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ABSTRACT

The upper part of the basaltic substratum of the Atlantic abyssal plain, approaching subduction beneath the Barba-
dos Ridge and thus presumably beneath the Lesser Antilles island arc, is made of typical LREE-depleted oceanic tho-
leiites. Mineralogical (microprobe) and geochemical (X-ray fluorescence, neutron activation analyses) data are given for
12 samples from the bottom of Hole 543A, which is 3.5 km seaward of the deformation front of the Barbados Ridge
complex. These basalts are overlain by a Quaternary to Maestrichtian-Campanian sedimentary sequence. Most of the
basalts are relatively fresh (in spite of the alteration of olivine and development of some celadonite, clays, and chlorite
in their groundmass), and their mineralogical and geochemical compositions are similar to those of LREE-depleted re-
cent basalts from the Mid-Atlantic Ridge. The most altered samples occur at the top of the basaltic sequence, and show
trends of enrichment in alkali metals typical of altered oceanic tholeiites.

INTRODUCTION

Site 543 was located on the Atlantic abyssal plain,
3.5 km seaward of the deformation front of the Barba-
dos Ridge complex (Fig. 1). The basaltic substratum,
overlain by a Quaternary to Maestrichtian-Campanian
sedimentary sequence, was reached at 411 m sub-bot-
tom and drilled down to 455 m sub-bottom in Hole
543A. Recovered were 35.9 m of basalt, among which
12 samples (listed in Table 1) were made available to us
(Fig. 2). The basalts appeared to be exclusively consti-
tuted by pillows, and 59 separate cooling units (presum-
ably corresponding to individual pillows) were identi-
fied (see Site 543 report, this volume). The 12 samples
studied respectively belong to Cooling Units 3, 8, 10,
18, 23, 28, 32, 36, 46, 51, 53, and 58. Geochemical (ma-
jor and trace elements) and mineralogical (microprobe)
investigations were conducted on these 12 samples, with
two major goals: (1) characterization of the oceanic crust
subducting beneath the Barbados Ridge and thus pre-
sumably beneath the Lesser Antilles island arc; and (2)
comparison with Mid-Atlantic Ridge basalts.

LITHOLOGY

The samples are relatively fresh, though all of them
have been altered, with various degrees of development
of celadonite, clays, and chlorite in the groundmass, al-
teration of olivine to chlorite or serpentine, oxidation of
titanomagnetite, and filling of void spaces by calcite.
Alteration is more important at the top of the basaltic
sequence, where secondary orthoclase (adularia-type) has
been found.
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Phenocrysts are invariably present, though in low
amounts (usually less than 10%): they include olivine,
invariably altered but containing fresh spinel inclusions;
plagioclase, often reaching several millimeters in size;
clinopyroxene, apparently lacking at the top of the se-
quence but occurring sporadically in samples from Cores
13 through 16.

The composition of the groundmass depends upon
the position of the sample in the cooling unit: all the
transitions are observed between glassy margins of pil-
lows and well-crystallized microlitic cores (plagioclase +
clinopyroxene + titanomagnetite + secondary minerals).

MAJOR ELEMENT COMPOSITIONS

The 12 analyses presented in Table 1 are typical of
oceanic tholeiites. The compositions are fairly constant,
the most striking variations reflecting the pattern of al-
teration: the top samples (543A-10-3, 27-31 cm, 543A-
11-2, 34-36 cm, and 543A-12-2, 56-59 cm) are enriched
in K,O and somewhat depleted in SiO, with respect to
others; these variations are correlated with higher values
of the loss on ignition.

It is thus difficult to distinguish chemical units in the
basaltic sequence; nevertheless, the three bottom sam-
ples (543A-16-3, 117-120 cm, 543A-16-5, 32-35 cm, and
543A-16-7, 60-63 cm) appear to be slightly SiO,-en-
riched, and MgO- and MnO-depleted with respect to the
others.

MINERALOGY (PRIMARY MINERALS)

Spinels (Table 2) are found either as inclusions in al-
tered olivine phenocrysts or as individual crystals (up to
200 pm in size). Their compositions are fairly constant,
fall in the range of magnesiochromites with Mg/(Mg +
Fe?*) = 0.60-0.64 and Cr/(Cr + Al) = 0.49-0.52, and
are similar to the most abundant spinel type found in
Mid-Atlantic Ridge basalts (Sigurdsson and Schilling,
1976). The samples in which they have been found are
not enriched in Cr with respect to the other bulk rocks.
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Figure 1. Location of Site 543, east of the deformation front of the Barbados Ridge. Contours in kilometers.

