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Introduction:  Physical property logs provide an 

important ground-truthing tool in the analysis of geo-
physical data. For impact studies, the statistical proper-
ties of these data series can provide an important link 
between structures in different parts of the world, char-
acterized by different lithologies, morphologies, or 
target rock types. These properties serve to answer the 
question of exactly how heterogeneous or homogene-
ous the different impact sequences are, in particular for 
the footwall structures relative to impactite layers. 

To describe small scale heterogeneity in the vari-
ous sections of the Bosumtwi crater we used the ap-
proach first described by Goff and Jordan [4], which 
approximates the covariance of the stochastic varia-
tions in physical properties by a von Karman function 
in 1-D: 
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  Eq.1 

where σ2 is the variance of the property fluctuations. 
The scale parameter az and the Hurst number ν govern 
the width and slope of the curve. The fractal dimension 
of the medium is given by D=(E+1)-ν, where E=1 for 
a time series. The covariance is a measure of geologic 
structure, indicating how different each value is from 
its neighboring values. 

Here we describe the stochastic variational proper-
ties of sonic velocity and density logs from the 1 m.y., 
10 km diameter Bosumtwi impact crater and their rela-
tion to the observed seismic sections (figure 1). Seis-
mic data over the crater reveal reflective/stratified lay-
ers of post-impact sediment, a well-formed central 
uplift free of internal reflections and seismically 
“transparent” impactites and footwall rocks [1]. 

Two of the boreholes drilled at Bosumtwi during 
the International Continental Drilling Program in Au-
gust-September 2004 penetrated below the sediment 
layer into the hardrock formations. One of these holes 
was drilled close to the central uplift, the other just 
outside (figure 1); sonic velocity and density logs are 
available for both holes. 

 

 

Results and Discussion: Figure 2 shows the co-
variance and best-fitting von Karman functions for the 
velocity variations in LB07A and LB08A. These rep-
resent the small scale variations after average veloci-
ties of 2.3 and 3.1 km/s respectively were subtracted 
from both logs. The log within the central uplift 
(LB08A, figure 2b) has higher average densi-
ties/velocities, and shows a smoother covariance curve 
better fit by the von Karman function, with a larger 
scale length (3.2m) than within the impactites outside 
(LB07A, 2.0m). Figure 1: Seismic section through the centre of the 

Bosumtwi impact crater [1], showing locations of the 2 
boreholes drilled in August-September 2004. Vertical 
exaggeration is 1:3. 

 

 

 
Data Analysis: Physical log properties are repre-

sented as the sum of a large scale deterministic com-
ponent and a small scale stochastic component. The 
deterministic trend describes the average variations in 
the properties of the lithological column, while the 
stochastic variations provide information about inher-
ent variability and heterogeneity of the medium. Sto-
chastic parameters are often used to describe crustal 
heterogeneity [2] or to constrain synthetic models [3]. 

Figure 2: Vp covariance in a) LB07A, az=2.01m, 
ν=1.00; and b) LB08A, az=3.20m, ν=0.25. Blue dots 
are the data, red line is the von Karman fit. 
 

To relate the physical properties from Bosumtwi to 
other craters around the world, a comparison was 
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made to logs from the 1.8 b.y., ~200 km diameter 
Sudbury structure in Canada (figures 3 and 4). Al-
though outwardly very different, the Sudbury and Bo-
sumtwi impact structures can be compared through the 
stochastic variations in their physical properties, which 
describe the inherent heterogeneity of each medium 
despite the sometimes large differences in average 
property values (compare ~6 km/s in Sudbury to the 
~3 km/s velocities in Bosumtwi). The data in Sudbury 
are characterized by larger scale lengths and small 
Hurst numbers within the Sudbury Igneous Complex 
(SIC – the melt sheet) (figure 3b) compared to within 
the brecciated rocks of the footwall below (figure 3a). 
Altogether, the logs from the footwall of Sudbury and 
from outside the central uplift at Bosumtwi have much 
more variable autocovariances, smaller scale parame-
ters and Hurst numbers of identically 1.00 (compare 
figures 2a and 3a). Similar correlations can be made 
between the density values of the Sudbury logs and the 
Bosumtwi holes, with LB08A parameters resembling 
those of the logs in the SIC at Sudbury. 
 

 
Figure 3: Vp covariance in a) Sdb1 in the footwall, 
az=0.86m, ν=1.00; and b) Sdb7 in the SIC, az=2.54m, 
ν=0.23. Blue dots are the data, red line is the von Kar-
man fit. 
 

The smaller scale length regions in both impact 
structures point to a less continuous (if only slightly) 
distribution of physical properties in zones where 
brecciation is more pronounced, and porosity is likely 
higher. This difference is the basis for the interpreta-
tion of impact structures from seismic sections (figures 
1 and 4), which relies on the differences in reflective 
character of the impact sequences rather than continu-
ous reflections outlining them. Larger scale lengths 
translate to a more homogenous medium, showing 
fewer localized high amplitude reflections compared to 
a more heterogeneous small scale length medium. This 
difference is particularly strong in sections from Sud-
bury (figure 4), where scale lengths can vary by as 
much as several hundreds of meters between the SIC 
and footwall rocks. 

Modelling results have shown that target rocks are 
subjected to high pressure and temperature conditions 
during impact [5], resulting in stress-induced shearing 

and the possible development of mylonite zones. In 
contrast to Bosumtwi, mineral deposits and other in-
trusions in the footwall at Sudbury produce visible 
(sometimes laterally continuous) reflections in seismic 
sections. The footwall is therefore not merely a ran-
dom medium as observed in the Bosumtwi impactites, 
but one where seismic markers still remain. 
 

 
Figure 4: Seismic section from the west end of Sud-
bury, outlining the contact between SIC and foot-
wall/sublayer and demonstrating the difference in re-
flectivity between the lithologies [6]. 
 

Conclusion: By analyzing the stochastic variations 
in physical properties from borehole logs, we can gain 
insight into the relative heterogeneity of different im-
pact sequences. Knowing whether we are dealing with 
a purely random medium or one where seismic mark-
ers may still exist is important for future exploration of 
impact craters and associated footwall mineral depos-
its. Models that incorporate the differences in hetero-
geneity between impact sequences will be more accu-
rate in predicting seismic response. 

Impact structures around the world typically show 
a lack of coherent reflectors outlining impact features, 
yet we continue to interpret these features from seismic 
surveys. The contact between the melt layer and the 
brecciated footwall rocks at Sudbury is picked by the 
difference in reflectivity between the two media, rather 
than by a marker horizon [7]. At Bosumtwi, the seis-
mic-derived velocity model clearly shows a difference 
in values between the high-velocity bedrock, interme-
diate central uplift and low-velocity breccia layer [1]. 
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