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INTRODUCTION
Determinations of isotopic composition of lead and
strontium in basalts and peridotite were performed on
samples recovered from Holes 332A and 332B and Sites
334 and 335. For five of the samples, lead concentrations were determined by isotopic dilution.
ANALYTICAL PROCEDURES FOR STRONTIUM
Sr isotopic compositions were measured at UBC on a
60° sector, 30.5-cm radius, solid-source mass spectrometer of a modified U.S. National Bureau of Standards design. Data produced by this system have one
sigma 87Sr/86Sr errors of less than 0.0001. All values
reported are normalized and adjusted so that the Eimer
and Amend Standard gives 0.70800 and the NBS standard SrCOa (SRM 987) gives 0.71024. Samples were
prepared for mass spectrometry by dissolution in HF
and HCIOΛ and separation of Sr in one pass through an
ion exchange column (Dowex AG 5OW-X8 200-400
mesh) using 2.5 JV HC1 (redistilled in silica glass). The
blank for the chemical procedure is less than 0.01 µg.
This is a negligible amount (<0.1%) in the case of most
igneous rocks, including ocean floor basalts. For ultramafic rocks
containing only a few ppm of Sr, the
blank, with a β7Sr/86Sr ratio of ~0.704, may amount to
2% to 5% of the
analyzed sample but the correction to
the observed 87Sr/86Sr ratio would be less than 0.0001.
Rb and Sr concentrations were determined by X-ray
fluorescence on pressed powder pellets. One sigma
errors for concentration are 5% or 1 ppm.

ANALYTICAL PROCEDURE FOR LEAD
The samples analyzed were received in the form of
fine to medium grained powders. Up to 1 g of sample
was dissolved in a Teflon bomb using a HF-HNO3
solution.
Lead was isolated in two steps by ion-exchange resin
columns made of heat-shrinkable Teflon tubing with a
porous hydrophilic linear polyethylene disk filter
(Krogh, 1973). In the first step, a 5 to 7.5 cm, 2 to 3 ml
resin bed (Dowex 1 × 8, Ch form) was used. The sample solution loaded on the column was washed with
1.5 N HC1 and the lead retained in the resin was
stripped with 8 N HC1. In the second step, lead was
further purified by a 2-cm, 0.5-ml resin bed (Dowex 1 ×
8, Cl" form), washed with 1.5 N HC1 and stripped with

0.05 N HC1. This was converted to nitrate by adding
drops of concentrated HNO3. Separate samples were
dissolved for unspiked and spiked lead analyses.
Reagents were purified in a subboiling still made
from two Teflon bottles (Mattinson, 1972). Evaporation of the sample solution and ion exchange separation
were done under a laminar flow hood to reduce contamination.
A test on basalts dredged from the Mid-Atlantic
Ridge showed that recovery of lead in the chemical
separation was better than 85%. The blank was estimated to be several nanograms for 1 g of sample.
Isotopic measurements were done with a 30 cm, 90°
sector mass spectrometer (MS3, Geophysics, UBC)
with a "Channeltron" electron multiplier as a detector
and a duplex Interdata computer-controlled peak hopping system. A single filament technique was used.
Lead samples were loaded onto an outgassed Re filament using silica gel and phosphoric acid.
ISOTOPIC COMPOSITION
The Sr isotopic compositions of the basalts, which
appear reasonably fresh upon petrographic examination, are surprisingly uniform over most of the length of
the long cores in Holes 332A and 332B (Figure 1). The
young age of the crust in this area (approximately 3.5
m.y.), apparent freshness, and small range in isotopic
composition down the core suggest that alteration of
the isotopic composition of most samples is minor and
that the magma had an initial 87Sr/86Sr ratio of about
0.70305. This is distinctly higher than average ocean
floor basalt but not outside the spectrum of observed
values (Tatsumoto et al., 1965; Hedge and Peterman,
1970; Peterman and Hedge, 1971; Hart, 1972; Hart et
al., 1973; Subbarao, 1972; Subbarao and Hedge, 1973;
Dasch et al., 1973).
As can be seen from Figure 1, a few of the basaltic
rocks and the one peridotite analyzed are significantly
enriched in radiogenic Sr. All samples with 87Sr/86Sr
greater than 0.7031 have probably reacted with
seawater or brines containing radiogenic strontium,
and this is particularly evident in the older rocks, those
low in strontium, and those near the sea floor. Such
alteration has been noted previously (Hart and
Nalwalk, 1970; Dasch et al., 1973; Hart, 1973). The
high ratio obtained for a partially serpentinized
peridotite is consistent with the higher ratios reported
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Figure 2. Isotopic composition of lead from igneous rocks
of DSDP Leg 37. Triangles indicate Holes 332A and
332B, and circles indicate Sites 334 and 335. The cross
shows the mean isotopic composition of sediments from
the north-east Atlantic (Chow and Patterson, 1962, adjusted approximately to absolute values as in Russell,
1972).
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Figure 1. Isotopic composition of strontium from igneous
rocks ofDSDPLeg 37, as a function of depth in meters
below the sea floor. Circles indicate Hole 332A, squares
indicate Hole 332B, the star indicates Site 334, and triangles indicate Site 335.

