Epochs of Intrusion-related Gold mineralization in the northern Tibetan
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 Tibet area is located at the eastern end of the Alps-Himalaya metallogenic belt, which is one of the world's giant metallogenic belts, and its unique geological environment and evolution history have enriched in mineral resources, of which gold ore is the main mining mineral. The main tectonic components of Qinghai-Tibetan Plateau from north to south are the Songpan-Ganzi accretionary mélange, the east Qiangtang, the west Qiangtang, Lhasa Terranes and Himalayan. Those terranes were separated by Jinsha Suture Zone, Longmu Tso-Shuanghu Suture Zone(LSSZ), Bangong-Nujiang Suture Zone(BNSZ), and Indus-Yarlung Zangbo Suture Zone( Zhu et al.,2012;Qiu et al.,2007).  Located in the northern Tibet hinterland, Bangong-Nujiang Suture Zone(BNSZ) is considered to be the demise of the Tethys main belt, is also an important metallogenic belt. In China Bangong-Nujiang tectonics suture extends over 2400 km, and begins from Bangong lake in the west, complemented by Gerze, Dongqao, Dengqen to east, then it turns to Jiayu bridge and Shanglinca, baxoi countynin the south and connects with the Lancang river belt after the Zayu ,Zuogong county, and joins with  myitkyina ultramafites in northern myanmar Mandalay area, with southern extension into the Andaman Sea and western to Kashmir India. According to the geographical distribution of the rock band, it is divided into Gaize Bangong Lake-Gerze (West), Dongqiao-Amdo(middle) and Dengqen-Nujiang segments. The gold resources in the band are abundant and widely distributed, the ancient gold mining pits are often found, folk gold mining has never stopped. However, it has been the most underdeveloped area in geological survey and research in our country due to its extremely high altitude (with an average altitude of more than 4500 m), bad weather and inconvenient transportation. In this paper, on the basis of field geological features survey on the Dacha gold mine and Shena copper-gold mine in the western portion of the suture and the Shesuo copper-gold deposit and the Xiawunongba gold placer mine in the middle portion of the suture (Figure 1), we chose several magma samples related to mineralization to carry out the K-Ar isotopic dating, in order to provide the basis for the study of the evolution of the Tethys and the time of mineralization.

