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Abstract. The reported association of the Ivory Coast 
microtekrite occurrence with the onset of the Jararnillo norma/ 
polarity subchron has given support to the notion that impact 
events can give rise to geomagnetic reversals. We re-evaluate 
the palcomagnetic stratigraphy of two critical deep-sea 
sediment cores bearing Ivory Coast microtekrites (K9-57 and 
V27-239) and show that this event likely occurred during the 
Jaramillo subchron approximately 30 kY after its onset and 40 
kY before its termination. This new result thus argues against 
any causal relationship between the Ivory Coast tektite- 
producing event and a geomagnetic polarity reversal. 

Ivory Coast Microtekrites and the Jaramillo Subchron 

Almost 20 years after it was first suggested (Glass and 
Heezen, 1967), the notion that impacts trigger geomagnetic 
reversals has been invested with a possible mechanism (Muller 
and Morris, i986, 1989). Although the validity of the theory 
linking an external impact event with changes in the internally- 
produced geomagnetic field remains a matter of debate, we 
deemed it worthwhile to reconsider some of the geologic 
evidence that such events might be synchronous. In 
particular, we have reviewed the correlation between the Ivory 
Coast microtekrite occurrence and the onset of the Jaramillo 
normal polarity subchron that was discussed by Glass et al. 
(1979) and Glass and Zwart (1979). 

Ivory Coast tektites have been tentatively linked to the 
Pleistocene Bosumtwi impact crater in Ghana (Cohen, 1963; 
Gentner et al., 1967; Shaw and Wasserburg, 1982). Several 
deep-sea sediment cores taken from the eastern equatorial 
Atlantic contain Ivory Coast microtektites and are particularly 
important because they also provide a magnetostratigraphic 
record of geomagnetic polarity. Using the magneto- 
stratigraphy derived from such deep-sea sediments, the Ivory 
Coast microtekrites have been associated with the onset of the 
Jaramillo normal polarity subchon; similarly, microtektires of 
the Australasian strewnfield have been associated with the 
Matuyama to Bmnhes polarity reversal (Glass et al., 1979). 

Although the coincidence of the Ausn'alasian tektites with 
the Matuyama/Brunhes magnetic reversal boundary is 
supported by more recent detailed study of 39 deep-sea 
sediment cores (Bur-ns, 1989), the suggested association of 
Ivory Coast microtektites with the onset of the Jaramillo sub- 
chron rests on data from just 5 cores (Glass and Zwart, 1979). 
Because the original paleomagnefic results from these 5 cores 
were not particularly straightforward, we decided to re- 
examine the magnetostratigraphic evidence from critical cores. 
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Magnetostratigraphic Results 

Microtekrite-Bearing Cores 

The five cores reported by Glass and Zwart (1979) to 
contain Ivory Coast microtekrites are K9-56, K9-57, V19- 
297, V 19-300 and V27-239 (Figure !). According to their 
results, K9-56 showed only a few microtekrites at the base of 
the core with no clearly defined peak in abundance. This core 
appears to have penetrated only the topmost sediments of the 
Jaramillo subchronozone and probably did not sample the 
actual microtektire horizon. The results of Glass et al. (1979) 
and Glass and Zwart (!979) for core Vi9-297 indicated a 
broadly distributed microtekrite horizon and also gave no clear 
indication of the Jaramillo subchronozone. Because litfie of the 
original material from this core was available for further study, 
and because we anticipated that the interpretation of any 
magnetostratigraphy would be complicated by many breaks 
incurred during the core's handling, we did not attempt to 
resmdy this core. Core V19-300 is also described by Glass 
and Zwart (1979) as containing a poor microtektire record: 
microtekrites are found scattered over a 250 cm interval, with 
no clear peak in the abundance profile. Moreover, the 
magnetostratigraphic results for V 19-300, as described by 
Glass and Zwart (1979), are difficult to interpret below the 
Bmnhes/Mamyama boundary, further suggesting that these 
sediments were disturbed. 

The critical cores thus are K9-57 and V27-239. The 
original studies of Glass et al. (1979) and Glass and Zwart 
(1979) showed a microtektire abundance peak that was 
vimally coincident with the lowermost Jaramillo normal 
polarity sediments in core K9-57, and also indicated a well- 
def'med microtekrite peak in core V27-239 within the Jaramillo 
subchronozone, although the base of the Jaramillo was not 
identified. 

