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ABSTRACT 

Legs 106-109 achieved the first basaltic bare-rock drill hole, on a small volcano (Serocki volcano) located on the 
flanks of the rift valley in the MAR about 70 km south of the Kane fracture zone. Because of severe technical 
difficulties only 50.5 m of basalt below seafloor was recovered. 

Geochemical analysis shows that the recovered basalts display typical N-MORB characteristics as expected in 
this segment of the Mid-Atlantic ridge. The lava flows display rather equivalent geochemical characteristics all over 
the drilled section and show the imprint of a previous magmatic differentiation suffered by the magmas before their 
emission, indicative of a fractional crystallization of plagioclase-bearing cumulates. The incompatible and alkali 
element content of these 648B magmas is very low, a feature which resembles those of other N-MORB. 

The geochemical characteristics of these basalts look closely similar to those of basalts from the same flow line 
emitted respectively 10 m.y. (Hole 395, Legs 45-46), and 110 m.y. (Hole 417A, Legs 51-53) ago, supporting the 
persistence in this ridge segment of a mantle source with depleted characteristics over the last 110 m.y., but with 
some variations in the degree of depletion of the source along this period. 

Although these rocks appear fresh, the imprint of an incipient low temperature alteration can be noticed in a few 
samples, as evidenced by slight increases of alkali, U elements, and 87Sr/86Sr isotopic compositions. 

INTRODUCTION 

Hole 648B was drilled during the ODP Legs 106 and 109, in 
a first attempt to drill directly basaltic bare rocks on a ridge 
system (Shipboard Scientific Party, 1988). 

The site chosen for this first bare-rock drill hole was the rift 
valley of the Mid-Atlantic Ridge (MAR), about 70 km south of 
the Kane fracture zone, in an area which was one of the first 
surveyed on the MAR (Melson et al., 1968; Frey et al., 1974; 
Bryan et al., 1976). A diversity of petrological and geochem­
ical studies performed in this area showed it was composed 
mainly of typical normal tholeiitic basalts (N-MORB) (Bryan 
etal . , 1976, 1981; Bougault, 1980; Bougault et al. 1978, 1979). 
The site was a small volcano (Serocki volcano) situated in the 
median valley of the ridge. 

Due to the extremely difficult drilling conditions, Hole 
648B was cored only to a total depth of 50.5 mbsf, so that the 
main objectives of the program (better understanding of the 
complex and interrelated volcanic, tectonic, and hydrother-
mal process occurring at spreading centers) became unrealiz­
able. 

Nevertheless, the material collected is interesting, as it is 
representative of rather fresh zero-age rocks from this zone 
(some slight sediment cover, some palagonitization, and alter­
ation suggest, however, an age slightly older than zero). Most 
often, if not always, oceanic rocks are subject to alteration 
processes which modify their composition, sometimes signif­
icantly. The modifications of the composition depend on the 
type of the alteration process (low T alteration, high T 
hydrothermal). Although these have now been more and more 
thoroughly analyzed (Humphris and Thompson, 1978; Hon-

1 Detrick, R., Honnorez, J., Bryan, W. B., Juteau, T., et al., 1990. Proc. 
ODP, Set. Results, 106/109: College Station, TX (Ocean Drilling Program). 

Universite Paul Sabatier, Laboratoire de Mineralogie, 38 rue des 36 Ponts, 
31400 Toulouse, France. 

Laboratoire Pierre Sue, Saclay, France, and Laboratoire de Geochimie 
systematique et comparee, Universite Paris 6, 2 place Jussieu, 75230 Paris 
Cedex 05, France. 

norez, 1981; Staudigel and Hart, 1983; Alt et al., 1986, as 
examples), the exact composition of the original rocks re­
mains obscure. These fresh 648B basalts could provide infor­
mation on the uncontaminated composition of this rock type 
in this ridge segment. 

This paper deals with the geochemical characteristics of 
these Hole 648B basalts. After recalling some main features of 
MORB and more precisely the MAR basalts known to date, 
we will (1) present the data (major elements, X-Ray fluores­
cence and isotope dilution trace element data, 87Sr/86Sr isotope 
composition), (2) underline the main geochemical character­
istics of these basalts, and (3) show the effects of low 
temperature alteration on these rocks and on equivalent rock 
types erupted on the same ridge flow-line at an earlier date. 
Alkali element distributions which are very sensitive to this 
process, will be used for this analysis. 