1. Dacha gold mine and Shena copper-gold mine
The mine district is located in Gerze region of Tibet, and can be divided into the Sewa continental margin depression area in the collage overlap cover unit of Qiangtang-Sanjiang complex plates in north, Bange- Qindora degradation arc within Gangdese Nyainqentanglha plate in south, and  Mugagangri block within the  Bangong-Nujiang Suture Zone in the middle part of the area, according to the original formation,  deformation and metamorphism of the area,  that is, with an "one belt and two zones "  pattern in structure (Zhou X., 1989). The structure of this area is dominated by faults, which is characterized by a series of north-trending thrust ones with extending along east-west  and almost parallel each other.  The faults  are distributed intermittently and controlled the distribution of strata and magmatic rocks. The existing data show that the metallogenices of the rock gold deposits in this area are altered rock and quartz vein  while that of  placer  gold deposits are mainly alluvial, eluvial type and  outwash type etc..
          Dacha gold mine is located in the southeast of the district, at the junction of  Nyima and Gerze county and near Cuoqin County to south, with area of about 270 km2. The east of the area is high  while the west is  low, with an average elevation of 4800 m, which belongs to the low mountain-hills landform of plateau. 
The gold deposits are controlled by two north-south trending faults within the  Bangong-Nujiang Suture Zone, where the northern boundary is Bangongcuo-Cantor - Kangtuo-Zigetangcuo, the South sector of the Rutog - Gerze - Nyima fault. The exposed strata in Dachae rock gold deposit belong to Mugagangri subregion of south Qiangtang, here are the main Jurassic Mugagangri group and that the Quaternary deposits also widely distributed. In the northeast and southeast regions of the deposit, the upper Cretaceous Jingzhushan Format and the lower Cretaceous formation Langshan Format ion are exposed. The magmatic activity at Dachae [image: image4.png]<4 Blueschist
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deposit did not form large-scale magmatite, but its form is more diverse, with intermediate to acidic volcanic rocks,  that constitutes  the interlayer of  Mugagangri group, and subvolcanic rocks and apophysis, dykes and dikes emplaced in Jurassic strata. The main types of rocks are quartz trachyandensite, dacite-porphyrite, quartz diorite-porphyrite, granodiorite and monzonitic granite.  The main body of the area is the deep sea facies volcanic rock - flysch sedimentary rock series formed during the extensional rifting stage, which is experienced multiple tectonic movements,  and rocks are subjected to regional low temperature dynamic  metamorphism. The ore bodies , mineralized bodies, carbonaceous-bearing sericite slate- andesite basalt, intermediate-acid intrusive rocks and fracture structures in the belt consist a spatial pattern of the "four in one". There are three gold deposits have been found in the area, that are Wusula, Luoburiem and  Quwengaridongla from west to east(Fig.2) and nine gold ore bodies with industrial value. The length of ore body is in the range of 300 ~ 400 m, and the width of the ore body is mostly in the range of 2 ~ 4 m, and the depth of the ore body is greater than 50 ~10 m that of(Table 1). The gold deposits are mainly hosted in epimetamorphic clastic rock formation of the second and third Mugagangri Group , within the inner and outer contact of intermediate-acid intrusive rocks. The shapes of ore bodies are mainly vein and lens, and ore deposits are characterized by poor sulfide ores; The mineralization types are primarily altered sericite slate and altered diorite porphyrite, and in quartz vein type is complementary . The wall rocks are mostly  sericite slate and altered diorite porphyrite. Wall rock alteration are mainly to beresitization, carbonatization and silicification, chloritization, kaolinite as the auxiliary. The center of mineralization is silicification and pyritization, followed  by  outward sericite alteration, carbonatization, chlorite and kaolinite. The source rocks of altered rock type ores are mainly diorite porphyrite and sericite slate.
Table 1 The geometric features and grade of gold ore in ajor rock gold mining area of Dacha gold district
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        The metallogenic stages of this area can be divided into early stage of quartz vein formation, middle stage of sulfide and late stage of carbonate according to the relationship of the mutual intersection of hydrothermal veins.  We carry on K-Ar isotopic age determination on rocks at Luoburiem mine, including hornblende and plagioclase phenocryst and feldspar in matrix of unaltered dioritic  porphyrite, mica in sericitization dioritic  porphyrite, and plagioclase phenocryst in disseminated pyrite mineralization granodiorite porphyrite respectively, which present the three stages of diagenesis and mineralization.
        The Cena gold copper orefield is located in the Duolong ore concentration area,  about 120 km northwest of Gaize county,  with 4839 ~ 5540 m of an altitude and 200 ~ 700 m of the relative elevation, which belongs to the medium-high mountain landform of plateau. Duolong ore concentration area is the most remarkable prospecting finding at Bangong-Nujiang Suture Zone in recent years with a series of copper and gold orefields, including the Saijiao, Duobuza (superlarge), Bolon (superlarge)), Rongna, Cena, the east Cena, Gaeqin, south Tiegelong (superlarge), Nandun and the Depunamugang (Figure 3).  After exploration it has been controlled by more than 1200×104  t of copper resources and more than 400 t of gold resources (Li Xingkui et al., 2015). The area is located in the south margin of the Qiangtang plate at the northern Bangong-Nujiang Suture Zone, stratigraphy, structure, magmatite are nearly east-west distribution, affected by the Bangong-Nujiang subduction. Duolong ore concentration area mainly outcropped  carbonate rocks in Triassic Riganpeicuo group, epimetamorphismm argillaceous sandstone in lower Jurassic Quse formation (J1q) interbedded with mafic volcanic rocks  and siliceous, which diagenetic age is from 141 to 143Ma（Li J.X.et al.,2013）. The interbedding of siltstone and mudstone with small amounts of basalt, chert in the middle Jurassic Sewa (J2s), Purple andesite and dacite in Meiriqiecuo Formation of lower Cretaceous(K1m), unconformity with underlying Sewa Formation (J1-2 s), and the zircon SHRIMP age of dacite is 111.1±1.4  Ma (Li G.M et al., 2011), And the purple sand conglomerate in the Miocene Kangtuo formation (N1k) in Neogene,  which contacted unconformityly with underlying the Meiriqiecuo Formation of lower Cretaceous (Jiang S.Q., 2015); There are Quaternary (Q) residual slope sediments and unconsolidated gravel deposits as well as. We surveyed a crater which is about 0.5 km2 in area between the Rongna and Erping trenches,and collected a rhyollite(Fig.3). 
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       The wall rocks of the Cena rock gold and copper ore section are gray to dark gray medium-thick layered meta-(feldspar) quartz sandstone in Lower Jurassic Quse formation (J1q);The formation of rocks is about 315 º strike and northeast dip direction with 60º～70º dip angle. There are several dacite porphyrite, diorite and granodiorite porphyrite large and small at the mining area, occurring in a shape of stocks for the larger ones with 0.2 - 0.8 km2 of exposed area, while in dikes for smaller ones. Ore bodies are distributed in the NWW faults about 295º strike and NNE-orientated  with  60º～75º dip angle. The primary metal minerals of the ore in the deposit are pyrite, chalcopyrite and natural gold, and the gangue minerals are quartz, calcite, iron calcite, sericite, chlorite and epidote. The surperfical metal minerals are mainly limonite, malachite, chessylite. Natural gold presented in the shapes of granular, irregular micro vein and dendrite, occurs inward of pyrite, chalcopyrite, quartz and carbonate minerals, internal cracks or boundaries of grains. The main texture of the ore are euhedral-subhedral granular texture for pyrite, anhedral granular texture for chalcopyrite, lepidoblastic texture for sericite, irregular metasomatic texture foe carbonate mineral separators, poikilitic texture and intersertal texture for natural gold, and the like. The structure of ores is mainly breccia structure, sparse and dense disseminated structure, massive structure, banded structure and honeycomb structure. 
      A diorite porphyrite was exposed in No. TC24 trench of Sena orefied, exposing a length of about 50 m, and rocks have sericite-quartz alteration and beresitization in varying degrees. Diorite porphyrite is circular distribution around Tiege mountain in the shape of dikes and viens. The area of the stock is about 0.1 km2, and the vein is generally about 100 m in length by 20 m in width. They intruded in Yanshiping group and dacite porphyry, and formed a little later than dacite porphyrite; A porphyritioid biotite granite has been found in the trenche, whose occurrence is unclear and not widely distributed.A granite and a diorite are collected in the area for K-Ar dating.
3.Shesuo and Xiawunongba deposit
      The Shesuo and Xiawunongba deposit is located in Xainza County, Nagqu, which is in the hinterland of Qinghai Tibet Plateau and belong to the Gangdese Nyainqentanglha plate between the Bangong-Nujiang Suture Zone and the Yarlung Zangbo Suture Zone. Abundant gold deposits (points) are distributed in the area, such as the Bongnazhengbu,Nalong ditch,Tangta, Amdo, Maerqu,and Duocangba (Wei W.S.,2001),and gold mining has a long history. However, the study level of this area is relatively low since the deposit location is more remote, traffic inconvenience and high altitude (4500-5000 m), the scale of the mines are not too big to arouse people's attention. The ophiolite at Bangor-Xainza area can be divided into three subzones from north to south,and distributed almost 200 km in width from north to south(Chen G.R.2004). Shesuo copper polymetallic deposit is located in the Longganggangri-Bangor magmatic arc at north side of the third ophiolite belt(Hu Zhenglong et al., 2004), while Xiawunongba deposit is located in the Geji-Xainza backarc basin at the south side of it. The Shesuo copper polymetallic deposit is one of the few skarn type copper deposits mining now in Gangdise mountain.

