GROUND PENETRATING RADAR FOR DIAGNOSIS OF FAULTING ALONG PARTING
PLANES IN SOUTH AFRICAN BUSHVELD MINES

Declan Vogt, Michael van Schoor

Council for Scientific and Industrial Research, South Africa

1. INTRODUCTION
The Bushveld Complex in South Africa is a layered igneous intrusion that contains the world’s largest known deposit of
platinum group metals, as well as significant deposits of vanadium and chrome [1]. It spans about 350 km from east to
west and is mined from surface down to about 2300 m. The platinum group metals are concentrated in two planar
orebodies, the Merensky and the UG2 reefs, which are between 0.7 m and 2.5 m thick, and which dip towards the centre
of the complex at between 8° and 20°. Mining is largely by hand-held drill and blast, with some mechanized sections.

One of the primary risks to miners on the UG2, is the presence of parting planes in the immediate hangingwall of the
excavation. The parting planes are typically chromitite seams, ranging from a single band to many thin bands, typically
0.5 m to 12 m or more above the excavation. The chromitite seams form parting planes as they are substantially weaker
than the surrounding strata. Ground Penetrating Radar (GPR) is now routinely applied on many mines to determine the
distance to the parting plane, in order to ensure that adequate support is put into place to prevent falls of ground. GPR is
an excellent tool for detecting the chromitites, because the surrounding rocks, anorthosite, norite, or pyroxenite, are
typically very resistive with typical relative permittivities of 8 or 9, while the chromitites have a much higher relative
permittivity, typically about 16-20 [1].

This paper discusses the potential of using GPR to identify a different geological risk: flexural slip faults.
2. PROBLEM

Another major risk, somewhat less well understood, is the presence of what are colloquially known as “curved joints” or
“cooling domes”. These are structures defined by a plane of weakness that runs along and cuts across the strata,
including the UG2 and Merensky, and their foot- and hangingwalls. Perritt and Roberts [3] found these structures to be
caused by layer parallel faults and linking ramps, interpreted to be flexural-slip structures formed during the bending of
the originally horizontal Bushveld Complex into a basin sometime after intrusion. These features are difficult to map
where they are not immediately visible in the excavation.

3. METHODOLOGY AND RESULT

GPR observations show how a parting plane can be identified as having a layer parallel fault running along it, as part of a
flexural slip structure. If a the parting plane is also part of a fault structure, it will be weaker than expected, and there are
likely to be nearby ramp faults that can lead to extensive falls of ground. Observations were carried out using a Sensors
and Software RockNoggin GPR, with a 500 MHz antenna [5]. Processing was undertaken in Reflex [4]. Two lines were
surveyed, one on strike and one on dip, ie perpendicular to one another, in the same area. The images presented here
have had only simple processing applied: average removal, low pass filtering and automatic gain control.

From the figures overleaf, the radar image quality is excellent, confirming that the Bushveld Complex can be an
excellent environment for radar. The first line, Figure 1, shows the expected radargram for a typical hangingwall where
parting planes are present. The second line though, in Figure 2, showed unusual corrugations at about 28 ns into the
hangingwall, corresponding to a height of about 1.6 m above the excavation, at an assumed radar velocity of 0.11 m/ns.
The cause of the corrugations was not immediately obvious until the work reported in Perritt and Roberts [3], which
showed a picture of the effect of a flexural slip fault that caused a large block to fall out of the hangingwall, Figure 3.
The fault planes are characterized by obvious corrugations. The hypothesis presented here is that when the radar profile
runs parallel to the corrugations, the reflection appears flat, as in Figure 1. If the radar profile crosses the corrugations,
characteristic hyperbolas are produced by the corrugations. Modelling will be undertaken to confirm this hypothesis.
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Figure 1. GPR line looking up into the hangingwall of the UG2, in a bushveld mine.
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Figure 2. GPR line looking up into the hangingwall of the UG2, perpendicular to that in Figure 1, together with a
log of the expected geology in the hangingwall. Note the marked corrugations at about 28 ns.
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Figure 3. A block that fell out of the hangingwall
along a flexural slip fault (Perrit and Roberts [3]).

4. CONCLUSIONS
GPR has been shown, under certain conditions, to be
able to map an interface, the flexural slip fault, that is
known to exist in platinum mines, but that is difficult to
map using any other technique. The difference in radar
response depending on the survey direction shows that
the nature of the interface may not be determined if
lines are only run in a single direction. Ideally, survey
design should take into account the expect direction of
such flexural slip features.

Further work is required to characterize the surfaces of
typical flexural slip structures, to map more of these
structures using GPR, and to confirm that the GPR is
picking up the corrugations characteristic of faulting. If
it can pick up faulting, GPR will become even more
useful as a safety tool in Bushveld platinum mines.

11. REFERENCES
[1] Cawthorn, R. G., The platinum and palladium resources of the Bushveld Complex, South African Journal of Science, Vol 95, pp

481-489, 1999.

[2] Du Pisani, P. and Vogt, D., 2The radar frequency electrical properties of a selection of Bushveld and Witwatersrand Basin rocks.

Eighth SAGA Biennial Technical Meeting and Exhibition. 2003

[3] Perritt, S. and Roberts M., Flexural-slip structures in the Bushveld Complex, South Africa?, Journal of Structural Geology, vol.

29, pp. 1422-1429, 2007.

[4] Sandmeier, K. J., Reflex W, Version 5, Sandmeier software,

retrieved 2009/01/27.

http://www.sandmeier-geo.de/Download/downloadguides.htm,

[5] Sensors and Software, Noggin — GPR made simple, http://www.sensoft.ca/products/noggin/noggin.html, retrieved 2009/01/27.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Acro8.recommended.6Dec2006_FontEmb'] Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