Clinopyroxenes (Table 3). The phenocrysts, when pres-
ent, are iron-poor (FeO = 4.6%; Analyses 8-10) and
plot near the endiopside-augite boundary of the Ca-Mg-
(Fe + Mn) diagram (Fig. 3). They differ consistently
from the groundmass pyroxenes and microphenocrysts
by their lower TiO, and Al,O; contents and higher MgO
and Cr,0; (up to 0.9%) amounts. The large crystals up
to several millimeters in length (Analyses 8, 9, 10, Table 3),
found in Sample 543A-13-2, 133-136 cm, are similar in
composition to some phenocrysts found in North At-
lantic basalts (Wood et al., 1979); considering their high
Mg/(Mg + Fe) ratios (0.88-0.85) and temperatures of
equilibration with their bulk host rock (1190-1170°C fol-
lowing the method of Nielsen and Drake, 1979), they may
well represent early-crystallized phenocrysts.

The groundmass and microphenocryst clinopyroxenes
show a considerable scatter of compositional variations
in the Ca-Mg-(Fe + Mn) diagram (Fig. 3): some of them
plot in the ferroaugite (Analysis 25), subcalcic augite
(15, 21), or salite (12, 13, 26) fields. In fact, the most
iron-rich compositions are those of very small and pre-
sumably late-crystallized pyroxenes in the groundmass
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of pillow cores. Figure 3B shows that the compositional
scatter of pyroxenes from individual samples is more re-
stricted than that in the composite. The trends of the
pyroxenes from predominantly glassy samples from pil-
low margins (e.g., 543A-16-7, 60-63 cm) do not show
iron enrichment, and may be considered as quench trends
(Smith and Lindsley, 1971); on the contrary, the trends
of pyroxenes from relatively slowly-cooled pillow cores
are more or less parallel to the Mg-(Fe + Mn) side of
the diagram, and show the iron enrichment typical of
tholeiitic pyroxenes.

Plagioclases (Table 4). Their whole compositional range
is Angg to Anj,; roughly, the cores of phenocrysts vary
from Angg to Angs, and most of the groundmass crystals
from Angs to Anss or sometime less. Their orthoclase
content is generally lower than 0.5%, and they usually
contain appreciable amounts of MgO, as do most ocean-
floor plagioclases (Hawkins, 1977).

Figure 4 shows some zoning patterns of plagioclases
of various sizes: large and often rounded crystals, and
smaller ones. There is no definite relation between the
size of plagioclases and their compositions; the cores of



Table 1. Basalts from Hole 543A: major element analyes (wt.%) and CIPW norms.

GEOCHEMISTRY AND MINERALOGY OF ATLANTIC CRUST BASALTS

Sample
(interval in cm)
543A-10-3, 543A-11-2, 543A-12-2, 543A-124, S543A-13-2, S543A-13-5, S543A-14-1, 543A-15-3, 543A-16-2, 543A-16-3, 543A-16-5 $543A-167,
27-31 34-36 56-59 99-101 133-136 84-87 33-36 71-74 34-37 117-120 32-35 60-63
8i03 49.65 49.43 49.92 50.63 50.82 50.95 50.85 50.62 50.29 50.84 50.58 51.24
TiOy 1.74 1.70 1.98 1.60 1.55 1.55 1.49 1.51 1.62 1.52 1.65 1.50
AlyO3 17.08 16.12 15.05 16.15 15.92 15.89 15.93 15.50 15.68 16.36 16.17 15.89
FepO3* 10.95 10.71 11.62 10.06 10.15 9.85 9.84 9.94 10.45 9.34 10.42 10.16
MnO 0.21 0.19 0.22 0.17 0.18 0.18 0.19 0.19 0.20 0.16 0.18 0.17
MgO 6.63 6.80 7.01 6.47 6.72 7.01 7.48 7.80 7.01 6.18 6.61 6.56
Ca0 8.95 11.53 10.74 12.10 12.33 10.12 1227 12.21 12.22 12.99 12.35 12.42
Nay0 2.80 2.80 2.90 2.75 2.60 2.40 2.50 2.55 2.65 2.45 2.70 2.60
K20 1.88 0.36 0.75 0.27 0.16 0.19 0.02 0.02 0.06 0.42 0.1 0.22
P70s5 0.23 0.21 0.21 0.21 0.20 0.21 0.21 0.19 0.23 0.16 0.21 0.18
Total 100.12 99.85 100.40 100.41 100.63 98.35 100.78 100.53 100.41 100.42 100.98 100.94
Loss on
ignition 3.68 2.09 1.34 1.20 1.32 1.01 0.94 0.77 1.42 1.52 1.49 1.32
1050°

