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The Coolgardie Goldfield has been a centre for gold 
prospecting, exploration and mining since discovery of gold in 
1892 by Arthur Bayley and William Ford, one year before 
Kalgoorlie, including more recent exploration and mining 
activity for lithium bearing pegmatites, nickel and other base 
metals. The geology is comprised of Archean greenstone rocks 
(felsic, mafic and ultramafic intrusive and extrusive rocks, and 
metasediments), and surrounded by younger Archean granitic 
batholiths (Figure 1). The greenstone rocks in this region tend 
to be metamorphosed to upper greenschist and amphibolite 
facies, making them hard and generally resistant to weathering. 
Therefore, unlike other greenstone belts in Western Australia, 
there is a large amount of outcropping to subcropping 
greenstone bedrock, which has undergone only shallow 
weathering, and there are only small areas of transported 
siliciclastic or lateritic regolith cover. 
 

 
Figure 1. Geological bedrock domains of the Coolgardie 
greenstone belt from Meyers and Wood (2010), showing 
gold occurrences (yellow dots), major gold deposits and the 
Meyers Crater outline, which is crossed by the Coolgardie-
Esperance Highway in the northeast. 
 
Focus Minerals has been exploring a large part of the 
Coolgardie goldfield in recent years, and Resource Potentials 

SUMMARY 
 
Detailed airborne electromagnetic (VTEM), gravity and 
passive seismic HVSR surveying, followed up by RC and 
diamond drilling, has identified an isolated circular and 
geologically young meteorite impact crater filled with 
sediments and located next to the town of Coolgardie in 
Western Australia. It was discovered in 2017 (Meyers, 
2017), is 800 m in diameter and estimated to be >140 m deep 
based on passive seismic results, because only angled 
drilling was carried out for gold exploration along the 
western side of the crater. The crater has been filled with 
impact debris and sedimentary deposits to form a flat 
modern topographic feature. The pre-impact bedrock is 
Archean greenstone, which hosts numerous gold 
occurrences and mines surrounding the crater. The crater is 
filled with a polymict impact breccia of mixed greenstone 
rocks from below and surrounds near its base. A thin (<2 m) 
tuffaceous looking ejecta layer occurs at the boundary 
between the impact breccia and underlying in situ brecciated 
greenstone bedrock (high Mg basalt and ultramafic lava). 
This transition zone is also imaged as two “bedrock” layers 
in passive seismic HVSR cross-sections. The impact breccia 
is overlain by a very thick deposit of anoxic peat and 
carbonised wood fragments containing framboidal pyrite, as 
well as slump blocks of greenstone rocks, starting from over 
120 m deep to a depth of 14 m from surface, where this 
organic layer is capped by a fine clay deposit, which was 
likely transported into the crater after its raised rim was 
breached by erosion. The crater and its fill deposits cannot 
explain the entire circular gravity anomaly low of -5mGal, 
and the brecciated in situ greenstone bedrock around and 
below the crater is modelled to contribute to the gravity 
anomaly low. It is estimated that the meteorite projectile was 
about 40 m in diameter, came from an easterly trajectory, 
and impacted Coolgardie between the Miocene to 
Pleistocene, with age dating and Ir analysis of the impact 
layer and overlying plant material soon to be carried out. A 
high-resolution ground magnetic survey using 10 m line 
spacing was carried out to try and detect large iron meteorite 
fragments, but only a weak and diffuse anomaly pattern 
occurs at the crater centre, indicating that the meteorite was 
highly fragmented on impact and/or later demagnetised by 
weathering. A vertical diamond drillhole down the centre of 
the crater is required to properly study this relatively young 
impact structure and analyse the preserved plant material 
filling the crater over a vertical column of 100 m or more, 
continuously recording local environmental changes over a 
considerable time period. 
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has been assisting them with their geophysical requirements. In 
2006, a helicopter electromagnetic (VTEM) survey was carried 
out over the greenstone belt, and a large circular shallow 
conductor was detected in a small area coincident to alluvial 
deposits and surrounded by greenstone outcrop, as mapped by 
the Geological Survey of Western Australia (Hunter et al., 
1988; Figure 2). The VTEM electromagnetic anomaly (Figure 
3) was interpreted to represent a surficial clay pan filled with 
conductive clays and saline groundwater, which are common 
regolith features in Australia. It was joked at the time that the 
conductor was caused by a meteorite crater due its very circular 
shape, but no drilling for gold had been carried out in this area 
at the time, despite the surrounding greenstone belt outcrop 
having been extensively drilled, with the Brilliant open cut gold 
mine sitting just to the SW side of the VTEM anomaly. The 
electromagnetic anomaly associated with this circular 
conductor starts at the surface, and is so strong that it is 
impossible to detect the resistive base to the conductor layer 
using the VTEM system (see cross-section of conductivity in 
Figure 9). 

