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Abstract 

Integration of petrologic and tectonic data favours a model of slab window formation beneath Central America in the 
Pliocene-Pleistocene. Central America has been the site of voluminous Cenozoic arc volcanism. The Cocos and Nazca 
plates, which are subducting beneath Central America, are diverging along the east-trending Cocos-Nazca spreading ridge. 
Since 25 Ma the Americas have advanced about 1800 km west over the ridge-transform system. Since at least 8 Ma, plate 
integrity and the ridge-transform configuration have been preserved during convergence, resulting in subduction of the 
spreading ridge and development of a slab window. The Panama fracture zone, an active transform fault, is the part of the 
ridge-transform system currently being subducted. The ridge-transform system formerly adjoining the northern end of the 
Panama fracture zone is likely to have been left-stepping. We use present-day plate motions to design a slab window to fit 
known variations in igneous composition, hypocentre distribution, and mantle anisotropy. The modeling demonstrates that 
subduction of ridge segments and resultant slab window development began between 6 and 10 Ma. Cessation of ridge 
subduction occurred between 1 and 3 Ma, when subduction of the Panama fracture zone is considered to have begun. The 
slab window is continuing to expand and migrate northeastward below the Central American volcanic arc. 

The absence of a Wadati-Benioff zone from southeastern Costa Rica through Panama corresponds to the position of the 
slab window. Within this region, dacitic and rhyolitic volcanic rocks have “adakitic” compositions, and are thought to result 
from anatexis of the young, buoyant crust which forms the trailing edges of the slabs bounding the window. Basalts in this 
area were derived from an enriched ocean-island type mantle source, whereas basalts from the rest of the arc, in Nicaragua, 
El Salvador and Guatemala, are mainly derived from slab-modified depleted mantle, characteristic of volcanic arcs. The 
presence of ocean-island type mantle beneath southern Costa Rica and Panama is explained by eastward flow of enriched 
asthenosphere from the Galapagos plume-head through the slab window and into the volcano source region. Eastward 
transfer of asthenosphere is consistent with global plate motion studies and seismic anisotropy in the asthenosphere beneath 
the Nazca and Caribbean plates. The flow of peridotite is a consequence of progressive shrinkage of the Pacific mantle 
reservoir and concurrent expansion of the Atlantic mantle reservoir. 
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Antarctic Peninsula since the Late Cretaceous [l-4]. 
All of these intersections are known to correlate with 
magmatic, and in some cases tectonic, anomalies in 
the overriding plate. In four of the five cases, these 
anomalies have been explained with models of slab 
window development. In the remaining case, where 
the Cocos-Nazca plate boundary intersects the Mid- 
dle American trench, the anomalous magmatic and 
tectonic features have not been placed in a slab 
window context. Importantly, a convincing physical 
explanation for the pronounced along-arc geochemi- 
cal trends in the Central American arc [5-71 has yet 
to be established. This paper provides a model of 
slab window formation beneath Central America, 
demonstrates how window development can explain 
the magmatic and tectonic anomalies, and speculates 
on the nature of lithosphere-asthenosphere interac- 
tions in the Cocos-Nazca-Caribbean plate region. 

A slab window is a slab-free region beneath the 
convergent margin of an overriding plate [l-4,8]. 
The window develops during “ridge subduction”, in 
which two oceanic plates are diverging, and the 
trailing edge of one or both plates is concurrently 
subducting. Prior to subduction, the divergent bound- 
ary is the site of sea-floor spreading, where the plates 
grow as rising magma cools and accretes onto their 
trailing edges. At a ridge-trench encounter, one or 
both of the trailing plate edges descend into the 
asthenosphere. Once engulfed by asthenosphere, a 
trailing edge becomes too hot to serve as a site of 
magma solidification, and growth of the slab ceases. 
Divergence without growth produces a slab window. 
First-order estimates of window shape can be made 
from plate kinematic data. Modeling of thermal con- 
ditions [9,10] and strain [11,12] in the slabs is re- 
quired for more comprehensive depictions. 

