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an

INTRODUCTION

Quatemnary alkalic basalt was recovered in {wo dredge hauls from the Bering Sea continental
margin west of Navarin Basin duning the U.S. Geological Cruise 1.9-82-BS on thc R/V S.P, Leg in
1982. The two dredge hauls, D43 and D44, are located at Lat. 58°38.9°, Long. 177°13.1" anu from
122 m water depth and at Lat. 58°38.9°, Long. 177°12.9°, and 120 m water depth, respectively (Fig.
1). Other dredges, from greater depths in the same vicinity, recovered calc-alkaline andesite, dacite
and tholeiitic basalt of Eocene age. This report presents petrological and geochemical data for the
alkalic basalt samples and comparcs them with Quaternary atkalic basalt from other volcanic
centers in the Bering Sea, and with strongly alkalic basalt from occanic island and continental set-
tings.

METHODS

Samples were studied in thin sections and submitted for bulk chemical analyses to the analyt-
ical laboratories of the U.S. Geological Survey. Major element chemistry was determined by wave-
lengih dispersive X-ray fluorescence (XRF) using methods described by Taggart and others (1982).
Abundances of Rb, Sr, Zr, Ba, Y, and Nb were determincd by energy-dispersive XRF. Precision
and accuracy of XRF is 1 1o 2% for major elements and 5 to 10% for trace elements. FeO, CO,,

and HO were determined by standard wet chemical techniques (Peck, 1964). Abundances of Hf,

Ta, Th, Sc, Co, Cr and the rare earth elements (REE) were determined by instrumental neutron
activation analysis (INAA) using the method described by Baedecker (1979). Olivine, clinopyrox-
ene and glass compositions were determined with a8 9-channel electron microprobe, using 15 kv
accelerating voltage and 20 nAmp sample current with a narrowly focused beam (~2 ) for olivine
and clinopyroxene, and 10 nAmp and a larger beam size (~30-50 p) for glass. Natural and synthetic
glasses and minerals were used as standards. Data reduction was performed using a modified ver-
sion of Bence and Albee’s program (1968).

For conventional whole-rock K-Ar measurements, rock was crushed and sieved to retain the
0.5 10 1.0 mm size fraction. The rock powder was acid-leached with HF and HNO, to remove clay
aleration products. One aliquant was nsed for the Ar analysis and another was pulverized to a fine
powder for duplicate K,O analyses. K,0 analyses were performed by flame photometry and Ar
mass analyses were done with a multiple collector mass spectrometer. Conventional K-Ar dating
techniques have been described in detail by Dalrymple and Lanphere (1969).

PETROGRAPHY AND MINERALOGY

Petrography of the samples is summarized in Table 1 and olivine and clinopyroxene analyses
are listed in Tables 2 and 3, respectively. Two of the samples (44-8, 44-9) are hyaloclastites com-
posed of fresh, pale-brown sideromelane fragments, with euhedral olivine and clinopyroxene micro-
phenocrysts, disseminated in a yellow to greenish devitrified glass matrix, that contains broken
olivine and clinopyroxene crystals. The other samples are highly vesicular (30-55%) flow rock
with olivine and clinopyroxene microphenocrysts in a cryptocrystalline or opaque matrix. At high
magnification, the opaque tachylite can sometimes be resolved inw red-brown glass diffused with
specks of equant, opaque minerals. Plagioclase and/or nepheline are not positively identified in any
of the thin sections. Similar alkalic lava from the Pribilof Islands, with modal plagioclase but no
nepheline have been called basanite, and lava in which both plagioclase and nepheline were absent
have been called limburgite (Barth, 1956). Barth reported basanite and limburgite formed from the
same flow, depending only on cooling history, with limburgite forming at more rapidly chilled mar-
gins and toes. He also observed that the margins of flows were highly vesicular becoming less
vesicular toward the interior. The highly vesicular dredpge samples probably are rapidly chilled,



scoriaceous margins of basanite flows that were preferentially sampled when the dredge bag was
dragged across the surface. Except for the devitrified glass in the hyaloclastites, the dredged sam-
ples are fresh and show only traces of clay minerals, calcite and zeolites in fractures and somg
vesicles.

Olivine is fresh and has no iddingsite alteration nms. Most crystals are very small (<(}.5mm),
typically echedral but with slight cuspate margins indicative of resorption. Olivine shows a compo-
sitional range from Fo ,, to Fo ., but most are clustered between Fo ,, and Fo , (Table 2, Fig. 2a).
Compositional zoning is absent or minor, showing mostly normal or minor reverse zoning of 1 to
29, with both occurring in the same sample, Clinopyroxene also shows a limited range in compo-
sition with Wo ¢ o, En o . Fs o . (Table 3, Fig. 2b). Clinopyroxene crystals are brownish-pink,
similar in size to olivine, and largely euhedral to subhedral, indicating that they crystallized simul-
1aneously with the olivine. Some broken fragments of clinopyroxene are present but do not differ
compositionally from the euhedral crystals. Similar to olivine, some clinopyroxene crystals have
hollow cores and irregular margins indicative of resorption. Compositional zoning is slight (2%
max.) and may show more magnesian cores with rims somewhat richer in iron or the reverse. Due
to the undifferentiated nature of the lava, Ca-Mg-Fe composition is limited (Fig. 2b), however the
range in Ti,0, ALO,, and Cr,0, is considerable, ranging from 1.2 to 3.0%, 2.2 to 6.1%, and 0.01

o 0.92%, respectively.

MAJOR ELEMENT CHEMISTRY

The dredged samples have & narrow compositional range (Table 4). Compositions are rela-
tively primiive with MgO ranging from 9% w©0 11% for the whole-rock samples. Fresh
sideromelane contained within the hyaloclastites has only 5% MgO. Decrease in MgO of about 5%
can result from crystal fractionation of approximately 10% olivine and 5% clinopyroxene. The
general lack of alteration of the flow samples is indicated by water content of 1% or less, whereas
the hyaloclastite samples contain as much as 15% H,0. Likewise, Fe,0,/FeO ratios of less than 0.5
for the flow samples compared to 1.7 for the hyaloclastites is indicalive of the degree of oxidaton
of the later. Normative compositions of all samples except the hyaloclastites are strongly
nepheline-normative (8%-12%). Nomative compositions calculated for the whole-rock analyses of
the hyaloclastites are hypersthene-normative due to the oxidation and alteration of most of the glass
matrix. The fresh sideromelane composition determined by microprobe has more than 11% norma-
tive nepheline, calculated with Fe**=0.25 Fe total. On an alkalies vs. silica plot, all samples, includ-
ing 1he hyaloclastites, are clearly alkalic but somewhat less undersaturated in silica than typical
basanite from oceanic islands (Fig. 3). These rocks will herein be called basanitoids, following the
definition of Macdonald and Katsura (1964) who define basanitoids as alkali olivine basalt contain-
ing more than 5% normative nepheline but without modal nepheline. A further division into basan-
itoid and limbirgite based on presence or absence of plagioclase and/or nepheline in the ground-
mass appears unwarranted because these minerals are occluded in the groundmass due to rapid
quenching,

