
metagabbros, where the relative amount of garnet locally reaches 40 vol.%, an eclogite flow law is 

considered to be more appropriate (Jin et al., 2001). We also consider that Mg-Al gabbro is 

rheologically similar to diabase, whose mineralogy is also composed of a Ca-rich plagioclase and 

clinopyroxene (Mackwell, 1995). As Fe-Ti metagabbros are included in the uppermost portion of the 

Mg-Al metagabbro, the whole gabbroic unit is believed to behave as a coherent body (Fig. 9). 

Serpentinite exhibits a viscosity which is over 4 orders of magnitude lower than metagabbros 

(following the flow law for antigorite from Hilairet et al., 2007). 

Experimental parameters for the eclogite flow law (calculated for 50% garnet, 40% omphacite, and 

10% quartz; Jin et al., 2001) yield an unrealistic rock strength of 7 GPa for Fe-Ti metagabbros under 

these relatively cold conditions (T=550°C; Fig. 9a). This value will likely be lowered in our samples 

since garnet, considered as responsible for strengthening of the eclogites in the dislocation creep 

regime (Jin et al., 2001) represents only 25–30 vol.%. Pervasive ductile deformation of metagabbros 

contrasts with the presence of omphacite-bearing crack-seal veins (earlier reported in eclogite-facies 

mylonites from the Lago Superiore Area; Philippot, 1987), which constitute one of the rare examples 

attesting to local brittle behaviour of oceanic crust under HP-LT conditions. 
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Figure captions 

Figure 1: Sketch showing a typical subduction zone and some of the key processes occurring 

along the plate interface. Mechanical coupling is maximum along the seismogenic zone (between 

10-35km) where the plate boundary is possibly sealed (Audet et al., 2009). Episodic tremor and 

slip events (ETS) generally occur at the base of the seismogenic zone. Decoupling is believed to 

occur below due to fluid transfer across the plate interface and serpentinization of the overlying 

mantle wedge. Note that the oceanic mantle is also believed to be partially serpentinized before 

entering the trench. 

 

Figure 2: a. Geological map of the working area showing the location of the main shear zones, 

the position of the units and the location of samples mentioned in text (modified after Lombardo 

et al., 1978 and Angiboust et al., 2011). The inset localizes the Monviso ophiolite within the 

Western Alps. b. Section across the Monviso ophiolite showing the disposition of the main tectonic 

units and tectonic relationships between them (dotted transect on Fig. 2a). 

 

 

Figure 3: a. Field view of the Lago Superiore Unit showing the various lithologies and the 

location of the three main shear zones (USZ, ISZ, LSZ: upper, intermediate and lower shear 

zones, respectively) together with samples mentioned in the text. Deep shear zones (in red) are 

marked as thrusts on the picture. The USZ, reactivated as a major detachment zone during late 

exhumation processes, is lined by dark black rectangles. b. Field view of a rounded block of Fe-Ti 

metagabbro embedded within LSZ serpentinites (Punta Forcione: N 44° 40‟ 38.1”; E 07° 07‟ 



39.8”). c. Drawing illustrating a disaggregated block and associated disseminated fragments 

within a serpentinite/talcschist matrix (Punta Murel: N 44° 39‟ 00.5”; E 07° 07‟ 55.4”). d. A 

strongly foliated mylonite where omphacite (Omp) and garnet (Grt) have been clearly segregated 

in two distinct domains (hammer for scale). Note that whitish pseudomorphs after lawsonite (Ps. 

Lws) are concentrated in omphacite domains. e. Picture of typical eclogite breccias found at the 

surface of blocks embedded within the Lower Shear Zone (LSZ), showing variably sized and 

oriented fragments of eclogite facies mylonites cemented by omphacite. f. Drawing of the 

foliation trend within an eclogite-facies breccia from Colle di Luca (Fig. 2a) emphasizing the 

rotation of the fragments at the block surface.  

