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Introduction: The polar regions of Mars exhibit
relatively pristine sequences of mostly layered water
ice and dust that form broad plateaus (Planum Boreum
and Planum Australe). Recent and ongoing studies
have utilized high-resolution imaging, multispectral,
and radar sounding data obtained from orbiting space-
craft to determine the stratigraphic character of polar
layered deposits (PLD) and how they may relate to
orbitally driven climate variability [e.g., 1-12]. Here
we focus on results achieved by adapting the sequence
stratigraphy approach used to study sediments on Earth
to mapping of the PLD. Results illustrate that this tech-
nique is vital for constraining and correlating geologic
histories among various martian sedimentary se-
guences, which also occur in the cratered highlands, in
canyons, and along the highland-lowland boundary.

Methodology: Sequence stratigraphy involves a
mapping approach that provides a chronologic frame-
work to rock strata, whereas the more common ap-
proach to mapping discriminates rock formations based
on their material characteristics. The key structure that
is mapped in sequence stratigraphy is the unconformity
[13]. Unconformities may bound sequences of sedi-
ments that grade vertically and laterally in characteri-
sitics such as mineralogy, bedding, and grain size,
shape, and sorting [14]. Terrestrial sequence stratigra-
phy is applied to strata that record marine transgres-
sions and regressions at multiple time scales due to
climate-driven sea-level changes, basin subsidence, and
changes in sediment supply [14]. The goals of mapping
and analyzing sequences of layered deposits on Mars,
at the poles and elsewhere, are commonly similar.

North PLD stratigraphy: We have delineated 5
Planum Boreum (PB) units, which from oldest to
youngest are the rupes, cavi, and 1-3 units [12]. The
PB rupes unit forms an ice-rich basal unit locally ex-
ceeding 1000 m in thickness and whose layers are tens
to hundreds of meters thick; radar sounding data reveal
its buried extent and topography, which is highly mod-
ified by erosion [6, 11]. Its crater density indicates that
it was formed during the Hesperian (>3.5 Ga). After-
wards, the PB cavi and 1 units were emplaced forming
sequences of ~meter-thick layers approaching 1500 m
in total thickness, but their age is not well constrained
(perhaps Middle to Late Amazonian, or several Ma to
perhaps ~2 Ga). The cavi unit is sand rich and occurs
locally and grades upward and laterally into the PB 1
unit, so there is no unconformity between them. Hun-
dreds of local unconformities occur in the PB 1 unit,
particularly in exposures of lower, marginal sequences.

PB 2 and 3 units respectively represent relatively lithic-
and ice-rich PLD, each no more than several tens of
meters thick and superposed on partly eroded surfaces
of underlying PB units. Bright residual water ice <1 m
thick mostly superposed on unit PB 3 appears to be
transient, and its behavior relative to recent climate is
under investigation [e.g., 8, 15].

South PLD stratigraphy: The south PLD are
made of 4 Planum Australe (PA 1-4) units of Amazo-
nian age underlain by ice-rich Hesperian deposits of
the Dorsa Argentea Formation. Each of these PA units
are separated by unconformities and made up of me-
ters-thick layers. The PA 4 unit is made up of CO; ice,
whereas the other units are mostly water ice and dust.
Several unconformities of possible regional extent have
been mapped in the PA 1 unit. Crater dating of the PA
1 and 2 surfaces indicate that they are likely >100 Ma
[16], and their onset could be much older.

Lessons learned: Major depositional breaks occur
in both PLD, possibly due to pronounced changes in
climate patterns, volatile supply, and other regional to
global factors. Because an unconformity occurs just
tens of meters below the top of the north PLD [3, 12],
attempts to correlate detailed layering signatures below
this break among various outcrops as well as to the
orbitally driven climate record [1, 2] are highly sus-
pect. Also, significant differences occur in how se-
quences of north and south PLD are delineated by un-
conformities. Thus, regional factors may be at play. By
extension, other strata on Mars likely face the same
obstacles in correlating various outcrops of similar
appearance and setting and in constraining their ages.
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