Na, K and Al contents generally increase with decreasing Mg, but the other elements show
no well developed trends. Lack of strong element w element correlation is in part due to the lim-
ited extent of differentiation. However, even elements that show considerable variation such as Ti
and K, show no well-defined linear trends (e.g. Fig. 4). Sulfur content of the glass is about 400
ppm and indicates that these samples are at least partially degassed, and were probably erupted
subaerially or into shallow walter,



TRACE ELEMENT CHEMISTRY

The basanitoids have a narrow range in trace clement composition, Table 5 presents tace
element data for the nine whole-rock samples; fresh sideromelane was not abundant enough to
scparate for trace element analysis. Chondrite-normalized rare earth element (REE) abundances are
shown in Figure 5. All of the dredged samples show steep slopes with light REE-enrichment over
heavy REE that is typical of alkalic lava, with La/Sm ranging from 3.2 10 4.1 and Ce/YD from 12
(0 19, La abundances range from 126 times chondrite in the hyaloclastite to 193 times chondrite for
onc of the flow rocks (44-6). Yb abundances ranges from 5.5 to0 8.5 times chondrite,

Abundances of compatible elements such as Sc, Co, Cr, which are sensitive to crystal fractio-
nation, are identical, within analytical precision, in all of the flow samples and somewhat lower in
the hyaloclastites. In part, this probably reflects fractionation of olivine and clinopyroxene. How-
ever, Rb, Sr, Ba which should increase in the melt with fractionation are also lower in the hyalo-
clastites. Hence, lower concentrations of these mobile elements may be the result of altcration of
the glass by seawater. High field strength clements soch 28 Y, Zr and Nb, which are more resistant
to alteration, show this effect somewhat less, and ratios of Zr/Nb (4+0.2) and Zr/Hf (4312) show
hard]y any variation. Likewise the REE patterns of the hyaloclastite are parallel to those of the flow
samples, supporting the contention of Staudigel and Hart (1983) that REE compositions of volcanic
glass are not significantly changed by small to moderate amounts of alteration. Abundances of Hf,
Ta, and Th are somewhat lower in the hyaloclastites but show no significant change in proportion
to each other. All samples plot in a tight cluster in the alkaline within-plate field of the Hf-Ta-Th
diagram (Fig. 6, Wood and others, 1980).

K/Rb ratios of about 300 to 500 and high Rb abundance (>50 ppm) (Fig. 7) suggest partition-
ing of incompatible elements into the melt that is compatible with small amounts of partial melting.
Variations in La/Sm (Table 5) and Ce/YDb vs. Ce abundance (Fig. 8) suggest minor variaton in per-
centage of partial meling, although all samples appear 10 have been generated by very small per-
centage of melting (< 3%). Kay and Gast (1973) on basis of REE and other trace element studies
proposed that chemical differences between alkali basalt, basanite and nephelinite can be explained
by having formed by progressively lower extent of partial melting. The solid line on the Ce/Yb vs.
Ce plot (Fig. 8) represents the equilibrium batch melting curve of a gamet lherzolite source (S5%
olivine, 25% orthopyroxene, 15% clinopyroxene, 5% gamet) and a source composition of about 4
times chondrite and a Ce/Yb ratio greater than 2. The Bering Sea basanitoids lie on the extreme
end of the steeper curve compatible with melting of a garnet-bearing source, requiring a source
more enriched than MORB.

No isotopic data js available for the basanitoids. However, an indication of source homo-
geneity can be obtained by looking at ratios of lrace elements with similar partition coefficients that
are not fractionated by partial melting. For example, Ta/Th ratios vary little if percentage of partial
melting is large because both have low partition coefficients (near (.01, Boganlt and otbers, 1979).
However, with very small percentage of melting, small differences in partition coefficients beconie
significant, and the Ta/Th ratio can be somewhat fracuonated. Y the difference between the
coefficients is large, as for example for Hf and Ta (0.1 vs. 0.01), a larger variation in the Hf/Ta
ratio will result with increased percemtage of partial melling (Bogault et al., 1979). A Hf/Ta vs.
Ta/Th plot (Fig. 9) indicates a bomogeneous source for the Navarin basanitoids, that is distinct
from those of St. Paul and St George.

K-AR AGES

Conventional whole-rock K-Ar ages obtained from the dredged samples range from 0.35
+0.05 Ma to 1.1 202 Ma (Table 6). The large errors assigned to these ages result primarily from
the imprecision of the age dating method when applied to rocks having a low ratio of radiogenic to
atmospheric argon (Dalrymple and Lanphere, 1969), The vocks are very fresh, except for minor



alleration along some fractures and in some vesicles, which should have been reroved by the acid
treatment. The age data suggests that the dredged samples were esupted during at least two
different episodes of volcanism at about 0.4 and 1 Ma.

