
1 Introduction 
 
Lujiang-Zongyang ore concentrated area is one iron-copper 

concentrated area in Middle and Lower Reaches of Yangtze 
River,  and  characteristics  with  porphyrite  iron  deposit  and 
stratabound-hydrothermal superimposed pyrite deposits(Chang et 
al.,1991; Zhai et al.,1992).The Longqiao iron deposit is located in 
the northern edge of Lujiang-Zongyang ore concentrated area. 
The geological feature, ore-controlling condition,metallogenic 
stratohorizon,ore  genesis  of  the  deposit  had  already  been 
discussed(Hu et al.,1991;Ni et al.,1994;Wei et al.,1997,1999),the 
focus of contention were metallogenic time and metallogenic 
stratohorizon.At present, there existed three primary viewpoints, 
they have been mentioned as follows: 

(1)Ren  et  al.(1991)considered  that  the  metallogenic 
stratohorizon had been the Luoling Formation in middle Jurassic, 
and the ore deposit had formed in volcanic magma in middle 
Jurassic;(2)Ni  et  al.(1994)  deemed  that  the  metallogenic 
stratohorizon had come from ferriferous sedimentary source bed 
of Dong Ma’anshan Formation in middle Triassic, and reformed 
by thermal metamorphism and hydrothermal superimposition of 
Yanshanian magmatism; (3)Wei et al.(1997,1999) believed that 
the metallogenic stratohorizon had been Longqiao Formation. 
Therefore,the metallogenic epoch of the Longqiao deposit was 
inconsistent. In this paper, the authors collected syngenetic biotite 
of magnetite body and alteration biotite in trachyandensite of 
Longmenyuan Formation, and discussed the metallogenic epoch 
of the Longqiao iron deposit according to Ar-Ar isotope dating. 

 
2 Geological features and sampling location 

 
In the deposit, the main orebody is hosted in argillaceous 

sandstone  and  carbonate  between  the  trachyandensite  of 
Longmenyuan Formatoin and the quartz syenite and monzonite of 
Yanshanian intrusive rocks. The main orebody has stratiform 
structure and trend surface of hanging wall and footwall have 
southwest dip direction (Ma et al., 2009). The local orebodies 
intersperse in taffaceous sandstone, amphibole trachyandensite 

and  quartz  syennite.  The  sampling  location  is  situated  in 
exploration line 5-7,370m Midpiece of Longqiao iron deposit. 
The sample of Lz370-1 is the biotite with crystal form of flakes, 
which picked out intergrowth with magnetite, calcite and pyrite. 
The sample of Lz370-2 is the biotite with crystal form of flakes, 
which selected in gray black trachyandensite from wall rocks of 
hanging wall, coexistence with magnetite and pyrite.  

 
3 Sample processing 
   
All the samples had weathered rim removed and were crushed to 
millimeter-scale grains. The required minerals were carefully 
handpicked under a magnifier. Only fresh mineral grains of 60~80 
mesh grain-size were selected. A mineral purity of 99% was 
achieved. The selected mineral concentrates were individually 
wrapped in Al-foil packets, encapsulated in sealed Gd-foil, and 
irradiated for 3008 min at the central thimble position of the 
nuclear reactor (1000 kW) at the Chinese Academy of Atomic 
Energy Science. The instantaneous neutron flux was 2.65× 1013 n /
cm2s and the integrated neutron flux was 4.78 × 1018 n/cm. The 
internal standard Biotite ZBH-25 had been used, which the age 
was 132.7 ± 1.2 Ma,the Potassium content was 7.6%. 

