spanning the boundary where the Aleutian

arc intersects with Kamchatka [14,15]. The Sheve-

luch–Kliuchevskoi geochemical boundary, coinciding

with the on-land projection of the Bering TZ is

consistent with the tear hypothesis: the edge of the

subducting Pacific plate is thus exposed to the mantle,

creating an opportunity for slab components to melt

and mix with mantle melts as they rise to the surface.

Although global tomography offers only a crude

picture of the three-dimensional (3D) structure in the

upper mantle, cross-sections through the southern

edge of Kamchatka differ significantly from those

observed in the north [16,17]. In the south, the high-

velocity slab appears to be dipping westward and

extends to depths of 500–700 km. In the north,

however, cross-sections perpendicular to subduction

show a very shallow high-velocity slab, extending at

most 200 km in depth (Fig. 3). The images suggest

that the Pacific plate does not extend deep into the

mantle where the Bering fault intersects the Arc. The

analysis of Boyd and Creager [18] indicates cold

material down to 300 km depth under the western

Aleutians but did not extend to the Aleutian–

Kamchatka juncture.

The seismicity pattern in the Kamchatka–Kurile

slab exhibits a clear trend of shallowing to the



Fig. 3. Seismicity in Kamchatka. (a) Mapview showing earthquakes plotted with colors corresponding to depth. Projections of the Bering and

Steller faults onto Kamchatka are presented for clarity and reference. (b–d) Vertical cross-sections of seismicity in Kamchatka. Magenta circles

are from the Gorbatov et al. [3] catalog and yellow events are from the Engdahl et al. [52] catalog. The projection of the subducting Meiji

seamounts is shaded gray.

A. Davaille, J.M. Lees / Earth and Planetary Science Letters 226 (2004) 293–304296
north. In the Aleutians, seismicity extends along the

subducting slab to relatively large depths until, in

the west, subduction becomes more oblique and

eventually shoals at the Bering TZ [19]. The Bering

and Steller faults have seismicity extending to

approximately 20–40 km with focal mechanisms
dominated by strike–slip shear. In Kamchatka (Fig.

3), we observe very deep seismicity in the south

extending 500–600 km that shoals to the north near

the Kamchatka–Aleutian intersection. At the inter-

section, the deepest earthquakes are located around

50 km depth. Judging from seismicity, the subduct-
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ing Pacific slab changes dip, with a shallower dip

in the northern part of the Kamchatka arc [3]. The

bend occurs south of the intersection of the

Kamchatka Arc and the Bering TZ but north of

the Meiji seamounts, as projected onto mainland

Kamchatka. This change in dip may well be

explained by the presence of a free slab edge at

the northern corner of the plate, prolonging the TZ

inland: the edge of the slab could bend upwards,

lifted by the resistance of the ambient mantle to the

slab’s penetration.

In 1998, a broadband array of 15 seismic

stations was installed in Kamchatka, extending over

the whole penninsula [20]. Travel-time analysis of

several teleseismic signals suggests that a high-

velocity anomaly is located beneath the subducting

Pacific plate, near the eastern coast of Kamchatka.

In the north, however, no such anomaly is

observed, reinforcing our hypothesis that the slab

terminates at the Bering juncture. A study of shear

wave splitting further shows an abrupt change in

the fast-polarization direction, from trench-parallel,

recorded on stations south of the Bering fault, to

trench-normal, recorded on those located at the

Bering fault and to the north [21]. This is

interpreted as an abrupt change in the preferred

orientation of olivine crystals in the upper mantle.

The pattern of shear wave splitting therefore

suggests that flow in the upper mantle is signifi-

cantly controlled by the lack of a subducting slab

to the north.

As summarized above, observations from different

fields suggest an abrupt termination of the Pacific

plate at the Bering TZ. In the absence of strong

evidence for a recent plate reorganization in the area

[6], the landward trace of the Pacific plate edge is the

projection of the TZ (Fig. 3) and extends hundreds of

kilometers into the mantle.
3. Thermal modeling

To first order, the occurrence of seismicity is

constrained by the presence of cold temperatures in

the slab [22–24]. The question is thus whether the

reheating of the Bering TZ edge of the slab can explain

the shoaling of seismicity in Kamchatka. We therefore

present a succession of simple thermal models with
different initial and boundary conditions to explore the

different mechanisms which could explain the data.