MORB AND MAR BASALTS 
Since some previous studies on oceanic basalts performed 

in the Atlantic Ocean not far from the area where Legs 
106-109 were carried out (Bryan et al., 1976; Bryan and 
Sargent, 1978; Bougault et al., 1978), knowledge of ridge 
basalts has considerably increased. From the first hypothesis 
of uniformly depleted basalts from one ridge end to the other 
(reflected in the term MORB), clearly distinguishing them 
from the enriched oceanic island basalts, a different picture 
has now been arrived at with basalts from mid-ocean spread­
ing ridges displaying a relatively wide range of compositions 
and even covering the oceanic island basalt domain. 

On the basis of many data, the oceanic basalt composition 
domain is widely acknowledged (see Zindler and Hart, 1984; 
Loubet et al., 1988, for a review of the isotopic and trace 
element compositions). This wide range of compositions is 
attributed to mantle heterogeneity, the extent and nature of 
which is the subject of wide debate at the present time 
(Allegre, 1982; Hofmann and White, 1982; Ringwood, 1982; 
Allegre and Turcotte, 1986; Zindler and Hart, 1986). The 
existence of different compositional domains in the oceans on 
a large scale is another important question of the last few 
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years (Dupre and Allegre, 1983; Hart, 1984). However the 
significance of such compositional domains in the mantle 
structure is still the subject of speculation (Schilling, 1973; 
Hart, 1984, Allegre and Turcotte, 1986). 

In the Atlantic Ocean, ridge basalt compositional varia­
tions from north to south have been evidenced by extensive 
dredging along the axis (Schilling, 1973; White and Schilling, 
1978; Bougault and Treuil, 1980) and drilling accomplished 
during numerous DSDP legs. This detailed analysis has estab­
lished clear relationships between MAR lava geochemical 
characters, and other geophysical (heat flow) and geomorpho-
logical (ridge depth) features (Schilling, 1973; Le Douaran and 
Francheteau, 1981; Schilling et al., 1983). 

1. Enriched basalts characterized by more radiogenic Sr, 
Pb, and less radiogenic Nd isotopic compositions, light REE 
enriched patterns, are found in anomalous ridge segments, 
with very high heat flow and elevated topography. They occur 
from 34°N to 49°N being centered on the Azores platform and 
Famous zone (White and Schilling, 1978; Langmuir et al., 
1977; Weaver et al., 1987; Hertogen et al., 1985; Drake et al., 
1985; Bougault et al., 1985) and north of 49°N being centered 
on Iceland (from 49° to 63°N) (Schilling, 1973, 1975; Schilling 
et al., 1983; Wood et al., 1979). 

2. Transitional basalts found between 39° and 25°N, 
emerge away from the topographic heights of Iceland and the 
Azores platform and toward the normal ridge segments lo­
cated in the south. The existence of geochemical gradients 
from the enriched alkali type basalts to the normal type 
basalts, has been clearly shown (Bougault et al.,1978; Bou­
gault and Treuil, 1980). 

3. Normal type basalts characterized by LREE depleted 
patterns, less radiogenic Sr, Pb, and more radiogenic Nd 
isotopic compositions emerge typically in a large area located 
south of the Kane fracture zone (25°N), where the ridge is 
much deeper and characterized by low heat flow (Brayn et al., 
1976; Bougault, 1980; Bougault et al., 1978, 1979). 

Results of drilling on a flow line south of the Kane fracture 
zone show that this type of basalt was produced with rather 
uniform composition over a long period of time: Holes 395 and 
396 (22°N) realized during the DSDP Legs 45 and 46 in a 
lO-m.y.-old oceanic crust; Holes 417 and 418 (25°N) drilled 
during the DSDP Legs 51, 52, and 53 in a 1 lO-m.y.-old oceanic 
crust (Donnelly et al., 1980; Bougault et al., 1979; Joron et al., 
1979). 

ANALYTICAL TECHNIQUES 
The major elements except Na and K were measured by X-Ray 

Fluorescence (XRF) on the Siemens X-Ray Spectrometer of the 
Toulouse University Petrological laboratory using fused pellets with 
the classical heavy absorber method. Na and K were analyzed by 
flame spectrometry at the Mineralogical Laboratory of Toulouse 
University (MLTU). Volatile elements were determined by loss 
ignition at 1000°C. Analytical precision is better than 2%. 

