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The Clearwater Lake impact structures are located in the high-grade Archean gneisses of 
the Superior structural province in northern Quebec (=56"N,=74"W). The structures are 26 km 
(east) and 36 km (west) in diameter, with a separation between their centers of 30 krn. They have 
been dated at 280-290 Ma [I]. The eastern structure contains a submerged central uplift, while the 
west structure contains a ring of islands 6 to 10 km from the center and an almost completely 
submerged uplift. Both craters are characterized by circular negative gravity anomalies of -8 to -10 
mGal[2] and high amplitude magnetic lows >500 nT (fig. 1). Magnetic anomalies associated with 
impact craters are not as well understood as their associated gravity anomalies [3], and can be 
caused by a number of different mechanisms. To identify the types of magnetization present, we 
have measured the magnetic properties of available drillcore from both craters. Drilling during the 
early 1960's of the central uplifts penetrated mostly shocked and fractured basement rocks and 
reached depths of 338 and 1009 m for holes 1-63 and 1-64 respectively [2]. The core was not 
oriented with respect to declination. 

~ a t u r a i  r e m a n e n t  
magnetism (NRM) measurements 
revealed distinct differences 
between the structures. Clearwater 
West is characterized by 
dominantly low-angle reversed 
magnetic vectors, consistent with 
cooling during the Kiaman 
reversed polarity epoch (255-320 
Ma). Clearwater East displays a 
greater variation in NRM 
inclination that steepens with 
depth. Alternating field (AF) and 
thermal demagnetization on 
selected samples also revealed 75' 00' 74' 30' 74' 00' 
differences in the magnetic 
carriers between the two craters. Figure 1. Magnetic anomaly map of the Cleanvater Lake 
The remanent magnetization in structures. Drill holes 1-63 and 1-64 are marked. 
Clearwater West was found to be 
a stable, single-component thermal magnetization (TRM) carried by coarse-grained magnetite. 
Clearwater East, in contrast, carries a two-component magnetization carried by pyrrhotite and 
magnetite. The pyrrhotite component is high-angle and easily removed at low temperatures and 
in low-strength alternating fields. The magnetite component has low to shallow inclinations, similar 
to that found in Clearwater West, but of lower intensity. The high-angle component carried by 
pyrrhotite is considered to be a viscous remagnetization (VRM) increasing in intensity with depth. 

Koenigsberger ratios are < 1 for both craters, indicating that magnetic susceptibility is the 
dominant factor in producing the observed magnetic lows. NRM intensities increase with depth, 
possibly due to reduction in remanent intensity due to shock in near surface rocks [4]. Magnetic 
susceptibility varies with mafic content, however it remains generally constant with depth. 

Anisotropy of magnetic susceptibility (AMS) analysis revealed a dominance of high 
inclinations for &, in Clearwater West (fig. 2). Clearwater East is characterized by generally low- 
angle inclinations (<30°) for &,. The difference in inclination for AMS maximum vectors 
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between the east and west structures may be 
due to the strong magnetic anisotropy in 
pyrrhotite, where K-/K- > 100, and 
is perpendicular to the c-axis in pyrrhotite[S]. 
This anisotropy can result in an inverse 
magnetic fabric as in Clearwater East, and 
consequently the AMS results from both 
craters can be considered consistent with 
horizontal compression of the central uplift 
during the last phases of plastic deformation 
after impact. 

The magnetic lows appear to be due 
to (1) the low-angle reversed NRM vectors O kmax 

combined with the possible reduction of 
remanent intensity due to shock [4], 
particularly in the upper portions of the 
central uplifts, and (2) post-impact WEST 
hydrothermal alteration producing chlorite in 
mafic lithologies and hematization in felsic 
lithologies. 

The distinctive differences in 
magnetic properties between the two craters 
may be due to variation in target lithologies. 
Verification of the reduction in remanent Figure 2. Stereonet compilation of AMS data for 
magneticintensityandmagneticsusceptib~~~~ Clearwater East and West. Declination values are 

will require extensive sampling of unshocked 
country rocks for comparison [4]. 
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