Q 0.47 3.70 0.49 0.64 0.80
or 11.19 2.15 4.46 1.60 0.95 1.15 0.12 0.12 0.36 2.49 0.65 1.30
ab 23.86 23.93 24.66 23.35 22.03 20.81 21.15 21.63 12251 20.79 22.81 21.97
an 28.71 30.67 25.98 31.05 31.36 32.83 32.19 30.88 30.85 32.51 31.64 31.01
wo 6.12 10.80 11.00 11.68 12.00 7.29 11.46 12.00 11.97 13.02 11.82 12.31
di {en 3.45 6.20 6.24 6.73 6.96 4.31 6.93 7.33 6.98 7.59 6.78 7.06
fs 2.42 4.12 4.30 4.41 4.48 2.57 3.91 3.9 443 4.82 4.51 4.69
en 1.51 6.16 5.71 8.97 9.80 13.58 11.69 11.67 9.97 7.85 9.27 9.25
fs 2.46 4.10 3.94 5.89 6.31 8.09 6.59 6.36 6.33 4,98 6.17 6.15

fo 6.78 3.32 3.93 0.33 0.34 0.40 0.27

fa 5.23 2.43 2.98 0.24 0.20 0.28 0.20
mt 2.40 2.36 2.54 2.20 2.21 2.20 2,15 2.17 2.29 2.04 2.26 2.20
il 1.33 3.26 3.78 3.05 2.95 3.02 2.83 2.88 3.09 2.90 3.13 2.85
ap 0.55 0.50 0.50 0.50 0.48 0.51 0.50 0.45 0.55 0.38 0.50 0.43
S.IL 31.32 34.70 33.20 34.88 36.11 37.95 39.66 40.39 36.66 35.40 35.17 35.42
D.L 35.06 26.07 29.12 24.95 23.45 25.65 21.76 21.75 22.87 23.92 23.45 24.06

Note: FegO3* = total iron as Fep03. The CIPW norms are calculated with 85% of total iron as FeO and 15% as Fep03. S.1. = Solidification Index. D.I. = Differentation Index.

the largest crystals are fairly homogeneous from the
chemical point of view, and their more sodic rims ap-
proximate the composition of the groundmass micro-
lites. The cores of the smallest crystals, presumably of
latest appearance (Natland, 1979), show some indica-
tions of predominantly reverse zoning, however, their
overall compositional range is the same as that of larger
plagioclases.

TRACE ELEMENT COMPOSITIONS

The trace element compositions of basalts sampled in
Hole 543A are given in Table 5; the elements are pre-
sented in the order of increasing atomic number, includ-
ing Ti, Mn, and Fe (all concentrations are expressed in
ppm). All measurements were made either by X-ray flu-
orescence spectrometry (XRF) at COB (Centre Océano-
logique de Bretagne) (Bougault et al., 1977; Bougault,
1980) or by instrumental neutron activation (NAA) at P.
Siie Laboratory (Treuil et al., 1973). The analytical
method is indicated in Table 5 for each element.

A first look at Table 5 shows that the concentrations
of trace elements of these samples are typical of oceanic
tholeiites. Nevertheless, some variations are observed
within these samples; it is necessary to show in precisely
what way some concentrations of elements are charac-
teristic of ocean tholeiites and to what extent some vari-
ations are the result of secondary processes. We will
consider successively alkali elements, elements with high
mineral-liquid partition coefficients (Ni and Cr), and
hygromagmaphile elements.

