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GRAVITY INVESTIGATION OF THE MANSON IMPACT STRUCTURE, 
IOWA: J. B. Plescia, Jet Propulsion Laboratory, MS 1 83-501, Pasadena, CA 9 1 109 

The Manson crater, of probable Cretaceous/Tertiary age, is located in 
northwestern Iowa (center at 42" 34.44' N; 94" 33.60' W); a general review of 
the data available on the structure is presented in (1). A seismic reflection 
profile along an east west line across the crater and drill hole data ( 2 ' 3 )  
indicate a crater about 35 km in diameter having the classic form for an 
impact crater, an uplifted central peak composed of uplifted Proterozoic 
crystalline bedrock, surrounded by a "moat" filled with impact produced 
breccia and a ring graben zone composed of tilted fault blocks of the 
Proterozoic and Paleozoic country rocks. The structure has been significantly 
eroded. This geologic structure would be expected to produce a significant 
gravity signature and study of that signature would shed additional light on 
the details of the crater structure. A gravity study was undertaken to better 
resolve the crustal structure. 

Gravity data for the Manson structure were originally collected by 
Holtzman (4). His data were collected on a 1 mile grid and extended out a few 
miles beyond the crater edge as it was understood at the time (5). It has since 
been recognized (1, 4) that the structure is more circular with a radius of 17.5 
km, such that Holtzman's data extend only a short distance beyond the 
northwestern edge. In an attempt to better constrain the regional gravity field 
and to ensure areal coverage over the structure, additional data were collected. 

The regional Bouguer gravity field is characterized by a southeastward 
decreasing field. Gravity values are about -64 mGal in the northwest and 
decrease to a low of about -75 mGal before rising up to as high as +20 mGal in 
the southeasternmost areas. Gradients range from <0.5 mGal/km to >10 
mGal/km. To first order, the Bouguer gravity field can be understood in the 
context of the geology of the Precambrian basement. The high gravity at the 
southeast corner is associated with the mid-continent gravity high; the 
adjacent low to the northwest results from a basin containing low-density 
clastic sediments shed from the basement high. Modeling of a simple basin and 
adjacent high predicts much of the observed Bouguer gravity signature. 

A gravity signature due to structure associated with the Manson impact is 
not apparent in the Bouguer data. To resolve the gravity signature of the 
impact, a series of polynomial surfaces were fit to the Bouguer gravity field to 
isolate the small wavelength residual anomalies. The residual gravity obtained 
after subtracting a 5th- or 6th-order polynomial seems to remove most of the 
regional effects and isolate local anomalies. Figure 1 illustrates the residual 
gravity after removal of a 5th-order polynomial surface. 

The pattern resolved in the residual gravity is one of a gravity high 
surrounded by gravity lows and in turn surrounded by isolated gravity highs. 
The central portion of the crater is characterized by two positive anomalies 
having amplitudes of about +4  mGal separated by a gentle saddle located 
approximately at the crater center. The highs extend out over an area larger 
than the region of shallow Proterozoic bedrock (1). Surrounding this central 
high is a ring of gravity lows of variable amplitude (-2 to -4 mGal). These lows 
correspond to both the moat and ring graben zones. In some areas they extend 
beyond the presumed crater rim. Locally surrounding the lows (to the north, 
south, east-northwest, and west southwest) are isolated highs having 
amplitudes as great as +6 mgal. These highs geographically correspond to the 
position of the crater rim. Total gravity relief across the structure is >10 mGal. 

The central high corresponds to uplifted Precambrian crystalline rock 
with densities of 2.5-2.7 g cm-3; the surrounding lows are the result of the 
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breccia (density 2.1-2.6 g cm-3); the highs along the margin may be due to 
uplift pieces of the Paleozoic limestone which has a high density (2.8 g cm-3) 
or to variations in the density of the deeper crystalline basement. The 
amplitude of the anomalies on the southeast side are less than the amplitude of 
the anomalies to the northwest. When viewed in the context of an increase in 
the depth of the Proterozoic crystalline basement to the southeast, it suggests 

, that the anomalies may be due to variations in the density of the basement 
rocks rather than the crater itself. It would appear that there is a gravity 
signature resulting from the crater, although it is subtle and to some extent 
overwhelmed by the signal from the variation in the Precambrian basement. 
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Figure 1. 5th order residual gravity for Manson impact. Shaded areas have 
gravity > 1 mGal; striped areas have gravity < -2 mGal. Central stippled region 
indicates shallow Proterozoic crystalline rock (the central peak). Dashed line 
denotes boundary between moat and ring graben zones; solid outer line marks 
the inferred edge of the structure. 
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