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Introduction:  Thick successions of exceptionally 

well preserved sedimentary and volcanic strata accu-
mulated on the Pilbara craton in the Hamersley Basin 
(Western Australia) and on the Kaapvaal craton in the 
Griqualand West Basin (South Africa) from Late Arc-
hean through Early Proterozoic time. Continuing work 
in these two Basins has brought to light evidence of 
multiple impacts by large extraterrestrial objects in the 
form of a series of layers rich in formerly molten sili-
cate spherules (Fig. 1) [1-4]. Here we summarize the 
current state of our knowledge of these layers. 

Layers in the Hamersley Basin:  Spherule layers 
from at least 4 discrete impacts between 2.63 to 2.49 
Ga (= billion years before present) have been identi-
fied in ~800 m of strata straddling the Archean-
Proterozoic Boundary (APB). From oldest to youngest, 
the layers reside in the Jeerinah Formation (JSL), Pa-
raburdoo and Bee Gorge Members of the Wittenoom 
Formation (PSL and BGSL respectively), and Dales 
Gorge Member of the Brockman Iron Formation 
(DGSL). The geographically isolated Carawine Dolo-
mite also contains a spherule layer (CSL). Multiple 
lines of evidence suggest the CSL was formed by the 
same event as the JSL [5-6], but it could represent a 
fifth impact. The layers are commonly <1 m thick, 
contain abundant sand-size spherules of mainly authi-
genic K-feldspar, and show textural characteristics and 
depositional structures indicating they were deposited 
largely as sand-rich layers during anomalously high-
energy events [7]. The PSL was found in 2009 [3] and 
is only known from one site at present. It differs from 
the other layers in that it is < 2 cm thick, shows normal 
grading, and lacks evidence of reworking, suggesting 
it is the only Hamersley layer found to date deposited 
by direct fallout. PSL spherules are more highly crys-
tallized than other Hamersley layers and contain the 
first pseudomorphs of skeletal olivine (and possibly 
pyroxene) crystals found in any APB layer.  

Layers in the Griqualand West Basin:  Spherule 
layers from 3 discrete impacts have been identified in 
~1 km of strata [1]. From oldest to youngest, the layers 
are in the Monteville (MSL), Reivilo (RSL), and Ku-
ruman Formations (KSL). The Griqualand West layers 
are very similar to the Hamersley layers and available 
evidence suggests they are products of 3 of the same 
impacts, namely: MSL = JSL/CSL, RSL = PSL, and 
KSL = DGSL. The correlation of the KSL and DGSL 
is supported by the prior correlation of their host 

banded iron formations [8]. No layer correlative to the 
BGSL has been located yet in South Africa. Spherules 
in both the PSL and RSL are more highly crystallized 
than those of any other layers. New work tripled the 
known occurrence area of the MSL and indicates it 
originally extended well beyond the current erosional 
limits of the Griqualand West Basin [4].  

Implications for Impacts and Impactors 
Impact frequency.  On average, about 47 million 

years elapsed between the impacts that created 4 suc-
cessive spherule layers in the Hamersley Basin. A min-
imum of 4 layers have likewise been detected in the 
Early Archean of Western Australia and South Africa 
[9]. An age range of 3.47 to 3.24 Ga yields a recur-
rence interval of 77 m.y. Using the APB rate, 12 large 
impacts should have happened in the intervening 590 
million years, but no evidence of them has been found. 
Either many ejecta layers have yet to be recognized or 
the flux of impactors through time was highly variable. 
We suspect preservational bias is an important factor 
since the Hamersley and Griqualand West layers occur 
in some of the best preserved deeper-water strata of 
APB age. Most supracrustal rocks older than the APB 
layers were deposited in environments much less likely 
to preserve spherule layers, even in these two Basins.  