The uptake of alkali elements during low temperature
alteration is a well-known process. A good example was

found in Holes 417A and 418 drilled during Legs 51 and
52 (Donnelly et al., 1979). The variation of the concen-
trations of alkali elements (Rb, Cs in Table 5 and K,0 in
Table 1) in basaltic samples of Hole 543A are well corre-
lated with the loss on ignition and are without any doubt
the result of alteration processes. This observation is in
agreement with the comments dealing with the descrip-
tion of samples. Very probably the variations observed
for the other elements (major and trace), even if in a
narrower range than for alkali metals, are the conse-
quence of this alteration. This implies that the 12 ana-
lyzed samples represent a single magmatic unit whose
initial composition (before alteration) is given by the com-
position of Samples 543A-14-1, 33-36 cm and 543A-
15-3, 71-74 cm. It is interesting to note that the concen-
trations of K,O (0.2%), Rb (1 ppm) and Cs (<0.02
ppm) for these samples are very low; this is typically
characteristic of ocean tholeiites. As a consequence, the
amounts of alkali elements measured in other samples
correspond almost completely to the uptake of the ele-
ments from seawater. Rubidium is plotted versus cesium
in Figure 5; the ratio Rb/Cs, about 200, which again is
the result of uptake from seawater and not an original
feature of the rocks, is very similar to the value obtained
from Hole 417A samples (Leg 51, Bougault et al., 1979).
This similarity confirms that the alteration of the ocean
crust plays an important role in the budget of alkali ele-
ments in seawater.

A significant difference in the behavior of the two
high partition coefficient elements, Cr and Ni, can be
observed. Cr concentration is almost constant within stud-
ied samples (233-284 ppm), whereas Ni varies from 65
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Figure 2. Summary lithology column of igneous rocks cored at Site
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(see Site 543 report; and Wilson, this volume), and summary
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interk

to 115 ppm (XRF data). We believe that this range of
variation of Ni is not a primary feature (fractional crys-
tallization of olivine) but the result of alteration pro-
cesses. This statement is supported by correlation of Ni
values with alkali element concentrations and losses on
ignition. In addition, this correlation extends to MgO
values; during magmatic processes Ni is principally con-
centrated in olivine, and because olivine is destroyed, Ni
may be leached out together with Mg. On the contrary,
Cr is concentrated in spinels and clinopyroxenes, which
are well preserved compared to olivine minerals. We would
thus conclude that the concentrations of Ni (115 ppm)
and Cr (250 ppm) in the less altered samples are typical
values of these oceanic tholeiites and that the lower val-
ues found for Ni reflect leaching processes in the most
altered samples.

Table 2. Magnesiochromite analyses (wt.%) and their structural

formulas.
Sample 543A-13-2, 543A-16-7,
(interval in cm) 133-136 60-63
Analysis no. 1 2 3 4 5
Si0, 0.04 007  0.10 0.08  0.02
TiOg 063 057 043 0.53 048
AlLO3 24.69 24.84 27.16 2597 26.26
Cry03 39.06 39.75  38.41 38.97  38.08
Fey03 608 538  4.80 6.16  5.63
FeO 15.06 15.60 14.49  14.40 14.12
MnO 020 0.9  0.03 025  0.19
MgO 13.73 1343 14.42 14.47 1436
Ca0 0.00 0.0 0.08 0.15  0.10
Total 99.49 9993  99.92  100.98  99.24
Si 0.009 0.017 0.023  0.020 0.005
Ti 0.116 0.104 0.077  0.095 0.087
Al 7.103 7125  7.670  7.308  7.492
Cr 7.538  7.651 7.271 7.357  7.290
Fe3+ 1.117 0985  0.865 1.106  1.026
Fe2t 3.075  3.176 2,904  2.875  2.858
Mn 0.041 0.039 0.006 0.051 0.038
Mg 4996 4.873 5.151  5.149  5.181
Ca 0.000 0.027 0.019  0.037 0.026

Note: Analysis nos. 1 and 2: core and rim of a crystal 150 ym in
sizg; Analysis nos. 3-5: inclusions into olivine phenocrysts.
Fe? * has been estimated by stoichiometry to 24 cations and
32 oxygens. All the microprobe analyses presented in this
chapter (Tables 2-4) have been obtained with a Camebax-type
automated microprobe (Microsonde Ouest, Brest; working
conditions 15 Kv, 10 mA; counting time: 6s).

