Abstract: Cratered cones, interpreted to be volcanic rootless cones (VRCs), ocour atop the Athshasca Valles Flood
Lava (AVFL) in southwestern Elysium Planitia. The cratered cones concentrate within southemn Cerberus Palus, a la-
va-risdated basin, and the Acolis Trough, which s a valley formed by the :n»umal retrcal of the Medusae Fossae
Formation (MFF). These regioas. mprmml different pabes and we compare and contrast
the cratered cones within these two kcations 1o detes if diffie ying substrate, including lithalo-
gy, water abundance. and mulymg]amllm:km may have contributed 1o difTerent eruption styles and cratered cone
marphobogics. We conclude that rootless ensptions in Cerberus Palus may have been iriggered by unloading of the sub-
strate during a “fill and spill” event, as ponded lava within Cerberus Palus drained and flowed indo the Aeolis Trough.
Cratered cones near the spillway in southem Cerberus Palus occur in association with fragmensed lava plates and ex-
hibit elongste w radially symmetric shapes, implying that the explosive lava-water interactions initisted during the
drainage event, but comtinued after the biva flow surface came (o rest, In contrast, cratered cones in the Acolis Troagh
tend b be aligned with yardang orientations within the MFF, implying that they formed above the bsva-buried ridge
erests, where lava how was thinnest. The reghon alse includes highly irregualar bow-reliel ring-shaped structures that are
inferred 1o be the products of isolated pheeatic explosions, rather than the longer-lived cycles of phreatomagmstic ac-
tivity that formed the larger cones within Cerberus Palus.

Fig. 1

Figure 1. Regional map of the Acolis Trough with the locations of images in Fig. 2 outlined in black boxes,
The red dots represent individual VRC candsdates. The geologic anils displayed are modified from Tanaka
ctal. (2014). Basemap is THEMIS Night [R.

Fig. 2

Figure 2, Gallery of landforms in the Acolis Trough and their morphological diversity. Nnﬂh is up in all images,
a) Eltiptical cratered cones in the Agolis Trough. Flood lava has draped the smaller, a combi-

leavin,

re 3. Reghonal map of southern Cerberus Palus with locations of images in
4 outlined in black boxes. The red dots represent individual VRC condidates,
The geolugic units displayed are modified From Tanaka et al. (2014), Basemap s
THEMIS Night IR.

Fig. 4

Figure 4. Gallery of kandforms in southern Cerberus Palus and their morphological
diversity. North is up i all images. a) Symmetrical cones in southern Cerberus
Palus, Cones are envelopad by smooth, light toned. polygonal textured surfaces,
Surrounding the smooth material are rough and blocky surface material, The
smooth terrain is lower than the rough terrain, indicated it was not inflsted or ex-
truded on top. Cones have steep, smooth walls, and meter sized boulders within
their summit craters, HiRISE image ESP 037222 1820, b) Close up of a cratered
cone in Fig. 0. Note the smooth, steep auter crater walls and the boulders infilling
A summit crater. ¢} Cratered cones nearing the center of southern Cerbenss Palus.
These cones are also generally radially symmetric in shape and surrounded by
smooth, light tomed surface material, HiRl image ESP 012366_1525. d) Cra-
tered concs in & circular grouping in the center of soutbern Cerberus Palus, Cones
range in shape from elliptical, to mdially symmetric, o amochoid, Sammit craters

nation of lava covered mounds and cratered cones. The I the cones i noarly d parailel 10 yar-
dang oricntation. HIRISE image PSP_002622_1520. b) Crasered cones towards the center of the trough. Shapes vary
froam samewhat efliptical, to madially symmtric, b amocbaid, Summit craters mnge from deep and hollow 10 nearly
Mt and Mush with the crater rim. HiRISE image ESP_036497 1820, ¢) Cralered cones nearing the center of the
trousgh. Shapes are primarily radially symmetrie. Cones are commonly surroanded by light colored surface matcrial,
datted with small crsters. Transverse acolian ridges are also present near the cones, possibly comprised of eroded and
redistributed MFF material. HIRISE image ESP_036220_1820. d) Close up of a radially symmetric cratered cone in
Fig. ¢. Outer cone walls appear steep and smooth. Small cracks are also present along the Manks. HIRISE image ES-

