Pervasive carbonation of peridotite to listvenite (Semail Ophiolite, Sultanate of Oman): clues from iron partitioning and chemical zoning
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Foreword
Supporting Information files comprise detailed geological maps, cross-sections, field photographs of the investigated areas (Fig. S2), in complement to field observations (section 1), and information on sampling presented in Fig. 2. Location, rock types, mineralogy and microstructures of studied samples are reported in Tables S1 and S2. A detailed description of the analytical techniques used to acquire the geochemical dataset presented in this article (Tables S3-S12) is provided in section 2.


1 Geological setting: field observations, mapping, and sampling along Wadi Mansah (OmanDP Hole BT1B, Site 1) and the Jebel Fanja (Site 2)
In the Fanja region (23.465760°N, 58.108835°E), listvenites crop out along NW-SE direction, interlayering ophiolite mantle segments atop the metamorphic sole and autochthonous sediments of the Arabian margin on the flanks of the Jebel Akhdar and Saih Hatat domes (Fig. 1b). Listvenites series extend at the kilometre-scale forming the ridges of the Jebel Fanja and the Jebel Qarn westwards, while coinciding with a broad anticline (MoD mountain) along Wadi Mansah (Kelemen et al., 2022). Listvenites occur as layers or lenses within serpentinized peridotites, oriented parallel to the ophiolite basal thrust. Sharp reaction fronts from listvenites to carbonated serpentinites (ca. 5-30 m) and serpentinized peridotites (harzburgites when not fully serpentinized) are observed. Serpentinized peridotites, carbonated serpentinites and listvenites were collected at 3 locations (Fig. 1b): Oman Drilling Project Hole BT1B (23.364374°N, 58.182693°E) and Site 1 (23.346010°N, 58.221083°E) in Wadi Mansah, and Site 2 (23.448299°N, 58.201763°E) in the Jebel Fanja. At Hole BT1B location, a continuous section including the base of the ophiolite mantle atop the basal thrust and underlying metamorphic sole was drilled (Kelemen et al., 2020). A similar approach was adopted for fieldwork at Sites 1 and 2 by investigating transects from the top of the metamorphic sole, through the mantle section, up to overlying lower crustal gabbros. Detailed geological maps, cross-sections, constructed lithological columns, and field photographs for Site 1 and Site 2 are provided in Figs. S1 and S2. Maps and cross-sections were drawn after Villey et al. (1986) and Kelemen et al. (2022), and adjusted based on field studies. The topography was drawn after Google Earth topographic map. Lithological columns were constructed after cross-sections and field observations. In the same way as Hole BT1B, thicknesses of layers were considered perpendicularly to the contact atop the sole.
Hole BT1B was drilled in the north-western part of Wadi Mansah, on the southern flank of the MoD mountain (Fig. 1b). The ophiolite mantle (thickness not known, but most likely >150 m; Kelemen et al., 2022) is made of interlayered serpentinized peridotites (harzburgites and minor dunites), carbonated serpentinites and listvenites. It overlies >100 m of metamorphosed rocks consisting of mafic-derived material (pillow metabasalts, amphibolites) and metasediments (mainly radiolarites). All layers gently dip to the South at surface as presented in Kelemen et al. (2022) and confirmed by fieldwork (e.g., contact listvenite‒carbonated serpentinite: 138/20, GPS: 23°22'05.1"N, 58°11'06.9"E). As layers are verticalized at depth, Hole BT1B was drilled with an inclination of 75° with respect to the horizontal ground to ensure drilling through the mantle section and the metamorphic sole (Kelemen et al., 2020). The recovered core section included ~197 m of listvenites and fuchsite-bearing listvenites layered by two intervals of carbonated serpentinites (80.28-100.23 and 181.26-185.47 meters below ground – m.b.g.), atop of >100 m of metabasalts (Fig S1; Kelemen et al., 2020; Godard et al., 2021). The geochemical study of carbonated serpentinites and listvenites revealed similarities with the “Banded Unit” peridotites: in details, 3 chemically distinct domains derived from various protoliths (alternating harzburgites/dunites and lherzolites) were identified (Fig S1; Godard et al., 2021). Fuchsite-bearing listvenites are essentially comprised within the domain derived from a lherzolitic protolith (Godard et al., 2021). Selected samples for this study comprise 15 listvenites, 5 fuchsite-bearing listvenite, and 8 carbonated serpentinites to encompass the entire drilled mantle section and all domains.
