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Deep, ultra-deep are on of the most important hydrocarbon 

exploration area in the future. 96 ultra-deep clastic reservoirs 
were discovered in the global since 2000, accounting for 
91.4% of the total number of ultra-deep reservoirs (IHS, 
2011). Most of the ultra-deep reservoirs relate to 
unconformity, such as Junggar Basin that locates in Western 
China which develops 13 regional large-middle scale 
unconformities. Good reservoirs whose porosity above 15% 
are developed at the burial depth of about 6500m because of 
the influence of K-J unconformity. Based on clastic outcrops 
and well cores in Junggar Basin, considering the lithology of 
weathered layers, different weathering degree of minerals and 
diversity of element migration capabilities, weathering index 
of weathered clastic crust was built mainly in view of Fe and 
Al contents. The weathered clastic crust was divided into 3-
layer structure model, which are weathered clay, sandy eluvial 
zone and muddy eluvial zone. Weathered clay mainly 
distributed at the slopes and low places, and had an inverse 
proportional development relationship with the eluvial zone. 
Analyzing reservoir properties of rock samples from the 
outcrop and well cores, detailed describing reservoirs beneath 
the T-P unconformity in western Junggar Basin, the results 
suggest that the porosity of eluvial zone is greatly improved 
due to weathering and leaching, but the permeability depends 
on the clay mineral contents. The higher the clay content, the 
worse the permeability is. The weathered clay has a high 
breaking pressure and could be treated as a good cap rock. The 
lower limits of hydrocarbon exploration depth are greatly 
downward because of weathering effect. The existence of 
weathered crust provides effective reservoir-cap rock for 
hydrocarbon accumulation, enriching an important geological 
theory and assessment methodology in deep, ultra-deep 
petroleum exploration. 
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The Kongsberg silver mines, hosted in Precambrian 
gneisses, are located along the western margin of the Permian 
Oslo rift, southeast Norway [1]. Native Ag-bearing late calcite 
veins are widely distributed in the Kongsberg metallogenic 
district, along with sphalerite, pyrrhotite, chalcopyrite, galena, 
argentite and Co-(Ni) arsenides. The main gangue minerals in 
the Kongsberg silver mines are calcite, fluorite, quartz, barite 
and locally coalblende [1].  

Re-Os analysis of native Ag provides chemical challenges.  
Conventional sample digestion using inverse aqua regia 
produces a highly insoluble AgCl precipitate, and thus is not 
suitable for native Ag or Ag-bearing ores.  A modified version 
of conventional Re-Os chemical procedures [2] was therefore 
implemented. Hydrochloric acid was removed from the 
digestion and anion resin exchange column chemistry. To 
determine Re and Os concentrations and Re-Os isotope 
systematics, we analyzed pure vein silver, disseminated silver 
minerals in a fine-grained carbonate-calcite matrix, and 
nearly-barren calcite. Re and Os concentrations for visibly 
pure vein silver are 89-108 ppt and 1.1-1.7 ppt, respectively. 
Re and Os concentrations for disseminated silver minerals are 
notably enriched at 10.2 ppb and 47 ppt, respectively. And, Re 
and Os concentrations for calcites are 3.2-6.4 ppb and 16-29 
ppt. Petrography suggests that high Re and Os concentrations 
in the sample with disseminated Ag are derived from small 
inclusions and intergrowths of other sulfides.  A Model 3 
isochron age of 436 ± 23 Ma (MSWD = 45, n = 6) was 
obtained based onpure vein silver, disseminated silver 
minerals, and calcite with large ranges of 187Re/188Os and 
187Os/188Os from 311 to 92992 and 0.21 to 671, respectively.  

The suggestion of a 436 Ma isochron could allude to an 
older history than has been assummed for formation of the 
Kongsberg Ag deposits.  Clearly additional work is needed on 
other Ag-associated sulfides to confirm a pre-Permian, 
Caledonian age for this historically important ore.   

We thank Fred Steinar Nordrum of the Norwegian mining 
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