BERINGIAN LATE CENOZOIC BASIC AND ULTRABASIC VOLCANISM

THE ORIGIN OF THE BERING SEA BASALT PROVINCE, WESTERN ALASKA

E.J. Moll-Stalcup (U.S. Geological Survey, 959 National Center, Reston, VA, 22092)

ABSTRACT

The Bering Sea basalt province consists of at least 15 late Cenozoic (less than 6 Ma} volcanic fields that
occur on islands in the Bering Sea and along the adjacent west coast of Alaska. Correlative rocks have
also been dredged from the submerged continental margin of western Alaska beneath the Bering Sea.
The fields are composed of widespread flows of tholeiitic and alkali olivine basalt and small cones, flows,
and maar craters of more atkalic basalt, basanite, and rare nephelinite. The more alkalic rocks commonly
contain inclusions of peridotite.

Although the voleanic fields do not lie along a hot-spot trace, the rocks are compositionally similar to
ocean island basalts (OIBs). Total alkalis (Na,0 +K,0} range from 3.8 to 8 wt.% and are negatively
correlated with Si0, {44 to 52 wt.%). Trace-element data from volcanic fields on St. Lawrence, Nunivak,
and St. Michael Islands and from the Imuruk Lake and Candle areas suggest that all of the rocks are
enriched in light rare earth elements (LREEs) and that LREE contents increase with increasing alkalinity.
Mg numbers (Mg/(Mg +Fe}) are usually between 50 and 72. Although the rocks show some evidence for
fractionation, the dominant control on composition is by varying degrees of partial melting of a mantle
source. Trace-element and isotopic data further constrain the mantle source. When normalized to
chondritic ahundances the rocks have anomalously high Nb and Ta contents relative to alkali and LREE
elements, similar to other OiBs. New beisotoge data from St. Lawrence Island plot within the field for
N-MORB(mid-ocean ridge basalts) on 2071204p (206204ph diagrams and at higher 2°¥2°?Ph than the field for
N-MORB on ?%%/2%pp/29%209pp, diagrams. Trace-element ratios (Zr/Nb, Ba/La, K/Nb, Th/Nb) and Pb isotope
data plot on mixing lines between a high “**?“Pb mantle source (HIMU] and the composition for pelagic
or terrigenous sediments. The chemical and isotopic data indicate that the rocks formed in a depleted or
HIMU mantle that was contaminated by varying amounts of previously subducted sediments.

INTRODUCTION

The Bering Sea basalts province consists of at least 15 late Cenozoic volcanic fields that occur in a broad
region behind the active Aleutian arc (Fig. 1). The volcanic fields are exposed on islands in the Bering Sea, along
the west coast of Alaska, and along the east coast of northeast Russia (Fig. 1) and have also been dredged from
the extension of Shirshov Ridge (Bogdanov et al., 1987) and from the submerged continental margin of western
Alaska (Davis et al., 1993). The fields occur between 250 and 1300 km behind the Aleutian arc. Most of the
fields are younger than 6 million years old, but some K-Ar ages from Bering Sea basalts on the Seward Peninsula
are as old as 29 Ma (Swanson et al., 1981). The Aleutian arc is considerably older, by some estimates as old as
55-50 Ma (Scholl et al., 1986).

This short report summarizes data on the Bering Sea basalts in Alaska including fields at Imuruk Lake on the
Seward Peninsula, in the Candle area of the Yukon-Koyukuk basin, on St. Lawrence Island, at St. Michael, at
Ingakslugwat, near the town of Bethel, on Nunivak Island, and on the Pribilof Islands (Fig. 2). Bering Sea basalt
fields in Russia occur on the Chukchi Peninsula (Akinin and Apt, 1994), at Cape Navarin (Fedorov, et al., 1994),
and on the offshore extension of Shirshov Ridge (Bogdanov, et al., 1987).