The samples were progressively heated and each heating step 
was maintained for 30 minutes. Experiments were started at a 
temperature range of 400~430  and ended at 1420~1450 . At ℃ ℃

each extraction temperature, the impure gas released was in turn 
purified through a 5Å molecular griddle, Cu–CuO (550 ), a ℃

spongy Ti container (850 ) and a Ti evaporated pump. Purified ℃

argon was finally collected using a Zr–Al getter pump, and 
subsequently  analyzed  using  gas  source  mass-spectrometers 
operated in the static mode MM-1200B mass analyzer at the 
Institute of Geology, Chinese Academy of Geological Sciences. 
Measured isotopic ratios were corrected for the effects of mass 
discrimination  and  interfering  isotopes,  using  the  factors,
(38Ar/36Ar)Ca = 0.1869, (38Ar/37Ar)Ca = 3.81×10−5,(36Ar/37Ar)Ca = 
2.64×10−4, (39Ar/37Ar)Ca = 6.87×10−4, (40Ar/39K)k = 0.01.The blank 
atmospheric argon 40Ar/36Ar ratio is 294.2 for this group of 
experiments. Total uncertainties in each apparent age (1σ) have 
been calculated using the methods outlined by Dalrymple and 
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Lanphere (1971). Plateau age, positive and inverse isochrones 
were processed by program ISOPLOT (Ludwig, v2.49, 2001). 
The error of plateau age was given 2σ. The relevant process can 
be seen in related articles (Chen et al., 2006; Zhang et al., 2006).  

 
3 Results 

 
The 40Ar-39Ar stage heating age of sample Lz370-1 has nine 

heating stages, the temperature ranges from 700℃to 1300℃, 
plateau age spectrum shows in Fig.1-a, the relevant isochron 
diagram of 40Ar/36Ar-39Ar/36Ar displays in Fig.1-b. The apparent 
age comparatively concentrates on 900~1230  from three to ℃

eight  stepwise  heating.  The released  Argon  reaches  97.5%. 
Plateau age is 133.4±1.5Ma(2σ) in a weighted average(Fig.1-a). 
The  isochrone  age  of  liner  regression  is  133.1 ± 4.8Ma
(MSWD=0.32). The isochron age, coincides with plateau age, is 
within experimental error. The initial ratio 40Ar/36Ar is 300±91,
the excess Argon may be contained in sample and lead to 
significant errors. Whereas, it coincides with atmospheric Argon 
within error(40Ar/36Ar =295.5±5). 

The 40Ar-39Ar stage heating age of sample Lz370-2 has ten 
heating stages, the temperature ranges from 700  to 1400 , ℃ ℃

plateau age shows in Fig.1-c. The relevant isochron diagram of 
40Ar/36Ar-39Ar/36Ar  displays  in  Fig.  1-d.The  apparent  age 
comparatively concentrates on 1000~1400  from four to ten ℃

stepwise heating, the released Argon is 98.7%. The plateau age is 
135.4±1.5Ma (2σ) in a weighted average (Fig.1-c). Isochrone age 

of liner regression is 135.5±1.8Ma(MSWD=1.3) and coincides 
with plateau age within experimental error. The initial ratio of 
40Ar/36Ar is 295.6±4.2. The excess Argon may be contained in 
sample  and  lead  to  significant  errors.  However,  it  almost 
coincides with atmospheric Argon within error(40Ar/36Ar is 295.5
±5) (Fig.1-d). 

The 40Ar/39Ar age usually represents cooling age of testing 
minerals and its closure temperature is 350~300  in Argon ℃

isotopic system of biotite(McDougall et al.，1988).Consequently, 
the plateau ages represents cooling age above 350~300 of the ℃

samples this time. The isochron age and plateau age of two 
samples are well consistent within error from Figure 1.Therefore, 
the test results are reliable. That is to say the 40Ar/39Ar cooling age 
of biotite from altered trachyandesites and the biotite symbiotic 
with pyrite, magnetite and calcite can be explained hydrothermal 
alteration age and metallization age of Longqiao iron deposit. 

