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Introduction:  The Bosumtwi impact crater lo-

cated in Ghana has a rim-to-rim diameter of 10.5 km 
and is completely filled by Lake Bosumtwi, which has 
a diameter of 8 km and a maximum depth of 75 m [1].  
With an age of 1.07 Ma it is one of the youngest large 
impact craters with well established age on Earth and 
within the planetary system [2]. The crater was drilled 
in September-October 2004 as part of the International 
Continental Drilling Program – ICDP. During the drill-
ing program an extended dataset of 3D vector mag-
netic data was collected throughout the lake. Here we 
present the first results of the experiment. 

Data collection: Borehole magnetic probes com-
prise a suite of three orthogonal fluxgate magnetome-
ters and three orthogonal tilt meters [3,4]. As the probe 
is passed down the borehole the full vector geometry 
of the magnetic field is measured at each point. Infor-
mation from the tilt meters allows the orientation of 
the magnetic vector to be calculated relative to the 
present horizontal and relative to local magnetic north. 
In this case, a borehole magnetic probe was used to 
measure the full vector magnetic field in two types of 
settings. First at 162 stations across the lake the vector 
field was measured at 50cm spacing over a depth range 
of 25m (Figure 1). Second, boreholes the two ICDP 
boreholes 7A and 8A in Lake Bosutmtwi were logged 
with the vector magnetic probe (Figure 2). 

The magnetic vector at any point on the Earth’s 
surface is a vectorial combination of three compo-
nents, the induced magnetic field related to local mag-
netic susceptibility variations, the remanent magnetic 
field related to magnetic remanence effects and the 
IGRF.  
Subtraction of the IGRF component reveals a vector 
magnetic field whose magnitude and orientation is 
influenced  by both the geometry of the source bodies 
and the effective magnetic vector present in those bod-
ies. The effective magnetic vector represents the sum-
mation of the induced and remanent magnetic compo-
nents.  

The lake based vector magnetic depth profiling 
provides two new pieces of information. First, correc-
tions to minimise the effect of source – sensor separa-
tion using the Taylor Series expansion method as pro-
posed by [5] are dependent upon computation of the 
vertical derivatives of the total magnetic field. In this 
approach the vertical derivatives are commonly com-
puted from the observed total field. In this study we 
have a direct measurement of the vertical magnetic 

gradient at each of the 162 stations. Second the vector 
data provides additional constraints on the morphology 
of possible magnetic sources. 

 

 
Figure 1: Bathymetry of Lake Bosumtwi with the loca-
tion of the vector magnetic stations (red), and the two 
ICDP boreholes (orange). 

 
Borehole vector magnetic data are collected with a 

constant close proximity to the source. Magnetic sus-
ceptibility data obtained either from borehole logging 
or core scanning techniques, and followed by subtract-
ing the IGRF allows minimization of the magnetic 
signal induced magnetic sources intersected by the 
borehole. The residual magnetic field has two possible 
sources. First, the presence of any on-hole magnetic 
source having a rement magnetic component can be 
detected and an estimate of the orientation and magni-
tude of the remanence magnetization vector obtained. 
Second, off-hole magnetic sources not intersected by 
the borehole would have no susceptibility signal and 
have characteristic vector magnetic signals. When the 
same off-hole body is detected from more than one 
hole it is possible to estimate the geometry, location  
and magnetic properties of the off-hole source.   

Airborne and marine magnetic datasets: to aid 
on the interpretation of these newly acquired datasets, 
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airborne and marine magnetic data are available from 
surveys done by the Geological Survey of Finland and 
KNUST in 1997 and 2001 respectively [6]. The air-
borne survey was flown at 500 m line spacing, 70 m 
nominal terrain clearance. The marine magnetic data-
set acquired in 2001 has a wider spacing of 800 m, and 
the magnetometer was towed behind the marine plat-
form used for that purpose. Albeit the wider line spac-
ing, the marine dataset has the advantage of measuring 
the magnetic field closer to the magnetic sources. Fig-
ure 3 shows the magnetic anomaly as measured by the 
marine platform. 

 

Figure 2: Borehole magnetic survey at Hole 08A. The 
horizontal (pink) and vertical (green) components, and 
total field (black) are shown. 
 

 
Figure 3: Total field anomaly, measured at lake level. 
Superimposed are the boat lines (black), vector mag-
netic stations (red crosses), and ICDP hard-rock bore-
holes (orange). 
 
Preliminary results: Figure 2 shows some promising 
results of the preliminary analysis of the vector mag-
netic data. Between 420 m and 480 m the total field 
channel shows a few distinct anomalies, due to un-
known sources. However, at the same depth the verti-
cal component of the magnetic field allows to map 
changes in magnetic inclination, which in all likeli-
hood are related to the edges of a distinct lithologic 
unit. Based on the integration of the surface and bore-
hole data, we expect to build a 3D model of the Bo-
sumtwi impact structure’s magnetic sources, as well as 
a 3D view of the magnetic vector and its NRM com-
ponent. 
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