
ENVIRONMENTAL IMPLICATIONS OF THE LARGEST POST-NOACHIAN CRATERS ON MARS. R. 

P. Irwin III and J. C. Cawley, Center for Earth and Planetary Studies, National Air and Space Museum, Smithsonian 

Institution, 6
th

 St. at Independence Ave. SW, MRC 315, Washington DC 20013, irwinr@si.edu, cawleyj@si.edu. 

 

 

Introduction:  Evidence of past rivers and lakes on 

Mars, including valley networks, paleochannels, deltas, 

alluvial fans, and overflowed basins, has never been 

satisfactorily explained by a climate model or a geo-

logical process that is linked to a cold paleoclimate. 

Previous studies have examined short-lived greenhouse 

gases, a thicker atmosphere resulting from volcanism, 

and large impacts as ways to warm the planet [1–3]. 

Here we test the latter hypothesis by examining all 

post-Noachian craters >90 km in diameter on Mars and 

determining whether they experienced significant flu-

vial erosion that was contemporary with the impact. 

Methods:  We identified the largest post-Noachian 

impacts by examining all craters with diameters >90 

km in the Robbins and Hynek [4] database and noting 

ones with preserved primary morphology of their 

ejecta blankets. These craters have rugged rims, and 

their interior walls preserve the original slump terraces. 

Secondary crater chains are also preserved in many 

cases. We examined each crater and its surroundings to 

identify 1) fluvial dissection of the crater wall bedrock, 

2) fluvially dissected airfall mantles, 3) large deposits 

that formed within the crater before the end of local 

fluvial erosion, and 4) primary impact craters that 

formed within the same time frame. The latter three 

features suggest that significant time elapsed between 

the impact and the end of erosion, beyond the ~10
4
–10

5
 

years that impact-generated heat may be important [5]. 

Results:  We identified 33 craters that satisfy the 

morphological criteria for a post-Noachian age. They 

range from 65°N to 77°S latitude and from 90 to 223 

km in diameter. We classified them as follows. 

Deeply dissected alcoves and alluvial fans. Eight 

craters have one or more deeply dissected reentrants in 

their walls, and these alcoves were the source areas for 

large alluvial fans [6]. All but one, Porter at 50°S, are 

at latitudes <30°. These craters also include Gale, 

Bakhuysen, Holden, Du Martheray, Jones, and two 

unnamed craters (located at 2.1°S, 57.4°E and 23.3°S, 

28.1°E). In five cases, fans formed in a smaller crater 

that is superimposed on the larger one (Fig. 1). Signifi-

cant Hesperian erosion affected these eight sites. 

Lesser fluvial dissection of bedrock crater walls. 

The high bedrock walls of five craters have significant 

fluvial dissection but did not develop deep alcoves and 

large alluvial fans to the same extent. These craters 

also formed at <30° latitude and include Nicholson, 

Sharonov, Peridier, Sagan, and an unnamed crater 

(24.6°S, 166.4°E).  

 
 

Fig. 1. An unnamed 98 km crater at 23.3°S, 28.1°E has 

preserved ejecta, deeply dissected alcoves, alluvial 

fans, and a smaller superimposed crater on its western 

rim with similar alcoves and fans. Substantial erosion 

took place after the smaller impact and long after the 

98 km crater formed. 

 

Regional mantling. The morphology of 12 craters 

is softened by regional airfall mantles. These craters 

formed poleward of 30°, except for Curie crater at 

28°N. They lack deep alcoves and fans, but Moreux 

and Cerulli have relatively deep dissection that may 

have cut into bedrock on the walls. The others include 

Galle, Lyot, Lowell, Hale, Liu Hsin, Milankovic, Cu-

rie, Mie, Maunder, and an unnamed crater (40.3°S, 

141.5°E). These craters have variable dissection, but in 

most cases the dissection is limited to a regional airfall 

mantle of Amazonian age. Hale crater has the best-

preserved primary morphology and debris flows that 

appear to be related to the impact [7]. 

No mantling or dissection. These five craters 

formed at <20° latitude and have nearly pristine mor-

phology, aside from some infilling by lava flows or 

aeolian sand. They include Orcus, Oudemans, Radau, 

Pettit, and an unnamed crater (1.6°N, 26.7°E). 

Polar craters. Barnard, Lomonosov, and South cra-

ters formed at latitudes >60° and were too heavily 

mantled or modified to evaluate for this study. 
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Discussion:  This set of large post-Noachian im-

pact craters includes the most plausible candidates for 

Hesperian or later environmental effects. All of the 

other impact craters >90 km in diameter on Mars are 

visibly degraded and significantly pre-date the valley 

networks. The set includes enough craters to make 

some general interpretations regarding the effect of 

impacts on the paleoclimate. 

As noted previously [8], the six largest craters with 

diameters of >150 km are either undissected (Galle, 

Lyot, Lowell), or have other primary craters or large 

deposits that formed between the impact and the end of 

erosion in the area (Gale, Bakhuysen, Holden). Among 

the eight craters with deeply dissected alcoves and 

alluvial fans, all but Jones have fluvially dissected 

primary impact craters on their rims and/or ejecta, in-

dicating time for geologically rare events to occur be-

fore the fluvial erosion declined. These craters either 

did not cause their own erosion or did not cause the 

later part of it. 

The five undissected craters at <30° latitude show 

that fluvial erosion is not a necessary consequence of 

impacts on post-Noachian Mars. 

Much of the fluvial dissection of large craters from 

30–60° latitude occurred in superimposed regionally 

extensive mantles rather than on the crater wall bed-

rock. This observation suggests that the erosion signif-

icantly post-dates the impact and was not related to it. 

Surface and ground ice extended into the mid-latitudes 

at times [9], but the lack of obvious dissection of most 

of these bedrock crater walls suggests no advantage 

from a higher latitude. 

In summary, we find that the largest post-Noachian 

impacts on Mars either did not cause significant fluvial 

erosion of the craters themselves or cannot account for 

erosion that occurred long after the impact. In this con-

text, global effects of impacts appear unlikely. Most or 

all of the post-Noachian impacts on Mars may have 

occurred during dry periods when water tables were 

low and ground ice was not plentiful. 
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