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THE GEOPHYSICAL SIGNATURE O F  TERRESTRIAL IMPACT CRATERS; 
M. Pikington and R.A.F. Grieve, Geological Survey of Canada, Ottawa CANADA, KIA OY3 

Investigations at terrestrial impact structures reveal that a variety of geophysical signatures can 
result from impact-induced physical changes in target rocks. As a result, attempts at identifying 
an impact structure solely on the basis of geophysical evidence can be equivocal. Nevertheless, it 
is still possible to outline some general geophysical criteria that are consistent with the presence 
of an impact structure. 

The current database suggests that for both gravity and magnetic fields, the dominant effect 
of small craters is a simple concentric 
anomaly low(1,2; Fig. 1). At larger 
diameters, there may also be a central 
gravity high and intense magnetic anomalies 
of either sign may occur at or near the 
center of the low (Fig. 2). The transition 
from only a low to the possible presence of 
central anomalies takes place in the 10-30 
krn diameter (D) range for both types of 
potential field data. The diameter of the 
central gravity high is generally <0.5D and 
its amplitude less than the overall gravity 
low. The diameter of the central magnetic 

will be generally <0'5D Fig. 1 Residual magnetic field intensity over Deep Bay, 
likely even more restricted than any Saskatchewan, Canada. Contour interval is 20 nT, flight 
gravity high. Central gravity highs tend to height 300 m. 
reflect denser rocks brought nearer the 
surface during the cratering process. A number of mechanisms may be responsible for central 

1 1 
magnetic anomalies. The impact process 

o may bring up magnetic crystalline 
rn Gals m basement(3), hydrothermal alteration 

- 2  following faulting and fracturing of the 
o central uplift may lead to the acquisition of 

rnGals ,. , , ,, a chemical remanent magnetization(4,5) and 
-15 the high temperatures resulting from impact 

o 1 are conducive to the formation of 
rnGals thermoremanent magnetizations in impact 

-10 melts/breccias(6,7). The gravity field over 
craters, in general, shows a maximum 

mGols 
CLEARWATER W. anomaly low of less than 30-35 mGal. This 

-16- upper limit is imposed by the depth at which 
the degree of impact-induced fracturing is 

o reduced by increased lithostatic pressure. An 
mGols 

-10- 
estimate of the crater diameter, D, can be 
made from the extent of the low and the 

Fig. 2 Residual gravity anomaly profdes over impact observed Ag compared with Figure 3. The 
craters scaled to crater diameter and ~ ~ u m  gravity scatter of points and the logarithmic scale 
anomaly value. Arrows indicate crater rim. All but does for an appreciable variation in Ag 
Wolfe Creek, Western Australia are complex craters. 

for a given D and vice versa. However, we 
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can still reject certain combinations, e.g., a 20 km crater is unlikely to have a gravity anomaly of 
< 5 mGal. If the target rocks are sedimentary, it is more likely the gravity anomaly may fall below 
that predicted by the morphometric scaling relations. 

Accompanying the potential field lows will be a low velocity zone that will approximate the 
crater area, as defined by the gravity and - 

d 

magnetic characterized anomalies. by incoherent This zone will seismic be -- .I 

%&* , reflections, with the degree of coherency of 
the reflections increasing away from and 2 **, 
below the anomalous area(9,lO). If there are " rn 

sufficient high quality reflectors to resolve ib * A  j 
H 

sub-surface structure, such as a central area t , , 

of uplifted lithologies, then the structural 2z 

elements should conform to general CRATER D I A M E T E R  (km) 
morphometric elements of terrestrial craters. 
For example, anomalies with D > 4 km Fig. 3 Variation in the maximum negative gravity anomaly 

should show evidence of an area of uplift in with crater diameter. Open symbols - crystalline target 
rocks; solid symbols - sedimentary. Line A is the gravity 

the center, with the amount of 'PIift a effect of a simple two disk model, consisting of the 
function D. Finally, a low sedimentarv infil and allochthonous breccia lens. which 

resistivity zone coincident with the above have deiths given by known morphometric 
anomalies is expected. The electrical relationships(8) and density contrasts of 200 kgn~ '~ .  Line 

response of impact craters appears to be less B is the effect of the same we model for 
craters in crystalline target rocks where the density 

defined than for potential contrasts of the upper and lower disks are 2.50 and 150 
the IUlmber of structures studied is, kgm4, respectively. These density contrasts represent 

at present, quite small (<  10). Resistivity higher than average values but the model underestimates 
soundings and profiles show a gradual thk gravity effect: Hence, the depth extent of fractured 

increase in resistivity away from the crater material in complex craters is much larger than that 
predicted by the depth of the crater floor. Vertical dashed 

a w i t h  ( ) ' line indicates the transition from simple to complex forms 
Magnetotelluric results have proved less in qstalline targets, 
informative(l3). 

If the above characteristics are displayed by geophysical observations, then the presence of an 
impact structure may be indicated. Confirmation of an impact origin for the structure producing 
the geophysical anomalies, however, can only be achieved through additional observations, which 
are geological in nature. 
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