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Introduction:  Although the majority of martian 

volcanic activity took place during the Noachian and 
Hesperian epochs, volcanism has continued through 
the Amazonian.  The youngest volcanic surfaces are 
found in the Cerberus plains south of Elysium Mons, 
where lava flows as young as 5-20 Ma have been doc-
umented on the basis of crater retention ages [1, 2].  
The present-day rate of volcanic activity is related to 
the present-day level of seismic activity, with im-
portant implications for the upcoming InSight mission 
[3].  Here we present evidence for a very recent pyro-
clastic eruption emanating from one of the Cerberus 
fossae fissures, providing evidence for potentially on-
going volcanic and seismic activity in close proximity 
to the proposed InSight landing site. 

 
Figure 1. The Cerberus mantling unit as observed in a CTX 
image mosaic, b daytime THEMIS infrared, and c nighttime 
THEMIS infrared.  d Map depicting the Cerberus fossae 
source fissure (black line), the dark (CMUd) and bright 
(CMUb) mantling units, the crater Zunil (Z) and its continu-
ous ejecta blanket, and Zunil secondaries (black dots). 
 

Observations: The proposed pyroclastic deposit is 
expressed as a dark mantling unit (hereafter referred to 
as the Cerberus dark mantle unit, CMUd) that is dis-
tributed quasi-symmetrically around a 35 km-long fis-
sure, centered at 7.9°N 165.8°E (Fig. 1).  The source 
fissure is part of the Cerberus Fossae, which were pre-
viously shown to have sourced geologically young 
flood basalts and outflow channel floods [1, 4].  The 
margins of the dark unit transition to a narrow bright 
halo (CMUb) before fading into the background plains. 
The bright halo is interpreted as the remnant of the 
pervasive dust deposit that once covered this region 
[5].  Elsewhere in this region, this dust deposit is pre-
served where it has been armored by the ejecta of 
Zunil secondaries.  This same dust deposit is inferred 
to be preserved beneath the CMUd deposit as indicated 

by the bright ejecta around some craters within CMUd, 
and is visible at the margins of the CMUd as the 
CMUb halo. 

The CMUd deposit is notable for its contrast rela-
tive to other albedo patterns in the area.  This region 
was once an area of net dust deposition, followed by 
net dust removal [5].  As a result of the prevailing 
winds, large topographic obstacles in the vicinity (in-
cluding Zunil) exhibit low albedo tails extending to the 
southwest where dust has been scoured from the sur-
face by turbulence in the wind, surrounded by a bright 
halo where a thicker dust layer remains.  Although the 
CMUd superficially resembles those dark wind streaks, 
it is fundamentally different in several important re-
spects.  The dark wind streaks are strongly asymmet-
ric, extending only to the southwest (downwind).  In 
contrast, the CMUd is nearly symmertric about the 
fissure, extending ~5 km toward the northeast and ~7 
km to the southwest, suggesting active transport of 
dark material sourced at the fissure.  The minor asym-
metry in CMUd is likely due to the effect of the wind 
during the transport and deposition of the material.  
The dark wind streaks clearly show the underlying lava 
flow textures in HiRISE images as they have been 
stripped of fines.  In contrast, the CMUd is clearly a 
younger deposit emplaced onto the underlying lava 
flows and obscuring their surface textures.   

Small aeolian bedforms are observed within the 
deposit, indicating some limited mobility.  Close to the 
fissure, the deposit is crossed by a multitude of sinuous 
ridges/depressions oriented approximately perpendicu-
lar to the fissure.  The planform of these depressions is 
not consistent with a fluvial or aeolian origin, and we 
interpret them as a primary depositional texture related 
to the longitudinal dunes in the proximal regions of 
some terrestrial pyroclastic deposits [6].  

The deposit is bright in both day and night infrared 
images, and has a high thermal inertia consistent with a 
coarse grain size or partial welding of an ash tuff.  
CRISM spectra close to the fissure indicate the pres-
ence of high-calcium pyroxene (Fig. 2), revealing that 
the proximal deposit closest to the fissure is comprised 
of coarser mineral grains or solidified lava spatter ra-
ther than ash. 

