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INTRODUCTION

=Three seamounts of the Emperor Seamount chain
were sampled during Leg 55:

Ojin seamount, Hole 430A, 37° 59.29 N 170° 35.86 E
Nintoku seamount, Hole 432A, 41° 20.03 N 170° 22.74 E
Suiko seamount, Hole 433A, 44° 46.60 N 170° 01.26 E

Hole 433C, 44° 46.63 N 170° 01.23 E

Oceanites, ankaramites, transitional tholeiites, alkali
basalts, and hawaiites were recovered from these sea-
mounts. The purpose of this study is the fractionation
of trace elements according to their physicochemical
properties and partition coefficient classification; frac-
tionation of the elements observed in these samples is
compared with their fractionation in mid-oceanic ridge
tholeiites. Some preliminary conclusions are presented
with regard to mantle heterogeneity or homogeneity and
magmatic processes. —

DESCRIPTION OF RESULTS

Ojin Seamount: Hole 430A. Shipboard chemical
analyses (major elements and Ni, Zr, Sr, and Ba) were
performed on 13 samples. Major-element data have
been completed for Na,O (Table 1); trace-element data,
obtained either through X-ray fluorescence spectromet-
ry or neutron activation analysis (or both) are shown in
Table 2. Shipboard Ba data were obtained without any
matrix effect correction; precision should be within 15
per cent, and comparison neutron activation analysis
data are given. Except Samples 4-1, 68-70 cm (sand-
stone) and 6-4, 143-146 cm (tholeiite), all samples have
been defined as hawaiites, and show homogeneous re-
sults for all elements investigated. Ni and Cr (high-parti-
tion-coefficient elements) concentrations are low (15
and 7 ppm, respectively), and low-partition-coefficient
elements concentrations are high (e.g., Nb =46 ppm,
Ta = 3.2 ppm).

Nintoku Seamount: Hole 432A (Tables 3 and 4).
Sample 1-1, 35-38 cm has been defined as a hawaiite; it
shows the highest values for low-partition-coefficient
elements (e.g., Nb = 86 ppm, Ta = 5.4 ppm). The five
other analyzed samples characterized as alkali basalts
also show high concentrations for low-partition-coeffi-
cient elements, even if lower than in hawaiites of Hole
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430A (e.g., Nb = 40 ppm, Ta =2.7 ppm). Ni and Cr
concentrations are higher than in hawaiites (about 60
and 80 ppm, respectively).

Suiko Seamount: Holes 433A, 433B, and 433C. The
five samples analyzed for Hole 433 A (alkali basalts) are
very similar both for major elements (Table 5) and trace
elements (Table 6), and probably represent different
samples of the same flow unit. The sample from Hole
433B is also very close to samples from Hole 433A. Ac-
cording to the concentrations of low-partition-coef-
ficient elements, the samples from Hole 433C (Tables 7
and 8) can be classified as follows: oceanites (Nb ~ §
ppm, Ta ~ 0.35 ppm), ankaramites (Nb ~ 11 ppm, Ta
~ 0.75 ppm), transitional tholeiites and (or) transitional
alkali basalts (Nb = 11-17 ppm, Ta = 0.75-1.1 ppm),
and one alkali basalt (Nb = 26.3 ppm, Ta = 1.79 ppm),
which is close to alkali basalts of Holes 433A and 433B.
Oceanites and ankaramites present high Ni and Cr con-
centrations because of olivine and pyroxene accumula-
tion. From this general description, good agreement is
observed between the shipboard classification of sam-
ples and low-partition-coefficient element concentra-
tions; in order of increasing concentrations, this classifi-
cation is: oceanite, ankaramite, ‘‘transitional’’ tholei-
ites (or ‘‘transitional alkali basalts’’), alkali basalts, and
hawaiites.