3.1. The edge effect

We focus on the thermal evolution through time of

a slab entering in the hot mantle. Up to now, reheating

of a slab has been studied when the slab is infinite

along the trench direction (e.g., [22,23]). We consider

here the case of the conductive reheating of a semi-

infinite slab, i.e., with an edge normal to the trench

direction (Fig. 2). The effects of adiabatic, shear or

radiogenic heating are neglected, and the thermal

diffusivity coefficient is kept constant. We suppose

that the subduction zone is old enough to have

reached a quasi-steady state. With a rapid convergence

rate V (V=7.9 cm/year in Kamchatka), the Peclet

number, which measures advection versus thermal

diffusion effects, Pe=VL/j is high (around 250 in

Kamchatka), where L (=100 km) is the thickness of

the slab and j (=10�6 m2/s) is its thermal diffusivity.

Thus, thermal conduction within the slab along the

direction of plate motion can be neglected compared

to conductive reheating normal to the slab [22]. The

steady-state reheating of the three-dimensional (3D)

slab (Fig. 2) is thus equivalent to the two-dimensional

(2D) conductive reheating through time of a slab

cross-section, (labelled b2D-CSQ on Fig. 2), which

enters at t=0 in the hot mantle at temperature Tm (Fig.

4a). We do not consider the flow in the continental

mantle wedge below Kamchatka and therefore the

reheating that we calculate will be an upper bound.

The lithospheric plate can be identified with the

upper thermal boundary layer of the mantle, which

thickens with time as it cools and moves away from

the midocean ridge. Thus, the slab’s internal temper-

ature distribution is a function of its age. For a plate

older than 70 My, the vertical temperature structure

can be approximated by a linear gradient (Fig. 4b)

because heat added to the plate from below balances

heat lost at the seafloor (e.g., [22,25–27]). Because the

lithosphere entering the Kamchatka trench is 90 My

old [3], we take this linear profile (Fig. 4b) as our

initial thermal condition.

The reheating history of the slab 2D cross-section,

entering at t=0 in a hot mantle at constant temperature

Tm, can then be determined analytically (Carlsraw and

Jaeger [28], pp. 93–96). Using (primed) dimension-
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Fig. 4. (a and b) Initial thermal conditions for the different models

discussed in the text: (a) Boundary conditions: for tb0, the upper

boundary of the cross-section is in contact with the ocean, and its

lower boundary is in contact with the mantle. At t=0, the slab cross-

section plunges into the mantle at temperature Tm; dark gray color

underlines the area possibly missing if the slab is thinned towards its

Bering edge. (b) Thermal structure within the slab before it enters

the trench. (c and d) The thick lines show the thermal structure

within the slab thinner part when the slab is thinned towards its

Bering edge: In (c), thinning occurs well before the trench and the

temperature in the thinned part has time to equilibrate with the

mantle. In (d), thinning suddenly occurs when the slab enters the

trench: the hotter part of the slab is therefore removed and the

remains are colder than in the previous case. The dotted line

represents normal lithosphere, and the thinned lines allow compar-

ison between cases (c) and (d).
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less variables, the temporal evolution of the temper-

ature inside the slab can be written as:

T xV; yV; tVð Þ ¼ 1� 2

p
erf

yV

2
ffiffiffiffi
tV

p
� �

�
Xl
n¼1

� 1ð Þn�1

n
e�n2p2t Vsin npxVð Þ ð1Þ
The dimensionalized variables are then given by

t ¼ tVL2=j; x ¼ xVL; y ¼ yVL;

and T ¼ T0Tm: ð2

At any given dimensionless time tV, a given cross-

section will be at a depth z, which is the product of t

and the vertical descent rate:

z ¼ sin að ÞVtVL2=j ð3Þ

where a is the dip angle. Eqs. (1)–(3) give a

temperature distribution typical of slab models [22–

24]. The minimum temperature is initially near the

upper slab surface (Fig. 5a) and moves toward the slab

center with increasing time (Fig. 5b). Meanwhile, it

also moves further away from the Bering edge (Fig.

