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1. Introduction

4. Strain analysis during stage 3 serpentinization 6. Oxygen and hydrogen isotope compositions
Serpentinization 1s a hydrothermal transformation of ultramafic rocks, such as the Sub-Continental Lithospheric Mantle (SCLM) which represents a A » data site by site 104
reservoir of metals (e.g., Cu, Zn, Co, N1, Cr, PGE, V, Ti, Au). During their exhumation, the mantle rocks are affected by various hydrothermal processes ! iz, Z A
. . . . . . G277 S
which can lead to economically viable metal deposits (e.g., seafloor massive sulfides; Patten et al., 2022). Despite some works (Deschamps et al., 2013; ’ -‘-"’//7 =, =
Lawley et al., 2020), the characteristics of metal mobilities during serpentinization still remain poorly constrained, notably the related spatial scales. ' - Example of % ) i
To address this 1ssue, we have chosen a terrestrial example : the Ronda Massif (Spain). This massif 1s the largest remnant of SCLM 1n the world. It 1s Sllgkenflber IES&'F) = mantie Bhan N e o
partially serpentinized and 1s thus perfectly suitable to characterize metal mobilities at various scales (from the centimetre to the multi-kilometres scales). To and tension gash vein 2 —8— 8 —a— o
date, studies on the serpentinization of the Ronda peridotite remain scarce (Pedrera et al., 2016). Here we present the main serpentinization stages, then - Vertical shortening 28 3 o
the structures along which serpentinization occurred and stable 1sotope data (i.e., oxygen and hydrogen), as a pre-requisite to study metal mobilities. i (blue) and horizontal 2
stretching (red) 1
2. Geological setting 80% 20% 20% 60% 80% 100%
Cn : : : : : L % serpentinization
The Ronda Massif is located in the western Betic Cordilleras (Spain). This chain is the result of 20 el
polyphase tectonics, starting from the oceanic openings during Mesozoic (Central Atlantic Ocean, O
Ligurian Tethys and Maghrebian Tethys), to Cenozoic convergence bewteen Africa and Iberia plates. e U AN o .40 A
= XD 28
e . . . : . 7% ; -60 *
The Ronda Massif is a paleolithosphere slice (i.e., upper to lower crust . Tortonian.— , D ARESAESON O
. . Miocene |~ °° A\ £ SN = — O
with SCLM) exposed at the earth surface. However, the mechanims and basin | . \tdﬂ'/r/lll;"/” N \:\ \ D o manti - -
timing of this massif emplacement are still controversial. = -;/ﬂ R < 2@
s - D : upper = 2 N =4 - " TR n o
To date, we retain 2 models : ppe p © -100
i) transpressionnal emplacement (Mazzoli et al., 2011), to 1,’ R 1. Transpressional
ii) back-arc rifting before thrusting (Frasca et al., 2017). lower I N /2 / . vertical shortening v mantle
The emplacement timing is approximated by dating differentiated felsic ) Zone . s A ‘ 0 horizontal stretching = o "The 3 serpentirl1es fields from
magmas that intruded the Ronda Massif between 19 and 22 Ma (U-Pb  gcLm thrust shear ¢ - Marbella S 0+ (\\0 ® SMO\W  (Frun-Green et al, 2001) |
on zircon: Frasca et al., 2017). goRs | e i e = N\ 201 )
T e (Mazzoli et al., 2011) P
. . . -40 + oceanic .
V 1. Rift inversion by thrusting 8 serpentines "' SN
R - rifting '-’_ wgp  thrusting e g -601 o ]
Stage erpentinization —— o 80} — — — — — —AWDA 4 . _ B
: Iji:;“ {1 Tt S i RO N R 2 e ' - \ S a '%
n AO
SRR (Frasca et al., 2017) S -100+ A stage 3 ~
calculated compatible data ~ Scenarios for the emplacement of the Ronda Massif during the E -1204 ophiolite _
Oligo-Miocene ZS) © stage 2 _ serpentines
(ST 9 ; - 3 s £ ,, i By e N 1404 |me<asw continental i
7. ) N R G B : A i TR - S&F (stage 3) measurements through the Ronda Massif on 17 sites. 160 Eﬁif«i% lsta e 1|serpentines
e : ' s o) | B - No obvious dominant trend in vein orientation is observed in whole massif, but all sites present a vertical shortening 180 -'- average
(blue) and horizontal stretching (red) similar site to site (with variable direction), compatible with extension. e | 4180 £50°C h
- If we consider the whole massif as a single site, the multidirectional and horizontal stretching argues in favor of the '200_10 _é 0 5;5-7 1:0 15
pure flattening deformation mode (double boudinage ?). 5°0 (VSMOW) %o
-Two tectonic models are compatible with the vertical shortening and horizontal stretching of stage 3 serpentinization: g {and 2 he | , , . data. S ;
back-arc rifting (Frasca et al., 2017) or transpressional emplacement (Mazzoli et al., 2011) K tages 1 and 2 cluster near the intersection mean isotopic data. Stage
1s scattered around the values of stages 1 and 2.
5. Serpentinization rate at the scale of the massif ;a’ll;l;esre 1S no correlation between serpentinization rate and isotopic
100 4 - The 8 O and 8D value of Ronda serpentinites are split between ophiolite
'$' :'g': T stage @ or A\ o o . rp p p
90 1% o 8 - Serpentinization rate 1s highly variable and oceanic serpentines fields. Yet, the origin of the serpentinization fluid
° " o both at the outcrop and the massif scales. cannot be determined with certainty only based on the avalaible data.