[bookmark: _Hlk106006009]Site 1 is located in the south-eastern part of Wadi Mansah (Fig. 1b, Fig. S2). In contrast to the drilled sequence (Hole BT1B), the mantle section here is thicker (>250 m) and is composed principally of massive, slightly serpentinized harzburgites and rare dunites. The underlying metamorphic sole comprises a sequence including, from top to bottom, mafic-derived rocks, radiolarites and shales. Listvenites on the field show a typical stain orange-red weathering colour and are found (i) atop the metamorphic sole to the North, where they form a discontinuous thin layer (~2-10 m) in contact with the main basal thrust, and below ~20 m of foliated and fractured carbonated serpentinites (Fig. S1); and (ii) interlayered in carbonated serpentinites close to the faulted mantle‒gabbros contact to the South (Figures S1 and S2). All these lithological boundaries dip to the South (contact metamorphic sole‒listvenites: 178/57, GPS: 23.357223°N, 58.219827°E; contact listvenites‒carbonated serpentinites: 188/46; GPS: 23.345901°N, 58.221218°E). In the southern part, listvenites form a 10-50 m thick interlayer bordered by foliated and fractured carbonated serpentinites, 5-10 m away from the faulted contact with foliated gabbros. Stain orange-red listvenites host discontinuous millimetric to centimetric white quartz-carbonate veins oriented at high angle with the lithological contact. Fault contacts between listvenites, serpentinites and gabbro are highly variable, ranging from serpentinites fault gouge to foliated serpentinites, with sharp localized faults. Close to gabbros, carbonated serpentinites host scarce gabbroic dikelets (<10 cm thick) or pods. Below listvenites, ~25-50 m of foliated serpentinites show extensive matrix replacement by carbonates. Collected samples in Site 1 encompass the mantle-metamorphic sole transition (n=2; OM20-11 and OM20-12, Fig. S1), the main harzburgitic section (n=1; OM20-13), and the upper transition between carbonated serpentinites and listvenites (n=5; OM20-14, OM20-15, OM20-16, OM20-17, OM20-18) (Fig S1, Table S1).
Site 2 is located in the north-eastern part of the Jebel Fanja (Fig. 1b, Fig. S2). This area is characterized by a mantle section 150-200 m) made of often foliated and fractured serpentinized harzburgites (~100 m thick), interlayered by bands of listvenites close to overlying lower crustal gabbros. Serpentinized harzburgites (~100 m thick) overly the metamorphic sole comprising a sequence composed of, from top to bottom, mafic-derived schists and locally amphibolites along the basal thrust (GPS: 23.447692°N, 58.202856°E), shales and micaschists. In this studied site, all lithological boundaries dip to the NNW (contact serpentinized peridotites‒metamorphic sole: 337/60; GPS: 23.446848°N, 58.203809°E; contact listvenite‒carbonated serpentinite: 352/28, GPS: 23.448760°N, 58.202344°E). Two transects were investigated (cross-sections A-B and C-D). Listvenites occur as kilometre-scale continuous structural level draping the ridge and southern flank of Jebel Fanja (~50-75 m, Fig. 2b), and as plurimetric lenses bordered by carbonated serpentinites. Massive stain orange-red listvenites are cut by closely spaced sub-millimetric red carbonate veins and by pluri-millimetric white quartz-carbonate veins (Fig. 2c), all being oriented perpendicular to the southern contact with underlying carbonated serpentinites (~3-20 m). Those latter are foliated close to listvenites (Fig. 1c), hosting millimetric to centimetric light orange carbonate veins, oriented sub-parallel to the contact (Fig. S1). Vein density increases towards the serpentinites-listvenites contact. Few millimetric red carbonate veins cut through both listvenites and carbonated serpentinites. Listvenites to the North are overlain by deformed serpentinized peridotites (>20 m) crosscut by numerous gabbroic dikes and pods at proximity with gabbros. Sampling in Site 2 encompass the main section of serpentinized peridotites (n=1; OM20-28), the transition between carbonated serpentinites and listvenites (n=6; OM20-25, OM20-26, OM20-29, OM30-30b, OM20-31, OM20-32) and serpentinized peridotites comprised between listvenites and gabbros (n=1; OM20-34) (Figs 2b, S1, Table S1).
