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Introduction: The tessera terrain of Venus is widely 

held to be older than the smooth basaltic plains which 
comprise most of the surface due to observed embay-
ment relationships [1]. 

Tesserae contain a higher proportion of craters with 
diameters > 16 km compared with the smooth basaltic 
plains, lacking craters with diameters < 8 km, with the 
general consensus being that there is an inability to ac-
curately identify craters at such small diameters [2]. 
This concern holds also for larger craters that may be 
unrecognized in or deformed by tessera structures. 

Crater-like features have been identified and evalu-
ated as possible missing tessera craters [3].  A qualita-
tive criteria was developed that considered the presence 
of a crater rim, visible crater walls, a central peak (for 
diameters greater than 10 km), flooding of the floor due 
to volcanism, presence of ejecta, and presence of similar 
“neighbor” features. A small number of features were 
found that could be reclassified as craters [3]. 

Recently processed Magellan stereo data has made 
it possible to further investigate the distribution of 
crater-like features on tessera terrains [4]. To this end, 
we focus on developing a robust pipeline of crater mor-
phometric and ejecta radar backscatter measurements 
taken of the known population of roughly 80 tessera cra-
ters [5], creating power-law functions of crater diameter 
versus depth and ejecta backscatter value that will aid in 
the detection of yet-unidentified tessera craters. 

Background: Prior work has examined crater mor-
phometry through power-law functions describing 
depth and continuous ejecta radii as a product of crater 
diameter [6]. The crater depth function will be used to 
compare calculated depths of all known Venusian cra-
ters to our measured values. As we seek to use the latter 
function to collect average radar backscatter coeffi-
cients from all tessera craters, we hypothesize that be-
cause smaller craters are relatively younger, we expect 
radar backscatter coefficients of their corresponding 
continuous ejecta radii to be higher, due to younger cra-
ters having radar-bright, “fresher” ejecta deposits. 

Methods:  To aid in the detection of possible tessera 
craters from yet-unidentified crater-like features in re-
cently processed stereo data [4], two separate parame-
ters are considered: the depths of craters in km and the 
average radar backscatter value of the continuous ejecta 
flow radius in decibels (dB) of craters in left-looking 
Magellan synthetic aperture radar (SAR) imagery. 

Crater depth.  As detailed in previous work [6], 
there exists a power-law function that describes crater 

depth as a function of diameter for Venus’ crater popu-
lation. Digital elevation models (DEM) of prominent 
tessera craters were utilized from the work of [7]. A pro-
gram developed in Python can read a crater DEM and, 
starting from the center coordinate pair of the crater, 
take a measurement of 100 elevation values out to 1 
crater radius, iterating the process 360 /	𝜃 times, aver-
aging the points to create a mean crater depth for all ra-
dial profiles. 

𝑥$ = 	 𝑥& + 𝑟 sin 𝜃 
𝑦$ = 	𝑦& − 𝑟(1 −	cos 𝜃) 

 
Equation 1:  Given an initial coordinate pair 

(𝑥&, 𝑦&) and an angle 𝜃, we can find a new coordinate 
pair (𝑥$, 𝑦$), used in this study as the endpoint of a ra-
dial profile starting out from the crater’s center coordi-
nate pair as defined by radius 𝑟. 

 
An angle 𝜃 can be defined by the user, effectively 

allowing any number of radial profiles to be generated 
(Eq. 1). For the preliminary results of this study, 𝜃 is set 
to 1°, producing a total of 360 unique radial profiles and 
crater depths. The total number of crater depths are then 
averaged. 

      Figure 1: Gilmore crater (left) with a radial profile 
outlined in red. Units are in pixel coordinates. To the 
right is the topographic profile. Y-axis is in meters. X-
axis is in pixel coordinates. 

 
Continuous ejecta radii.  Depending on whether 

the crater diameter is > or < 20 km, a power-law func-
tion describes the relationship between diameter and 
the continuous ejecta flow radius [6]. We can delineate 
a region from which to sample the radar backscatter of 
the ejecta in units of decibels (Fig. 2), producing our 
own power-law function between crater diameter and 
the average backscatter value. We take images from   
the USGS Map-A-Planet 2 database and import them 
into ArcMap, converting image xy coordinate points 
from meters to decimal degrees using the Venus 2000 
geographic coordinate system (GCS). The following 
ArcMap geoprocessing tools create an image of crater 
latitude values: “Project Raster,” “Raster To Point,” 
“Add XY Coordinates,” and “Point To Raster.”  
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Making sure that the latitude raster and the original 
raster (in DN values) are projected in the same coordi-
nate system, we import both images into ENVI, ex-
porting them to IDL variables, utilizing commands that 
create an array of 𝜎5 values (Eq. 2), then converting 𝜎5 
values to decibels (Eq. 3). 
 
