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VOLCANIC RIFT ZONE AND ASSOCIATED CINDER CONE FIELD IN UTOPIA PLANITIA, MARS.

J. K. Lanz', R. Wagnerz, U. Wolf’, G. Neukum’®, and J. Krochert!, 'Institut fiir Planetologie, Universitét Stuttgart,
Herdweg 51, 70174 Stuttgart, Germany; julia.lanz@geologie.uni-stuttgart.de, “Institute of Planetary Research,
German Aerospace Center (DLR), 12489 Berlin, Germany, “Institute of Geosciences, Free University of Berlin

(FUB), 12249 Berlin, Germany

Introduction: We have analyzed a small area in
SW Utopia Planitia that shows striking similarities to
rift zone volcanoes on Earth. The position of the study
area is particularly interesting as it lies off any of the
volcanic centers of Mars in the northern hemisphere
lowlands embedded in Vastitas Borealis Formation
(VBF) material. It shows evidence for volcanic activity
in the Late Noachian to Early Hesperian that was ac-
companied, or caused, by localized rifting processes
and the formation of an extended cinder cone field. We
propose that the area represents part of older lowland
surfaces pre-dating the resurfacing by the Vastitas Bo-
realis Formation and that it could be an indicator of
volcanic processes and of the type of volcanic activity
in the Late Noachian to Late Hesperian in the northern
lowlands of Mars.

Figure 1: CTX-Image mosaic and map of the study area in
Utopia Planitia.

Geology and morphology of the study area: The
study area lies outside any of the large volcanic centers
on Mars over 2.500 km west of the Elysium rise and
approximately 2.000 km NE of the Syrtis Major vol-
canic province. It consists of a heavily eroded central
cone with a basis diameter of 4.5 to 5.0 km that is sur-
rounded by numerous considerably smaller pitted
cones. The smaller cones are mostly randomly distrib-
uted though some cones can be seen to be aligned in
chains along prominent fissures (Figure 1). A dense
pattern of radial and concentric faults, fissures and
narrow ridges surrounds the central cone (Figure 1)
with a dominant NW-SE direction. Particularly in the
north-northeastern parts of the study area fissures can
be seen to cut through older cones and ridged surfaces.

Several flow features issue from discrete sources along
the faults and fissures and in some cases they seem to
be directly associated to cones aligned along the fis-
sures (Figure 2). Some of these flows are restricted by
lateral levees. The observed features end abruptly to-
wards the north approximately 12 to 16 km away from
the central cone and more gradually in the southern
regions indicating the borders of the study area to the
surrounding VBF material. It appears that VBF mate-
rial covers and surrounds parts of the observed struc-
tures and is thus younger than the surfaces and features
observed in the study area.
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Figure 2: Extension fracture crosscutting older fissures (top
left); pitted cones aligned along fissure, note lava flows issu-
ing from cones and fissure (top right); small cone cluster cut
by younger fissure (bottom left); small dyke oriented radial
to the central cone (bottom right).

Rifting and volcanic activity: The most striking
features are the elongated fissures surrounding and
cross-cutting the central cone and the adjacent areas.
The fissures are developed as either long and broad
features crossing the full length of the study area or as
short and narrow linear structures that show lava flows
emanating from them. We interpret these structures to
be eruptive volcanic fissures that furthermore give
testimony of the proposed rifting processes in the
study area. The best examples of ongoing extension
can be found along the broad fissures as small cones
and cone clusters can be seen to have been rifted apart
by the fissuring process in several places (see Figure
2).
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We interpret most of the pitted cones in the study
area to be cinder cones based on the following charac-
teristics. As already mentioned, cones are often associ-
ated with fissures either sitting on top of them, being
aligned along them, or being rifted apart, indicating
that the fissure and cone formation processes were
interconnected. Several cones are situated on the
slopes of the large central cone (see Figure 1) and
there are even several examples where lava flows can
be seen to have issued from the cones (Figure 2).

Narrow elongated ridges are oriented roughly ra-
dial around the central cone (Figures 1 and 2) though a
prominent NW-SE direction is visible. Some of these
ridges appear to be the extension of the small narrow
fissures described earlier and many ridges lie close and
directly parallel to these fissures. Cones are in places
associated with the ridges and form cone chains or
small clusters along their paths. Their orientation both
in radial and in parallel swarms often close to the fis-
sures is typical for dyke intrusions on Earth (e.g. [1])
as well as their resistance against erosion.
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Figure 3: Multi-ring structures in the study area (top) resem-
bling magmatic intrusions on Earth (bottom left: Jabal
Karamareitri, Sudan; bottom right: Air Plateau, Niger).

Particularly interesting in the context of magmatic
intrusions are several (multi-)ring structures identified
in the study area (Figure 3). They show characteristics
of magmatic intrusions on Earth. All identified ring-
structures in the study area are small, less than 2-3 km
in diameter and lie far below the crater diameters of
complex craters on Mars (e.g. [2]). Furthermore, the
left ring structure in figure 3 shows radial fractures
that are untypical for eroded impact craters. Instead,
they are similar to joints formed by cooling processes
in terrestrial magmatic intrusions. That they are
younger tectonic features superimposed on the older
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structures can be ruled out as they show no continua-
tion into the surrounding terrain. The right image in
figure 3 shows an irregular, slightly elongated central
depression situated a little off the actual center of the
structure. Impact craters on Mars sometimes contain a
central depression or central pit possibly caused by the
presence of ground ice ([3]). However, central pits are
usually found in larger complex craters with diameters
of a few tens of kilometres (e.g. [3], [4]). The slight
offset from the structures centre and the irregular
shape of the depression is also unusual for central pit
craters on Mars.

Cratering Ages: To better constrain the age of ac-
tivity in the study area we performed crater counts on
several geologic units. Stratigraphic correlations al-
ready indicate that the study area is older than the sur-
rounding VBF material. Crater statistics of the study
area gave ages between Late Noachian and Late Hes-
perian. That means that the volcanic activity in the
study area falls in the same time period during which
the highland paterae and the Syrtis Major volcanoes
where forming (e.g. [5], [6]). Volcanism in the Ely-
sium volcanic province started in the same time period
and continued throughout most of Mars history (e.g.
[7], [8], [9]). In combination with stratigraphic correla-
tions that confirms the assumption that the study area
represents part of the northern lowland surfaces pre-
dating the resurfacing processes that covered the low-
land plains.

Conclusions: We interpret the combination of fea-
tures in the study area to be the result of localized vol-
canic activity caused by rifting processes. Upwelling
magma along the rift zone formed magmatic intru-
sions, dykes and led to localized volcanic activity and
the formation of cinder cone fields. Possibly the area is
a remnant of more widespread volcanic activity in the
northern hemisphere during that period indicating that
volcanic activity occurred more globally and was not
restricted to the large volcanic centers on Mars.
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