S1.2 Methods
The petrographic study was realized on 29 samples from Hole BT1B, and 16 samples from Site 1 (n=8) and Site 2 (n=8) mapped areas. A subset of 9 samples was analysed by scanning electron microscopy (SEM/EDS). 25 samples were analysed by electron probe micro-analysis (EPMA) and the composition of carbonates in trace elements was determined by laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS) on 12 samples (Table S1).
S1.2.1 Rock types, mineralogy and microstructures
The rock type, mineral assemblage, phase abundance, and microstructures were determined by the petrographic study of thin sections. Observations are summarized in Table S2.
The rock type was assigned after the assemblage of predominant matrix-forming minerals. Serpentinized peridotites are made of various proportions of serpentine and relic primary olivine, orthopyroxene, and clinopyroxene. Carbonated serpentinites are mainly composed of serpentine and Mg-carbonates (magnesite, dolomite), while listvenites are formed of quartz and Mg-carbonates (magnesite, dolomite), occasionally fuchsite-bearing. Cr-spinel and Fe-oxides are present in all samples. Sulphides are observed in most serpentinized peridotites and carbonated serpentinites, but are rare in listvenites.
Samples are generally massive, with high proportions of reacted host rock (matrix) with respect to veins (estimated at the core scale for BT1B samples; Kelemen et al., 2020). Low sum of host rock and vein proportions is related to the presence of cataclasites (Menzel et al., 2020). To indicate the type of deformation recorded by samples, the term “veined” is used for brittle deformation related to vein formation, while “foliated” and “cataclasite” are used for samples displaying shear-induced microstructures and cataclasites, respectively.
Identification of the carbonate phase, occurrence of Mg-core and Fe-core spheroids (described in the main text), and abundance of matrix and vein carbonates rely on microscopic observations, and confirmed by SEM/EDS imaging and/or in-situ quantification.
Carbonated serpentinites and listvenites host an intricate network of serpentine-bearing, carbonate-bearing and quartz-bearing veins, classified by Menzel et al. (2022) after the vein mineralogy, morphology, growth habit, and cross-cutting relationships. Vein types and their abundancy are reported in Tables 1 and S2. Vein abbreviation is constructed as follows: a) the first letter indicate the host rock (“s” for serpentinized peridotite and carbonated serpentinite; “l” for listvenite; b) the second letter refers to the main filling mineral (“s” for serpentine, “c” for carbonate, “q” for quartz); c) the number indicate the timing of vein formation based on cross-cutting relationships. In this study, we focussed on early carbonate veins common in carbonated serpentinites (sc0, sc2) and listvenites (lss0, lss2, lc1, lc2). Thus, late carbonate-bearing and quartz-bearing veins (sc3 to sc4 and lc3 to lc6 subtypes) are not described in the main text. The sq1 set corresponds to feathery quartz veins (<50 μm). Syntaxial lq4 veins (< 250 μm) are made of chalcedony borders and tabular magnesite in the median zone. Syntaxial lc4 veins (> 1 mm) are made of dolomite and quartz showing euhedral growth facets. Syntaxial sc4 and lc6 veins (0.1-5 mm) are the latest ones, crosscutting all previously formed structures, and are made of euhedral dolomite.
2.2 Mineral identification and chemistry
2.2.1 EDS
Energy-dispersive X-ray spectroscopy (EDS) maps were acquired on polished thin sections using a CamScan CrystalProbe X500FE instrument, equipped with an UltimMax 100 EDS detector at the Géosciences Montpellier SEM-EBSD facility (University of Montpellier). Mapping was performed under low vacuum (2 Pa) on tilted samples (70° inclination), at a working distance of 25 mm, and an acceleration voltage of 20 kV. The step size was 1.2 μm, except for the high resolution imaging of the cryptocrystalline quartz matrix, and of zoning within spheroids (0.7 μm).
2.2.2 EPMA quantification and mapping