 

 
 
 
 
 
 
 

      Figure 2:  Continuous ejecta flow region around 
Zhilova crater, mapped using ENVI. The outer circle 
indicates the area of maximum continuous ejecta flow 
as derived by [6], while the inner circle depicts the ide-
alized area of the crater (53.3 km in diameter). The ret-
icule is used to confirm crater center coordinates con-
sistent with [8]. 

 

𝜎5 = 105.&[9$5:
;<9&
= ] 0.0118 cos(𝜙 + 0.5°)

[sin 𝜙 + 0.5° + 0.111 cos(𝜙 + 0.5°)]C
 

 
     Equation 2: Radar backscatter coefficient 𝜎5 in 
terms of the original stereo raster (DN) values and the 
incidence angle (𝜙) raster calculated from a best fit ap-
proximation with latitude values. Taken from [9].  
 

𝑑𝐵	𝑣𝑎𝑙𝑢𝑒 = 10 log&5 𝜎5 
 

      Equation 3: Conversion of the radar backscatter 
coefficient 𝜎5 to decibel (dB) values. 
       
      Preliminary results and discussion: Crater depth 
generally increases with increasing diameter up to 40 
km (Fig. 3). After that point, crater depth declines, 
which may be explained by the structural collapse of 
large craters [10] and/or by impact melt infilling. Stud-
ies of the ~100 km diameter crater Joliot-Curie, ana-
lyzed here, indicate post-impact deformation and vol-
canism affecting morphology [7].  
      We compare modeled depths of all Venusian craters 
using a power-law function developed by [6] to meas-
urements of 12 tessera craters. While any conclusion is 
qualified by these limitations, but we can report prom-
ising agreement with the prior study. The relative 
greater depth of 6 of our measured tessera craters indi-
cates that plains craters may be significantly shallower 
than tessera craters. Earlier studies [7, 11] have looked 
into dark-floored Venusian craters as likely sites of up 
to hundreds of meters of volcanic inflow, indicating a 

possible shallowing mechanism for plains craters rela-
tive to tessera craters. 
      We hypothesize that smaller craters are “fresher” 
and thus predict a negative correlation between crater 
diameter and average radar backscatter coefficient, 
however, we see no such trends so far (Fig. 4). 

      Figure 3: Crater depths measured using the method 
described with the observed crater diameter (orange tri-
angles) plotted with the calculated depth of every Venu-
sian crater (blue) using the power-law function derived 
by [6]. 

      Figure 4: Radar backscatter coefficient as a func-
tion of crater diameter. 
 
      References: [1] Ivanov, M. A. and J. W. Head 
(1996), JGR, 101, 14861. [2] Ivanov, M. A. and A. T. 
Basilevsky  (1993) GRL, 20, 2579. [3] Gilmore, M. S. 
(1998) Ph.D. dissertation [4] Herrick, R. R., et al. 
(2012) EOS, Trans., American Geophys. Union, 93, No. 
12, 125. [5] Gilmore, M. S., et al. (1997) JGR, 102, 
13357. [6] Herrick, R. R. and R. J. Phillips (1994) Ica-
rus, 111, 387. [7] Herrick, R. R. and M. E. Rumpf. 
(2011) JGR, 116, E02004, doi:10.1029/2010JE003722 
[8] Schaber, G. G., et al. (1992) JGR-Planets, E8, 
13257. [9] Campbell, B. A. (1995) USGS Open file Re-
port 95-519 [10] Melosh, H. J. and B. A. Ivanov (1999) 
Ann. Review of Earth and Plan. Sci., 27, 385. [11] Her-
rick, R. R. and V. L. Sharpton (1999) JGR, 105, 20245 

Acknowledgments: Travel funds to present this re-
search were provided by the NASA CT Space Grant. 

1513.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)


