
M A R I A  T.  Z U B E R

Arguably the most compelling evi-
dence that Mars once had oceans is 
the presence of potential shorelines in 

the planet’s northern hemisphere1. However, 
these features do not have a constant elevation, 
which would argue against an oceanic origin2. 
On page 643, Citron et al.3 show that the devia-
tions can be explained if the shorelines formed 
before and during the growth of Tharsis — a 
volcanic region that spans nearly one-quarter 
of Mars’s surface area. The results imply that 
the formation of the planet’s oceans occurred 
earlier than previously thought, and might 
be linked to the volcanism of Tharsis and the 
formation of valley networks4.

The history of liquid water on Mars is 
of great interest because water would have 
strongly influenced the planet’s climate and its 
potential for habitability. Evidence for a watery 
past in Mars’s geological record is abundant, 
but many of the data are indicative of cata-
strophic outflows or intermittent releases that 
neither require a temperate surface environ-
ment, nor are thought to have persisted long 
enough for the development of microbial life5.

Researchers have long debated the possibil-
ity that a liquid-water ocean or oceans once 
filled the topographic depression in Mars’s 
northern hemisphere6. Comparisons of the 
roughness7 and intrinsic electrical proper-
ties (dielectric properties)8 of the proposed 
Martian sea floor with those of similarly 
sediment-laden surfaces on Earth, as well 
as the concentrations of certain isotopes 
on Mars9, support the idea of past oceans. 
But perhaps the most convincing evidence 
comes from geomorphological observations 
of potential ancient shorelines. In particu-
lar, geological mapping of spacecraft images 
has revealed putative shorelines that can be 
tracked for thousands of kilometres on Mars’s 
northern plains1.

The identification of these shorelines is not 
without caveats. For instance, the geomorpho-
logical observations are open to interpreta-
tion2. Furthermore, shorelines, like beaches on 
Earth, should trace surfaces of constant gravi-
tational potential (such as sea levels). However, 
Mars’s putative shorelines show changes in ele-
vation of up to several kilometres, indicating 

that if these features indeed formed at ocean 
coasts, they subsequently underwent substan-
tial deformation. If the event that produced 
such deformation could be identified, it would 
constrain the relative timing of the formation 
of the shorelines, and therefore of the oceans.

Citron and colleagues use shoreline model-
ling to show that the observed deformation can 
be explained by the growth of Tharsis, most of 
which occurred some 3.6 billion or more years 
ago, during an early stage in Mars’s history 
called the Noachian period. The authors con-
sidered two extensive shorelines: Arabia and 
Deuteronilus (Fig. 1). Their analysis indicates 
that the Arabia shoreline formed before or in 
the early stages of Tharsis’s growth, whereas 
the Deuteronilus shoreline arose during the 
late stages. These findings are in contrast 
to general thinking that the oceans, if they 
existed, formed after Tharsis’s emplacement. 
By correcting for deformation events, Citron 
et al. place lower limits on the ocean volumes 
associated with the Arabia and Deuteronilus 
shorelines, of about 11 and 3 times that of 

Earth’s Mediterranean Sea, respectively.
A previous study10 showed that the eleva-

tion patterns of the Arabia and Deuteronilus 
shorelines could be explained by the deforma-
tion induced by a reorientation of Mars’s spin 
axis — a phenomenon known as true polar 
wander11. Rotational dynamics dictates that a 
planet spins stably about its axis of minimum 
inertia. Consequently, the load associated with 
an ocean of the calculated volume could have 
resulted in true polar wander if Tharsis had 
formed far from Mars’s equator. However, 
evidence now indicates that Tharsis prob-
ably originated near the equator12,13, in which 
case, ocean loading would not have been great 
enough to destabilize the planet’s spin axis. If 
Tharsis had formed close to, but not precisely 
at, the equator, loading would have induced 
a limited amount of true polar wander, but 
not enough to explain the deformation of the 
proposed shorelines.

Citron and colleagues’ scenario is there-
fore more consistent with our current 
understanding of Tharsis’s emplacement. The 

P L A N E TA R Y  S C I E N C E

Oceans on Mars formed early
The geometry of putative ancient shorelines on Mars suggests that these features were deformed by the growth of a massive 
volcanic region — a finding that has implications for the climate, geology and hydrology of early Mars. See Letter p.643
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Figure 1 | Mars’s topography and putative ancient shorelines. The surface of Mars contains a massive 
region called Tharsis (red), which was formed by volcanic activity, and lowland areas in the northern 
hemisphere (blue) that have been proposed to be the location of ancient oceans5. Geological mapping1 
has revealed two extensive potential past shorelines: Arabia (dashed line) and Deuteronilus (solid lines). 
Citron et al.3 report that the geometry of these shorelines can be explained if they were deformed in 
response to the growth of Tharsis, rather than after Tharsis’s formation as previously assumed. The colour 
scale denotes elevation in kilometres. (Adapted from Extended Data Fig. 2 of the paper3.)
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authors’ revised sequence of events also has 
some appeal, in that it ties ocean formation 
to the release of water-rich gas from massive, 
extended volcanic events. And, in the case of 
the ocean associated with the Arabia shoreline, 
it links ocean formation to the emergence of 
valley networks4 — abundant features on early 
Mars that carried water to the northern low-
lands in which the oceans were situated.

