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ABSTRACT

Major and trace element analyses of 30 sediment samples from ODP Core 758B across the Brunhes-Matuyama
geomagnetic polarity reversal and the Australasian microtektite-bearing layer show a small but significant anomaly in the
elemental abundances of Ir, Co and Ni. The maximum of the anomaly between 10.89 and 11.00 m below seafloor correlates
with the maximum abundance of microtektites. Iridium abundances, which show the most significant anomaly, reach 0.16

ppb, which is evidence for an extraterrestrial component.

1. Introduction

Tektites are natural glasses found within four
distinct strewn fields on Earth [1]: the North
American (34 Ma old), the Central European (15
Ma), the Ivory Coast (1.1 Ma) and the Aus-
tralasian (0.76 Ma [2]) strewn field. In addition,
microtektites also occur in deep-sea cores of three
of the four strewn fields [3,4]. Microtektites are
generally <1 mm in diameter and have an aver-
age composition close to that of large tektites.
Microtektites are important for determining the
extent of the strewn fields (Fig. 1), to constrain
the stratigraphic age of tektites, and provide evi-
dence regarding the location of possible source
craters.

It is now generally accepted that tektites form
by melting of terrestrial continental rocks during
the hypervelocity impact of an extraterrestrial
object [1,5]. The Central European strewn field
has been linked to the Ries crater, Germany, and
the Ivory Coast strewn field to the Bosumtwi
crater, Ghana. For the Australasian field, no 0.76
Ma old crater has yet been identified in the
vicinity of the strewn field, although many pro-

posals for possible source craters were made and
later discounted (e.g., lower Mekong [6] and off-
shore Vietnam [7]). The geographic distribution
of Australasian tektites and microtektites shows
radial and concentric patterns, and there are
zones that do not contain microtektite-bearing
deep-sea cores [6,8,9]. Hartung [10] proposed that
Lake Tonle Sap in Cambodia was created by the
Australasian tektite event; however, no proof for
impact has yet been found. Recently, Glass and
Wu [9] reported that several microtektite-bearing
layers in cores from the Australasian strewn field
contain shocked minerals (quartz and feldspar),
vesicular impact glass, coesite and stishovite. This
discovery provides another direct link with an
impact event. The quantity of both impact debris
and microtektites in cores all over the Aus-
tralasian strewn field increase towards Indochina
[9], supporting the crater locations proposed by
[6] and [10].

Apart from shocked minerals, enrichments of
siderophile elements, especially the platinum-
group element (PGE) Ir, are thought to be in-
dicative of an impact origin. An Ir anomaly is
associated with the North American clinopyrox-
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Fig. 1. Locality map of ODP hole 758B. ® = other cores where shocked quartz and coesite have been found to be associated with
the microtektite layer (except V21-125 where no microtektites were found); © = cores with microtektite layers only (data from [9]).
The broken line is the equator.

ene-rich spherule layer [11,12], but not with the
microtektite layer. Core samples containing
shocked minerals and microtektites from the
Australasian strewn field were examined for an
extraterrestrial component (see preliminary re-
port in [13]). In the present work, a direct corre-
lation between a siderophile element anomaly
and a microtektite layer is made.

2. Samples and methods

Thirty samples from ODP hole 758B covering
the Brunhes—-Matuyama geomagnetic polarity re-
versal and the zone enriched in Australasian mi-
crotektites [14] were obtained from the ODP
Curatorial Facility. ODP hole 758B is located
along the crest of the Ninety East Ridge at
05°2302"N and 90°21'40”E [15] (Fig. 1). Sample
depth ranged between 9.80 and 12.20 m below
sea floor (mbsf); sample spacings were 10 cm in
the top and bottom parts and 5 cm in the zone of
the maximum microtektite distribution, which was
reported by Smit et al. [14] to be at 10.95 mbsf.

