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Introduction:  Impact spherule layers constitute 

our only record of impacts by large extraterrestrial 

objects for the first half of Earth history (1). By defini-

tion, these layers contain high concentrations of dis-

tinctive spherules of silicate melt formed as ballistic 

droplets of impact melt and/or condensed from rock 

vapor. The discovery of 2 new spherule layers in the 

Griqualand West Basin of South Africa means it con-

tains a record of 3 large impacts over ca. 140 m.y. 

across the Neoarchean-Paleoproterozoic boundary. 

Equally well-preserved and essentially contemporane-

ous strata of the Hamersley Basin of Western Australia 

also contain spherule layers from a minimum of 3 large 

impacts. There are striking similarities between the 

layers in these two Basins and the sediments that host 

them, but there are also differences. We undertook 

detailed petrographic and sedimentologic studies of the 

layers to test the hypothesis that they are all products 

of the same 3 impacts. 

Australian layers: Discrete spherule layers occur 

in 4 late Neoarchean to early Paleoproterozoic forma-

tions in the Hamersley and Fortescue Groups of West-

ern Australia, all the products of large (roughly K/T 

boundary-size) impacts (2). Three of the layers are 

restricted geographically to the main part of the Ham-

ersley Basin; from oldest to youngest, they reside in 

the Jeerinah, Wittenoom, and Dales Gorge (Member of 

the Brockman) formations. A fourth formation, the 

Carawine Dolomite, contains a spherule layer that is 

restricted to the northeastern Hamersley Basin. Ini-

tially, the Carawine and Wittenoom layers were corre-

lated (3), but subsequent field, petrographic, and geo-

chemical work strongly suggest that the Jeerinah and 

Carawine layers are products of a single impact (2,4). 

All of these layers were deposited below wave base 

(2,5), but different types of sediments are associated 

with different layers. The lower spherule layers 

(Carawine, Jeerinah, and Wittenoom) are mostly asso-

ciated with basinal shales and carbonates whereas the 

uppermost layer occurs in the Dales Gorge, one of the 

world’s premiere banded iron formations (BIFs). 

South African layers: The Griqualand West Basin 

of South Africa shows striking geological similarities 

to the Hamersley Basin. In addition to world-class 

BIFs, both have carbonates with microbial structures 

rarely seen in other successions (6-8). The stratigraphi-

cally lowest impact spherule layer is in the Monteville 

Formation (9). The Monteville consists largely of car-

bonates and shales similar to those of the Hamersley 

basin (6). A second spherule layer occurs in the overly-

ing platformal carbonates of the Reivilo Formation 

(10), which is depositionally similar to the Carawine 

Dolomite. The strata hosting the laterally extensive 

Reivilo layer were deposited in environments ranging 

from shallow subtidal to deep slope. The third and 

stratigraphically highest spherule layer was positively 

identified in a single core from the Kuruman BIF, a 

unit that has been directly correlated with the Dales 

Gorge BIF of the Hamersley Basin (11). 

Comparison: 1) Ages: Available isotopic dates 

suggest the formations hosting stratigraphically analo-

gous spherule layers are similar in age. Based on 

SHRIMP analyses of zircons from nearby tuffs, the 

Dales Gorge spherule layer was deposited ca. 2.49 Ga 

(12,13). Similar data constrain the deposition of the 

Kuruman spherule layer between 2.46 and 2.52 Ga 

(11,14). SHRIMP analyses from tuffs in the Jeerinah 

Formation and Carawine Dolomite date the deposition 

of the oldest Hamersley spherule layer to around 2.63 

Ga (4,13). The Monteville layer could be coeval, but 

its age is not as well constrained (15). Direct dating of 

carbonate and zircons from the Wittenoom layer itself 

suggest it was deposited ca. 2.55 Ga (13,16), which is 

consistent with SHRIMP dates from nearby tuffs (2,4). 

The age of the Reivilo layer is poorly constrained but 

appears to be around 2.56 Ga. Thus available age data 

are consistent with coeval deposition of correlative 

spherule layers in the Hamersley and Griqualand West 

Basins. 

2) Petrography: First, spherules in potentially coe-

val layers generally show similar textures that are dis-

tinct from other layers (Fig. 1). Second, irregular melt 

particles only occur in abundance in the oldest layers 

in the Carawine, Jeerinah, and Monteville spherule 

layers (17-19). Irregular melt particles are more angu-

lar and larger on average than spherules and show fine 

vesicles and/or relict flow banding internally (Fig. 

1D,H) instead of the radial-fibrous rims and clear cen-

tral spots of typical spherules (Fig. 1B,C,F,G). Third, 

the spherules and irregular melt particles in the Mon-

teville and Jeerinah formations had similar diagenetic 

histories, including internal growth of distinctive bands 
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of fibrous sericite (Fig. 1C,G; 18,19). Fourth, spherules 

in the only known occurrence of the Kuruman spherule 

layer show obscure textures very similar to some ob-

served in a few occurrences of the Dales Gorge layer 

(Fig. 1A,E). Finally, only the Wittenoom and Reivilo 

 

 
FIGURE 1:  Photomicrographs (plane polarized light) 

of spherules and other impact ejecta from layers hosted 

by following formations: A) Dales Gorge, B) Wit-

tenoom, C) Jeerinah, D) Carawine (irregular melt par-

ticle), E) Kuruman, F) Reivilo, G) Monteville, and H) 

Monteville (irregular melt particle); all white scale bars 

are 0.2 mm long. 

 

spherules do not compare well petrographically.  Both 

are dominated by well-rounded spherules with an 

abundance of fibrous to lath-shaped crystals replaced 

by K-feldspar, but crystals are coarser and more abun-

dant on average in the Reivilo spherules (Fig. 1B,F; 

10,20). In fact, the Reivilo spherules are the most 

highly crystallized Precambrian impact spherules 

known and generally lack the inward-radiating fibrous 

fans observed in most Neorchean to Paleoproterozoic 

spherules. Since the other correlated pairs of spherule 

layers show close petrographic similarities, we believe 

the Wittenoom and Reivilo layers are products of dif-

ferent impacts. This is consistent with a detailed se-

quence stratigraphic comparison of the two succes-

sions (21). If true, 4 discrete impacts are required and 

at least one major spherule layer has yet to be found in 

both the Hamersley and Griqualand West Basins. 

Conclusions: Neoarchean to Paleoproterozoic 

strata in South Africa and Western Australia each host 

a minimum of three spherule layers, requiring at least 

three large impacts by extraterrestrial objects over a 

span of ca. 140 million years. We believe the highest 

and lowest layers on both continents were formed by a 

pair of impacts around 2.49 and 2.63 Ga respectively. 

However, the characteristics of the middle layers sug-

gest they were formed by different impacts, both of 

which took place around 2.55 Ga. Our results suggest 

that using impact spherule layers to establish a global 

system of early Precambrian stratigraphic correlation 

may be an achievable goal. This would create time 

planes  with a resolution of possibly as little as a few 

days in sucessions deposited billions of years ago. 
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