Y/Tb, Zr/Hf, and Nb/Ta RATIOS: CHONDRITIC
PRIMORDIAL MANTLE

From physicochemical properties of the elements and
oceanic basalt data, the studied elements have been clas-
sified according to their partition coefficients Dy > Dy
= Dy > Dyc > Dzr @ Dys > Dnp = Dy # Dia > Dy
(Bougault et al., in press). One of the important results
is that elements of each pair Y-Tb, Zr-Hf, and Nb-Ta
belonging to groups 111, IV, and V have equal or very
similar partition coefficients. These pairs of elements
are plotted Figure 1 (Y-Tb), Figure 2 (Hf-Zr), and Fig-
ure 3 (Nb-Ta). We do observe in each diagram that one
element of one pair versus the other plots following very
closely a straight line. The ratios Y/Tb (40), Zr/Hf (40),
and Nb/Ta (15) are very close to those found for the
Atlantic Ocean (42.5, 39, and 17, respectively) (Bou-
gault et al., in press) and to those for the East Pacific
Rise (Joron et al., in press). These values correspond to
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TABLE 1
Hole 430A, Ojin Seamount: Major Elements
(Slanr:lgl:al 41, 42, 5-1 (#1), 5-1(#2A), S5-2(#6C), S5-5(#10D), 6-1 (#2B), 6-2(#10), 6-2(#13), 6-3(#6), 64 (#1B), 64 (#18), 10.CC,
in cm) 68-70 139-142 5-7 16-19 120-123 127-129 33-35 102-105 133-136 68-70 8-11 143-146 28-30
Rock Type S‘;::i?trt;ir‘\:e Hawaiite  Hawaiite Hawaiite Hawaiite Hawaiite Hawaiite Hawaiite Hawaiite Hawaiite  Hawaiite Tholeiite Hawaiite
Si0; 49.77 49.03 49.96 49.10 49.50 49.8¢ 49.60 49.29 49.80 50.02 49.56 48.38 49.63
TiOy 293 3.16 313 3.13 3.00 3.03 3.02 2.88 2.87 2.90 2.83 2.79 2.86
Al03 15.16 15.96 16.09 16.17 15.57 15.84 15.72 15.99 15.98 16.05 15.75 15.44 15.76
Fea03(T) 14.04 13.02 12.41 13.28 12.87 12.22 12.31 12.39 12.00 11.72 12.35 13.07 12.46
MnO 0.07 0.09 0.08 0.09 0.13 0.10 0.11 0.13 0.12 0.12 0.14 0.18 0.14
MgO 6.87 3.78 .13 3.09 4.78 431 4.12 4.74 4.76 4.11 4.58 5.41 4.71
Ca0 3.41 6.96 7.01 7.17 6.95 7.24 7.18 6.85 7.02 7.02 6.80 11.05 6.99
Na 0 4.10 430 4.40 4.20 4.10 4.20 4.10 4.40 4.20 4.30 4.10 2.80 4.00
K20 2,67 1.85 1.79 1.77 1.60 1.66 1.66 1.68 1.73 1.73 1.72 0.36 1.70
P05 0.35 1.27 1.26 1.25 1.19 1.31 1.27 1.29
Total 99.37 99.42 99.66 99.25 99.69 99.72 99.09 99.70 99.84 99.29 99.11 99.81 99.54
LOI. 25.717 4.26 4.16 4.44 315 3.61 3.29 3.81 3.55 3.20 3.53 1.08 2.82
H0+ 2.69 1.04 0.89 0.91 1.59 1.45 1.34 1.67 1.54 1.41 1.55 0.38 1.23
(407 0.15s 0.1s 0.04 0.18 0.03 0.05 0.07 0.07 0.06 0.07 0.05 0.03 0.0

chondritic values. This means that whatever the mag-
matic processes giving rise to tholeiites, ‘‘transitional”’
tholeiites, alkali basalts, and hawaiites, and whatever
the history of the mantle, these ratios have been kept
constant and characterize the primordial chondritic
character of the mantle.

Ta-Th, La-Ta: MANTLE SOURCES

Nb, Ta, Th, and La are very low-partition-coefficient
elements. Nb and Ta physicochemical properties are
very similar. La, Th, and Ta ionic charges and sizes are
different, which leads to different absolute values for
their partition coefficients. The consequence is an easier
fractionation of these elements compared with the Nb-
Ta pair. Two different values have been observed for
the La/Ta ratio (~9 and ~18), and several values for
the Ta/Th ratio in oceanic tholeiites. For Leg 55 sam-
ples (tholeiites, alkali basaits, and oceanites), we did not
observe an important fractionation of Ta/Th and La/Ta
(Figures 4 and 5). La/Ta ratios, 9 to 11 for alkali basalts
and tholeiites and 12 for oceanites, are in agreement
with the value 9 found for tholeiites in the Atlantic
samples recovered from topographic highs or ‘‘plat-
forms’’. The almost unique Ta/Th ratio for tholeiites
and alkali basalts of Leg 55, compared with the possible
variation in tholeiites (Bougault et al., in press) and the
small difference observed for hawaiites, suggests that
the sources of these materials are not much different.

Th/Ta: PARTIAL MELTING

Looking at Figure 1 (Y-Tb), Figure 2 (Hf-Zr), and
Figure 3 (Nb-Ta), even if the ratios of the elements of
the different pairs are constant or almost constant, the
relative positions of tholeiites, alkali basalts of Site 433,
alkali basalts of Site 432, and hawaiite of Site 430 are
not the same in each diagram. The best classification of
these different rock types is made through the lowest-
partition-coefficient elements Nb-Ta (or Th-Ta as
well); the tholeiitic sample recovered in Hole 430A (6-4,
143-146 cm) lies in the upper field of the tholeiites; ac-
cording to the position of the different rock types, only
one sample of Hole 433C can be classified as ‘‘alkali ba-

716

salt’’: 4-1, 39-41 cm; it lies very close to alkali basalts of
Holes 433A and 433B.

With increasing partition coefficients from Nb-Ta to
Hf-Zr to Y-Tb, alkali basalts plot closer and closer to
the tholeiitic field; alkali basalts of Site 432 plot in the
middle part of the tholelitic field (with some fractiona-
tion) in the Y-Tb diagram (Figure 1).

