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Introduction: The character of the seasonal
redistribution of the water ice in the surface layer
of the Martian regolith outside of the seasonal
polar caps represents one of the key objectives for
understanding the modern water cycle on Mars.
The potential formation of a seasonal subsurface
ice layer on Mars (seasonal permafrost) to
latitudes of ~30° in both hemispheres was
proposed on the basis of theoretical considerations
[1, 2]. In the work we report the results of
determination of the seasonal permafrost (SP)
external boundaries and the estimation and
mapping of the water ice content within the
surficial soil layer of the SP. The results were
received on the basis of the TES and HEND data
analysis.

TES observations: To define the order of the
winter-time increase of the water ice within the
Martian surface layer corresponding to the daily
thermal skin depth (2-10 cm in thickness) we
compared the difference between the TI values
mapped separately for the N-summer- (Ls=120°-
150°) and the N-winter (Ls=300°-310°) in the
latitude range +50° out of the seasonal CO, ice
cover. The water ice volume part was estimated
for all coincided summer and winter TES TI
surface footprints by solving of the quadratic
equation, received at inclusion of the thermal
parameters for two-component mixture (soilt+ice)
into formula of thermal inertia [3]. The estimated
wintertime amount of the water ice in the Martian
soil was globally mapped within the latitude belt
+50° (Fig. 1a). As it well seen from Figure 1a, the
notable asymmetry of the SP in both Martian
hemispheres can be observed on the basis of the
areal distribution of the water ice amount >1vol %:
the distribution area is broader in the northern
hemisphere than in the southern one. This
asymmetry is seen especially distinctively on the
plot of the zonally averaged water ice amount
versus latitude (Fig.1b): the values of the water ice

amount in the surface soil on the latitude 40°-50°N
approaches the 2-6.5 vol. % while on the latitude
40°-50° S only 1-4 vol. % . We suggest that the
external boundary of the area with the mapped
water ice amount >1 vol. % (in both hemispheres)
represents the external boundary of the SP on
Mars.

== Latitude (grad.)
Fig.1. a-The map of the wintertime water ice increase in
the surficial layer of the Martian soil in both
hemispheres in the latitude range £50° derived from TES
TI data; b- zonally averaged (in the 5° latitude belt)
water ice amount versus latitude.
To understand how the TES TI is sensitive to the
water condensation and sublimation processes
around the edge of the retreating Northern
seasonal polar cap, we analyzed temporal and
spatial changes of the parameter during the period
from Ls=340° to Ls=70° through the time interval
in the 20°Ls [4]. The mapped TI values were
compared with their summer-time values. We
found that very distinct annulus (5°-7° in the
width) of the high TI (HTTI) arises around the cap’s
edge at each stage of the seasonal cap recession
(Fig.2). Besides, the HTI annulus moves in the
northern direction on the ~4°-6° in the Ls range
~20°. With each next stage of the seasonal polar
cap recession the area of the previous HTT annulus
disappears completely during indicated Ls range
and the values of the thermal inertia within the
area are decreased subsequently, approaching to
the summer-time values. The water ice amount in
the surface soil layer (thickness 2-10 ¢cm) within
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the HTI annulus was estimated by the same
method as for the estimation of the winter-time
increase of water ice [3] in the surface soil outside
of the seasonal CO, ice caps. The average water

Fig.2 The HTI annuluses around the Northern seasonal
polar cap during different stages of the cap’s retreat (a)
and the water ice amount (vol. %) in the surface soil
within the HTI annulus derived from the TES TI data.

ice amount in the surface soil layer within the 5°-
width HTI annulus varies from 5 to 7 vol. %. We
suppose that the mapped HTI annulus represents
the remnant of the sublimating SP layer exposing
from under the recessing CO, ice cap.

HEND observations: The seasonal variations
of the water ice amount within thicker surface layer
of the SP (up to depth 20-30 cm), we analyzed
based on the HEND fast neutrons flux data (with
energy range 2.5-10 Mev (FN2)) collected during
the first Martian years of the observations [5]. We
found that distribution of the water equivalent
content in the surface soil (corresponding to the
mapped normalized fast neutrons flux) shows
notable seasonal differences (Fig.3): during the
winter the water equivalent in the surface soil on
the latitudes > 40° N,S is higher than during the

summer (on 2-7 wt.%).
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Fig.3. The maps of the summer- (a) and the wintertime
(b) water equivalent (wt.%) in the surface soil layer
(with thickness 20-30 cm) derived from HEND fast
neutrons flux (FN2) data; c- zonally averaged (in the 5°
latitude belt) water equivalent versus latitude for the
summer and winter seasons. Vertical bars — mean error.

Observing difference means that the HEND fast
neutrons flux is quite well sensitive to the
wintertime increase of the water ice in the
shallower surface soil layer (thickness 2-10 cm),
derived from the TES TI data [3]. Besides, the
picture of the winter-time water equivalent
distribution (in both hemispheres) has visible
similarity with one of the winter-time distribution
of the water ice derived from the TES TI data (see
Fig.la). Mapping results show that the latitudinal
trend of the zonally averaged difference values
between the winter and the summer the HEND
water equivalent in the surface soil is very similar
with one of the zonally averaged values of the TES
water ice amount (Fig.4).
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Fig.4. Zonally averaged (in the 5° latitude belt) both the
HEND water equivalent difference (green) between the
winter and summer seasons and wintertime water ice
increase in the surficial soil (blue) derived from TES TI
data. Vertical bars — mean error.

Conclusion: The joint analysis of the TES,
HEND data demonstrates the existence of the
strong seasonal effect of the water ice amount
variations in the surficial soil layer thickness from
the 2-10 cm up to 20-30 cm. The potential
wintertime amount of the water ice within surface
layer of the SP is quite significant and approaches
in average 4-6.5 vol. % on the latitude 40°-50°N
and 1-4 vol. % on the latitude 40°-50°S. The
average water ice amount in the surface soil of the
SP remnant layer (exposing from under the
recessing CO, ice cap) varies from 5 to 7 vol. % on
the latitude > 50°N. In according with our results
the Northern and the Southern hemispheres are
characterized by distinctive asymmetry of the SP
area on the basis of the water ice amount
distribution in the surface soil layer and the extent
of its external boundaries.

References: [1] Farmer C.B. and Doms P.E., (1979)
JGR, 84, 2881-2888; [2] Schorghofer N. and Aharonson
0., (2005) JGR,110, E05003; [3] Kuzmin R.O. et al.,
(2009) JGR, 114, E04011; [4] Kuzmin R.O. et al.,
(2009) LPSC XXXX, #1917; [5] Litvak M.L. et al,
(2007), Solar System Reseach, 41, 385-397.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