Not surprisingly, the interplay of water 
and geodynamics over Mars’s history is more 
complicated than presented in Citron and col-
leagues’ analysis. During the period of interest, 
additional deformational processes occurred 
at local to global length scales that were not 
accounted for. Such processes are associated 
with, for example, mantle activity, impacts of 
asteroids or comets on to Mars’s surface, gla-
ciers, erosion and individual volcano growth, 
and could also have contributed to the defor-
mation of the shorelines.

More-detailed mapping and modelling 
could clarify the contributions to the observed 
elevation changes and refine the sequence and 
relative timing of events. In addition, other, 
much shorter and more fragmented potential 
shorelines have been proposed14,15 that suggest 
the existence of seas and lakes, and that merit 
further study. Finally, the timing and role of 
volcanism, as it relates to the state and evolu-
tion of the atmosphere and to the persistence 
of water on the planetary surface, is far from 
understood. But, fortunately, the extensive 
database of remote and in situ observations of 
Mars continues to accumulate, revealing the 
intriguing story of Mars’s water-rich past. ■
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R O S E  Z .  H I L L  &  D I A N A  M .  B A U T I S T A

There’s nothing cosier than sitting by 
the fire on a cold night, and mammals 
have an amazing ability to find the per-

fect spot in which to warm themselves with-
out being burnt. This ability is mediated by  
specialized heat-sensitive neurons of the 
somato sensory system that innervate the 
skin. These neurons are fine-tuned to detect 
the temperature at which pleasurable warmth 
turns into painful (noxious) heat, and are 
responsible for initiating protective reflexes and 
trigger ing avoidance behaviours. The search for 
tempera ture sensors in somato sensory neurons 
has uncovered several ion channels that are 
part of the transient receptor potential (TRP)  
family1–4, but the TRP channel or channels 
that are responsible for heat-evoked pain have 
remained unclear. Vandewauw et al.5 report 
on page 662 that three TRP channels work 
together to detect noxious heat in mice.

The first temperature-sensitive TRP 
channel, TRPV1, was discovered more than 
20 years ago1. TRPV1 has a crucial role in the 
development of hypersensitivity to heat after 
injury or inflammation, but experiments have 
revealed that mice that lack TRPV1 display 
only a partial defect in the ability to sense 
and respond to noxious heat6. Another TRP 

channel in somatosensory neurons, TRPM3, 
is also activated in response to painful tem-
peratures; however, heat-evoked pain-avoid-
ance behaviours are only partially attenuated 
in mice that lack this channel3, leaving the  
mystery of how painful heat is sensed 
unsolved.

Vandewauw et al. report that double-mutant 
mice, which lack both the TRPV1 and TRPM3 
channels, show only mild defects in heat-
evoked pain-avoidance behaviours, similar 
to mice that lack just one of those channels. 
By contrast, they find that mice that lack a 
third channel, TRPA1, as well as TRPV1 and 
TRPM3, do not display any protective avoid-
ance behaviours when exposed to noxious 
heat (Fig. 1). The three channels therefore act 
in concert to mediate behavioural responses 
to noxious heat.

What led Vandewauw and colleagues to 
implicate TRPA1 in heat sensing? The authors 
observed that a subset of the heat-responsive 
somatosensory neurons that normally express 
TRPV1 and TRPM3 also express TRPA1, 
which has previously been shown to medi-
ate inflammatory pain7 and itching8 in mice. 
TRPA1 is known to contribute to the heat-
sensing abilities of non-mammalian organ-
isms, including rattlesnakes9 and fruit flies10, 
but mice that lack TRPA1 exhibit normal 
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A trio of ion channels 
takes the heat
Of the various temperature-sensitive ion channels identified previously, 
three have now been found to act in concert to detect painful heat and initiate 
protective reflexes. See Letter p.662
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Figure 1 | Three heat-sensitive TRP channels. Vandewauw et al.5 demonstrate in mice that potentially 
damaging temperatures excite pain-sensing neurons of the peripheral nervous system through the 
activity of three ion channels from the TRP family — TRPV1, TRPM3 and TRPA1. Activation of TRPA1 
(by, for example, hydrogen peroxide, H2O2) is likely to require oxidation of certain amino-acid residues, as 
well as the presence of heat. Activation of the three channels causes neuronal firing and the transmission 
of signals to the central nervous system, leading to pain-associated behaviours and protective reflexes.
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