This feature is easier to see in Figure 6, where two
elements of the same transition series (with different
partition coefficients) are plotted (Tb-Ta). If we admit
from La/Ta and Th/Ta data that the mantle sources,
parents of these different rocks, are very similar, then
the only way to explain such Tb/Ta fractionation is par-
tial melting. It can be the extent of partial melting: in
this case, except for the hawaiite sample of Hole 432A,
it can be stated that the lowest partial melting is related
to alkali basalts of Hole 432A. It can also be melting of
a residue; in this second possibility, tholeiites (or transi-
tional tholeiites) would be the result of melting of a resi-
due, alkali basalts being produced through melting a
more primitive source. Both hypotheses, related to par-
tial melting, can account for the relative values of
Tb/Ta ratios in tholeiites and alkali basalts.

V, Ti: FRACTIONAL CRYSTALLIZATION

According to their partition coefficients, V and Ti are
the closest to Y and Zr, respectively. In respect of ‘‘non-
fractionation’’ availability, V-Y and Ti-Zr are plotted
in Figures 7 and 8. We indeed observe very little frac-
tionation between the elements of these pairs for tholei-
ites and alkali basalts. But for hawaiites, a large frac-
tionation is observed, these two diagrams showing the
biggest difference between hawaiites and alkali or tho-
leiite basalts. This fractionation is interpreted as the
result of titanomagnetite fractionation (see petrographic
description in this volume).

CONCLUSION

According to the classification of the elements which
was made previously from the samples recovered in the
Atlantic Ocean, with regard to their physicochemical



TABLE 2

Hole 430A, Nintoku Seamount: Trace Elements

Eu Tb Hf Ta Th U

La

Ba

Y Zr Nb Sb Cs

Sr

Rb
NAA XRF NAA XRF NAA XRF XRF XRF XRF NAA NAA XRF NAA NAA NAA NAA NAA NAA NAA NAA
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TABLE 3
Hole 432A, Nintoku Seamount: Major Elements

i -1,  21(#8B), 2:2(#11E), 32, 44 (#6B), 5-1 (#3B),
( 3538 83-85 100-102  106-108  84-86  128-130
incm)

Rock ) Alkal Alkali Alkali Alkali Alkali
Type Hawaiite Basalt Basalt Basait Basalt Basalt
$i0; 48.35 46.75 47.49 46.64 4791 47.69
Ti03 2.84 2,65 251 3.01 3.38 3.01
A103 20.38 16.35 18,38 15.54 17.40 15.72
Fe303ry  10.95 13.19 12,78 14.58 15.58 14.47
MnO 0.07 016 012 0.19 0.27 0.17
MgO 213 6.21 110 5.19 3.94 5.52
Ca0 7.39 10,19 9.97 8.36 5.87 8.30
Naz0 470 310 3.40 3.50 3.30 3.30
K20 1.64 0.95 1.28 119 141 1.09
P30s RE) 0.52 0.58 0.49 0.54 0.48
Total 99.59  100.08 99.62 99.29 99.59 99.75
Lol 715 414 4.62 138 7,19 27
H20% 266 1.97 1.63 262 315 1.85
07 0.46 0.29 031 0.48 0.07 0.10

properties and partition coefficients, the following
items can be formulated from the study of the Emperor
Seamount samples drilled during Leg 55:

1) The chondritic nature of the ‘‘primordial’’ mantle
is confirmed through Y/Tb, Zr/Hf, and Nb/Ta ratios.

2) The value 9 for the La/Ta ratio has been found
related to topographic highs or platforms in the Atlantic
Ocean (the value is 18 in other cases, corresponding to
typically ‘‘depleted’” tholeiites). The values close to 9
found for Emperor Seamount samples independently of
their petrographic classification (tholeiite, alkali ba-
salts, or hawaiite) tend to confirm the correlation of this
ratio to topography. '

3) The single Th/Ta ratio observed in tholeiites, al-
kali basalts, and hawaiites suggests similar mantle
sources for these different rock types.

4) The transition elements belonging to the same
series, characterized by different partition coefficients,
show a fractionation. This fractionation can be inter-
preted as the result of partial melting.

