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Quantificational characterization of the microscopic
pore structure is the key to evaluating tight reservoirs.
Since tight reservoirs mainly develop nano-pores which
are difficult to fully characterize pore throats’ distribution
by single conventional experimental method, there’s an
urgent need to establish a characterization method by
jointing several conventional experimental methods.

The tight gas of Shahezi Formation in Xujiaweizi Fault
Depression had made breakthroughs, the main pore types
observed by the microscope were dissolution pores,

intergranular pores and some micro fractures. The
dissolution pores were combined by interparticle
dissolution pores which dissolved cements and

intragranular dissolved pores which dissolved the unstable
components like feldspars and rock fragments. The
intergranular pores were mainly the pores between crystals
of illite/smectite and illite. The micro fractures improved
the permeability of reservoirs greatly which were often
developed in conglomerates. The remnant primary pores
only local visible which were seldom developed. -

There is a tremendous amount of research shows that
NMR T, spectra have close links with the pore size
distribution curves which obtained by mercury injection.
Since both of them can reflect the pore structure of rock,
it’s able to use mercury injection curves to calibrate the
NMR T, spectra. However, the mercury injection curves
were only able to reflect part of the larger pore space
because the tight reservoirs have narrow pore throats and
low pore connectivity. When the pore radius less than 50
nm, there was a big distribution discrepancy between 7>
spectra and capillary pressure curves. So the previous
methods couldn’t characterize micropores and mesopores
of tight reservoirs well. The accuracy of nitrogen
adsorption was restricted by samples because the
macropores were destroyed, so this method was just
effective for the micropores and mesopores. It turns out
that the development trend of pore structures
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characterization techniques of tight reservoirs is the
effective combination of various experimental methods.
The advantage of NMR is that the measurement of pores
are comprehensive, it can identify the pores larger than 10
nm. The disadvantage of NMR is that the measurement
unit is relaxation time which needs to transformation.
Thus, it’s able to characterize the NMR T, spectra by
combine the nitrogen adsorption and mercury injection.

The compound cumulative porosity curves which
obtained by integrating the data of nitrogen adsorption and
mercury injection were used to calibrate the value of C.
Then we transformed the NMR relaxation time into pore
radius by C. Specific experimental steps are as followes:
(1) Transform the experimental data of nitrogen
adsorption and mercury injection into porosity component
(Fig.1a), (2) Obtain the cumulative porosity distribution
curves (Fig.1b), (3) Determine the best calibration
coefficient C (Fig.1c), (4) According to the optimized C,
the NMR T}, spectra were converted into pore radius, then
the pore volume distributions of the full scale pore size in
tight reservoirs were obtained (Fig.1d).

In this paper, the NMR T}, spectra were calibrated by the
method mentioned before and the pore size distribution
characters of tight glutenite reservoirs of Shahezi
Formation were analyzed. The pore radius of tight
glutenite reservoirs was ranged from 2 nm to 100 um
(Fig.2a) and the distribution curves had two peaks: the
larger pores were mainly distributed from 2 um to 10 pm
and the smaller pores were mainly between 10 nm to 100
nm. Totally, the geometric average aperture mainly
distributed from 50 nm to 150 nm. The amount of the
pores which their radius larger than 1pum were less than
20%, representing Shahezi tight reservoirs developed
narrow pore throats and nano-grade pores (Fig.2b).

1 Introduction

Previous classifications of magmatic sulphide deposits
in China are mainly based on metallogenesis, considering
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d. Pore size distributions of calibrated NMR,N2 adoption and mercury injection

Fig.1 Flow chart of NMR T, calibration by jointing nitrogen adsorption and mercury injection
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Fig.2 Pore size distribution features of Shahezi Formation

the controlling factors of geological settings and rock
assemblage (Tang, 1997; Liu et al., 1998). These types of
classification play a positive role in further prospecting
and research. However, as the development of geological
study, the factors of geological settings, volcanic-intrusive
assemblages and small-intrusion metallogeny are more
and more important in recognizing and discovering ore
deposits. It is necessary to put forward a new classification
to stress these factors.

During the 20th century, geologists pay more attention
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to looking for magmatic sulphide deposits associated with
large-size layered complex, because the biggest magma
deposits formed in large-size layered complex, such as the
Bushiveld (Bushveld?) layered complex containing the
biggest PGE deposit (Cawthorn RG, et al., 2002), with an
area of more than 60'10° km?. Another example is the
Sudbury layered complex containing the second largest
nickel deposit (Faggart et al., 1985), with an area of more
than 1000 km®. However, researchers explore China in
different degrees, without discovering large layered
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complex except some magmatic sulphide deposits in small
intrusions, among which there is the third largest nickel
deposit (Jinchuan deposit) in the world. The area of the
Jinchuan intrusion is only 1.34 km”. Then, geologists pay
more and more attention to small-intrusion metallogeny.

Acknowledgments

This study is supported by the National Basic Research
Program of China (Grant No. 2014CB239005-001).and the
National Natural Science Foundation of China (Grant No.
41402109)

392

Vol. 89 Supp.  June 2015
References
Zou Caineng, Zhu Rukai, Wu Songtao, et al.Types,

characteristics, genesis and prospects of conventional and
unconventional hydrocarbon accumulations: taking tight oil
and tight gas in China as instance[J]. Acta Petrolei Sinica,
2012, 33(2): 173-187.

Li Jianzhong, Guo Bincheng, Zheng Min, et al.Main types,
geological features and resource potential of tight sandstone
gas in China[J].Natural Gas Geoscience,2012,23(4): 607-615.

Dai Jinxing, Ni Yunyan, Wu Xiaoqi. Tight gas in China and its
significance in exploration and exploitation[J]. Petroleum
Exploration and Development. 2012, 39(3): 257-264..

Liu Yanchao, Chen Shuhui, Guo Zhenhua. Application of NMR
technology to pore structure in tight sandstone: A case from
Third Member of Shihezi Formation Upper Paleozoic in
Daniudi Gas Field, Ordos Basin[J]. Geological Science and
Techonology Information, 2006, 25(1): 109-112.




<<
  /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