  The deposit of copper ore (mineralization) are mainly occurred in skarn of granodiorite and Langshan formation carbonate strata contact zone, marble interlayer fracture zone and lens of bedding  diopside hornfels, appearing often in irregular veined-bedded-lenticular output, the scale of the deposit is medium with high grade (Liu Y., 2011). We collect a granite and a quartz diorite from Shesuo copper deposit. The Xiawunongba placer gold deposit belongs to medium scale, and mainly developed in Upper Jurassic-Lower Cretaceous Zenong group and Jega formation of volcanic rock in a rift zone and complex terrigenous clastic sedimentary, companying with the ophiolite  residue tectonic resetting and covered partly of the epicontinental volcano built of Linzizong group,and  overlapped by a Neogene deep basin.The tectonic deformation in this area is characterized by strong folds, thrust and fault block nappe and fault block nappe, and the S type granite rocks in the Himalayan period are relatively developed. At present, the placer gold deposit has been mined, and we have sampled the diorite in the periphery of the deposit.
4 the results of isotopic dating

  The content of K in the determination of K-Ar isotope age was determined by atomic absorption spectrometry (AAS) at the national geological test center(SHIAAS9442), RSD＜3%; The Ar isotope ratio was determined by isotope dilution method using the static vacuum mass spectrometer (MM5400), The quality of the test was determined by using standard samples of biotite (ZBH-25, chinese standard sample, standard age of 133.2 Ma, K content of 7.6%). K-Ar age calculated parameters were calculated by Steiger's 40K abundance constant and decay constant. The error of weighing error, 40Ar/38Ar, 38Ar/36Ar and potassium content were taken into account in the age error, and the error range was 1. Results of K-Ar isotopic age of 13 rocks and mineral separators are shown in table 2.
Table2 results of age determination by K-Ar
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Duolong ore concentration area at the west segment of Bangong-Nujiang tectonics suture zone

12-15

TC-24 trench at Cena

diorite whole rock

2.10 4.500 0.6268 82.09

119.52±1.73

12-18

TC-24 trench at Cena biotite granite whole rock

2.11 4.671 0.6298 92.87

123.3±1.8
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west Rongna trench  rhyolite whole rock
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Dacha gold mine at the west segment of Bangong-Nujiang tectonics suture zone
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Cr-sericitization diorite porphyrite(medium) mica

