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MORPHOMETRY OF LARGE IMPACT CRATERS ON VENUS: COMPARISONS WITH TERRESTRIAL AND 
LUNAR EXAMPLES; J.B. Garvin, NASNGSFC, Geodynamics Branch, Code 921, Greenbelt, MD 20771, and 
G.G. Schaber, U.S.G.S., Astrogeology Branch, Flagstaff, AZ 86001. 

Relatively large-scale impact craters have been observed on all of the terrestrial planets [1,2,7,9- 
121, and such features typically provide geological insights into cratering mechanics, lithospheric 
mechanical properties, and on surface age patterns. The ten largest impact structures on the planet Venus 
for which Magellan radar imagery [4, 61 and altimetry coverage is  presently available (i.e., not including 
Klenova, Lise Meitner, Bonheur and Potanina due to lack of available Magellan altimetry data as of January 
1992) have been analyzed in an effort to further address the issue of crater growth. By carefully 
determining the morphometric parameters for the largest craters on Venus on the basis of the gridded (i.e., 
two-dimensional) Magellan altimetry data, we have established a reasonable database for the purpose of 
intercomparisons with the more extensive data sets already in hand for the Moon and Earth [7,11]. The 
bulk of this preliminary report addresses the morphometric statistics developed for the observed 
population of large impact craters on Venus. In this case, the database of craters which were included in 
the present study are: (see Table below) 

CRA?ER MAMEIER CEPIH A s F B X  APPARENT TOPOS- 

NAME Qbd $_(kml plIT VOLUME: V Ckm3) VISAld 

hE4D 
ISABELLA 
UFDF'A'IRA 
S T m N  
a x x R A N  
JOW-CURIE 
MARIECELEmE 
ADDAMS 
GREEN AWAY 
BONNEVIE 
KIENOVA* 

The data presented in the Table above were obtained from interactive analysis of individual 
Magellan ClMIDR Altimetry files with the exception of Klenova. We derived average morphometric 
parameters for Klenova using doppler-sharpened Venera 15/16 radar altimetry profiles; straight forward 
"volumes of revolution" techniques were applied numerically to the topographic profiles passing through 
the central region of the crater in a weighted arrangement. Thus, the values for the parameter listed for 
Klenova assume circular symmetry, whereas all of the values for the remaining ten craters in the Table 
were computed from two dimensional topographic data. The software system for analyzing 2-D topographic 
datasets in general, and those compiled for Venus by Magellan in particular, operates interactively on 
Silicon Graphics IRIS Workstations and permits real-time measurement of average depths, diameters, 
cross-sectional shapes, interior and exterior volumes and surface areas (SA), as well as  second-order 
parameters such as aspect (d/D) and "topographic skewness," here defined as interior crater volume (V) 
normalized by surface area (SA) and maximum depth (i.e., Sk = V/SA/d). Our system also permits analysis 
of the hypsometry of a chosen feature such as a crater or volcano, as outlined on the screen with a mouse- 
controlled cursor. All of these operations have been validated using gridded Defense Mapping Agency 
(DMA) datasets, so that we are confident that the results derived from Magellan altimetry data are reliable 
to at least 10% levels of confidence. 

In order to appreciate the somewhat subtle variations in the morphometric parameters for the 
Venus craters, we have compared them with selected terrestrial and lunar craters, as follows: 

CRA'lER DIAMEIER CEPIH ASPECT APPARENT TOPOSKEWNESS 
NAME IL(kml hCkml dP VOLUME: V &a3) VISAld 

POPIGAI 1 0 0  0.32 0.003 5 5 4 
'ImXX'HIUIS 103  4.0 0.040 2.3 x lo4 

The data from which these parameters were derived includes stereogrammetric topographic 
profiles (Theophilus on the Moon) and two-dimensional gridded topographic data assembled from DMA 
files (Popigai). All of the morphometric statistics presented in this report are average values based upon 
the present appearance of each crater. 
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The interior cavity geometries of the largest craters on any planet provide constraints on target 
properties (i.e., structural uplift) and on those processes which lead to infilling of the initial excavation 
cavity itself (i.e., fall-back, impact melt). The simplest morphometric indicator of cavity geometry is the 
depth-Diameter relationship [7,9,10,11]. From the data obtained for the largest ten craters on Venus, not 
including the anomalous Cleopatra feature, we find the following relationship: 

with a correlation coefficient R~ of 0.55 (correlation R=0.74). This d-D power-law relationship is only 
valid for craters larger than 80 km in diameter. The d/D values for the venusian craters vary from 0.007 
to 0.015, attesting to their shallowness, in contrast with d/D values of -0.04 typical of 100 km diameter 
lunar impact craters such as Theophilus or Tycho. The "topographic skewness" parameter provides an 
additional means for contrasting crater shapes. Degraded terrestrial features such as Popigai display 
topographic skewness (Sk) values that differ from venusian and lunar counterparts by a factor of three. 
However, most of the larger venusian craters have Sk values that fall within 10% of typical lunar 100 km- 
diameter craters such as Theophilus. This suggests that there has been little topographic modification of 
the larger venusian craters relative to typical terrestrial 100 km-class craters such as Popigai. 

We can define a mean cross-sectional "shape" parameter q i  for each crater under study by fitting 

an n-th degree polynomial to the average topographic cross-section for each feature. Simple algebra can be 
used to show that this q i  parameter can be approximated, as follows: 

where Vi is the apparent crater interior volume. Thus, if q = 1, the crater approximates a flattened, 
inverted cone, and as q grows larger, the cross-sectional shape becomes more and more "U" shaped; that is, 
the crater floor becomes flatter due to infilling materials. For a typical lunar crater such as Theophilus. 
q i  = 4.5 attesting to extensive floor melt deposits. Popigai is so heavily modified that its q i  value is 0.30. 

suggesting loss of rim and interior sedimentation. Other than Cleopatra (qi  = 2.2). all of the large Venus 

craters have q i  values equal to or larger than 4.4 (i.e., similar to that of Theophilus). Craters such as 

Joliet-Curie, Greenaway, and Bonnevie have cross-sectional shapes (qi 2 7) that suggest a dominantly 
flattened floor. This tendency could be interpreted as a sign of extensive interior impact melt deposits 
within larger venusian craters, and it further suggests that preliminary conclusions drawn by some 
Magellan investigators [i.e., 3,5] on the basis of SAR images alone cannot be reconciled with statistics 
derived from independent analysis of altimetry data for craters larger than 8 0  km in diameter. 
Theoretical analyses of impact melt production scenarios for the Venus environment are strongly 
suggested on the basis of the limited morphometry data presented herein. (We gratefully acknowledge R. 
Steve Saunders for permission to analyze Magellan altimetry data, and Craig Leff, Cathy Weitz and Dave 
Okerson for their assistance with data access.) 
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