XRF spectrometry using the pressed powder pellets (with a 10% 
weight binder) method was used to analyze a set of trace elements (Ti, 
V, Cr, Co, Ni, Zr). Matrix, instrument as well as interference, and 
enhancement effects were corrected by computation as per Bougault 
et al. (1977). Selected international rock standards (Nancy CRPG 
standards) were used for calibration. Analytical precision for trace 
elements is within 5%-10% for concentrations higher than 20 ppm, 
and 2 ppm at concentrations lower than 20 ppm. 

REE, Rb, Sr, and Ba analysis were measured using isotope 
dilution at the MLTU on a modified CAMECA 206 THN mass 
spectrometer. Precision is estimated at around 2%. Chemical separa­
tion of the elements was carried out on a AG 50 W (200-400 mesh) 
cationic ion exchange column. Sr was separated from the Ca using 
ammonium citrate as a complexing agent. REE were separated for 
mass spectrometry analysis in three fractions on a HDEHP (Di(2-
ethylhrxyl) orthophosphoric acid) column (Richard et al., 1976). 

The neutron activation method used in Saclay to measure a set of 
trace elements was pure instrumental activation analysis (without 
chemical separation), using epithermal neutron irradiation (OSIRIS 
Reactor in Sarclay-CEA-Groupe Pierre Sue). This method is de­
scribed in Jaffrezic et al. (1977) and Bougault et al. (1978). Irradiation 
was performed under Cd vials. Several measurements were made with 
a Ge-Li detector (resolution 2 keV at 1.33 MeV) at different times 
from 4 days to 1 month after irradiation. The reference international 
standards were GSN and BCR 1. 

Sr isotopic composition measurements were performed on a 
FINNIGAN 261 automatic multicollector mass spectrometer at the 
MLTU. NBS 987 Standard was measured with a 87Sr/86Sr ratio of 
0.71020 ± 0.00002 {2a\/N). Correction of the mass discrimination 
effect is performed by normalizing the 87Sr/86Sr ratio to a value of 
8.375209. 

HOLE 648B BASALTS 

Data 
The lithostratigraphic sequence established in this hole is 

shown in the Figure 1. Three lithological types are identified in 
the rocks recovered: (1) aphyric to sparsely plagioclase phyric 
basalts; (2) vesicular to sparsely plagioclase phyric basalts; 
and (3) massive holocrystalline, sparsely olivine plagioclase 
phyric basalts, in that order; however, due to rubble falling 
into the hole, pieces from types 1 and 2 were frequently found 
in the deeper cores. 

The rocks analyzed cover these three lithological types. 
The major element, minor element, and 87Sr/86Sr compositions 
of the Hole 648B basaltic samples studied are listed in Tables 
1 and 2. A petrographical description of these basalts can be 
found in companion studies in this volume. In our analysis of 
the data we will underline some of the main geochemical 
characters of these rocks. 

Hole 648B main geochemical features 

N-type MORB 
As expected, basalts from Hole 648B display typical N-

MORB characteristics: 
1. 87Sr/86Sr compositions. They fall in the lower limit of the 

MORB composition field as N-MORB usually do. 
2. Depleted chondrite normalized patterns. In Figure 2, 

the incompatible elements have been plotted in the classical 
Coryell-Masuda extended representation, in which the con­
tent of normalized to chondritic elements are plotted in 
function of their estimated degree of incompatibility in basal­
tic magmas (Wood et al., 1979; Bougault, 1980). Hole 648B 
basalts display a typically depleted pattern, with the depletion 
increasing progressively from the lesser to the more incom­
patible elements. 

3. Low values of H+/H— ratios. The ratio of content of a 
more hygromagmatophile (H+) over a less hygromagmato-
phile ( H - ) element, displays low values (H = hygromagmato­
phile type element, i.e., elements which highly prefer the melt 
during solid-melt fractionation, see definition in Treuil and 
Joron (1975)). The value of such ratios in these 22°N MAR 
basalts are among the lowest found in oceanic basalts. This 
concerns ratios such as Th/U (1.6 to 2.5), Th/La (0.033 to 
0.045), Th/Ta (0.64 to 0.81) (Fig. 3). Values of these ratios are 
clearly lower than the classically assumed range of primitive 
values of these ratios, respectively 3.8 to 4.3 (Th/U), 0.093 to 
0.14 (Th/La), and 1.3 to 2.05 (Th/Ta). 