 
Figure 2. Outcrop geology map image from Hunter et al. 
(1988) showing the VTEM anomaly and crater structure 
outline (black) correlating to a mapped area of Cainozoic to 
Recent transported regolith cover (cream colour), Brilliant 
open cut gold mine outline (red) and small gold occurrences 
(yellow dots), highway (brown), and location of passive 
seismic cross-sections shown in Figures 6 and 9 (purple). 
 
Then in early 2017, Focus Minerals contracted Atlas 
Geophysics to carry out a detailed gravity survey (100 m x 50 
m spacing) along with a few test lines of passive seismic 
surveying using the single seismometer horizontal to vertical 
spectral ratio (HVSR) method to detect bedrock depth below 
the mapped area of transported regolith cover (for an 
explanation of the HVSR method for bedrock depth detection 
see Owers et al., 2016). The preliminary field gravity data were 
reviewed by Resource Potentials, and a sharp and circular 
gravity low anomaly of -5 mGal was identified to coincide to 
the area of transported regolith cover and the circular VTEM 
conductor anomaly (Figure 4). It was immediately apparent to 
the primary author that this gravity anomaly could not be 
produced by a small granitic intrusive stock intruding into the 
greenstone belt, even though such internal granite intrusions are 
common in Archean greenstone belts, or it was not likely 
caused by a young diatreme/maar structure, because the 
aeromagnetic anomaly pattern below the circular VTEM and 
gravity anomalies showed no signs of concentric magnetic 

anomalies deformation of the surrounding greenstone rocks that 
characterise internal granitic bodies. The greenstone belt unit 
magnetic trends are also interpreted to continue unbroken to the 
NNW below the crater from aeromagnetic images (Meyers and 
Wood, 2010). Furthermore, the relatively strong negative 
gravity anomaly is twice the amplitude of an internal granitoid 
body. This suggested that there was a conical to bowl shaped 
depression in the Archean bedrock that was filled with lower 
density regolith material, not just a thin clay pan, and there was 
also brecciated bedrock sitting below the depression having 
lower density than the surrounding bedrock unaffected by 
brecciation. This scenario is similar to the Berringer Meteorite 
Crater in Arizona (USA), which has a diameter of 1.2 km, a 
minor amount of crater fill deposits, and a strong gravity low 
explained by a conical or “fang shaped” breccia zone (Regan 
and Hintze, 1975; Kring, 2007). 

 
Figure 3. VTEM mid-time Z receiver dB/dt (channel 26) 
anomaly image showing crater structure outline (black), 
Brilliant open cut gold mine outline (red) and small gold 
occurrences (yellow dots), highway (brown), and location of 
passive seismic cross-sections shown in Figures 6 and 9 
(purple). 

 
Figure 4. Bouguer gravity anomaly with 0.5 vertical 
derivative filter image showing crater structure outline 
(black), Brilliant open cut gold mine outline (red) and small 
gold occurrences (yellow dots), highway (brown), and 
location of passive seismic cross-sections shown in Figures 6 
and 9 (purple). 
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The depth to the base of the crater needed to be mapped in order 
to understand the overall geometry of the crater and to construct 
a reliable gravity model that would account for the crater fill 
and low density zone from brecciated bedrock sitting below. 
Therefore, passive seismic HVSR transects were run across the 
crater in four N-S and two E-W survey lines by Atlas 
Geophysics, and then additional infill survey lines and depth 
calibration readings over drillhole intercepts into bedrock were 
collected by Focus Minerals field staff following training by 
Resource Potentials. Figure 5 shows the final HVSR survey line 
locations and mapped bedrock depth, extending to about 140 m 
in the centre, using the passive seismic HVSR method. Selected 
HVSR cross-sections are shown in Figures 6 and 9. An average 
shear wave velocity of 400 m/s for the crater fill deposits was 
estimated using HVSR peak frequency readings and depth to 
hard bedrock from drillholes using the equation of Nakamura 
(2000; see also Owers et al., 2016) for depth calibration of all 
the HVSR data.  

 
Figure 5. Passive seismic depth to bedrock image with 2 m 
contour interval showing crater structure outline (black), 
Brilliant open cut gold mine outline (red) and small gold 
occurrences (yellow dots), highway (brown), and locations 
of passive seismic survey lines (thin dark purple) and cross-
sections shown in Figures 6 and 9 (purple). 
 