RESULTS

Most of the Bering Sea basalt fields consist of large volumes of tholeiitic and alkali olivine basalt flows and
small volumes of basanite and rare nephelinite, but some of the fields are composed of only tholeiitic or alkalic
rocks. In most of the volcanic fields the less alkalic tholeiitic and alkali olivine basalts comprise 97-98 percent
of the rocks, whereas 2-3 percent of the rocks are more alkalic ba-sanite and nephelinite. The less alkalic rocks
usually erupt as thin, broad pahoehoe flows that build broad shield volcanoes, whereas the highly alkalic basanite
and nephelinite form steep-cones, short highly vesicular flows, and ash deposits from maar craters. Highly alkalic
rocks generally were erupted early and late in the history of a volcanic field, and underlie and overlie voluminous
sequences of less alkalic basalt.
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Fig. 1. Map showing the location of the Bering Sea

basalt fields (triangles). The Bering Sea basalts occur in

a broad region between 600 and 1200 km behind the

active Aleutian arc {stars}. The Pacific plate is being

subducted northward beneath the Aleutian arc at about
5.6 cm/year.

The highly alkalic rocks contain megacrysts of anortho-
clase, clinopyroxene, and kaersutite, and xenoliths of
lherzolite, pyroxene granulite, dunite, harzburgite,
chromite, gabbro, or bedrock. The less alkalic rocks do
not contain megacrysts or xenocrysts. There is some
evidence from a Sr isotope study of the Bering Sea basalts
from Nunivak Island that the less alkalic rocks have
slightly higher ¥Sr/%Sr (0.70311) than the more alkalic
rocks (0.70286) (Mark, 1971, Menzies and Murthy,
1980). The data indicate a complete continuum in Sr
isotope composition and incompatible element contents
from ieast alkalic to most alkalic.

Some of the volcanic fields have groups of highly
alkalic cones that are aligned east-west defining a zone of
weakness or fault.

Fig. 2. Location of individual Bering Sea basalt fields

discussed in this report. Bering Sea basalt fields are

shown as triangles; Aleutian volcances are shown as
stars.

The best example is the volcanic field on St. Lawrence
Island, which consists of an large oval shield volcano of
alkali olivine and tholeiitic basalt flows overlain by over
70 small cones and short flows of mostly basanite and
nephelinite (Fig. 3). Others, such as the fields on the
Pribilof Islands are cut by high angle east-west trending
faults.

The Bering Sea basalts have compositions that are
generally similar to Hawaiian basalts, but tend to be
more alkaltc. Total alkalis decrease with increasing SiO,
{I-ig. 4) similar to Hawalian basalts. The rocks have
high MgO contents (Fig. 5) with fairly high Mg

Fig. 3. Schematic map of the Kookooligit volcanic field
on St. Lawrence Island in the Bering Sea, after Patton
and Csejtey (1980). 500, 1000, and 1500 foot contour
interval shown as faint oval lines of decreasing size
within the volcanic field. The main part of the volcanic
tield is a large oval-shaped shield volcano built of
tholeittc and alkali-olivine basalt flows. Overlying the
shield volcano are over 70 cones {shown as stars} and
short flows of chiefly basanite and alkali basalt.

numbers: Mg/(Mg+ Fe)= 54-72 for St. Michaelvolcanic
ficld, 61-67 for St. Lawrence Island, 57-66 for Imuruk
Lake. and 49-68 for the Candle area. 55-59 for the
Bethel area. and 57-83 for the Ingakslugwat volcanic
field. Highly alkalic rocks contain deep-seated inclusions
such as Therzolite, which indicate that the magmas rose

guickly to the surface from mantle depths
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;&: ¢ St Michael volcanic field
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Fig. 4. Plot of total alkalis {(Na,0 +K,0} vs. SiO, for the Bering Sea basalts showing the decrease in total alkalis

with increasing Si0,. These trends are produced by varying degrees of partial melting. The line dividing alkalic

from sub alkaline is divides rocks that are hypersthene normative from those that are nepheline normative. Data

or St. Michael, St. Lawrence Island, and Ingakslugwat voicanic field from Hoare, J. M, unpublished data.

