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216 in the Eastern Indian Ocean which they suggested
might also belong to the N.A. strewn field. However,
at this site there was no evidence of stratigraphic separation between the microtektites and the cpx spherules. No separation was found between microtektites
and cpx spherules in ODP Hole 689D (just 24 m from
Hole 689B) and in Hole 1090B (~1600 km N-NE of
Site 689) [18,19].
We have obtained Sr and Nd data for cpx spherules
from DSDP Site 216 in the Eastern Indian Ocean,
from ODP Hole 709C in the Western Indian Ocean,
and from ODP Hole 1090B in the Western South Atlantic Ocean, and for microtektites from ODP Hole
689D on the Southern Ocean (Maud Rise). The objectives were to determine whether or not the Sr and Nd
isotope compositions and systematics of cpx spherules
from two new sites (709 and 1090) support the suggestion that they are from the same source (i.e., the
same event) as the cpx spherules from other sites, and
whether the microtektites from Site 689 in the Southern Ocean belong to the N.A. strewn field.
Results and Discussion: The DSDP/ODP samples
were disaggregated in water, wet sieved, and dried.
Cpx spherules were then handpicked and separated
εSr
0

0

200

400

600

800

1000

a

N. American field

-4

612 (microtektites)

εNd

-8
-12
216C

-16

216M1
292M

-20

216L 216M2

689D 709C

-24

Popigai (7 data)
462M1
462M2
Felsic clast
Glass clast

+ + + 216

-28 Mistastin
1090B

292L
+315M

Microkrystites:
Popigai:

Melanocratic
Tagamite

Wanapitei

Leucocratic
Clasts in tagamite

Clear
Target gneiss

b

3.0
2.5

TSrUR (Ga)

