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EVIDENCE FOR A THICK TRANSIENT LAYER IN THE ISIDIS IMPACT BASIN P. Grizzaffi 
and P.H. Schultz, Brown University, Dept. of Geological Sciences, Box 1846, Providence, RI 
02912. 

INTRODUCTION: The Isidis impact basin on Mars contains a band of sub-parallel curvilinear 
ridges encircling an interior region of hillocky and ridged terrains. Past studies have described 
similar curvilinear ridges of ambiguous origin in the Utopia Planitia (1 ,2 ,3) .  The characteristics arid 
distribution of these terrains within Isidis, along with their similarity to features seen elsewhere,on 
Mars indicate that they may be relics of a thicker deposit that once blanketed the basin. Ilellas a'nd 
Argyre basins currently contain a thick, mottled deposit and might be considered early stage analogs 
to the Isidis interior. 
DESCRIPTION: The  interior plains of Isidis basin can be divided into two broad terrain units [Fig. 
21: 1) a dense system of parallel curvilinear ridges which almost completely surround the interfor 
and 2)  a central, hillocky unit. The curvilinear ridges (approximately one km wide and 10-40 k m  
long) occur as both continuous ridges and arcuate chains composed of individual mounds. In- the 
western region these ridges are oriented convexly towards the boundary of the basin and in the 
northeast they occur sub-radial to the basin interior with their convex side facing southeast. In the 
southwest they have a more disordered distribution. Sun angle, however, can be shown to affect the 
ability to determine the predominant orientation of many of the subtle ridges. The interior hillocky 
system consists primarily of isolated mounds often arranged in arcuate ridges [Fig. l a ,b ] .  

Ridges within Isidis are found to cross relic craters and subtle scarps without being deflected. 
However, pristine craters and their ejecta appear to superpose the curvilinear ridges. 
EMPLACEMENT HISTORY: Crater statistics for subdued craters indicate that the base unit within 
Isidis is older than the Syrtis Major plains. Statistics for craters superposing the Isidis plains exhibit 
two production populations for small (D<lkm) and large (D>lkm) craters. The larger production 
population is believed to indicate the age of the deposit, whereas the smaller population indicates 
cessation of erosional processes that removed the initial deposit and a portion of the craters 1-2 km 
in diameter. The ridges appear to have been emplaced contemporaneously throughout the interior 
but later than the Syrtis Major plains [Fig.3]. Relative ages of areas adjacent to Isidis also have been 
determined. To  the northeast the basin opens towards a knobby terrain coincident with the extrapo- 
lated NE rim, where large relic craters indicate a minimum basal age older than Syrtis Major plains. 
Craters formed on the knobby surface reveal an age coincident with the Isidis interior deposit. The 
smooth deposit of the plains-filled trough extending from Isidis southeast along Amenthes Fossae is 
coincident with the age of Syrtis Major plains, whereas the etched terrains to the southwest of Isidis 
(4) appear to approach the age of the larger production population of Isidis interior deposits. 

In summary, crater statistics reveal the following emplacement sequence from oldest to youngest: 
Isidis basin formation, basal rim deposits delineated by relic craters in the northeast knobby terrain, 
and Syrtis Major plains. Isidis interior terrains postdate the Syrtis Major and lsidis trough plains and 
coincide with the northeast knobby terrain and the etched terrains. Formation of the lsidis deposits 
was coincident with the formation of the oldest outflow channels (5 ) ;  however, inferred cessation of 
resurfacing correlates with the later epoch of more extensive outflow channel developn~ent. 
DISCUSSION: A global survey of medium to high resolution Viking images reveals ridges with 
similar characteristics or spatial distribution elsewhere on Mars. These ridges belong to two classes: 
directly analogous ridges and other unconformable ridges. Directly analogous examples include con- 
tinuous arcuate ridges, such as those found in the Northern Lowlands (35ON, 275O), ( 2 , 3 )  and in 
large portions of the northern pole (60°-70° lat.). Other unconformable ridges include: branching 
polar ridges, rectilinear ridges of Arabia and ridges of Hellas interior. These ridges were perhaps all 
formed by processes similar to the ridges within Isidis basin but characterized by different surface 
expressions due to variations in the process or surface material. 
INTERPRETATIONS: Althou h similar individual ridge-related hillocks have been interpreted as 
volcanoes (6.7.8) or pingoes ( I f ,  ridge properties suggest an alternative explanation for the origin of 
the features within Isidis. First, these ridges cross subtle scarps and relic craters without deflection 
and are unconformable with underlying material. Second, the variations in patterns around the basin 
boundary are more consistent with a form of deposition than with endogenic processes. Third, 
wrinkle ridges which characterize volcanic plains such as Syrtis Major and Chryse are undetected 
within Isidis. Fourth, there is a distinct similarity between these ridges and ones occurring elsewhere 
on the planet which a)  superpose surface features such as crater ejecta, b) appear similar to ter- 
restrial moraines (1,2) and/or c)  occur in a region with currently active surface processes: i .e. ,  
around the poles. Finally, the outer system of ridges often exhibits patterns similar to terrestrial 
morainal ridges, and lacks the lineations often associated with heavily faulted and volcanic regions. 

The  two crater populations indicate once active erosional processes in the interior and preferen- 
tial destruction of small craters. However, preservation of ejecta around small craters in this terrain 
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indicates this process is no longer operative. Inability to identify superposition relationships between 
ridges and pristine craters may indicate that the process creating the ridges covered ancient craters 
and ejecta and occurred too rapidly to produce interactions between subsequent ejecta and ridges. 

Based on these ridge patterns and comparisons with similar features on Mars, we propose that the 
terrains within Isidis reflect the deposition and subsequent removal of a thick transient layer of 
material. The contrast between the central hillocky terrain and surrounding curvilinear ridged ter- 
rain is interpreted as the effect of differential compaction and erosion acting on thick inner deposits 
and thin peripheral deposits. Based on estimates of ridge heights, a minimum thickness of 300 m is 
proposed for the layer. An early stage analog might be the deposits within Hellas and Argyre. 
Crater statistics reveal that these deposits are of the same age as the Isidis interior deposits [Fig.3]. 
SUMMARY AND IMPLICATIONS: The broad occurrence of ridged deposits and the observation 
that they all date from approximately the same period indicate that this transient layer may have 
been part of a more widespread but brief epoch of deposition. Evidence points to a relatively late 
stage in martian history when depositional and erosional processes were more active. Possible causes 
for this might be: an increase in atmospheric pressure associated with formation of major outflow 
channels, producing strong winds and increased erosion; last stages of basin controlled volcanism; or 
climate changes caused by sudden recycling of volatiles stored within the regolith or polar deposits. 
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Fig. 2. Geologic map indicating distribution of Hillocky 
and Ridged Terrains within Isidis basin. 
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Fig. 3. Crater statistics indicatin relative 
ages of Syrtis Major Plains, ~ s i f i s  Trough 

Plains and Isidis, Hellas & Argyre Deposits. 
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