5) Ti and V are fractionated in hawaiites as a conse-
quence of titanomagnetite crystallization.
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TABLE 4
Hole 432A, Nintoku Seamount: Trace Elements
Sample S Ti V C Mn Fe Co Ni Rb S8 Y Zt Nb Sb Cs Ba la Eu Tb Hf Ta Th U
(Intervalin cem) NAA  XRF  XRF XRF XRFE XRF XRF NAA XRF NAA XRF NAA XRF XRF XRF XRF NAA NAA XRF NAA NAA NAA NAA NAA NAA NAA NAA
-1, 35-38 13.6 17040 117 104 540 76650 45 45.8 20 14 13.2 1059 40.6 303 86.5 0.18 0.06 761 770 56 335 1.09 6.02 537 587 1.50
2-1, 83-85 22,1 15900 248 928 1240 92330 45 44.1 81 75 144 145 638 23 175 35.1 0.05 0.06 284 307 228 230 0.76 3.77 244 219 057
2-2,100-102 20 15060 233 79.6 330 89460 39 37.4 70 72 20 18.3 761 259 181 37.2 0.05 0.14 388 401 237 236 0.78 3.79 257 238 063
3-2,106-108  21.8 18060 223 826 1470 102060 41 40 51 S 20.3 540 30.1 204 400 0.04 0.11 308 346 244 228 0.85 4.72 287 253 0.76
4-4, 84-86 24.3 20280 247 91.4 2090 109060 45 43.8 62 56 22 22 453 319 226 41.0 0.02 0.23 326 332 266 26 1.00 5.08 308 272 0.80
5-1,128-130 22.4 18060 220 79.0 1316 101290 41 39.1 53 47 16.8 17.7 514 305 194 379 0.02 0.09 299 328 239 236 92 4.62 2.75 246 0.80
TABLE 5
Holes 433A and 433B, Suiko Seamount: Major Elements
Sample 433A-20-1  433A-20-2 433A-20-2 433A-21-2 433A-214  433B-522
(Interval (#1d), (#1b), (#2e3, (#2c}, (#15), (#30),
in cm) 36-38 10-12 49-5) 84-86 138-140  81-83
Rock Alkali Alkal Alkali Alkal Alkali Alkali
Type Basalt Basalt Basalt Basalt Basalt Basalt
S103 4718 47.08 46.93 47.32 47.70 47.46
Ti02 116 133 317 119 3.2L 3.18
AlyO3 14.33 14.82 1391 14.29 14.55 14.42
Fe203T) 15.16 15.40 15.49 15.05 14.96 1498
MnO 18 16 21 19 18 0.18
MgO 5.06 4.60 5.39 5.57 5.07 545
Ca0) 9.51 8.92 9.77 9.21 9.36 9.88
Nay0 3.30 3.40 3.10 3.20 3.20 3.10
K50 97 1.07 1.03 93 97 0.86
P205 46 44 48 46 45 0.44
Total 99.31 99.22 99.47 99.41 99.65 99.95
LOL 1.67 2.93 3.16 245 2.27 1.27
H0* 7 93 95 1.10 99 0.72
o, 09 29 83 .10 09 0.42
TABLE 6
Holes 433A and 433B, Suiko Seamount: Trace Elements
Sample S¢  Ti vV G Mn Fe Co Ni Rb St Y Zt Nb Sb  Cs Ba la Eu T» Hf Ta Th U
(Intervalincm) NAA XRF XRF XRF XRF XRF XRF NAA XRF NAA XRF NAA XRF XRF XRF XRF NAA NAA XRF NAA NAA NAA NAA NAA NAA NAA NAA
Hole 433A
20-1, 36-38 31.4 18960 365 44.7 1390 106120 46 43.6 49 44 144 404 40.1 217 28.5 0.03 0.06 171 220 212 249 103 544 201 1.8 050
20-2,10-12 322 19980 385 44.4 1240 107800 46 44.8 53 46 15.3 420 383 223 288 0.05 0.11 180 224 205 258 1.02 5.33 201 1.89 0.48
20-2, 49-51 30.6 19020 357 43.3 1626 108360 47 44 50 46 206 19.5 391 397 212 231 0.05 0.97 170 202 196 240 1.04 5.1 199 1.86 055
21-2,84-86 32 19140 362  43.0 1470 105350 47 451 48 48 14 12.8 384 383 218 287 0.02 0.06 165 199 20 259 1.01 542 202 194 0.56
21-4,138-140 31.7 19260 364 40.5 1390 104720 46 43 50 43 14.8 134 409 381 221 283 0.01 0.01 181 228 21 258 1.03 552 205 193 040
Hole 433B
5-2, 81-83 32.8 19080 370 51.5 1390 104860 47 46.6 50 50 133 122 411 371 217 285 0.02 0.06 173 203 201 249 098 527 198 187 040
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TABLE 7