Ridge-trench intersections produce systematic 
changes in the overriding plate, as expressed by the 
previously recognized Cordilleran slab windows be- 
low British Columbia and Alaska [2,13,14], the 
southwestern United States [l], southern Chile 131, 
and the Antarctic Peninsula [4]. Above a slab win- 
dow, volcanism of arc character ceases and may be 
replaced by eruptions of alkalic to tholeiitic magmas 
with intraplate affinity [3,15,16]. Forearc volcanism 
may become locally abundant [13,14,17,18]. Above 
the margins of a slab window, volcanoes may erupt 
geochemically unusual dacites, termed adakites or 

bajaites, regarded as possible anatectic melts of young 
subducted slab [19-211. In some cases, high heat 
flow, uplift and extension accompanies the magmatic 
effects [ 1,2,221. 

2. Postulated Central American slab window 

2.1. Prediction of a slab window from regional plate 
interactions 

Five plates, the North American, Caribbean, South 
American, Cocos, and Nazca plates, interact in the 
Central American region (Fig. 1). The Caribbean 
plate separates the North and South American plates 
and extends from the sinistral Motagua-Cayman 
Trough fault zone south to a diffuse boundary be- 
tween the South Caribbean deformed zone and the 
Bocono-East Andean fault zone in the northern An- 
des [23-251. Along the Middle America trench, the 
oceanic Cocos and Nazca plates are subducting east- 
ward beneath the “American” plates, producing arc 
volcanism from Mexico to Columbia [5,26]. Diver- 
gence between the Cocos and Nazca plates is accom- 
modated by the east-trending Cocos-Nazca ridge- 
transform system which became active at about 25 
Ma [27]. The easternmost part of the Cocos-Nazca 
plate boundary is the Panama fracture zone, a long, 
active transform fault which intersects the Middle 
America trench near the Costa Rica/Panama border. 
The Cocos ridge, an aseismic ridge on the Cocos 
plate that formed from interaction between the Gala- 
pagos hot-spot and the Cocos-Nazca spreading ridge 
[27], intersects the trench at about the same point as 
the fracture zone. Pliocene to recent subduction of 
the Cocos ridge has locally deformed the forearc and 
uplifted the volcanic arc in southern Costa Rica 
[28,29]. 

Present-day plate motion studies [30,3 11 indicate 
that the Cocos plate is subducting rapidly northeast- 
ward beneath most of Central America (Fig. 11. 
Convergence rates for the Cocos plate range from 
about 6 cm/a along the coast of Mexico to nearly 10 
cm/a in southern Costa Rica. The Nazca plate is 
converging eastward with northern South America at 
about 7 cm/a. The northernmost part of the Nazca 
plate, which is subducting beneath Panama at a 
highly oblique angle, may be separated from the 
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main part of the Nazca plate by a postulated but 
unidentified transform or spreading boundary [3 1,321. 
Depending on the relative velocities along this postu- 
lated boundary, motion of the so-called “North 
Nazca” plate relative to Panama may range from 
about 3.5 to 6.5 cm/a [31]. 

Paleogeographic reconstructions imply that ap- 
proximately 1800 km of the Cocos-Nazca spreading 
ridge has been subducted since its inception at 25 
Ma [27]. In detail, however, the orientation and 
behavior of the missing ridge-transform boundary is 
uncertain. Fossil spreading centres ranging in age 
from 8 to 22 Ma are located in the North Nazca plate 
region [7], suggesting that the Cocos-Nazca plate 
boundary previously extended into this area, and that 

the near-ridge parts of these plates became frag- 
mented as spreading centres stalled near the trench. 
However, no fossil spreading centres younger than 
about 8 Ma have been identified. These observations 
imply that plate fragmentation related to ridge-trench 
encounters was limited to the Miocene. Thus, from 
the Pliocene to the present, subduction of the ridge- 
transform boundary appears to have been uniform, 
and uninterrupted by changes in the location or 
orientation of spreading segments. The plate regime 
of Central America thereby satisfies the two general 
conditions necessary for the existence of a present- 
day slab window: (1) convergence of a spreading 
ridge with a subduction zone for the past several Ma; 
and (2) sufficient conservation of plate integrity dur- 