Impactor compositions.  Geochemical data indi-
cates the APB layers each contain a few percent of ET 
material (although the fraction in RSL could be much 
higher) [2]. Cr isotope and PGE analyses of APB lay-
ers analyzed to date indicate impactor with ordinary 
chondritic compositions. Although the abundance of 
ET material is roughly comparable in end-Cretaceous 
ejecta, geochemical signatures suggest a different 
composition. The impactors responsible for both the 
end-Cretaceous ejecta and Early Archean spherule 
beds analyzed to date appear to have had carbonaceous 
chondritic compositions [10-11]. This suggests the 
impactors’ source varied through time.  

Sizes of impactor.  The end-Cretaceous event is the 
only known Phanerozoic impact that generated sphe-
rules in volumes approaching those of the APB layers. 
It is thus likely each APB layer was generated by an 
impactor at least 10 km across. The Early Archean 
spherule layers have been attributed to impactors 20-
50 km or more across [9,11]. The fact that APB layers 
closely resemble certain parts of the end-Cretaceous 
ejecta layer suggests objects that large are not needed 
to generate the APB layers. If the analogy to the end-
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Cretaceous layer holds, the known occurrences of the 
APB layers would have been deposited within roughly 
5,000 km of the point of impact rather than more wide-
ly separated points.  

Target Materials and Solid Ejecta.  At least some 
spherules in all APB layers resemble basalts texturally 
[12]. This suggests targets were mostly basaltic and is 
consistent with the near-absence of shocked quartz as 
well as available geochemical data. A predominance of 
oceanic impacts is also consistent with sedimentary 
structures indicating most of the APB layers were de-
posited by anomalously high-energy events, including 
impact-generated tsunami [7]. The reason for a high 
percentage of oceanic impacts near the APB vs. the 
predominance of continental impacts during the Pha-
nerozoic is not clear. Another major difference be-
tween the APB and younger ejecta layers is the ab-
sence of recognizable solid ejecta in the former vs. the 
widespread occurrence of shocked minerals in the lat-
ter. The fact that shocked basaltic materials are much 
more likely to disappear during diagenesis that granitic 
ones (especially quartz) may be a large part of the an-
swer.  

APB Paleogeography.  New paleomagnetic data 
suggests the Kaapvaal and Pilbara cratons were adja-
cent to one another around the APB [13]. This is con-

sistent with the many similarities between spherule 
layers in the two successions and suggests they were 
deposited in relatively close proximity to one another. 
If the layers were deposited within 5,000 km of the 
point of impact, the known APB layers only sample 
impacts on ~15% of Earth’s surface. This in turn sug-
gests the recurrence interval of large impacts may have 
been much shorter than 47 m.y. across the APB. 

References: [1]  Simonson B. M. et al. (2009) 
Precamb. Res., 169, 100-111. [2]  Simonson B.M. et 
al. (2009) Precamb. Res., 175, 51-76. [3] Hassler S.W. 
et al. (2009) GSA Abs. with Prog., 41/7, 531.  
[4] Simonson B.M. et al. (2009) GSA Abs. with Prog., 
41/7, 531. [5] Rasmussen B. et al. (2005) Geology, 33, 
725-728. [6] Hassler S. W. et al. (2005) Austral. Jour. 
Earth Sci., 52, 759-771. [7] Hassler S.W. and Simon-
son B.M. (2001) Jour. Geol., 109, 1-22. [8] Beukes 
N.J. and Gutzmer J. (2008) Revs. In Econ Geol., 15, 5-
47. [8] Sumner D. Y. (2000) in Microbial Sediments, 
Springer, 307-314. [9] Lowe D.R. et al. (2003) Astro-
biology, 3, 7-48. [10] Shukolyukov, A. and Lugmair 
G.W. (1998) Science, 282, 927-929. [11] Kyte F.T. et 
al. (2003) Geology, 31, 283-286. [12] Simonson B.M. 
(2003) Astrobiology, 3, 49-65. [13] de Kock M.O. et 
al. (2009) Precamb. Res., 174, 145-154.   

 
Fig. 1 . Schematic stratigraphic columns after [1]. 
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