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Based on a compilation of whole rock geochemistry for approximately 1100 lava
samples and 200 plutonic rock samples from the Aleutian island arc, we characterize
along-strike variation, including data for the western part of the arc which has recent-
ly become available. We concentrate on the observation that western Aleutian, high
Mgt andesite compositions bracket the composition of the continental crust. Isotope
data show that this is not due to recycling of terrigenous sediments. Thus, the west-
ern Aleutians can provide insight into genesis of juvenile continental crust. The com-
position of primitive magmas (molar Mg# > 0.6) varies systematically along the
strike of the arc. Concentrations of SiO,, Na,O and perhaps K,O increase from east
to west, while MgO, FeO, CaO decrease. Thus, primitive magmas in the central and
eastern Aleutians (east of 174°W) are mainly basalts, while those in the western
Aleutians are mainly andesites. Along-strike variation in Aleutian magma composi-
tions may be related to a westward decrease in sediment input, and/or to the west-
ward decrease in down-dip subduction velocity. 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb
and 87Sr/86Sr all decrease from east to west, whereas 143Nd/144Nd increases from east
to west. These data, together with analyses of sediment from DSDP Site 183, indi-
cate that the proportion of recycled sediment in Aleutian magmas decreases from east
to west. Some proposed trace element signatures of sediment recycling in arc mag-
mas do not vary systematically along the strike of the Aleutians, and do not correlate
with radiogenic isotope variations. Thus, for example, Th/Nb and fractionation-cor-
rected K concentration in Aleutian lavas are not related to the flux of subducting sed-
iment. Th/La is strongly correlated with Ba/La, rendering it doubtful that Ba/La is a
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224 ALONG-STRIKE VARIATION IN THE ALEUTIANS

proxy for an aqueous fluid component derived from subducted basalt. Ce/Pb > 4 is
common in Aleutian lavas west of 174°W, in lavas with MORB-like Pb, Sr and Nd
isotope ratios, and is also found behind the main arc trend in the central Aleutians.
Thus, Ce/Pb in Aleutian lavas with MORB-like isotope ratios is not always low, and
may be affected by a component derived from partial melting of subducted basalt in
eclogite facies. Enriched, primitive andesites, with high St/Y, steep REE patterns,
and low Yb and Y, are an important lava type in the Aleutians west of 174°W. High
Sr/Y and Dy/YDb, indicative of abundant garnet in the source of melting, are corre-
lated with major element systematics. Lavas with a “gamet signature” have high
Si0O,, Na,O and K,O. Enriched, primitive Aleutian andesites did not form via crys-
tal fractionation from primitive basalt, melting of primitive basalt, mixing of primi-
tive basalt and evolved dacite, or partial melting of metasomatized peridotite.
Instead, as proposed by Kay [1978], they formed by partial melting of subducted
eclogite, followed by reaction with the mantle during ascent into the arc crust. In the
eastern Aleutians, an eclogite-melt signature is less evident, but trace element sys-
tematics have led earlier workers to the hypothesis that partial melts of subducted
sediment are an important component. Thus, partial melting of subducted sediment
and/or basalt is occurring beneath most of the present-day Aleutian arc. This is con-
sistent with the most recent thermal models for arcs. Enriched primitive andesites are
observed mainly in the west because the mantle is relatively cold, whereas in the east,
a hotter wedge gives rise to abundant, mantle-derived basalts which obscure the sub-
duction zone melt component. Enriched primitive andesites, partial melts of eclog-
ite, and products of small amounts of reaction between eclogite melts and mantle
peridotite under conditions of decreasing magma mass, all have middle to heavy
REE slopes that are steeper than those in typical Aleutian andesite and continental
crust. Thus, direct partial melts of eclogite—without magma/mantle interaction—do
not form an important component in the continental crust. Extensive reaction, with
gradually increasing melt mass and melt/rock ratios ~ 0.1 to ~ 0.01, is required to
increase heavy REE concentrations to the levels observed in most Aleutian andesites
and in continental crust.

1. INTRODUCTION

In this paper, we present results of a compilation of whole
rock geochemistry for approximately 1100 lava samples and
200 plutonic rock samples from the Aleutian island arc.
Aleutian lava compositions have been compiled and ana-
lyzed in several previous studies [e.g., Kelemen, 1995; Kay
and Kay, 1994; Myers, 1988]. We combine these previous
compilations, and add recent data. These data characterize
along-strike variation, including data for the western part of
the arc that has recently become available. We evaluate cur-
rent ideas about arc magma genesis in light of the spatial-
geochemical patterns in the Aleutians.