Magmas previously differentiated by fractional crystallization 
A rather good constancy in the major and minor element 

compositions of these basalts is noticed throughout the drilled 
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Figure 1. Proposed lithostratigraphy of Hole 648B (from Shipboard Scientific Party, 1988); stratigraphic position of each core is shown. Cores 
marked by an asterisk denote recovery from in situ basement. Shaded intervals in the Recovery column show total recovery from corresponding 
section of hole. Cores that advanced the hole are numbered in the Core column. 

Table 1. Major element and 87Sr/86Sr compositions of Hole 648B and All interlaboratory standard basalts whole 
rocks. XRF and flame photometry (K) analyses performed in Toulouse University Mineralogical laboratory. AH 
92-29-1 from Hole 417A (Staudigel, 1979). 

p 
1R1 

12-14 

P 
1R1 

14-18 

P 
1R2 

101-103 

V 
6R1 

113-115 

P 
7R2 

30-33 

V 
9R1 

16-21 

P 
13R1 

22-25 

M 
16R1 

73-75 

M 
18R1 

42-46 
STAND 

RII 

Si02 
Ti02 
A1203 
Fe203 
MnO 
MgO 
P 2 O 5 
CaO 
K20 
Na20 
H20 
Total 
87Sr/86Sr 
2 sigma 

49.59 
1.71 

15.44 
11.21 
0.19 
7.94 
0.18 

11.26 
0.19 
3.20 

49.75 
1.94 

14.39 
12.36 
0.20 
7.58 
0.24 

10.82 
0.26 
3.00 
0.18 

100.91 100.72 

49.27 
1.71 

15.26 
11.12 
0.18 
7.89 
0.19 

11.29 
0.17 
3.10 

100.18 

49.50 
1.66 

15.68 
10.99 
0.18 
8.19 
0.20 

11.39 
0.22 
2.95 

100.96 

50.11 
1.68 

15.42 
11.27 
0.19 
8.29 
0.18 

11.15 
0.22 
2.85 

50.20 
1.69 

15.57 
11.13 
0.19 
7.65 
0.20 

11.37 
0.19 
3.11 

49.27 
1.63 

15.47 
10.86 
0.18 
8.06 
0.17 

11.42 
0.09 
3.00 
0.04 

101.36 101.30 100.19 

47.66 
1.65 

14.83 
11.07 
0.18 
7.98 
0.18 

11.29 
0.21 
3.07 

96.12 

48.90 
1.76 

15.10 
11.28 
0.17 
7.78 
0.18 

11.18 
0.15 
3.10 
0.95 

100.50 

0.702506 
0.000020 

0.702352 
0.000018 

0.702439 
0.000020 

0.702388 
0.000020 

P = pillow unit, V = vesicular unit, M = massive Unit (see Fig. 1). 
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Table 2. Trace element content of Hole 648B and All interlaboratory standard basalts whole rocks. All 92-29-1 from Hole 417A (Staudigel, 1979). XRF 
and isotope dilution analyses performed in Toulouse University Mineralogical laboratory. Neutron activation analysis performed in Pierre Sue 
Laboratory, CEA Saclay. 