Hole 433C, Suiko Seamount: Major Elements

TRACE ELEMENTS

Sample

(Intorval  41(#20), 10:1(#14), 102(#34), 10:2(#7),  10-3 (#10A), 104 (#8B), 105 (#13), 11-1(#9C), 113 (#2A), 114(#14), 123 (#IE),
in cm) 39-41 7-9 16-18 58-60 105-107 118-121 118-120 135-137 29-31 110-112 51-53
Rock Type Alkali Basalt Ankaramite Ankaramite Ankaramite  Ankaramite Ankaramite Tholeii Tholeiit Tholeii Alkali Basalt Tholeiite
. (Transitional)
Si0) 46.99 46.86 46.70 46.16 45.96 45.94 47.78 47.00 48.00 48.73 48.91
TiO3 292 1.70 1.85 1.91 1.97 1.15 1.89 1.89 1.92 2.40 2.35
Al203 13.73 12.74 13.09 14.10 14.76 8.81 14,14 14.86 15.00 15.33 14.36
be203(T) 14.93 14.15 14.16 14.63 14.95 14.10 15.70 13.35 13.03 12.71 12.30
MnO 0.19 0.16 0.15 0.13 0.15 0.19 0.07 0.18 0.12 0.11 0.14
MO 7.39 14.05 14.09 11.34 9.23 20.39 10.81 8.02 8.25 6.95 7.43
CaO 9.72 1.7 6.54 7.84 895 6.70 4.82 10.95 10.54 10.25 11.30
Na 0 2.80 1.90 2.00 2.30 2.20 1.40 2.80 2.50 2.50 2.50 2.50
K20 0.79 0.40 0.47 0.44 0.7t 0.28 0.83 0.32 0.23 0.63 0.20
P05 0.40 0.25 0.21 0.24 0.25 0.15 0.23 0.24 0.22 0.28 0.28
Total 99.86 99.92 99.26 99.09 99.13 99.11 99.07 99.31 99.81 99.89 99.77
L.O.I. 1.28 6.49 10.40 6.59 7.83 14.00 8.74 7.24 5.41 5.66 3.38
Hy0% 1.12 4.17 4.62 3.56 2.98 5.52 3.26 2.28 2.19 1.72 1.12
€Oy 0.05 0.20 0.20 0.17 0.37 1.76 0.17 1.31 0.51 0.56 0.47
TABLE 7 — Continued
f’l“n'i‘e‘:fal 13-2(#1H), 143 (4A), 144 (¢1B), 15-1(#13), 15-4(#4), 156 (#10), 192(#2F), 194 (#1B), 20-2(#13), 214, 22-1 (#10),
in cm) 53-55 55-57 21-23 115-118 46-48 31-32 56-58 17-19 132-134 40-42 94-96
Rock Type  Tholeiite Alkali Basalt Tholeiite Tholeiite Tholeiite Thaleiite Tholei Tholeiit Thol Tholeiite Alkali Basalt
(Transitional) (Plag. Phyric)  (Transitional)
Si0) 48.00 48.26 4862 47.78 47.62 47.91 48.31 48.83 48.24 47.26 4747
Ti03 2.26 2.68 2.53 2.65 2.54 2.57 245 2.10 2.83 2.71 2.717
AlyO3 14.22 15.50 15.23 14.75 13.39 13.87 14.93 15.13 15.80 15.73 15.24
Fe)03(T) 13.16 13.97 13.55 14.32 16.88 14.50 13.26 11.98 12.32 12.92 13.31
MnO 0.17 0.09 0.14 0.12 011 0.18 0.13 0.13 0.11 0.11 0.16
MgO 7.90 1.20 7.00 7.35 8.30 6.50 7.33 7.70 7.25 7.58 6.96
Ca0 11.16 7.39 9.63 8.84 6.59 10.77 10.22 10.72 9.50 9.16 9.21
Nu0 230 3.20 2.90 2.90 2.80 2.50 2.70 270 2.90 3.00 2.90
K20 0.47 0.80 0.22 0.46 1.24 0.24 0.30 0.24 0.30 0.45 0.64
P20s 0.33 0.24 0.28 0.27 0.26 0.29 0.29 0.31
Total 99.92 99.40 100.12 99.50 99.71 99.32 99.90 99.79 99.54 99.21 98.97
L.O.1 2.47 4.64 3.37 3.28 6.56 1.33 278 2.86 3.57 3.67 352
0% 1.42 1.93 1.13 1.37 1.97 0.42 1.21 1.23 1.50 141 1.70
Oy 0.14 0.26 0.19 0.17 0.12 0.09 0.28 0.24 0.30 0.27 0.30
TABLE 7 — Continued
Sunplel 1D, 231 (#5D), 23S (#1B), 247 (#3G), 252(#1B), 261 (#2A), 265 (#H), 266 (#TA), 27-2(#6B), 282(#ID), 285 (#6E),
in cm) 12-15 102-104 16~19 141-144 22-25 42-45 82-85 114-117 13t1-134 19-2¢ 107-109
Rock Type Tholeiite Tholeiite Tholeiite Thokiite Tholkiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite
(Oceanite) (Oceanite) {Oceanite)
Si0 46.10 48.45 49.11 44.73 47.40 47.88 46.94 46.65 44.00 49.00 49.35
TiOy 1.33 2.32 1.69 1.24 2.10 210 2,10 2.37 1.08 257 2.78
Alx03 9.76¢ 13.27 12.84 8.88 1471 14.70 13.04 14.75 8.04 13.97 14.1%
I'e203(T) 14.24 16.00 12.31 14.04 12.98 12.98 13.67 13.32 14.67 13.24 13.71
MnO 0.18 0.08 0.15 0.17 0.14 0.14 0.16 0.15 0.18 0.16 0.t6
MgO 19.60 9.61 12.54 22.00 9.56 829 12.66 10.88 26.02 6.89 6.52
Ca0Q 6.25 5.01 8.03 5.33 9.67 10.30 8.98 8.47 4.29 10.29 10.61
Na0 1.20 2.60 2.20 1.60 2.40 2.50 2.00 2.50 1.00 2.50 2.60
K20 0.13 1.08 0.27 1.08 0.16 0.22 0.14 0.14 0.13 0.19 0.21
P205 0.13 0.06 0.18 0.14 0.21 0.23 0.23 0.24 0.11 0.25 0.33
Total 98.92 98.48 99.32 99.11 99.33 99.34 99.92 99.47 99.52 99.06 100.38
LOA. 6.10 8.54 6.33 4.31 4.12 3.09 4.82 3.14 5.89 1.11 1.44
H0* 4.89 3.28 2.86 3.36 2.27 1.48 3.47 3.11 4.46 0.59 0.59
[&0)) 0.52 0.25 0.47 0.24 0.20 0.18 0.36 0.38 0.34 0.17 0.10
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TABLE 7 — Continued

