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ABSTRACT

Alkali series and tholeiitic basalts from öjin, Nintoku, and Suiko
Seamounts of the Emperor Seamount chain are very similar in their
major and LIL (large-ion lithophile) trace-element chemistry to the
alkaline and tholeiitic basalts erupted on the island of Hawaii. They
are characterized by high total content of alkalis, high TiO2 and
"FeO" contents, low A12O3 contents, and low Mg/(Mg + Fe2+)
relative to mid-ocean ridge basalts (MORBs). LIL element abun-
dances in one tholeiite from öjin Seamount are enriched by factors
of 5 to 10 relative to MORBs. REE (rare-earth element) patterns in
all the samples are highly fractionated; the heavy rare-earth elements
(HREE) are depleted markedly. This is consistent with residual gar-
net in the source regions. LIL element variations among the sea-
mount basalts suggest variable degrees of partial melting. Olivine
fractionation, presumably in a shallow magma chamber, accounts
for some of the intrasite major-element compositional variations.
There are between the seamount basalts and those from the island of
Hawaii no systematic differences that might be attributed to the tem-
poral evolution of a single hot-spot source.

INTRODUCTION

Basalts frorn three seamounts in the Emperor Sea-
mount chain (Ojin, Hole 430A; Nintoku, Hole 432A;
Suiko, Holes 433A, 433B, 433C) were recovered by drill-
ing during DSDP-IPOD Leg 55. The principal objective
of Leg 55 geochemistry studies was to determine how
the chemistry of basalts generated by one hot spot
evolve with time. If the hot-spot hypothesis (see, for ex-
ample, Jackson, 1977) is correct, basalts erupted along
the Emperor-Hawaiian chain were generated at a single
hot spot over a period of about 70 m.y.

For this preliminary report, we have analyzed selected
alkalic and tholeiitic basalts from each of the three sea-
mounts for the major elements, for rare earths, and for
Cs, Ba, Pb, Th, U, Zr, Hf, Nb, Sn, and Mo. Compari-
son of the trace-element data for the various drill sites,
and comparison of these data with data reported for
Hawaiian basalts of comparable major-element chemistry,
may allow us to evaluate the temporal evolution of the
hot-spot process and the mechanisms of magma genesis
and evolution.

Major-element abundances (Table 1) were determined
by electron probe microanalysis of powders fused on an
iridium strip furnace (Nicholls, 1974). USGS standard
basalts prepared and analyzed in the same manner were
used to monitor the analyses. Analyses were obtained in
real time on an automated 4-spectrometer ARL-EMX-SM
electron microprobe. Data reduction procedures are those

of Bence and Albee (1968). Trace-element abundances
(Tables 2 and 3) were determined at the Australian Na-
tional University by spark source mass spectrometry, using
the techniques of Taylor and Gorton (1976).

RESULTS

Major-Element Chemistry

All the basalts studied for this report have major-,
minor-, and trace-element chemistries similar to those
of the alkalic series-tholeiitic basalt sequences erupted
on the island of Hawaii. It is therefore useful to use the
compositional fields defined by the Hawaiian basalts in
discussions of the chemistries of the Ojin, Nintoku, and
Suiko seamount basalts. In these discussions we have ar-
bitrarily used the presence or absence of normative hy-
persthene as the criterion for calling a basalt alkalic or
tholeiitic. In at least one instance, this results in classifi-
cation of a basalt (Sample 432A-2-1, 86-96 cm) as a tho-
leiite, even though in all other respects it has transitional
or alkaline affinities.