1R2 
12-14 

1R1 
14-18 

1R2 
101-103 

6R1 
113-115 

7R2 
30-33 

9R1 
16-21 

13R1 
22-25 

16R1 
73-75 

18R1 
42-46 

STAND 
RII 

Ti 
XRF 

10260 

11640 

10260 

— 

9960 

10080 

10140 

9780 

9900 

10560 

V 
XRF 

317 

362 

310 

— 

300 

316 

321 

330 

279 

343 

Cr 
XRF 

261 

219 

251 

— 

251 

274 

260 

255 

254 

271 

Cr 
NAA 

241 

193 

233 

— 

232 

237 

243 

240 

246 

— 

Co 
XRF 

39 

38 

33 

— 

33 

39 

37 

36 

35 

59 

Co 
NAA 

40.9 

42.6 

41.0 

— 

42.2 

40.1 

39.8 

40.9 

41.0 

— 

Ni 
XRF 

101 

94 

102 

— 

100 

101 

102 

109 

90 

101 

Ni 
NAA 

110 

100 

110 

— 

106 

106 

105 

111 

106 

— 

Sc 
NAA 

36.4 

40.6 

36.2 

— 

35.3 

35.2 

35.3 

35.3 

36.5 

— 

Zn 
XRF 

79 

95 

81 

— 

77 

79 

80 

78 

77 

81 

Zr 
XRF 

113 

127 

106 

— 

103 

108 

108 

103 

110 

113 

Zr 
NAA 

137 

146 

126 

— 

107 

117 

133 

113 

122 

— 

Y 
XRF 

41 

53 

45 

— 

43 

46 

44 

45 

43 

47 

Rb 
ID 

— 

— 

1.44 

3.52 

3.84 

— 

— 

2.68 

2.11 

— 

Rb 
NAA 

— 

1.7 

— 

— 

— 

1.2 

1.3 

— 

— 

— 

Sr 
ID 

— 

— 

— 

146 

145 

— 

— 

142 

149 

134 

Sr 
XRF 

144 

140 

141 

— 

— 

146 

148 

— 

— 

— 

Ba 
ID 

— 

— 

— 

7.87 

— 

— 

— 

— 

— 

— 

section with the exception of the alkali and earth alkaline 
elements (K, Rb, Ba) which are at a very low level in these 
rocks and which are known to be particularly sensitive to 
alteration processes (discussed below). 

Of particular significance in these rocks is the constancy of 
the ratio of some hygromagmatophile elements such as Th and 
Ta. This is indicative of an origin of the magmas from a 
uniform source. In detail, however, some slight but significant 
variations of compositions are noticed: (1) in the absolute 
REE contents (3.75 to 4.88 ppm); (2) in the contents of 
elements such as Ni and Cr, the Cr content appearing roughly 
correlated with Mg; and (3) in the ratio of some incompatible 
to less-incompatible elements such as Th/La (0.03 to 0.045) 
and Sm/Yb (0.85 to 1.04). Variation type (3) supports the 
existence in the drilled section of different batches of magma 
rather than a unique flow. Variation types (1) and (2) tend to 
indicate some differentiation of the magmas either before or 
after the emission and/or support also the multibatch process. 
Some differences in the Sr isotopic compositions are noticed 
among the samples analyzed which look greater than the 
analytical uncertainties. Such variations might be indicative of 
this multiflow process. However, these variations might result 
as well from alteration effects influencing these basalts after 
their formation, as discussed below. 

The Ni content of these basalts (120 ppm) appears too low 
for primary magmas derived directly from the partial melting 
of a mantle peridotite. Classical estimations of Ni content for 
such mantle-derived primary magmas range from 250 to 350 
ppm (Allegre and Minster, 1978; Tual et al., 1985, for exam­
ple). This indicates that the 648B lavas are representative of 
magmas previously differentiated in a magma chamber 
through fractional crystallization. Another sign of such a 
previous differentiation process can be found in the Eu and Sr 
negative anomalies noticed in the REE extended chondrite 
normalized patterns of these basalts (Fig. 2). Such Eu and Sr 
anomalies are indicative of a previous fractional crystalliza­
tion of plagioclase-bearing cumulates from the primitive mag­
mas. A detailed analysis of phenocryst plagioclases from these 
basalts presented in a companion paper (Eissen and Humler, 

this volume) evidences a chemical zoning in these phases. 
This chemical zoning is a clear indication of a previous 
differentiation history of these magmas in the magma cham­
ber, which corroborates the geochemical features. 

Persistency of a source with depleted characteristics over the 
last 110 m.y. in this ridge segment (with some variations in the 
degree of depletion of the source). 

Tholeiitic basalts erupted in an oceanic ridge environment 
are usually thought to have been formed through a rather large 
degree of partial melting (15%-20%). It can then easily be 
shown that in such conditions the ratios of highly incompatible 
type elements in the magmas should be somewhat close to 
those of the sources. Such ratios can then be taken as good 
tracers of mantle heterogeneities (Joron and Treuil, 1977). 

