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Introduction:  Gale is a impact crater 150 km in 

diameter located along the dichotomy boundary of 
Mars and close to the Medusae Fossae Formation. The 
first age determinations of Gale suggested that it was 
formed during the Late Noachian/Early Hesperian 
Epoch [1], at the end of early Mars. Gale is partially 
filled by a central mound of layered deposits up to 5 
km thick and 6000 km2 in area [2] for which several 
origins have been proposed including volcanic [1, 3], 
eolian [1-4], and fluviatile and lacustrine processes [1, 
2, 4, 5], precipitation as spring deposits [6], and a 
combination of several origins [4, 7]. The past pres-
ence of water is attested by the occurrence of fluvial 
channels and canyons carved into the deposits and the 
crater rim, and of phyllosilicates and sulfates located in 
the lowest part of the layered deposits [8]. Conse-
quently, the layered deposits in Gale are of high inter-
est to constrain the geochemical and climatic environ-
ments of the region prevailing during a key period of 
the planet history. We focus here on two major ques-
tions, which are the age of Gale and the mode of for-
mation of its layered deposits.  

Methodology:  We estimated the age of formation 
of Gale crater by crater counts on the ejecta to the 
southeast of the crater on a mosaic of HRSC nadir 
panchromatic images (25 m/pixel). The ejecta to the 
north of Gale have not been taken into account be-
cause of resurfacing by fluvial processes. We investi-
gated the origin of the layered deposits by mapping the 
sedimentary infill in Gale based on CTX images (~6 
m/pixel) and HiRISE images (25-32 cm/pixel), and by 
measuring the geometry (attitude and thickness) of the 
layered deposits from HiRISE DEM. 

Age of Gale:  We counted 375 craters ranging 
from 88 m to 23 km in diameter on an area of 1.01x104 
km2 (Fig. 1). The estimated age of formation of Gale is 
~3.61 +0.04/-0.06 Ga, which corresponds to Late Noachi-
an with the size-frequency distribution of Hartmann [9, 
10]. Taking into account that Late Noachian is ranging 
from 3.85 Ga to 3.57 Ga [9, 10] and the uncertainties 
of the measurement, we estimated the age of formation 
of Gale to be Late Noachian/Early Hesperian. This 
result is in agreement with [1, 4]. Consequently, the 
sedimentary infill of Gale is Late Noachian/Early Hes-
perian at maximum in age and probably younger. 

 
Fig. 1: Age determination of Gale crater by crater counts on 
its ejecta. (a) Crater counted and the counting areas (in 
white) on a mosaic of HRSC nadir panchromatic images. (b) 
Crater size-frequency distribution including an inferred 
model age (in blue). 
 

Origin of the layered deposits:  The central 
mound of layered deposits is constituted of several 
geological units, which have various albedo, erosion 
patterns, geometry, and mineralogical composition. 
The small yardang units (Syu1-2) and the benched unit 
(Bu) are the main units of the mound in terms of vol-
ume (Fig. 2). At the base of the mound, the small 
yardang units (Syu1-2) are moderate to dark-toned ma-
terials forming yardangs, which are indicative of cohe-
sive materials. They are incised by wide canyons and 
consist of subparrallel layers of varying thickness 
ranging from <2 m to ~30 m for each layer or bundle 
of layers. 
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Fig.2: Spatial distribution and morphology of the layered deposits (central mound). (a) Geologic map of Gale crater on a CTX 
mosaic. (b) Perspective view of the Small yardang unit 1, which dips 3°N at this location (HiRISE ESP_016375_1750). (c) Cliff-
bench morphology of the benched unit (HiRISE PSP_001620_1750). (d) Close-up view of (c) showing possible crossbeds (white 
arrows).(e) Interpretative section across the crater (topographic profile drawn from HRSC DEM). 
 

They dip 3°N to the east of the mound (Fig. 2b) and 
~3°NW to the northwest of the mound. Hence, the 
layers are not horizontal and appear to drape the pre-
existing topography (Fig. 2e). No remnant butte of 
these units is visible out of the main mound that sug-
gests that they never filled the entire crater. These ob-
servations indicate that a lacustrine deposition is un-
likely. Instead, the small yardang units may result from 
an airfall deposition of volcanic ash and/or dust. An-
derson and Bell [7] noticed the presence of polygonal 
ridges in the Syu1 unit interpreted to be filled or ce-
mented fractures consistent with fluid flowing through 
fractures. The identification of phyllosilicates and sul-
fates [8] in this unit provides additional evidence that 
alteration processes occurred in the Syu1 unit.  

The benched unit (Bu) is located in the upper part 
of the mound. It displays a cliff-bench morphology 
(Fig. 2c) and consists of subparrallel layers of roughly 
constant thickness ranging from <1 m to <5 m and dip 
4-9°NW. No fluvial features has been observed in the 
benched unit implying that fluvial activity stopped 
before its deposition. Structures similar to crossbeds 
visible on benches of layers (Fig. 2d) [7] suggest that 
the benched unit may be aeolian material (remobilized 
volcanic ash/dust).  

Conclusions:  From our estimations, Gale crater 
formed ~3.61 +0.04/-0.06 Ga ago. The mound of layered 
deposits was mostly accumulated in an aerial environ-
ment by settling of dust particles and/or volcanic ash in 
air that have locally been remobilized by wind. The 
small yardang unit 1, at the base of the mound has 
been altered by aqueous processes that may have con-
tributed to the lithification and cementation of the 
mound. 
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