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Introduction:

Flow-like features [1] emanate from Dark Dune
Spots [2] were observed in the Polar Regions, which
may be formed with the help of interfacial water [3]
or brines. Here we discuss the possibility of CO; ice,
gypsum, liquid and solid water inside the large, easi-
ly observable spots at this terrain using spectroscopic
and climate modeling arguments.

Methods:

We analyzed CRISM spectral data [4], with
CAT-ENVI software [5] in Richardson crater (72°S,
179°E). During the work FRT hyperspectral images
acquired in the long infrared region were used. After
the photometric correction, default volcano scan
61C4 and New McGuire 2-wavelength (2007/1980)
[6] filtering methods were used. Surface tempera-
tures were derived from TES as average annual val-
ues with 3x8 km spatial resolution [7]. We focus on
four units of the spots in Richardson crater dune
(Fig. 1.): dark central part (core), their gray sur-
rounding (ring), white “collar” (halo) and a bright
average point on the winter frost covered dune field
(undisturbed). The analyzed locations are visible in
Fig. 2.

Water ice spectroscopic identification using band
ratio: A few um of pure water ice at the surface of
Mars creates characteristic near-IR absorption fea-
tures several % deep (Table 2.). When mixed with
other component (CO; ice, dust), the contrast of HO
signatures is reduced: as little as 1% mixing concen-
tration of water ice within CO, ice is however
enough to be detectable in near-IR data [13]. When
water ice is detected, it is however difficult to con-
firm the presence of surface water ice because at-
mospheric water ice particles in clouds may also
produce resembling absorption feature. Important
spectral lines are listed in Table 1. and the analyzed
images in Table 2.

image no. surf. solar atm. H,O | local

temp. long. cont. solar

(K) (deg.) (microns) | time
FRT000052BC 170 213.61 9 16.2
FRT000054E5 180 217.5 9 16.0
FRTO0005FF6 266 24872 | 11 15.7
FRT00007A6A 230 312.97 17 14.7

absorption component characteristics

band (microns)

1.25 H,0 ice Large-grained old water ice
mainly, barely detectable for
frost and cloud

1.5 (deepest) H,O ice Wide min. between 1.38-1.8
with small asymmetry where
the rise is steeper at the
shorter wavelength [8]

2 (deepest) H,O0 & CO, | Wide between 1.9-2.1

ice

2.2-2.5 H,0 ice Decrease in  reflectivity
toward the longer wave-
length

3 H,0 ice Saturates when the path
length of photons within
H,O ice exceeds a few mi-
crometers

1.44 CO, gas [8]

1.435 CO; ice [11,12]

2.281 CO, ice [11,12]

2.29-2.35 CO, ice characteristic doublet ab-
sorption of CO, ice

Table 1. Absorption lines for H,O and CO;

Table 2. The analyzed images of Richardson crater

Analyzing the change of spectra as the season
passes by is visible in Fig. 3. for the dark spot in the
period Ls=213-312.

Fig. 1. Overview (left) and the analyzed locations .
(right) in Richardson crater.




Fig 2: Unit types of the spots in Richardson cra-
ter on the HiRISE image # PSP_003175 _1080. Dark
cores and gray outer rings are visible in the left sub-
set, while elongated and probably wind blown bright
halos are present in the right subset

Spectral Profile

Fig 3. Spectral shapes of the sot and reference
spectra of pure HO (blue) and CO; (red)

The range of Martian surface H,O grain sizes is
between 10 micrometer (frost) and 100 micrometer
and even up to 1 mm (perennial ice cap) [14, 15],
while atmospheric HyO ice grains are smaller be-
tween 1 and 4 micrometer [16]. Based on the pub-
lished results we choose the best features to identify
large grain and as a result surface water ice particles
the following (the largest grains producing the 1.25
micrometer line is not expected at the analyzed loca-
tion as it may be composed of seasonal frost). We
calculated both band ratios:

e H,O ice centered at 1.5 micrometer normalized
to 1.385 and 1.772 according to [8]. A strong
absorption around 1,4 microns is also present
both inside the spots and on the bright terrain
too. At this spectral region two lines are very
close to each other. The band values do not dif-
fer much inside and outside the spots and de-
creased as time passed by toward summer.

e CO, at 1.435 ice micrometer according to [8].