Sample

(Interval 29-3 (#20), 31-1 (#1D), 32-1 (#3D), 32:5 (#10), 34-7, 356 (#1D), 36-2 (#1D), 36-3 (#13), 36-4 (#1F), 36-5 (#4M), 37-3 (#1F),
in cm) 25-27 15-18 98-101 72-75 95-98 27-29 16~19 79-82 49-52 119-122 101-103
Rock Type Tholeite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite
{Transitional) (Oceanite) {Oceanite) (Transitional)  (Transitional)
S107 48.33 46.75 42.90 46.96 4750 48.46 48.45 48.17 48.23 48.33 49.50
TiO) 2.95 2.74 0.95 1.78 2.45 2.39 231 2.24 2.25 2.34 2.24
AlyO3 14.33 14.21 6.55 11.86 14.03 13.48 13.34 12.89 12.92 1371 13.88
Fe03(T) 13.24 14.02 14.35 13.84 12.50 13.31 13.38 13.20 12.94 13.15 12.52
MnrO 020 0.17 0.16 0.19 0.26 0.17 0.14 0.16 0.17 0.14 0.15
MO 6.88 8.70 30.50 15.93 9.47 8.65 9.55 11.20 11.31 10.15 7.30
CaO 10.27 9.95 3.63 7.24 10.13 998 8.82 8.58 8.32 8.88 10.69
Na0 2.60 2,60 0.60 1.60 2.50 2.40 250 240 2.30 2.50 2.40
K70 0.65 0.41 0.04 0.10 0.44 0.33 0.51 0.35 0.32 0.22 0.42
P105 0.34 0.35 0.10 0.19 0.31 0.32 0.26 0.22 0.24 0.27 0.26
Total 99.79 99.90 99.78 99.69 99.59 99.49 99.26 99.41 99.00 99.69 99.36
L.O.1. 2.27 1.17 7.43 6.15 4.25 2.22 10.18 5.25 4.23 5.21 3.14
Hy0t 0.89 1.03 6.01 4.54 1.43 111 1.9 247 2.54 2.09 0.76
€Oy 0.19 0.21 0.41 0.31 0.45 0.12 0.26 0.26 0.30 0.24 0.21
TABLE 7 — Continued
(Slannl]cr;l:al 381 (#1G), 385, 395(#10), 40-2(#1G), 41-1(#10), 421(#1G), 423 (#1B), 425(#1F), 45-5(#1A), 463,  47-5(#6B), 49-2(#1D),
in cm) 76-79 97-100 102-104 111-113 19-21 2-6 14-16 37-39 6-8 72-74 87-89 31-36
Rock Type  Tholente Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholeiite Tholente Tholeiite Tholeiite  Alkali Basalt Tholeiite
(Transitional)
S109 46.60 47.56 48.16 47.80 48.96 49.26 48.80 48.86 48.72 48.96 4545 46.70
TiOy 2.18 2.37 2,22 2,12 2.39 2.37 1.88 2.02 2.16 2.19 3.12 2.84
AlO3 13.13 14.85 13.20 12.76 14.00 13.89 16.25 15.40 14.47 14.72 14.00 15.44
1ex3(T) 1388 13.10 1315 13.13 1328 1291 11.33 11.85 12.90 13.17 14.80 14.40
MnO 017 0.15 0.16 0.16 0.12 0.13 0.13 0.14 0.21 0.13 0.19 0.16
MgO 12.55 8.82 10.50 11.77 7.68 7.68 1.72 6.98 6.69 6.75 6.76 6.19
Ca0 8.50 9.97 9.71 9.29 10.07 10.14 10.26 10.94 11.15 9.58 10.92 9.77
Nas0O 2.30 2.40 2.10 2.10 2.60 2.70 2.70 250 2.60 2.80 2.60 290
K20 0.45 0.18 0.22 0.20 0.24 0.25 0.25 0.23 0.18 0.65 0.89 0.52
P05 0.23 0.27 0.25 0.24 0.26 0.26 0.24 0.23 0.21 0.26 0.33 0.32
Total 99.99 99.67 99.67 99.57 99.60 99.59 99.56 99.15 99.29 99.21 99.06 99.24
LO.I. 3.44 4.05 216 2.36 3.08 2.89 262 233 2.26 3.60 4.65 3.97
HyO+ 2.49 2.21 1.58 2.09 1.08 1.02 1.31 0.88 0.81 1.24 1.74 1.84
€Oy 0.27 0.24 0.18 0.13 0.20 0.22 0.21 Q.30 0.32 0.19 1.06 0.22
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Hole 433C, Suiko Seamount:

TABLE 8

Trace Elements

Sample Sc Ti V G Mn Fe Co Rb St Y Zt Nb Sb Cs Eu T H Ta Th U
(Interval incm) NAA XRF XRF XRF XRF  XRF NAA XRF NAA XRF NAA XRF XRF XRF XRF NAA NAA XRF NAA NAA NAA NAA NAA NAA NAA
4-1,39-41 30.5 17520 338 197 1470 104510 513 122 127 134 115 371 349 203 263 004 007 204 219 092 481 179 171 047
10-2,16-18 257 11100 261 752 1160 99120 721 516 517 6.2 66 162 236 114 109 002 004 177 135 059 273 075 0.8 025
10-2,58-60 273 11460 265 664 1010 102410 63.1 401 410 35 5 216 237 118 121 009 0.02 79 141 060 28 078 0.77 0.08
10-3,105-107 29 11820 277 575 1160 104650 576 329 304 60 64 235 265 120 121 0.13 0.04 171 146 063 295 084 085 0.24
104,118-121 18 6900 169 1328 1470 98700 104 1391 1208 5.1 43 102 140 70 66 002 007 34 08 034 160 043 048 0.19
10-5,118-120 27.7 11340 242 427 540 109900 61.2 270 287 9.8 114 165 2015 117 103 0.02 0.09 59 147 060 2.80 0.70 0.68 0.42
10-1, 7-9 257 10200 244 752 1240 99050 715 520 510 5.8 72 179 224 103 114 001 0.02 60 136 057 255 072 0.71 0.13
11-1, 135-137 296 11340 268 375 1390 93450 521 168 160 2.5 1.6 267 255 123 105 001 0.04 86 163 071 297 071 0.70 0.25
11-3,29-31  30.1 11520 269 407 930 91210 549 188 187 2.7 294 258 124 9.7 0.07 38 147 063 290 073 075 0.16
11-4.110-112 343 14400 326 329 850 88970 466 124 129 11.2 114 305 309 145 13.8 001 021 51 1.90 082 3.68 0.97 090 022
12-3,51-53 323 14100 314 279 1080 86100 483 107 112 04 304 327 147 144 71 1.77 0.80 273 097 0.86 0.24
13-2,53-55 342 13560 328 232 1320 92120 46,7 100 96 5.4 44 304 282 143 153 002 0.03 103 166 072 247 107 1.03 0.22
14-3,55-57  34.0 16080 322 73 700 97790 457 53 49 93 85 307 382 165 153 005 011 86 2.01 404 097 090 051
144,21-23 324 15180 320 77 1080 94850 466 48 47 18 308 311 158 143 55 1.83 0.82 3.80 095 0.85 015
15-1,115-118 334 15900 328  65.0 930 100240 487 45 48 2 296 354 160 145 65 211 090 406 1.0l 092 0.39
15-4,46-48  31.8 15240 310  69.5 850 118160 459 50 55 I8 176 242 27.8 159 133 002 0.19 54 1.81 0.78 3.77 092 0.84 026
15-6.31-32 352 15420 338  75.3 1390 101500 488 54 59 LS 308 352 168 133 77 204 092 429 090 090 0.23
19-2.56-58 326 14700 301 128 1010 92820 453 80 76 19 301 328 154 123 45 1.99 0.82 3.89 090 079 0.22
194.17-19 317 12600 271 270 1010 83860 452 112 108 16 287 288 135 104 0.2 42 159 0.73 324 074 070 0.2
20-2,132-134 314 16980 308 190 850 86240 466 98 94 04 26 351 356 179 159 002 91 220 097 438 109 1.02 0.14
214,40-42 28 16260 276 176 850 90440 483 126 130 2.1 353 327 170 14.4 002 0.01 87 116 191 0.87 442 107 095 0.27
221.94-96 346 16620 275 169 1240 93170 578 110 158 26 44 350 338 176 161 004 002 94 132 249 1.07 487 122 099 0.30
23-1.102-104 288 16240 235 267 1390 112000 $7.6 276 276 182 182 196 187 138 1.4 003 024 41 99 178 0.57 337 082 0.72 021
235,16-19  26.3 10140 226 103 620 86170 64 489 468 2.6 3.8 184 263 95 714 0.04 30 5.2 129 060 229 0.048 0.45 0.12
24i.12-15 21 7980 183 875 1160 99680 5.2 1049 1014 2.1 114 182 79 55 0.06 46 083 043 177 035 026
24-7.141-144 19.6 7440 165 908 1320 98280 97 1068 1139 15.0 15 13t 163 69 53 0.01 007 44 34 092 041 1.63 035 032
25-2,22-25 295 12600 271 347 1080 90860 53 156 154 1. 266 281 128 108 0.01 30 82 166 071 3.03 071 065
26-1,42-45 296 12600 263 286 1080 90860 497 114 109 1.2 %8 28 120 101 58 82 170 0.71 3.10 0.71 061 0.11
26-5,82-85 27 12600 250 596 1240 95690 655 438 417 1.6 2.2 263 246 125 11.0 002 0.04 20 75 159 072 305 0.72 057 0.10
266.114-117 30.1 14220 273 471 1160 93240 55.8 232 230 0.7 26 269 290 145 114 0.02 57 89 180 0.78 348 082 071 0.7
27-2,131-134 11.1 6480 145 1186 1390 102690 I 1335 1434 37 26 89 148 63 46 001 0.1 9 3 084 037 L16 031 035
282.19-21 344 15420 313 148 1240 92680 4727 M 66 1.8 29 303 336 153 130 002 68 9.8 205 0.89 397 094 0.85 0.21
285.107-109 33.3 16200 307 134 1240 95970 453 68 68 16 324 370 184 163 0.03 0.02 48 117 204 095 465 108 093 026
29.3,25-27 282 17700 334 167 1550 92680 442 79 80 B6 88 316  40.6 189 163 0.06 60 122 255 112 480 112 1.02 0.12