We focus on evaluating hypotheses for the origin of
andesites with high Mg/(Mg+Fe), or Mg#, which are abun-
dant at and west of Adak (~ 174°W; Figure 1). These lavas
are important because they overlap and bracket the major

and trace element composition of the continental crust. Such
lavas are rare or absent in intraoceanic island arcs other than
the Aleutians. Also, the western Aleutians show the smallest
influence of a subducted sediment component of any part of
the Aleutians, so that it is unlikely that enrichments in ele-
ments such as U, Th, K and light rare earths are due to recy-
cling of subducted, continental sediments. Thus, juvenile
continental crust is being produced in the western Aleutians.
Understanding this process forms the main focus of our
paper.

In addition, along-strike variation in isotope ratios is sys-
tematic, and clearly related to variation in sediment input.
This allows us to test trace element “proxies” for sediment
recycling in arc lavas. These proxies are in current use in
studies of global geochemical cycling and investigations of
the Central American and Marianas arcs, so our results are
timely and of broad relevance.
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226 ALONG-STRIKE VARIATION IN THE ALEUTIANS
1.1 Terminology

In describing lava compositions, we have used some
terms that require definition. “High Mg# andesite” is
defined as lava with 54 to 65 wt% SiO, and Mg# > 0.45.
This could, in principle, include some boninites. However,
classical boninites in the western Pacific generally have flat
to light rare earth element (REE) depleted trace element pat-
terns, whereas high Mg# andesites in the Aleutians are all
light REE enriched. Note that MgO content plays no role in
our definition of high Mg# andesite. Some Aleutian
andesites with Mg# > 0.6 have MgO contents as low as 4
wi%. As a result, we have not used the familiar terms “high
Mg andesite” or “magnesian andesite”.

Some Aleutian high Mg# andesites—particularly some
lavas on Adak Island first reported by Kay [1978]—also
have been called “adakites™ [e.g., Defant and Drummond,
1990]. The term adakite is used in a variety of contexts by
different investigators, but generally refers to andesites and
dacites with extreme light REE enrichment (e.g., La/Yb
> 9), very high St/Y (e.g., St/Y > 50), and low Y and heavy
REE concentrations (e.g., Y <20 ppm, Yb < 2 ppm). In the
Aleutians, all lavas with these characteristics are high Mg#
andesites and dacites. However, note that the definition of
“adakite” outlined above does not specify a range of Mg#.
In arcs other than the Aleutians, many highly evolved lavas
with low Mg# have been termed adakites. Thus, globally,
not all adakites are high Mg# andesites. Similarly, most high
Mg# andesites, in the Aleutians and worldwide, have La/Yb
< 9 and Sr/Y < 50, so most high Mg# andesites are not
adakites. Finally, we note that for some workers “adakite”
has a genetic connotation as well as a compositional defini-
tion. Some investigators infer that all andesites and dacites
with extreme light REE enrichment, very high Sr/Y ratios,
and low Y and heavy REE concentrations formed via partial
melting of subducted basalt in eclogite facies, and use the
term adakite to refer to both lava composition and lava gen-
esis interchangeably. While we believe that many “enriched
andesites” may indeed include a component derived from
partial melting of eclogite, we feel it is important to separate
rock names, based on composition, from genetic interpreta-
tions. For this reason, we have not used the term “adakite”
in this paper. Aleutian andesites and dacites with Mg# >
0.45, La/Yb > 9, and St/Y > 50, plus Y < 20 ppm and/or
Yb<1 ppm, form an important end-member composition on
most chemical variation diagrams. We refer to these as
“enriched, high Mg# andesites”.

