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Introduction: Discrete layers rich in sand-size 

spherules of former silicate melt have been identified in 
six different late Archean to Paleoproterozoic forma-
tions and interpreted as impact ejecta (Table 1) [1]. The 
spherule layer in the Jeerinah Formation was initially 
discovered in one core, FVG-1, where the aggregate 
thickness of spherules is ≤6 mm. This layer was never-
theless interpreted as ejecta from a major impact [2], 
based on a striking similarity to spherules whose impact 
origins are supported by various lines of geological [3-
5] and geochemical [6-7] evidence. We recently located 
a second occurrence of the spherule layer in a surface 
cut through the top of the Jeerinah Formation along the 
Hesta siding of the BHP railroad, which is ca. 50 kilo-
meters northwest of FVG-1. Here we report the charac-
teristics of this second occurrence and discuss its impli-
cations. Briefly, our discovery confirms that the Jeerinah 
spherule layer is regionally extensive and locally quite 
thick. The Jeerinah spherule layer also displays charac-
teristics in the Hesta exposure not seen in the FVG-1 
core which indicate that it is closely analogous to the 
other spherule layers.  

Sedimentology: The Jeerinah spherule layer is 
≥145 cm thick at the Hesta site and has two major sub-
divisions: 1) a lower, thin-bedded zone ≥ 50 cm thick 
with abundant spherules and related particles, and 2) an 
upper, massively bedded zone 95 cm thick which con-
tains fewer spherules. The lower zone is sand-rich but 
contains flat pebbles of chert, shale, and ferruginous 
material, the largest being 50x10 cm in cross-section. In 
contrast, chert clasts ranging up to 30x10 cm in cross-
section dominate the upper zone and spherules are 
sparser. The spherule layer is overlain by several deci-
meters of fissile sediment which is thinly laminated save 
for possible ripple cross-lamination in the basal 5 cm. 
This may represent a fine tail on the layer, but spherules 
have yet to be identified in it.  

Petrography: All of the particles we interpret as 
impact ejecta in the Jeerinah spherule layer are replaced, 
but many primary melt and quench textures have been 
preserved pseudomorphically. The particles consist 
mainly of K-feldspar with disseminated iron oxyhydrox-
ides from weathering, but minor amounts of muscovite, 
quartz, and rare carbonate are also present. Some of the 
particles are circular to oval in cross-section and display 
inward-radiating sprays of acicular crystals internally, 
whereas others are more angular and lack radial-fibrous 
sprays. Internally, the irregular particles generally have a 

more randomly matted mesh of fine crystals or no visi-
ble crystals at all; some are finely vesicular and/or nicely 
flow banded as well. The full extent of the difference in 
shape between these two types of particles is difficult to 
quantify because pressure solution between adjacent 
particles is widespread. The spheroidal and angular par-
ticles both originated in a single event based on the fact 
that smaller pieces with one of these two textures are 
embedded in larger particles with the other texture. We 
interpret such composite clasts as products of collisions 
between partially molten bodies in the ejecta cloud. 

Given their large size and lithologic resemblence to 
associated strata, we interpret the elongated clasts of 
chert, shale, and ferruginous material in the Jeerinah 
spherule layer as intraclasts. We believe they are rip-ups 
formed relatively locally by substrate scour, possibly 
associated with large, impact-generated waves [8]. It is 
not clear why the lower part of the layer contains intra-
clasts of various compositions whereas chert intraclasts 
are dominant in the upper part at the Hesta site. Shaly 
intraclasts are typically contorted due to compaction, 
whereas chert clasts are not. 

Implications for Stratigraphic Correlation: The 
spheroidal particles in the Jeerinah layer are texturally 
comparable to spherules in other late Archean to Paleo-
proterozoic layers (Table 1) in terms of size, shape, and 
internal textures. In contrast, significant numbers of ir-
regular or angular particles have NOT been observed in 
any of the other layers with one exception: the Carawine 
Dolomite [3,5,9]. Both spherules and irregular particles 
are restricted to one layer in the Carawine Dolomite 
which is ca. 24 meters thick and consists mainly of 
poorly sorted carbonate intraclasts. The carbonate clasts 
range in size from sand to slabs over 2 meters long, and 
impact particles make up only ~1.6% of this layer by 
volume. The irregular particles in the the Jeerinah 
spherule layer at the Hesta occurrence bear a strong 
petrographic resemblance to those in the Carawine layer, 
the main difference being that the particles in the Caraw-
ine Dolomite appear to be larger. Irregular particles in 
the Carawine spherule layer can be up to 2 cm long, 
whereas the largest irregular particles we have seen in 
the Jeerinah spherule layer are only 7 mm long. Like-
wise the spherules in the Carawine layer average 0.97 
mm in diameter, whereas those in the Jeerinah layer 
average about 0.77 mm. 