NoHh America 

1 0 0 0 k m  

Fig. 1. Simplified tectonic setting of Central America [5,7,42] showing surface projection of postulated slab window between Cocos and 
Nazca plates beneath southeastern Costa Rica and northwestern Panama. Vectors on Cocos and Nazca plates indicate plate velocites in 
centimeters/year with reference to fixed Caribbean or South American plates, based on Nuvel-1 plate motion model [30]. Slab window 
geometry is based on subduction of a left-stepping ridge-transform boundary from 7 to 2 Ma, followed by subduction of the Panama 
fracture zone (PFZ) from 2 Ma to the present. The position of the PFZ and postulated ridge-transform segments at 7 Ma are shown by a 
dashed line to the west of the modem PPZ. Dip angles of the Nazca and Cocos slabs used in window constmction are 0” and 25”. 
respectively. A = Volcanoes. Inset map indicates relative plate motions in velocity space at the Caribbean-Cocos-Nazca triple junction. 
Vector lengths correspond to motion during a 5 Ma interval. Shaded triangle is predicted shape of slab window surface projection under 
conditions of subhorizontal subduction. Car = Caribbean: Cot = Cocos; Naz = Nazca; J = triple junction: R = Cocos-Nazca spreading 
ridge. 
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ing ridge subduction for the subducted parts of the 
slabs to diverge from one another. 

Subduction of a spreading segment in the Pliocene 
or Pleistocene seems likely from analysis of the 
present plate situation. Currently, the Panama frac- 
ture zone is the part of the Cocos-Nazca plate 
boundary which is being subducted. Although the 
configuration of the plate boundary which lay north 
of the Panama fracture zone is unconstrained, it is 
likely that the northern end of the fault originally 
connected with a spreading ridge, or a ridge-trans- 
form fault boundary, which has since been subducted 
(Fig. 1). As this northern spreading segment was 
overridden by the Caribbean plate, a slab window 
would have formed between the trailing edges of the 
subducted Cocos and Nazca slabs. As subduction of 
this spreading segment ended, and subduction of the 
Panama fracture zone began, the slab window would 
have ceased to form at the trench. With continued 
subduction of the Panama fracture zone, the window 
would have widened and moved northeastward. 

2.2. Evidence for a slab window 

The absence of a Wadati-Benioff zone from 
southeastern Costa Rica through Panama supports 
the possibility of a slab window flanked by buoyant, 
subhorizontal trailing plate edges (Fig. 2). Compila- 
tion of earthquake hypocentres beneath Central 
America reveals that the Cocos plate shallows from 
about 60” below Guatemala to less than 30” beneath 
central Costa Rica [12]. Farther southeast, toward the 
triple junction, the Cocos slab is not seismically 
evident below about 70 km. Deep seismic reflection 
studies west of southern Costa Rica indicate that the 
Cocos slab is sliding at a low angle along the base of 
the Caribbean plate forearc [29]. Southeast of the 
Panama fracture zone, the absence of sublithospheric 
hypocentres indicates that the Nazca plate is either 
absent or subducting subhorizontally beneath Panama 
r121 .  