Hole 430A: Ojin Seamount

The upper three flows of Hole 430A are slightly
nepheline-normative (columns 1, 2, and 3, Table 1) and
are characterized by low CaO contents (6.75 to 7.43 wt
°/o), high Na2O contents (4.31 to 4.51 wt. %) , and high
K2O contents (1.57 to 1.71 wt. °7o) relative to the alkalic
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TABLE 1
Major-Element Chemistry of Basalts from Ojin, Nintoku, and Suiko Seamounts (data in wt. %)

Sample
(Interval in cm)

SiO2

AI2O3
TiO2

"FeO"
MnO
MgO
CaO
Na2θ
K 2O
Cr 2 O 3

Σ Oxides

Mg/(Mg + F e 2 + ) a

Or
Ab
An
Ne

Di
Hy
01
Mt
Cr
11

5-2,
105-115

50.9
15.9
2.74

11.4
0.13
5.14
7.21
4.31
1.57
0.01

99.3

.47

9.28
34.93
19.40
0.83

13.56
_

14.19
2.04
0.01
5.20

430A

6-1,
17-25

51.7
16.6

2.77
10.9
0.06
4.01
7.43
4.51
1.68
0.01

99.7

.43

9.93
36.32
20.20

1.00

13.88
_

11.30
1.95
0.01
5.26

6-3,
52-63

50.6
16.5

2.99
11.8
0.11
4.31
6.75
4.40
1.71
0.01

99.2

.42

10.1
35.44
20.30
0.97

10.99
_

13.80
2.12
0.01
5.68

6-4,
140-150

49.6
15.8

2.84
12.1

0.20
5.95

11.4
3.05
0.37
0.02

101.3

.50

2.19
25.81
28.33

-

23.20
5.46
8.91
2.17
0.02
5.39

2-1,
86-96

49.2
16.6

2.71
11.3
0.11
6.05
8.82
3.42
1.13
0.02

99.4

.52

432A

2-3,
31-33

48.6
18.1

2.59
11.9
0.08
3.47
9.35
3.62
1.45
0.03

99.2

.37

3-2,
120-126

48.7
16.4

3.05
13.3
0.20
6.15
8.36
3.97
1.14
0.07

101.3

.48

Normative Mineralogy8

6.68
28.94
26.66

-

14.07
1.60

14.31
2.01
0.02
5.15

8.57
26.33
28.94

2.33

14.67
_

11.35
2.12
0.04
4.92

6.74
27.28
23.54

3.42

14.86
_

17.40
2.38
0.10
5.79

433B

5-2,
61-68

47.0
14.3

3.04
13.6
0.19
5.50
9.56
3.68
0.93
0.00

97.8

.45

5.50
24.12
19.78
3.80

23.00
_

13.61
2.43
0.00
5.77

4-1,
25-28

46.8
13.7
2.77

13.3
0.19
8.15
9.61
3.22
0.81
0.02

98.6

.55

4.79
21.83
20.62

2.93

22.22
_

18.72
2.38
0.02
5.26

6-2,
76-79

48.2
14.1
3.43

14.5
0.22
5.43
8.92
3.84
1.02
0.02

99.7

.43

6.03
27.56
18.25
2.68

21.68
_

14.51
2.59
0.02
6.51

433C

17-1,
69-82

50.3
13.7

2.41
13.5
0.18
6.83

10.4
2.82
0.31
0.02

100.5

.50

1.83
23.86
23.76

-

23.16
16.83
4.18
2.41
0.02
4.58

28-2,
73-87

48.5
15.0
2.53

11.9
0.17
6.89

10.5
2.87
0.18
0.01

98.6

.54

1.06
24.29
27.63

-

19.96
10.90
7.85
2.12
0.01
4.81

3M,
28-34

46.2
14.4
2.70

12.5
0.15
9.07
9.86
3.06
0.43
0.01

98.4

.59

2.54
21.67
24.34

2.29

20.06
—

20.23
2.23
0.01
5.13

40-2,
88-96

48.8
13.4
2.09

11.8
0.15

13.1
9.50
2.28
0.23
0.08

101.4

.69

1.36
19.29
25.73

-

17.28
12.53
19.20

2.11
0.12
3.97

Calculated for Fe3+/EFe = 0.1 (atomic).

