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Improved Aeromagnetics using VTEMP""® with Horizontal Magnetic Gradiometer

(HGrad) system: A Case Study over VMS Greenstones near Flin Flon, Manitoba

Introduction

Mineral explorations require high-resolution aeromagnetic data for geological mapping and structural interpretations. Since direct detec-
tion of mineral deposits is not always possible, we have to rely on indirect detection of mineralized bodies by investigating the host
rocks (geological mapping), traps, faults, shear zones (structures) and accessory minerals such as sulphides, and alterations (conduc-
tors). The aeromagnetic and Time-Domain Electromagnetic data collected from VTEM systems meet those exploration needs.

Many of the advanced magnetic data interpretation techniques, such as Euler Deconvolution (Reid et al, 1996), Source Parameter Im-
aging (Thurston and Smith, 1997), use magnetic gradients. Measured magnetic gradients do not depend on the Earth’s magnetic field
and are not affected by diurnal variations. Therefore, the calculated magnetic grids can be made more accurate using the gradients
(Hardwick, 1999 and Reford, 2004). Complex magnetic 2D or 3D inverse models can be better constrained and more easily resolved
with gradient data. The magnetic data between the survey lines can be better extrapolated using the measured cross-line gradients.

The two-magnetometer horizontal gradiometer system (HGrad) mounted above the VTEM loop, as part of a VTEM survey, shown in
Figure 1a, collects horizontal magnetic gradient data. The systems use a GPS receiver and a Gyro Inclinometer to provide positions
and orientations of the gradiometer in real-time. Magnetic data distortions due to deviations from the ideal horizontal plane, and rotation
are corrected during post processing, therefore improving the quality of the final delivered magnetic gradient data.

Field data collected by a horizontal gradiometer system in Flin Flon VMS district (Figure 1b) will be shown to illustrate the quality and
utility of the measured gradient data (shown courtesy of Quantum Minerals Corporation).

A) VTEMPLUS SYSTEM with HGRAD Sensors B)VTEM-HGRAD Survey Area near Flin Flon

EIFAr!in Flon

Figure 1. - A) VTEM™U helicopter EM system configuration with HGRAD horizontal magnetic-gradiometer; B) Flin Flon VTEM-HGRAD survey line loca-
tion (courtesy Quantum Minerals Corporation).

Horizontal Gradiometer (HGrad) System Description

In Figure 1a, the VTEM horizontal gradiometer is in full flight configuration and its relevant dimensions are shown. The horizontal gradi-
ometer loop is mounted about 10m above the VTEM transmitter coil. The nominal diameter of the flexible loop is 12.5m. During survey
flight, the gradiometer loop can sway or tilt due to different wind conditions. Therefore, it is essential to have a GPS receiver and a Gyro
Inclinometer to record the position and orientation of the gradiometer at all times. This information is used in subsequent magnetic data
corrections.

Magnetic & Horizontal-Gradiometer Data Corrections

The magnetic data collected from a horizontal gradiometer (HGrad) system are corrected for spikes and diurnal variations. No lag cor-
rection is needed for the magnetic data, since the position of bird GPS receiver is used as the data coordinate. However, some special
corrections pertinent to gradiometer systems only must be applied to the data collected from the VTEM horizontal gradiometer.

The positions of the two magnetic sensors are determined from the GPS and Gyro data from the magnetic loop. The first correction
applied to the magnetic data is the height correction. The height differences of the sensors with respect to the horizontal plane, which
passes through the mid-point the vertical positions of the sensors, are calculated. The magnetic data are either upward or downward
continued to the ideal horizontal plane, Figure 2a. The second correction applies to the measured horizontal gradient vectors if they
deviate from the ideal longitudinal and lateral axes due to rotation around the vertical axis. This correction simply projects the horizontal
gradients to the ideal axes, Figure 2b.

