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Indium is a rare metal element, which is also a strategic
metal, but its content in the crust is very low. Indium
possesses very unique physical and chemical properties,
such as low melting point, high boiling point and good
conductivity. Indium, therefore, is widely used
electronic computer, energy, electronics, photo-electricity,
national defense military, aerospace, nuclear industry, the
modern information industry and other high-tech fields. It
has become increasingly important in the national
economy, and is considered as one of the most important
supportive materials to modern electronic industry (Liu et
al., 2005). At present, indium is mainly used for indium-
tin oxide (ITO) target materials in liquid crystal display
industry;  copper-indium-selenium  solar cells are
considered to be one of the most important ways to replace
traditional energy supply and have gained high attention
from the government. Intel has released standard of next
generation of computer central processing unit (CPU),
with indium antimony alloy (SbIn) to become the raw
material of semiconductor chips. Obviously, with the rapid
development of electronic technology and other high
technology, the use of indium is also expanding.

Research on indium began in the 1950s, mainly focused
on geochemistry, output state, thermal dynamics, etc.
According to previous studies, enrichment of indium is
limited to a specialization of certain deposit types and
mineral types. In Zn-Sn deposits, indium shows an
obvious enrichment trend. In China, indium-rich deposits
mainly consist of cassiterite-sulfide deposits and tin-rich
Pb-Zn deposits.

China has the largest indium geological reserves, and is
also currently the largest native indium producer and
exporter, but the distribution of proven reserves is not
uniform, mainly clustered in the fold belts of south China
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and Archean parts of Asia, such as Guangxi, Yunnan,
Inner Mongolia, Guangdong, Qinghai, Hunan, Jiangxi,
Guizhou and Sichuan. Yet, about 80% of reserves are
produced in Guangxi, Yunnan, Inner Mongolia and
Guangdong (Li et al., 2007). The reserve of Dachang
exceeds 5000 t, ranking it the first in the world, followed
by Yunnan (about 4400 t) and Inner Mongolia (about 600
t), however, the global total reserves are not more than
19000 t (Liu et al., 2005).

For a long time, the study of indium has made certain
progress, but still many scientific problems remain
unresolved. The need of new breakthrough, of
understanding of its enrichment, the provision of
improved scientific basis for exploration, are essential. Tu
(2003) thought that the low temperature metallogenic
region in China’s southwest area is favorable to indium
enrichment. Foreign countries including Japan, Sweden,
France, Canada, the United States, Russia, Bulgaria,
Mexico and others also have made discoveries. As the
balance between supply and demand of indium is
increasingly disturbed, the consumer prices are also rising.
Currently, evolving technology and financial support that
have been invested in indium industry help to meet the
increasing demand of economic development. But broadly
speaking, geological work that is focused on indium is
gravely insufficient, and new proven reserves lag behind
the consumption growth, so it is quite necessary to
strengthen geological work, find new resources, and
guarantee the demands for sustainable development of the
world economy (Li et al., 2007).

According to the current knowledge of indium-rich
deposits, the cassiterite sulfide and tin-rich Pb-Zn deposits
have the highest content of indium, such as Guangxi
Dachang, Yunnan Gejiu and Dulong, Hunan Qibaoshan
and Inner Mongolia Meng’entaolegai. Yet, the most
obvious difference between Meng’entaolegai deposit that
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is located in the northern margin of north China and other
Pb-Zn deposits is the containment of more than 2000 tons
of comprehensively recyclable tin, and this area shows
high geochemical background value of indium, which is
expected to become another large indium deposit in the
future. Indium and tin have a relationship of synchronous
growth in different types of ore deposits, and the indium-
rich deposits in other countries are also tin-rich to some
degree.

In general, indium enrichment only happens
hydrothermal sulfide mineralization, and the main carrier
is sphalerite. It is necessary to further the study of the
enrichment of indium in gold deposits, those with few
sulfides and rare sphalerite. In the light of the comparative
study of different types of gold ore, or content of indium
in the same type of gold deposits, the enrichment of
indium may be associated with marcasite. However, the
factors causing indium enrichment and the relationship
with gold mineralization are still not very explicit.

It is generally accepted that tin possibly plays an
important role to indium enrichment, yet quite obscured.
In indium-rich deposits, significant indium incorporation
into cassiterite can be excluded. Indium-rich deposits are
always tin-rich deposits at the same time; the content of
indium in sphalerite of the pure Pb-Zn deposit is very low.
In indium-rich deposits, indium enrichment shows a
certain regularity, namely plenty of indium enriches in
sphalerite, while other minerals contain little indium, this
regularity can be called the specialization of the mineral
type. Therefore, in the tin-containing sulfide deposits, only
when abundant of sphalerite, large scale of indium
enrichment is more likely to happen, and with result of
coexisted indium deposit. In the process of mineralization
of indium, it enters into the lattice of indium-rich minerals
in the form of ion substitution.

Obviously, the important problem, which is closely
related to the dispersed element indium specialization
characteristics, is the sustainable development of indium
resources. Indium deposits, especially those of great
industrial significance are found in cassiterite sulfide
deposits. In cassiterite sulfide polymetallic deposits, more
than 80% of indium is concentrated in sphalerite. In the

in

420

ore deposits mentioned above, the sections where
sphalerite is enriched or Pb-Zn orebodies prevail, are the
main object to exploration of indium. Therefore, it is vital
to further analysis of specialization characteristics that can
provide important clues to deepen the theory of indium
enrichment in deposits or indium-independent deposits,
and to accelerate the exploration discovery.

Nowadays, a pure indium deposit or indium-dominant
deposit has not been found; the geological research on
indium is still very weak, and even many accepted facts or
phenomenon are still lack of theoretical evidence.
Therefore, it is necessary to provide important technical
support for the sustainable development of indium
resources and its further research.

Generally, geological work related to indium is limited,
especially focused on indium metallogeny and
metallogenic mechanism, and the research of ore-forming
fluid of indium is just starting. The fluid mineralization of
cassiterite sulfide deposits is particularly weak, only a few
scholars have carried out some research, which should be
one of the important directions that need further study in
the future.

Acknowledgements

This study was supported by National Natural Science
Foundation of China (Grant No. 41202051), Hunan
Nonferrous Fund Project (Grant No. Y201201013), Hunan
Industrial Science and Technology Support Program
(Grant No. S2014GK3005) and China Postdoctoral
Science Foundation (Grant No. 2012M521721).

References

Li Xiaofeng, Watanabe Yasushi, and Mao Jingwen, 2007.
Research situation and economic value of indium deposits.
Mineral Deposits, 26(4): 475-480 (in Chinese with English
abstract).

Liu Dachun, Yang Bin, Dai Yongnian, and Ma Wenhui, 2005.
The resources and industrial development of indium in
Yunnan Province. Journal of Guangdong Non-Ferrous Metals,
15(1): 1-3 (in Chinese with English abstract).

Tu Guangchi and Gao Zhenmin, 2003. Ore-forming mechanism
of the dispersed elements. Bulletin of Chinese academy of
sciences, (5): 358-361 (in Chinese with English abstract).




<<
  /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


