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MARTIAN CRATERS: CHANGES IN THE DIAMETER RANGE FOR 
EJECTA FLUIDIZATION WITH LATITUDE. V. M. Horner, Dept. of 
Geology, Ariz. State Univ., Tempe, AZ 85287; and N. G. Barlow, 
Lunar and Planetary Institute, 3303 NASA Rd. 1, Houston, TX 
77058. 

Introduction: Theoretical studies of the distribution of 
subsurface H 0 ice on Mars are modeled from mathematical 
simulations o$ changes in the martian climate with time and from 
observations of the distribution of morphological features 
( 1 2 )  According to the models, no ice currently exists near 
the equator, but towards the pole an ice-rich layer occurs at 
depths on the order of lo2 m. The upper boundary of this layer 
approaches the surface with increasing distance from the equator 
so at +30°-40" latitude it intersects the martian surface. In 
earlier epochs the ice-rich region intersected the surface at 
Power latitudes than it does at present. We wanted to find a 
geologic marker which had not been used to calibrate the 
theoretical model that would allow us determine the thickness of 
the ice-rich layer. Correlations of latitude with changes in 
the size range of craters with fluidized ejecta appear to fit 
these criteria. 

Av~rsach: This study consists of two parts: the determination 
of onset crater diameters for fluidized ej ecta, and transistion 
diameter from simple fluidized ejecta to a complex combination 
of fluidized and radially lineated ejecta morphologies. As most 
studies have assumed that fluidized ejecta represents, at least 
in part, the presence of subsurface volatiles (3,4,5), these two 
crater diameter boundaries may be used to bracket the boundaries 
of the ice layer for times when the impacts occurred. 

This study was restricted to a single geologic unit, the 
cratered terrain (geologic units Npll and Np12 in (6,7,8) ) , 
located primarily in the southern hemisphere and displaying 
crater size-frequency distribution curves indicative of 
formation during the period of heavy bombardment (9). 
Restricting the analysis to a single geologic unit reduces the 
effects of differences in terrain composition and volatile 
storage capacity on crater and ejecta formation (5), and 
minimizes the effects of target layering on ejecta 
characteristics, which can occur in volcanic terrains (10). 
Changes in the onset crater diameter for fluidized ejecta with 
respect to elevation are apparently insignificant (5). 

We partitioned our data into bins spanning 20" latitude 
ranges and combined two bins, 0" to 20°N and 0" to 20°S, as they 
are equidistant from the equator. Craters north of 20°N were 
not used, both because of the sparse occurrance of cratered 
terrain and because the northern hemisphere is more geologically 
complex than the southern hemisphere. Thus the latitude ranges 
considered here are 20"N-20°S, 20"s-4O0S, 40"s-60°S, and 6O0S- 
80"s. 

For the first part of this study, the morphologic 
characteristics of 396 fresh craters, with sizes ranging from 1- 
40 km, were identified and classified as part of a larger data 
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set compiled by Horner (5). The second part of this study is 
drawn from a catalog of large martian craters, compiled by 
Barlow (ll), consisting of 1271 craters larger than 8 km which 
display some type of ejecta morphology. Both data sets were 
compiled from the Viking 1:2M photomosaic series. 

Results: The small crater size limit decreases with proximity 
to the south pole, both as a group and when subdivided by ejecta 
type* For each latitude range, craters were plotted as 
frequency versus crater size range. These size ranges are 
multiples of J 2 ,  as recommended by (12) . From 2O0N-20"s through 
60"s-80"s the small crater size limit for ejecta fluidization 
decreases steadily from 4.0-5.7 km to 1.0-1.4 km. The small 
crater size limit also decreases poleward, possibly because both 
sun angles and Viking image resolution increase poleward, 
enhancing the identification of small craters. However, the 
distributions sf sun angles and image resolutions for each 
latitude range do not correlate with changes in the onset crater 
diameter for ejecta fluidization. The maximum crater diameter 
for ej ecta fluidization does not appear to change significantly 
with latitude, the transition diameter appearing relatively 
constant at 45-64 km for most latitude ranges. 

Our results compare favorably with theoretical models of 
subsurface H20 ice distribution several billion years ago on 
Mars. If ejecta fluidization is related to the excavation of a 
volatile-rich layer, models relating crater size to excavation 
depth (13,14) can be used to show that the upper boundary is 
closer to the surface with increasing distance from the equator, 
while the depth to the lower layer is constant at 3-5 km depth. 

One difficulty is that the calculated depths are about a 
factor of ten higher than those predicted from theoretical 
models of subsurface H20 ice distribution several billion years 
ago. We are currently evaluating explainations for this 
discrepancy in volatile-rich layer deposits, including the 
incorporation of the martian atmosphere into the ejecta 
emplacement process. 
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