 
Figure 6. Passive seismic normalised amplitude HVSR 
cross-section showing depth to hard bedrock at the base of 
the crater and a shallower low amplitude layer 
corresponding to the clay-peat contact (upper panel), with 
the same cross section showing depth stretched HVSR 
profiles for each recording station as stacked profiles with 
positive amplitude to the right (lower panel). See Figures 2 
to 5 and 8 for cross-section location. 

 
Note that the size and shape of the crater from the passive 
seismic survey is smaller and different than the outline of the 
crater from the gravity and VTEM data sets (compare Figure 5 
to Figures 3 and 4). This shows that the deeper part of the crater 
is smaller than the crater structure defined by gravity surveying, 
due to lower density brecciated bedrock formed around the 
crater bowl, as is the norm for “simple” impact craters having a 
diameter of less than 4 km (Kring, 2007; Glickson et al., 2008). 
The diameter of the VTEM anomaly also shows inward dip of 
the crater margin in the near surface (e.g. Figure 9), and the 
passive data then shows that the centre of the crater forms a 
more conical shaped depression at greater depth, with some E-
W asymmetry at the base, which may indicate an easterly 
trajectory for the projectile (Figure 5). The crater rim appears 
to have been eroded and breached, especially in the SW, where 
a drainage is cut into the crater rim, allowing water and 
sediments to flow from SW to NE, which is also the modern 
drainage direction. Inversion of the gravity data constrained to 
the diameter of the VTEM anomaly (e.g Figure 7), and 2.5D 
gravity modelling using the crater base and fill as starting 
layers, indicate that the low density brecciated greenstone 
bedrock extends to a depth of approximately 800-1000 m, 
depending on density contrasts used for the modelling. 
Drillholes collared within the crater and extending down to the 
west through the shallow crater wall came out of the brecciated 
monomict basement rock after a 60 m interval through this 
zone. 

 
Figure 7. CDI inversion of VTEM data forming a 
conductive top (red) over a 3D inverted gravity low body 
extending below the Meyers Crater (blue), which has a 
conical shape likely caused by brecciated greenstone rocks 
sitting below the crater. 
 
A very high resolution ground magnetic survey was carried out 
by Resource Potentials over the crater centre using 10 m N-S 
survey line spacing and a sensitive Geometrics G-859 Cs 
vapour magnetometer to try and detect any subtle magnetic 
anomalies that could be caused by large iron meteorite 
fragments. The 140 m crater depth and manmade metallic 
objects and fences from historical gold mining activities made 
detection of such small iron objects difficult. Figure 8 shows 
the results of the ground magnetic survey, with the outline of 
the deep part of the crater from passive seismic surveying 
drawn as an inner-circle. There are no obvious magnetic 
anomalies in the deep crater centre that would be caused by iron 
meteorite fragments, suggesting that the meteorite has been 
fragmented into numerous small particles, with some of it likely 
vaporised on impact, and/or any large iron meteorite fragments 
have been demagnetised by weathering and oxidation. 
 
Photographs of core samples representing each main layer of 
the crater structure are shown in Figure 10. Some selected core 
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samples will be analysed for Ir and other trace elements that are 
indicative of a meteorite impact layer and can be distinguished 
from the mafic-ultramafic rocks forming the crater basement. 
The interpreted ejecta layer will be age dated using (U-Th)/He 
geochronology or He dating or of zircon and apatite. The base 
of the peat deposits will be pollen dated to provide an upper age 
limit for the impact event. 
 

 
Figure 8. Ground magnetic high-pass filtered image 
showing crater structure outline and inner deep zone from 
passive seismic surveying (black circles), Brilliant open cut 
gold mine outline (red) and small gold occurrences (yellow 
dots), highway (brown), and location of passive seismic 
cross-sections shown in Figures 6 and 9 (purple). 
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Figure 9. E-W cross sections and profiles of different geophysical survey data sets along a coincident E-W survey line crossing 
the Meyers Crater. See Figures 2 to 5 and 8 for cross-section location. 
 
 

 
Figure 10. Photographs of selected diamond core samples drilled through the western side of the Meyers Crater representing 
the main crater lithologies from top to bottom, excluding the surficial clay layer: A) Wood fragment that was encapsulated in 
peat from 100 m depth, B) half core of polymict impact breccia with angular fragments of felsic to ultramafic intrusive and 
extrusive rocks in a poorly sorted matrix of smaller rock fragments and an ash-like fine grained material, C) preserved thin 
ejecta layer forming a tuff-like material located between polymict breccia above and monomict breccia crater basement below, 
and D) quarter core of crater basement forming a monomict breccia, where clasts maintain textural alignment of rock fabric, 
and the matrix is a pressure altered product of the parent rock, with the intensity of brecciation decreasing with distance from 
the crater wall, likely thin at the sides and thick extending below the crater floor. The boundaries between these main crater 
units are gradational. 
 