More informally, we have used the terms “tholeiitic” and
“calc-alkaline”. For our purposes, the definitions of these
terms proposed by either Miyashiro [1974] or Irvine and
Baragar [1971] are approximately equivalent and equally

useful. Similarly, we have informally used the term “primi-
tive” to refer to lavas with Mg# > 0.6. This usage reflects
our belief that lavas with Mg# > 0.6 have undergone rela-
tively little crystal fractionation, and are derived from a
parental liquid that was in equilibrium with mantle peri-
dotite with an olivine Mg# > 0.88. Some investigators have
suggested that some lavas and plutonic rocks with Mg# <
0.6—globally and in the Aleutians—are direct partial melts
of subducted basalts [e.g., Schiano et al., 1997; Hauri,
1996; Myers, 1988; Myers et al., 1985; Marsh, 1976].
Indeed, this could be a viable hypothesis in some cases.
However, it is very difficult to evaluate such hypotheses
since many (most?) lavas with Mg# < 0.6 have been affect-
ed by crustal differentiation processes. In this paper, we
have adopted the convention that lavas with Mg# < 0.6 are
considered to be the products of differentiation from primi-
tive magmas until proven otherwise.

Finally, for simplicity in data presentation, in this paper
we have reported longitude in terms of degrees west of
Greenwich so that, for example, 170°E is referred to here as
190°W.

1.2 Regional Divisions

In presenting our results, we have used regional divisions
that are somewhat different from those used in previous
papers (Figure 1). For our current purposes, Aleutian volca-
noes from Atka eastward are all rather similar, with the
exception of Rechesnoi volcano on Umnak Island. In order
to avoid the complications of potential contamination from
continental crust and overlying sediments, we have not
compiled data for volcanic centers in the “eastern
Aleutians”, east of 164°W. The arc from 164 to 174°W,
which we call the “central Aleutians”, has been studied
extensively. Most of it is a classic, oceanic arc dominated by
tholeiitic basalts and their differentiation products [e.g., Kay
and Kay, 1994; Myers, 1988, and references cited therein].
We call the arc west of Atka the “western Aleutians”. We
have subdivided the western Aleutians into three regions:
(1) “the Adak area” (volcanoes on Adak, Great Sitkin,
Kanaga, and Bobrof at 174 to 177°W), (2) “the distal
Aleutians” from 177°W to 187°W, and (3) “the
Komandorsky block” from 188°W to the Kamchatka Strait
at ~ 195°W, including Komandorsky and Medny Islands
and nearby, submarine volcanoes.

These subdivisions of the western Aleutians serve to
remind readers of some important compositional and tec-
tonic distinctions. The Komandorsky block lies within a
transcurrent plate boundary, and may currently be moving
mainly with the Pacific plate rather than with North
American plate [4vé Lallemant and Oldow, 2000; Geist and



Scholl, 1994; Geist and Scholl, 1992]. For this reason, it is
not entirely clear how the Komandorsky block is related to
the modern Aleutian arc. We believe that there is a compo-
sitional continuum between the Komandorsky lavas and the
main part of the active island arc further east, and this is
important to our interpretations of Aleutian petrogenesis.
However, it is crucial to note that this apparent continuum
is dependent on very limited sampling of the distal
Aleutians (Figure 2).

Adak and neighboring islands are heterogeneous, includ-
ing both tholeiitic and calc-alkaline lavas [e.g., Myers et al.,
1985; Kay et al., 1982]. Lavas in the Komandorsky block
are predominantly calc-alkaline andesites, though basalts
are present [Yogodzinski et al., 1995; Yogodzinski et al.,
1994]. Distal Aleutian lavas are relatively homogeneous,
compared to the Adak area, and are transitional between the
dominantly tholeiitic, basaltic lavas of the eastern and cen-
tral arc and primitive, calc-alkaline andesites and dacites
with extreme trace element signatures that predominate in
the Komandorsky block (Figure 3). As a result of this con-
tinuum in compositional variation, we presume that the
Komandorsky lavas are genetically related to the rest of the
western Aleutians. In fact, recent work supports this idea,
and proposes that the Komandorsky block originated in the
forearc region of the distal Aleutians, and later was trans-
ported ~ 700 km WNW along the transcurrent plate bound-
ary [Scholl et al., 2001; Rostovtseva and Shapiro, 1998].
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Figure 2. Histogram illustrating the number of Aleutian lava sam-
ples in our compilation as a function of longitude along the arc.
Sources of data are given in the caption for Figure 3.
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1.3 Andesite Paradox: Why Does Continental Crust
Resemble arc Lavas?

