
Spatial Variation of Maximum Spherule Sizes in Distal Ejecta Layers 
Around the Archean-Proterozoic Boundary

Spherules are roughly millimeter sized beads of formerly molten glass formed from vaporized rock during large meteorite impacts. Thanks to their distribution in wide, even global layers, they 
are useful for studying impacts dating from the Archean where subduction and other geologic processes have removed most other traces they would have left in the crust. We studied three sets 
of layers correlated between two intercontinental basins located in the Pilbara and Kaapvaal cratons to try to estimate their proximity to the sites of impact, get a sense of the relative 
paleogeographic positions of these two continents during the Archean, and improve our understanding of impacts as a whole.
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Paleogeography: It has been debated whether these two basins were part of the same 
continent at the time the spherules were deposited [9 and refs therein]. We find some evidence 
supporting the separate continent theory in the consistent increase in the difference in spherule sizes 
from the oldest to the youngest layers attained by dividing the smaller spherule size by the larger (see 
chart).This difference could be explained by the two basins having drifted progressively further apart 
during the Neoarchean. However, this explanation seems unlikely for a few reasons. One is the 
distance that could be put between the basins during the approximately 140 million years between 
impacts. If the basins were on separate continents with an intervening mid ocean ridge, a typical 
spreading rate of 5 cm per year would put ~15,000 km between basins during the time span 
represented by all of the impacts. This would presumably result in a much greater change in spherule size than what is observed. This distance also seems 
unreasonable in light of the stratigraphic similarity of the two basins [9,10]. We conclude that the two basins were located on the same continent during deposition of all 
the spherule layers, and that the change in spherule size is the result of something other than progressive changes in relative distance between them.

Two Important Basins: Spherules were collected from three layers in the Hamersley Basin in Western Australia and three layers they have been correlated with in the  
Griqualand West Basin of South Africa.

Impact Sites: Based on our measurements, there are subtle but noticeable differences in the maximum sizes of the spherules 
between layers correlated between the two Basins (see chart). Assuming the spherules decrease in size with increasing distance from their source crater, this would 
indicate which of the two Basins was closer to the crater at the time of impacts [1]. However, there is considerable variability in the maximum sizes of the spherules from 
location to location within a Basin where multiple locations are available for study (see “Estimating Impactor Size” for further discussion.

Au
th

or
Pr

oo
f

U
N
C
O
R
R
EC

TE
D
PR

O
O
F

1339 latter consists of coarse sand- to pebble-sized tabular intraclasts of carbonaceous
1340 shale and early diagenetic pyrite, spherules and irregular particles, and lesser

Fig. 8.20 Generalized geological map of the Griqualand West Basin (South Africa). a Index
map showing the location of the Kaapvaal Craton (inside gray line), where strata of the
Griqualand West Basin are preserved (black), and the general vicinity of the largely coeval
Transvaal Basin. b Generalized map of the areas of occurrence of the carbonate-rich
Campbellrand Subgroup and the iron formation-rich Asbesheuwels Subgroup showing the sites
where Archean-Proterozoic boundary spherule layers have been identified. GKF-1 and GKP-1 are
Agouron Institute cores; the Kuruman, Reivilo, and Monteville spherule layers have all been
identified in both cores. The Reivilo and Monteville spherule layers have both been identified in
the Kathu core, an exploration drill core drilled near the town of Kathu (Altermann and Siegfried
1997). The Kuruman spherule layer has also been identified in one exploration core drilled by an
asbestos mining company near Pomfret. The Reivilo spherule layer was initially identified in core
GH6-3, also drilled for exploration purposes. The Monteville spherule layer has also been
identified in 10 cores drilled in and around the Pering Mine area (indicated by a trapezoid - see
Fig. 8.28 for a more detailed map of this area) and another exploration core drilled in the vicinity
of the town of Trompsburg *108 km south of Bloemfontein. Outcrops where the Monteville
spherule layer has been identified are GK (Goudkop) and MF (Monteville farm). Modified after
Simonson et al. (2009a), Fig. 1b
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83 capped by decimeter-scale, sandy layers of normally graded shaly intraclasts that
84 are probably turbidites and generally lack spherules (see Sect. 8.2.2.4). The
85 average aggregate thickness of spherules in the Dales Gorge spherule layer
86 throughout its area of occurrence is hard to estimate because of this variability, but
87 it is believed to be on the order of 6 cm.