In Figure 3, Ta vs. Th contents have been plotted for a 
variety of North Atlantic basalts. The different lines on this 
diagram correspond to different ratios of these element con­
tents at different sites. It can be noticed that the Th/Ta ratio of 
648B basalts differ clearly from the Th/Ta composition of 
basalts of the MAR from higher latitudes which display 
different characteristics (enriched type basalts from the Reyk-
janes Ridge and from the Azores latitude ridge segment and 
transitional basalts from the south of the Azores to Kane 
fracture zone) (Bougault et al., 1979, 1985; Bougault and 
Treuil, 1980). The Th/Ta composition of these basalts from 
Hole 648B appears closely similar to that of basalts from 
similar latitudes in the Atlantic but located on older oceanic 
crusts (basalts of 10 m.y. in Holes 395-396 (Legs 45-46), and 
of 110 m.y. in Hole 417A (Legs 51-53) (Bougault et al., 1979; 
Joron et al., 1980). These basalts were erupted from this same 
ridge segment but at earlier times, thus were associated with 
the same flow line. In detail Hole 648B basalts and Holes 
395-396 basalts display very close similarities of compositions 
(similar Th/Ta (0.64 to 0.81), Th/La (0.030 to 0.050) ranges of 
composition), but some significant differences can be noticed 
with Hole 417A basalts compositions, these last basalts show­
ing more depleted characteristics (Th/Ta slightly lower (0.40 
to 0.66), lower Th/La and Th/U ratios (0.017 to 0.32 and 0.16 
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Table 2 (continued). 

Ba 
NAA 

2.5 

7,6 

— 

— 

7.8 

4.6 

8.5 

5.0 

8.5 

Cs 
NAA 

— 

0.07 

— 

— 

0.04 

0.03 

0.01 

0.02 

0.04 

La 
NAA 

4.1 

4.8 

4.1 

— 

3.9 

4.0 

3.8 

4.0 

3.9 

Ce 
ID 

— 

— 

— 

12.3 

— 

— 

— 

— 

Nd 
ID 

— 

— 

12.60 

11.84 

11.25 

— 

-

11.53 

9.68 

Sm 
ID 

— 

— 

4.17 

3.91 

3.99 

— 

— 

3.77 

3.90 

Sm 
NAA 

3.8 

4.5 

-

— 

— 

3.7 

3.7 

— 

Eu 
ID 

— 

— 

1.69 

1.46 

1.38 

— 

— 

1.39 

1.43 

Eu 
NAA 

1.54 

1.86 

— 

— 

— 

1.50 

1.54 

— 

Gd 
ID 

— 

— 

6.14 

5.22 

5.63 

— 

— 

5.55 

5.40 

Dy 
ID 

— 

— 

8.40 

5.91 

6.50 

— 

— 

6.43 

6.45 

Tb 
NAA 

0.92 

1.09 

— 

— 

— 

0.90 

0.90 

— 

Yb 
ID 

— 

— 

4.88 

3.75 

3.99 

— 

— 

4.23 

4.19 

Lu 
NAA 

3.2 

3.8 

— 

— 

— 

3.1 

3.1 

— 

U 
ID 

— 

— 

0.90 

0.68 

0.71 

— 

— 

0.77 

Th 
NAA 

0.10 

0.10 

0.06 

-

0.05 

0.07 

0.07 

0.07 

0.05 

Ta 
NAA 

0.17 

0.16 

0.15 

— 

0.14 

0.14 

0.16 

0.17 

0.15 

NAA 

0.22 

0.23 

0.22 

— 

0.22 

0.21 

0.21 
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Figure 2. Incompatible-type trace element content of Hole 648B (Legs 106-109) N-MORB plotted in an extended REE chondrite 
normalized representation. Notice the slight Eu and stronger Sr negative anomalies attributed to a previous differentiation of 
plagioclase-bearing cumulates from the magmas. Rb displays relative large variations of contents assigned to low-temperature 
alteration effects (with precipitation of K, Rb rich celadonite). 
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Figure 3. (Ta, Th) compositions of MAR basalts. Hole 648B basalts plot in the fields of other typical N-MORB (22°N (Legs 45 and 46), 
25°N (Legs 51 and 52)) which are characterized by low Th/Ta ratios. They differ clearly from Famous basalts compositions from higher 
latitudes (36°N) which display higher Th/Ta ratios. Data from Bougault et al. (1978, 1979, 1985), Bougault and Treuil (1980), and Joron 
et al. (1979). 

to 1.20 respectively). These data support the persistence in 
this ridge segment of a mantle source with depleted charac­
teristics over the last 110 m.y., but with some variations over 
this period in the degree of depletion of the source. 

