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Contribution of studies of sub-seismic fracture populations to paleo-hydrological reconstructions (Bighorn Basin, USA) Nicolas Beaudoina,b*, Olivier Lacombea,b, Nicolas Bellahsena,b, Laurent Emmanuela,b a



UPMC Univ Paris 06, UMR 7193, ISTEP, F-75005, Paris, France b CNRS, UMR 7193, ISTEP, F-75005, Paris, France



Abstract This work reports on the reconstruction of the paleo-hydrological history of the Bighorn Basin (Wyoming, USA) and illustrates the advantages and drawbacks of using sub-seismic diffuse fracture populations (i.e., micrometric to metric joints and veins forming heterogeneous networks), rather than fault zones, to characterize paleo-fluid systems at both fold and basin scales. Because sub-seismic fractures reliably record the successive steps of deformation of folded rocks, the analysis of the geochemical signatures of fluids that precipitated in these fractures reveals the paleo-fluid history not only during, but also before and after, folding. The present study also points out the need for considering pre-existing fluid systems and basin-scale fluid migrations to reliably constrain the evolution of fluid systems in individual folds. 2013 The Published by Elsevier B.V. B.V. ©© 2012 TheAuthors. Authors. Published by Elsevier Selection and/or under responsibility of the Organizing and Scientific Committee of WRI 14 2013 14 – 2013. Selection and/orpeer-review peer-review under responsibility of Organizing and Scientific Committee of–WRI Keywords: fluid system evolution; paleo-hydrological reconstruction; diffuse fracture network.



1. Introduction The interest of the Earth science community for the role of diffuse networks of sub-seismic fractures (e.g. joints/veins) on fluid flow in sedimentary strata is recent. Studies namely emphasize that fluid characteristics (temperature T, pressure P and chemistry X) evolve dynamically during folding [1], joints acting as efficient drains for fluid migrations especially in rocks with low matrix permeability (e.g. carbonates). According to mechanical stratigraphy, joints may allow fluids to migrate from deeper reservoirs toward overlying strata [2], sometimes overprinting the pre-existing fluid systems during folding (e.g. [1]). In contrast with major faults, sub-seismic fractures are common and accessible features
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in sedimentary strata, and the associated mineralization grant an access to fluid migrations related to successive deformation stages [3]. Indeed, a fracture network observed in folded strata comprises various sets of fractures that may have formed before, during and after folding (e.g., [4]). The sequence of deformation based on sub-seismic fractures therefore provides a useful time frame for the evolution of the fluid system, including the fluid system that prevailed before folding and that may strongly impact later evolution [1]. Combining studies of the fracture sequence with the geochemical characterization of vein cements (∂18O, ∂13C, 87/86Sr) and with fluid inclusion microthermometry provides a powerful tool to unravel how P, T, and X of fluids evolved during deformation. To accurately constrain this evolution would be a major breakthrough to better predict fluid migrations in hydro-geological models and to document the degree of fluid-rocks interactions. 2. Geological setting and microstructural evolution The Bighorn basin (BHB) is an extensively studied basin in the foreland of the Sevier–Laramide belt [5]. Fracture patterns and related fluid systems were investigated in five folds, especially in the Sheep Mountain (SMA) and the Rattlesnake Mountain anticlines (RMA) (Fig. 1b), where competent Carboniferous-Permian carbonate and sandstone rocks embedded within shales crop out. RMA provides access to the strata succession down to the Precambrian basement and to the underlying basement thrust. The Sevier fracturing history comprises several sets of bed-perpendicular veins/joints (Fig. 1a): an EW striking set S-I and a WNW-ESE striking set S-III reflect Sevier Layer-Parallel Shortening (LPS); in between, a N-S striking set S-II is related to the foreland bulge. Laramide bed-perpendicular vein/joint sets comprise a NE-SW striking set L-I related to LPS and a fold-axis parallel set L-II related to strata bending at fold hinge. A post-Laramide set P-I consists in persistent vertical joints/veins striking N-S. 3. Paleo-fluid systems in the Bighorn basin ∂18O and ∂13C values of vein cements reflect two different fluid systems depending on the fracture sets (Fig. 1c). ∂18O signatures are homogeneous (set L-II in SMA, sets S-I, S-II in RMA, -22‰< ∂18O< -17‰ PDB) or heterogeneous (-23‰ < ∂18O < 1‰), the latter being interpreted as a mixing between reservoirs [6; 7]. These results, combined with temperature estimates based on microthermometry of fluid inclusions (bimodal distribution of 80°C and 130°C) and with 87/86Sr signal (Fig. 1e) constrain the scenario for the evolution of the fluid system [7]. The fluid system was closed (set S-I at RMA, Fig. 1c-1) until the development of joints related to the Sevier flexural forebulge (set S-II) caused vertical migrations of basement-derived fluids (Sr > 0,706; Th > 130°C) in the western part of the BHB (Fig. 1d-1). The eastward decrease of the Sr radiogenic signatures of vein cements suggests an eastward lateral migration of these basement-derived fluids thanks to the densification of the fracture network (Fig. 1d-2, e). This migration affected the paleo-fluid system prevailing before folding in the eastern part of the basin, which comprised at this time both basement-derived fluids and local fluids. During Laramide folding, a vertical pulse of basement-derived fluids is identified at SMA. Again, the curvature-related joint set appears to be the main conduit for these basement-derived fluids (Fig. 1d-3). In RMA, a third vertical pulse of such fluids is recorded during later extension, using related joints as drain. A striking result is that joints formed in a strike-slip stress regime poorly increase the vertical hydraulic permeability. In contrast, joints formed in an extensional stress regime strongly increase the vertical hydraulic permeability, enabling vertical fluid flow and precipitation fast enough to limit mixing with local fluids and interactions with host rocks.
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Figure 1: a) Sequential joint development in the BHB. b) Geological map of the BHB with location of SMA and RMA [8]. c) ∂18O vs ∂13C vs fracture sets [7]. Homogeneous sets are framed; geochemical end-members from the literature are framed with dotted lines. d) Schematic cross sections summarizing the three major events of the Sevier/Laramide paleo-hydrological evolution. e) ∂18O vs 87/86Sr vs fracture sets in the BHB. End-members from the literature are framed [7].