The range of variation of hygromagmaphile elements
is shown in Figure 6 where these elements are plotted on
an extended Coryell-Masuda diagram (Bougault, 1980).
These patterns with low Th, Ta, and La values normal-
ized to chondrite are typical of “depleted” oceanic tho-
leiites. In addition, the La/Ta ratio is equal to 18; this is

. also characteristic of depleted ocean tholeiites (Bou-

gault et al., 1979). Except for Sample 543A-16-3, 117-
120 cm, which corresponds to the upper pattern in Fig-
ure 6, the range of variation of the concentrations of hy-
gromagmaphile elements within these samples is the
consequence of alteration. These elements do not move
with low temperature alteration; the consequence is that
higher values are observed for altered samples.

DISCUSSION

Hole 543A Samples Compared to Mid-Atlantic
Ridge Basalts

A considerable amount of geochemical and mineral-
ogical data are now available on Mid-Atlantic Ridge ba-
salts. From the petrological, mineralogical, and chemi-
cal (major elements) points of view, evidence from the
data already discussed indicates that Site 543 basalts do
not depart in any way from the usual characteristics of
Mid-Atlantic Recent basalts. A striking point is that if
we exclude the extensively altered rocks from the top of
the basaltic sequence of Hole 543A (3 samples), the larger
part of that sequence is made of relatively fresh basalts
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Table 3. Clinopyroxene analyses (wt.%).

Sample 543A-112, S43A-13-2, S43A-14-1, 543A-15-3, S43A-16-3,  S4IA-I6T,

(interval in cm) 34-36 133-136 71-74 32-35 60-63

Analysis no. 6 7 8 9 0 n 12 13 14 15 16 17 18 19 20 2 2 23 U 25 % 27 28 2
si0 49.42 4740 S3.01 5242 5149 47.69 4546 4639 4890 5449 5043 5029 5001 4922 49.58 5197 5278 5068 30.17 5119 4754 49.06 5154 SLl6
TiOz 172 229 028 042 073 221 333 342 164 034 103 131 126 146 145 061 069 103 132 079 250 171 06 054
Alz03 646 514 227 274 398 570 731 551 316 169 S04 429 301 302 260 093 269 361 350 129 601 45 317 375
Cry03 009 026 069 08 024 023 009 04 009 044 061 02 000 000 000 000 025 000 000 004 015 033 059 061
FeO B23 1136 436 499 601 973 933 976 1510 752 597 BS54 1070 1577 1731 1966 7.65 847 1039 2130 842 1061 639 638
MnO 030 020 016 023 000 019 029 023 033 027 030 029 038 049 050 035 019 02 034 049 02 024 019 016
MgO 1478 1221 1826 17.37 1693 13.00 1171 119 1328 2361 17.16 1516 1486 13.09 1525 18.60 17.73 1656 1519 1619 13.07 1324 1823 17.08
Ca0 18.57 1940 1986 1979 19.12 2052 2138 2080 1651 1160 1889 19.62 1881 1608 1241 7.37 17.61 1860 17.85  B.BS 2105 19.5 17.66 1872
Naz0 031 043 027 024 025 041 055 05 033 004 023 039 034 047 027 015 029 029 032 015 036 034 024 035
K20 000 0.04 000 002 000 005 000 000 000 000 000 000 000 000 000 000 000 001 004 001 000 003 002 000
Total 99.88 98.73 99.16 99.11 9875 9973 9945 99.01 9934 100.00 9976 100.11 99.37 99.60 99.37 99.84 99,88 99.47 99.12 10030 99.30 9928 99.22 99.15
Wo 40.6 427 407 412 404 43 413 460 351 20 96 412 390 342 261 150 364 384 377 183 458 4L6 367 393
En 449 374 521 503 497 390 361 368 393 650 S0 443 430 388 446 528 SLO 476 446 465 395 400 527 499
Fs 145 199 72 85 99 167 166 72 256 120 103 145 179 270 293 322 26 140 177 352 147 184 106 108

crystals: 6,7, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27, 29, Total iron expressed

Note: Cores of phenocrysts: Analysis nos. 8, 9; rim of phenocryst: 10 (s ponding to Core 9); microph:
p from

as FeO. Ternary are

ysts: 11, 13, 22, 28; d
Wo = Ca, En = Mg, and Fs = Fe + Mn, normalized to 100%.
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Figure 3. A. Hole 543A clinopyroxene compositions plotted on the Ca-Mg-(Fe + Mn) diagram. B. The patterns of groundmass pyroxene composi-
tions in individual samples (core-section, interval in cm) are indicated. The extreme ferroaugitic compositions have not been considered.