One can calculate gradients from Total Magnetic Intensity (TMI) data collected using a single magnetometer by 1D FFT for in-line and
vertical gradients and 2D FFT for cross-line gradient. Under normal circumstances, the calculated in-line and vertical gradients are fairly
comparable to the measured ones, except for very active magnetic areas. However, for cross-line gradient, the calculated is much infe-
rior to the measured. In general, For magnetic gradients, one can say that the measured are always better.
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Figure 2.-A) Height corrections applied to VTEM Horizontal Gradient data; B) Rotational corrections applied to VTEM HGrad data.

Field Survey Case Study using VTEM Horizontal Gradiometer (HGrad) system

For a VTEM horizontal gradiometer (HGrad) system, only the cross-line gradient data are measured. The in-line gradient can be calcu-
lated using 1D FFT or the first difference of two consecutive measurements divided by interval length. The vertical gradient is computed
using 1D FFT. Total Magnetic Intensity (TMI) values are taken as the average of the TMI’s from the two magnetometers.

Field data collected by the VTEM horizontal gradiometer (HGrad) system in Flin Flon VMS district in Manitoba, shown in Figure 3, are
used to demonstrate the quality and utility of the magnetic gradient data. The survey was flown at N143°E nominal line direction and
160m nominal line spacing. The survey was commissioned by Quantum Minerals Corporation over its Namew Lake and Rocky Lake
exploration projects.

The general geology of the area consist Early Proterozoic gneisses under the sedimentary cover. Metavolcanics, metasediments and
orthogneisses show early isoclinal folding (fold limps are parallel) and later arching and doming. The folding structures in some areas
are too small and complex to be resolved by a single magnetometer survey. Therefore, a VTEM combined with a horizontal magnetic
gradiometer survey is a sensible approach to the current exploration problem.

In Figure 3a, the TMI data are displayed. The folding structures, isoclinal, doming and arching folds, can be seen in the TMI, but without
the fine details. Advanced derivatives, such as the total horizontal gradient, tilt-angle derivative, can be derived from the measured
cross-line and calculated in-line and vertical gradients (Salem, 2008). The derived total horizontal gradient and tilt-angle derivative are
shown in Figure 3b and 3c. These two advanced gradient products provide even greater details in the magnetics for interpretations of
fold axes and faults, Figure 3¢ & 3d.

In Figure 3d, the time constant TAU computed for VTEM data are displayed, along with the interpreted fold axes and fault. Together
with the tilt derivative in the background (in gray), it is quite obvious that the conductors (high TAU values) are located either on or near
fold axes and faults. For example, the Rocky Lake VMS deposit is located along a major fold limb and on a moderate to high TAU
anomaly.

The horizontal gradiometer (HGrad) system mounted on the VTEM platform provides high-resolution measured cross-line magnetic
gradient data. The gradient data are corrected for distortions due to sensors height and rotation variations. The measured cross-line
gradient data collected by the HGrad system, along with the calculated in-line and vertical gradients, can be used to compute the total
horizontal gradient and tilt-angle derivative. All gradients and advanced derivatives offer greater details in the magnetics for structural
interpretations. Together with VTEM data, potential VMS targets can easily spotted and interpreted.

A) TOTAL MAGNETIC FIELD INTENSITY (TMI) B) TOTAL HORIZONTAL MAGNETIC GRADIENT () MAGNETIC TILT ANGLE DERIVATIVE [))VTEM TIME-CONSTANT over TILT DERIVATIVE
a a (with Interpreted Structural Overlay) (Grey-scaled with Interpreted Structural Overlay)

Figure 3. -A) Total magnetic Intensity (TMI) data (B) Derived horizontal magnetic gradient (Analytic Signal); C) Derived magnetic tilt-angle derivative,
with structural interpretation of fold-axes and faults as overlay; D) VTEM dBz/dt time-constant (TAU) over grey-shaded magnetic tilt-derivative, with
structural interpretation and Rocky Lake VMS deposit.

245 Industrial Parkway North, Aurora, Ontario L4G 4C4, Canada
Phone: +1(905)841-5004, Fax: +1(905)841-0611, www.geotech.ca




<<
  /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


