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Introduction: The 1 Ma Bosumtwi Crater in 
Ghana (06°32’N, 01°25’W), is a 10.5-km-diameter 
complex impact structure associated with the Ivory 
Coast tektite strewn field [1-4]. The crater is almost 
completely filled by Lake Bosumtwi, which measures 
8 km in diameter and has a current maximum depth of 
about 80 meters. The crater rim rises about 250–300 m 
above lake level. It is the youngest and best preserved 
of the ~95 terrestrial impact structures with diameter 
larger than 6 km formed in a crystalline target. Because 
the impacting body struck a subaerial site in the 
continental interior, rather than a submerged 
continental shelf, no profound backwash effects 
distorted the structure following the impact. Also, no 
substantial tectonic deformation of the target rocks 
took place later in time.  

Geophysics: Seismic and gravity surveys were 
conducted on the Lake in order to determine the 
subsurface structure of the crater.  

Seismics: Seismic investigations that included 8 
multi-channel seismic (MSC) lines as well as two wide-
angle lines image the central uplift [5] and determine 
the crater’s dimensions [6]. The central uplift measures 
1.9 km in diameter and has a maximum height of 130 
m above the adjacent annular moat (Fig. 1).  

 
Fig. 1: Digital elevation model of the Lake Bosumtwi Crater 
combined with the crater topography as determined from 
seismic investigations (viewed and illuminated from the 
South). 
The apparent crater depth is 550 m. Seismic velocities 
were determined down to a depth of 1.6 km below the 
lake surface. Velocities at the top of the crater rocks 
are very low (2.8 km/s), and therefore interpreted as 
strongly brecciated material or breccia. Velocities 
increase with depth, but the gradient is higher in the 
center and velocities in the annular moat are lower. 
Higher velocities  in the central crater rocks are due to 
denser material that moved upward from greater depth. 
A distinct boundary between breccia and the crater 

floor or a melt layer could not be detected. The 
structural uplift is estimated to be at least 800m. 

Gravity: Gravity measurements were conducted on 
17 lines on the lake and on 163 sites on land. The 
preliminary Bouguer anomaly shows a characteristic 
central low Fig. 2). The central uplift is visible as a 
relative high in the central low only in the finally 
processed data set (J. Pohl, pers. communication). 

 
 Fig. 2: Crater surface (bottom), gravity anomaly 

(middle) and total aeromagnetic field (top). The yellow 
point marks the approximate crater center, the red star 
the magnetic and gravity minimum.  

The Lake Bosumtwi reveals dimensions that fit 
empirical data from other craters [11] . Nevertheless it 
is slightly deeper due to the impact into a dry hardrock 
target. The site of the maximum velocity gradient is 
located about 1 km north of the center. At the same 
location the total aeromagnetic field (Fig. 2) has its 
minimum. It was modeled to be generated by an up to 
400 m thick melt layer [7], that would cause the 
observed higher velocities. 

Numerical models: Numerical modeling of the 
crater has been performed (1) with the SALE code [8-
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9] including acoustic fluidization to produce the final 
crater shape after a vertical impact, and (2) with the 
SOVA code [10] to model an oblique impact, ejecta 
deposition and tektites production. 

Vertical impact simulation: The vertical impact 
model with a decay time of 12 s for the block 
oscillations and a dry friction coefficient of 0.4 reveals 
the best fit to the Bosumtwi topography. It simulates 
the crater diameter and central uplift, although the final 
crater is ~ 300 m deeper than the  real crater. Possible 
reasons for this discrepancy may be in bulking of 
damaged rocks (not included in the present model), 
deposition of fallback breccia inside the crater (in the 
2D models the majority of the ejected material is 
deposited outside the crater), and an oblique impact. 
Fig. 3 shows target deformation (initially horizontal 
layers) near the crater on the left and seismic velocity 
reconstruction on the right. The material that is 
exposed in the central part of the modeled crater was 
originally at a depth of ~1.4 km. As the top of the 
central uplift is about 0.3 km below the reference, then 
the value of the excavation depth is of about 1.1 km. 
This value is close to the value of ~900 m, derived 
from the scaling laws [11] and higher than the estimate 
from the seismic model. However, the seismic velocity 
isolines are not directly connected with deformation of 
the target or with its maximum compression, but are 
probably a superposition of many other processes 
(fracturing, porosity etc.). 

Fig. 3:  Target deformation from simulated model (left) 
compared to seismic velocity-depth model (right). 

Oblique impact simulation: Melt and tektite 
production is estimated from impact modeling using 
different impact angles (15o to 90o) and projectile 
velocities (11.2. km/s to 40 km/s). The most suitable 
conditions for the generation of tektites are high-
velocity impacts (> 20 km/s) with an impact angle from 
30o to 50o. For these values the total melt production is 
2.6-3.9 km3. Not all the melt is deposited inside the 
crater. In the case of a vertical impact with 15 km/s 
68% of the melt is deposited inside the crater, partly as 
homogenous impact melt sheet and partly mixed with 
solid material (suevites). All the melt is located in the 
central part of the crater with a thickness of about 200 
m at distances up to 1.5 km from the crater center (melt 
pool) – see Fig.4. At larger distances the thickness of 

the melt sheet drops abruptly to 20-30 m and this melt 
is probably in a mixture with solid material. These 
estimates are in a good agreement with melt volume 
estimates based on a magnetic model [7]. 

 
 
 
 
 
 

 
Fig.4.Radial distribution of melt thickness. 

A density correction for damaged material is 
introduced since it had originally the same density as 
undamaged material. The post-impact correction 
evaluates degree of damage and converts it to a lower 
density (“bulking”). The result is an elevation of up to 
250 m of the crater at distances from 2-5 km. This 
simplified approach results in a better fit of the model 
to the topographic data. However, it should be included 
in numerical modeling as bulking takes place during 
the process of cratering, not after it. 

Conclusion:  The topography of the Lake 
Bosumtwi crater and some of its structural dimensions 
are determined by geophysical methods. Numerical 
modelling uses those parameters in order to evaluate 
the cratering process itself (i.e. melt and tektite 
generation) as well as to test the modeling code. The 
geophysical maps show some asymmetry with the main 
anomaly north of the crater center. The simulations 
show asymmetric patterns only in ejecta and tektite 
distributions. The combination of  field evidence and 
theoretic models not only provides necessary 
information for upcoming scientific drilling of the 
structure, it also suggests interesting and well suited 
drill sites. Besides the central uplift and the annular 
moat with a suggested thick breccia cover, drilling at 
the location of the geophysical anomalies and 
comparison of downrange and transversal locations 
might bring insight about pre-impact and impact 
induced asymmetries. 
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Fig. 3  Deformation  of  target  layers
and maximum compression - on the left;
seismic velocities - on the right.
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