Alkali element and Ba contents of Hole 648B basalts—Low 
Temperature alteration imprint in these basalt compositions 

Alkali element and Ba distributions are most often dis­
turbed in basalts from old oceanic crusts by the effect of 
alteration processes (Humphris and Thompson, 1978; Staudi-
gel and Hart, 1983; Alt et al., 1986). Consequently, the 
distribution of these elements in primitive oceanic basalts is 
very difficult to assess. These 648B basalts offer an opportu­
nity to obtain such an estimate. 

Typical levels for Hole 648B basalts are 0.01-0.04 ppm Cs, 
0.1%-0.3% K20, 1-3 ppm Rb, and 2.5-8.5 ppm Ba. Such low 
levels conform with the highly incompatible geochemical 
character of these elements in magmatic processes and the 
consequent noteworthy depletion we would expect in N-
MORB. Low incompatible element levels have also been 

found in other N-MORB from different places (west Costa 
Rica, Holes 499-500, Maury et al. 1985; East Pacific Rise, 
Joron et al., 1980) and also characterize the fresh basaltic 
rocks at the bottom of Holes 395-396 (Legs 45-46) and 417A 
(Legs 51-53) located in the same ridge flow line in older 
oceanic crust sections (respective ages 10 m.y. and 110 m.y.) 
(Bougault et al., 1979; Joron et al., 1979). In these holes the 
alkali element content increases from bottom to top. In Holes 
395-396 (10 m.y. age), Rb increases from 1 to 10 ppm, Cs from 
0.1 to 0.4 ppm. In Hole 417A (110 m.y. age) the Rb content 
increases from 1 to 80 ppm and Cs content from 0.1 to 0.8 
ppm. Precise alkali and Ba contents of the original fresh rocks 
at the bottom of these holes are difficult to assess as all of 
these rocks suffered a complex alteration history (with leach­
ing, dissolution, and secondary phase precipitation), but it is 
interesting to note that these deeper rocks also display low 
alkali contents typical of 648B basalt compositions. 

The low temperature alteration process explains the en­
richment of these elements in the upper part of these holes. 
This phenomenon is now well understood. As shown by 
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Figure 4. Rb/Ba vs. Rb content of Hole 648B basalts. MOB = Mean 
oceanic basalts. Rb/Ba composition from Hofmann and White (1983) 
and resulting deduced original composition (OC) of the 648B basalts. 
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Figure 5. Hole 648B basalts. 87Sr/86Sr isotopic composition vs. U 
content (above) and vs. Rb content (below). 

experimental studies, uptake of alkali elements from solutions 
to secondary phases derived from alteration processes, in­
creases as temperature decreases (Berger et al., 1988). Thus, 
in altered basaltic sections, most of these elements introduced 
by seawater or by basalt dissolution will be held in the upper 
parts of the sections. Downhole this effect diminishes as the 
temperature increases. This effect is clearly observed in 
various oceanic crust sections (Staudigel and Hart, 1983; Alt, 
1986; Alt et al., 1986). The continuous increase of alkali 
element content with increasing age in the upper part of the 
basaltic sections from Holes 395-396 to Hole 417A tends to 
indicate the long term permanency of this low temperature 
alteration. Low temperature alteration lasting for periods of 
around 10-15 m.y. has been demonstrated by Staudigel and 
Hart (1985) and Staudigel et al. (1986) in the Troodos ophi-
olitic body and Hole 504B, respectively. The observations 
made with respect to Holes 395-396 and 417 (continuous 
increase of alkali content from bottom to top and from Holes 
395-396 to Hole 417) taken at face value tend to indicate that 
such a process lasted in these holes over a much longer period 
of time. This indicates that these basalts must have remained 
in contact with seawater throughout this period, probably for 
several reasons: lower thickness and/or higher permeability of 
the sediments overlying the oceanic crust section and perma­
nency of sufficient permeability of the basalts. 

Although rather fresh, Hole 648B rocks are not exempt 
from alteration features. As described in the ODP Legs 
106/109 report (Detrick, Honnorez, Bryan, Juteau, et al., 
1988) and in companion papers of this volume, incipient 
alteration has been noticed proceeding by the even penetra­
tion of water from fractures in the rocks. Original features 
displayed by the mobile elements in some rocks (i.e., the 
alkali, some calc-alkali, and U elements) of this basaltic 
section might result from such incipient alteration process. 
We first summarize these features before discussing them: 

1. The mobile elements show large range of compositions, 
with variations of a factor of 7 for Cs (0.01-0.07 ppm), a factor 
of 4 for Rb (1-4 ppm), and a factor of 2 for Ba (4.5-8.5 ppm) 
and U (0.05-0.10 ppm). Although we deal with very low 

content levels, these variations are clearly greater than the 
analytical errors, and differ significantly from the range of 
variations of the immobile type elements (20%-25%) in the 
section. 