 

Figure 4: a. Contact between a mylonitized eclogite fragment and a vein filled by omphacite and 

pseudomorphs after lawsonite at the surface of a brecciated eclogitic block from the LSZ (N 44° 

39‟ 52.8”; E 07° 07‟ 50.3”). b. Lawsonite eclogite sample occurring in a low-strained domain at 

the block surface showing remarkably large lawsonite pseudomorphs (up to 1cm in length) in a 

weakly deformed matrix (Punta Murel; Fig.2a). c. A mylonitic foliation consisting of garnet, 

omphacite and rutile (right) crosscut by a vein (left) filled by lawsonite and omphacite (lawsonite 

is now pseudomorphed by epidote and paragonite). d. Boudinaged mylonitic fragment wrapped 

within a later foliation consisting of omphacite, garnet and lawsonite (LSZ). Mineral 

abbreviations as in figure 3. 

 

Figure 5: a. Scanned thin section of a moderately strained eclogite from a block embedded within 

serpentinite from USZ (Fig. 2a), showing relatively well preserved relicts of omphacite 

porphyroclasts (after augite) embedded within an omphacite-rich foliated domain. b. Quantified 

chemical map of a garnet crystal magnesium content (wt.%) of sample USZ-69, showing a typical 

zoning pattern (enrichment in Mg towards the rims) and the absence of healed fractures. c. Back-

scattered Electron (BSE) view of an Fe-Ti metagabbro mylonite from Lago Superiore Area 



showing pseudomorphs after lawsonite growing along the omphacitic foliation. Dismembered 

rutile ribbons underline the foliation. d. BSE picture of a garnet showing two distinct garnet 

generations with a clear Ca-rich core and a dark Mg-rich rim. A dark complex network of healed 

Mg-rich fractures connected on the garnet rim crosscuts the garnet core. Garnet chemical 

composition across the fracture (transect a-b) is given in Supplementary material 3. e. Chemical 

map of Mg content (counts) of the mylonitic matrix from sample ISZ-17. f. Chemical map of Mg 

content (wt.%) of a garnet from sample ISZ-49 exhibiting a very complex pattern of Mg-enriched 

healed fractures. g. Scanned thin section of a mylonitic sample showing the mylonitic foliation 

deflected around an omphacite-filled crack-seal vein. h. Scanned thin section of sample LSZ-42 

(courtesy of D. Waters) showing numerous phengite and pseudomorphed lawsonite crystals along 

the eclogitic foliation. Abbreviations after Whitney and Evans (2010). 

 

 

Figure 6: a. Chemical maps of a garnet from a chlorite-eclogite sample from the LSZ (LSZ-23). 

b. Sketches depicting the successive steps of garnet growth. A first garnet (Garnet I) generation is 

fractured and healed by a Mn-Ca rich garnet composition (white dotted line square). A second 

fracturing episode is attested by the presence of a very complex fracture pattern cemented by a 

Mg-rich composition (Garnet II). c. Core to rim zoning profiles of the garnet composition. d. 

These successive events can be interpreted in terms of cyclic variation of relative shear stress 

associated with movement along the shear zone. See discussion for details.  

 

Figure 7: a. Plot of the bulk rock composition in the ACF triangle (with F=FeO) for the 

mylonites sampled in the Intermediate (ISZ) and Lower (LSZ) Shear Zones distinguishing the 

different types of mylonites identified on petrographic observation and the trend in FeO depletion 

associated with water-saturated mylonitization (growth of lawsonite). b. Smoothed, normalized 

garnet core-rim transects for eleven samples from the three different shear zones. Iron depletion is 



systematically observed at the rim of garnet from LSZ while it is absent within garnet from 

unaltered or ISZ samples. The red arrow localizes the relative position of incipient depletion.  