Re-examination ofK9-57 and V27-239 

We resampled both K9-57 and V27-239 and determined 
paleomagnetic directions (Figures 2 and 3) from the results of 
standard progressive alternating field demagnetization 
treatment (taken, typically, to 50 m-T). The results, determined 
from principal component analysis (Kirschvink, 1980) of the 
demagnetization dam, show stable magnetization directions 
which generally have shallow inclinations that are consistent 
with the low latitude of these two equatorial sites (9 ø N for 
K9-57 and 8 ø S for V27-239). 

Both cores indicate a pattern of polarity reversals that 
suggests the recovered magnetization directions are indeed 
primary. Neither of these cores was oriented in azimuth; 
therefore the declinations can be measured only relative to the 
split face of the core. (Note that both cores show gradual 
rotations of declination with depth, most likely reflecting a 
distributed twist during coting.) In the case of core V27-239, 
internal orientation was maintained throughout the various 
phases of core handling and thus 180 ø shifts in declination 
correspond to actual reversals of polarity. The one anomalous 
point from V27-239 near 600 cm is most probably spurious, 
the sample being located close to a core pipe break where 
cored sediments are often disturbed. In contrast, internal 
orientation may not have been kept during the handling of corn 
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Fig. 1. Ix>cation of USNS Kane (K) and R/V Vema (V) 
cores reported to contain Ivory Coast microtektites and the 
associated Bosumtwi impact crater in Ghana. 

define magnetostratigraphic boundary depths as the mean 
depth between samples that clearly bracket the reversal, and 
give the uncertainty in the stratigraphic position of a reversal 
boundary from the depth range of the bracketing samples 
(Table 1). In large part, the original magnetostratigraphy is 
reproduced by our results; however, we have refined the 
placement of the top of the Jaramillo in core K9-57 and have 
also identified the base of the Jaramillo in core V27-239 where 
it was not previously determined. 

The revised magnetostratigraphy shows the Jaramillo 
subchronozone to be only about half as thick in K9-57 as 
previously described (some 60 cm rather than 100 cm): the 
top of the Jaramillo is relocated to 1345 cm, while the base 
remains at 1406 cm, essentially reproducing the placement of 
this boundary by Glass and Zwart (1979) at 1400 cm. Note 
that the base of the Jaramillo in core K9-57 fails just 14 centi- 
meters below the microtekrite peak at 1392 cm. We find the 
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Fig. 2. Comparison of revised magnetic polarity stratigraphy 
of core K9-57 with the original polarity stratigraphy and 
microtekrite abundance profiles reported by Glass et al. (!979) 
and Glass and Zwart (1979). Note that a core break exists 
near 3 m and so the apparent declination shift at this level is 
likely an artifact caused by the interchange of split core halves. 
The apparent declination shift near 18 m reflects only the 
gradual rotation of declination throughout the core. Black 
indicates normal polarity; white reverse polarity. B/M: 
Brunhes-Matuyama boundary (0.73 Ma); Jar: Jaramil!o 
subchronozone (0.90- 0.97 Ma); Old: Olduvai 
subchronozone (1.67 - 1.87 Ma). 

K9-57. In particular, the declination shift near 300 cm, which 
coincides with a core troy break and lacks a corresponding 
change in sign of inclination, probably reflects an intema! 
misorientation. We presume also that some disturbance of the 
sediment near 1200 cm has perturbed the declination record 
there and we place the actual reversal boundary at 1086 cm, 
where there is a corresponding change in sign of inclination. 

The palcomagnetic data allowed us to locate the various 
magnetostratigraphic boundaries, and in particular the 
boundaries of the Jaramillo subchronozone (Figure 4). In 
both cores K9-57 and V29-239 the Jaramillo boundaries did 

not fall near any problematic core pipe or tray breaks. We 
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Fig. 3. Comparison of revised magnetic polarity stratigraphy 
of core V27-239 with the original polarity stratigraphy and 
microtekrite abundance profiles reported by Glass et al. (1979) 
and Glass and Zwart (!979). The top 2.5 m, although not 
resampled, are presumed to be normal polarity on the basis of 
the original pa!eomagnetic data. Conventions as in Figure 2; 
hachures show where no interpretation was made originally. 
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Fig. 4. Stratigraphic position of microtektites within the 
normal polarity JaramiI!o subchronozones in cores K9-57 and 
V27-239. Virtual geomagnetic pole (VGP) latitude is 
computed assuming the mean declination over plotted range is 
0 ø (for normal polarity) or 180 ø (for reverse polarity). 
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Table 1. Magnetostratigraphic boundaries. 

