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Introduction:  A central outstanding question re-
garding the sedimentary rocks of Mars is the timescale 
for their deposition.  Since the rocks represent a record 
of the planet's ancient climate conditions, which are 
thought to vary greatly through time, it is valuable to 
know what fraction of its history they document.  The 
same question has provoked research into the polar 
caps of Mars, whose absolute age could constrain cli-
mate models of Mars' recent (1–10 Myr) history.  Sev-
eral authors have searched for periodic signals within 
the stratigraphy of the ice, in an attempt to find a link 
to specific climate forcing cycles [1-3].  Thus far, con-
clusive correlations to the planet's insolation history 
have remained elusive.  In the sedimentary rock re-
cord, Lewis et al. [4] utilized digital topographic maps 
derived from HiRISE stereo images to reconstruct 
stratigraphic records of image brightness and topog-
raphic slope, under the assumption that these parame-
ters are proxies for lithologic variation and deposi-
tional conditions in turn.  Several sections were found 
to contain quasiperiodic variations of these parameters, 
indicating bedding of highly regular thickness. Subse-
quently, additional examples of cyclicity within sedi-
mentary records have been confirmed.  These addi-
tional sites are widespread across the low-latitudes, 
suggesting a common occurrence in the Martian rock 
record. 

Method:  Digital topographic data are extracted 
from stereo images via the method of Kirk et al. [5], 
using the Socet Set software package.  Camera posi-
tions and velocities are refined by controlling tiepoints 
to the Mars Orbiter Laser Altimeter global dataset, 
which has a nominal vertical accuracy of ~1 m [6].  
Final Digital Terrain Models (DTMs) are produced at 
a grid spacing of 1 m, roughly equivalent to 3 pixels 
for full-resolution HiRISE images. 

To correctly reconstruct the stratigraphic record, 
the three-dimensional orientation of bedding in an out-
crop must be measured and accounted for.  This is 
particularly important for the outcrops studied here, 
which can be heavily faulted and tilted.  We have ex-
tracted topographic profiles along the edges of beds 
for each outcrop, where natural curvature can ade-
quately constrain the planar orientation.  We avoid 
areas adjacent to fractures where folding and dis-
placement can distort beds into non-planar surfaces.   

High-precision structural measurements of bedding 
allow true stratigraphic reconstructions of the sedimen-

tary sequences.  Time series analysis is performed on 
the reconstructed sections, employing image bright-
ness and topographic slope as lithologic proxies.  
Measurement of bed thicknesses, in combination with 
multi-taper spectral analysis, has revealed the occur-
rence of regularly cyclic sedimentary deposits on 
Mars, likely indicators of repetitive climate change in 
the planet’s past.  

 

Fig. 1: Locations where quasiperiodic (white) and 
aperiodic (black) strata have been identified on Mars. 

 
Geologic Occurrence:  Several stratified deposits 

on Mars have been found to contain highly rhythmic 
bedding at low latitudes in the Arabia Terra region of 
Mars.  The heavily eroded sequences are preserved 
within large craters in this region, and appear to be 
rare on the intervening plains, although a few exam-
ples in Eastern Arabia suggest the deposits were once 
more extensive [7].  The rims of the craters in which 
they are found are not breached or heavily incised, and 
there are generally few, if any, morphologic indicators 
of fluvial action.   

Additional instances of cyclic bedding are ob-
served outside of Arabia Terra, within Gale crater and 
Juventae Chasma, as well as within the Medusae Fos-
sae formation of Elysium Planitia (Fig. 1).  While the 
five Arabia Terra sites all lay enclosed within large 
impact craters, the remaining sites occupy more di-
verse settings.  The Gale crater outcrop is situated near 
the top of the sedimentary mound in that crater, well 
above much of the rim (within the Upper formation of 
[8]).  The Medusae Fossae formation outlier sits ex-
posed in Elysium Planitia, outside of any closed basin.  
The Juventae Chasma locale is unique in its position 
within the Valles Marineris system, host to a diverse 
suite of sedimentary deposits.  In all of the sequences, 
bedding is parallel, and no erosional unconformities 
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have been observed, suggesting sustained low-energy 
deposition. 

We have also considered examples of stratified 
outcrops which do not show evidence for intrinsic pe-
riodic signals.  These include the fluvial sediments 
exposed at the margin of the Eberswalde crater delta, 
and the large stratified mound situated within Terby 
crater. 

 

Fig. 2: Scales of quasiperiodic bedding observed at 
eight separate sedimentary deposits on the surface of 
Mars.  Notably, the site at Becquerel crater exhibits 
two distinct scales of cyclicity. 

 
Implications: While the depositional origin of the 

quasi-periodic bedding now observed across Mars 
remains uncertain, one possibility is considered most 
likely.  In addition to the lack of fluvial features within 
the analyzed stratigraphy, the occurrence at the two 
latter locations outside of closed basins rules out lacus-
trine sedimentation as a formative process.  Rather, 
fallout of sediment from suspension in the atmosphere 
is a more likely origin, as has been suggested for simi-
lar deposits in eastern Arabia Terra [7].  Such a proc-
ess is consistent with the observation of bedding which 
can drape pre-existing topography, such as crater 
walls, in several of the locations.  However, stochastic 
processes such as volcanism and impact cratering are 

unlikely to produce regularly cyclic deposits.  In con-
trast, we favor a low energy process such as the steady 
accumulation of aeolian airfall dust as a candidate 
formation mechanism.  Although the origin of the 
sediments in Terby crater is uncertain, the lack of 
cyclicity in the Eberswalde strata is notable.  This may 
be an indication that stochastic variability over-
whelmed external cyclicity, or that depositional time-
scales for the delta were much shorter (or much 
longer) than the forcing mechanisms recorded in Ara-
bia Terra and elsewhere, consistent with independent 
estimates [9]. 

Under the hypothesis that Martian orbital varia-
tions are responsible for fluctuations in bedding char-
acteristics [4], rough depositional timescales of order 
104-105 yr per bed are implied.  Given the length of the 
sections studied here, this translates to a cumulative 
period of deposition of order 1-10 million years.  Al-
though this estimate neglects the contribution of depo-
sitional hiatuses, no unconformities have been ob-
served in any of the cyclic sections.  While this is 
strong evidence against the possibility of intervening 
erosional episodes, periods of non-deposition could 
have occurred.  The important consequence is that the 
recorded deposition may represent only a small frac-
tion of Martian history.  Subsequently, these deposits 
all seem to have entered an erosional state, apparently 
continuing to the present.  This may indicate that the 
cyclic sedimentary deposits exposed today represent 
an unusual and relatively limited period in the planet’s 
history, which favored both deposition and preserva-
tion of accumulated sediments in these locations. 

We will discuss the significance of these rhythmic 
sequences in the low latitudes of Mars.  Stratigraphic 
correlations may be possible based on similarities in 
the measured bedding sequences and distributions, 
both within and among different sites.  Potential links 
between proximal outcrop locations with similar bed-
ding scales (Fig. 2) will be evaluated.   
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