A long-standing problem in Earth Science is to resolve
the following, apparent paradox. It is well documented that
the continental crust has a bulk composition very similar to
high Mg# andesite lavas and plutonic rocks in subduction-
related magmatic arcs, with molar Mg/(Mg+Fe), or Mg#,
from 0.45 to 0.54 at 57 to 65 wt% SiO,, 8000 to 24,000 ppm
K, and La/Yb of ~ 5 to 20 (see Figures 4, 5 and 6, and
[Christensen and Mooney, 1995; Kelemen, 1995; Rudnick,
1995; Rudnick and Fountain, 1995] for reviews). Lavas
having these properties occur almost exclusively in arcs
[Gill, 1981]. Thus, it is commonly inferred that continental
crust formed mainly as a result of arc processes [e.g.,
Kelemen, 1995; Rudnick, 1995; Kay and Kay, 1991; Taylor,
1977]. However, most currently active, oceanic arcs are
dominated by basalts and low Mg# andesites rather than
high Mg# andesite lavas (Figure 5B).

Various hypotheses have been proposed to resolve this
paradox. (1) At some times and places, the net magmatic
flux through the Moho beneath arcs has been andesitic
rather than basaltic [e.g., Defant and Kepezhinskas, 2001;
Martin, 1999; Kelemen et al., 1998; Kelemen, 1995,
Drummond and Defant, 1990, Martin, 1986; Ringwood,
1974]. (2) High Mg# andesites in arcs form as a result of
intracrustal crystal fractionation and magma mixing,
involving mantle-derived basalts and their differentiates.
Later, a dense mafic or ultramafic plutonic layer delami-
nates and returns to the mantle, leaving an andesitic crust
[e.g., Jull and Kelemen, 2001; Tatsumi, 2000; Kay and Kay,
1993; Kay and Kay, 1991]. (3) High Mg# andesites in arcs
form via fractionation of ultramafic cumulates from pri-
mary, mantle-derived basalts. The ultramafic cumulates
remain, undetected, below the seismic Moho in arcs and
continents [e.g., Fliedner and Klemperer, 1999; Kay and
Kay, 1985b]. (4) Arcs may not have been involved at all.
Processes of intracrustal differentiation and delamination
have yielded a crustal composition whose resemblance to
high Mg# andesites in arcs is coincidental [e.g., Stein and
Hofmann, 1994; Arndt and Goldstein, 1989]. In this paper,
we use data from the Aleutians to evaluate and extend
hypotheses (1) through (3).

1.4 Calc-Alkaline Lavas in the Western Aleutians: Juvenile
Continental Crust?

In the Aleutian island arc, particularly in the western
Aleutians, high Mg# andesite lavas with compositions simi-
lar to continental crust are abundant (Figures 4, 5 and 6).
Though similar lavas are also found in the Cascades, Baja
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wt% FeO*

wi% FeO*

Figure 3. Major element variation and estimated magmatic temperatures (1 bar, H,O-free) in Aleutian lavas along the strike
of the arc. In this and all subsequent plots of major element oxide variation, weight percent (wt%) concentrations are nor-
malized to 100% volatile free, with all Fe as FeO. Magmatic temperatures were calculated using the empirical olivine/lig-
uid thermometer of [Gaetani and Grove, 1998], with olivine compositions estimated from liquid compositions using the
olivine/liquid Fe/Mg Kd of [Baker et al., 1996], assuming lava compositions are equivalent to liquids, no H,O, pressure of
1 bar, and 80% of Fe is ferrous. Compositions of Aleutian lavas have been previously compiled by Myers [1988], Kay and
Kay [1994], and Kelemen [1995]. More recently, compiled data have been made available by James Myers and Travis
McElfrish at http://www.gg.uwyo.edu/aleutians/index.htm. The online compilation includes data from the following
sources: [Brophy, 1986; Myers, 1986; Myers, 1985; Morris and Hart, 1983; Perfit, 1983; Kay et al., 1982; Marsh, 1982b;
Romick, 1982; McCulloch and Perfit, 1981; Perfit et al., 1980a; Kay et al., 1978a; Kay, 1977; Perfit, 1977; Drewes et al.,
1961;]. In our current compilation, these have been supplemented with additional data from: [Class ef al, 2000;
Yogodzinski et al., 1995; Miller et al., 1994; Yogodzinski et al., 1994; Yogodzinski et al., 1993; Tsvetkov, 1991; Goldstein,
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Figure 4. Compositions of Aleutian lavas (A) and plutonic rocks (B) compared to estimates of the composition of con-
tinental crust (shaded regions in each plot). Panel (C) shows compositions of lavas and plutonic rocks of the Izu-Bonin-
Mariana arc system. Aleutian lavas from Adak and west of Adak, and plutonic rocks throughout the Aleutians, com-
monly have the SiO,, Mg#, K, and La/Yb ratios comparable to estimates for bulk continental crust. Lavas and pluton-
ic rocks of the Izu-Bonin-Mariana system generally do not have these characteristics. Sources of data for Aleutian lavas
in caption for Figure 3. Aleutian plutonic rock data from [Z¥vetkov, 1991; Kay et al., 1990; Romick et al., 1990; Kay
et al., 1986; Kay et al., 1983; Citron, 1980; Perfit et al., 1980b; Gates et al., 1971; Drewes et al., 1961; Fraser and
Barrett, 1959; Fraser and Snyder, 1956}, and Sue Kay, pers. comm. 2001. Estimates of continental crust composition
have been recently compiled and reviewed in [Christensen and Mooney, 1995; Kelemen, 1995; Rudnick, 1995; Rudnick
and Fountain, 1995]. Marianas data are from [Elliott et al., 1997; Bloomer et al., 1989; Woodhead, 1989; Stern and
Bibee, 1984; Wood et al., 1981; Dixon and Batiza, 1979; Stern, 1979]. Data on the Tanzawa plutonic complex (north-
ern end of the Izu-Bonin Marianas arc system) are from [Kawate and Arima, 1998].