Boundary 
K9-57 V27-239 

Age Depth Depth 
(Ma) (cm) (cm) 

Brunhes/Matuyama 0.73 1086_+18 071!+14 
Jaramillo termination 0.90 1345_+18 0921-+06 

jaramillo onset 0.97 1406_-+-03 1042-+05 
Olduvai tenuinafion 1.67 2143+__30 * 
Olduvai onset 1.87 2315+18 * 

* Not penetrated by core. 

top of the Jaramillo in core V27-239 at 921 cm, confn'ming the 
920 cm level given by Glass and Zwart (1979), but we are 
also able to identify the base of the Jaramillo in this core at 
1042 cm, 46 cm below the microtekrite peak at 996 cm. 

Discussion of Results 

Post-Depositional Processes 

In order to assess the timing of the reversal and impact 
events, we must first consider the post-depositional processes 
that may have affected both the microtektite and magnetic 
polarity records: biomrbation and post-depositional 
magnetization acquisition. One expects a particulate 
abundance peak to be depressed by an amount equal to, at 
most, the depth of mixing; in deep-sea sediments this 
homogenization depth is thought to be about 8 cm (e.g., Peng 
et al., 1979). The post-depositiona! acquisition of 
magnetization in deep-sea sediments will be similarly 
depressed several centimeters by bioturbation; however, it also 
appears that the sediments must be partially dewatered through 
compaction before the magnetization becomes permanently 
acquired (Verosub, 1977). This magnetization lock-in may 
occur some 10's of centimeters below the sediment-wamr 
interface, 'although no rigorous theory to predict the exact 
lock-in depth is available. 

In a recent study of deep-sea sediments containing 
Australasian microtektites, Bums (1989) has documented the 
variation in lock-in depth by comparing the microtekrite 
horizon to the level of the Matuyama to Brunhes boundary in 
19 of the cores he studied. Bums concluded that 
sedimentation rate strongly influences the depth of magne- 
tization acquisition and proposed a model to predict the offset 
between a reversal in magnetization and a stratigraphic marker 
horizon. The model predicted that the Matuyama to Brunhes 
polarity transition most likely occurred about 12 kY after the 
Austr',dasian microtektire event and attributed the finding of 
mi•tekrtes above the reversal to depression of magnetization 
acquisition in the lower sedimentation rate cores. 

We can use these results, derived from the Australasian 
tektite occurrence, to examine the record from the Ivory Coast 
strevaffield. In particular, we can test whether the strati- 
graphic data from the Ivory Coast is consistent with the onset 
of the Jammil!o chron occurring several thousand years after 
the microtekrite event. To do this, we compare the difference 
in stratigraphic position between the the base of the Jaramillo 
subchronozone and the Ivory Coast microtekrite horizon in the 
2 cores we studied with the analogous Australasian results 
from Bums (1989) (Figure 5). Note that we follow Burns's 
(!989) method for determining stratigraphic level from the 
mean of the microtektite distribution. 

The results from core K9-57 appear reasonably consistent 
with the Australasian offset data. That is, had the tektite event 
p.receded the reversal by some 12 kY, the small (!7 cm) offset 
between the mean microtekrite horizon and the reversal 
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Fig. 5. Offset between polarity reversal boundary and 
microtektite horizon in cores containing Ivory Coast and 
Australasian microtekrites as a function of sedimentation rate. 

Australasian results are from Bums (1989). Solid line 
indicates offset predicted on the basis of Bums's model: 
offset = wAt + ne-w (At = -11.8 kY; n = 34.3 cm; w = 
sedimentation rate in au/kY). 

boundary would not be far from the expected offset (the 
prediction of Burns's model is 3 cm). However, the results 
from core V27-239 clearly depart from the trend of the 
Australasian data. In the Australasian data set, lock-in depths 
exceeding 20 cm are rarely seen and only for cores with 
sedimentation rates less than 0.5 cn•Y. The average 
sedimentation rate over the Jaramillo in core V27-239 is 1.7 

crn•Y; thus the 47 cm offset appears too large to be explained 
by depression of magnetization lock-in. Indeed, the position 
of the microtekrite horizon is 61 cm above the prediction of 
Bums's model (which, at this sedimentation rate, gives an 
expected offset of~14 cm). 