4. Discussion and conclusions This study shows that the evolution of the fluid system during folding greatly depends on the fluid systems that pre-existed in the strata. Because sub-seismic fractures are common and widely accessible in the field, they are the most reliable features to access fluid systems predating folding because they provide accurate time constraints on fluid flows, and grant an access to more numerous steps of
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deformation than the sole study of a fault zone. The upscaling of the results on fluid systems from an individual fold (SMA [6]) to the entire BHB [7] illustrates how the interpretation of a fluid system can change when data are integrated and interpreted at larger spatial and temporal scales. We believe that to efficiently reconstruct a paleo-fluid system in a fold and to understand the parameters that impact and control its evolution, it is essential to depict a large-scale overview of the paleo-fluid system in various positions in the basin and during the successive events of its tectonic history. However, isotopic signatures of fracture population are often more scattered than those reconstructed in fault zones, because sub-seismic veins may also record local chemical variations and because of the uncertainties in attributing a given joint to a set based on its orientation only. This last limitation applies for instance to fold-axis perpendicular fractures, which could have developed at any time during folding [4]. To limit these uncertainties, other methods should be used, such as the determination of paleo-stress tensors from twinned calcite in vein cements (e.g. [8]). A fundamental assumption in this work is that fluid precipitation is coeval with vein opening [1]. This synchronism must be constrained thanks to the mineralogical texture of the veins [3]: when they display fibrous crystals, the precipitation rate is equal to, or exceeds, the rate of opening. A blocky-type texture rather indicates fluid precipitation in a void, reflecting a fluid precipitation that postdates vein opening, or a coeval precipitation at a rate lower than the rate of vein opening. To test the synchronism, the precipitation engine should be considered. For calcite, it could be either the decrease in pCO2 or an oversaturation of fluids in Ca due to fluids mixing, which implies pH-Eh variations [1, 9], both being possibly enhanced by fracture opening. Even though the development of a vein set may occur over the entire duration of the tectonic event to which it is related, we consider this development as nearly instantaneous during the folded rock history, so it makes sense to consider the precipitation of blocky calcite as reflecting the fluid system prevailing during the development of the fracture set. ∂18O and ∂13C signatures secure this interpretation. Using a reliable number of data, the mean isotopic signature of a fracture set likely reflects the fluid system active during its formation. Sets with heterogeneous isotopic signatures could reflect either fluid mixing or different episodes of cementation. We thus recommend to consider only veins with a single-phase filling, without evidence of reopening, and to use a representative number of data, both for chronological relationships between vein sets and for isotopic signatures. Taking care of this, studying cements from diffuse vein networks provide a very powerful tool to reconstruct the paleo-hydrological evolution in thrust belts and foreland basins. References [1] Evans MA, Fischer MP. On the distribution of fluids in folds: A review of controlling factors and processes. Journal of Structural Geology 2012 ; 44: 2-24 . [2] Barbier M, Leprêtre R, Callot JP, Gasparrini M, Daniel JM, Hamon Y, Lacombe O, Floquet M. Impact of fracture stratigraphy on the paleo-hydrogeology of the Madison Limestone in two basement-involved folds in the bighorn basin, (Wyoming, USA). Tectonophysics 2012; 576-577: 116-132. [3] Bons PD, Elburg MA, Gomez-Rivas E. A review of the formation of tectonic veins and their microstructures. Journal of Structural Geology 2012; 43: 33-62 [4] Bellahsen N, Fiore P, Pollard D. The role of fractures in the structural interpretation of Sheep Mountain Anticline, Wyoming. Journal of Structural Geology 2006; 28(5): 850–867. [5] DeCelles PG. Late Jurassic to Eocene evolution of the Cordilleran Thrust Belt and foreland basin system, Western U.S.A. American Journal of Science 2004; 304: 105–168. [6] Beaudoin N, Bellahsen N, Lacombe O, Emmanuel L. Fracture-controlled paleohydrogeology in a basement-cored, fault-related fold: Sheep Mountain anticline (Wyoming, USA). Geoch Geophys Geosyst 2011; 12: Q06011. [7] Beaudoin N, Bellahsen N, Lacombe O, Emmanuel L, Pironon J. Crustal-scale squeegee fluid flow during the tectonic evolution of the Bighorn Basin (Wyoming, USA). Basin Research, in revision. [8] Lacombe O. Calcite twins, a tool for tectonic studies in thrust belts and stable orogenic forelands. Oil and Gas Science and Technology 2010; 65(6): 809-838. [9] Hilgers C, Urai JL. Microstructural observations on natural syntectonic fibrous veins: implications for the growth process. Tectonophysics 2002; 352 (3-4): 257–274.



























