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[1] Geochronologic and geological data define a 600 ka age for the current volcanic front in Costa Rica. In
Nicaragua, this age is less constrained but is likely within the range 600 ka to 330 ka. In Costa Rica, the
new geochronologic data significantly improve estimates of the volumes of the volcanoes because they
define the contact between the active volcanoes and the previous volcanic front, which is substantially
older (2.2 to 1.0 Ma). In addition, the contrast in extrusive volcanic flux between western Nicaragua (1.3 x
10'° kg/m/Myr) and central Costa Rica (2.4 x 10'° kg/m/Myr) is greatly reduced from previous estimates
and now within the range of error estimates. We estimate the subducted component of flux for Cs, Rb, Ba,
Th, U, K, La, Pb, and Sr by subtracting estimated mantle-derived contributions from the total element flux.
An incompatible element-rich OIB source for the Cordillera Central segment in Costa Rica makes the
subducted element flux there highly sensitive to small changes in the modeled mantle-derived contribution.
For the other three segments studied, the estimated errors in concentrations of highly enriched, subduction-
derived elements (Cs, Ba, K, and Pb) are less than 26%. Averaged over the time of the current episode of
volcanism, the subduction-derived fluxes of Cs, Ba, K, Pb, and Sr are not significantly different among the
four segments of the Central American volcanic front in Nicaragua and Costa Rica. The subduction-
derived fluxes of Th and La appear to increase to the SE across Nicaragua and Costa Rica, but the
estimated errors in their subduction-derived concentrations are very high, making this variation
questionable. The lack of change in the fluxes of Cs, Ba, K, Pb, and Sr argues that the well-defined
regional variation in Ba/La is the result of changes in the mode or mechanics of fluid delivery into the
mantle wedge, not the total amounts of fluids released from the slab. Concentrated or focused fluids in
Nicaragua lead to high degrees of melting. Diffuse fluids in Costa Rica cause lower degrees of melting.
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1. Introduction

[2] Although much progress has been made in
understanding magma generating processes in the
subduction factory beneath arc volcanoes, the goal
of calculating a mass balance across a convergent
margin has not been satisfactorily reached. The
main problem is the considerable difficulty in
quantifying the outputs at the forearc, volcanic
front and back arc. The largest, most easily mea-
sured output is the volcanic front. For Central
America, Patino et al. [2000] and Plank et al
[2002] estimated the flux of subducted incompat-
ible elements out of the volcanic front. However,
their age control, a few tephra units dated via
marine stratigraphy [e.g., Ledbetter, 1985], was
inadequate. We present more accurate flux deter-
minations for the volcanic front based on *°Ar/*°Ar
age determinations of lava flows.

[3] Central America (Figure 1) is an excellent
place to attempt a mass balance across a conver-
gent margin, especially for elements largely derived
from subducted sediment. There are satisfactory
physical and geochemical databases for volcanoes
[Carr and Rose, 1987], maintained at http://
www.rci.rutgers.edu/~carr/, and for the Cocos
Plate sediment section [Patino et al., 2000].
'9Be/’Be, an unambiguous tracer of sediment
input, reaches its global maximum at Masaya
volcano in Nicaragua [Morris et al., 1990], indi-
cating substantial sediment throughput. Several
geochemical tracers of subducted sources (e.g.,
10Be/?Be, 87Sr/86Sr, Ba/La, U/Th) have large and
regular geographic variations that allow compari-
son of regions of high slab signal, western and
central Nicaragua, to nearby regions of low slab
signal, the Cordillera Central of central Costa Rica
[Carr et al., 2003, and references therein]. These
areas in close geographic and tectonic proximity
share substantial geologic history, yet have very
different geochemistry. Sediment sections cored on
the Cocos Plate just offshore of Guatemala and
Costa Rica are similar, suggesting low variability

in sediment input. Furthermore, from Guatemala to
central Costa Rica, there is little sediment accretion
[von Huene and Scholl, 1991]. However, subduc-
tion erosion complicates the input. Ranero and von
Huene [2000] and Vannucchi et al. [2001] present
convincing evidence for subduction erosion off-
shore of central Costa Rica. Smaller amounts of
subduction erosion may extend across Nicaragua
[Ranero and von Huene, 2000].