At face value, the record from core K9-57 alone might 
indicate that the reversal and tekfite events were near- 
simultaneous events, whereas the record from core V27-239 
alone would clearly indicate that the onset of the Jaramillo 
preceded the impact. Because significant hiatuses are often 
found even in relatively continuous deep-sea sediment 
sequences, gaps representing 10's of thousands of years may 
be quite common. The effect of such gaps would be to bring 
diachronous events artificially into closer stratigraphic 
agreement. We propose that the nearer stratigraphic 
coincidence seen in K9-57 (Jaramillo sedimentation rate = 0.9 
crn•Y) is due to a stratigraphic gap and suggest that the 
higher-resolution record from V27-239 is more indicative of 
the true history of these events. 

A Date for the Ivory Coast Microtektire Event 

Published K-Ar and fission-track ages estimated for the 
Ivory Coast tektites, microtekrites and Bosumtwi impact 
glasses range from about 0.9 to 1.2 Ma (Zahringer, 1963; 
Gentnet et al., 1967, 1970; Durrani and Khan, 1971; Koeber! 
et al., 1989). These results are largely within the range of the 
Jaramillo subchron (0.97 to 0.90 Ma; Mankinen et al., 1980), 
but do not in themselves link the tektite event to a specific 
geomagnetic polarity reversal. Using magnetosmatigraphy, 
however, we can offer a more precise age for the Ivory Coast 
microtekrite event based on the revised results from core V27- 
239. In this core the microtekrite horizon is found within the 
Jaramillo subchronozone, about 1/3 of the distance from the 
base to the top. Taking the simplest assumption of a constant 
sedimentation rate over the jaramillo subchron, we estimate 
that the microtektires were deposited at about 0.94 Ma some 30 
kY after the onset and some 40 kY before the termination of 
the Jarami.11o suchron. 
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Impacts and Reversals 

Muller and Morris (!986, 1989) offered several lines of 
evidence from the geologic record that appeared to show the 
common coincidence of impacts and geomagnetic reversals, in 
support of their mechanism for changes of geomagnetic 
polarity. One of these pieces of evidence, the close 
correspondence of the Australasian microtekrites with the 
Matuyama to Brunhes transition, was confirmed by Bums 
(1989); however, the Ivory Coast tektite occurrence no longer 
shows the supposed correlation particularly well. 

Muller and Morris (1986) also argued that the formation of 
the R/es impact crater of West Germany and associated 
Moldavite tektites of Czechoslovakia (Pohl et al., 1977) 
coincided with a geomagnetic reversal at about 15 Ma. This 
conclusion was based on palcomagnetic data from a borehole 
by Pohl (1977; 1978). The polarity interpretation of Pohl 
(1977; 1978) shows the reversed polarity melt rocks to be 
overlain by pelitic lake sediments of normal polarity and was 
taken to demonstrate that a reversal occurred between the time 
of impact and the start of lake sedimentation. 

We suggest that the paleomagnetic data from Pohl (1977; 
1978) may not adequately record the geomagnetic history 
following the Ries cratering event. Although Pohl's (1977; 
1978) data show that the pelitic lake sediments deposited 
directly above the Ries impact melts give dominantly positive 
inclinations (normal polarity), the directions show large 
scatter, even after alternating field demagnetization, with many 
samples having steep negative inclinations (indicating reverse 
polarity). A reasonable and testable alternative interpretation 
of these paleomagnetic data is that the lake sediments have a 
reverse polarity primary direction that is highly contaminated 
by a present-day (i.e., normal polarity) overprint. 

Although Glass et al. (1979) stated that 3 impact-related 
tektite occurrences (Australasian, ivory Coast and 
Moldavite/Ries) may have been associated with reversals of 
Earth's magnetic field, we submit that the coincidence of two 
of these events (Ivory Coast and Mo!davite/Ries) with polarity 
reversals has not been clearly demonstrated. Moreover, the 
well-studied Cretaceous-Tertiary boundary, which may mark a 
large impact event (Alvarez et al., 1980) also does not coincide 
with a polarity reversal (Lowtie and Alvarez, !977; Berggren 
et al., 1985). Thus the common association of impacts and 
geomagnetic reversals suggested by Muller and Morris (1986, 
1989) may not be so well supported by the geologic record as 
originally supposed. 
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