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135 suggesting a genetic relationship between both events [START_REF] Chauris | Metallogeny of Armorican Massif[END_REF]Brown and 136 Dallmeyer, 1996;[START_REF] Bouchot | Late Variscan mineralizing 864 systems related to orogenic processes: the French Massif Central[END_REF][START_REF] Gloaguen | Palaeozoic oolitic ironstone of the French Armorican Massif: a chemical and structural trap for 1041 orogenic base metal-As-Sb-Au mineralisation during Hercynian strike-slip deformation[END_REF]. At the end of Late 137 Carboniferous, a network of N160°E trending fractures and faults crosscut oblique folds and 138 granite intrusions [START_REF] Gapais | Is the Hercynian belt of Brittany a major shear zone?[END_REF].

139

Since the end the Paleozoic era, the Armorican Massif underwent intense sub-tropical 140 wet climatic conditions, favoring weathering and the formation of lateritic soils (e. g. Estéoule-141 Choux, 1983;[START_REF] Le Corre | Le Massif Armoricain[END_REF]. 150 m 2 , with a mean depth of ~ 5 to 7 m (Fig. 2c). The pit face shows four superposed lithological 151 levels (Table 2 and Fig. 3): A lowermost level (TRS-0) of greyish schist preserving sub-vertical 152 (WNW-ESE/85°S) cleavage (S) with veinlets and nodules of iron oxides associated with 153 centimetric thick quartz veins (Fig. 3a). Above this level, a ~4 m thick darker claystone schist 154 level containing a few trilobite fossils [START_REF] Dubreuil | Saint-Mars-la-Jaille (421)[END_REF] 429 (2014). With respect to most predominant and trace elements, the mudstone composition 430 sampled in the Tertre Rouge schists is similar to that of quoted averages for post-Archean shales 431 [START_REF] Wedepohl | Environmental influences on the chemical composition of shales and clays[END_REF]. Transition and non-transition metal contents agree reasonably well with 432 worldwide average shale compositions [START_REF] Johnson | Secular distribution of Highly Metalliferous Black Shales corresponds 1072 with Peaks in Past Atmosphere Oxygenation[END_REF]. Several elements, however, do 458 Light Rare Earth Elements), P, Th, and Sr budget is clearly controlled by accessory phosphates 459 (namely florencite; predominant over monazite and xenotime-Y). Florencite is a phosphate 460 member of a phosphate subgroup of the alunite supergroup of minerals having the general 461 formula AB 3 (XO 4 ) 2 (OH) 6 , where the A-site is filled with Ce, La, and Nd; the B-site with Al;

462 and the X-site with P [START_REF] Bayliss | Alunite supergroup: recommended 845 nomenclature[END_REF]. The structure of florencite also accommodates 463 varying amounts of Ca 2+ , Pb 2+ , Hg 2+ , K + , Ba 2+ , Sr 2+ , Rb + (in A-site), Fe 3+ , Cu 2+ , Zn 2+ , Sn 2+ , V 3+ , 464 Cr 3+ , and Ga 3+ (in B-site) (Dill, 2001;[START_REF] Gaboreau | Aluminum phosphate-sulfate 1012 minerals associated with Proterozoic unconformity-type uranium deposits in the East Alligator 1013 River Uranium Field, Northern Territories, Australia[END_REF][START_REF] Repina | Florencite (Sm) -(Sm, 1154 Nd)Al 3 (PO 4 ) 2 (OH) 6 : A New Mineral Species of the Alunite -Jarosite Group from the Subpolar 1155[END_REF] ). They may be authigenic in shales and sandstone (e.g. early diagenetic 479 REE, Al phosphate minerals in marine sandstones are a major sink for oceanic biogenic 480 phosphorus [START_REF] Pouliot | Florencite: A first occurrence in Canada[END_REF]Rasmussen, 1996 and references therein)). They may 481 be a weathering product in argillized igneous rocks, resulting from pervasive chemical 482 alteration of primary phosphates [START_REF] Nriagu | Phosphate Minerals[END_REF][START_REF] Schwab | The formation of aluminous 1174 phosphates through lateritic weathering of rocks[END_REF] and coexisting 

  pit located to the SE of Saint-Aubin-des-châteaux (Fig. 2b) has been 146 working since 1948. Today the B.N.Z. company still extracts the kaolinized schist for the 147 manufacture of firebricks. It is excavated into the Middle Ordovician slaty schists ("Calymene-148 bearing schists" in ancient geological maps) from the "Angers-Traveusot" formation located 149 into the south limb of WNW-ESE trending anticlinal fold. The pit covers a surface of 20,000