Previous interpretations of the seismic data have 
focused on subduction of the Cocos ridge [5,7,29], 
which intersects the trench at about the same point as 
the Panama fracture zone (Figs. 1 and 2). Subduction 
of the thick, relatively buoyant Cocos ridge can 
explain a variety of phenomena, including shallow 
subduction of the Cocos plate beneath Costa Rica 
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Fig. 2. Tectonic map of Central America showing postulated 
geometry of subducted Cocos and Nazca slabs, and the slab 
window, beneath the Caribbean plate. The shape of the slab 
window to the south and east of central Panama (older than 7 Ma) 
is unconstrained. Variation in the geochemical character of the 
mantle underlying the volcanic arc is shown by progressive 
shading of schematically located volcanoes. Dip angles are indi- 
cated for three locations on the Cocos plate. PFZ= Panama 
fracture zone. 

and related uplift of forearc and arc. However, sub- 
duction of the Cocos ridge cannot explain either the 
absence of seisimicity in the Nazca slab beneath 
Panama, or the regional variations in arc geochem- 
istry (discussed below). 
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Geochemical information from Quaternary volca- 
noes infers that mantle characteristics beneath Cen- 
tral America vary profoundly from northwest to 
southeast [5,7,6] (Fig. 2). In the northern part of the 
Central American arc (Guatemala to Nicaragua), iso- 
topic and geochemical parameters indicate magma 
derivation mainly from slab-metasomatized, mid-oc- 
ean ridge basalt (MORB)-source mantle, typical of 
most arcs. To the southeast, in Costa Rica and 
Panama, basalts indicate derivation from ocean-is- 
land basalt (OIB)-type enriched mantle affected little 
by subduction metasomatism [5,6]. The southward 
increase in OIB character is evident from trends in 
trace element concentrations and radiogenic isotope 
ratios. The change from Nicaragua to Panama is 
particularly well defined by B/La, which decreases 
from about 5 to about 0.1 [5], and by ‘43Nd/ “‘Nd, 
which decreases from about 0.513 1 to 0.5 129 [6]. 
The transition from arc to OIB composition is so 
pronounced that it has been described as a conun- 
drum [5]. 

Aluminum-rich, Y-poor dacites and rhyolites oc- 
cur in the segment of the arc extending from south- 
eastern Costa Rica through central Panama [7,20]. 
Rocks of this type, termed adukite, have been inter- 
preted as products of slab anatexis in this region and 
in parts of convergent margins elsewhere [20,21]. 
Thermal modeling indicates that melting of young 
subducted crust is a viable process, and is most 
likely where the subducting slab is youngest [9,10]. 
The youngest and hottest lithosphere subducting be- 
neath the Central American arc lies in the region of 
the Cocos-Nazca spreading ridge, directly offshore 
from the sites of adakite magmatism, thus supporting 
the idea of slab anatexis. 

The increase in OIB-like chemical characteristics 
toward the triple junction infers that the mantle 
wedge beneath the arc volcanoes has been progres- 
sively contaminated or displaced by mantle of en- 
riched plume origin. Contamination is envisaged by 
the flow of mantle from beneath (and west) of the 
slabs to above them. Under normal arc conditions, 
the downgoing slab divides the asthenosphere into 
sub- and supra-slah reservoirs, each with distinctive 
geochemical and thermal attributes. Flow of mantle 
from one reservoir to the other is blocked by the 
descending plate. However, under conditions of ridge 
subduction and subsequent slab window develop- 

ment, the slab barrier is locally absent and the sub- 
and supra-slab reservoirs are brought into contact 
[1,8]. Flow of mantle from one reservoir into the 
other may occur according to pressure gradients 
related to differences in mantle composition and 
temperature, and motions of the subducting slabs 
[331. 

The OIB characteristics are likely to have been 
derived from sub-slab asthenosphere belonging to, or 
affected by, the Galapagos plume head. The Galapa- 
gos plume has formed an axial to near-axial hot-spot 
for at least the last 25 Ma [27], and its plume head is 
likely to extend under large areas of the Cocos and 
Nazca plates. A Galapagos plume source is sup- 
ported by similarities in chemical characteristics be- 
tween the OIB-like parts of the arc and the Galapa- 
gos hot-spot track [5,27]. We contend that a slab 
window between the Cocos and Nazca plates pro- 
vides a plausible, suitably located pathway for volu- 
minous influx of enriched sub-slab peridotite into the 
arc source region. The locations of the adakitic 
volcanic rocks in Panama and southeastern Costa 
Rica, possibly generated by slab anatexis, are consis- 
tent with melting of the thin, young, trailing edges of 
the subducted lithosphere bounding the slab window 
(Figs. 2 and 3). 