TABLE2
Rare-Earth Data (ppm) for Basalts from Ojin, Nintoku, and Suiko Seamounts

Sample
(Interval in cm)

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
ΣREE
Y

La/Yb
Lac/Ybc

Eu/Eu

430A-5-2,
102-115

41.3
101

14.9
71.2
17.1

5.35
16.2

2.34
12.1

2.32
5.12
0.56
3.45

(0.45)
293.9

53.0

12.0
7.9

1.0

Ojin Seamount

430A-6-1,
17-25

40.1
105

14.3
66.1
17.3

5.02
15.1

2.22
12.7

2.21
4.83
0.51
3.30

(0.42)
289.6

53.7

12.2
8.0

0.96

430A-6-3,
52-63

46.0
118

15.7
73.5
17.9

5.70
16.3

2.40
13.2

2.37
5.56
0.64
4.15

(0.61)
322.5

62.5

11.1
7.3

1.0

430A-6-4,
140-150

12.8
32.7

4.68
23.2

6.21
2.09
6.45
1.09
6.00
1.20
2.92
0.35
2.33

(0.29)
102.7

28.0

5.5
3.6

1.0

Nintoku Seamount

432A-2-1,
86-96

29.7
67.2

9.34
44.3

9.28
2.98
8.21
1.30
7.04
1.30
2.89
0.40
2.23

(0.29)
186.8

28.4

13.3
8.8

1.06

432A-2-3,
31-33

22.0
54.1

6.83
29.8

6.55
2.13
5.80
0.84
4.43
0.79
1.75
0.22
1.39

(0.18)
137.0

17.4

15.9
10.5

1.07

432A-3-2,
120-126

30.6
69.5

8.44
34.5

7.10
2.26
6.24
1.04
5.90
1.12
2.80
0.34
2.16

(0.29)
172.6

29.8

14.2
9.4

1.05

Suiko Seamount

433B-5-2,
61-68

21.5
51.6

6.77
31.0

8.29
2.73
8.18
1.25
7.33
1.41
3.64
0.47
3.14

(0.47)
148.3

30.4

6.85
4.5

1.03

433C-4-1,
25-28

17.7
44.2

6.10
27.2

6.45
2.26
6.82
1.02
5.79
1.12
2.55
0.34
2.25

(0.33)
124.5

28.3

7.87
5.2

1.06

433C-6-2,
76-79

23.3
57.1

7.14
33.0

7.95
2.65
7.69
1.17
6.71
1.31
3.36
0.42
2.52

(0.45)
155.2

34.0

9.25
6.1

1.05

basalts from Nintoku and Suiko Seamounts. They plot
in the alkali field of the Na2O + K2O versus S_iO2

diagram for Hawaiian basalts (Figure 1). The Ojin
alkalic basalts are also similar to the Hawaiian alkalic
basalts, in that they lie on the Hawaiian alkali-differen-
tiation trend (Figure 2a). Low Mg/(Mg + Fe2 +), low
MgO content, and high A12O3 content (Figure 3) are
consistent with a petrogenesis involving significant dif-
ferentiation through olivine fractionation. The Ojin al-
kali basalts are enriched in SiO2 and depleted in CaO,
and have comparable concentrations of TiO2 (Figure 4),

A12O3, and "FeO" relative to alkali basalts from Koha-
la, Mauna Kea, and Hualalai volcanoes on the island of
Hawaii.

One hypersthene-normative basalt was sampled
below the alkali basalts on Ojin Seamount. This basalt
(Sample 430A-6-4, 140-150 cm) plots in the tholeiite
field of Hawaiian basalts (Figure 5), and is similar to the
hypersthene-normative basalts from Suiko Seamount. It
falls along the tholeiite differentiation trend for Hawai-
ian basalts on an AFM diagram (Figure 2a), but may be
distinguished from Hawaiian tholeiites by its higher
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TABLE 3 _
Selected Trace Elements (ppm) for Basalts from Ojin, Nintoku, and Suiko Seamounts

Ojin Seamount Nintoku Seamount Suiko Seamount

Sample
Interval in cm)