COMPARISON WITH OTHER ALKALIC LAVA FROM THE BERING SEA

Quaternary basalt of strongly alkalic nature has been reported from the Pribilof Islands and
dredged from a submarine ridge (DR1 and DRS) sonth of the islands (Barth, 1956; Lee-Wong and
others, 1979). Basaltic rocks from the Pribilof Islands and ridge show greater variation in composi-
tion ranging from tholeiitic and mildly alkafic olivine basalt to basanite and nephelinite. Samples
from St. George, the southern island, and samples from the submarine ridge are largely
hypersthene-normative 10 mildly 2lkalic in composition, although swrongly alkalic compositions are
also present. St. Paul, located 70 km to the north, erupted only nepheline-normative alkalic lava
that closely resembles the basanitoids dredged from the continental margin west of Navarin Basin
(Fig. 3). The Pribilof basalts, as a group, also show a limited degree of differentiation; although
compositions from St. George and the submarine ridge are more differentiated with some samples
approaching hawaiite in composition. Al,O,, Na,0, K,0, P,0, and TiO, increase generally with
decreasing MgO but do not show a namow lincar trend as would be expected if simple crystal frac-
tionation were the major process in generating compositional diversity (e.g. Fig. 4). Mineral compo-
sitions of samples from St. Paul are similar (0 those in the basanitoids from west of Navarin Basin,
but samples from St George and the submarine ridge show much greater diversity. Olivine compo-
sitions range from Fo ., 10 Fo , (Fig. 22) and clinopyroxene compositions show a limited iron
enrichment trend (Fig. 2b), as might be expected for hypersthene-normative lava. Trace element
data (Figs. 6,7.8) indicate that variation in degree of partial melting is the controlling factor in gen-
erating the compositional diversity of the Pribilof basalt. The bypersthene-normative and mildly
alkalic lava of St.George and the submarine ridge were generated by larger degree of partial melt-
ing than the more strongly alkalic lava of St. Paul. However, minor basanite and ncphelinite from
St.George represent partial melts as small as the most alkalic samples from St Paunl. The basani-
toids from the vicinity of Navarin Basin represent even smaller percentage of partial melting than
those of St. Paul, if a similar source is assumed (Fig. 8). However, on the Ta/Th vs. Hf/Ta plot
(Fig. 9), St. George, St. Paul and the Navarin basanitoids form three distinct clusiers suggesting
slightly different mantle source compositions for these suites. Furthermore, intra-island hetero-
geneity i8 indicated for lava from St. George (Fig. 9). Available isotopic data for alkali olivine
basalt from St. George indicates that these samples are isotopically intermediate between MORB
and oceanic island basalt (Von Drach and others, 1986). No isotopic data for the hypersthene-
nommative lava from St George is available to confirm heterogeneity suggested by trace elements
(Fig. 9).

COMPARISON WITH BASANITES FROM OCEANIC ISLANDS

Basaltic rocks that are strongly undersaturated in silica are also found on oceanic islands,
Hawaiian and Samoan volcanoes erupt small volumes of strongly alkalic Java during a rejuvenation
period that may occur several million years after the main volcanic edifice has been built (Natland,
1975; Clague, 1987). Except for one sample from a seamount which has comparable Si0, content
(Hawkins and Natland, 1975), basanites and nephelinites from Samoa are more strongly undersa-
wrated than the basanitoids dredged from the vicinity of Navarin Basin (Fig. 3). Samoan basanites
appear to be higher in TiO, at comparable P,O; (Fig. 4) than either Hawaiian or Bering Sea basan-
ites. However, K and Rb show a trend similar to that of the basanitoids from the vicinty of Navarin
Basin. Samoan basanite and nephelinite also were generated by smaller degree of partial melting
than the mildly alkalic basall forming the main edifice (Hawkins and Naand, 1975). Compared to



the Pribilof Islands much greater volumes of mildly alkalic Java were involved in building the main
edifices of Samoan Islands. Furthermore, Samoan alkalic lava must have experienced a lengthy
period of storage in 2 magma chamber since abundant highly differentiated trachyte and phonolite

are present.

COMPARISON WITH BASANITES FROM A CONTINENTAL SETTING

Strongly alkalic basalt similar 10 those erupted in the Bening Sea have also been erupted in
continental settings, as for example in Antarctica. In a belt nearly 2000 km long, running roughly
parallel 1o the Transantarctic Mts., a volcanic sequence ranges from basanite to phonolite in compo-
sition (Goldich and others, 1975. Sun and Hanson, 1975). The basanitoids appear slightly more
undersaturated in silica than those from the Bering Sea but less than those from Samoa (Fig. 3).
Mineralogically, the Antarctic basanitoids are olivine and clinopyroxene phyric, and show interser-
ral and intergranular textures, with a groundmass of granular clinopyroxene, opaque minerals, pla-
gioclase tnepheline indicative of less rapid cooling. Olivine compositions also cluster around Fo .
and clinopyroxene is titaniferous augite (Goldich and others, 1975). Element vs. element plots of
the Antarctic basanitoids, like the Bering Sea ones, show no strong linear trends for basaltic com-
positions. However the differentiated sequence from trachybasalt 10 phonolite shows a strong linear
trend indicative of crystal fractionation (Goldich and others, 1975). Diversity within the basanitoids
also seems to be primarily the result of different percentages of partial melting. Similar to lava
from the Bering Sea, basanitoid and nephelinite represent smaller degrees of partial melting than
the mildly alkalic, differcntiated basalt sequence (Sun and Hanson, 1975). However 2 LREE-
enriched source is also required, and trace elemcnts and isotopic data clearly indicate chemically
and mineralogically heterogeneous mantle sources for the Antarctic samples (Sun and Hanson,
1975).

DISCUSSION AND CONCLUSIONS

The basanitoids from the continental margin west of the Navarin Basin probably erupted from
fissures and small vents either subaerially or below seawater at shaflow depths. The magma ori-
ginated at great depth in the upper mantle by a small percentage of partial melting of a gamet lher-
zolite source, ascended rapidly and was quenched on the seafloor. Limited erystal fractionation of
olivine and clinopyroxene probably occurred at intermediate to shallow depths. Small variations in
composition are the resull of variation in percentage of partial melting of a homogeneous source,
although the amount of partial melting was small for all samples (<3%),

Basanitoids of similar composition occur in and near the Pribiloff Islands. They have also
been reported from Nunivak and St. Lawrence 1slands and from the Seward Peninsula in Alaska
(Hoare and others, 1968, Moll-Sulcup, 1987). Detailed petrologic and radiometric age data for this
region is sparse; however, Hoare and others (1968) and Moll-Stalcup (1987) suggest that, at least
for Nunivak, small volumes of suongly alkalic lava preceded and followed eruption of larger
volumes of less alkalic lava. On Nunivak at Jeast five distinct volcanic episodes separated by quiet
intervals have occurred in the last 6 m.y. The most recent episode began about 0.3 Ma and so far
has erupted only strongly alkalic lava (Hoare and others, 1968). The Pribilof Istands appear to have
been built during two pulses of volcanic actvity. Activity on St George began at about 2.2 Ma and
ended about 1.6 Ma. After over one million years of quiescence, a second pulse began at 0.4 Ma
and produced St. Paul Island, 70 km 1o the north (Cox and others, 1966). To date only strongly
alkalic lava has been erupted. K-Ar data on basaltic rock from the submarine ridge near the Pribi-
lofs suggests an additional volcanic pulse at about 0.8 Ma (Lee-Wong and others, 1979). Basani-
toids from west of Navarin Basin also suggest al least two pulses of volcanic activity around 1 and
0.4 Ma. The similar timing of volcanic pulses, associated faulting and alignment of volcanic cones