 
4 Discussions  

 
The Middle and Lower Reaches of Yangtze River is a primary 

iron and copper polymetallic metallogenic belt(Chang et al.,1991;
Zhai  et  al.,1992;  Dong,2009).  The  magmatic  activities  and 
metallogeny were intense, and it’s the production of magmatic 
explosion  of  Yanshan  movement  in  Eastern  China  during 
Mesozoic (Hua et al., 1999). The time of regional magmatic 
activities was 126~145 Ma, and the iron and copper polymetallic 
metallogenic belt also formed in this period (Liu et al.,2002;

Fig.1 The 40Ar-39Ar spectrum and isochronal age diagram of biotite in the Longqiao iron deposit 
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Zhang et al.,2003;Xie et al.,2008). The Ar-Ar isotopic ages, which 
obtained from this time, are ca.135~133 Ma.It’s nearly same as 
the  activity  time  of  volcanic  eruption  and  irruption,  ca. 
135~127Ma, in Lujiang-Zhongyang area(Zhou et al.,2007,2008;
Xue et al.,2010). It demonstrates that the Longqiao iron deposit 
formed  in  early  stage  of  volcanic  activity  was  relative  to 
shoshonite igneous magma. It identified that the metallogenetic 
epoch of the deposit was in early Cretaceous.  

At the beginning of early Cretaceous, Tan-lu fault belt had 
happened  pull-apart  extension  in  translation  fault  system at 
southern end of it after a large scale sinistral movement of the 
Tan-lu fault in Middle and Lower Reaches of Yangtze River. On 
the settings of Northwest-Southeast extensional stress field, it 
happened pull-apart between Luohe fault and eastern edge fault of 
the basin. The Luohe fault is located at western side Lujiang-
Zhongyang ore concentrated area and is parallel to Tan-lu fault. It 
cut through the crust, reached Moho,and turned on the channel of 
upward migration of mantle material and fluid, and controlled the 
deep  metallogenesis  of  Lujiang-Zongyang  area(Dong  et  al., 
2009). 

The polycyclic volcanic eruption and polyphase magmatic 
intrusion  activities  formed  main  part  of  Lujiang-Zongyang 
continental volcanic cycles. At the same time, deep metallogenic 
materials  and  hydrothermal  emplaced  in  superficial  or 
superimposed ferruginous sedimentary source bed(Ni et al.,1994).
In regional, the sandstone of Luoling formation and Moshan 
formation  of  middle-lower  Jurassic  were  involved  in  fold 
deformation of Yanshan period, but did not affect continental 
volcanic rocks of early Cretaceous. According to mining and 
borehole data of Longqiao iron deposit, the orebodies mainly 
existed in limestone between exploration line 10 and exploration 
line 26 in west mining area and occurred in sandstone and pelitic 
siltstone  partly interpenetrating  in  trachyandesite  and  quartz 
syenite between exploration line 8 and exploration line 17 in east 
mining  area.Therefore,the  unconformity  between  continental 
volcanic basin and basement of it provided possible metallogenic 
space of Longqiao iron deposit. 

Key words: Longqiao iron deposit;Metallogenic Epoch; 
Lujiang-Zongyang Ore Concentrated Area; Middle and Lower 
Reaches of Yangtze River 

 
Acknowledgements 
 

This work was financially supported by the Science Special of 
Ministry of Finance in China(Grant No. 104102).We thank Senior 
Engineer Min Ding and Engineer Chunfeng Yan for field work 
and geological survey assistance in Longqiao iron deposit of 
Anhui Province. 
 
References 
Chang YF, Liu XP, Wu YC. 1991. The copper-iron belt of the 

Lower and Middle Reaches of the Changjiang River. Beijing: 
Geology Publishing House (in Chinese), 134~147. 

Chen W, Zhang Y, Jin GS, Zhang YQ. 2006. Late Cenozoic 
episodic uplifting in southeastern part of the Tibetan plateau-
evidence  from Ar-Ar  thermochronology.  Acta  Petrologica 
Sinica, 22(4): 867~872. 

Dong SW, Gao R, Lv QT, Zhang JS, Zhang RH, Xue HM, Wu 
CL, Lu ZW, Ma LC. 2009. Deep structure and ore-forming in 
Lujiang-Zongyang Ore Concentrated Area. Acta Geologica 
Sinica, 30(3):279~284. 

Hu WX, Hu SX.1991. New Interpretation of soda source of 
albitization in Lujiang and Wuning area. Contributions to 
Geology and Mineral Resources Research, 6(2):36~46. 