Results are plotted in Figure 5 on left side.

Water ice spectroscopic identification using li-
near unmixing: Water ice, liquid water and gypsum
have really close spectra and thus the proper identifi-
cation using band ratio is difficult (see Fig 4). We
propose to use the Fully Constraint Least Square

(FCLS) [17] linear unmixing technique with positive
(non-negative) and sum-to-one constraints. This me-
thod also forces the abundances to be sparse (only a
few non-zero abundances). This constrain will en-
sure to have only necessary spectral components in
the results because not all spectra in the database are
expected to present in the real data. We used the 6
endmembers spectra present in Figure 4. Results are
plotted on the right side of Figure 5.

Discussion: The analyzed locations are visible in
Fig. 2 at the end of southern winter on the HiRISE
image acquired at Ls=213.61.
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Fig. 4. Reference spectra used by FCLS to estimate
the relative abundances for observed CRISM spec-
tra. CO;ice at 10 cm grain size, HO ice at 1, 100
and 1000 microns have been modeled by a radiative
transfer code [18] using optical constant recorded in
the laboratory [20]. Both gypsum and liquid water
have been acquired at LPG (Schmitt and Pommerol,
unpublished). These spectra will be soon available
online at http://ghosst.obs.ujf-grenoble.fr.
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Fig. 5. Temporal changes of H,O and CO; ice re-
lated band depth values (on the left) and spectral
abundances estimated with the linear unmixing me-
thod FCLS (on the right) for different units (core:
deep blue, ring: pink, halo: yellow, undisturbed ice:
blue). The top right panel shows the sum of the ab-
undances of water ice at different grain size (only



grain size of 1 and 100 microns are detected). The
bottom right panel shows the abundance of CO; ice
(only at 10 cm grain size). Top: H,O ice. A general
decrease can be seen, except for the gray ring, where
an increase is present about Ls 215°. Bottom: CO,
ice. The amount of CO, ice increases during early
spring, with a stronger increase seen during the for-
mation of the bright halo feature (yellow).

Climate modeling: Observations of water and
CO; ice at Richardson crater are compared with the
predictions of the Global Circulation Model devel-
oped at the Laboratoire de Météorologie Dynamique
de Jussieu. This model is able to predict the water
cycle of Mars and has been validated against availa-
ble datasets [20 and reference herein]. The model
computes the seasonal meteorology, notably the var-
iations in water vapor and water ice precipitations,
with a spatial sampling of 5x5° and a time step of
half an hour. It is combined with a local energy bal-
ance code to predict the formation of ices on a given
localized site with specific properties [21]. Three
modeling hypotheses concerning local surface prop-
erties are shown in Fig. 6: (A) diamonds for standard
parameters (flat surface, moderately bright ices), (B)
stars for condensation on a 15° pole facing slope (to
estimate the effect of local favorable conditions), (C)
triangles for "dark" ice (albedo of 0.25 for both H,O
and CO; ice, a rough attempt to assess the impact of
dust contamination of ice). These modeling predic-
tions are compared to the presence or absence of ices
at Richardson crater as a function of season as con-
strained from CRISM data, which show a general
good agreement between data and model.

Results:

The general trend of the total H,O ice spectral
abundance (sum of H,O with grain size of 1 and 100
pum) is compatible with the band ratio (Fig. 5 top).
Water ice at 1 cm grain size is never detected. The
dark core has the smallest mean grain size of the four
units. The higher grain sizes are identified in the
undisturbed terrain. Figure 12 suggests a general
trend with increasing grain size until Lg= 220° and
then decreasing until Lg=240°. These facts indicate
that: (i) water ice is present with relative low grain
size, consistent with seasonal ice; (ii) the grain size
is evolving with time, which can be due to several
mechanisms including resurfacing by sublimation,
recondensation during the night, sublimation or de-
position by geyser activity, grain metamorphism.