Introduction: The late Eocene was a time of major
climatic cooling and biotic turnover [1,2]. This was
also a time when several large impact craters were
formed, including the 90 km diameter Chesapeake
Bay structure and the 100 km diameter Popigai crater
in Northern Siberia [3]. At least two spherule layers
have been found in upper Eocene marine sediments:
1) the North American (N.A.) microtektite layer and
2) the slightly older clinopyroxene-bearing (cpx)
spherule (microkrystite) layer associated with a positive Ir anomaly [4,5]. Keller et al. [5] concluded that
the cpx spherules belong to two separate layers: 1) an
older layer of more Ca-rich spherules in the Eastern
equatorial Indian Ocean and Western equatorial Pacific, and 2) a younger layer found in the central equatorial Pacific Ocean, Gulf of Mexico, and Caribbean
Sea. Glass and Burns [6] argued that there was probably only one cpx spherule layer, based on overlap in
petrography and composition of cpx spherules from
the various sites. Wei [7] reevaluated the biostratigraphy and agreed that there was only one cpx spherule
layer. Support for a single cpx spherule layer was provided by Whitehead et al. [8] who found that the Sr
and Nd isotopic data are consistent with a single
source for the cpx spherules. Several authors have
suggested that the N.A. microtektites were derived
from the Chesapeake Bay structure [9,10]. This is
consistent with the Sr and Nd data for the N.A. tektites and microtektites [11-13]. It has been suggested
that the Popigai impact structure may be the source of
the cpx spherules [2,14]. This is supported by Sr and
Nd studies [8].
In 1993, an Ir anomaly was discovered in upper Eocene sediments from the Maud Rise in the Southern
Ocean (ODP Hole 689B)[15]. Vonhof and Smit [16]
found cpx spherules and microtektites associated with
the Ir anomaly at this site [16]. They concluded that
the cpx spherules are similar to those at other upper
Eocene sites and that the microtektites may belong to
the N.A. strewn field [16]. Glass and Koeberl [14]
concluded that the cpx spherule layer is probably
global in extent and found the peak abundance of the
microtektites to be about 2 cm above the peak abundance of the cpx spherules. They also concluded that
the microtektites at Site 689 are compositionally similar to the N.A. microtektites and, thus, probably belong to the N.A. strewn field. Glass and Koeberl [17]
reported finding similar microtektites at DSDP Site
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Fig. 1. (a) εNd vs. εSr. (b) TSrUR vs TNdCHUR. Modified after [8].
Red plus signs are new data. Microkrystites = cpx spherules, clear =
microtektites.
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into dark- and light-colored spherules. The methods
used in determining the Sr and Nd were recently described [8]. Sample weights ranged from 0.4 to 4 mg.
See [8] for reference values. We calculated Sr model
ages T(UR) (relative the Earth mantle evolution) and
Nd T(CHUR) (relative to chondritic evolution). The
Nd model age reflects the mean crustal age of the
source of a sample, while the Sr model age reflects the
time of sedimentation, associated with Rb/Sr enrichment. The dark (melanocratic) cpx spherules from
sites 216, 709, and 1090 have similar ε87Sr/86Sr and
ε143Nd/144Nd values and T(UR)Sr and T(CHUR)Nd
model ages (Table 1). The microtektites from ODP
Site 689 have similar ε87Sr/86Sr and ε143Nd/144Nd
values and similar model ages compared with the dark
cpx spherules (Table 1). The dark cpx spherules from
DSDP Site 216 have somewhat lower ε87Sr/86Sr and
ε143Nd/144Nd values and lower T(UR)Sr model age
(Table 1) than reported by Whitehead et al. [8] for
dark cpx spherules from this site (i.e., 298.5 vs. 340.0
- 342.1 and -26 vs. 21.8 to -23.2, respectively) (Fig. 1:
modified after Fig. 5 in [8]). The ε87Sr/86Sr and
ε143Nd/144Nd values for dark cpx spherules in this
study are all in the range of values obtained by Whitehead et al. [8], if we include the light colored (leucocratic) cpx spherules, in addition to the dark cpx
spherules. Futhermore, the Sr and Nd model ages for
the dark cpx spherules are all within the range reported by Whitehead et al. for the dark cpx spherules
[8] (Fig. 1). Therefore, Sr-Nd data for two new ODP
sites (709 and 1090) support the conclusion that there
is a single cpx spherule layer, which is probably global
in extent.
The ε87Sr/86Sr and ε143Nd/144Nd values that we obtained for the microtektites from Site 689 are somewhat different than the ε87Sr/86Sr and ε143Nd/144Nd
values previously obtained [8] for microtektites at Site
216 (213.8 vs. 187.2 and -25.3 vs. -16.0, respectively).
Likewise, the T(UR)Sr and T(CHUR)Nd model ages
determined for the Site 689 microtektites are higher
than the model ages previously found [8] for the Site
216 microtektites (1080 vs. 910 and 1900 vs. 1350,

respectively). The Sr and Nd isotopic compositions
and model ages for the microtektites at Site 689 are
distinct from the values and fields (Fig. 1) defined by
N. A. tektites and microtektites. Therefore, the Sr and
Nd isotopic data do not support previous conclusions
that the microtektites associated with the cpx spherule
layer in the sites in the Southern Ocean (Site 689) and
in the Eastern Indian Ocean (Site 216) belong to the
N.A. strewn field. Instead, based on isotope systematics for Sr and Nd, they seem to have been derived
from the same source material as the cpx spherules, in
spite of difference in petrography and chemistry.
Conclusions: Sr and Nd isotopic data for the upper
Eocene cpx spherules from two new sites support previous conclusions that the cpx spherules belong to a
single layer and that the layer is probably global in
geographic extent. The source crater may be the Popigai structure, but the new data do not support this hypothesis as well as the data published by Whitehead et
al. [8]. The microtektites found associated with the
cpx spherules in the Southern Ocean (Site 689) and in
the Eastern Indian Ocean (Site 216) do not appear to
belong to the N.A. strewn field, but seem to have the
same source as the cpx spherules (i. e., they appear to
belong the cpx spherule layer).
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Table 1. Sr-Nd Analytical Results
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