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APPENDIX

Behavior of binary loop widths with composition and temperature

This Appendix is addressed to the silent question raised by Figure 2 in the main text,
namely: What is our expectation in viewing a plot of loop width versus temperature (or
composition)?  Of course, one knows that a binary loop begins and ends at zero width, and
fattens to a maximum width somewhere near the middle.  Therefore a plot of loop width
against either composition or temperature will be a curve that is concave down to zero at
both ends.  What is less commonly considered is that the partition coefficient D  = X

1

S
/X

1

L
 as

defined in relation to linear partitioning is in part a transform of the loop width from a
difference to a ratio, and that the intercept K

D
 defines a characteristic loop width, from fat at

low values of K
D
 to thin at high values (obviously becoming a single line if K

D
 = 1.0).  The

loops calculated throughout this paper are defined by the measured plagioclase crystal
composition and the plagioclase component of the oxygen norm of the liquid composition. 

In Figure A1 are plotted the breakdown of Figure 2 into its seven component parts, each
a separate bulk composition.  The labels in the figures are shorthand versions of the
compositions studied by Thy et al. (2006).  The first array, Am1, is uniquely athermal at a
nearly constant value of the loop width.  All the others show some variation with
temperature, mostly scattered.

The experimental behavior of loop widths is characterized in Figure A2a, derived from a
linear partitioning treatment of the system Di-An-Ab (Morse, 1997).  The X-axis is given in
the  plagioclase crystal composition and also in temperature, normalized to the range along
the diopside - plagioclase cotectic.  The dotted curve shows the temperature dependence of
the loop width, while the solid curve refers to the plagioclase composition.  The rectangle
near the crests of the curves simply calls attention to the composition range of the Thy et al.
experiments.  The curves are concave-down throughout except near the Ab end where the
temperature is not well known.  From the crest region, it is clear that for this composition
range, the curves are very similar and that for temperature is centered almost symmetrically
on the middle of the composition range.  Therefore, we should expect to find equilibrium
arrays consistent with the concave-down temperature curve.

Now looking back at Figure A1, we are disappointed, for although several bulk
compositions show tendencies toward concave-down, there is no consistency in absolute
loop width and none of the arrays are centered on the middle temperature.  Seen all
together, as in Figure 2, they appear to fill a space randomly over a wide range of T and X. 
This result, with the separate graphs shown here, supports a failure to demonstrate stable
equilibrium.

Another experimental test
Reality comes to visit in the form of Figure A2b, for which the data were regressed with

a correlation coefficient of R
2
 = 0.80 in the linear partitioning plot of Morse et al. (2004). 

Here the regression is converted to loop widths using the linear partitioning equation. 
Although it is true  that the data cluster about the equation, as they must, the deviations are
certainly magnified relative to the linear result, and that is undoubtably a normal feature of
plotted loop widths, contributing to the scatter in Figure 2 of this paper.  The alternative
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formal test of the quality of data is the linear partitioning plot used in Figures 5 and 6 of the
paper, and this plot is useful in showing where the good data lie near the baseline, and the
weaker data farther from the baseline.

Also of note is the reduced value of the maximum loop width in this high-pressure array
compared to Figure A2a, as is consistent with the higher value of K

D
.

Summary
The analytical study of loop widths plotted against temperature or crystal composition

affords a better understanding of their use in evaluating the reliability and self-consistency
of experimental data.  Although data from a linear regression that appear reasonably good in
one plot may look worse in the plot of loop widths, the scatter in Figure 2 is great enough to
declare a lack of evidence for reliably stable equilibrium.  This characteristic is not unique
in kind among a experiments listed in the wider database, but it appears to be singular in
degree.

Captions to Appendix Figures

Figure A1.  Breakdown of data in Figure 2 to the individual data sets listed by Thy et al.
(2006).  The Y axes are loop widths X

An

S
 - X

An

L
, and the X axes are temperature in °C.  

Except for the flat array of set Am1, these each show individual scatter contributing
materially to the whole, and they fail to show repeated maxima near the midpoint of the
temperature range.

Figure A2.  (A)  Analytical behavior of plagioclase loop width with temperature and
composition as shown in the system Di-An-Ab with linear partitioning (Morse, 1997).  The
temperature - based relationship is plotted as the dotted line, and that for composition as the
solid line.  The region of interest in the studies by Thy et al. (2006) is indicated by the box
centered on An

60
.  (B)  Data recalculated from the regression in Fig. 16 of Morse et al. (2004),

with the corresponding equation for the loop width calculated from the linear partitioning
equation A1 (below).  The linear regression has the correlation coefficient R

2
 = 0.80, but in

this plot the scatter is visually magnified.  It appears that plagioclase loops are always
maximized in width near An

60
.

  (A1)



1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

Am1

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

AcEG

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

Bm1

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

BcEG

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

Cm1

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

CcEG

1060 1100 1140 1180 1220
0.00

0.05

0.10

0.15

0.20

0.25

Dc1

Thy et al. 06
Loop widths v. T

Morse Figure A1



0

0.1

0.2

0.3

0 0.2 0.4 0.6 0.8 1

L
o
o
p

W
id

th
,

A
n

S
-

A
n

L
X

X

XAnS

Kiglapait 5 kb, D = 0.524K

Exper. Data 2004

Equation

B

0

0.1

0.2

0.3

0 0.2 0.4 0.6 0.8 1

L
o

o
p

w
id

th
,

A
n

S
-

A
n

L
X

X

KD = 0.26System Di-An-Ab

X TA nS ; N o r m a l i z e d

X

T

Thy et
al. 06

A

Morse Figure A2



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