2.3. Previous explanations 

Previous attempts to reconcile the geochemical 
transitions in the arc have not considered the possi- 
bility of divergence between the subducted parts of 
the Cocos and Nazca plates; that is, the formation of 
a slab window. In one model 161, the geochemical 
trend is explained by transfer of “plum pudding” 
asthenosphere containing OIB-like peridotite from 
beneath the Nazca plate to the mantle wedge beneath 
southern Costa Rica and Panama. This model im- 
plied that “flattening and breakup of the subducting 
plate below eastern Costa Rica and Panama” pro- 
vided the mechanism for OIB-like asthenosphere 
from beneath the Nazca plate reaching the arc source 
region. The apparent contradiction of a deforming 
slab in an area of seismic inactivity was not ad- 
dressed. In another model [5], the southerly increase 
in OIB-type characteristics was explained by gentler 
subduction angles, leading to shallower depths of 
slab dehydration, and consequent melting of 
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Caribbean plate lithosphere, parts of which were 
postulated to be enriched. The aseismic region be- 
neath southern Costa Rica and Panama was rational- 
ized in terms of the high heat flow and buoyancy of 
the subducting oceanic lithosphere. 

Although both of these models [5,6] appealed to 
sources of enriched mantle, they differ considerably 
from the interpretation presented here. In the first 
model [6], the sub-slab region was identified as the 
source of enrichment, but the pathway for mantle 
flow was a postulated break in the Cocos slab be- 
neath northern Costa Rica. This explanation may not 
be viable because, in a recent review of seismic data, 
the suggestion of a tear in the Cocos slab was 
rejected in favour of a sharp flexure [12]. Even if the 
slab in this area is tom, the resultant pathway would 
lie hundreds of kilometres too far to the northwest to 
account for the OIB-like compositions in southeast- 
em Costa Rica and Panama. In the second model [5], 
a sub-slab origin for the enriched mantle source was 
not considered, and the slab barrier to mantle flow 
was assumed to be intact. In contrast to these models 
[5,6], our interpretation explains the anomalous geo- 
chemical characteristics of the Central American arc 

by: (1) considering the region in a tectonic frame- 
work of ridge-trench convergence; (2) fully account- 
ing for the gap in slab seismicity; (3) demonstrating 
the likelihood of a slab window with appropriate 
location and age; and (4) appealing to a known 
source of asthenospheric enrichment. 

2.4. Mantle currents 

The eastward flow of asthenosphere through the 
Cocos-Nazca slab window (Fig. 31, involving dis- 
placement of arc-type mantle by OIB-type mantle 
from the Galapagos plume, is consistent with global 
plate motion studies, and with seismic anisotropy of 
asthenosphere beneath the Nazca and Caribbean 
plates. The opening of the Atlantic Ocean, together 
with the roll-back of subduction zones bounding the 
west margin of the Pacific, has, since the early 
Mesozoic, resulted in continuous shrinkage of the 
basin and its underlying sub-lithospheric mantle 
reservoir [34]. Coherent westward drift of the litho- 
sphere [35-371 implies that shrinkage of the Pacific 
mantle reservoir has been largely accommodated by 
the eastward transfer of Pacific asthenosphere into 