The results show that the spectral abundance of
CO; ice is decreasing from 10% to 3% in agreement
with band ratio (Fig. 5 bottom). Also, the fit of CO,
ice bands is compatible with large grain size (10 cm)
and possibly a translucent slab ice. The last observa-
tion image no. 6516 shows an estimated abundance
0f 0.06%, probably due to atmospheric residue.

100
H,0 + CO,ice cover
A
& flat surf.,
g 80 moderately bright ice CO% H“(E;
— ce
€ % 15° pole facing slope i !
Q, A "dusty” ice
I (alb. 0.25)
T 60
8
o H,0 ice
E 401
£
o
-
o CO, ice
S 20f
ice

g ver
o} X
o O
2 0 100 200 300

solar longitude (degree)

Fig. 6. Result of the model run on annual frost
formation for H,O ice (black) and CO; ice (blue),
plus the observed presence of any kind of ice at the

target location from CRISM data (red). It shows as a
function of Lg (degree, horizontal axis) the cumula-
tive thickness of CO, and H,0 ice condensed on the

ground, on the vertical axis the thickness of H,O and

CO; are present using different scales, for CO, up to
40 cm and H>0 up to 80 um thickness. Diamonds,

triangles and crosses correspond to 3 hypotheses for
model parameters related to ground properties (see

text for details).

We have also included liquid water and gypsum
and three linear unmixing scenarios: (1) without lig-
uid nor gypsum (2) with liquid water only (3) with
liquid water and gypsum. The rms is decreasing from
model 1 to model 3 due to a slightly better fit of the
1.5 microns band. This tends to indicate that a spec-
tral component with a water band shifted toward
shorter wavelengths, such as gypsum or liquid water,
could be present. Sulfates and/or liquid water have
non-zero but very small abundances in six over the
seven images considered (i.e.: for all observation
except the last one at Lg=262.6°) in the “dark center”
region, while it is almost never detected in the aver-
age terrain or in the bright halo. However, the re-
trieved abundances are low (< 3%), and differences
in modeled spectra are not significant given the first
order method employed here. Although the retrieval
of a few % of species with a 1.45 microns band con-
sistent with liquid water in the dark spots only is
intriguing, no robust conclusions can be reached.
Moreover, none of the ratio spectra show evidence
for liquid water or gypsum. To assess more precisely
the possible presence of liquid water and/or gypsum
in CRISM spectra, a non-linear spectral inversion
using radiative transfer model should be performed
in the future.



In the climate model, Water ice accumulation
starts before CO, ice at the beginning of fall, mainly
due to snow precipitation of small grain size par-
ticles (more than 99% of the total water ice accumu-
lation) that have condensed in the lower atmosphere
according to the simulation. A thin layer of a few
microns to a few 10s of microns thick H,O ice below
the CO, ice is expected according to model results,
as noted by [22]. Then both ices condense simulta-
neously (H,O inclusion within the CO, ice) 20 to 30°
of Lg later. As a result we have a layered structure:
only H,O ice below, and CO, plus H,O ice above.
The ratio of H,O ice in the upper layer depends on
several factors, above all meteorological conditions
and global atmospheric circulation, as during the
CO, condensation in southern winter the average
atmospheric vapor content reaches maximum sup-
plied by the exposed northern permanent water ice
cap. When cold CO, ice is present, it traps available
water vapor. Ice disappears prior to the summer sols-
tice even for favorable conditions. According to the
model, water ice remains 5° to 10° of Lg later com-
pared to CO,. The contamination of ice by dust sig-
nificantly decreases the stability of ice in spring,
which sublimation is shifted by about 30° of Lg. Ac-
cording to the model, CO, ice disappears at Lg 220°
for a moderately dark ice with a 0.25 albedo. This is
consistent with the morphological and spectral ana-
lyses conducted above, showing that at a similar
period (Lg 210°, see section 3.4) the grey ring is
composed of an H,O ice rich thin layer while sur-
rounding areas are still covered by a thicker layer of
CO, ice.

