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    Abstract

        
            Interaction of aqueous fluids with the rock matrix within which they reside can yield a variety of phenomena due to the coupling of reaction transport and mechanical processes; many of these have potentially important implications for exploration and exploitation of energy and mineral resources. We investigated effects of nucleation to produce banded precipitation; Darcy-mineral dissolution coupling to produce scalloped, fingered and more complex alteration front morphologies, and diagenetic alteration in chemically complex, multi-mineralic systems. Migration of methane driven by buoyancy effects was shown to lead to cellular and temporally oscillatory flows. Sandstones at depth experiencing pressure solution display unstable compaction leading to formation of stylolites and band-like regions of augmented compaction alternating with low porosity bands with augmented overgrowth. It was shown that transfer of natural gas from shale source rock into neighboring sandstones could occur through a series of discrete pulsatile events through a cycle of fracturing and healing.
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                    Nonlinear phenomena at geological reaction fronts with energy applications

                    
                        Technical Report
                            Ortoleva, P
                            

                    Interaction of aqueous fluids with the rock matrix within which they reside can yield a variety of phenomena due to the coupling of reaction transport and mechanical processes; many of these have potentially important implications for exploration and exploitation of energy and mineral resources. We investigated effects of nucleation to produce banded precipitation; Darcy-mineral dissolution coupling to produce scalloped, fingered and more complex alteration front morphologies, and diagenetic alteration in chemically complex, multi-mineralic systems. Migration of methane driven by buoyancy effects was shown to lead to cellular and temporally oscillatory flows. Sandstones at depth experiencing pressure solution display unstable compactionmore » leading to formation of stylolites and band-like regions of augmented compaction alternating with low porosity bands with augmented overgrowth. It was shown that transfer of natural gas from shale source rock into neighboring sandstones could occur through a series of discrete pulsatile events through a cycle of fracturing and healing.« less
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                    Role of self-organization in migration and trapping of petroleum

                    
                        Conference
                            Ortoleva, P - AAPG (Am. Assoc. Pet. Geol.) Bull.; (United States)
                            

                    Self-organization is the transformation of a system to a state of higher order without the imposition of a template from the external world. The author demonstrates that the coupling of reaction and transport processes during diagenesis can lead to self-organization of patterns of mineralization and petroleum. Specifically, the coupling of pressure solution and free-face dissolution diffusion is shown to lead to the generation of laminated cements and stylolite arrays that may serve as diagenetic traps. Furthermore, such mechanical-chemical coupling during burial can lead to an instability of steady compaction that endures the formation of extensive, horizontal pressure seals. The couplingmore » of reaction and flow through the texture dependence of the Darcy permeability is shown to lead to flow focusing and associated fingered alteration fronts that dramatically alter the pathways of petroleum migration. Finally, methanogenesis coupled with buoyancy may drive kilometer-scale flows. All the above phenomena are demonstrated via the solution of coupled mass valence, grain growth, and force balance equations. Solution is accomplished via a number of computer codes. Such studies are valuable in assessing conditions (sedimentation rate and chemistry and tectonic history) favoring these phenomena.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Influence of provenance and burial history on diagenesis of Lower Cretaceous Frontier Formation sandstones, Green River Basin, Wyoming

                    
                        Journal Article
                            Dutton, S - Journal of Sedimentary Petrology; (United States)
                            