(west to north-west Hoare and others, 1968) suggests large scale tectonic control,

It ig interesting that strongly alkalic lava 50 similar in composition can be generated in such
diverse tectonic settings as oceanic islands, within continentgl plates and behind an istand arc. In
each case it appears to involve deep fissures, frequently associated with normal faulting and exten-
sion. In Antarctica, Lhe basanitoids erupted in a belt paralle] to the Transantarctic Mts., and are
probably related to normal faulting, In Samoa, strongly alkalic lava was erupted approximately
simultaneously along a chain over 500 km long (Hawkins and Natland, 1975). Hawkins and Nat-
land proposed that a combination of lithospheric flexure and viscous shear melting duc 1o complex
inleraction of the Pacific plate with the Tonga Trench is responsible for gencrating the strongly
alkalic lava. In the Hawaiian (e.g. Clague, 1987) and Caroline Island chains (Matiey, 1982) the
strongly alkalic lava did not erupt simultaneously but shows an age progression similar 10 that of
the main volcanic edifices, which presumably formed as the Pacific plate moved over fixed hot
spots. For the Hawaijan chain, Clague and Dalrymple (1987) showed that rejuvenated, swrongly
alkalic volcanism follows the building of the edifice not by a constant time but by a constant dis-
tance. They suggested that the eruption of strongly alkalic lava may be related to change from sub-
sidence o uplift as the volcanoes override the Hawaiian arch (Clague, 1987). A similar process
may be operaling for the Caroline Islands in relation 10 the Caroline Ridge. For the widely scat-
tered volcanic centers erupting strongly alkalic lava in the Bering Sea, a more complicated tectonic
pattern would be required, but, probably, is somehow related to complex changes in plate motion of
the Pacific plate and its interaction with the Aleutian arc.
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Table 1: Petrographk Data for Volcanlke Rock from the Bering Sea

Sample Texfure Vesicles Modal composition (val.%) Remarks

No. vol.% Olivine  Clinopyroxene  Groundmass

432 intergranular 45 1§ 10 30 cryptocrystalline groundmass,
cul¢ite in vesicles

439 Intergranular 35 15 10 40 cryptocrystabline groundmass
day in vesicles

443 intersertal 55 12 8 2§ opaque tachyllte groundmass

446 intergranular 45 1S 10 30 ayptocrystalline groundmass

44.7 tntergranular 30 2 ] 50 oprque tachylite with areas of
brown plass and equant opaque
minerals

448 pyroclastic 10 12 8 70 hyaloclastite of brown slderomelane

445 " " " ¢ " fragments In devitrified glass matrix

44-10 Intergranular 40 6 4 50 tachylite with areas of brown glass
and equant opaque minerals

44.11 Intergranular 30 16 14 40 cryptocrystalling groundmass

4412 intergranular 50 10 8 2 cryptocrystalline groundmass

44-13 Intergranular 50 12 8 30 ayptocrysialline groundmass

to [ntersertal

® volume % visually estimated



Table 2: Olivine analyses

Sample 43-9 43-9 43.9 43.9 43-9 43.9 43.9 41.6 4-6 44.6
No. 1Pr 1P¢ m m 2Pr 2Pc m m 1Pr {pe
Wt %)

SIC)2 9.6 400 39.4 395 9.7 394 393 3%9 39.9 39.6
FeO 162 4.6 17.4 16.6 158 15.8 163 15.7 163 15.7
MgO 435 44,7 425 432 437 438 43.3 442 43.6 442
CaO 02138 023 0.38 0.36 031 0.28 038 0.28 037 0.24
MnO 0.22 0.18 0.24 023 023 0.21 023 0.22 024 0.21
NIO 018 0.25 0.16 0.17 0.22 0.19 0.19 0.19 0.16 0.24
Total 1002 100.0 100.1 160.0 100.0 99.6 99.8 100.5 100.6 100.2

catlons based on 4 oxygens

St 1.004 1.003 1.001 1.000 1.003 0.989 0.993 1.000 1.004 0.996
Fe 0342 0306 0.369 0352 0334 0332 0.345 0330 0.343 0330
Mg 1.638 1.672 1.610 1.630 1.643 1.63% 1.630 1.654 1.632 1.661
Ca 0.010 0.006 0.010 0.010 0.008 0.607 0.010 0.008 0.010 0.006
Mn 0.008 0.004 0.005 0.005 0.005 0.004 0.005 0.005 0.008 0.004
N1 0.004 0.008 0.003 0.003 0.004 0.004 0.004 0.004 0.003 0.005
mol Fo% 82.7 845 814 822 ]3.1 832 82.5 83.4 82.6 834

Przrlm of phenocryst

Pescore of phenocryst

mamicraphenocryst



Table 2: olivine analyses continued

Sample 44.6 44.6 44-6 44-6 44-6 44-8 44.8 44-8 44-8 44-8
No. 2Pr 2Pc m 3rr 3P¢ m 1Py 1Pc 2Pr 2Pc
(wt %)

SIO, 355 39.5 39.7 403 40.5 s 394 39.4 358 395
FeD 16.0 15.1 15.4 109 10.9 156 16.6 15.7 15.7 1537
MgO 439 44.6 4.1 478 47.9 435 429 43.6 4236 43.7
CaO 038 0.20 0.24 0.08 0.08 032 0.42 031 034 030
MnO 023 0.18 0.19 0.14 0.14 020 0.28 0.19 022 021
NIO 038 0.27 0.24 035 035 020 0.15 0.17 0.18 0.18
Total 1002 99.8 99.9 9.5 99.8 93 99.7 99.4 999 596

cations based on 4 oxygons

St 0.997 0.991 0.950 0.988 0.996 0.985 0.995 0.986 1.004 0.991
Fe 0337 0.318 0323 0222 0.225 0325 0351 0.329 0332 0329
Mg 1.650 1.668 1.652 1.744 1.756 1.621 1.616 1.628 1.638 1.632
Ca 0.010 0.005 0.006 0.002 0.002 0.009 0.041 0.008 0.009 0.008
Mn 0.008 0.004 0.004 0.003 0.003 0.004 0.00s 0.004 0.005 0.005
Nl 0.004 0.005 0.005 0.007 0.007 0.004 0.003 0.003 0.004 0.004