Fig. 8.2 Generalized geological map of the Hamersley Basin. a Index map showing the location
of the Pilbara Craton (inside gray line) in the state of Western Australia and where strata of the
Hamersley Basin are preserved (black). b Generalized map of the areas of occurrence of the
Jeerinah Formation (the uppermost unit of the Fortescue Group) and the Hamersley Group
showing the principal sites where the Dales Gorge and Paraburdoo spherule layers have been
identified. The Oakover River area lies east of *120! E and is separated from the main outcrop
area of the Hamersley Basin by a broad alluvial valley. c Same map as b showing the principal
sites where the Bee Gorge, Carawine, and Jeerinah spherule layers have been identified. Labeled
outcrops are RH Ripon Hills, TTT Tarra Tarra turnoff, and Hesta. Labeled coresites are
BGB Billygoat bore, FVG-1, WRL-1, and DDH186. Modified after Simonson et al. (2009a),
Fig. 1a
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Estimating Impactor Sizes: Maximum spherule size has 
been used to help estimate impactor size [e.g. 5]. The accuracy of this 
method depends on the spheruleʼs maximum 
size staying consistent throughout the whole 
distal layer [ e.g. 8]. If that were the case, 
impactor size estimates based on spherules 
from different locations of a given layer should 
be the same. However, spherule sizes are not 
consistent location to location in the layers we 
studied, despite the fact that these are mainly 
distal layers [1]. This has lead estimates of 
impactor size to vary depending on where the 
samples came from [5]. This could be the result 
of mixing with proximal ejecta (e.g. Jeerinah-
Monteville layer), small sample size (e.g. Kuruman Layer), and/or detrital 
reworking by impact induced waves and currents (e.g. Dales Gorge Layer). 
It is also possible that the assumption of uniform maximum spherule size in 
the distal layer is an oversimplification; few distal ejecta layers from large 
impacts have been sampled over such a large area.

*The presence of irregular particles, which we interpret as proximal ejecta [6,7], suggests that 
the Hamersley Basin was closer to the oldest site of impact, but the larger spherules in the 
Griqualand West Basin suggest that the opposite is true. Perhaps the irregular particles are the 
result of the Hamersley being hit by a ray of coarser ejecta at a further distance from the crater.

Hamersley Basin, Western Australia
Dales Gorge Spherule Layer (~2.49 Ga) - 12 sites
Paraburdoo Spherule Layer (~2.57 Ga) - 3 sites
Jeerinah/Carawine Spherule Layer (2.63 Ga) - 4 sites

Griqualand West Basin, South Africa
Kuruman Spherule Layer (~2.49 Ga) - 2 sites
Reivilo Spherule Layer (~2.57 Ga) - 3 sites
Monteville Spherule Layer (2.63 Ga)  - 9 sites

Photo of spherules from the Dales Gorge Spherule Layer under plane-polarized light
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Kuruman-Dales Gorge: crater closer to Hamersley Basin

Reivilo-Paraburdoo: crater closer to Griqualand West Basin

Monteville-Jeerinah/Carawine: crater closer to Griqualand West Basin*
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83 capped by decimeter-scale, sandy layers of normally graded shaly intraclasts that
84 are probably turbidites and generally lack spherules (see Sect. 8.2.2.4). The
85 average aggregate thickness of spherules in the Dales Gorge spherule layer
86 throughout its area of occurrence is hard to estimate because of this variability, but
87 it is believed to be on the order of 6 cm.