P 0362201820, ¢} Cratered cones peas remmant MFF maserial on the nonthem side of the Acolis Trough. ‘;hapcu.o'f
m:m:nmmpmmnlyclllpllml especially those closest to the lava draped dangs. Light toned
transverse acolian ridges are also present here. CTX image B10_013335 IN"S 1] I'|llr.d||.rru|l| in the Acolis Trough,
adjacent 1o high-standing. lava embayed MFF material. Cratered cones of varying shapes, both elliptical and more
symmetric, lie nearby, HiRISE image ESP 013355 1815,

wenerally wids and dioep and there are aflen mubiple, averlaping craters within
a single cone. II|KJ\I‘ |mlg|. ESP_(46308_1825. ¢) Cratered concs in southemn
Planum. Cones are generally elliptical in
ible nh:n. lava has embayed some of the meso-yandangs,
leaving islands of high-standing material. HIRISE image ESP 054615 1820, 1)
Cratered cones on the eastern margin of southern Cerberus Palus, adjacent 1o rem-
nant Zephyria Planum MFF material (present in batiom left of image). These cones
are also elliptical in shape and meighbor lava draped moands as well as lava em-
bayed yardang kipukas. HIRISE image (26383 1830, g) Cratered cones and
pitted ridges in the southem spillwny of Cerbens Palus. HiRISE mage
PSP 08674 1815, h) Cratered cones are pitted ridges in the soathem spillway af
Corberus Palus, HiRISE image ESP 037285 1815, 1) Close up of a eratered cones
im Fig. h. partially surrounded by moats, The moats sre evident in the two cratered
«comes in the center of the image,

Figure 5. At the western margin
of Cerberus Palus, where thin
flows of lava drape the Amazoni-
an-Hesperian volcamics suhstrale,
there are small, thin-rimmed
cular constructs, There s po indi-
cation of ash cjecta or fragmented
substrate material. The black Fine
reprosents the comtact between
Amazonian-Hesperian  volcanics
and the Athabasca Valles Flood
Lavas, and the arrows point 1o ex-
amples of these thin rimmed
rings. HiRISE image FS-
0377101825,

The locations of individual VRCs in southern Cerberus Palus was
likely influenced by a combination of factors, such as the under-
Iving topography, varying volatile availability, and lava cmst ge-
ometry. The lack of moats (except in the spillway) and the pres-
ence of the smooth, hummocky surfaces that surround Cerberus
Palus cones indicate that they formed within the weaker interplase
lava that was exposed following of the erust. Therefore, we inter-
pret the symmetrical VRCs within the lava lake 1o have formed
alfer drainage of the ponded lava, once molten kava from the inte-
rior was able to reach the surface afice disruption and breakup of
the brittle crast,

The presence of cones an the peaks of buried yardangs is not
usexpected and likely linked to the lower overbunden pressure
of the thin of the overlying layer of lava [1,2]. However, also
visihle ane some vardargs with rootless cones on top which arne
embayed around the sides but not overtopped by the lava, as
well as the pitted terrain lying shove the lava surface. This
macans ihat the steam ereated by the beat of the lava interacting
with the suhsurface volatiles had to travel up throagh the yar-
dang 1o explode, This transport may be passible due 1 the
MFFs unusually low density and porous nsture [3-5]. Ths, in
the case of the yardang VRCs, we imterpret these to have
formed due to Lateral transport and bucyant accumulation of
steam towards the buried yardung highs, where the volatiles
became pressurized and exploded through the yardang hull cap
rock and overlying lava (as llustrated in Figuse 6)
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The thin rimmed rings fournd along the westen flow nuangin of
Cerberus Palus were probably formed in o manner analogous t
“bubble bursts” [6,7], in which passive volatile cscape oceurs.
through the thin lava pear the flow margin (as illustrased in
Figure 7). These cruptions were bess energetic and did not result
in excavation of substrate material.

Conclusions:

*  Insouthemn Cerberus Palus, volcanic rootless cone formatbon was controlbed by the *Gill and spall” style of
lava emplacement [8]. Steam cruptions were triggered by dmining of the ponded lava, which led to depressur-
ization of supercritical fhuids in the substrate, allowing them 1o vaporize and excavale averlying lava o con-
struct cratered cones.

+ At the western margin of southern Cerberus Palus, ‘thin rimmed rings’ analogous to spatter rims formed
e 1o stcam escaping through the substrate, towards flow margins. Low energy bubble bursts through the thin
lava crested rings of competent spatier.

*  Where the AVFL imteracted with the MFF material surroanding southern Cerberus Palus, volcanic rootless
coes preferentially formed atop lava draped meso-yardangs, implying a penctic relationship. The lithologhcal
propertics likely alflowed for Iteral trarsport of steam towards the topogmphic peaks of the meso-yardang
Tuslls, where stewm became trapped and over pressurized until explosive excavation of the yardang occurmed,

*  The pited termin in the Agolis Trough was created a5 a by-product of some mechanism similar 1o hydro-
thermal venting, where steam generated in the lava heated substrate escaped explosively throagh high stands of
less consolidated MFF material, constructing dmmed pits of fragmented material.
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