6.50 11.290 1.940 95.02 97.51±1.41
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12a N0.64 trench at first body of Luoburiem

diorite porphyrite potassium feldspar

5.27 9.287 1.573 81.28 98.86±1.47

18-12a

N0.64 trench at first body of Luoburiem diorite porphyrite hornblende

0.54 1.011 0.1612 64.23 104.88±2.39

18-12a

N0.64 trench at first body of Luoburiem diorite porphyrite with more mica plagioclase

1.77 3.259 0.5283 69.83 103.17±1.53
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Sesuo copper metallogenic mine at the middle segment of Bangong-Nujiang tectonics suture zone
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Xiawunongba placer gold deposit at the middle segment of Bangong-Nujiang tectonics suture zone
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 Our results show that the formation time of hornblende and plagioclase of phenocrysts from unalterated diorite porphyrite of  the Dacha gold mine at the west part of the Bangong-Nujiang Suture Zone (18-12a) are 104.88 ± 2.39Ma and 103.17 ± 1.53Ma, consistent each other in the error range, reflecting the formation time of phenocrysts of diorite porphyrite; The K-feldspar age results in the  matrix is 98.86 ± 1.47Ma, 6.02Ma later than the phenocrysts, which reflects the difference of the closure temperature of diorite porphyrite in phenocrysts and matrix formed in different times and different stages of mineral potassium argon system. By chromium beresitization diorite (18 - 10) in chrome sericite K-Ar was 97.51 ± 1.41Ma, reflecting the sample alteration age, the age and the more obvious the mica diorite (18 - 12b) potassium feldspar in similar age (96.54± 1.39 Ma). The determination results of disseminated pyrite mineralization granodiorite porphyrite in plagioclase Shi Banjing was 93.86 ± 2.11Ma. Disseminated pyritization represent the metallogenic media reduction, transition point from alkaline to physical and chemical conditions of acid from oxidation (equivalent to beresitization), and ore-forming material migration from transition to precipitation, is the beginning stage of mineralization. This age can also be seen in this area from Cr beresitization to beresitization, after about 3.65 Ma. This section sets the color area of longkuang porphyritic biotite granite rock K-Ar isotopic age of 123.3 ±1.8 Ma; beresitization flash K-Ar isotopic ages of whole rocks tonalitic porphyrite age determination, income value of 119.25 ±1.73 Ma; the metallogenic epoch may be about 20 Ma earlier than the Bangong Lake Nu River Department of, Rong the gully rhyolites of the K-Ar whole rock age was 105.5 ± 1.6 Ma, age long porphyrite is roughly the same as the Southern Ocean at this time may indicate that flash, Teti has been closed, the geodynamic environment unified control of the Bangong Lake West of the north and south sides of Nu River tectonic suture zone magmatism.
 Shesuo copper polymetallic deposit of granite and quartz diorite feldspar K-Ar ages were 80.73 ±1.17 Ma and 87.01 ± 1.29 Ma Ma, on behalf of the potash feldspar K-Ar isotope system closed since age; K-Ar age of granodiorite plagioclase under sand gold deposit is Nongba Wu 96.87 ± 2.12 and 109.69 ±2.86 Ma. Time and magmatism of Bangong Lake Nu River tectonic suture belt roughly at the same time, reflects the end of Early Cretaceous magmatic activities in the Tibet area two areas are widely distributed.
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�Fig. 2 geology and mineral resources in Dacha mine


1-Quaternary;  2- Jingzhushan Formation; 3- Langshan Formation;  4-Third segment of  Mugagangri Groups; 5-Second segment of  Mugagangri Groups; 6-first segment of  Mugagangri Groups; 7-Geological boundary; 8-Angular unconformity;9-Stike-slip  fault; 10- Fracture Zone; 11-Supposed Fault; 12-Rock gold spots; 13-Placer gold spots





�


Fig. 1. Tectonic framework of the Tibetan Plateau 


JSSZ = Jinsha Suture Zone; LSSZ = Longmu Tso-Shuanghu Suture Zone; BNSZ = Bangong-Nujiang Suture Zone; SNMZ =Shiquan River-Nam Tso Mélange Zone; LMF = Luobadui-Milashan Fault; IYZSZ = Indus-Yarlung Zangbo Suture Zone.





�Fig3. Regional geological map of the Duolong ore concentration area (after Su et al.，2013 ).


1- Quaternary eluvial and slope wash material；2- the Miocene Kangtuo Formation；3- the Cretaceous Meiriqiecuo Formation；4- Middle Jurassic Sewa Formation；5- Lower Jurassic Quce Formation；6-Lower Jurassic basalt；7--Gabbro pf Lower Jurassic Quce Formation；8-Upper Triassic Riganpeicuo Formation；9- Granodiorite porphyry；10- Granitic porphyry；11-thrust faults；12-geological boundary；13-unconformity geological boundary；14-Location of samples








