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Plagioclases are framework silicates occurring in planetary crusts: on Earth they are the 
most common rock-forming minerals of igneous, metamorphic and sedimentary rocks, the 
most abundant minerals on the Moon and widespread in basaltic rocks on Mars and in asteroids 
like Vesta. Plagioclases are involved in several key reactions of petrologic interest, as igneous 
and metamorphic reactions. Plagioclases can be described as a solid solution ranging from the 
Na-endmember, albite (NaAlSi3O8), to the Ca-endmember, anorthite (CaAl2Si2O8), in which 
the Si:Al ratio varies.  

The investigation of their chemical composition is a key-point to understand the petrologic 
evolution of the parent rocks. EDS or WDS chemical analyses or laser ablation are common 
techniques used to get information about plagioclase composition. They require the preparation 
of the sample and are time-consuming and expensive.  

In this work, we propose Raman spectroscopy as a procedure to gain chemical information 
from plagioclases. A similar approach has already been applied to different classes of minerals 
as garnets, amphiboles and serpentine group. Unlike the aforementioned minerals, the major 
problem in plagioclases is their mixing behaviour which is complicated by the various compo-
sitional-driven phase transitions and by the Al,Si ordering. Over most of the compositional 
range, plagioclases have the collapsed  structure with no Al,Si order (i.e. the high albite 
structure), whereas on the anorthite-rich side the solid solution has the  structure due to the 
increasing tendency to Al,Si ordering. The complete order with strictly alternating Al,Si is 
achieved only in pure anorthite.  

The most comprehensive Raman investigation on feldspars (Freeman et al., 2008) led to a 
classification of the major structural types without a detailed study of the changes of the Ra-
man features within the plagioclase composition. We performed Raman investigation on a se-
ries of well characterized plagioclases, previously analysed by powder-XRD, TEM, IR spec-
troscopy and calorimetry (Carpenter et al., 1985; Tribaudino et al., 2010; Atkinson et al., 1999; 
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Benisek et al., 2013). The samples consist of 20 homogeneous purified natural, low structural 
state plagioclases, showing the highest degree of Al,Si order possible for each composition. 
The chemical composition ranges from An0 to An100. 

The difference in Raman wavenumber between the two major peaks (Ia and Ib) of the plagi-
oclases is here proposed to be indicative of their composition in terms of An composition. 
From Fig. 1 (left side), where Ia and Ib differences are plotted vs. the An content, it is possible 
to directly read the composition for the An-rich terms (An > 60%). In order to obtain composi-
tional information for Ab-rich plagioclases too, we need to plot Ia and Ib differences vs. the lin-
ewidth of the most intense Raman mode w(Ia), as shown in Fig. 1 (right side). We point out 
that the dependence of the composition from the linewidth can be obtained only for ordered 
plagioclases. For that reason, the composition of disordered Ab-rich plagioclases cannot be 
correctly obtained with this method. Both methods have been tested on three different miner-
alogical case studies: plagioclase crystals found in Juvinas eucrite meteorite, anorthite crystals 
into a CAI inclusion within the Renazzo carbonaceous chondrite meteorite, and plagioclase 
crystals with heterogeneous chemical composition from the Marsili volcano. The “Raman 
chemical compositions” suggested by our methods are in good agreement with the chemical 
analyses for plagioclase samples with An content > 60 mol%. The methods fail for disordered 
albite-rich samples where the contribution to the linewidth by the disorder is unknown.  

 
Fig. 1: Wavenumber differences Ia-Ib versus the An content (left side) and versus the linewidth of the 