des documents recommandant







[image: alt]





Olivier LACOMBE 

Sorbonne University, Faculty of Science and Engineering. Personal website ... Lacombe is a specialist in structural geology and tectonics. His research focuses ...










 


[image: alt]





Olivier LACOMBE 

Prof. Lacombe holds the 'AgrÃ©gation de Sciences Naturelles' with specialty in Geology (1988) and a PhD in Earth Sciences from the UPMC,. Paris (1992).










 


[image: alt]





2016c - Olivier Lacombe 

Unified model where folding modes may illustrate different stages of ... Geomechanical modeling can predict ..... exhumation/rock uplift rates in other Laramide.










 


[image: alt]





+ Differential stress - Olivier Lacombe 

Twinning of minerals depends on the magnitude of the shear stress which has been ..... and plotted with the theoretical curves for a critically stressed crust under ...










 


[image: alt]





deformation mechanisms - Olivier Lacombe 

The Critical Resolved Shear Stress for twinning is ~ independent on TÂ°C but .... Comparison between the theoretical effective vertical principal stress Ïƒveff and ...










 


[image: alt]





tectonophysics ... - Olivier Lacombe 

Fold-and-thrust belts (FTBs) and foreland basins (FBs) generally evolve from the inversion and imbrication of former continental rifts/margins. Variations in the ...










 


[image: alt]





30 - Olivier Lacombe 

tensor T', are the orientations of the three principal stress axes and ... normalized tensor the resolved shear stress t acting along any ...... Subalone train. (Ferrill ...










 


[image: alt]





introduction generale - Olivier Lacombe 

Abstract. The link between the mechanisms of macroscopic deformation and the mechanisms of microscopic ...... suivies pour construire la gÃ©omÃ©trie 3D de l'anticlinal de Sheep Mountain, et on rÃ©duira l'Ã©chelle ...... doc, Montpellier, France. Evan










 


[image: alt]





Editorial Tectonophysics - Olivier Lacombe 

aperture models, in reservoir-scale flow computations. Mattos et al. ... methodology for fractured reservoir characterization based on the dis- tribution of fracture ...