                    The Upper Cretaceous Frontier Formation on the Moxa Arch in the western Green River Basin, Wyoming, has had a varied diagenetic history that was controlled in part by differences in composition of detrital framework grains and in burial history. Petrographic examination of 247 thin sections from 13 cores from the south-plunging arch and adjacent deep basin is the basis for diagenetic investigation of sandstones ranging in depth from 2 km to almost 5 km. Major diagenetic events were (1) mechanical compaction by grain rearrangement and deformation of ductile grains, (2) formation of illite and mixed-layer illite-smectite rims, (3) precipitation ofmore » quartz overgrowths, (4) precipitation of calcite cement, (5) generation of secondary porosity by dissolution of feldspar, chert, biotite, and mudstone grains and calcite cement, (6) precipitation of kaolinite in primary and secondary pores, and (7) chemical compaction by intergranular pressure solution and stylolitization and additional precipitation of quartz cement. The northern and southern ends of the Moxa Arch differ in the magnitude of each of these diagenetic events. Provenance differences caused more abundant ductile rock fragments and feldspar to be deposited at the northern end of the Moxa Arch. As a result, Frontier sandstones from the northern Moxa Arch underwent more extensive mechanical compaction. In addition, feldspar dissolution and albitization buffered acid-rich basinal fluids at the northern end, resulting in greater development of secondary porosity and precipitation of calcite cement than at the southern end. Deeply buried sandstones at the southern end of the arch and in the basin contain the most abundant quartz cement because intergranular pressure solution and stylolitization liberated silica for overgrowths.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Role of mechano-chemistry in formation of diagenetic seals

                    
                        Conference
                            Dewers, T; Ortoleva, P
                            

                    In a rock with imposed confining and fluid pressure, the free energy of a given mineral grain is in part dependent on the texture (grain and pore size and shape, mineral content, fractures, etc) of the rock that surrounds it. This texture-dependent free energy arises due to textural modification of applied stress and interfacial energy effects and may be separated conceptually into mean and deviatory contributions. The former, averaged over the texture in a small parcel of rock, varies over a length scale larger than a single grain, and thus mediates supra-grain scale diffusional transport, whereas the spatial distribution ofmore » the latter varies within a single grain and controls changes in grain shape due to intergranular pressure solution and thus compaction. Chemical potential gradients resulting from macroscopic inhomogeneities in rock texture may be of sufficient magnitude to induce appreciable diffusional mass transport on a macroscopic length scale. The resulting coupling of texture-mediated grain growth, dissolution, and solute transport can lead to the local enhancement of textural nonuniformities (mechanochemical self-organization), giving rise to such features as stylolites and banded diagenetic cements. As these features may serve as pressure or permeability barriers, they are of considerable interest in basin evolution. Quantitative relations setting forth the texture dependence of grain solubility in reaction-transport models allow the prediction of where, when, and how fast stylolites and other features form, and the position and timing of nucleation of diagenetic phases. The spatial variation of free energy of texture-dependent grains thus strongly mediates subsequent textural evolution, and so is an important consideration in the formation of diagenetic hydrocarbon traps.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Facies analysis, paleoenvironmental interpretation, and diagenetic history of Britt sandstone (Upper Mississippian), southeastern Anadarko basin, Oklahoma

                    
                        Conference
                            Haiduk, J - AAPG (Am. Assoc. Pet. Geol.) Bull.; (United States)
                            

                    The Britt sandstones record a regressive-transgressive couplet in response to deltaic progradation, abandonment, and subsidence in the southeastern Anadarko basin, during the Late Mississippian. Four principal facies compose the sequence: (1) deltaic bar-finger sands, (2) shelf sand ridges, (3) delta-destructional sand bars, and (4) storm deposits. Platform sands were reworked into shelf sand ridges in mid-shelf, with elongated delta-destructional bars forming along the subsiding delta front. Storm surges mixed coarse-grained coquinoid sands with muds and silts typical of lower energy environments. Scouring of storm deposits into underlying sediments was common. Petrologically mature, with the exception of storm deposits, each faciesmore » is quartzitic, with trace amounts of potassic and plagioclase feldspar, rock fragments, and heavy minerals. Glauconite is restricted to delta-destructional bars. Storm deposits are dominated by fragmented fossils and sparse oolitic units. Numerous episodes of diagenetic activity have altered extensively the reservoir quality of these sands. Volumetrically, silica and carbonate cementation were the most important diagenetic processes. Chlorite is the dominant authigenic clay mineral. Porosity is predominantly secondary, and the dissolution of quartz and quartz overgrowths provided much of the reservoir in these highly productive strata.« less
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