California, Central America, the southern Andes, the rare or absent in intraoceanic, island arcs other than the

Philippines, and SW Japan [e.g., Defant et al., 1991; Defant
et al, 1989; Luhr et al., 1989; Hughes and Taylor, 1986;
Rogers et al., 1985; Puig et al., 1984; Tatsumi and Ishizaka,
1982], these other localities are underlain by older, continen-
tal basement and/or sediment derived from continental crust.
Light REE enriched, high Mg# andesite compositions are

Aleutians (e.g., the Marianas, Figure 4). Also, radiogenic Pb
isotope ratios in most intraoceanic arcs suggest the presence
of a recycled terrigenous sediment component, whereas the
western Aleutians have depleted Pb isotopes (Figure 5B). As
a consequence, the western Aleutians offer the best opportu-
nity to study the genesis of high Mg# andesites—and, by
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continental crust

—o— Taylor & McL andesite model
100 —a— Taylor & McL bulk crust

—a— Taylor & McL Archean crust
—a— Weaver & Tarney bulk crust
—n— Rudnick & Fountain bulk crust

IIII[

10

concentration/MORB

0.1 ’

Ba U TalLaPb Sr ZrSmGd Ti Ho Tm Lu Co
Th K Nb Ce Pr Nd Hf Eu Tb Dy Er Yb Y Ni

Figure 6. MORB-normalized spidergrams for estimated compositions of the continental crust (Figure 6A) and Aleutian
lavas (Fig. 6b). In the Aleutian lava plots, the field of compiled estimates for the continental crust is shown in gray for
reference. In plot for the Adak area, two enriched, primitive andesites with strong light REE enrichment and heavy REE
depletion cross the other lava patterns. In Figure 6A, arrows emphasize elements in continental crust which may be con-
centrated in detrital sediments (Nb, Ta in rutile, Zr, Hf in zircon) or removed in solution during surficial weathering (Sr).
In general, Aleutian magmas have higher La/Nb, La/Ta, Sm/Zr, and Sm/Hf and lower Nd/Sr than continental crust.
Other than that, we feel that the similarities in trace element abundance between Aleutian lavas and continental crust is
striking, and indicates that similar processes operated during formation of continental crust and Aleutian magmas. Data
sources in caption for Figure 3. MORB normalization values from [Hofinann, 1988]. Note that Plank and Langmuir
[1998] suggested that some estimates of Nb and Ta concentration in the continental crust [McLennan and Taylor, 1985,
Rudnick and Fountain, 1995] are too high by a factor of ~ 2. However, because these estimates provide neither an upper
nor a lower bound in Figure 6A, we did not modify the published values.
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Figure 6. Continued.
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analogy, the formation of juvenile continental crust—in a set-
ting which is clearly free of contamination from older conti-
nental crust and sediment derived from continental crust.