K (per cent)
Cs

Ba
K/Ba
Pb

Th
U
Th/U

Zr
Hf
Zr/Hf

Nb
Zr/Nb

Sn
Mo

430A-5-2,
102-105

1.33
0.14

385
35

3.78

3.23
1.02
3.18

450
11.0
41

45.4
10

3.0
1.7

430A-6-1,
17-25

1.38
0.09

330
42

3.78

3.31
1.13
2.92

420
11.1
38

48
8.7

3.9
1.6

430A-6-3,
52-63

1.44
0.14

390
37

4.8

3.74
1.19
3.16

500
12.3
41

51
9.7

4.1
1.9

430A-6-4,
140-150

0.30
0.04

125
24

1.4

1.06
0.38
2.80

143
4.59

31

14.7
9.7

1.6
0.7

432A-2-1,
86-96

0.79
0.12

305
26

2.55

2.35
0.74
3.18

192
6.2

31

29.4
6.5

2.3
1.4

432A-2-3,
31-33

1.06
0.46

330
32

2.33

2.33
0.62
3.78

127
3.9

33

29.5
4.3

1.7
1.3

432A-3-2,
120-126

0.99
0.14

410
24

2.45

2.61
0.81
3.23

202
5.2

39

41.6
4.9

2.0
1.7

433B-5-2,
61-68

0.71
0.13

230
31

2.72

1.81
0.68
2.67

186
5.3

35

25.7
7.2

2.3
1.5

433C-4-1,
25-28

0.66
0.08

205
32

1.66

1.58
0.51
3.10

175
4.4

39

22.6
7.7

2.0
1.3

433C-6-2,
76-79

0.10

265

1.95

1.86
0.51
3.65

215
5.5

39

30.2
7.2

2.2
1.4

o
CO

o
<ΛJ

σ

Ojin

Hawaii Alkali Basalt
Field

Nintoku

Suiko

Hawaii Tholeiile
Field

• o 0j i n

• D Nintoku

A Δ Suiko

46
SiO2

50
(wt.

54

Figure 1. Total alkalis versus silica for basalts from
Ojin, Nintoku, and Suiko seamounts, after Mac-
donald and Katsura (1964), whose line separates the
Hawaiian alkali series basalts and tholeiitic basalts.
Open symbols are hypersthene-normative samples.
Closed symbols are nepheline-normative.

A12O3 and CaO contents. The REE and large-ion litho-
phile (LIL) element data, described below, confirm its
tholeiitic character.

Hole 432A: Nintoku Seamount

Three flow units from Nintoku Seamount were
sampled. Two are nepheline-normative, and the third
(Sample 432A-2-1, 86-96 cm) is slightly (1.6%) hypers-
thene-normative (Table 1). The alkalic basalts at Ninto-
ku contain less SiO2 and Na2O but more CaO than the
Ojin alkalic basalts. This is reflected in higher norma-
tive anorthite and nepheline and lower normative albite

values. Total normative plagioclase is comparable in the
two suites.

The hypersthene-normative sample is distinguished
from the alkali basalts only by its higher SiO2 content.
We suggest that it is an alkali basalt with slightly tholei-
itic affinities. It plots in the alkali basalt field of Hawai-
ian basalts (Figure 1), and also plots on the alkali basalt
differentiation trend of Hawaii (Figure 2b). Further-
more, its LIL trace-element abundances are similar to
those of Hawaiian alkali basalts and to the alkaline ba-
salts from Ojin and Suiko seamounts.

Holes 433B and 433C: Suiko Seamount

As on Ojin and Nintoku Seamounts, the upper flow
units of Suiko Seamount are alkalic, and occasionally
some of the deeper flows are also alkalic. The alkali ba-
salts are similar to those from Hawaii, but contain lower
concentrations of total alkalis, alumina, and silica and
higherconcentrations of "FeO" than the alkali basalts
from Ojin and Nintoku (Figure 1). They are nepheline-
normative (3 to 4%) and follow the alkaline differentia-
tion trend in Hawaiian basalts (Figure 2c). The one al-
kali basalt that we analyzed from deep in the seamount
(Sample 433C-31-1, 28-34 cm) is lower in total alkali
concentration and higher in MgO concentration than
the three alkali flows at the surface of the seamount.

