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Ocean fertilization from icebergs: On Earth’s
oceans, giant icebergs release melting water containing
nanoparticulate iron and other micronutrients, which
support biological metabolism and growth to the near-
coastal euphotic ecosystems, many of which are iron
limited [1]. This iron limitation of primary producers
has been documented in large regions of the Earth’s
oceans, most notably in polar areas proximal to signif-
icant glacial activity, and is counterbalanced by the
substantial enrichment of terrigenous material supplied
by icebergs [2-4]. The biological productivity extends
hundreds of kilometres from the giant icebergs, and
persists for over one month after the iceberg passes
[1]. Here we propose that iceberg activity on early
Mars could have promoted a similar enhancing of bio-
logical productivity on the planet’s oceans. The identi-
fication of specific biosignatures in icebergs trails on
Earth could give clues as to what kind of biosignatures
could be expected on the ancient Mars ocean floors,
and where to look for them. In particular, assuming
that life existed on Mars coeval to glacial activity, en-
hanced concentrations of organic carbon could be an-
ticipated near iceberg trails, analogous to what is ob-
served in polar oceans on Earth.

Identification of iceberg rafting on Mars: We
have previously presented [5-9] evidence for furrows,
dump structures and chains of craters (Figs. 1-3) that
we interpret as indication for iceberg transport and
grounding on very cold oceans on early Mars, both in
the northern plains and in the Hellas basin. Structures
include:

1. Furrows: The furrows are located in elevated ar-
eas or on local topographic highs, particularly on the
Hellas basin (Fig. 1). We interpret these features in
terms of iceberg rafting and grounding. We propose
that the furrows were formed in submerged unconsoli-
dated sediments, when floating ice keels touched down
and displaced loose material to the sides as they con-
tinued to move forward, possibly driven by both wind
and water currents.

2. Chains of craters: High-resolution images of
Utopia and Isidis Basins also reveal chains of crater-
like structures several hundred meters wide and 1 to 5
km long (Fig. 2). We interpret that overlapping pits are
formed by periodic liftoff of the scouring keel as the
floating ice mass moves forward. They may be caused

by large amplitude deep ocean swell or by instabilities
in the ice mass causing it to “wobble”.

3. Dump structures: Dark boulder clusters are re-
vealed at large scales by their slightly darker tonality
with respect to the surrounding terrain (Fig. 3). These
clusters have sizes ranging from several hundred me-
ters to 1-2 km. We suggest that large boulder concen-
trations originated when debris-rich icebergs grounded
and remained stationary for a lengthy period of time as
they melted, resulting in localized clusters of boulders
and cobbles.
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Fig. 1: Scour marks (arrows) in Hellas Basin (HIRISE image
PSP_009548 1420). Scale bar = 1 km. HIRISE image credit:

Fig. 2: Chains of crater-
marks in Utopia Planitia.

Fig. 3: Dark regions
with a high concentra-
tion of boulders.
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