(loss on ignition lower than 1.5 wt.%; K,O amounts
usually less than 0.3%; well-preserved primary plagio-
clases and clinopyroxenes) closely similar to those pres-
ently being emplaced at the Ridge axis.

The trace element compositions also show that these
basalts correspond to typically deleted mid-ocean tho-
leiites: the fresh samples are characterized by very low
alkali element contents, a depleted extended Coryell-Ma-
suda plot, and a La/Ta ratio equal to 18. Altered sam-
ples show typical trends of alkali metals already ob-
served for oceanic tholeiites.

Comments on Models of Island-Arc Magma Genesis

Leg 78A has provided the finest set of ocean-floor
basaltic samples yet obtained, which can be considered,
from geophysical and structural points of view, as com-
parable to basalts subducting beneath an island arc with
abundant active magmatism, predominantly of a calc-

alkaline type. In most models of island-arc magma gen-
esis, great importance is given to the dehydration, meta-
morphism, or even melting of altered oceanic crust, which
is supposed to contain 2 to 5 wt.% H,0 when subducted
(e.g., Anderson et al., 1980; Gill, 1981). The evidence
now obtained from recent drilling of the upper part of
the ocean crust in the immediate vicinity of subduction
zones (DSDP Legs 66 and 67, Central America; and
Leg 78A) shows that in these three cases the basalts
themselves are relatively fresh: the values of their loss
on ignition are in most cases consistently less than 1.5%
(Site 487, Leg 66: Joron et al., 1982; Site 495, Leg 67:
Maury et al., 1982). This fact does not mean that water
is present only at such low levels; it may well be present
at a level up to 5% or more in the subducting ocean
crust. The alteration of ocean crust takes place in the
first few ten million years after its creation, before the
crust is isolated from seawater by a sediment blanket;
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Table 4. Feldspars and secondary mineral analyses (wt.%).

Sample 543A-10-3, 543A-13-2,

(interval in cm) 27-31 133-136

Analysis no. 30 31 32 13 34 35 36 37 38 39 40 41 42 43
5i09 63.66 63.54 46.67 53.52 50.66 51.24 49.42 5474 46.93 54.07 539 52.31 29.26 49.70
TiOy 0.00 0.00 0.00 0.03 0.12 0.08 0.09 0.18 0.02 0.02 007 0.09 0.11 0.01
AlD3 18.10 18.42 33.47 28.50 31,18 30.24 31.98 27.55 33.55 27.69 28.07 29.31 4.40 2.40
Cra03 0.04 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.08 0.00 0.02
Fea0y 0.00 0.00 0.27 0.64 0.36 0.59 0.46 0.96 0.66 .12 0.88 1,02 40.04* 25.71*
MnO 0.00 0.00 0.00 0.04 0.07 0.05 0.00 0.00 0.07 0.01 0.00 0.00 0.01 0.00
MgO 0.00 0.00 0.14 0.31 0.18 0.18 0.19 0.28 0.15 0.50 0.38 0.36 11.36 4.21
Ca0 0.06 0.00 17.44 12.58 14.16 13.61 1531 11.49 16.65 11.92 11.76 13.13 1.63 0.57
Nay0 0.22 0.28 1.48 4.00 3.27 3.44 2.60 4.66 1.84 4.04 443 376 024 0.15
K20 18.64 18.06 0.03 0.06 0.00 0.03 0.02 0.08 0.02 0.00 0.01 0.05 0.43 8.85
Total 100.72 10030 99.50 99.68 100.00 9946 100.15 9994 99.89 99.37 99.50 100.11 87.48 91.62
Or 97.9 97.7 0.2 0.4 0.0 0.2 0.1 0.5 0.1 0.0 0.1 0.3
Ab 1.8 23 13.3 6.4 29.4 313 23.5 42.1 16.7 38.0 40.5 34.0
An 0.3 0.0 86.5 63.2 70.6 68.5 76.4 57.4 83.2 62.0 59.4 65.7

Note: Anniymnos 30,31: dary orthocl 0 i ysts; 32, 41: plagioclases; 32-33, 34-35, 36-37, and 38-39 are the

cores and rims of phenocrysts respectively 2.7 mm, 1.3 mm 0.2 mm, and 0.08 mm wide; 40, 41: groundmass plagioclases; 42: chlorite; 43:
celadonite. Total iron expressed as Fep073 for feldspars, FeC (indicated by *) for chlorite and celadonite. Ternary components are computed
from structural formulas—Or = K, Ab = Na, An = Ca, normalized to 100%.