The hypersthene-normative flows from Suiko Sea-
mount are similar to Hawaiian tholeiites and to the one
hypersthene-normative basalt from Ojin Seamount
(Figure 1). These Suiko tholeiites fall on the Hawaiian
tholeiite differentiation trend of Macdonald and Kat-
sura (1964) (Figure 2c), and suggest olivine fractiona-
tion as a means of deriving these basalts from the same
or a similar parental magma.

Trace Elements

Hole 430A: Ojin Seamount

Tholeiitic basalt Sample 430A-6-4, 140-150 cm has a
rare-earth pattern and overall REE abundance levels

601



A. E. BENCE, S. R. TAYLOR, M. FISK
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Figure 2. (a) AFM ternary diagram for four flows from
Hole 430A, Ojin Seamount. A is Na2O + K2O (wt.
%). FisFe2+ andFe3+ recalculated as FeO (wt. %),
and M is MgO (wt. %). The Hawaiian tholeiitic and
alkali differentiation trends of Macdonald and Kat-
sura (1964) are shown for comparison, (b) AFM ter-
nary diagram for Hole 432A, Nintoku Seamount. (c)
AFM ternary diagram for Holes 433B and 433C,
Suiko Seamount.
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4

Mg/(Mg
i c

Fe 2 + )

Figure 3. A12O3 versus MgO variations in Ojin, Nin-
toku, and Suiko basalts. Open symbols: nepheline-
normative compositions. Closed symbols: hyper-
sthene-normative compositions. Fields for Hawaii
basalts, MORB crystalline basalts, and MORB
glasses are shown. MORB glass field defines the li-
quid line of descent (from high to low MgO) as
shown by the arrow. Liquids are first saturated with
olivine (± spinel) (1), olivine + plagioclase (2), and
finally olivine + plagioclase + clinopyroxene (3).
Field for Ojin, Nintoku, and Suiko Seamounts from
Clague et al. (this volume), (b) A12O3 versus Mg/(Mg
+ Fe2+) variations in Ojin, Nintoku, and Suiko sea-
mounts. Symbols and Fields as for Figure 3a. Mg/(Mg
+ Fe2+) calculated assuming Fe3 + /total Fe = 0.1
(atomic).

comparable to those of Mauna Loa summit basalts
(Figure 6, Table 2) (Leeman et al., 1977; L. Haskin, per-
sonal communication). These basalts have a distinctive
flat light rare-earth (LREE) pattern with LREE abun-
dance levels between 20 and 40 times chondritic abun-
dances. The Ojin tholeiite is not quite as depleted in the
light rare-earth elements (LREE) as the Mauna Loa
summit basalts; but this difference does not appear to
be significant. The REE patterns in both the Hawaiian
and öjin tholeiites contrast markedly with typical mid-
ocean ridge basalts (MORBs), which characteristically
are depleted in the LREE and have flat HREE at about
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Figure 4. (a)TiO2 versus MgO variations in Ojin, Nin-
toku, and Suiko basalts. Symbols and fields as for
Figure 3a_L (b) TiO2 versus Mg/(Mg + Fe2+) varia-
tions in Ojin, Nintoku, and Suiko basalts. Symbols
and fields as for Figure 3 a.
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Figure 5. Projection from plagioclase of the normative
chemistry of Ojin, Nintoku, and Suiko basalts.

10 to 20 times chondrites. REE patterns similar to those
of Ojin and Hawaii tholeiites occur in the high-K
tholeiites obtained from topographic highs by the Deep

UJ 100
I-
tr
a
o
X

L±J
_J
CL

<
CO

10

o 55-430A-5-2,102-115cm

Δ 55-430A-6-I, l7-25cm

• 55-430A-6-3, 52-63 cm

o 55-430A-6-4,140150cm

Ojin Seαmount

Kilαueα Tholeiite Avg
Mαunα Loα Tholeiite
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Hawaii Alkali Basalts

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb

Figure 6. Normalized rare-earth element (REE) abun-
dances for Ojin alkalic basalts and one tholeiite. Nor-
malizing values are those of Taylor and Gorton
(1977). Fields for Hawaii alkali series basalts (using
data from Schilling and Winchester [1969] and Kay
and Gast [1973]) and for. average Mauna Loa and
Kilauea summit tholeiites (after Leeman et al. [1977])
are shown.

