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Eclogite breccias in a subducted ophiolite: A record of intermediatedepth earthquakes? S. Angiboust1*, P. Agard1, P. Yamato2, and H. Raimbourg3 1
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ABSTRACT Understanding processes acting along the subduction interface is crucial to assess lithospheric-scale coupling between tectonic plates and mechanisms causing intermediate-depth seismicity. Despite a wealth of geophysical studies aimed at better characterizing the subduction interface, we still lack critical data constraining processes responsible for seismicity within oceanic subduction zones. We herein report the finding of eclogite breccias, formed at ~80 km depth during subduction, in an almost intact 10-km-scale fragment of exhumed oceanic lithosphere (Monviso ophiolite, Western Alps). These eclogite breccias correspond to meter-sized blocks made of 1–10 cm fragments of eclogite mylonite cemented by interclast omphacite, lawsonite, and garnet, and were later embedded in serpentinite in a 30–150-m-wide eclogite facies shear zone. At the mineral scale, omphacite crack-seal veins and garnet zoning patterns also show evidence for polyphased fracturing-healing events. Our observations suggest that a possible seismic brecciation occurred in the middle part of the oceanic crust, accompanied by the input of externally derived fluids. We also conclude that these eclogite breccias likely mark the locus of an ancient fault zone associated with intraslab, intermediate-depth earthquakes at ~80 km depth. INTRODUCTION Most intermediate-depth (70–300 km) earthquakes worldwide concentrate in subduction zones along 2 or 3 distinct seismic layers separated vertically by a 10– 40-km-thick weakly seismic core (Yamasaki and Seno, 2003; Fig. 1A). Accurate relative relocations (Rietbrock and Waldhauser, 2004) suggest that the upper seismic layer may correlate with the top, crustal part of the slab, where massive dehydration of minerals formed by seawater
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GEOLOGICAL SETTING This several-kilometer-long, almost intact section (Fig. 1C) of the Tethyan ocean reached lawsonite-eclogite facies conditions at ~80 km depth between 50 and 40 Ma (Angiboust et al., 2012). The Lago Superiore Unit is crosscut by two major (kilometer scale) eclogite facies shear zones, located at the boundaries between basalts and gabbros and between gabbros and serpentinites (intermediate and lower shear zones; ISZ
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alteration takes place through metamorphic reactions (Green and Houston, 1995; Hacker et al., 2003), whereas the lower layer may correspond to the top, most hydrated part of the slab mantle (Yamasaki and Seno, 2003). Eclogitization of the basaltic crust (i.e., crystallization of garnet and omphacite) is known to dramatically affect the structure, density, mineralogy, fluid content, and stress state of the downgoing slab sinking into the Earth mantle (e.g., Rondenay et al., 2008).



The exact location (absolute depths are known within 3–5 km only; Rietbrock and Waldhauser, 2004) and mechanical process at the origin of this seismicity (e.g., hydraulic fracturing or dehydration embrittlement; Davies, 1999; Hacker et al., 2003) are still debated (Kuge et al., 2010). In addition, few studies have documented the brittle behavior of eclogitized oceanic crust in exhumed ophiolitic belts (e.g., Philippot and van Roermund, 1992; John and Schenk, 2006; Healy et al., 2009). We herein present a fossil example of oceanic crust brecciation under eclogite facies conditions from the Lago Superiore Unit of the Monviso ophiolite (Western Alps; Fig. 1B; Agard et al., 2009), that attests to brittle behavior of oceanic crust at intermediate depths.
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Figure 1. A: Schematic view of subduction zone featuring double seismic zone (after Hacker et al., 2003) and showing slicing of Lago Superiore Unit at ~80 km depth. B: Location of Monviso ophiolite within western Alpine belt. C: Section across LSU showing four main shear zones: upper (USZ), intermediate (ISZ), lower (LSZ), and basal (BSZ). D: Pressure-temperature (P-T) path of LSU and relative timing of shear zone activity (mapping and thermobarometric data from Angiboust et al., 2011, 2012, respectively). Lws—lawsonite; Grt—garnet; Lws-ECL— lawsonite-eclogite facies. *E-mail: [email protected]. GEOLOGY, August 2012; v. 40; no. 8; p. 1–4; doi:10.1130/G32925.1; 4 figures; Data Repository item 2012197.
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and LSZ in Fig. 1C; Angiboust et al., 2011). Mylonitic eclogite facies Fe-Ti metagabbros, which cap the top of the thick Mg-Al metagabbroic body along the ISZ (Fig. 1C), host omphacite-filled crack-seal veins previously interpreted as dehydration reaction products of the downgoing crust (Philippot and van Roermund, 1992). Similar eclogitized Fe-Ti metagabbros are found in the LSZ (Fig. 1C); they were torn off the ISZ by intense subduction-parallel shearing, and later embedded within serpentinite in the LSZ. Fe-Ti metagabbros from both the ISZ and LSZ fossilize deformation events that took place near peak burial of the Lago Superiore Unit, in a narrow pressure-temperature (P-T ) range within the lawsonite-eclogite facies (i.e., 500–550 °C and 22–26 kbar; Fig. 1D). Over this range of P-T conditions, estimated internal fluid release amounts to ~1 wt% in the upper mafic crust (with glaucophane-lawsonite-chlorite proportions shifting from 9, 11, and 5 wt% to 3, 8, and 0 wt%, respectively; Angiboust et al., 2012). ECLOGITIC BRECCIAS AND OTHER EVIDENCE OF BRITTLE FAILURE A specificity of the LSZ is the existence of eclogite blocks (cropping out >10 km along strike) consisting of rounded meter- to decameter-sized pods of highly strained Fe-Ti metagabbros embedded within a strongly foliated serpentinite and talc schist matrix.



Blocks are for the most part spectacularly fresh eclogitic breccias (Figs. 2A and 2B) made of coalesced fragments of mylonitic eclogite with discordant foliation and sharp edges, showing variable disruption (further mesoscopic and microscopic breccia images are shown in Fig. DR1 in the GSA Data Repository1). To our knowledge, this is the first report of such eclogitic breccias. Most fragments within the eclogite breccia are between 1 and 10 cm in length (see clast size distribution in Fig. DR2) and exhibit a marked mylonitic foliation identical to the fabric reported along the ISZ (Lago Superiore area; Philippot and van Roermund, 1992). In the rare outcrops where post-breccia deformation was limited, the breccia clasts are chaotically oriented (Woodcock and Mort, 2008) and the corresponding texture is among the “wear abrasion” and/or “fluid-assisted brecciation” types defined by Jébrak (1997, p. 115; see the Data Repository for further discussion). Note that many of these clasts were disseminated in the block vicinity within the weak serpentinite-rich matrix. The matrix cementing the mylonitic clasts is composed of as much as 30 vol% lawsonite (now pseudomorphed by epidote), omphacite, and garnet (100–1000 µm diameter; Fig. DR1F). Garnet from the interclast matrix is generally weakly zoned, in contrast to garnet derived from the mylonitic clasts, which preserves prograde



zoning, and systematically exhibits a marked increase in Mg content rimward (Fig. DR3). Most blocks also exhibit fractures dominantly filled by omphacite and lawsonite pseudomorphs (Fig. DR1C). These water-rich recrystallized domains (>2–3 wt% H2O, as opposed to Fe-Ti metagabbro mylonites containing 
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