5b). Fig. 6 shows the evolution through time of the

minimum temperature in the slab. Successively hotter

isotherms penetrate to greater depths, and temper-

atures at 670 km are between 600 and 700 8C, which
presumably allows for deep seismicity (e.g., [24]).

Reheating is faster towards the edge of the slab (Fig.

5), and the hot isotherms are accordingly shallower,

but this effect is confined to a characteristic distance

smaller than the thickness of the slab (Fig. 6b). The

observed seismicity (Fig. 6) follows well the thermal

structure near the edge for shallow seismicity (region

b1Q on Fig. 6b) and far from the edge for deep

seismicity (region b3Q on Fig. 6b). For seismicity

down to 300 km, our calculated temperature at the

seismicity cutoff depth is in agreement with the

constant fraction of the depth-dependent mantle

solidus proposed by Creager and Boyd [1] based on

their Aleutian arc study. This is consistent with the

idea that seismicity terminates because of the initia-

tion of high-temperature, steady-state creep [23].

However, the edge-effect model presented above is

still not sufficient to explain the lack of deep

seismicity (300 to 700 km) at intermediate distances

(50 to 500 km from the edge, region b2Q on Fig. 6b).

Influence of the Bering TZ: One might argue that,

when it enters the mantle below Kamchatka, the

Pacific plate has been moving for 10–15 My along the

Bering TZ and the hot Komandorsky basin. There-

fore, it has been reheated from the Bering edge for a

while. Hence, close to the edge, the initial thermal



Fig. 5. Thermal structure of a cross-section of the slab calculated from Eq. (3) at two different times with the initial boundary conditions shown

on Fig. 4b. (a) t=0.005 (1.6 My) and (b) t=0.015 (4.8 My).
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boundary condition pictured in Fig. 4b and taken in

the previous calculation is perturbed because the

isotherms are moving inwards before the plate enters

the subduction zone. However, the effect remains

confined within a small distance of the edge of the

plate (less than the thickness of the plate): this is not

surprising because it is very inefficient to heat a rod

by its end.

Hence, even taking into account the thermal

perturbation due to the Bering TZ prior to subduction,

the lack of deep seismicity under the Kamchatka

corner cannot be due to an edge effect alone.

3.2. Lithosphere thinning

The lack of deep seismicity can be due either to

a lack of slab material at this depth (slab loss

model, i.e., [29]) or to a thinner lithosphere. We are

going to show that the observations require the

latter.

According to Eqs. (1)–(3), the depth attained by a

given isotherm at a certain time depends only on the

initial thickness of the lithosphere L. The shoaling of

seismicity can thus be explained by the thinning of the

plate towards the edge (e.g., [3]). Given the depth
dependence of the seismicity cutoff temperature, we

can invert Kamchatka seismicity data to determine the

variation of the lithosphere thickness L( y) along the

trench. This was done numerically using a finite

element code [30] because an analytical solution

does not exist when the slab shape is arbitrary (Fig.

6). The actual amount of thinning depends on the

depth dependence of the cutoff temperature and on

the timing of the thinning. The choice of the initial

boundary conditions can give us an idea of the

latter.

Let us first consider that the lithosphere was

thinned well before entering the trench (Fig. 6a): it

can have reached thermal equilibrium and its initial

thermal structure is given in Fig. 4c. If the same

mechanism, and therefore the same potential iso-

therm, controlled earthquake occurrence down to

670 km depth (e.g., [23]), the amount of thinning

required to explain the seismic data would then be

around 30% (Fig. 6b). On the other hand, Kirby et

al. [24] propose that two different mechanisms are

responsible for shallow and deep seismicity, which

may lead to two different controlling isotherms. In

this case, the amount of required thinning could be

reduced to 20–10%. A lower bound of the heat flux



Fig. 6. (a) Shape of the cross-section of the lithosphere (cf. Fig. 2) entering the trench. (b) Isotherms and seismicity in the Kamchatka arc. The

epicenters’ distances down the subduction zone were corrected for Earth’s curvature and converted in dimensionless time through Eq. (3), using