Additional data for St. Michael volcanic field, for imuruk Lake, Candle area, and Bethel area from Moll-Stalcup,
unpublished data, 1988-1991.

All of the Bering Sea basalts are enriched in light rare earth elements (LREE) and the degree of LREE-
enrichment increases with increasing alkalinity (Fig. 6). Most of the rocks show no correlation between alkalinity
and HREE content which seems to be anchored at about 5-10 times chondritic abundances. Rocks from the
Candle area in the Yukon-Koyukuk basin field are the most alkalic samples in the Alaskan part of the Bering Sea
basalt province and, as expected, have the highest LREE contents. REE patterns for highly alkalic rocks from
the Candle volcanic field cross REE abundance patterns for the less alkalic rocks at about Ho (Fig. 7)., indicating
the presence of considerable garnet in their source (Budahn and Schmitt, 1985).

16 Y
14 -
12 4 @ 4  St. Michael volcanic field
g ©  Imuruk Lake, Seward Peninsula
8 10d &
& R 4 Candle area, Yukon Koykuk
Z 8 A
’:'f B Bethel area
5 4 J
CE; ¢ Ingakslugwat, Yukon Delta
= O St Lawrence Island
2 A (]
a
0 T T T
40 43 50 55 60
5i0,, weight percent

Fig. 5. Plot of MgQO vs. SiO, for the Bering Sea basalts. Most of the rocks have high MgO
contents that decrease with increasing SiO,. Data sources the same as figure 4.
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Tholeiite

Fig. 6. REE plots for rocks from the Kookooligit volcanic field on 100
St. Lawrence Island group by composition. The gray field represents
the range of known compositions for Bering Sea basalts and con-
tains REE data for St. Lawrence Island, St. Michael volcanic field, 1
the Bethel area, the Candle area, and the Imuruk Lake area (Moll- 10
Stalcup, unpublished data, 1981-1991}. LREE contents increase with
increasing alkalinity while the HREE contents remain approximately
constant throughout this range.
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Bering Sea basalts have anomalously high Nb and Ta contents Ca Go v N4 | SmEu G4 To Oy 10 Br T v 1

relative to alkali and LREE elements (Fig. 8), similar to other ocean-
island basalts and complementary to the patterns found in arc volcanic
rocks. These positive Nb and Ta anomalies cannot be produced by
crustal contamination because continental crust typically has negative
Nb and Ta anomalies. The occurrence of a positive Nb and Ta
anomaly in oceanic basalts led Weaver (1991) to conclude that the
source of oceanic basalts may be the residual parts of the subducted 1
slab left in the mantle after arc magmas are generated. In this model
water-soluble elements are released from the slab, including subducted
sediments, as they sink to increasingly higher temperatures and
pressures (Ishikawa and Nakamura, 1994). The slab-derived fluid ’
melts or metasomatizes the overlying mantle wedge. Nb and Ta are
left behind in the slab during dehydration reactions because they are
fixed in anhydrous minerals (probably rutile; Deer et al., 1966,
p. 416-417). The Nb and Ta-rich residue is later incorporated into
OIB-type magmas. The slab-residue will have the same Sr, Nd, and
Pb isotopic composition as the slab-derived fluid, but not the same
elemental composition. o

Sr and Nd isotopic data also show a range of compositions from
MORB-like values represented by the samples from the Pribilof
Islands, Nunivak, and the Bethel area, to moderately evolved samples
represented by the rocks from St. Lawrence Island, to rocks that plot t

8

L

Alkali olivine basalt

Lyl
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8
Ll \III
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near the field for Bulk Silicate Earth (Fig. 10). tCoPr e SmEwGST Dy Ho Er Tm vb L
300
More alkalic
Fig. 7. REE data for rocks from the Candle
area in the Yukon Koyukuk basin. These rocks |'® Less alkalic

are the most alkalic of all the rocks sampled in

the Alaskan part of the province. Other Benng Sea basalls

Samples that plot within the MORB field on
Sr-Nd isotopic diagrams are the same samples | "0~
that plot within the MORB field on Pb isotope
diagrams. Although all of the rocks are LREE-
enriched, their isotopic compositions indicate
that all were derived from a source that was P