Fig. 3. Block diagram of slab window illustrated in Fig. 1Fig. 2. View is to the southwest. Vectors show Cocos and Nazca plate motions 
relative to the Caribbean plate in centimeters/year. Enriched asthenosphere is considered to flow from beneath the Cocos and Nazca plates 
into the arc source region beneath the Caribbean plate (arrows). Anatexis of the trailing slab edges is likely, although window shape has not 
been modified to reflect thermal erosion. Areas of Pliocene-Recent volcanism on the Caribbean plate are shown schematically. 
PFZ = Panama fracture zone. 
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the expanding Atlantic mantle reservoir. However, 
slabs subducting eastward beneath the Americas form 
a barrier to Pacific-Atlantic asthenospheric transfer. 
Eastward outflow of asthenosphere is thereby re- 
stricted to slab windows, tears within slabs, or re- 
gions of very low-angle subduction [12,38]. In the 
case of shallow subduction, the supra-slab mantle 
wedge beneath the Cordilleran volcanic arcs remains 
shielded from the sub-slab asthenosphere. Only in 
the case of a slab window or a large slab tear can 
voluminous sub-slab peridotite gain direct access to 
the roots of the arcs. Beneath Central America, the 
only plausible pathway for exotic mantle to enter the 
volcano source region is a slab window located in 
the seismically quiet zone of southern Costa Rica 
and Panama. 

Shear-wave splitting in the asthenosphere beneath 
the Nazca plate has been attributed to north-directed 
mantle flow around the north end of the Andean 
subduction zone [39]. Similar seismic anisotropy be- 
neath the southern margin of the Caribbean plate 
indicates rapid eastward asthenospheric flow [39]. 
These observations are consistent with channelling 
of asthenosphere northward around South America 
and into the Caribbean region [6,39]. Apparently, the 
Nazca slab and the South American craton act as a 
barrier to eastward mantle flow, causing the sub-slab 
asthenosphere to flow subparallel to the trench until 
it reaches Central America where it vents eastward 
[39]. The Cocos-Nazca slab window forms the prin- 
cipal conduit for this seismically observed astheno- 
spheric outflow. 

2.5. Geometrical modeling of the slab window 

The geometry of a slab window beneath Central 
America is dependent on three main factors: (1) 
motions of the Nazca and Cocos plates relative to the 
Caribbean plate; (2) presubduction ridge-transform 
configuration of the Cocos-Nazca plate boundary; 
and (3) angles of slab dip [I]. If these factors can be 
quantified, window morphology may be constructed 
on the assumptions that plate motions were constant, 
and thermal erosion and spherical shell strain are 
negligible [8]. Plate kinematics and slab dip angles in 
the western Caribbean are sufficiently understood for 

first-order geometrical calculations. However, the 
configuration of the divergent plate boundary prior 
to subduction is poorly constrained because both the 
Nazca and Cocos plates have been subducting along 
with their record of sea-floor magnetic anomalies. 

In the absence of geomagnetic stripes, clues to the 
location and morphology of a postulated slab win- 
dow are provided by patterns of volcanism, trends in 
chemical and isotopic composition, and variations in 
seismic activity (Fig. 2). When all available data are 
considered, the window is most favourably located 
beneath southeastern Costa Rica and northwestern 
Panama, where Quatemary volcanic activity is mini- 
mal, magma sources are anomalous, and slabs are 
not seismically evident. In this position, the window 
is flanked by volcanoes containing adakitic rhyo- 
dacite whose origin is consistent with anatexis of 
thin trailing edges of subducted Nazca and Cocos 
lithosphere. Northwest of the window, mafic igneous 
compositions change from OIB- to arc-type, consis- 
tent with a progression toward normal conditions of 
subduction. Slab dip angles increase away from the 
window on both sides, as predicted for subducted 
lithosphere flanking a slab window [8,40]. 