mol Fo% 83.0 83.9 83.7 88.7 88.6 83 822 832 832 832




Table 2: Olivine anmalyses continued

Sample 44.8 44.8 44.8 44-13 44-13 4413 44.13 44-13 4413
No. arr 3Pc m 1Pr 1Pc m 2Pr 2Pc m
(wt %)
S10, 394 9.8 39.7 392 40.1 39.2 394 394 394
FeO 16.0 153 15.6 13.8 15.0 15.6 15.8 16.0 151
MgO 434 44.2 43.9 4.6 42.9 43.4 43.6 43.7 44.8
Ca0 036 027 0.31 033 0.58 0.34 036 034 0.23
MnO 021 021 0.22 022 0.19 0.22 021 024 0.20
Nio 021 021 0.21 022 0.21 0.18 0.18 0.12 025
Total 99.5 59.6 99.8 9.3 99.0 98.9 995 99.7 993
catfons based on 4 oxygens
Si 0.989 0.590 0.998 0.580 0.994 0.976 0.989 0989 0.983
Fe 0336 0320 0.128 0331 0312 0324 0331 0336 0.315
Mg 1.623 1.650 1.644 1.625 1,583 1.609 1.62% 1.637 1.64]
Ca 0.010 0.007 0.008 0,009 0.015 0.009 0.010 0.009 0.006
Mn 0.004 0.004 0.005 0.0045 0.004 0.005 0.004 0.005 0,004
Ni 0.004 0.004 (005 0.004 0.004 0.004 0.004 0.002 0.005
mol Fo% 829 838 83.4 83.1 835 832 £3.1 83.0 83.9




Table 3: Clinopyroxene analyses

Sample 439 43-9 Q-9 Q9 439 a9 43-9 43.9 49 43-9 43.9 44-6

No. fPr 1P 2Pr 2A  2Pc  3Pr 3P 3Pc  4Pr 4Pc m 1Pr
(wt %)

sio, 496 475 492 493 H1 491 471 494 5Ll 508 513 476
TIO, 160 269 164 207 201 187 28 201 125 1.60 138 264
ALO, 411 $70 416 38 395 447 58 357 245 315 259 565
FeO $79 676 515 700 716 589 .07 713 547 6.45 589 645
Cr,0, 062 028 08 001 001 088 02 009 050 0.15 0.6 024
MnO 006 010 007 01z 01X 009 008 011 0.9 0.09 008 009
MgO 150 18 150 146 144 146 134 144 160 15.1 158 134
Ca0 26 B3 24 24 23 25 25 23 223 24 22 129
Na,0 046 051 047 046 053 049 059 046 038 044 038 050

Total 99.7 9.6 998 99.5 9.6 998 99.7 9.5 99.6 100.1 10603 99.5

Catlons based ont 6 oxygens

SI 1.832 1.765 1815 1.622 1821 1.818 1.756 1.829 1877 1.880 1.8%0 1.766
Tl 0,044 0.078 0.048 0.058 0.056 0.052 0.080 0.056 0,034 0.045 0.038 0.074
Al 0.179 0245 0.181 0.167 0.173 0.195 0.256 0.155 0.106 0.137 0.113 0247
Fe 0.179 0.210 0.177 0.217 0222 0.182 0.221 0.221 0.168 0.200 0.182 0200
Cr 0.018 0.008 0.026 0.000 0.000 0.026 0.008 0.003 0.014 0.004 0.018 0,007
Mn 0.002 0.003 0.002 0.004 0.003 0.003 0.002 0.004 0.003 0.003 0.002 0.003
Mg 0.825 0.762 0822 0.806 0.798 0.806 0.746 0.795 0876 0.833 0.870 0.741
Ca 0.893 0.886 0.883 0.877 0888 0.891 0900  0.882 0877 0.888 0.879 0.912
Na 0.033 0.037 0.034 0.033 0.038 0.035 0.043 0.033 0.027 0.032 0.027 0.036
(mol %)

Wo 471 477 469 462 465 474 482 %5 45.7 462 458.5 452
Eo 495 41.0 4.7 424 q1.8 429 40.0 419 4556 44 45.1 40.0
Fs 9.4 u3 94 114 us 9.7 118 11.6 87 104 9.4 10.8

Pr=rim of larger phenocryst
Pc=core of Iarger phenocryst
Pi=intermodiate between rim and core

m=microphénocryst



Table 3: Clinopyroxene snalyses continued

Sample 45 4.6 446 44.6 44-6 44-6 446 44-6 44-6 4.6 44-6 44-6
No. 1Pc 2Pr 2P 2Pc IPr 3P IPc 4m 5m 6Pc 6Pr 6Pi
(wt %)
SIO, §15 47.0 48.1 516 49.7 454 508 503 508 47.6 513 495
o, 126 2.68 233 122 2.06 2.08 1.63 1.80 1.83 258 1.19 1.71
/uzo, 3.04 583 5.4 3310 361 4.01 303 354 344 514 2.66 4.81
FeO 495 6.96 638 5.07 640 6.74 543 548 597 6.81 5.04 544
Crao3 0.67 022 031 0.63 0.11 0.07 0.41 0.17 0.14 036 0.63 0.84
MnO 0.07 0.06 0.07 0.08 0.09 0.10 0.07 0.08 0.08 0.07 0.08 0.07
MgO 154 134 13.7 15.6 14.7 143 154 148 14.7 135 15.6 J4.1
Ca0 29 22.7 229 230 23.0 23.0 28 23.0 23.0 229 22.7 24
Nn,O 0.49 0.57 0.46 0.50 0.41 0.45 048 0.41 039 052 0.47 0.62
Total 100.2 9.4 99.7 100.7 100.1 100.1 99 99.9 100.1 995 99.6 99.8
Catlons based on 6 oxygens
S1 1.893 174 1.785 1.889 1.847 1.89 1875 1.861 1871 1.769 1.880 1818
Ti 0.035 0.075 0.065 0.033 0.058 0.058 0.045 0.050 0.051 0.071 0.033 0.047
Al 0.132 0257 0.240 0.134 0.158 0.176 0.132 0.155 0.150 0225 0.115 0.208
Fe 0.152 0216 0.198 0.155 0.199 0.210 0.168 0.182 0.185 0212 0.155 0.167
Cr 0019 0.006 0.009 0.018 0,003 0.002 0.012 0.005 0.004 0.010 0.018 0.024
Mn 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.003 0.002 0.002 0.002
Mg 0.844 0.741 0.755 0.850 0.816 0.794 0.847 0.819 0.811 0.750 0.854 0.770
Ca 0.901 0.901 0.912 0.902 0.917 0.916 0.901 0.911 0913 0910 0.891 0.882
Na 0.035 0.041 0.033 0.038 0.030 0.032 0.032 0.030 0.028 0.037 0.033 0.044
(mol %)
Wo 415 485 48.9 473 475 4717 47.0 476 478 48.6 46.9 438
En “u.5 39.9 40.5 4.6 422 41,4 442 428 425 40.1 44.9 423
Fs 8.0 11.6 10.6 8.1 103 109 88 5.5 9.7 113 82 92