The samples were dried for 24 h at 110°C and
then gently homogenized in an agate mortar.
About 0.5-0.7 g were used for X-ray fluorescence
(XRF) major element analysis. For Na, neutron
activation analysis (NAA) values were taken, and
for K NAA and XRF values were averaged. 200—

300 mg were used for INAA (for procedures,
instrumentation, standards, precision and accu-
racy, see [16]). For Ir analysis, INAA was fol-
lowed by a longer irradiation (at a flux of 6.10'% n
cm~? s7!). After about 2 months the samples
were dissolved in diluted HCI and the residues
counted for up to 80 h on a 48% efficiency HpGe
detector. For the current analyses, the precision
of the Ir values is estimated at about +0.03 ppb
at concentrations below 0.1 ppb, and about +0.02
ppb for concentrations > 0.1 ppb.
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% F0.14 %
o 1004
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< For &
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£ 104 =
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= E Fo.os <
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9.80 1020 10.70 10.97 11.20 11.70 12.20

Sample Depth below Seafloor (m)
Fig. 2. Abundances of the siderophile elements Ir, Ni and Co,
and the chalcophile element Cr, across the sediment samples
in ODP core 758B, between 9.80 and 12.20 mbsl (note that
the scale is not linear—see Table 1).
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3. Results and discussion

The results for 10 major and 35 trace element
analyses are given in Table 1. The mineralogical
composition of the samples (by XRD) shows only
minor changes between different samples. Most
samples are dominated by calcite, quartz and
some halite; only samples 2H-1-129 and 2H-1-134
show abundant plagioclase. The chemical compo-
sition of the sediment samples shows relatively
small variations, with the exception of the thick
ash layer between about 10.70 and 10.84 mbsf,
and another one at around 11.6 mbsf. Within the
ash layers, carbonate and some trace eclement
contents (e.g., Sc, Cr, Co, Ni, Zn, Sr and Ba)
drop, while Si, Al, Na, K, As, Se, Rb, Zr, Sb, Cs,
the REEs, Th and U increased. Some of these
elements (As, Se and Sb) are typical of volcanic
ashes.

The most important discovery is a significant
enrichment in Ir in samples 2H-1-139 to 2H-2-0
(10.89-11.00 mbsl). This is the same interval in
which the Australasian microtektites have their
peak abundance. Figure 2 shows a plot of the
abundances of the siderophile elements Ir, Ni
and Co and the chalcophile element Cr. Iridium
has an average background abundance of <
0.04-0.06 ppb, but shows a concentration in-
crease of a factor of > 3, with a peak abundance
of 0.16 ppb at about 10.90 mbsl. The background
concentration of Ir is dominated by influx of
extraterrestrial material [17]. The absolute con-
centration of Ir in the background is a function of
the sediment accumulation rate. The Ir anomaly
at 10.89-11.00 mbsl cannot be due to any change
in accumulation rate because no other chemical
parameter (e.g., Ca content) indicates a change
[14]. The accumulation rate at ODP 758B is rela-
tively high at around 1.1 cm/ka [15], which pro-
duces a more diluted Ir signal in the background,
near average continental values of around 0.04-
0.06 ppb.

Ni shows a minor anomaly correlating with the
Ir maximum; Cr shows no enrichment, and Co
shows a minor peak associated with the Ir
anomaly. Taking an average Ni background of
about 50 ppm, an enrichment of up to 75 ppm
correlated with the Ir anomaly seems significant.
The other elements show no significant changes.
As tektites are derived from terrestrial crustal

rocks, a higher continental chemical signature
might have been expected in the microtektite
layer. However, the composition of the sediment
samples is not sufficiently different from the aver-
age crustal sediment composition to allow the
resolution of such an additional component.

In conclusion, the findings of a significant Ir
and a minor Ni anomaly in samples from ODP
hole 758B are evidence for an extraterrestrial
signature associated with the microtektite-bearing
layer. In addition to microtektites, this layer also
contains abundant evidence for an impact-de-
rived component in the form of shocked quartz,
coesite and frothy impact glass fragments [9]. The
association of a projectile-derived component with
tektite debris is significant because of the low
abundances of Ir and other platinum group met-
als in tektite glass, which has made the identifica-
tion of such a component difficult [18].
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