Sea Drilling Project (see, for example, Frey et al., 1974;
Bence et al., 1975).

The three alkali basalts analyzed have REE patterns
identical to tholeiite Sample 430A-6-4, 140-150 cm, and
are comparable to those of the Hawaiian alkali series
basalts (Schilling and Winchester, 1969; Kay and Gast,
1973; L. Haskin, personal communication; Figure 6).
The striking similarity in REE patterns of the tholeiite
and alkali basalts from Nintoku Seamount is unusual.
The abundance differences (a factor of 3 in the LREE
and a factor of 1.5 to 2 in the HREE) and the pro-
nounced HREE depletion could be a consequence of
differing degrees of partial melting of a common source
in which garnet is a residual phase. Fractionation of a
common parent magma cannot produce the observed
major- and trace-element characteristics.

The abundances of the other LIL elements (K, Cs,
Ba, Pb, Th, U, Zr, Hf, Nb, etc.; Table 3) in tholeiite
Sample 430A-6-4, 140-150 cm are lower by factors of 3
to 4 than in the alkaline basalts at Ojin Seamount, but
are comparable to their abundances in the tholeiites
from Mauna Loa and Kilauea volcanoes. Abundances
and abundance ratios of LIL elements in the Ojin alkali
series basalts are comparable to those observed in the
alkali basalts from Kohala, Mauna Loa, and Haulalai
volcanoes. Further, the Zr/Nb ratio for the Ojin basalts
(average 9.5) is within the range of typical oceanic island
values, and is at the low end of the range of Mid-
Atlantic Ridge tholeiites (Erlank and Kable, 1976).

Hole 432A: Nintoku Seamount

The REE patterns for the three basalts analyzed are
similar, and closely resemble those for the Hawaiian
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alkali series basalts (Kay and Gast, 1973; L. Haskin,
personal communication). These patterns (Figure 7) dif-
fer from those of the Ojin alkali basalts in that they are
more linear, more depleted in the HREE, and have
higher La/Sm ratios. Garnet may be a more important
residual phase in the source region of the Nintoku
basalts than in the source region of the Ojin alkali
basalts.

In most aspects, the LIL element chemistryof these
basalts is similar to that of alkali basalt from Ojin Sea-
mount; but the Zr/Nb ratio is distinctly lower in the
Nintoku samples (average 5.2).

The LIL element chemistry of hypersthene-normative
sample 432-2-1, 86-96 cm is indistinguishable from that
of the nepheline-normative basalts from Nintoku (Fig-
ure 7; Table 3).

Site 433: Suiko Seamount

The three Suiko samples for which trace elements
were determined are alkali series basalts. Their REE
patterns, characterized by flat LREE and depleted
HREE, are most similar to the alkali basalts from Ojin;
but the overall REE abundances are lower by a factor of
2 in the Suiko basalt (Figure 8, Table 2). In this respect,
the Suiko samples are more comparable to the alkaline
basalts from Hawaii, but with a slightly flatter LREE
pattern. It is interesting that the Suiko alkali basalt REE
patterns are identical to the average Kilauea summit
tholeiite reported by Leeman et al. (1977). The K/Ba
and Zr/Nb ratios (Table 3) are again within the range
for ocean island basalts. The average Zr/Nb ratio (7.4)
for Suiko is intermediate between that of Ojin and Nin-
toku.