most intense Raman mode w(Ia) (right side). Coloured squares refer to the case studies. 
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Ca-rich clinopyroxenes are considered as major constituents of the Earth mantle. For this rea-
son, they are the subject of several experiments aimed to describe their thermal and compres-
sional behaviors in order to model the elastic properties of the mantle. However, little is known 
about the pressure-induced changes in the Raman spectra of Ca-rich clinopyroxenes. Ca-
clinopyroxenes have monoclinic symmetry (space group C2/c). The general formula of pyrox-
enes is M2M1T2O6, where M2, M1, and T are cations hosted respectively in a distorted eight-
fold-coordinated polyhedron (M2), in a regular octahedron (M1), and in a tetrahedron (T); the 
anion is invariably oxygen. 
The samples of this study have formula Ca2+M1T2O6, where M1 is populated by Mg2+ or Co2+, 
and the T site by Ge4+ or Si4+. They are all synthetic (Mantovani et al., 2015), except for Si di-
opside (Prencipe et al., 2000). An ETH-type diamond anvil cell (DAC) was used for the high-
pressure experiments. The crystalline samples (100 x 60 x 50 μm) were placed in the gasket 
hole along with some ruby chips for pressure measurements by the ruby-fluorescence method 
(precision ±0.05 GPa). Methanol:ethanol = 4:1 mixture was used as hydrostatic pressure-
transmitting medium (Angel et al., 2007). Room and high-pressure Raman spectra were col-
lected in compression up to 7.6 GPa for silicates and to 8.27 GPa for germanates, respectively, 
using an Olympus BX40 microscope attached to a Jobin-Yvon Horiba LabRam confocal Ra-
man spectrometer. The samples were excited with the 473.1 nm blue light of a doubled 
Nd:YAG laser. The spectra were collected in backscattering geometry in the spectral range 
100-1000 cm-1. Every measurement of the ruby fluorescence was calibrated using the emission 
lines of a spectroscopic zinc-vapour lamp. The positions of the fluorescence and Raman bands 
were obtained from a Gauss-Lorentzian deconvolution procedure with the LabSpec v. 5 soft-
ware, with an uncertainty of about 1 cm-1.  
The high-pressure Raman experiments showed no phase transition within the P-ranges investi-
gated, as all the peak positions vary linearly as a function of pressure. Our data confirm the 
previous experimental findings on Si-diopside (Chopelas et al., 2000). In all the investigated 
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samples, all the Raman peaks shift upon compression, but the major changes in wavenumber 
are attributed to the bending and stretching modes of the tetrahedral chains (i.e., the building 
units of the pyroxene structure) (Figure 1). Upon compression, the kinking angle between tet-
rahedra decreases and the wavenumber of the bending mode increases (Lambruschi et al., 
2015). Among the samples, Ge-pyroxenes show the higher P-induced peak-position shifts, be-
ing more compressible than corresponding silicates. 

 
FIGURE 1: Raman shifts for selected bands vs. pressure for CaMgSi2O6, CaMgGe2O6, CaCoSi2O6, 

CaCoGe2O6. Lines are the fits through the data-points: their slopes Δν/ΔP are given. 
 

References 
Angel R. J., Bujak M., Gatta G.D., Jacobsen S.D. (2007) - Effective hydrostatic limits of pres-

sure media for high-pressure crystallographic studies. Journal of Applied Crystallographie, 
40, 26-32. 

Chopelas A., Serghiou G. (2002) - Spectroscopic evidence for pressure-induced phase transi-
tions in diopside. Physics and Chemistry of Minerals, 29, 403 – 408. 

Lambruschi E., Aliatis I., Mantovani L., Tribaudino M., Bersani D., Redhammer G. J., Lottici 
P. P. (2015) - Raman spectroscopy of CaM2+Ge2O6 (M

2+=Mg, Mn, Fe, Co, Ni, Zn) clinopy-
roxenes. Journal of Raman Spectroscopy, DOI 10.1002/jrs.4681. 

Mantovani L., Tribaudino M., Aliatis I., Lambruschi E., Lottici P. P., Bersani D. Raman spec-
troscopy of CaCoSi2O6–Co2Si2O6 clinopyroxenes (2015) - Physics and Chemistry of Min-
erals, 42, 179-189.  

Prencipe M., Tribaudino M., Pavese A., Hoser A., Reehuis M. (2000) - A single-crystal neu-
tron-diffraction investigation of diopside at 10 K. Canadian Mineralogist, 38, 183-189. 

 


	ECMS_2015_Rome_frontespizio
	Aliatis ECMS
	Lambruschi ECMS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /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 true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EurostileBold
    /EurostileRegular
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /FrutigerSAINBdv1Bold
    /FrutigerSAINItv1Italic
    /FrutigerSAINRmv1Roman
    /FrutigerSBINBdv1Bold
    /FrutigerSBINItv1Italic
    /FrutigerSBINRmv1Roman
    /FrutigerSCINBdv1Bold
    /FrutigerSCINItv1Italic
    /FrutigerSCINRmv1Roman
    /Futura-Bold
    /Futura-Book
    /Futura-BookItalic
    /Futura-Heavy
    /Futura-Light
    /Futura-Medium
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /Mangal-Regular
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /StoneSerifSAINSmBdv1Semibold
    /StoneSerifSBINSmBdv1Semibold
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [396.850 566.929]
>> setpagedevice