1" 1 T 1 T

depleted in Rb/Sr and Si/Nd relative 1o bulk laCo N SmEUGHTh  Ho £r Tm Yo Lu

earth for most of its history. Furthermore data
from Nunivak show an inverse correlation between alkalinity and VSr/*Sr as well as Rb/St and ¥'Sr/*Sr (Mark,
1974), though the range of ¥'Sr/Sr v smalt. Like the P isotope data, the Sr and Nd isotope data also fall within
a triangular-shaped field defined by tnes connecting the compesitional fields for DM, HIMU. and Gough.
Most of the Ph isotope data for the Bermg Sea basalts plot in the field for N-MORB on a plots of “"Pb/Pb
vs. “Ph/MPh oand “Ph/MPhd CPh/AUPh (Fig. ). or above the ficld for N-MORB toward more enriched
*EPh/MPh and “Ph/*™Pb compositions. Although there is some variation in Ph isotopic composition within a
given volcanic field. most of the variation is from one tield to another. Ph jsotope data for the Pribilot Islands
ptot below the field for N-MORB on *"Pb/"Pb vs. *Ph/~'Ph diagrams (Fig. 9 and have the lowest “"Pb/*Ph
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relative to ®*Pb/2Pb of any published data on ocean island basalts (Zindler and Hart, 1984). The more enriched
samples plot above MORB and seem to define two trends that extend from the MORB field toward the field for
enriched ocean-island basalts like Gough or toward pelagic sediment, along the same trend defined by the Aleutian
data.

200 Basanite Fig. 8. Spiderplots for data from St. Lawrence
Bl Axaliolivine basalt Island normalized to the values for MORB given

100 in Wood et al. {1981). The Bering Sea basaits
i Bl oleite have positive Nb-Ta anomaties relative to the

LREE (La} or the alkali elements. Positive Nb and

Ta anomalies like these are found only in ocea-

nic island basalt suites and are opposite the

negative anomalies found in arc magmas
(Weaver, 1991).

Sample/primordial mantle

Ba/La and Ba/Nb ratios for most of the Bering
Sea basalts plot on mixing lines between ratios
L T U A A A for N-MORB, HIMU and the composition for

Rbg,Th iy K 1aNby o€ Ndp Hf 7, EuTi Th . .
BaMU " TaaTeSR T2 T N Y pelagic or terrigenous sediments or rocks from
the Aleutian arc (Fig. 11). Most of the Bering
Sea basalts have Ba/La and Ba/Nb ratios that are intermediate between those of the Aleutians and N-MORB.

DISCUSSION

Many oceanic island basalts suites, including Hawaiian basalts and Bering Sea basalts, show trends of
decreasing total alkalis with increasing SiO,. These trends are typically attributed to varying degrees of partial
melting of a mantle peridotite, usually a primitive Iherzolite (Clague and Frey, 1982). The most alkalic rocks are
generated by small amounts of partial melting, the least alkalic rocks by larger amounts of partial melting.
Although some of the Bering Sea basalts show evidence for olivine fractionation, most of the compositional
variation appears to have originated by varying degrees of partial melting. This general model accounts for the
high incompatible element contents of the most alkalic rocks as well as their relatively small volumes. The
increase in LREE content with alkalinity suggests that the source was probably a garnet lherzolite. However,
several lines of evidence suggest that the mantle source of the suite is not homogenous, nor is it primitive. The
Nd isotopic data and REE data indicate that the source of the magmas is not primitive because it was depleted
during a previous melting event and later metasomatized within the last 200 Ma (Menzies and Murthy, 1980).
The Nd isotope data require a LREE depleted source, but the REE data cannot be modeled using a LREE-
depleted source. Even models using a source with a flat REE abundance pattern require unrealistically large
proportions of garnet (10-20 %) to fit the REE data (Fig. 12). Furthermore, the modeled source must have very
high REE contents, between 7.5-10 chondritic abundances. If the source has less than 10% garnet it must be
LREE-enriched. Alternatively the source of the more alkalic rocks may be more LREE-enriched than the source
of the less alkalic rocks.