2. The K/U ratio (from 11,000 to 36,500) and Rb/Ba ratio 
(from 0.15 to 0.55) (Fig. 4) of the 648B basaltic rocks are 
greater than the mean values of these ratios in the oceanic 
basalts as given by Hofmann and White (1983) (respectively 
12,500 and 0.08). These ratios are particularly high in some 
samples (16R-1, 6R-1, and 7R-2) (Fig. 4). 

3. Although Cs and Ba elements display large variations of 
compositions they look only roughly correlated with Rb; U 
and Rb do not show any particular correlation. 

4. Although a few Sr isotopic measurements were made, 
slight differences in these isotopic compositions were noticed. 
Correlation of these differences in isotopic compositions with 
some alteration index yields different results. Figure 5 shows 
that some correlation between the Sr isotopic composition and 
the U content may exist, but the small number of rocks 
analyzed prevents us from giving any clear conclusion on the 
subject. Correlations with Rb seem to occur for three of the 
samples analyzed (Fig. 5) but Sample 7R-2 plots clearly 
outside the trend of these samples, as it displays a large Rb 
content associated with a low Sr isotopic composition. 

The action of low temperature alteration and in particular 
the precipitation of celadonite during this process can explain 
some of these features, as the specific composition of samples 
such as 16R-1. Compared to most of the other rocks, this 
sample displays high K/U and Rb/Ba ratios, high Rb content, 
high ^Sr/^Sr composition. Major element analysis shows it is 
one of the few samples which is characterized by a significant 
H 2 0 amount. All of these characteristics can have been 
induced by a low temperature alteration. Unfortunately no 
major element analysis (and H 2 0 content) was done on the 
6R-1 sample which displays close compositions with 16R-1 
sample. 

Sample 7R-2, although displaying a low Sr isotopic com­
position, is one of the few samples showing a high Rb content 
and Rb/Ba ratio. This decoupling between the Sr isotopic 
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composition and Rb content may be indicative of the occur­
rence of different kinds of processes managing the behavior of 
the elements during the alteration process. The Rb enrichment 
should result from celadonite precipitation, but the Sr isotopic 
increase (and U enrichment as well) could result from some 
exchange between the solid basalt and fluid solutions. These 
two processes can be locally decoupled. This diversity of 
processes acting during the alteration process (dissolution, 
exchange, precipitation of phases) may explain the unclear 
correlation or absence of correlation between the various 
mobile elements (alkali, calc-alkali, and U elements). 

But another explanation can also be advanced in order to 
explain this diversity of compositions. This diversity may 
result from different primary compositions of the batches of 
magma, in particular in alkali elements contents. These ele­
ments, being more volatile than the other elements, can have 
different behaviors in magmatic processes. Such an effect is, 
however, very difficult to demonstrate or to refute, especially 
in the present case as we deal with very low ranges of 
compositions. 

In conclusion, the effects of a low T alteration process can 
legitimately be supported in the case of a few samples which 
display specific compositions, explaining some alkali enrich­
ments and some slight variations of the Sr isotopic composi­
tions. This effect looks more problematic and may have been 
insignificant in most other samples, the noticed alkali element 
variations of compositions resulting possibly from primitive 
features of the magmas. Clearly more detailed studies are 
necessary in order to make precise these interpretations. 

CONCLUSIONS 
Hole 648B basalts display typical N-MORB geochemical 

characteristics, which resemble those of basalts from the same 
Atlantic flow line erupted 10 m.y. and 110 m.y. earlier. This 
shows the constancy of the mantle segment characteristics in 
this zone throughout this period of time. The lavas appear to 
have suffered a fractional crystallization differentiation pro­
cess involving plagioclase-bearing cumulates before their 
emission. 

The alkali element and Ba contents of these lavas is 
typically very low, indicating high depletion of these elements 
in the mantle source. The imprint of an incipient low temper­
ature alteration can be noticed in the alkali elements (alkali 
elements, K, Rb enrichment), U, and 87Sr/86Sr isotopic com­
positions of a few samples. 
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