Table 3: Clinopyroxene analyses continued

Sample 4“6 44-6 44-8 “us 44-6 44-6 “u-s 44-6 44-6 4-6 44-8 «“-8
No. 7Pr 7Pc $m 9m 10Pr 10Pc 1im 12m 13Pr 13P¢ 1rr 1Pe
(wt %)
Sio, 504 504 504 479 45.7 £1.0 509 503 503 503 51.0 469
Tio, 1.75 1.60 1.66 248 213 2,75 1.61 1.69 1.84 1.66 143 3.00
ALOy 287 270 276 483 ki | §27 258 284 2.84 278 288 6.11
FeO 5389 5.57 6.13 624 6.86 651 559 5.87 626 5717 585 721
Cr,04 023 034 030 0.61 0.13 039 027 o 0.1§ 021 038 027
MnO 0.06 0.08 0.08 0.06 009 0.08 0.06 0.09 0.11 0.07 0.09 0,09
MO 149 153 151 138 14.6 133 151 15.0 148 14.9 155 132
Ca0 231 229 23 228 22.7 ns 23.1 23.1 231 232 22.6 25
N2, O 0.4 036 040 0.51 037 0.55 041 038 0.43 039 0.41 0.54
Total 95.6 993 9.7 993 995.8 98.7 9.7 99.§ 998 993 100.1 99.7
Cations based on 6 oxygens
N 1.859 1.849 1864 1.771 1.847 1.728 1.878 1.854 1.865 1.847 1.885 1.749
n 0.049 0.044 0.046 0.069 0.060 0.076 0.045 0.047 0.081 0.046 0.040 0.08¢
Al 0.125 0.117 0.120 0210 0.140 0228 0.112 0.123 0.124 0.120 0.126 0269
Fe 0.182 0.171 0.190 0.193 0213 0.200 0.172 0.181 0194 0.177 0.181 0225
Cr 0.007 0.010 0.009 0.018 0.004 0.011 0.008 0.006 0.004 0.006 0.010 0.008
Mn 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.003 0.003 0.002 0.003 0.003
Mg 0819 0.837 0.830 0.760 0.806 0.727 0432 0.823 0.820 0817 0.853 0.731
Ca 0915 0.901 0.904 0.504 0.904 0.898 0.913 0.912 0516 0911 089§ 0.898
Na 0.031 0.026 0.029 0.037 0.027 0.039 0.029 0.027 0.031 0.028 0.030 0.039
(mol. %)
Wo 478 472 4.7 48.7 47.0 492 474 47.6 478 478 464 484
En a7 43.8 459 409 419 398 434 43.0 Qs 429 442 394
Fs 5.8 9.0 954 104 111 1.0 9.0 9.4 1041 93 9.4 121




Tatle 3: Clinop§roxene analyses continued

Sample 44-8 4.8 44-8 44-8 48 44-8 4.8 448 “4-8 4-8 44-13 44-13
No. 2Pr 2Pe 3Pr 3Pc 4Pr 4Pc 5Pr SPe 6Pr 6Pc 1Pr 1Pe
(wt %)
Sio, 492 48.5 0.8 494 49.0 51.0 459 4.6 4952 508 50.9 515
TIO, 1.81 225 174 2.0t 2.07 1.63 kW) 2.73 1.74 1.57 1.73 132
ALO, 44 451 285 3.50 4.40 2.77 654 5.74 437 280 2.69 248
FeO 6.02 612 6.48 696 589 621 2.58 764 539 63S 632 5.66
Cr,0, 0.82 080 0.10 0.04 0.92 034 0.17 0.13 087 034 0.28 0.52
MzoO 0.07 0.08 0.0 0.10 0.08 0.10 0.08 0.07 0.07 0.12 0.12 0.07
MgO 14.6 142 15.0 14.4 145 155 12.( 13.1 145 15.6 154 15.7
CaO 22.6 227 226 27 22.7 222 225 22.6 2.6 220 22.4 224
Na,0 0.48 0.48 039 0.39 0.45 034 0.57 058§ 0.48 035 033 037
Total 100.0 9.7 100.1 995 100.0 100.0 9.4 92 99.7 100.0 100.0 100.0
Cations based on 6 oxygens
Si 1.829 1.801 1.882 1.829 1.823 1.886 1.711 1.733 1.821 1.881 1.884 1.900
Tl 0.051 0.063 0.048 0.056 0.058 0.045 0.091 0.076 0.048 0.004 0.048 0.037
At 0.194 0.157 0.128 0.153 0.193 0.121 0.287 0251 0.191 0.122 0.117 0.108
Fe 0.187 0.150 0.203 0215 0.183 0.192 0.235 0237 0.182 0.156 0.196 0.175
Cr 0.024 0.023 0.003 0.001 0.027 0.010 0.00S 0.004 0.02S 0.010 0.008 0.015
Mn 0.002 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.002 0.004 0.004 0.002
Mg 0.306 0.785 0.831 0.793 0.802 0.852 0.718 0.724 0.801 0359 0.848 0865
Ca 0.899 0.903 0.858 0.898 0.902 0878 0.898 0.900 0.8%6 0.874 0.887 0.885
Na 0.034 0.034 0.028 0.028 0.032 0.025 0.041 0.040 0.035 0.025 0.024 0.026
(mot. %)
Wo 475 4.1 465 47.1 478 457 485 484 477 453 459 46.0
En 42,6 4.8 43.1 41.6 42.5 4“3 388 89 426 45 43.9 4.9
Fs 9.9 10.1 104 113 9.7 10.0 12.7 12.7 9.7 102 10.2 9.1