An (%)

30

0 500

Core

1000 1500

= Rim (um)

Figure 4. Some patterns of plagioclase zonings in Hole 543A samples. (The vertical double ar-
rows indicate the compositional variations of groundmass plagioclases in the host basalts.
Samples are denoted by core-section, interval in cm.)

after this isolation, water remains present in voids be-
tween pillows and in fissures, and such water will be
more important volumetrically in subduction-zone de-
hydration processes than that water in the basalts.
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Figure 5. Rubidium (ppm) versus Cs (ppm). (This plot shows the cor-
relation between alkali elements during alteration processes of the
oceanic crust. The original values [before alteration] are very
low and correspond to the lower values [Rb < 1 ppm, Cs < 0.02

ppm].)
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Figure 6. Extended Coryell-Masuda plots. (The concentrations of samples normalized to chondrite
concentrations are plotted versus the elements arranged versus their decreasing affinity for the lig-
uid phase of the magma. The two selected samples: ®—543A-12-4, 99-101 c¢m, the upper one, and
0—543A-16-3, 117-120 cm, the lower one, define the range of variation in Hole 543A. These plots
correspond to typical depleted mid-ocean ridge basalts.)
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Table 5. Trace element data (ppm), Hole 543A.

Ni

Sample Sc Ti v Cr Mn Fe Zn Sr Y Sr Sb Cs Ba La Tb  Hf Ta Th U

(interval in cm) NA XRF XRF XRF XRF XRF XRF NA XRF NA XRF XRF XRF XRF XRF XRF NA NA NA NA NA NA NA NA NA
543A-10-3, 27-31 38.7 10440 357 284 2960 76650 37 39 67 69 90 130 37 112 6 0.23  0.40 35 0.83 3.05 022 0.15 0.07
543A-11-2, 34-36 37.8 10200 338 259 2680 74970 36 41 78 86 88 9 141 38 116 4 0.04 031 6.8 3.6 0.87 3.11 022 0.15 0.06
543A-12-2, 56-59 41.8 11880 391 258 3100 81340 35 38 65 70 92 18 135 46 134 5 0.05 0.50 103 438 1.01 3.63 025 0.18 0.07
543A-12-4, 99-101 38,6 9600 343 284 2400 70420 41 46 84 91 81 8 132 36 107 4 0.04 027 8.1 37 0.82 292 020 015 0.05
543A-13-2, 133-136 369 9300 327 268 2540 70050 41 41 95 9% 93 5 128 36 11 5 001 010 — 32 0.75 2.65 0.18 0.13 0.06
543A-13-5, 84-87 37.2 9300 328 258 2540 68950 40 44 9 100 80 5 130 35 107 5 003 0.19 28 35 078 2.70 0.19 0.14 0.04
543A-14-1, 33-36 37.5 8940 312 254 2680 68880 41 45 115 129 75 1 129 35 95 L} 002 — 4.6 3.2 0.79 258 0.19 014 —
543A-15-3, 71-74 37.6 9060 323 233 2680 69580 44 48 106 121 74 1 127 35 95 4 002 002 — 27 0.75 261 0.19 013 0.05
543A-16-2, 34-37 37.4 9720 327 258 2820 73150 41 42 92 100 78 2 136 38 111 4 0.01 0.04 47 3.6 0.82 2.89 020 0.14 0.04
543A-16-3, 117-120 36.8 9120 337 283 2260 65380 49 53 107 115 90 1 131 31 96 4 006 026 — 27 0.69 256 0.18 0.13 0.05
543A-16-5, 32-35 36.8 9900 327 256 2540 72940 39 42 92 9% 83 4 142 38 113 4 001 0.16 63 3.7 0.83 293 020 0.15 0.06
543A-16-7, 60-63 37.5 5000 331 250 2400 71120 44 48 86 88 77 5 129 35 96 5 0.04 0.12 38 3.1 0.76 2.61 0.19 0.14 —

Note: NA indicates neutron activation analyses and XRF, X-ray fluorescence analyses.
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