[4] Geochemical tracers of subduction define a
slightly asymmetric chevron along Central Amer-
ica. Ba/La is appropriate for reviewing the regional
variation in slab signal (Figure 2a) because it is
easily measured and has a strong positive correla-
tion with '°Be/’Be [Leeman et al., 1994]. We
calculate fluxes for Nicaragua and Costa Rica,
where Ba/La ranges from 150 to 15. The high
Ba/La values are not surprising because the sedi-
ments being subducted are highly enriched in Ba
[Plank and Langmuir, 1993; Patino et al., 2000].
The subduction of these sediments suggests that
changes in the amount of subducted Ba will drive
the Ba/La variation. However, Figures 2b and 2c
make clear that the regional variation is primarily
driven by La, not Ba. Because of this, Carr et al.
[1990] and Feigenson and Carr [1993] developed
a flux focusing model for Central America in
which tectonic factors, such as slab dip, control
the delivery of flux, making it more and less
concentrated. Higher concentrations of flux lead
to higher degrees of melting. The high Ba concen-
tration in the flux is diluted as the extent of melting
increases, resulting in similar Ba concentrations
regardless of the degree of melting. La decreases
with extent of melting because the La brought in
with the flux is not sufficient to counterbalance the
diluting effect of higher extent of melting. This
model, which links flux concentration and degree
of melting, has been substantially modified and
improved [e.g., Reagan et al., 1994; Leeman et al.,
1994; Eiler et al., 2005] as additional geochemical
data and insight have been added. Carr et al.
[1990] and Feigenson and Carr [1993] implicitly
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Figure 1.
mark position of Nicaraguan Depression (ND).

assumed a constant flux across the region but this
is a soft assumption, not required by the geochem-
istry. The goal of the current work is to determine
whether or not the absolute amount of flux of
highly incompatible elements varies between
Nicaragua and Costa Rica. In other words, is the
peak in Nicaragua the result of a higher amount of
flux, a stronger focusing of a constant flux or some
combination of the two?

[s] There are substantial difficulties in making
estimates of element fluxes. On the geochemical
side, the major problem is the demonstrated com-
plexity of sources. The sub-arc mantle beneath
central Costa Rica includes an enriched ocean
island basalt (OIB) component [Malavassi, 1991;
Leeman et al., 1994; Herrstrom et al., 1995;
Feigenson et al., 2004]. The source of this OIB
input is poorly constrained and could have origi-
nated in the mantle wedge or the subducted plate.
Feigenson et al. [2004] reviewed this problem and
found that few of the several hypotheses
concerning this issue can be ruled out. Outside of
central Costa Rica, REE inverse modeling suggests
that the mantle may consist of at least two compo-

Location map for Central American volcanoes. CM marks the location of Cerro Mercedes. Dashed lines

nents, a MORB source and a less depleted source
[Feigenson and Carr, 1993]. The subducted oce-
anic crustal section adds additional complexity. An
East Pacific Rise MORB crust is subducting out-
board of Nicaragua and northwestern Costa Rica
and a Cocos-Nazca Ridge MORB crust with Gal-
apagos derived seamounts is subducting outboard
of central Costa Rica [e.g., von Huene et al., 2000].
The sedimentary stratigraphy includes two units
with large differences in geochemistry [Patino et
al., 2000], a basal carbonate section of roughly
200 m and an upper hemipelagic section of roughly
200 m. Recently, Eiler et al. [2005] defined plau-
sible depleted mantle (DM) and OIB mantle com-
positions and identified two separate slab-derived
fluxes, one with low 6'®0 and one with high §'*0O.
The former is most likely a hydrous fluid with a
strong contribution from the subducted Cocos
mantle and the latter is most likely a melt of the
subducted sediment.

[6] The mass flux at the volcanic front consists of
the existing volcanic edifices, distal tephras, earlier
volcanic units, sediments derived by erosion, and a
wide range of intrusives including mafic cumu-
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