The major element compositions of carbonates, silicates (serpentine, fuchsite), oxides and sulfides were quantified using a Cameca SX100 (Géosciences Montpellier) and a JEOL JXA-8530F HyperProbe (ISTE, University of Lausanne, Switzerland) electron microprobe. Operating conditions for silicates were an acceleration voltage of 15 kV, a probe current of 10 nA at Géosciences Montpellier and of 15 nA at ISTE, and a widened beam (10 μm) to prevent damage/devolatilization of the analysed phase. Carbonates were analysed in similar conditions except for a reduced beam size (3, 5 or 10 μm). For oxides and sulfides, the probe current was increased to 20 nA and the beam was focussed. It was eventually increased to 2 μm to measure large, homogeneous Cr-spinel or Fe-oxide grains ensuring current stability. Elemental mapping was performed at ISTE, using an acceleration voltage of 15 kV, a probe current of 20 nA, and a defocussed beam (2 μm). Step size was 1 μm and dwell times 100 ms. Quantification of elemental maps was achieved by computing X-ray intensities and in-situ chemistry data through XMapTools 3.4.1 MatLab toolbox (Lanari et al., 2014, 2019). Quantification of elemental maps was realized by computing X-ray intensities through XMapTools, with internal standardization based on punctual EPMA analyses.
Standard deviation and detection limits of each element are listed in Table S3 The compositions of carbonates, serpentines and fuchsite, Cr-spinel, Fe-oxides and sulfides are given in Tables S4, S5, S6, S7, and S8, respectively.
It should be noted that several carbonate analyses indicate non negligible amounts of SiO2 (>1 wt%). High SiO2 content is not caused by beam displacement or overlapping of analysis spot with adjacent serpentine or quartz grains: it reflects the presence of nano-inclusions of silica within carbonates (serpentine in carbonated serpentinites, silica in listvenite), evidenced by STEM-HAADF imagery in Beinlich et al. (2020). Measured SiO2 content values <1 wt% indicate measurement of a pure carbonate phase, while values >1 wt% are associated with the presence of serpentine/silica inclusions. In Fig. S5a-b, only measurements with SiO2 content <1 wt% are plotted. In Fig S5c-d, carbonate compositions are plotted in Mg+Ca-Si-Fe ternary diagrams to account for the presence of serpentine/silica inclusions within carbonates.
2.2.3 HR-LA-ICP-MS
Compositions of carbonates in transition metals (Sc, Ti, V, Mn, Co, Ni, Cu, Zn) were determined by HR-LA-ICP-MS over 4 sessions of measurements.
A first batch of analyses was performed at ISTE (University of Lausanne), using a ThermoScientific Element XR mass spectrometer interfaced to a New Wave ArF 193 nm laser. Spot diameter for analysis was 100 µm, with on-sample energy density of 7 J/cm2 and a repetition rate of 12 Hz. Data were collected in time resolved acquisition mode, with 120 s dedicated to background signal measurement followed by 45 s of sample ablation. Instrument mass bias was calibrated by 30 measurements of NIST SRM 612 reference material (synthetic glass). Calibration was controlled by 10 measurements of BCR-2G reference material (basaltic glass).
[bookmark: _GoBack]Other batches of analysis were carried out at Géosciences Montpellier (AETE-ISO, OSU OREME), using a ThermoScientific Element 2 mass spectrometer coupled to an Excimer G2 193 nm laser. Spot diameter for analysis was 110 µm (pre-ablated at 130 µm), with on-sample energy density of 6 J/cm2 and a repetition rate of 7 Hz, to avoid contamination of neighbouring crystal grains to the ablation spot. Data were collected in time resolved acquisition mode, with 120 s dedicated to background signal measurement followed by 40 s of sample ablation. Instrument mass bias was calibrated by 26 measurements of NIST SRM 612 reference material. Calibration was controlled by 18 measurements of BIR-1G reference material (basaltic glass).
Raw data were processed using the data reduction software Glitter (Griffin et al., 2008), using the linear fit to ratio method. CaO content obtained by EPMA analysis was used as internal standard for quantification. Values obtained for certified rock materials NIST SRM 612, BIR-1G and BCR-2G are given in Table S9. Trace elements compositions of carbonates are provided in Table S10. Compiled transition metals compositions of carbonates are given as median compositions, and 16th and 84th percentiles in Table S11.
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	Reaction stage
	Matrix
	Veins
	Vein generations as observed in :