DISCUSSION

Variation in abundances of the major and minor
elements in the basalts at each site can be attributed
largely to olivine fractionation. Low-pressure fractiona-
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tion involving olivine is the dominant process control-
ling the chemical variations in Kilauea basalts, where it
takes place in shallow magma chambers (see, for exam-
ple, Wright et al., 1975). Tholeiitic basalts from Suiko
Seamount have the most pronounced olivine control
(Figures 3a, 4a). The more evolved of these samples
have A12O3 abundances and Mg/(Mg + Fe2+) ratios
(Figure 3 b) that fall within or near the compositional
field for MORB glasses (Bence et al., 1979). This sug-
gests that in the later stages of fractionation the liquid
compositions experienced olivine-plagioclase and oliv-
ine-plagioclase-clinopyroxene controls. The alkaline
basalts from Ojin and Nintoku seamounts have A12O3

concentrations (Figure 3 a, 3 b) consistent with some
plagioclase accumulation. This is supported by consid-
erations of texture. Plagioclase accumulation may have
occurred through flotation in shallow magma cham-
bers, or it may be a consequence of flow differentiation.

Slight but significant major- and trace-element dif-
ferences between the sites cannot be due solely to the
fractionation process. The most pronounced of these
differences is in the alkali content (Table 1). Ojin basalts
have the highest total alkali content, and there is a gen-
eral decrease in average K2O contents from Ojin (1.65
wt. %) to Nintoku (1.24 wt. %) to Suiko (0.80 wt. %).
The Suiko alkali basalts are also characterized by higher
CaO and "FeO" contents. These differences reflect
either geochemically different sources or variable de-
grees of partial melting of a common source. Crystal
fractionation at low or high pressure cannot explain
these differences.

The REE and other LIL trace-element abundance
distributions tend to support the hypothesis that frac-
tion of melting and/or source-region heterogeneities are
the dominant factors affecting the chemistry of the ba-
salts from the three seamounts. The rare-earth distribu-
tion patterns suggest that garnet is an important residual
phase in the source regions of both the alkalic and tho-
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leiitic basalts from the three seamounts. The differences
in the REE patterns obtained at each seamount may be a
consequence of slight variations in the fraction of melt-
ing, resulting in differing residual mineralogical propor-
tions. If the alkali basalts at each seamount were gener-
ated by partial melting of a geochemically homogeneous
source, the relative proportions of partial melting, as in-
dicated by the LIL element abundances are Ojin < Nin-
toku < Suiko. The progressive decrease in LIL element
abundances from Ojin to Nintoku to Suiko is in the op-
posite direction to what might be expected, if a common
source region is evolving with time.

The tholeiitic and alkali series basalts recovered from
Ojin, Nintoku, and Suiko seamounts are generally simi-
lar in major- and trace-element chemistry to the tholei-
itic and alkaline basalts from the island of Hawaii. The
tholeiitic and alkaline basalts at each locality are en-
riched in TiO2, "FeO", and alkalis, relative to mid-
ocean ridge tholeiites. At comparable Mg/(Mg + Fe2+)
ratios, the Hawaiian Island and Emperor Seamount
tholeiites are depleted in A12O3, relative to MORBs.
These major-element differences appear to reflect major
chemical differences between the source regions of
MORBs and intraplate island and seamount tholeiites.
Variations in the percentage of partial melting of a com-
mon source, differences in the partial melting mechan-
ism, or variable degrees of fractionation of a common
parental magma cannot account for the observed differ-
ences between MORBs and the members of the island/
seamount basalt series.

The lower A12O3 contents of the island and seamount
tholeiites relative to MORBs may be a consequence of
differing residual mineralogies. The retention of a small
percentage of garnet (<10%) in the source regions of
the island tholeiites can explain both their reduced
A12O3 contents and their fractionated REE patterns.
Garnet will be an important residual phase for relatively
small degrees of partial melting (<IO to 15%) under
conditions of high pressure (>25 kb). The higher LIL
content of island tholeiites suggests that these basalts
are derived from source regions relatively undepleted in
these elements.

The trace-element data reported in this paper show
no systematic differences from published data on ba-
salts erupted on the island of Hawaii. If the basalts
erupted along the Emperor-Hawaiian chain were gener-
ated at a single hot spot, geochemical evolution of the
source with time has been insignificant. Alternatively,
replenishment of the source from undepleted mantle
may have occurred continually.
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