Limited Sr isotopic evidence suggests that the mantle under individual volcanic fields is not homogeneous and
that the more alkalic lavas come from a source that has slightly lower ¥Sr/*Sr than the source of the less alkalic
rocks (Mark, 1974). At the same time this source produces rocks that have higher Rb/Sr ratios, as well as higher
concentrations of incompatibie elements than the less alkalic rocks. This disparity suggests that the most alkalic
rocks originate from small amounts of partial melting of the most strongly metasomatized parts of the mantle.
To preserve the low ¥'Sr/*Sr composition of the more alkalic rocks the source must have either Jower Rb/Sr than
the magmas or have high Rb/Sr from metasomatism that was too recent to produce significant radiogenic ¥Sr
from decay of ¥Rb. Hydrous mantle xenoliths from Nunivak Island (Menzies and Murthy, 1980) contain
pargasitic amphibole and mica that formed during mantle metasomatism, as well as kaersutite megacrysts that are
thought to be parts of disrupted mantle veins (Francis, 1976). These amphiboles and micas have higher Rb/Sr
than anhvdrous co-existing minerals such as clinopyroxene (Menzies and Murthy, 1980). If these xenoliths
represent fragments of the mantle that partially melted to produce the highly alkalic rocks. the hydrous minerals
would be the first to melt. With small amounts of partial melting these early melts could have high Rb/Sr ratios
and tow 'Sr/™Sr if they come from mantle that was recently metasomatized, especially if the metasomatic fluid
had N-MORB-like ¥Sr/*Sr compositions.
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Fig. 9. A 27Pb/2%Pb vs. 15.65
208ph /294ph and B 298Ph/ 299pp
vs. 2°Pb/2%4ph for Bering Sea
basalts from St. Michael 15.60
volcanic field, the Pribilof
Istands, St. Lawrence Island,
the Bethel area, and from
basanites dredged from the
submerged continental
margin of western Alaska.
Also shown are fields for
MORS, the Aleutian arc, and
selected oceanic islands
{Gough, Reunion, Tristan de 15.45
Cunha, Walvis Ridge, and 1800 I8 28 18.50 18.75 19.00 19.25
Hawaii) from Zindler and
Hart (1986)}). Data from the 206py, 204 py,
Pribilof Islands from Kay

S1. Michaal volcanic fiald
Pribilof islands

St Lawrence Island
Dradged Basanites
Bothel area

szhﬂ'szh
7
A
s
Be O O ¢

et al. (1978). Data from 39 50
the dredged basanites
from Davis et al. (1993).
Data for the Aleutians 3900
from Kay et al. (1978} .
and Myer and Marsh
{1987).

Walvis Ridge
s

St. Michael

38.50 Pribilof Islands

The Sr isotopic compo-
sitions and incompatible
elemental contents within
individual volcanic fields
are completely gradational
from most to least alkalic.
Both highly alkalic and
less alkalic rock types re- 1700 4
quire at least scme meta-
somatism to satisfy the Nd
isotopic data. If the meta-

St Lawrence Island

Dredged Basanites

BH ¢ O ¢

Bethel area

T ¥ T T

18.00 18.25 18.50 18.75 19.00 19.25

somatic fluid was related 7%%pb/? P
to previous periods of

subduction in the Bering Sea region the fluid would be rich in Ba, Rb, Sr., Th, and, LREE derived from
dehydration of the slab. The more strongly metasomatized parts of the mantle would be highly enriched in these
elements. Subducted sediments comprise only a few percent of the elements that make up the slab-generated fluid
that goes into arc magmas (Vidal et al., 1989). The rest of the subducted sediment may be carried deeper into
the mantle. The Sr and Nd isotopic composition of the dehydration fluid from the slab is dominated by MORB
compositions, because basaltic oceanic crust contributes much more Sr and Nd than the small amount of
sediments. In contrast the Pb isotopes are dominated by the isotopic composition of the sediments because the
mantle and oceanic crust contain very little Pb compared to subducted sediments.