Table 3: Clinopyrexene analyses contlnued

Sample 4413 4413 4413 4413 44-13 44-13 4-13 4-13 413 13 441 4443
Neo. 2m 3Pr 3Pc 4m SPr 5Pc 6m 7Pr 7Pe Bm 9Pr 9Pc
SI0, 479 48.6 50.8 479 493 51.8 463 493 503 496 50.3 513
TO, 248 2.20 148 265 213 116 326 1.99 152 1.94 2.03 1.54
ALO, 492 4.26 2.61 4.86 424 222 5.69 4.04 3ss 397 2.80 2.54
FeO 639 6.07 6.10 6.59 6.14 510 7.12 6.03 546 5.89 6.88 591
Cr,0, 0.78 0.84 047 0.56 0.71 0.64 052 0.81 0.50 054 0.10 032
MnO 0.06 0.08 0.09 0.07 0.05 0.09 6.07 0.07 0.08 0.06 0.09 0.08
MgO 139 144 15.5 13.7 142 16.0 13.1 14.5 15.0 14.7 14.8 155
GO 225 28 22.1 226 29 227 2.4 227 2.6 227 22.8 228
Na,0 0.54 0.50 041 0.49 047 0.42 0.48 0.46 0.45 048 0.34 038
Total 994 95.7 p xS 94 100.1 100.1 9.0 100.0 9.9 95.7 99.8 1003
Catlons based ou 6 oxygens

Si 1173 1.807 1867 1,773 1.832 1.907 1.714 1.834 1860 183 1.865 1.8%4
Ti 0.069 0.061  0.041 0.074 0.059 0.032 0.091 0.056 0.042  0.054 0.057 0,043
Al 0215 0186 0413 0212 0.186 0.096¢ 0248 0177 0.15§ 0173 0.122 0.111
Fe 0198 0.189  0.188 0204 0.191 0.157 0220 0.188  0.16%  0.182 0.213 0.182
Cr 0.023 0.025 0.014  0.017 0.021 0.019  0.015 0.024 0.026 0.016  0.003 0.009
Mn 0.002 0.003  0.003 0.002 0.002 0.003  0.002 0.002  0.002 0.002  0.003 0.063
Mg 0.765 0.796¢ 0849  0.758 0.786 0.877  0.723 0806 0828 0808  0.8IS 0.850
Ca 0893 0906 0372 0897 0.912 0.897  0.888 0905 0897 0898  0.895 0.900
Na 0.039 0.036 0.029  0.035 0.034 0.030  0.034 0.033 0.032 0034 0.24 0.025
(mol. %)

Wo 48.1 47.9 45.7 483 433 46.5 485 417 474 47.6 46.5 466
En 412 421 ¥ 408 A6 454 395 42.4 43.7 423 424 44.0
Fa 10.7 10.0 58 110 10.1 8.1 1.0 9.9 8.9 9.6 11.1 9.4




Table 4: Major element analyscs and normative mineral composition of
basanitolds dredged from the continental margin in the Bering Sea

Sample 43 446 47 438 4-8 4-9 449 4410 4411 412 H413
No. Glass Glass
(wt %)
Sio, 415 432 448 386 46.3 424 46.4 453 4.6 439 454
ALO, 10.6 112 114 9.61 13.0 959 133 116 13 115 11.6
Fe, 0, 484 364 3463 7.68 - B.17 .- 3.01 359 446 369
FeO 734 8.87 897 434 1.5 s16 116 9.08 9.10 8.04 874
MgO 10.6 105 524 102 513 356 5.03 958 940 947 8.91
Ca0 11.0 10.9 105 5.03 10.6 5.67 104 104 103 103 10.1
N30 .09 3s4 345 259 422 294 433 342 351 3.52 341
K,0 191 230 223 159 247 1.84 244 206 220 217 2.16
TiO, 7 341 327 270 373 266 366 321 324 324 3.16
PG, 124 086 024 078 0.79 0.80 0.87 090 0.82 0.38 0.92
MnO 018 016 015 013 0.16 0.11 0.16 0.15 0.15 0.15 015
H,0* 0.93 029 056 458 - 391 - 057 0.87 055 0.73
R,O° 1.02 019 056 1127 - 7.78 -~ 034 0.60 0.59 0.56
co, 0.21 021 012 031 - 0.19 -- 0.08 0.08 0.12 0.10
S (ppm) - - - - 450 - 350 - - -
Total $1.7 99.1 997 998 98.0 1002 982 9.7 993 98.8 95
CIPW Normative Mineral Composition -- Volatile-free
Or 118 138 134 n3 14.8 123 14.6 23 132 13.1 13.0
Ab 738 299 105 263 14.6 282 9.77 125 103 10.4 149
An 985 7.99 9517 118 9.39 854 114 912 108 10.9 7.9
Ne 14 14.8 104 - 118 - 11.6 912 108 109 1.87
Wo 162 172 159 4.99 16.2 727 153 10.0 10.7 112 9.8
En 124 121 108 137 932 150 9.00 100 10.7 112 9.82
Fs 206 387 392 - 6.16 - 559 386 398 285 357
Fo 10.7 10.1 88 118 257 443 258 990 924 9.08 895
Fa 195 340 383 - 1.87 - 1.76 419 n 255 3.58
Mt 734 535 534 791 4.27 105 483 4.42 530 6.62 545
Hm - - - 3.7 - 2.00 - - - - -
I 650 657 631 6.16 720 572 7.04 618 627 630 6.11
Ap 3.07 207 2.02 222 1.90 2.15 209 216 198 214 222

‘total Iron as FeO, Fe**=0.25 Fe total for norm calculations

XRF analysls by A. Bartel and K. Stewart, proj. leader J. Taggart

FeO, CO,, H,O analysis by L. Espos, pro). leader W. Updegrove



Table 5: Trace element analyses of basanltolds dredged from the
continental margin in the Bering Sea

Sample No. 44-3 4-6 4-7 448 44-9 44-10 4411 412 43

Rb 46 60 56 2 35 56 51 59 67

Sr 916 874 831 451 513 822 796 838 789

Y 17 21 20 17 17 19 18 20 24
Zr 246 258 233 196 192 237 233 241 233
Nb 58 €5 61 51 46 59 57 59 63
Ba 1012 793 689 542 477 696 644 702 643
«9