Our model of the Cocos-Nazca slab window 
(Figs. l-3) was constructed according to geometrical 
principles of formation [S] using present-day plate 
motions together with the aforementioned constraints 
on window location. The angle of subduction is 
considered to be subhorizontal for the Nazca plate, 
and 25” for the Cocos plate. Under these conditions, 
the subducting ridge segments widen into slab win- 
dow margins, which closely approximate the shaded 
triangle in the velocity space diagram (Fig. 1). The 
subducting transform faults maintain their orienta- 
tions within a few degrees and produce north-south 
steps in the window margins. The pre-subduction 
ridge-transform boundary which formerly adjoined 
the northern end of the Panama fracture zone was 
considered to be left-stepping (Fig. l), as it is at the 
southern end of the fracture zone. Divergent bound- 
aries with this configuration, in which ridge seg- 
ments consistently step “away” from the trench, are 
more likely to subduct uniformly than those which 
step “back” toward the trench 14,411. The steps in 
the window margin of the Cocos plate are larger than 
those of the Nazca plate because the Cocos plate 
occupies the acute angle between the spreading ridge 
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and the trench [8]. Modifications from thermal ero- 
sion and spherical shell strain have not been mod- 
eled. 

The window illustrated (Figs. l-3) has been de- 
signed to best fit the regional geophysical and geo- 
chemical data. Its formation would have occurred 
from subduction of a left-stepping ridge-transform 
boundary beginning at 7 Ma beneath western Panama 
(Fig. 1). In this model, subduction of ridge and 
trench segments alternated from 7 to 2 Ma, in 1 Ma 
intervals, followed by subduction of the Panama 
fracture zone beginning at 2 Ma. During subduction 
of the ridge segments, the window underwent new 
growth at the ridge-trench intersection, which was 
migrating northwestward (Fig. 1, inset). During sub- 
duction of the transform faults, new growth from the 
triple junction was suspended and the existing win- 
dow widened and shifted northeastward. The inter- 
play between northwestward growth and northeast- 
ward translation constrained the location of the slab 
window to near its original position for the past 7 
Ma. Currently, the window terminates against the 
northern end of the Panama fracture zone. As the 
fracture zone continues to subduct, the window will 
expand in a north-south direction, and shift to the 
northeast. Geometry of the subducted slabs older 
than 7 Ma has not been modeled (Fig. 2). 

The parameters used in this model are not exclu- 
sive in the construction of a suitable slab window 
model. Other adequate models can be generated by 
invoking subduction of ridge segments (mainly left- 
stepping) starting between 6 and 10 Ma, and ending 
between 1 and 3 Ma with inception of subduction of 
the Panama fracture zone. Thermal modeling may 
provide additional constraints on the “best fit” con- 
figuration of the former ridge-transform boundary. 

Plate velocities were obtained from the Nuvel-1 
[30] plate calculator of K. Tamaki at the University 
of Tokyo. The plate velocities used in estimating 
slab window shape were calculated for the current 
Cocos-Nazca-Caribbean triple junction. At that lo- 
cation, the Nazca plate has a calculated velocity of 
5.0 cm/a toward 75”, in contrast to a nearby global 
positioning system (GPS) measurement of 3.5 cm/a 
toward about 80” [31]. If the GPS value is substituted 
for those of Nuvel-1, the estimated slab window 
becomes slightly wider but is not appreciably differ- 
ent in orientation. 

3. Conclusions 

Subduction of Cocos-Nazca spreading ridge seg- 
ments from about 7 to 2 Ma led to the Pliocene- 
Pleistocene development of a slab window beneath 
Central America. The slab window is delineated by a 
local absence of a Wadati-Benioff zone in southern 
Costa Rica and northwestern Panama. The window is 
flanked by the gently dipping Cocos and Nazca slabs 
which steepen away from the aseismic zone. This 
inter-slab gap is currently widening and migrating 
northeastward beneath the Caribbean plate. OIB-type 
sub-slab mantle, belonging to or affected by the 
Galapagos plume head, has flowed eastward through 
the slab window, displacing the slab-metasomatized 
MORB-type mantle and contaminating the source 
region of the Central American volcanic arc. This 
transfer of exotic mantle, together with anatexis of 
the trailing edges of the slabs bounding the window, 
explains the pronounced along-arc variations in ig- 
neous geochemistry. 
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