31-1,15-18 2.2 16440 264 206 1320 98140 $5.5 184 201 46 34 334 352 171 146 0.02 0.06 82 112 2 093 451 106 0.84 021
32-1,98-101 146 5700 129 1100 1240 100450 112 1614 1628 15 57 118 59 4.4 0.05 11 057 027 128 027 0.24 0.07
32:5.72-75 24 10680 229 822 1470 96880 74 606 579 08 25 168 222 97 93 0.04 29 136 056 264 059 052 0.11
34-7,95-98  31.3 14700 302 443 2010 87500 545 267 275 2.2 293 328 161 136 001 0.03 43 1.97 0.86 401 094 0.82 0.16
35-6.27-29  30.3 14340 267 379 1320 93170 519 217 218 17 29 283 319 169 160 002 002 75 207 0.85 418 099 092 0.24
36-2.16-19  29.7 13860 274 522 1080 93660 $24 287 285 4.9 39 151 322 145 112 003 006 66 1,73 082 368 087 077 0.25
36-3.79-82  29.9 13440 273 592 1240 92400 S88 367 370 3.0 40 230 295 147 127 0.02 48 175 0.77 363 085 075 022
36-4.49-52 293 13500 275 554 1320 90580 5§52 338 325 30 3.7 223 306 147 124 002 0.03 69 176 0.77 357 084 0.72 022
36-5.119-122 30.1 14040 281 502 1080 92050 524 2% %0 15 258 318 151 145 0.02 43 1.89 0.82 364 088 079 0.03
373,101-103 31 13440 283 344 1160 87640 488 167 167 6.1 65 283 298 133 101 002 0.2 47 170 072 353 079 067 0.24
381.76-79 267 13080 254 452 1320 97160 68.2 448 491 42 29 28 260 137 113 002 0.06 58 163 063 335 075 066
385.97-100 28.8 14220 282 295 1160 91700 SL4 163 156 0.2 293 309 145 13.9 0.03 54 173 0.76 3.68 085 068 0.14
39-5.102-104 284 13320 263 451 1240 92050 56 315 322 11 263 282 135 128 002 0.04 53 160 0.72 352 080 0.66 0.8
40-2. 111-113 12720 261 452 1240 91910 409 s 243 277 134 110
41-1.19-21 337 14330 300 219 930 92960 466 87 85 15 2.2 275 346 148 11.0 0.03 2% 89 179 083 361 081 0.72 0.18
421, 2-6 331 14220 316 215 1010 90370 455 8 89 1.9 277 304 136 113 0.02 20 81 171 077 346 0.77 063 0.18
423.14-16  29.1 11280 258 279 1010 79310 435 91 84 2.4 275 257 108 8.2 17 55 147 0.64 269 058 0.51 0.16
425.37-39 313 12120 267 257 1080 82950 448 87 8 09 - 276 282 118 86 40 7 167 071 316 067 059 0.12
455, 6-8 331 12960 307 201 1630 90300 486 8 81 1.7 27 278 305 121 95 002 0.03 41 69 L71 074 323 065 055 0.1
46:3.72-74 314 13140 290 198 1010 92190 47 83 89 48 37 269 322 145 182 0.0l 46 7.8 171 082 367 076 0.70 0.12
47.5.87-89  31.2 18720 315 252 1470 103600 671 195 195 122 124 308 405 193 147 0.03 0.43 61 124 234 103 480 1.17 1.03 0.38
492.31-36 254 17040 290 205 1240  10UK00 412 138 93 29  — 338 341 175 0.02 98 109 1.54 089 3.88 098 094 0.17
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Figure 1. Y versus Tb: black squares correspond to samples from Hole 430A,
black triangles to Hole 432A, open triangles to Hole 433A, black dot to
Hole 433B, and open circle to Hole 433C. Alkali basalts belonging respec-
tively to Sites 432 and 433 are delimited. All open circles (433C) except
one sample (alkali basalt) are tholeiites or transitional tholeiites, includ-
ing oceanites and ankaramite. One sample from Hole 330A (black squares)
is a tholeiite.
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Figure 2. Hf versus Zr: same symbols as in Figure 1.

723

§00




P. CAMBON, J]. L. JORON, H. BOUGAULT, M. TREUIL

50

40

30

0

Nb

_ Alkali Basalts

Hquiites/

Ta

2

3

Figure 3. Nb versus Ta: same symbols as in Figure 1. The sample mentioned ( X 2) has concentrations twice higher
than corresponding to the plot.
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Figure 4. Ta versus Th: same symbols as in Figure 1. The sam-
ple mentioned ( x 2) has concentrations twice higher than cor-
responding to the plot.
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Figure 5. La versus Ta: same symbols as in Figure 1. The sample mentioned ( X 2) has concentrations twice high-
er than corresponding to the plot.
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Figure 6. Tb versus Ta: same symbols as in Figure 1.
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Figure 7. V versus Y: same symbols as in Figure 1.
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Figure 8. Ti versus Zr: same symbols as in Figure 1.
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