L=100 km. The symbol (+) gives the error bars on the hypocentre locations (*). The dashed lines represent the analytical model obtained for a

slab of constant thickness L. The solid lines stand for the numerical model calculated with the thinned gray slab shape in (a). b1Q designates the
zone sensitive to the TZ edge effect, b2Q the thinner zone under the Hawaiian hotspot, and b3Q the bnormalQ lithosphere.
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can be estimated by its value at steady state which

scales as:

Qck
Tm

L yð Þ ¼ Qplate

Lplate

L yð Þ ð4Þ

where Qplate and Lplate are the heat flux (48 mW/

m2) and lithosphere thickness (100 km) of the

bnormalQ Pacific plate [8,31]. A 10% thinning

would therefore give a minimum heat flux on the

hotspot track of 53 mW/m2 while a 30% thinning

would give 69 mW/m2, which is consistent with the
observed mean value of 68 mW/m2 around Meiji

seamount [7,8].

In the case where normal lithosphere enters the

trench and is suddenly delaminated, the thinned

lithosphere is colder than in the previous case (Fig.

4d). Thus, a thinning greater than 50% is then needed

to explain the lack of deep seismicity. A mechanism

able to produce such a thinning in so short a time

remains to be found. It is probably more plausible in

this case to envision the complete loss of part of the

slab (i.e., [29]). However, neither catastrophic slab
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loss nor sudden delamination of the slab once it has

entered the trench can explain the heat flow increase

observed around Meiji seamount [8] before the Pacific

plate enters the trench. This observation alone requires

a lithosphere already thinner before entering the

trench, and the corresponding amount of thinning

would then explain perfectly the lack of deep

seismicity.
Fig. 7. Plume–ridge interaction. As the lithosphere cools away from

the ridge, cold small-scale convective instabilities develop from its

bottom. Sheared by the plate tectonic large-scale flow, they remain

trapped in the asthenospheric mantle where the shear is strongest

giving birth, some distance from the spreading ridge, to a pattern o

helices aligned in the direction of plate motion, which groove the

bottom of the lithosphere. The hot temperature anomaly due to the

ridge-centered plume triggers small-scale instabilities almost at the

ridge, i.e., much sooner than under normal lithosphere. These small

scale instabilities accelerate the heat transfer out of the mantle bu

delay the thickening of the lithosphere as it moves and cools away

from the ridge. This will create a channel under the lithosphere

along the track of a ridge-centered hotspot.
4. Hotspot, thinner lithosphere and tear

The 10–30% thinning is located under the Meiji–

Emperor–Hawaii hotspot chain, 80 My downstream

from the present-day active hotspot. The simplest

interpretation is thus that the lithosphere is thinner

there due to the impact of the Hawaiian hotspot.

Hotspot-induced thinning: Thermal rejuvenation

or delayed thickening? It has long been a question

whether thermal rejuvenation of a moving lithosphere

could be produced by a hotspot [32], because if a

thermal perturbation had to propagate upwards into

the lithosphere by conduction, it would take tens of

millions of years. Indeed, no significant lithospheric

thinning has ever been imaged [33–35] nor modeled

(e.g., [36,37]) on the active sites of fast Pacific plate

hotspots. Recently, it has been shown that small-scale

convection triggered by the temperature contrast

between hotspot material and lithosphere [27,38,39]

can accelerate the process of thermal delamination of

the lithosphere. On a fast plate, thinning of the

lithosphere should be observable along the hotspot

track downstream of the present-day location of the

hotspot. This seems to be consistent with recent

results by Li et al. [40], who observed on the

Hawaiian track a 30% lithospheric thinning under

Kauai, 400 km downstream from the present-day

active hotspot. On a much slower plate, Bonneville et

al. [41] inferred from heat flow measurements a 30%

thinning 36 My downstream on La Reunion hotspot

track. And heat flow variations on the 140-My-old

and nearly stationary Cape Verde hotspot are also

compatible with a 30% lithospheric thinning [42].