by Bonatti et al. (1970), Melson et al. (1972), and Subbarao et al. (1973) for samples of similar material.
Isotopic and concentration data for large numbers of
samples, when combined with age information, will
provide a quantitative measure of the Sr exchange
between seawater and ocean floor and thus improve
our understanding of the geochemical cycle of Sr.
The measured lead isotopic compositions for 14
samples are shown in Figures 2 and 3 and in Table 1.
Data are not adjusted in any way. For five samples,
double spiking measurements were completed. These
gave reliable concentrations for lead (cf. Table 1), but
unreliable estimates for discrimination. Apparent
(unrealistic) discriminations up to 2.2% per unit mass
could not be attributed to mass spectrometer error, but
seem to reflect a failure of the basic assumptions of
double spiking. We suspect that the difficulty may be
the presence of a non-neglible blank.
On Figures 2 and 3 are shown the primary lead
growth curve of Cooper et al. (1969) and the north/east
Atlantic sediment lead composition of Chow and
Patterson (1962). The new analyses tend to lie below
and beyond the growth curves, a known characteristic
of oceanic basalts (Russell, 1972). For the samples from
Holes 332A and 332B, there is evidence of mixing with
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Figure 3. Isotopic composition of lead from igneous rocks
for DSDP Leg 37. Triangles indicate Holes 332A and
332B, and circles indicate Sites 334 and 335. The cross
shows the mean isotopic composition of sediments from
the northeast Atlantic (Chow and Patterson, 1962, adjusted approximately to absolute values as in Russell,
1972).

lead of composition similar to that in the pelagic
sediments.
CONCLUSIONS
The freshest igneous rocks found in Holes 332A and
332B are somewhat enriched in radiogenic Sr and Pb
when compared to average ocean floor basalt (Tat-

STRONTIUM AND LEAD ISOTOPES-MID-ATLANTIC RIDGE
TABLE 1
Measured Lead and Strontium Isotopic Composition for 14 Samples
Sample
(Interval in cm)
Hole 332A
7-2, 15-17
12-1, 123
14-1, 127-129
26-1, 43-45
28-2, 57-59
32-1, 106-108

Piece

Isotopic Composition
207/204 208/204
87/86 (lσ)

No.

206/204

19
12D
12

18.86
18.72
18.66
19.13
18.70
18.35

15.67
15.57
15.65
15.63
15.55
15.41

38.42
38.45
37.85
38.78
38.31
37.78

0.70339 (6)
0.70318 (6)
0.70310 (4)
0.70293 (4)
0.70304 (4)
0.70304 (7)

6
3A

18.75
18.78
18.95
18.29
18.54

15.49
15.68
15.78
15.44
15.35

38.18
38.39
38.83
37.40
37.61

0.70310(3)
0.70329 (4)
0.70320 (3)
0.70308 (4)
0.70294 (5)

12

18.98

15.72

38.10

0.70565 (10)

5B-I
5B-II

18.51
19.44

15.35
15.34

37.86
37.97

0.70402 (6)
0.70447 (4)

2
9
14B

ChemicalI
Compositions (ppm)
Pb

0.59

Rb

Sr

6
2
8
7
4
3

125
111
125
117
121
114

1
5
3
3
2

97
118
117
118
113

0

7

7
13

95
100

Hole 332B
2-5, 103-106
9-3, 14-16
14-1, 33-35
27-2, 56-58
46-3, 36-38

10
3

1

0.95
0.75
0.74
1.31

Site 334
24-3, 136-140
Site 335
8-3, 61-63
8-3, 61-63

sumoto, 1966; Sun, 1973; and references already cited),
and they are comfortably within the isotope space occupied by oceanic volcanic rocks (ocean floor and
islands). On a variety of plots (not illustrated) they lie at
the radiogenic end of the ocean floor basalt data
cluster, within the ocean island spectrum, and they are
distinctly separate from the rocks of any volcanic arc
region. With respect to Sr and Pb the rocks of this area
of the sea floor are remarkably like the basalts of
Iceland and the Reykjanes Ridge (Welke et al., 1968;
Hart et al., 1973; O'Nions and Gronvöld, 1973). For

Holes 332A and 332B there appears to be a weak correlation between the ratio 206Pb/204Pb and 87Sr/86Sr.
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