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Abstract: We analyzed th®ark Dune SpotsODS9 in the
“Inca City” Region from more than 60 MGS MOC images.
On high-resolution MOC images we followed the shape,
pattern changes, fading and reappearance of these spots. T
morphological changes support biological+physical over
geological+physical interpretations of the DDSs.
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Introduction: The discovery of dark dune spots on Mars, on
the MGS MOC narrow angle imagés|, prompted great
debate on the origin of these spots. We proposed biological
type processep, 3], whereas others suggested geophysical

explanationg4]. Figure 2 The depth and width of dark dunes in the “Inca City”

region. Our model cross-section was obtained by using of the MGS
MOLA laser height-measurements data. The height of the dune hills
in these “cassettes” alternates between 70-220 meters. In the lower
image Sun illuminated from upper right and north is right down.

Figure 1 Typical circular dark dune spots (DDSs) on DD fields late
spring of the southern polar “Inca City” region of Mars in 1998. Sun
illuminated from upper left and north is up. We marked the localities
of the later images by frames. Colored numbers refer to our DDS
catalogue (Cat.): these numbers are given in the corners of all im-
ages; Roman numerals refer to “cassettes”.

MGS MOC materials: Pre-processed images of the Malin

Space Science Systenfgtp://Www.ness.com/moc_gallery/

were analyzed from the years 1999 to 2001, from winter to
summer of the southern hemisphere.

. L. . . Figure 3 On these images we can observe seasonal changes of
Time sequence of individual DDS defrostingThe rectilin- DDSs on the frosted and defrosted dark dunes of the ,Inca City”
ear ridged landform known from Mariner 9 images, as bear- from early spring till early summera) Early spring gray fuzzy spots
ing the informal name ,Inca City”, is located at 81.5° S, appear on the frostb) In the middle of the first half of spring from
64.7° W. The floor and ridges are composediafk dune the gray spots bounded spots with expressed margin devgl@y. (
(DD) materials. During defrosting of the ice-cover DDSs the end of spring the inner region of DDSs turns blatkB§ early

. . - « LY . summer defrosting is completed in this region and we can see the
appear in winter in the “Inca City's cassettes” as ephemeral \xeq dark soil of the dune. Sun illuminated from upper left and

objects [igs 1, 9. The DDSs follow a characteristic defrost-  north is approximately at the top in all these MGS MOC narrow
ing time pattern, which is summarizedriys 3, 4 angle images. Color framed regions are enlarge@ign 4. and
black-and-white refers teig. 5.
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Table 1 Growingindividual DDSs| Changing patternf multiple DDSS
Appearance ofuzzy gray coloringg No DDSs; onlygray fieldregions
on the white frosted field. Latef and rarely single gray spots. Latg
dark dune spotbegin toappear [ manyDDSs appear on gray field
from bottonof the ice cover. mainly at DD field edges.
A DDS structure beginso appearMultiple appearances of DDSs on|the
with inner/outer "umbra/penumbra“frosted field with inner structures.
Graduallyenlarging DDSsellipsoi{ Coalescencef individual DDSs
dal DDSsextend in slope directiop at outer boundaries.
Coalescence of DDSeccasionally  Multiple flow patternsexhibit
flow elements appedftail) in the | the direction oflown slopeon the
direction of the slope. dark dune field.
On DD surface #ighter spotrem-|  Frost-free dry DD surface pre-
nant appears; it seems to presefrve servegnultiple "imprints"on
the 'imprint" of place of the spo{ places where the defrosting orig
where defrosting originally begap.nally began with individual spots.
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Figure 4 Stages of DDS development from spring till summer on
the enlarged Il. Cassette regionsFof. 3. (a) Beginning of spring el
gray fuzzy spots appear (the process begins in the bottom of the ic
cover). p) Middle spring bounded gray spots develop). [(ate @
spring inner regions become dark surrounded by a lighter rifg. ( a 3
Till summer the frost disappears in DD and we can see the nakedI

dark sand and lighter rings with darker central portions mark the L
localities of DDSs. s

Time sequence of patterns of multiple DDS defrosting: —
Several years of MGS imaging resulted in the recognition Figure 6 Spring “constellation” of DDS& b) appears as summer
that year by year DDSs “renew” on the same place with al- “constellation” of light gray patches (LGP) on the DD fields of “Inca
most the same configuration or “constellatioflg( 5). City” (c). Dark tails ofo can be seen as light gray tailsofarrows).
Another collective phenomenon of DDS-pattern is that
the spring “constellation” of DDS appears as summer “con-
stellation” oflight gray patches (LGPYn the DD fieldsig.

DDS-MSO hypothesis proposes biological interpretation:
We interpreted the sequence of DDS formation and changes

. . as a result of activity of a kind of probable Martian Surface
6). This repeated occurrence of the DDS and LGP "constella- Organisms (MSOs). They survive below the surface ice,

Lo oty P renghens ou suggeston of fhed  sunlght hats up e and ey generte tht g conr
’ tions.[2, 3,5, €. Interpretations are given ifeble 2.
triggered byMSOs life activity. geologically preferred places.
[ I DDS-pattern: position of spots i ~ due to geographical reasons
help extension of MSOs along slopesentral dark spots (“umbra”) and

menon is a seasonal pattern of DDSs "constellation”.
Defrostingbegins from bottomof | Aimost circular shape of DDSs |is
determined by constant places afiravity-assisted seepage. Therg|is a
i1 On defrosted placeMSOs desiccatfhe light colored precipitation frgs

— Defrosting, shapes/places of DDSg é&ublimationcauses defrosting gn
W '
holesin the frost layer). Multiple | Flow of some brines on the slopes
i brine transport, respectively soil graibetween defrosted and desiccated
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We summarize observed changes of DD$4hle 1. Table 2 Biologicakeasons| Geological + physicaleasons
frosted layer (thereforBDSs are | formed byupstream convection
MSOs. Gravity-assisteseepageof | transitional region (“penumbra’

111119 (LGPs: are MSOs remnants). covered surfaces.
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