Recent laboratory experiments have suggested that

small-scale convection effects would be further

enhanced if the plume was located close to a ridge

[43]. The hot temperature anomaly due to the ridge-

centered plume triggers small-scale instabilities
almost at the ridge, i.e., much sooner than under a

normal lithosphere. These instabilities accelerate the

heat transfer out of the mantle but delay the thickening

of the lithosphere as it cools and moves away from the

ridge. A groove under the lithosphere is therefore

expected along the track of a ridge-centered hotspot

(Fig. 7). Plate reconstructions [44] and geochemistry

studies (e.g., [45]) show that 80 My ago, the Hawaiian

plume was on a ridge, which migrated away from it

since then. The 10–30% amount of thinning inferred

in Section 3 from geophysical data suggests that the

plume may have indeed bgroovedQ the lithosphere as

the ridge moved away [46,47]. We propose that

delayed thickening of the lithosphere might be, in

this case, a more efficient mechanism to produce a

thinner lithosphere than thermal rejuvenation.

Because a normal lithosphere thickens as the square

root of age, at least at young ages (0–70 My, e.g.,

[22]), the 10–30% of thinning implies that lithosphere

cooling has been delayed under the hotspot by 20–45

My. In other terms, anomalously hot plume material

has been flowing under this ridge location for at least

20 to 45 My in order to impede cooling. Detailed

numerical models (e.g., [37]) can give us an idea of

the duration of the dynamical influence of a hotspot
,

f

-

t
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plume on a given location of its track: they show that

the swell of dynamic origin at Hawaii reaches a

maximum 500 km downstream from the hotspot

source and decreases significantly only L ¼ 2500

km downstream of the source. Thus, a given location

on the track will receive hot material from the plume

for at least 32 My ( ¼ L=U ). Our crude estimate of

20–45 My delay is therefore quite reasonable. Hence,

we expect the Pacific lithosphere along the Bering TZ

to have developed a groove along the hotspot track

because the Hawaiian hotspot was, at this time, close

to a ridge. Nowadays, the Hawaiian hotspot erupts on

90-My-old lithosphere, very far from any ridge.

Hence, delayed thickening of the lithosphere cannot

be advocated to induce lithosphere thinning, which

might be a reason why such thinning has not been

imaged by seismic studies on the newest part of the

hotspot track [33,34,40].

Tear: It is probably not a coincidence that the

massive Bering TZ runs parallel to this portion of the

Hawaiian hotspot track, because the Pacific litho-

sphere there has been weakened by the volcanism and

thinning associated with the hotspot activity: this

could have helped to localize a tear and initiate a

transform zone system. Plate tectonics reconstructions

in the area are still controversial (see [48] for a

review), and the whereabouts of the Hawaiian hotspot

prior to 80 My remain unknown. However, the Meiji–

Detroit part of the Hawaiian track probably reached

the Aleutians subduction zone 15 My ago, being

nearly parallel to the trench. If we assume that the

large Bering transform fault extending from the

Aleutians to Kamchatka has nucleated on the weak-

ened Meiji–Emperor–Hawaiian track, we might spec-

ulate that the Hawaiian hotspot is older than 95 My.
5. Conclusions

Thermal modeling of the reheating of a torn slab

shows that the seismic and heat flux data at the

Kamchatka corner can be explained if the Pacific plate

is thinner along the Hawaiian hotspot track and is torn

along the Bering transform zone. This would also be

compatible with geochemical data.

The heat flux data requires that the Pacific litho-

sphere was already thinner well before entering the

trench, which may be explained by delayed thickening
of the lithosphere below the Meiji–Hawaiian hotspot.

The corresponding amount of thinning would then

explain the lack of deep seismicity. Therefore, a slab

loss [29], although possible, is not required by the data.

This study also shows that inspection of seismicity

patterns in subduction zones where hotspot tracks are

subducting provides another means to image and

quantify plume-related lithospheric thinning. The

Kamchatka–Hawaiian case is not unique: similar gaps

in seismicity exist along the Kermadec–Tonga trench,

in the projection of the intersection of the Louisville

hotspot ridge [49], and in the trench in Ecuador where

the Galapagos hotspot track enters the trench. The

latter is sometimes also associated with a slab

bwindowQ or slab tear [50].

This leads to the question of the relationship

between hotspot activity and faulting or tear local-

ization. More work needs to be done to understand

quantitatively as well as qualitatively the physics of

those phenomena.
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