Fig. 8.2 Generalized geological map of the Hamersley Basin. a Index map showing the location
of the Pilbara Craton (inside gray line) in the state of Western Australia and where strata of the
Hamersley Basin are preserved (black). b Generalized map of the areas of occurrence of the
Jeerinah Formation (the uppermost unit of the Fortescue Group) and the Hamersley Group
showing the principal sites where the Dales Gorge and Paraburdoo spherule layers have been
identified. The Oakover River area lies east of *120! E and is separated from the main outcrop
area of the Hamersley Basin by a broad alluvial valley. c Same map as b showing the principal
sites where the Bee Gorge, Carawine, and Jeerinah spherule layers have been identified. Labeled
outcrops are RH Ripon Hills, TTT Tarra Tarra turnoff, and Hesta. Labeled coresites are
BGB Billygoat bore, FVG-1, WRL-1, and DDH186. Modified after Simonson et al. (2009a),
Fig. 1a
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Paraburdoo

Methods: The long axes of spherules and irregulars were measured in thin 
section using a petrographic microscope. Samples were taken from as many locations 
as possible for each layer. We measured the 50 largest spherules from populations of 
500 from one sample from each location that had the largest, most abundant 
spherules. The average maximum long axes measurements from all available 
locations were compiled to obtain the maximum size of spherules in each basin.

Photo showing long axes measured on an 
irregular particle (1.8 mm) and a spherule 
(0.84 mm) from the Jeerinah spherule layer.

Conclusions:
• Spherule size can be used to determine the relative proximity of multiple 

basins to an impact site.
• Faulty assumptions about the uniformity of distal ejecta layers and/or 

mixing with proximal ejecta may cause variation in impactor size 
estimates.

• Despite the observed variations in spherule size, it appears that the 
Hamersley and Griqualand West Basins were probably on the same 
continent when the spherule layers were deposited.
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29 spherule layer(s) described in Chap. 9. In the Hamersley Basin, spherule layers have
30 only been identified among some 800 m of strata in the middle of the Mt. Bruce
31 Supergroup. The oldest spherule layer is very near the top of the Fortescue Group in
32 the Jeerinah Formation, whereas the youngest spherule layer is in the Dales Gorge
33 Member in the middle of the overlying Hamersley Group (Fig. 8.1). Spherule
34 layers have been identified in 5 different stratigraphic units in the Hamersley Basin
35 (Table 8.1). Strata of the Hamersley Group occur in two geographic areas currently
36 separated by a wide alluvial valley. Within the Hamersley Basin, these two areas
37 are informally known as the main outcrop area and the smaller Oakover River area.
38 Three of the five layers (the Dales Gorge, Bee Gorge, and Paraburdoo) are in units
39 that are restricted to the main outcrop area, one of the layers (the Carawine) is in a
40 formation that is restricted to the Oakover River area, and one layer (the Jeerinah) is
41 in a formation that occurs in both areas (Fig. 8.2), but the layer is restricted to the
42 main outcrop area. Based on stratigraphic correlations between the two areas

Fig. 8.1 Schematic columns showing the stratigraphic units and principal lithologies for the
parts of the Hamersley Basin (Western Australia) and Griqualand West Basin (South Africa)
successions that host known spherule layers. Rows of white dots indicate the stratigraphic
positions of the spherule layers. The thick black line (labeled APB) indicates the approximate
stratigraphic position of the Archean-Proterozoic boundary. The Roy Hill Shale is always the
uppermost member of the Jeerinah Formation where present. The Klein Naute Formation is a
lateral equivalent of the Gamohaan Formation and is restricted to the southwest part of the
Griqualand West Basin. The dashed lines connect layers that may have been formed by a single
impact. Numbers on sides of columns are radiometric ages in Ma (see text for details).
Fm formation, Mb member, SL spherule layer. Modified after Hassler et al. (2011), Fig. 1
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Stratigraphic 
columns 
showing 
correlations of 
spherule 
layers in each 
basin

Scan of a sample taken from the 
Monteville Spherule Layer