Conclusion:

At the area of gray rings on HiRISE images the
bright icy layer that surrounds the spots is missing.
Based on shadow length measurements an about 10
cm deep horizontal depression is present there,
measured relative to the top of surrounding bright ice
cover. These depressions were not present in earlier
images, suggesting a formation due to the localized
sublimation of the ice layer.

By analyzing CRISM images, HiRISE data and
the result of a climate model, we propose a scenario
for the formation and evolution of the ice layers in
and around the dark dune spots of Richardson crater.
During fall thin, tens of um thick H,O ice rich layer
forms at the surface. 30° of Lg later a layer of CO,
ice with inclusions of H,O ice forms on top of it, and
reach a thickness of a few tens of cm. During late
winter / early spring the dark spots form, probably
by geysers activity [23] in agreement with the large
CO, grain size detected by the linear unmixing. A
bright halo-like feature surrounds the spot and show
stronger CO, signature than the undisturbed average
ice-covered surface, suggesting CO, was refrozen
there. The dark spots and the grey rings are located
in a 10 cm thick depression compared to the sur-

rounding bright, ice-rich layer. The dark center spot
is ice-free at some places (but contain ice signatures
in CRISM images due to spatial mixing and aerosols
scattering). At Ls=210-230°, the gray ring area is
covered by an enhanced thin layer of H,O ice. The
origin of H,O may be from two sources: (i) conden-
sation on the surface in autumn (before the formation
of CO, layer) or during winter time (CO, layer act-
ing as a clod trap) and exhumed by the differential
sublimation of CO, and H,O ice (ii) H,O attached to
the sand grains that are blown up by geyser activity
and that fall at the surface around the spot.

The presence of water ice in physical contact
with insolated dark dune material could lead to the
formation of liquid water. In the gray ring area the
water ice surrounds darker surface, where liquid in-
terfacial water layer or brine [24] may form. We
found no firm evidence for the presence of liquid
water in near-IR spectra, although linear unmixing
results show that the data are not inconsistent with a
possible slight contribution (a few %) of liquid water
in the dark core unit.

More details can be found in [25].

Acknowledgment:

This work has been supported by the ESA ECS-
project No. 98076. This work was also supported by
the Centre National d'Etudes Spatiales (CNES). We
also acknowledge partial support from the Pro-
gramme National de Planétologie (CNRS/INSU).

References:

[1] Kereszturi Icarus 201, 492-503. [2] Horvath
2009 Astrobiology 9(1) 90-103. [3][Mohlmann
2008. Icarus 195, 131-139 [4] Murchie et al. 2007.
JGR 11. 5D, CitelD E05S03,
10.1029/2006JE002682 [5] Morgan, Seelos, Mur-
chie, 2009, CRISM Workshop [6] McGiure et al.
2008 IEEE Transactions 46/12. p. 4020-4040.
[7] Christensen et al. 2001 JGR. 106, 23823-23872,
Bandfield, Smith 2003 Icarus 161, 47-65.
[8] Langevin et al. 2007, JGR 112 EO08S12
[11] Grundy and Schmitt 1998 JGR 103 25809-
25822, [12]Hansen 2005 JGR 110 E11003
[13] Schmitt, B. et al. COSPAR 2004 [14] Langevin
et al. 2005 Science 307, 1581-1583, [15] Schmitt et
al. 2005 LPSC 2326 [16] Clancy et al. JGR 108(E9)
5098 [17]Heinz and Chang, IEEE TGRS (2001) [18]
Douté and Schmitt, JGR (1998) [19]Schmitt et al.,
Solar System Ices, Book (1998) [20] Forget, F et al.
The Mars water cycle workshop, (2008)
[21]Vincendon et al., JGR (2010) [22] Schmitt, B. et
al., Third International Workshop on Mars Polar
Energy Balance and the CO, Cycle (2009) [23] Kief-
fer et al., JGR (2000) [24] Mohlmann, Icarus (2004)
[25] Kereszturi et al., PSS, (2010)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