	
	
	
	Carb. serpentinite
	Listvenite

	Protolith :
	
	
	
	

	Serpentinized peridotite
	Serpentine mesh and bastites replaced primary silicates
	Mesh formation
	ss0
	

	
	
	Serpentine (crack-seal) veins
	ss1, ss2
	

	Stage 1 :
	
	
	
	

	Incipient carbonation
	Fe-core spheroids and aggregates replacing serpentine and magnetite in the vicinity of early mesh serpentine veins
	Pseudomorphic replacement of serpentine veins
	sc0
	lss0 after ss0, lss2 after ss2

	
	
	Zoned, antitaxial magnesite veins
	sc2
	lc1

	
	
	Cross-fiber to blocky magnesite veins
	sc3
	lc2

	Stage 2 :
	
	
	
	

	Widespread carbonation and silicification
	Mg-core spheroids, magnesite aggregates and quartz replacing background serpentine
	Magnesite growth along walls of previous vein generations
	
	

	
	
	Quartz veins
	sq1
	lq1, lq2, lq3

	Stage 3 :
	
	
	
	

	Late veining and dolomitization
	Dolomite replacing magnesite
	Syntaxial quartz-carbonate, carbonate veins and cataclasites
	sq2, sc4
	lq4, lc4, lc5, lc6


Table 1 Summary of matrix replacement and vein microstructures developed during serpentinization (protolith), carbonation (stages 1 & 2) and post-listvenite overprint (stage 3). Abbreviations of vein generations are adopted from Menzel et al. (2022)




Figure S1: Lithological columns for Hole BT1B, Site 1 (Wadi Mansah) and Site 2 (Jebel Fanja). Lithological columns were constructed from cross-sections. The thickness of lithological layers was calculated perpendicular to the metamorphic sole. Geochemical domains D1-3 after Godard et al. (2021).
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Figure S2: Detailed geological maps, cross-sections and field photographs for Site 1 (Wadi Mansah) and Site 2 (Jebel Fanja). Detailed maps were drawn after Villey et al. (1986) and field observations (this study, see Text S1-1). The topography was drawn from Google Earth maps. Location of samples is indicated by white stars; adjacent numbers refers to sample names. Field photographs illustrate panoramas of investigated transects.
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Figure. S3: Plane-polarized light (PPL) and crossed-polarized light (CPL) thin section photographs of representative samples of serpentinized harzburgites (a, b), and of variously veined carbonated serpentinites (c, d) and listvenites (e, f) from the Fanja area. Moderately serpentinized harzburgites (a) are porphyroclastic with subcentimetric fractured orthopyroxene (noted Opx), Cr-spinels (noted Chr) and mesh texture serpentine formed after olivine (noted Mesh), and are crosscut by millimetre-thick light greenish-yellowish serpentine veins (noted Srp vein). Highly serpentinized harzburgites (b) are distinguished by high amounts of magnetite (black strings in mesh) and abundant fine magnetite-rich serpentine veins (noted ss1). Carbonated serpentinites are made of a fine-grained matrix of serpentine and carbonates, cut by diverse serpentine crack-seal veins (noted ss2), pseudomorphic carbonate after serpentine veins (noted sc0) and early antitaxial carbonate veins (noted sc2). Listvenites display a fine-grained matrix of quartz and carbonates, cut by diverse pseudomorphic carbonate after serpentine mesh rims (noted lss0) and crack-seal veins (noted lss2), by early antitaxial magnesite veins (noted lc1) and late dolomite veins (noted lc6). Matrix carbonates occur as aggregates (noted aggr) or isolated grains (sph). Location of Mg-rich and Fe-rich core magnesite spheroids, and aggregates are indicated by white/black rectangles (see main text for further information). Vein terminology after Menzel et al. (2022). Abbreviation: Dol: dolomite; Mgs: magnesite, Srp: serpentine.



Figure. S4: Back-scattered electron (BSE) image of Fe-rich magnesite (light grey) clustering in the vicinity of early carbonate veins (noted lc1), and overgrown by Mg-rich magnesite (dark grey) in listvenite 46Z-4-46-51. Magnesite spheroids away from the vein are also Mg-rich. Abbreviation: Mgs: magnesite; Qz: quartz.