The Pb isotope data require at least three, and possibly four, isotopically distinct components to explain the
range of observed compositions because all of the Pb isotope data fall within a triangle defined by lines
connecting the fields for HIMU, DMM A, and Gough or EMII (Fig. 13). Two of these components may be
common to the source of MORB basalts, because many of the Bering Sea basalts have Pb isotopic compositions
that plot within the field for MORB between the values for depleted mantte and HIMU (Fig. 13). Pb, 8r, and
Nd isotopic differences between individual voleanic fields in the Bering Sea basalt province are greater than the
differences within volcanic fields. In the Bering Sea basalt province the Pb isotopic compositions of individual
volcanic fields appear to correlate with the age of the lithosphere under each field Rocks from St. Lawrence
Island, which is underlain by Paleozoic lithosphere (Till and Dumoulin, [994). have lower **Pb/*¥Pb than rocks
from the other Bering Sea basalt fields. as well as moderate '"*Nd/"*'Nd and *'Sr/*Sr. Rocks that plot at the high
INA/MNA and low * Sr/Sr end of the spectrum such as the Pribilof Islands. Nunivak Island and the Bethel area
have higher “"Pb/""Pb and are underlain by accreted Mesozoic oceanic crust. Variations in isotopic composition

119



ICAM-94 PROCEEDINGS: Late Cenozoic Basic & Ultrabasic Volkanism

between individual volcanic fields reflect long-lived geographic variations in the age and composition of the

underlying mantle lithosphere.

0.5134 .
0512 4 MORB
_ PREMA
05130 .- Aleutians O Pribilof Islands
- O
= ~, Hawail O  Nunivak Island
= 05128
‘%‘ O St. Lawrence Island
T 05126 - : &  Dredged basanites
Tristan” Gough Fas | Bethel area
05124 4 EM
EM | -
05122 , el
07020 07030 07040 07050  0.7060
Bl ¥y

Fig. 10. "Nd/"Nd vs.
87Sr/%Sr for Bering Sea
basalts from the Pribilof
Islands, Nunivak Island,
St. Lawrence Island, the
Bethel area, and basani-
tes dredged from the sub-
merged continental margin
of western Alaska. Also
shown are fields for
MORB, DM (depleted man-
tle}, PREMA (prevalent
mantle}, BSE {bulk silicate
earth), EM | and EM |l {en-
riched mantle one and
twao) and selected oceanic
islands (Gough, Reunion,
Tristan de Cunha, Walvis
Ridge, and Hawaii) from
Zindler and Hart (1986).
Aleutian field drawn based
on the data of McCulioch
and Perfit, 1981, Morris
and Hart {19886}, and von
Drach et al. {1986}.

The third component has higher *"Pb/*Pb and 1s common to the source of arc volcanoes such as the Aleutians
or enriched OIB-type magmas like Gough. This component probably represents mixing with small amounts of
continental sediments that were deeply subducted during one or more previous subduction episodes in this region.

100

" ® Continental
crust

Ba/Nb

H > C ¢ 0O

St. Lawrence Island

St. Michael volcanic field
Imuruk Lake. Seward Peninsula
Candle area, Yukon Koyukuk

Bethe] area

Fig. 11. Ba/La vs. Ba/Nb
tor samples from the Be-
ring Sea basait field. Also
shown are fields for
MORB, HIMU, the Aleutian
arc, and continental crust,
Fieids for HIMU and conti-
nental crust from Weaver
(1991); those for MORB
from Basaltic Volcanism

Study Project (1981)
ocean-floor trace element
suite, {Appendix A-5).

