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Introduction: The Hamersley Group of Western 
Australia contains some of the oldest sedimentary units 
preserved in the present day rock record [1]. The 
majority of the units were deposited in a low-energy, 
submarine environment and are primarily composed of 
below wave-base, fine-grained siliceous sediments and 
banded-iron formations (BIFs) [2]. The Brockman Iron 
Formation is one of the major subdivisions of the 
Hamersley Group and consists of four stratigraphic 
members, the lowest of which is Dales Gorge [3]. The 
Dales Gorge Member consists of 16 shale beds 
(numbered S1-S16) with interbedded BIFs [3]. Within 
the fourth shale unit (S4) is a thin layer of sand-sized 
spherules formed from an impact event dated to about 
2.49 Ga [1,2]. The spherule layer is distal fall-out of an 
impact-associated vapor plume and represents a 
relatively instantaneous depositional event on a global 
scale [2]. Geochemical signatures of spherule units can 
reveal vital information for stratigraphic correlation; 
however, post-depositional processes such as 
metamorphism and diagenesis can mask such 
signatures [4,5].   

An impact event, involving the vaporization and 
condensation of impactor and target rock, is expressed 
by an abrupt change in both the geochemistry and the 
macroscopic texture of the depositing sediments. 
Geochemical analysis of the spherules and the 
background sediments constrains the composition of 
the impactor as well as the crustal regions from which 
the ejecta were derived.   

Methods: To determine bulk chemical composition 
of samples I used the ThermoScientific Niton® XL3t-
900 X-Ray Fluorescence (XRF) instrument. Three 
side-by-side XRF readings were conducted on cut slab 
faces every centimeter vertically to provide 
chemostratigraphic data. The geochemical data were 
used to determine mineralogical components and 
possible provenance of the sediment. 

Handsamples: Three oriented samples, including 
sediments adjacent to and within the spherule layer of 
the Dales Gorge Member were analyzed. This spherule 
layer is well preserved since it was deposited in a low-
energy system during a time without biogenic 
disturbance [3]. The macroscopic texture of a sawn 
slab displays a sharp contact between the fine-grained 
sediments and the spherule rich sediments (fig 1). This 
stratigraphic boundary is of particular interest since it 
does not exhibit any brecciated textures or large blocks 
indicative of a high-energy event such as an impact-
generated tsunami. Many of the other similarly aged 
impact layers, including the Carawine impact layer, 

display thick breccias. A relatively instantaneous 
change in sediment deposition will therefore produce a 
geochemical anomaly distinguishing the components 
of the fine-grained sediment from the potentially 
extraterrestrial components of the spherule layer.   

Geochemical Results: XRF analysis of the 
spherule layer reveals an increase in siderophile 
elements Fe and Ni and large-ion lithophile elements 
(LILE) Rb and Ba when compared with the under- and 
overlying fine-grained sediments (fig 1). Other 
enriched components in the impact layer include high 
field strength elements (HFSE) Ti and V, as well as Cr. 
Ti/V ratios have an average of about 20 in the spherule 
bed compared to an average of 6 in the shale (fig 2).  A 
concurrent marked increase in Si and Al and depletion 
of Ca is probably linked to the contrast between the 
mineralogical components of the different sediment 
types. 

The fine-grained adjacent shale layer is 
characterized by an enrichment of LILEs Sr and K, 
indicative of more highly weathered, mature 
sediments. Although Fe is consistently lower in the 
fine-grained sediments, a significant concentration is 
maintained.  

Within the spherule bed, there is little to no 
stratigraphic geochemical variation (fig 1).  

Discussion: The adjacent fine-grained sediments 
contain enough Fe to constitute the classification of 
ferruginous shale. A relatively low Zr concentration in 
both the shale and the spherules (fig 3) is inconsistent 
with a source of continental crust. Elevated levels of 
Fe, Mg and Ca are consistent with a basaltic target. 

Unlike the highly concentrated sections of 
spherules in the S3 layer in the Barberton greenstone 
belt, South Africa [6], there is little to no stratigraphic 
variation on the centimeter scale in the Dales Gorge 
layer. This indicates a relatively homogenous 
composition of spherules within the section analyzed.   

XRF analysis provides an easy and accurate 
method to determine bulk geochemistry of 
handsamples. From this particular analysis it can be 
concluded that the spherule rich sediments of the Dales 
Gorge Member are composed of impact-derived vapor-
plume condensate and exhibit a clear anomaly to the 
adjacent fine-grained sediments. Further geochemical 
and petrographic analysis will provide greater insight 
into the mineralogical components of both the 
spherule-rich sediments and the fine-grained sediments 
and will help to further constrain their source.   
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Figure 1: Oriented handsamples from the Dales Gorge spherule layer display a sharp upper and lower contact between 
background fine-grained sediments (white arrow in photo, in grey on graphs) and spherule layer. Correlating XRF data 
(measured in ppm) exhibits a clear anomaly between the Fe, Ni, Cr and Sr concentrations in the spherule bed compared to 
adjacent sediments.  
 

 
Figure 2: V/Ti plot of the Dales Gorge spherule layer 
(DGSL) and the adjacent fine-grained sediments (DG Sh). 
PM: primitive mantle; CC: continental crust; DMM: depleted 
MORB mantle; OIB: Ocean Island Basalt.  Other reference 
data points based on Krull-Davatzes, 2012 and the Treatise on 
Geochemistry Vol 1-3, 2006. 

 Figure 3: Ternary diagram of Al2O3, Zr, and TiO2 of the Dales 
Gorge spherule layer (DG spherules) and the adjacent fine-
grained sediments (DG Shale). CC: continental crust. Other 
reference data points from the Treatise on Geochemistry Vol 1-
3, 2006. 
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