[image: C:\Users\adminlocal\Desktop\EJM_Paper\Review_1\Figures_Final\Fig_S5.jpg]
Figure. S5: Major element compositions of matrix and vein carbonates in carbonated serpentinites and listvenites, represented in (a-b) Mg-Ca-Fe ternary diagrams for data with SiO2 contents < 1 wt%, and in (c-d) Mg+Ca-Si-Fe ternary diagrams for SiO2 contents > 1 wt%. The proportions of each end-member was calculated from EPMA compositions as the cationic fraction of M2+/(Fe+Mg+Ca) (M2+ = Fe, Mg or Ca) for a-b and as the cationic fraction of M/(Fe+Mg+Ca+Si) (M = Fe, Mg+Ca or Si). Mg was associated to Ca to highlight the presence of serpentine and silica nano-inclusions with the crystal lattice of carbonates. Analysed area is indicated for chemically zoned carbonates (core, intermediate, rim, …). Vein terminology after Menzel et al. (2022). Abbreviations: Dol: dolomite; Mgs: magnesite.
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Figure. S6: Quantitative element distribution maps of Fe-core spheroids (a-e, 50z-01-75-80) and Mg-core spheroids (f-j, 46z-4-46-51) in listvenites.

Table captions:
Table S1 List of rock samples. Full ICDP sample names are given for OmanDP Hole BT1B core samples. Location of samples is provided in the WGS84 coordinate system. Depth of core samples is in metres below the ground (m.b.g.). Distance to the metamorphic sole was calculated for BT1B samples and extrapolated from cross-sections and field observations for Site 1 and Site 2 samples (see Text S1). BT1B core geochemical domains were determined by Godard et al. (2021).
Table S2 Mineralogy and microstructures of rock samples. The mineral assemblage and phase abundancy were determined optically. Magnesite and dolomite proportions in matrix and veins (noted (-) or (+)), and identification of Mg-core and Fe-core spheroids, rely on the thin-section study and SEM imaging. Vein types were determined after the vein descriptions by Menzel et al. (2022). Host rock and vein proportions of BT1B samples are reported from Kelemen et al. (2020), and optically estimated for Site1 and Site 2 samples. Low sum of host rock and vein proportions is related to the presence of cataclasites. To indicate the type of deformation recorded by samples, the term “veined” is used for brittle deformation and vein formation, while “foliated” and “cataclasite” are used for samples showing shear-derived structures or cataclasites, respectively. Abbreviations: m.b.g.: metres below ground, M: major; m: minor; t: trace. Abbreviations for minerals: Dol: dolomite; Mgs: magnesite.
Table S3 Average standard deviation and detection limits for EPMA analyses.
Table S4 Major element compositions of carbonates determined by EPMA. Cations were recalculated on 6O per formula unit. Site ratios were calculated as the cationic fraction of M2+/(Fe+Mg+Ca) (i.e. XFe = Fe/(Fe+Mg+Ca). Analysed area (median zone-intermediate-rim for vein carbonates, core-internal growth-rim for matrix carbonates) is indicated for zoned carbonate. Abbreviation of vein generations was adopted from Menzel et al. (2022). Abbreviations: m.b.g.= metres below ground; GM = Géosciences Montpellier; ISTE = Institute of Earth Sciences; p.f.u. = per formula unit.
Table S5 Major element compositions of serpentine and fuchsite determined by EPMA. Cations were recalculated on 7O per formula unit for serpentine and 22O per formula unit for fuchsite. Abbreviation of vein generations was adopted from Menzel et al. (2022). Abbreviations: m.b.g.= metres below ground; GM = Géosciences Montpellier; ISTE = Institute of Earth Sciences; p.f.u. = per formula unit.
Table S6 Major element compositions of Cr-spinel determined by EPMA. Cations were recalculated on 4O per formula unit. Mg# and Cr# were calculated as cationic fractions: Mg# = (Mg/(Mg+Fe) and Cr# = (Cr/Cr+Al). Abbreviations: m.b.g.= metres below ground; GM = Géosciences Montpellier; ISTE = Institute of Earth Sciences; p.f.u. = per formula unit.
Table S7 Major element compositions of Fe oxides determined by EPMA. Cations were recalculated on 3 oxygens per formula unit. Abbreviations: m.b.g.= metres below ground; GM = Géosciences Montpellier; p.f.u. = per formula unit.
Table S8 Major element compositions of sulfides determined by EPMA. Abbreviations: m.b.g.= metres below ground; GM = Géosciences Montpellier; p.f.u. = per formula unit.
Table S9 Trace element concentrations and preferred values of certified rock standards NIST-612, BIR-1G, BCR-2G determined by LA-ICP-MS. Preferred values from a compilation of literature values downloaded over the 2020-2022 period from the GeoReM database (http://georem.mpch-mainz.gwdg.de).
Table S10 Trace element compositions of silicates and carbonates determined LA-ICP-MS. EPMA measurements were used for signal data reduction on Glitter are also given. Concentrations are in μg/g. Abbreviations of vein generations are adopted from Menzel et al. (2022). Other abbreviations: GM: Géosciences Montpellier; ISTE: Institute of Earth Sciences; m.b.g.: metres below ground.
Table S11 Compiled compositions of silicates and carbonates in transition metals determined by LA-ICP-MS. Median compositions, 16th and 84th percentiles, minimum and maximum values are provided. Concentrations are in μg/g.
Table S12 Phase proportions from quantitative element distribution maps of Fe-core and Mg-core spheroids. Data were processed using XMapTools (Lanari et al., 2014, 2019).
2
image4.jpeg
Qz 467Z-4-46-51
Mg-core L
spheroids