The thickness of the deposit can be constrained 
from both its morphology and MOLA data.  Several 
weakly expressed mantled craters with diameters as 
small as 25 m are interpreted as pre-deposit craters.  
These craters would have had original depths of ~5 m, 
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suggesting a deposit thickness of this order.  Over 
short lengthscales, the deposit appears smoother than 
the surrounding lava flow surfaces.  A decrease in the 
MOLA pulse width over the deposit suggests a de-
crease in surface roughness by 2-7 m, which places a 
lower bound on the deposit thickness.  Some MOLA 
tracks show a subtle inflection with an upward step of 
~2 m at the edge of the deposit (Fig. 3).  This evidence 
collectively supports a thickness of the combined ash 
and dust of ~2-7 m. 
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Figure 2. (a) CRISM image frt00016467, with the 2.5295, 
1.5066, and 1.0800 mm bands in red, green, and blue, respec-
tively. (b) High calcium pyroxene parameter map [7], high-
lighting the proximal member of the CMUd. c Individual 
numerator and denominator spectra representing the proxi-
mal member of CMUd and the bright halo CMUb interpreted 
as dust. (d) The ratioed spectrum (black line) and the contin-
uum removed ratioed spectrum (gray line) show a strong 
match to high calcium pyroxene. 
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Figure 3. (left) MOLA shot points in the vicinity of the pri-
mary CMU lobe.  The fissure itself is seen crossing the mid-
dle of the image (dark blue dots).  (right) Mean and 1-
standard deviation topographic profile across the fissure and 
CMU, aligned at the fissure itself (N is to the right).  The red 
arrow indicates an inflection at the edge of the CMU. 
 

Age: The fissure extends to the edge of the contin-
uous ejecta blanket of the young Zunil crater [8], and 
secondary craters from Zunil are abundant in the re-
gion.  HiRISE images show that the Zunil secondaries 
within the CMUd are thickly mantled by the deposit, 
and thus pre-date the deposit. Since Zunil secondaries 

post-date the youngest lava flows identified in the re-
gion [1], this pyroclastic deposit represents the young-
est eruption of any sort in this region, and thus the 
youngest known on all of Mars. The absolute age is 
complicated by the poorly constrained present-day 
impact flux and the effects of the breakup of small 
projectiles in the atmosphere. Preliminary crater count-
ing indicates an age as young as 50 ka, though this is 
subject to uncertainties in the classification of craters 
as pre- or post-deposit.  Recent observations suggest-
ing a present-day impact flux 0.21 times that in the 
commonly used Hartmann-Neukum chronology would 
scale this age upward by a factor of ~5 [9].   

Discussion and conclusions.  We interpret the low 
albedo, high thermal inertia halo surrounding one of 
the Cerberus fossae fissues as a recently formed pyro-
clastic deposit.  The deposit transitions from high-Ca 
pyroxene-rich coarse grains or spatter within ~1 km of 
the fissure, to spectrally bland volcanic ash extending 
out to 5-7 km from the fissure.  The deposit has a typi-
cal thickness of <2-7 m, as indicated by the burial of 
craters and MOLA topography and pulse-width data.  
The deposit buries and obscures the flow textures of 
the underlying lava flows, and in places is character-
ized by a unique texture attributed to the deposition 
process.  The deposit formed after a regionally exten-
sive dust deposit was emplaced around ~5 Ma, and 
after the formation of the nearby Zunil impact crater, 
but before the removal of that dust deposit. 

The pyroclastic deposit is interpreted as having 
formed from recent dike activity within the underlying 
fissure.  The explosive activity could have been caused 
by either juvenile water within the magma, or from the 
interaction of the magma with ground ice or water.  
The abundant evidence for ground ice [10] and young 
outflow channel activity [4] in this region supports the 
latter interpretation.  As the most recent eruption in the 
youngest volcanic province on Mars, this pyroclastic 
deposit is the youngest known volcanic eruption prod-
uct on Mars.  The very young age (<1 Myr) supports 
the notion that Mars is volcanically active today.  De-
pending on the size and depth of the magma chamber 
that sourced the eruption, this magma chamber could 
still be active today and could generate seismicity that 
would be detectable by the upcoming InSight mission. 
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