544 57 58 55 4.6 44 54 54 58 53
Ta 42 44 42 34 33 39 4.0 43 39
Th 1.6 84 7.1 5.6 53 6.6 6.9 73 63
Ls 56.9 63.6 581 443 41.6 52,0 533 56.6 52.0
Ce 104 110 99.1 81.0 753 935 95.9 103 92.1
Sm 79 9.9 94 6.6 6.6 9.1 93 95 8.1
Eu 28 28 27 21 2.1 26 2.6 27 25
T 093 0.88 0.94 0.71 0.65 0.90 0.94 0.99 0.84
Yb 13 13 1.6 1.1 14 1.4 1.6 1.7 15
Lu 0.19 020 0.20 0.16 0.16 0.19 0.18 020 021
Se 195 18.6 18.9 154 153 18.9 18.0 18.9 179
Co 56.1 564 537 44.0 448 536 524 5§53 518
Cr 213 223 224 179 175 216 213 228 201
K/Rb 348 319 311 574 436 308 326 308 268
K/Ba 154 241 26.9 243 320 24.6 284 28.7 27.9
Zr/Nb 42 4.0 a8 8 42 4.0 41 4.1 37
Zr/Hf 432 45 424 42.6 43.6 439 432 41.6 44.0
(Ce/YD),, 182 192 14.1 16.8 122 152 13.6 138 14.0
(La/Sm), 4.1 s 32 A7 s 31 1 33 3s
Hf/Ta 132 132 131 1.35 136 138 135 135 136
Ta/Th 0.55 052 0.59 0.61 0.62 059 058 0.59 0.62

“XRF analysls, analysts R. Johnson and K. Dennen, proj. leader J. Lindsay

" INAA analysls, snalyst 1.S. Mee, proj. leader C.A. Palmer



Table 6: Whole rock K/Ar ages of basaltic rock dredged from the Bering Sea

Sample  K,O “Ar_, OAr  J®Ar, ., Calculated age  Assigned age

No. (Wt.%)  (x10"" mol/gm) (m.y.) (m.y.)

43-2 1.424 6.813 0.034 033 0.4240.15
1416 10.025 0.046 0.50

44-3 0.605 5.380 0.054 0.6 0.6x02
0.608

44-7 1.542 8.493 0.037 038 0.35 +0.05
1.544 7394 0.030 0.3

44-12 0.757 12.57 0.053 1.1 1.1+0.2
0.758

Age constants: A, = 0.581x107® yr?, A = 4.962x107 %17, “°K/K = 1.167x10' atom percent



FIGURE CAPTIONS

Figure 1. Map of the Bering Sea continental shelf and slope showing dredge Jocations of the
basanitoids from Navarin Basin and of dredge hauls near the Pribilof Islands.

Figure 2. (a) Histogram of olivine forsterite content (Fo % molar) in basanitoids from west of
Navarin Basin (stippled) compared with Fo content of olivine in alkalic basalt from the
Pribilof Islands (striped). Samples from west of Navarin Basin show a narrow range
with Fo clusiered around 82 10 84, whereas the Pribilof basalts range from Fo ., to Fo
s () Temary Ca-Mg-Fe diagram for clinopyroxene in Navarin basanitoids shows a
restricted range. Compositions of clinopyroxene from St. Paul are similar but those
from St. George and the submarine ridge show greater diversity with a limited iron
earichment trend.

Figure 3. Alkalies vs. silica plot for lava dredged from west of Navarin basin, Pribilof basalts
shown for comparison include some less alkalic compositions from St George and
from the submarine ridge (DR1 and DRS). St. Paul lava is comparably undersaturated
in silica. Except for one sample from a Samoan scamount, compositions of strongly
alkalic lava from Samoa and from Ross Island, Antarctica are more strongly undersa-
twrated than those from the Bering Sca. Averaged composition of Hawaiian basanites
is shown for comparison. Data for Samoa from Hawkins and Natland (1975) and for
Antarctica from Goldich and others, (1975). Pribilof data includes compositions of
Barth (1956) and Lee-Wong and others, (1979). Field of alkalic vs. tholeiitic composi-
tion after Macdonald and Katsura (1964).

Figure 4. TiO, vs. P,O; plot of Navarin basanitoids and Pribilof Islands show increase in TiO, and
P,O, with alkalinity and smaller amounts of partial melting, but the large scatter sug-

gests that a Ti-bearing phase may be retained in the residuum. Samoan basanites are
higher in TiO, than the other suiles.

Figure 5. Chondrite-normalized rare earth element patterns for basanitoids from the western con-
unental margin show a narrow range of parallel patterns with steep slopes typical of
strongly alkalic lava. Field of Pribilof Island basalts shows a greater range in composi-
tion and includes some positive Eu anomalies suggestive of plagioclase accumulation.
Data normalized to nine chondrites of Haskins and others, (1968).

Figure 6. On a Hf-Th-Ta plot basanitoids from west of Navarin Basin form a tight cluster in the
alkaline within-plate field (Wood and others, 1980). Most of the Pribilof Island basalts
fall into the same field but some of the hypersthene-normative samples straddle the
boundary with oceanic island and E-type MORB.

Figure 7. K,O vs. Rb plot shows the basanitoids from Lhe westemn continental margin on the same
general trend as Samoan (S) and Antarctic (A) basanites, however large scatter or mul-
uple trends are observed for the Pribilof Islands. Data for Samoa from Hawkins and
Natland (1975) for Ross Istand from Goldich eg al. (1975) and Sun and Hanson (1975).
K/RDb ratios of approximately 350, 450 and 750 are shown for reference.

Figure 8. Plot of chondrite-normalized Ce/Yb ratios vs. normalized Ce abundance for alkalic lava
from the Bering Sea indicates a small percentage of partial melting for the basanitoids
from west of Navarin basin and progressively increasing degree of melting for lava
from St. Paul and St. George. The solid curved line indicates a batch melting curve for



gamet lherzolite. Compositions st 30% to 1% partial melting are indicated. Note that a
source more enriched than MORB, with heavy REE about 3 to 4 times chondrite and
(Ce/YD),, >2, would be required to generate these compositions. Due to the nature of
the log-log plot the curve can be moved relative to its axes. Modified from Tarncy and
others, (1980).

Figure 9. Ta/Th vs. Hf/Ta plot for Bering Sea alkalic basalt indicates that the basanitoids from
west of Navarin basin were generaled {from a homogeneons mantle source that is dis-
tinct from those of St Pauwl and St. George. Strongly alkalic lava of St George
apparently was denived from a different source than the hypersthene-normative samples,
but from one similar to that of St. Paul. Vanauon within each field is probably the
result of differcnt degrees of partial meliing. Symbols as in Fig. 2.
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