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The Goldstone radar system of the Jet Propulsion Laboratory's Deep Space 
Network probed the surface of Mars at each opposition since 19631r2. This 
paper presents a new set of depth measurements for 133 martian craters ran ing 
in diameter from 18 to 475 km, based on the 1971 and 1973 Goldstone data 3 . 3 . 5 -  
The depth of a crater is the distance from the rim crest to the lowest point 
on the crater floor, and the diameter is the maximum crest to crest distance. 
The data set presented here revises and augments the radar measurements re- 
ported previous1 6r7 a d complements the data obtained through the use of 
other techniques g,8,9,f0 

In the course of the radar observations, the subradar point (the point 
on Mars closest to the transmitter on Earth) traces an arc of constant lati- 
tude on Mars. The time delay between the transmitted and returned signals 
represents the altitude of the subradar point. A plot of successive time 
delays vs. the longitudes of respective subradar points, referred to a refer- 
ence figure of the planet, constitutes an altitude profile of the martian 
topography. The time delay measurement errors during the 1971 and 1973 
Goldstone Mars experime t were equivalent, on the average, to uncertainties 1,g of less than 100 meters . 

During the 1971 experiment, the latitudes of the subradar point varied 
between -14.3O and -18.6~. During the 1973 experiment, the latitude range 

0 0 was -14.9 to -22.4 . Combined, the 1971 and 1973 scans provide a fairly 
dense coverage, with many overlaps, of a strip about 8O wide in latitude, 
around the entire planet. The size of a radar footprint (a cell on the 

0 
martian surface isolated by the range-doppler gating) was 0.16 in longitude 

0 and about 1.30 in lati u e, i.e., about 8 km in the E-W direction, and 80 
km in the N-S directionfrg. Because the rough immediate vicinity of a crater 
tends to diffuse the transmitted signal more than the relatively smooth crater 
floor would, it is possible, exercising cautious judgment supported by photog- 
raphy, to place minimum estimates on the depths of craters scanned off- 
diagonally and of craters with diameters less than 80 km. Diameters were 
measured on the MC series quadrangle maps of Mars. 

The crater depths derived from the Goldstone radar scans fall into two 
groups, the higher-confidence Group I, and the lower-confidence Group 11. 
The major criterion for including a depth measurement in Group I is its 
apparent consistency with crater morphology. In particular, the shallow 
depth readings (300 to 600 m) of a number of fresh or slightly modified 
craters1' with diameters greater than about 20 km were placed in Group 11. 
Although this criterion is somewhat subjective, a large number of depth 
readings in Group I are based on multiple scans at different latitudes and/or 
multiple returns from a crater floor in a single scan (Fig. 1). 16 of Group 
I depth readings are based on craters scanned in both the 1971 and 1973 
experiments, and for which the depth measurements differed by no more than 
500 m. 47 of the Group I depth readings are based on at least two radar re- 
turns from a single scan of the crater floor. 25 of the Group I depth read- 
ings are based on craters scanned more than once in a single experiment, and 
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for which the depth measurements differed by no more than 500 m. Since radar 
gives a minimum depth estimate, we chose the largest of all radar depth meas- 
urements to represent the crater depth. 

Of the 133 recognized and measured craters, the depths of 88 were class- 
ified as belonging to Group I. The remainder formed Group 11. Group I con- 
tains depths of 13 craters located between 210° 99 270°, in an area obscured 
by dust during the operation of the Mariner 9 W S  . 

As a first step in the analysis of the radar depth measurements, the 
data were smoothed using the mving averages methodlo. Fig. 2 shows the 
moving averages (of the order 9) of the data comprising Group I. Fig. 3 is 
a similar plot for both groups. The figures also in ude least-squares 

b 
liOg- 

arithmic fi s to depth-diameter data for fresh lunarE', fresh mercurian , 
and martian craters. 

The following observations can be made: 
(I) The martian craters are systematically shallower than fresh lunar and 
mercurian craters, in agreement with previous investigations. 
(11) The smoothed plot of Group I craters (Fig.2) shows only a weak dependence 
of depth on diameter, in gontrast to the conclusion reached from the analysis 
of the Mariner 9 W S  data . The smoothed Mariner 4 photoclinometric data set 10 
also shows little dependence of depth on diameter for large craters. 
(IIIIThe averaged depths of the largest Group I craters are essentially in- 
dependent of diameter and may even show a decrease with increasing diameter 
(Fig. 2). This latter dependence may be real since the depths of the largest 
basins were determined with the highest accuracy. 
(IV) In connection with (II), we believe that the slope of the least-squares 
line presented by Cintala et ala9 is too steep; the slope of their line even 
exceeds that of the least-squares fit for fresh lunar craters13. We find 
that inclusion of the lower-confidence Group I1 data steepens the depth- 
diameter relation (Fig. 3) . 
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Fig.1 Radar profile of the Crater Beer (-14.8"~ 8.1"). 
The dashed line represents the subradar path. 
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Fig.2 Smoothed depths/diameters plot for Group I craters. 
Fig.3 Smoothed depths/diameters plot for Group I and I1 craters 
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