Data for the Aleutian arc
trom Delong et al. {1985)
and Reid and Nye (19886).

SUMMARY
CONCLUSIONS

AND

The Nd isotopic data and REE data require that the source of hoth the alkalic and tholeiitic rocks be
metasomatized at some time within the last 200 Ma (Menzies and Murthy. 1980) because both types of magmas
have sources that were depleted in LREE for much of their history vet are now LREE-enriched. The source of
the more atkalic lavas has lower ¥Sr/*Sr, higher LREE. Ba. Sr. and Rb than the source of the tess alkalic lavas
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Fig. 12. Ce/Yb vs, Ce data for the Bering Sea basalt fields at St. Lawrence Island, the Imuruk Lake area, and
the Candle area. Data from Moll-Stalcup, unpublished data (1991-1394). Also shown are the three most
successful models for partial melting of a garnet Iherzolite source. All of the models are for a source with a
ftat-REE abundance pattern that has REE concentrations that are 10 or 7.5 time chondritic abundances, as
labeled. All of the models require at least 10 percent garnet to generate lines that have slopes similar to the
data. Smaller amounts of garnet generate lines with lower slopes. If less garnet is in the source, then the
source must be LREE-enriched or variably enriched. Dots of models mark degrees of F, as labeled. Calculations
were made using the equation C/C,=1/(D+{F(1-D})) where C, is the concentration in the liquid, C, is the
concentration in the source, D is the bulk distribution caefficient and F is the fraction of partial melting.
Kds from Budann and Scmitt (1983)
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Fig. 13. ““'Pb;*Pb vs. """Ph““'Pb diagram showing data for the Bering Sea basalts, the Aleutian arc and fields

from Zindler and Hart (1276) With the exception ol the data from the Pribilof Island all the data for the Bering

Sea basalts can be explained by three component mixing between DMM A, HIMU, and EM Il or pelagic sedi-
ment. Data sources the same as figure 9.
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because it was more strongly metasomatized by subduction-related fluids, possibly during several subduction
episodes. Although the source of the most alkalic rocks produces magmas with higher Rb/Sr ratios, it has lower
¥S1/%Sr because most of it’s Sr was derived from the previously subducted slab, both from metasomatic fluids
and from the slab residue. In contrast, sediment contamination strongly affects the Pb isotopes because the mantle
and oceanic crust contain very little Pb. Spidergrams for the Bering Sea basalts and adjacent Tertiary continental
arc volcanic rocks give very similar patterns except for the pronounced positive and negative Nb and Ta
anomalies. The Pb isotopic data and positive Nb and Ta anomalies indicate that at least some of the magmas have
interacted with slab residues that have the Pb isotopic composition of pelagic sediments and high concentrations
of Nb and Ta.

The isotopic and elemental data suggest that the mantle source of the Bering Sea basalts contains at least three
1sotopically distinct components. The three components are 1) weakly metasomatized garnet peridotite, 2) strongly
metasomatized garnet peridotite, and 3) a slab residue having high HFSE contents and high **Pb/”*Pb and
*"Pb/*Pb ratios. The strongly metasomatized mantle probably occurs as veins in the more weakly metasomatized
mantle. The metasomatic fluid is similar to the slab component produced in subduction-zones and was probably
produced during several subduction episodes within the last 200 Ma, including subduction in the Cretaceous,
Early Tertiary, and the current Aleutian arc. The third component is probably isolated blebs ot dismembered slab
at the upper mantle-lower mantle boundary. Recent work (Lundgren and Giardini, 1994) on isolated deep
earthquakes suggest that subducted slabs are deflected to a horizontal posture at the base of the upper mantle once
they are past the well-defined Wadati-Benioff zone. The subducted lithosphere may extend for several hundred
kilometers beyond the main Wadati Benioff zone (Lundgren and Giardini, 1994).
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