Enrichment of arc lavas in some elements that are impor-
tant in understanding the genesis and evolution of continental
crust, such as K, U, Th, Pb and light rare earth elements
(REE), is sometimes attributed to recycling of components
from subducted, continentally derived sediments [e.g., Elliott
et al., 1997; Hawkesworth et al., 1997, Hochstaedter et al.,
1996; Miller et al., 1994; Plank and Langmuir, 1993].
Isotopic and geological evidence suggests that sediment input
to the source of arc lavas is common in the central Aleutians,
and in most arc lavas worldwide, but is absent or minimal in
the west (Figures 5B and 7). Thus, if the processes that form
Juvenile continental crust in an oceanic arc can be document-
ed anywhere on Earth, it is in the western Aleutians.

High Mg# andesites are rare in oceanic arcs worldwide.
How could such lavas accumulate to form large volumes of
continental crust? There are several possible answers. First,
the genesis of high Mg# andesites in arcs may involve
processes that were more common in the Precambrian than
they are today. For example, perhaps high temperatures in
subduction zones are required, and these were common in
the Archean [e.g., Martin, 1986]. Second, formation of
abundant high Mg# andesite may be related to specific
events. If high subduction temperatures are required, during
the Phanerozoic these may have been most common in spe-
cial circumstances such as “ridge subduction” [e.g., Rogers
et al., 1985], in which very young, hot oceanic crust is sub-
ducted. Third, hydrous andesite magmas become much
more viscous than basalts when they degas at mid-crustal
pressures, and may commonly form plutonic rocks rather
than erupting as lavas [Kelemen, 1995], as is suggested by
data from the Aleutians (Figures 4B and 5A, plus [Kay
et al, 1990]). If so, the proportion of basaltic versus
andesitic lavas is not indicative of the bulk composition of
arc crust. Fourth, as suggested later in this paper, perhaps a
high Mg# andesite component formed by partial melting of
subducting eclogite is present in all arcs, but is difficult to
detect where the flux of basaltic melts is large; in the
Archean, perhaps very depleted peridotite in the mantle
wedge limited formation of basaltic melts, so that the eclog-
ite melt components comprised a larger proportion of arc
magmas. These four factors, together or individually, may
explain how continental crust was formed as a result of
processes which are rarely evident in present-day arc lavas.

Figure 7. 206pb/204pb, 87Sr/36Sr and !43Nd/44Nd in Aleutian
lavas versus longitude, illustrating systematic along-strike varia-
tion in these ratios. Data sources in caption for Figure 3, plus new
Pb isotope data for western Aleutian lavas in Table 1.



Table 1: New Pb concentrations and isotope data for Aleutian lavas.
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lat (°N) lon (°W) location sample Ceppm* Pbppm 206ph/204pp 207ph/204ph  208Pb/204Ph  data from
52.370 184.020 Buldir BUL6B 17.2 3.02 18.565 15.486 38.028 this paper
52.370 184.020 Buldir BUL6A 20.5 348 18.641 15.514 38.132 this paper
52.370 184.020 Buldir BUL4D 227 2.95 18.611 15.480 38.054 this paper
52.533 184.745 dredge near Buldir 70-B29 26.6 431 18.477 15.484 37.941 this paper
55.455 192.832 dredge, Piip volc. V35G5B 15.0 1.92 18.089 15.431 37.535 1
55.425 192,732 dredge, Piip volc. V35G1A 17.2 232 18.098 15.430 37.520 1
55.343 192.550 Komandorsky Isl. V35G8B 10.7 1.33 18.030 15.411 37.537 2
55.469 192.892 Komandorsky Isl. V35G7C 14.7 2.98 18.161 15.438 37.594 2

Pb concentrations determined by isotope dilution on hand picked rock chips leached in 2.5N HCI at 80°C for 1/2 hour, dissolved and ana-
lyzed on a Finnigan MAT Element I ICPMS. Estimated precision is + 1% relative.

Pb isotope ratios determined on powdered, hand picked rock chips leached for 1h in 6.2N HCI at 100°C analyzed on a VG 354 mass spec-
trometer. Estimated precision, based on standard reproducibility, is + 0.15% relative.

All results are corrected against NBS981 (Todt et al, 1996).