 

Figure 8: a. Relative chronology of events (and associated P-T position) observed on eclogite Fe-

Ti metagabbro mylonites boudins along the ISZ and LSZ. Igneous texture (step 1) is progressively 

blurred by mylonitization processes (step 2) leading to grain size reduction, garnet fracturing and 

phase segregation. Variable amounts of hydrous phases crystallized depending on the amount of 

water available during mylonitization. Eclogite facies breccias (step 3), commonly found along 

the LSZ are generally cemented by omphacite +/- lawsonite +/- garnet. These brecciated 

fragments (Fig. 3f) may be embedded as boudins in a later lawsonite eclogite-facies foliation (step 

4). The P-T diagram at the background shows the P-T path for the LSU ophiolite, the location of 

the main metamorphic facies and the relative position of the four steps identified. Note that the 

presence of lawsonite (now pseudomorphed by epidote), omphacite and garnet in all textural 

positions constrains these events to the lawsonite-eclogite facies. b. Schematic drawing at the 

scale of the Lago Superiore unit, showing the location of the different shear zones and the location 

of the four steps mentioned above. Our results indicate that substantial fluid flow occurred along 

the LSZ, whereas only short range localized fluid flow within the ISZ.  

 

Figure 9: a. Plot of differential strength (thick line) and viscosities (dotted line) against the same 

cross-section using the following flow laws: calcschists (micaschist: Shea and Kronenberg, 1992), 

basalts (omphacitite: Zhang et al., 2006), gabbros Fe-Ti (eclogite: Jin et al., 2001), gabbros Mg-Al 

(diabase: Mackwell et al., 1995), serpentinite (serpentinite: Hilairet et al., 2007) at 550°C and with 

a strain rate of 10-14.  More details on the construction of the profile are given in Appendix C. b. 

Finite strain envelope across the described section, inferred from field observations and strain 

markers, showing that strain is strongly localized along the shear zones. c. Section across the Lago 

Superiore Unit showing the lithologies and the location of the three main shear zones. Arrows 



along the shear zones represent normal movement during late exhumation processes (Philippot 

and Van Roermund, 1992).  

 

Figure 10: a. Sketch representing the Lago Superiore ophiolite slice at the onset of 

mylonitization. Deformation is first localized on the ISZ, at the boundary between basalts and 

gabbros (red dotted line). b. Ongoing shearing along the plate interface is responsible for 

dismembering and fragmentation of eclogite blocks detached from the ISZ. c. The whole Lago 

Superiore unit finally detaches from the downgoing slab and the bulk of the deformation is now 

localized at the base of the serpentinite sole. Monviso unit, which detaches from the slab at c. 65-

70km is not represented here. d. P-T paths from Angiboust et al. (2011) for both Monviso and 

Lago Superiore Units. e. Eclogite facies shear zone activity is restricted to the vicinity of peak 

conditions (i.e. 550°C, 26 kbar). Juxtaposition with the adjacent Monviso Unit occurs in the 

epidote blueschist facies during exhumation in the subduction channel (Schwartz et al., 2000). 

The relative timing of shear zone activity is based on the intensity of metamorphism recorded by 

the rocks from the different shear zones.    

 

Table 1: Summary of field, structural and petrological observations with emphasis on the lenses 

and/or blocks dispersed within the three main shear zones. Thermobarometric results are from 

Angiboust et al. (2011). 

 

Table 2: Synthesis of peak paragenesis and relative phase abundances in the selected set of 

samples from the three shear zones described in the text. 

 

Supplementary material 1: Detailed geological maps of selected areas along the ISZ and LSZ. 

Position of these close-up views is shown in Figure 2. 

 



Supplementary material 2: Chemical map comparing garnet zoning pattern from USZ and ISZ. 

A “classical” (i.e. a smooth decrease in Ca-Mn garnet content from core to rim) undisturbed 

zoning pattern is observed for the sample embedded within the USZ serpentinites (USZ-69). 

Garnet from a mylonite from ISZ exhibits two distinct generations: the core of Grt I is enriched in 

Mn-Ca while the rim (Grt II) is enriched in Mg-Fe. An intense fracture network, characterized by 

healing with Mg-enriched Grt composition, crosscuts Grt I.  

 

Supplementary material 3: Garnet end-member molar fraction from EMP chemical analyses for 

the transect a-b (Fig. 5d) across a healed fracture showing a clear enrichment in Mg along the 

fracture.  

 

Supplementary material 4: Summary of bulk-rock estimates performed for this study and 

average composition obtained for each rock type. GPS coordinates of each sample are also given.   
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