Hua RM, Mao JW. 1999.  A preliminary discussion  on the 
Mesozoic  metallogenic  explosion  in  east  China.  Mineral 
Deposits,18(4):300~307. 

Liu H, Qiu JS, Luo QH, Xu XS, Ling WL, Wang DZ. 2002. 
Petrogenesis of the Mesozoic potash rich volcanic rocks in the 
Luzong  basin,  Anhui  Province:  Geochemical  constraints. 
Geochemistry, 31(2): 129~140. 

Ma LC, Cui JJ, Wang R, Yu JY. 2009. The characteristics of 
deep pivotal stereographs based on 3DSuffer in Longqiao iron 
deposit. Colored metal (mines part) , 61(3): 21~24. 

McDougall  I,  Harrison  T.  1988.Geochronlogy  and 
Therochronology by 40Ar-39Ar  Method.  London/NewYork: 
Oxford University Press, 1~212. 

Ni RS, Wu QC, Wang  XY, Wu MA, An QM. 1994. New data 
and  evolutionary  model  of  polymineralization  for  the 
Longqiao Iron deposit, Lujiang, Anhui. Geological Review, 
40(6): 565~576. 

Ren QJ, Liu XS, Xu ZW, Qiu DT, Hu WX, Fang CQ, Ruan HC, 
Dong HG, Li ZL, Wu QZ. 1991. Mesozoic Lujiang-Zongyang 
volcanic-structural  depression  in  Anhui  Province  and  its 
mineralization.  Beijing:  Geology  Publishing  House  (in 
Chinese), 1~206. 

Steiger,  R.H.  and  Jager,  E.1977.  Subcommission  on 
geochronology: convention on the use of decay constants in 
geo-  and  cosmochronology.  Earth  Planet.  Sci.  Lett.,  36: 
359~362. 

Wei YP, Zhang GH. 1997. Establishment of upper Jurassic 
Longqiao Formation in Lujiang-Zongyang area. Geology of 
Anhui,7(3):22~32. 

Wei YP, Zhang GH. 1999. The volcanic ore-forming features of 
The Longqiao  Iron  Orefield, Lujiang,  Anhui.  Geology of 
Anhui, 9(2):108~114. 

Wu CL, Gao QM, Guo HP, Guo XY, Liu LG, Gao YH, Lei M, 
Qin  HP.  2010.  Petrogeonesis  of  the  intermediate-acid 
intrusive rocks and zircon SHRIMP dating in Tongling , 
Anhui, China . Acta  Petrologica Sinic,26(9):2630~2652. 

Xie CL, Zhu G, Niu ML, Wang YS, Xiang BW, Hu ZQ. 2008. 
Zircon U-Pb geochronology of the Late Mesozoic volcanic 
rocks from the Chaohu-Lujiang segment of the Tan-Lu fault 
zone. Chinese Journal of Geology, 43(2):294~308. 

Xue HM, Dong SW, Ma F. 2010. Zircon U-Pb SHRIMP ages of 
sub-volcanic bodies related with porphyritic Fe-deposits in the 
Luzong and Ningwu basins , Middle and Lower Yangtze 
River Reaches, central China. Acta Petrologica Sinica, 26(9): 
2653~2664. 

Zhai YS, Yao SZ, Lin XD et al. 1992. Mineralogenic regularity 
of   iron-copper(gold)  in  Middle  and  Lower  Reaches  of 
Yangtze  River.  Beijing:  Geology  Publishing  House  (in 
Chinese), 1~240. 

Zhang Q, Jian P, Wang Y, Liu DY, Wang YL, Qian Q, Xue HM. 
2003. Zircon U-Pb SHRIMP ages and its  significance of 
volcanic rocks in Ningwu. Scientia Sinica Terrae(Series D), 
33(4): 309~314. 

Zhou TF, Fan Y, Yuan F, Lu SM, Shang SG, David Cooke, 
Sebastien  Meffre,  Zhao  GC.2008.  Volcanic  age  and  its 
significance in the Luzong basin , Anhui. Scientia Sinica 
Terrae(Series D), 38(11): 1342~1353. 



<<
  /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


