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ABSTRACT

Bleaching related to seepage of petroleum fluids and subsurface migration of crude oil and natural gas can alter the chemical and mineralogical 

properties of rocks, while concurrently depleting hydrocarbon reservoirs. Mud volcanoes constitute one type of petroleum seepagepresent in several 

areas on the southern margin of the Junggar Basin in the Xinjiang Uygur AutonomousRegion, NW China. The results of XRD, XRF, XANES, and 

Mössbauerspectroscopy on rock samples collected from areas affected by these mud volcanoes revealed an enrichment of certain minerals and elements, 

as well changes in mineralogical, molecular, or ionic carrier (ñspeciesò). After bleaching, reddish sedimentary rocks showed depletion in silica and

enrichment of calcium, magnesium, manganese, and iron. Other elements, including aluminum, potassium, sodium,and titanium, were largely 

unchanged.Reduced iron and sulfur compounds predominated in the bleached rocks, producing changes in color from the original reddish into green, 

deep gray, and black. Iron and calcium were associated with carbonates, indicating carbonation of these elements during the bleaching processes. 

Manganese also appeared to be associated with carbonate, though not with sulfate even though sulfate was present in the bleached rocks. Alkaline 

conditions were apparently the dominant becausereduced manganesewould have been absent under acidic condition. The alteration of certain minerals, 

clay minerals in particular, wasalso observed in bleached rocks, the alteration of smectiteïgroup minerals to chlorite and muscovite, for example.

Mineralogical and geochemical changes in rocks bleached by hydrocarbon fluids could provide a better overall understanding ofbleaching processes, 

and may have applications in surface geochemical exploitation, remote imaging, and so forth.

Fig 2, Photos oftheDushanzianticline (A), active mud volcano (B), bleached rocks (C), and the great crater (D)

Fig 1, Study area
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Fig 4, Mössbauerspectra of samples

Fig 3, XRD of samples studied
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Results and discussion:
As shown in figs 3 to 6, numerous mineralogical and chemical components in the bleached rocks differ 

systematically from unbleached samples of the same lithological sequence. These changes indicate strong 

reduction of minerals and metallic elements concurrent with the oxidation of hydrocarbons and other organic 

materials present in the mud volcano system. Such inorganic-organic redox interactions during the oil-gas 

bleaching are seen here as the dominant process on rocks along migration paths and in the mud volcanic system. 

The oxidation of methane under anaerobic conditions and the concurrent reduction of iron and manganese etc. in 

the host rocks may be the most common type of reaction.

Concurrently, smectiteand other clay which normally carry ferric iron are reduced to clay minerals bearing 

ferrous iron such as chlorite in conversions primarily due to the redox change in the Dushanzimud-volcanic 

system. The oxidation of hydrocarbons contributed to maintain reducing conditions in the mud volcano system, 

and also to keepalkaline conditions permitting the following reactions.

CH4 + 2O2Ÿ CO2 + 2H2O                   

CO2 + H2O Ÿ HCO3
1- + OH1-

In the presence of metal cations(M2+) such as Ca2+, Mg2+, Fe2+ and Mn2+ in the fluids, carbonate minerals will be 

formed and precipitated as CaCO3, MgCO3, FeCO3, and MnCO3 etc. In addition, the dry regional climate and the 

supply of snow-melt water from the TianshanMountains appear to be essentialfactors in maintaining the weak 

alkaline environment in the Dushanzimud volcano system.

The sharpest increase was to CaO and MnO, and then MgO, 

and Fe2O3, indicating secondary carbonation along with the 

oxidation of methane and other hydrocarbons in the mud 

volcano system. Newly formed calcite, siderite, and also 

dolomite in the bleached samples DSZ-01 through DSZ-07 

determined by XRD (Fig 3) signaled the secondary 

carbonation during the bleaching processes. Such 

carbonation would be an important process in fixing carbon 

from fluid phases into solid within the mud volcano system. 

Mud volcanoes may be considered as both sources and sinks 

for geological methane and may have to be taken into 

account in estimations of the atmospheric carbon budget.

In addition, such redoxchange and secondary mineralization 
may have implications in a better understanding of deep 
carbon circulation because carbon compounds in geological 
fluids are active and may take part in the water-rock 
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Conclusions:

Mineral variations and chemical speciation of redoxsensitive elements were greatly influenced by the oxidation of hydrocarbons in the oil seepage in the mud volcano system. Forthe 

Dushanzimud volcano, the major interactions are summarized as the followings:

�7 Mineral compositions: conversion of smectite-group minerals to chlorite and/or muscovite occurred along with the precipitation of secondary carbonate minerals such as calcite, 

dolomite, and siderite. Pyrite and other iron sulfides were also precipitated. Quartz and albitewere significantly decreased during bleaching.

�8 Major elements: prominent enrichment in sulfur, manganese, iron and other redox-sensitive elements occurred during bleaching. Enrichment of these elements may have practical 

applications in petroleum exploration.

�9 Pigment: the color changes in rocks affected by bleaching were marked and readily visible to the unaided eye, many of color changes involved oxides used as pigments. Interactions 

among water, rock, and organic matter (hydrocarbons in the case of Dushanzi) werethe main geochemical processesduring bleaching.

�: Chemical speciation: reduction of redoxsensitive elements including iron, manganese, and sulfur was the primary process in oil-gas bleaching to the rocks. Almost all ferric iron species 

were reduced into ferrous species such as the iron in siderite, chlorite, even sulfide and pyrite associated with reduced sulfur species.

Fig 6, Major elements distribution of bleached rocks (DSZ-01 

to DSZ-07) normalized with the unbleached rock (DSZ-00) 
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Fig 5, XANES spectra of samples  