80 18— Ce
S 0 3 X 0 ° - Serpentinization rate decreases near the - Overall, the fairly comparable isotopic compositions plead for a
8 70 1 . i peridotite tectonic border during stage 1. continuum of serpentinization, and relatively similar fluid-rock
‘é 60 - a 0 g ot >o< _ Other stages show high serpentinization interaction conditions (low fluid/rock ratio, variable temperatures).
g 501 = - I 8 [Stage 1] rate. - Isotopic data from two pairs of stage 3 serpentine-magnetite intergrowth
k= il B 5 © suggest a temperature of equilibrium of 180 =+ 50°C, using the
g- 40 - TS _ ° fractionation factor of Frith-Green et al., (1996)
g 30 - I
. 1
) R The peridotite of Ronda Massif has undergone three stages of serpentinization.
10 A S : C. . : :
Ei2ge 1 i) - Stage 1 corresponds to pervasive serpentinization more efficient near the outer contour of the massif
0 +— : ! 5Ql° | — than in the centre. It is marked by mesh texture lizardite 1.
{ S Q Q N . . : : : :
,‘6 ST i O 5 NG OV . Q'\Q@QQQ’\ ‘:90’3 3@@5 - Though being widespread through the Massif, stage 2 consists of discrete cm-long corridors of
® @5 W ie s Sy s > lizardite 2, chrysotile and magnetite.
] OO > distance to the closest Ronda Massif tectonic border (m) . . . . . o .
@% () ) OQ - Stage 3 1s marked by polygonal serpentine veins which lie within cataclastic zones at temperatures
N\ IS AN O References around 180 = 50°C during the Oligo-Miocene. The cataclastic deformation 1s characterized by multi-
e %cllinppyroxene Ser%ert\_ttinized '('j];nr::f:fffz"ﬁ“re +- magnetite Elti)sszﬂterecrystalized B e NS B ol conale aormenting directional horizontal stretching and vertical shortening, compatible with two tectonic scenarios.
olivine peridotite : = l& & = 1C _ h il ' liz 3 - met tic hal i i i i . . . . . . . . 18
B spinel [Jchrysotile —disseminated magnette 1) e B o raaio o ol oD ]S)ei;‘;};?fﬁﬁzs FA ?ec;?:‘ff’xﬂo?i%og2:1}213“0“’ K., 2013. Geochemistry of subduction zone | The three serpentinization stages display comparable isotopic signatures with average 8 O ~ +5%o and
N | R | S . 5D ~ -79%o. Globaly, both mineralogical and isotopic data suggest that stages 1 to 3 likely occured
stages [] O A Frasca, G., Gueydan, F., Poujol, M., Brun, J.-P., Parat, F., Moni¢, P., Pichat, A., Mazier, S., dur; . . = .
minerals stage 1 stage 2 stage 3 Other - Stage 1 is represented by pervasive serpentinization with variable rate in peridotite. 2017. Fast switch from extensional exhumation to thrusting of the Ronda Peridotites (South uring a unique, syn-tectonic, serpentinization event.
Lizardite B liz 1 mesh texture liz 2 iz 3 The serpentinized peridotite appears brown and massive in the outcrop, and contains Spain). Terra Nova 29, 117-126.
Chrysotile % ST s lizardite 1 in mesh texture with scarce magnetite. Frith-Green, G.L., Plas, A., Lécuyer, C., 1996. Petrologic and stable isotope constraints on hydrothermal alteration and serpentinization of the epr shallow mantle at hess deep (site 895). Proceedings of the Ocean Drill Program Science
Bastite 5 : . . . . . Results 147, 255-291.
Polygonale serp & vein - fibrous or crack-seal - Stage 2 corresponds to localized serpentinization in multi-centimetre white corridors, ) . , . _ _ A , SO, . | S !
P . 2 E— 2 T with development of lizardite 2, bastite, chrysotile and abundant magnetite (veinlet, Friith-Green, G.L., Scambelluri, M., Vallis, F., 2001. O—H isotope ratios of high pressure ultramafic rocks: implications for fluid sources and mobility in the subducted hydrous mantle. Contrib Mineral Petrol 141, 145—159.
Calcite vein - comb veinlet disseminated and cluster). Lawley, C.J.M., Petts, D.C., Jackson, S.E., Zagorevski, A., Pearson, D.G., Kjarsgaard, B.A., Savard, D., Tschirhart, V., 2020. Precious metal mobility during serpentinization and breakdown of base metal sulphide. Lithos 354355,
Others carbonates - - Stage 3 1s associated to cataclastic deformation, with shear zones and multi- 9278
S tinizati 7/ = & . . o A _ u. Mazzoli, S., Algarra, A.M., 2011. Deformation partitioning during transpressional emplacement of a ‘mantle extrusion wedge’: the Ronda peridotites, western Betic Cordillera, Spain. JGS 168, 373—-382.
yn-serpentinization ? ? millimetre green syn-tectonic fibrous veins. The veins contain polygonale serpentine , , , , , , o , ,
deformation . 1 qe . . . . . Patten, C.G.C., Coltat, R., Junge, M., Peillod, A., Ulrich, M., Manatschal, G., Kolb, J., 2022. Ultramafic-hosted volcanogenic massive sulfide deposits: an overlooked sub-class of VMS deposit forming in complex tectonic environments.
_ ~ and/or chrysotile, with lizardite 3, bastite and magnetite cluster in metasomatic halo. : :
Y . mafic felsic Earth-Science Reviews 224, 103891.
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