 


[image: alt]





Cours - Olivier Lacombe 

collision between Arabia and Central ..... During Eocene times, the Pabdeh basin covered a wide area from the south of the High ... northern part of the Mountain.










 


[image: alt]





Untitled - Olivier Lacombe 

Page 21. APPLICATION OF IN SITU-PRODUCED COSMOGENIC ..... southwest Iceland, there are indications that the volcanic systems of the .... The location of the 1972 event (1) as well as its focal solution is also schown as well as ...... In the last dec










 


[image: alt]





Quantifying paleostress - Olivier Lacombe 

from applied geological purposes, such as geological hazards, engineering activities and resource exploration; and from fundamental geological purposes, ...










 


[image: alt]





Faults - Olivier Lacombe 

Nov 17, 2011 - Jacques Angelier, professor at UPMC since 1981, passed away on ... at the Wallace-Bott hypothesis in fault-slip analysis. Registered participants will be invited for lunch at the 24th floor of the Zamansky Tower. The final ...










 


[image: alt]





3D structural and thermal modelling of Mesozoic ... - Olivier Lacombe 

potential Triassic source rocks, rock properties and heat flow models. ... academia and industry, the thermal history of the Po Valley region has been poorly ...










 


[image: alt]





Initiation, geometry and mechanics of brittle ... - Olivier Lacombe 

... initiate and develop at dif- ferent scales in the crust is of key importance to understand ... rocks deformed at or near the Earth's surface. Focusing on faults with ...










 


[image: alt]





Evolution of pore-fluid pressure during folding and ... - Olivier Lacombe 

Dec 21, 2013 - the LPS history, however, overpressure level can be defined by a mean gradient. .... southern part of the fold, the whole Paleozoic sedimentary suc- ..... that syn-folding fractures caused a high vertical hydraulic perme- ... compare f










 


[image: alt]





Cours M2 2018 - Olivier Lacombe 

from applied geological purposes, such as geological hazards, engineering activities and resource exploration; and from fundamental geological purposes, ...










 


[image: alt]





tectonic evolution and mechanics of basement ... - Olivier Lacombe 

Oct 5, 2016 - well-known fold-and-thrust-belts such as the Andes, the Alps, the Carpathians, the Zagros, the Alborz, the. Caledonides, China and Taiwan. âˆ—.










 


[image: alt]





Comparison of paleostress magnitudes from calcite ... - Olivier Lacombe 

Oct 20, 2006 - elements in natural rocks have been set out in order to decipher the past tectonic evolution. ... same language and not to deal with similar mechanical concepts. Despite few ..... requires the determination of a fifth parameter of the 










 


[image: alt]





Tectono-metallogenic model of the Kiggavik ... - Olivier Lacombe 

uranium deposits in Australia, Jabiluka and Ranger, are located within the ...... was tempted using the LA-ICP-MS system composed of a GeoLas excimer laser.










 


[image: alt]





Twin density, D - Olivier Lacombe 

... revealing the complexity of stress distribution during folding â€“ the case of the Monte Nero anticline in the Apennines, Italy. Tectonics, 35,. 1687-1712.










 


[image: alt]





and deeper lithospheric - Olivier Lacombe 

Weight of sedimentary column. (lithostatic pressure). Weight of water column. Basal frictional shear strength). Sum of lateral push forces. (. ) 0. 0. = +. +. +. +.










 


[image: alt]





PrÃ©sentation PowerPoint - Olivier Lacombe 

The study of fold evolution has for long been based on geometrical models. ... accurate description and simulation of geological reservoirs for resources or.










 


[image: alt]





Friction-induced sheet nacre fracture: effects of nano ... - Olivier PantalÃ© 

6, pp.712â€“729. Biographical notes: Philippe StempflÃ© is an Assistant Professor in Mechanics ... Marthe Rousseau has a post-doctoral position in Marine Biology at ... crystals of calcium carbonate (CaCO3) â€“ in the crystalline form of aragonite â€










 














×
Report Contribution of Studies of Sub-Seismic Fracture ... - Olivier Lacombe





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