Given their geographic proximity and the petro-
graphic similarities of the impact particles they contain, 
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the Carawine and Jeerinah spherule layers are likely to 
be two parts of a single ejecta blanket. Simonson and 
co-workers previously correlated the Carawine spherule 
layer with the Wittenoom spherule layer [3,9,10], which 
is roughly 500 m above the Jeerinah spherule layer 
stratigraphically. Part of their rationale was that the 
Carawine and Wittenoom contained the only known 
spherule layers in their respective parts of the Hamersley 
basin (excluding the Dales Gorge spherule layer, which 
is even younger) However, with the discovery of the 
Jeerinah spherule layer, this is no longer the case. The 
Carawine/Wittenoom correlation was also supported by 
Pb-Pb isotopic ages obtained from carbonates associated 
with both layers [11], but the age obtained from the 
Carawine Dolomite may be significantly younger than 
the depositional age of the spherule layer [discussed in 
3]. Samples from a tuff layer near the top of the Jeerinah 
Formation have yielded a SHRIMP U-Pb isotope date of 
2629 ± 5 Ma [12], which provides a good depositional 
age for the Jeerinah spherule layer. The Carawine 
spherule layer, being near the base of the formation, 
could also be that old. Moreover, it occurs near the top 
of a shaly succession now believed to correlate with the 
Jeerinah Formation [2] 

The Jeerinah spherule layer may also correlate with 
a spherule-rich layer in the Monteville Formation of 
South Africa (Table 1), but the age of the Monteville 
layer is not well constrained either. Most isotopic dates 
from the Monteville and associated units point to an age 
of ~2.55-2.56 Ga, but the closest date stratigraphically 
to the Monteville spherule layer is 2650 ± 8 Ma [2]. 
This was obtained via SHRIMP analyses of zircons from 
a tuff roughly 40 m below the spherule layer, suggesting 
the Jeerinah and Monteville spherule layers could be 
contemporaneous.  

Implications for Precambrian Impacts: The ag-
gregate thickness of spherules in the Jeerinah layer at the 
Hesta site is roughly two orders of magnitude greater 
than in the FVG-1 occurrence. In a recent compilation 
of thicknesses of early Precambrian spherule layers, the 
Jeerinah spherule layer stood out as anomalously thin 
[1]; averaging the FVG-1 and Hesta occurrences elimi-
nates this apparent discrepancy and makes it one of the 
thicker layers known (Table 1). Additional occurrences 

are needed to refine this average but are unlikely to re-
duce it drastically. The impactors responsible for late 
Archean to Paleoproterozoic spherule layers were 
probably on the order of 10 km in diameter, based on 
analogies with the K/T boundary layer [1] and iridium 
fluences [1,6,7]. The thickness of spherules at the Hesta 
site suggests the Jeerinah spherule layer requires a pro-
jectile that was also that big. The layer also shows other 
characteristics at the Hesta site consistent with sedimen-
tological patterns observed in most late Archean to Pa-
leoproterozoic spherule layers [8]. Specifically, it was 
formed by an anomalously high-energy event in a deep-
shelf setting, although available data are not sufficient to 
determine if the spherules were reworked by waves, 
currents, or both. It has also been proposed [1,6] that 
early Precambrian spherule layers were largely products 
of impacts into oceanic crust, but textural features of the 
irregular particles in the Carawine spherule layer suggest 
those in particular may have been derived from conti-
nental target material [5]. If the Jeerinah and Carawine 
spherule layers were formed by a single impact, the re-
working at the Hesta sites suggests that it may have 
taken place in a marginal marine setting.  
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Table 1. Selected data on late Archean to early Paleoproterozoic impact spherule layers 
 

Host Formation Group Location 
Est. Thickness 
of  Spherules EstimatedAge Refs. 

Grænsesø  Vallen South Greenland 180 mm 1.9-2.0 Ga [13,14] 
Dales Gorge Hamersley Western Australia 50 mm ca. 2.49 Ga [1] 
Wittenoom Hamersley Western Australia 10 mm 2,541+18/-15 Ma [11] 
Carawine Hamersley Western Australia ≤250 mm ? 2,548 +26/-29 Ma [11] 
Jeerinah Fortescue Western Australia 200+ mm 2.63 Ga [2,this abstract] 
Monteville Ghaap South Africa 50 mm ?2.64 Ga [2] 
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