Fe-rich
aggregate

. «—Mg-rich
overgrowth

250 pm




image5.jpeg
Matrix carbonates
in carbonated serpentinites

(a)

Matrix
@ Dol spheroids

[l Dol aggregate

Mg

Zonation
@ Core
@ Internal growth

O Rim 80

40 40
Ca Fe

Vein carbonates
in carbonated serpentinites

Mg

(b)

Veins
A sc0
A sc2
A sc4

Zonation
A Median zone

40 40
Ca Fe

(c)

Matrix

@ Mg-core spheroids
@ Fe-core spheroids
@ Dol spheroids

[ Dol aggregate

Mg+Ca

Zonation
© Core
O Internal growth
O Rim
60

40 )
Si Fe

(d)

Matrix

© Mg-core spheroids
@ Fe-core spheroids
[ Mgs aggregate

[ Dol aggregate

Mg+Ca

80,

Zonation

© Core

O Internal growth
ORim 60

40
Si Fe

Matrix carbonates
in listvenites

Matrix
© Mg-core spheroids

@ Fe-core spheroids
[ Mgs aggregate
[ Dol aggregate

Mg

Zonation

© Core

O Internal growth
O Rim

40 40
Ca Fe

Vein carbonates
in listvenites

Mg

Veins
A IssO
A lss2
A let
A Late carbonate veins

Zonation
A Median zone
A Intermediate

A Rim
60

40 40
Ca Fe

Carbonates in carbonated serpentinites

Mg+Ca

Veins

A scO
A sc2
A sc4

Zonation
A Median zone

Carbonates in listvenites

Mg+Ca

Veins
A IssO
A Iss2
A lct

A Late carbonate veins

Zonation
/A Median zone
A Intermediate

A Rim

=\ 40
Si Fe




image6.jpeg




image1.jpeg
Hole BT1B  Site 1 Site 2

Allochtonous units

[ ] Gabbro

[ 11 Listvenite/Fu-listvenite
_ Carbonated serpentinite
- Serpentinized peridotite

Semail Ophiolite

B Metamorphic sole

Y Samples
—— Faults and thrusts





image2.jpeg
Site 1: Wadi Mansah

Panoramic view 1
wWsw . ENE

Metamorphic
sole (MS)

Serp.
peridotites Sk
o ’Serp.
Quaternary deposits “ peridotites

Panoramic view 2

SSE NNW
MoD Mountain

Serp.‘ %

peridotites M

Quaternary deposits

100 m

100 m

Site 2: Jebel Fanja

Panoramic view 3

ESE WNW

Metamorphic
sole

Listvenites
Serp.

peridotites
Serp.

idotit Serp. peridotites
peridotites

with gabbroic dikes

Lithologies Structural marks

° 55)~ Lithological contact

= Gabbro

-_g :l - Metamorphicisaisi / Major thrust 12)— Foliation plane and dip
& [ Listvenite E Hawasina metasediments (today in normal fauit position) -+ L

E B carbonated serpentinite " Fault (only for cross-sections)
3 - Serpentinized peridotite





image3.jpeg
Serpentinized peridotite Carbonated serpentinite Listvenite

OM20-13 1.cm 437-3-52-75 1.cm 50Z-1-75-80 1cm
PPL & : : i i

®

N z
5 a
t )
) °
g £
) )
n >
>

z 3
8 |
o

°

@ 2
N =
c 7]
- =
c (]
) T
g £
) )
n >
> =
= 2
2 T
I

OM20 28 1cm 44Z DD 39 1cm 487-1-6- 11 1cm