*: Ce concentrations from Kay & Kay, 1994; Yogodzinski et al., 1994, 1995

1.Yogodzinski et al., 1994
2 Yogodzinski et al., 1995

1.5 Along-Strike Variation in Convergence Rate

Systematic, along-strike variation in Aleutian lava com-
positions may be related to along-strike variation in the rate
of “down dip” convergence between the Pacific and North
American plates. Because of the arcuate shape of the
Aleutians, convergence is nearly orthogonal to the trench in
the eastern and central arc, and strongly oblique in the west.
In addition, oblique convergence leads to strain partitioning
in which absolute plate motions within the western arc are
intermediate between those of the North American and
Pacific plates [Avé Lallemant and Oldow, 2000; Geist and
Scholl, 1994; Geist and Scholl, 1992]. As a result, the trench
orthogonal convergence velocity, which is ~ 60 to 75
mm/year beneath the arc from Adak eastward, decreases to
< 40 mm/year beneath the distal Aleutians and the
Komandorsky block (Figure 8). (Orthogonal convergence
rates beneath the arc have been projected from values of
orthogonal convergence rate versus longitude along the
trench [Fournelle et al., 1994] along the plate convergence
vector [Engebretson et al., 1985]).

In contrast to convergence rate, the age of subducting
oceanic crust entering the Aleutian trench is ~ 50 to 60 Ma
and does not vary systematically along-strike [Afwater,
1989; Geist et al, 1988; Lonsdale, 1988; Scholl et al.,
1987]. According to the plate reconstructions of Lonsdale
[1988], the dead Kula-Pacific spreading ridge (which
ceased spreading at ~ 43 Ma) was subducted between 15
Myr ago at the longitude of Umnak Island (~ 168°W) and 3
Myr ago at the longitude of Attu Island (~ 187°W). During
this event, the subducting crust was 28 to 40 Myr old, and
at any given time it was progressively older to the west. For

example, using Lonsdale’s “simplest reconstruction” of the
present down-slab position of the dead Kula-Pacific spread-
ing ridge and a down dip convergence rate of 65-70
km/Myr, and assuming that the subducted spreading ridge
had a NE-SW (not an E-W) trend when it went into the
trench, we find that the minimum age of the oceanic crust
consumed during subduction of the extinct ridge varied
from ~ 28 Myr at 168°W to ~ 40 Myr at 187°W.
Alternatively, using Lonsdale’s “more plausible” recon-
struction, which considers age offsets across subducted
fracture zones, we find that the minimum age of the sub-
ducting crust varied from ~32 Myr at 168°W to ~ 39 Myr at
187°W.

At any particular time, the lateral gradient in average slab
temperature along the ridge was not large, and in general the
hottest subducting crust was in the central Aleutians. Taking
the middle Miocene (~10-12 Ma), for example, when most
exposed plutons were emplaced and many enriched, high
Mg# andesites were erupted in the Komandorsky block, the
oceanic crust entering the trench at and east of Adak (~
177°W) was roughly 32 Myr. At the same time, west of
180°W, the thermal age of the crust entering the subduction
zone was on the order of 49 Myr.

Convergence rate could affect lava composition in a vari-
ety of ways. With decreasing convergence rate, the down
dip flux of subducted sediment is smaller (Figure 9). Slow
convergence leads to both increased conductive cooling of
the convecting mantle wedge beneath an arc and increased
heating of the subducting plate [e.g., Kincaid and Sacks,
1997, their Figure 10]. There are many possible conse-
quences of these thermal effects: (1) dehydration reactions
in the subducting plate might occur at shallower depths
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Figure 8. Some major element abundances in Aleutian lavas versus trench-orthogonal convergence rate beneath
Aleutian volcanoes. Convergence rate from [Fournelle et al., 1994] is plotted versus the longitude of each volcano.
However, the convergence rate for each volcano is determined at a position in the trench that is updip of the volcano,
projected along the plate convergence vectors shown in Figure 1 [Engebretson et al., 1985]. Longitudes of positions in
trench updip of each volcano were calculated using the following empirical function:

longitude (°W) = -393.71+5.6627*volcano longitude (°W) - 0.013863* volcano longitude (°W)?2
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Figure 9. Geologic section along the Aleutian trench based on [Vallier et al., 1994; Ryan and Scholl, 1989; Scholl et al.,
1987; von Huene, 1986; McCarthy and Scholl, 1985] and our unpublished data, sediment thickness subducted beneath
Aleutian volcanoes, based on this section, sediment flux beneath Aleutian volcanoes (product of convergence rate from
Figure 8 and sediment thickness), and Pb isotope ratios versus sediment flux. Sources of Pb isotope data in caption for
Figure 3, and new data in Table 1.
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