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Magmatic Processes

Phase equilibrium controls — these have formed basis for much of our discussions — other
factors can be important

Magma mixing — requires melts of different composition to be in close proximity...
evidence for zoning in magma chambers?

Assimilation of wall rock xenoliths — this happens! Need to track thermal energy budget

Soret diffusion — diffusion in response to presence of a temperature gradient in a material
(magma in our case). A kinetic effect that requires sustenance of a temperature gradient.

Liquid immiscibility — not an important process for most magmas, only for very silicate
rich rocks

Gas-liquid element transfer

Non-magmatic Processes
Metasomatism — chemical change. Chemical transfer in absence of silicate melt — a
metamorphic process and the basis of the granitization hypothesis — theory that pre-

existing rocks are transformed into granite by the action of fluids of appropriate
composition



Granitic rocks

Historical perspectives on the granite problem

Carmichael, Turner, and Verhoogen (1974) Igneous Petrology p. 593-596.
Daly (1933) Igneous rocks and the depths of the earth Chap. XVII.
Marmo (1967) Earth Sci Rev 3:7-29.

Proposed origins of granite problem and misconceptions

1) Metasomatic granitization on a large scale without participation of a silicate
melt... Origin by hydrothermal replacement or solid diffusion

2) Granites’ derivative liquids produced by fractional crystallization of basalt...
Origin as magmatic liquids.

3) What are sources of magmas? Where are these located?

4) Enormous “granite” batholiths are not granite. Much of the plutonic rock is
granodiorite — tonalite — quartz diorite.

Tuttle and Bowen’s (1958) [GSA Memoir 74] experimental work distinguished between
hypotheses 1) and 2). Bowen and Tuttle showed that the system Ab-Or-Qtz-H,O
contained a ternary minimum and that all granites plotted near that minimum. The
easiest way to produce such a clustering is by fractional crystallization.

Today’s major granite problem is source for the large continental batholiths.

Information contained in granitic rocks

Compositions of spatially and temporally related granitic rocks may record a “liquid line
of descent” at some P, T, and Py»0.

Some strange textures in granites have also intrigued petrologists. Rapakivi = plagioclase
feldspar overgrowths on alkali feldspar. Anti-rapakivi = alkali feldspar overgrowths on
plagioclase. The proposals for the origin of these different textures center around the role
of variable T, P, and H,O on the termination of the two feldspar + liquid (2 fsp + liq)
boundary curve.

Anti-rapakivi, the mantling of plagioclase by alkali feldspar, is found in many rocks...
from absarokite to shoshonite to syenite (these are rocks with low asio, and Pp»o).
Usually low-pressure environments. Experiments at low P show that the 2 fsp + liq curve
lies on the alkali feldspar side of the solvus-solidus intersection. Therefore, one can
explain the alkali feldspar rims on plagioclase as a consequence of low P fractional
crystallization. This is the equivalent to a peritectic reaction,

Plag + Liq = Kspar



Sometimes (Often) there is no reaction overgrowth relation in two feldspar rocks. This
observation is consistent with increasing asio, and Pyyo. Experimental results show that
increases in H,O and SiO; make the 2 fsp + lig boundary a cotectic.

Rapakivi textures are harder to explain. Quartz is present in rapakivi associations. There
is no evidence from phase relations that the 2 fsp + liq curve lies on the plag side of the
solidus-solvus intersection under any P or apyo conditions. The experiments show that
the 2 fsp + liq boundary is either plagioclase peritectic or cotectic all the way.

What is the explanation, then? Degassing — a decrease in Py»o causes the 2 fsp + liq
boundary to move toward the alkali feldspar corner. This movement decreases the area
of the alkali feldspar liquidus field, and a liquid on the 2 fsp + liq boundary at higher
pressures will find itself in the plag primary phase volume after a pressure drop. An
intriguing thought is that rapakivi granites may be the recorders of catastrophic silicic
volcanic eruptions!




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


