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Introduction:  Impact craters are common geo-

morphological features on Mars. However, the density 

of craters is different between the Northern lowland 

regions and the Southern highland. The higher crater 

density in the southern hemisphere tells us that it is 

much older than the Northern lowlands [1]. Martian 

craters display great diversity in their morphologies [2]. 

One reason is that the geological processes, such as 

volcanism, fluvial, glacial and aeolian activities, have 

affected the original crater morphologies [3].  The sub-

surface material  also plays an important role.  

Craters can be divided into two types: simple and 

complex. Simple craters have a bowl-shape cavity  

whereas  complex craters are shallower and  typically 

display interior features such as central peaks and wall 

terraces. The depth/diameter ratio (d/D) of simple cra-

ters is larger than that of complex craters [4]. The tran-

sition diameter from simple to complex morphologies  

ranges between 5 and 10 km, and is commonly cited to 

be about 7 km in the equatorial regions and 6 km near 

the poles, but the  exact value also could vary with ter-

rain type [4, 5]. Here we report our investigation of the 

relationship of crater diameter and depth in selected 

regions on Mars in order to understand how the geolo-

gy affects crater d/D. 

Survey:  In our survey, we chose craters in Arabia 

Terra, Chryse Planitia, Amazonis Planitia, and Terra 

Sirenum to investigate how terrain age and geology 

affects the d/D  relationship of fresh craters. We inves-

tigated craters with diameters between 5 and 20 km in 

order to clearly identify  the simple-to-complex transi-

tion diameters. The number of surveyed craters is 2330 

in Arabia Terra, 376 in Chryse Planitia, 656 in 

Amazonis Planitia, and 666 in Terra Sirenum. Infor-

mation on the morphology and diameters of craters are 

from Barlow’s  Catalog of Large Martian Impact Cra-

ters, version 2.0 [6]. The depth data are obtained using 

the Java Mission-planning and Analysis for Remote 

Sensing (JMARS) programs based on Mars Orbiter 

Laser Altimeter (MOLA) data [7]. Crater diameter is 

measured from rim crest to rim crest. Depth is meas-

ured from rim crest to the floor. After plotting crater 

depths and diameters, we chose the deepest (and thus 

freshest) simple and complex craters in every region to 

do the linear regression. The different slopes of the d/D 

relations of simple and complex craters in each region 

provide important insights into the role of target char-

acteristics on crater formation. 

Backgroung of Areas:  Arabia Terra and Terra 

Sirenum are highlands units and contain many eroded 

craters. Their high crater densities imply that both are 

old regions, dating from the Noachian. Arabia Terra is 

near the dichotomy of the northern lowland and south-

ern highland terrains and has been strongly eroded by 

several processes [8]. It is also an area where both sub-

surface and surficial volatiles have influenced the cra-

ters over the region’s history [9]. Terra Sirenum is in 

the southern hemisphere and also contains Noachian-

aged geological units [10]. The other two regions, 

Chryse and Amazonis, are in the northern lowlands. 

The northern lowlands are composed of volcanic and 

sedimentary materials, the latter emplaced by outflow 

channels and possibly one or more episodes of a Mar-

tian ocean [11, 12]. The number of craters in Amazonis 

and Chryse Planitia is much less than in Arabia and 

Sirenum and many fresh craters are found. Chryse 

Planitia is an ancient impact basin covered with sedi-

ments deposited by numerous outflow channels [13]. 

Amazonis Planitia is largely affected by volcanic activ-

ity [14], including some of the youngest volcanism on 

the planet. Limited fluvial activity also is seen in 

Amazonis [15, 16]  

Results:  The relations between depth (d) and di-

ameter (D) of simple and complex fresh craters in Ara-

bia Terra are d=0.1337D+0.0376 and 

d=0.0422D+0.574, respectively. The transiton diame-

ter  between simple and complex craters occurs be-

tween  about 8 to 10 km (Fig. 1). 

 

 
Fig. 1. The depth/diameter relationship of simple and 

complex craters in Arabia Terra.  

 

The transition diameter in Chryse Planitia ranges 

between about 7.5 to 11 km. The d-D relations of sim-

ple and complex craters are d=0.0723D+0.5252 and 

d=0.0377D+0.6671, respectively (Fig. 2). 
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Fig. 2. The depth/diameter relationship of simple and 

complex craters in Chryse Planitia. 

 

    The d-D relation of simple craters in Amazonis 

Planitia is d=0.1624D+0.0065, and that of complex 

craters is d=0.0527D+0.6129. The transition diameter 

ranges between 7 and 8 km (Fig. 3). 

 

 
Fig. 3. The depth/diameter relationship of simple and 

complex craters in Amazonis Planitia. 

 

     The d-D relation of simple craters in Terra Sirenum 

is d=0.1655D-0.088, and that of complex craters is 

d=0.0439D+0.637. The transition diameter  is between  

9 and 12 km (Fig. 4). 

 

 
Fig. 4. The depth/diameter relationship of simple and 

complex craters in Terra Sirenum. 

 

Interpretation:  Our analysis reveals that the slope 

of the d/D relations in Chryse Planitia is much smaller 

than in other regions and that the range in the transition 

diameter in every region is not statistically different. 

However, the onset diameter of complex craters in 

Arabia Terra and Terra Sinerum is slightly greater than 

in Amazonis and Chryse Planitia. These results suggest 

that the geological unit in Chryse Planitia is much soft-

er than other regions, perhaps due to the sedimentary 

material covering this region [17]. The slope of the d/D 

relations in Amazonis Planitia is much larger than that 

of Chryse Planitia, perhaps because of the stronger 

nature of the volcanic materials covering this region.  

The slopes of the d/D relations in Arabia Terra are less 

than in  Terra Sirenum, perhaps reflecting a weakening 

of the Arabia Terra material by the long-lived presence 

of volatiles in this region [9].   

Future Work:  Depth/diameter relations of craters 

in four Martian regions were investigated. However, 

four regions may not fully represent the difference of 

geological environments across Mars. Additional in-

vestigation of depth/diameter relations in other regions 

are needed. We will conduct further studies of crater 

morphology and the geological properties of investi-

gated regions to determine how the environment influ-

ences crater morphologic and morphometric properties.  
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