  408 the part played by rutile and florencite in the trace element budget. A more complex behavior 409 can be inferred from Fig.12for the transition elements (Sc, V, and Cr) Y and HREE that do 410 not show systematic concentration changes with respect to the schists. Their behavior likely 411 reflects a multimineral partitioning effect and a stronger preference for the crystalline structure 412 of clay minerals (cf Linnen et al., several kaolin deposits described thus far, the Tertre Rouge deposit shows 417 evidence of a polygenic formation process of clay minerals, such as (i) the pervasive 418 replacement of the schists by kaolinite and other secondary minerals (Fe oxyhydroxides); (ii) 419 the crystallization of nacrite-dickite-pyrophyllite inside veins/veinlets that were unrelated to the 420 pervasive pit scale formation process of kaolinite. Both processes involved a peculiar carbon-421 rich schist parent material characterized by aluminum phosphates (namely Sr-and Ca-bearing 422 florencite (Ce)). This protolith, ascribed to Middle Ordovician continental platforms, will be 423 discussed first, before addressing the timing and petrogenesis of clay formation. 424 425 7.1 Florencite-bearing Ordovician sedimentary parent rock composition 426 The bulk-rock analyses of the Tertre Rouge schists are indicative of an upper crust 427 mudstone/shale composition characterized by a two-fold metal enrichment (As, Be, Bi, Cr, Ga, 428 Cu, In, Pb, Sc, Sn, Ta, Th, V, P, and Ti) compared with the estimate made by Rudnick and Gao

  

  

  

  

Table 4 ,

 4 TableS1). If close to 1, their coefficients correlations with the major index elements 388 (TiO 2 , K 2 O, P 2 O 5 ) indicate the major mineral concentrator for each element, in addition to SEM 389 EDS analyses of Figs 9 and 10. It can be deduced that LILE (Ba, Rb, and Cs) and Pb are 390 preferentially hosted in mica/illite. Sr-bearing florencite is the main concentrator for Sr, Th, and Fig.12). Compared to the schists, all the veins are 405 strongly depleted in LILE (Cs, Rb, Ba, Sr, Th, U, and LREE) and HFSE (Zr, Hf, Nb, and Ta); 406 this agrees with the near 0 modal abundance of mica, florencite, and rutile in those veins. Their 407 HFSE contents positively correlate with TiO 2 , while LREE correlate with P 2 O 5 , thus outlining

	(Figs. 3b-e) exists; this level was

391 LREE, with LREE+MREE and Th being also hosted in monazite (SEM EDS data). Xenotime 392 controls Y and HREE. The homogeneous distribution of florencite in all of the three analyzed 393 schists perfectly accounts for the very flat and highly reproducible LREE segment in the crust-394 normalized pattern of Fig.

12

. It also explains the coherent geochemical behavior of P, V, and 395 Cr; all three elements may replace PO 4 in the anionic group of phosphates (see

Chang et al., 396 1997)

. By contrast, the variability of MREE and HREE likely reflects more complex 397 distribution patterns between two trace phases (xenotime + zircon). Zircon is the main 398 concentrator of Sc, Zr, Hf, and U while rutile carries the budget of Nb, Ta, and W. Note that 399 multiple positive correlations between chalcophile elements Cu-Co-Zn and Sn, yet no Cu-Zn 400 sulfides were detected with the SEM. The good positive correlation between Sb and Mo is 401 characteristic of euxinic shale sediments (residual altered pyrite)

[START_REF] Samalens | The role of black shales as a source of sulfur and 1170 semimetals in magmatic nickel-copper deposits: Example from the Partridge River Intrusion, 1171 Duluth Complex, Minnesota, USA[END_REF] 402 Coveney and Pasava, 2004;[START_REF] Large | Multistage Sedimentary and Metamorphic Origin of 1084 Pyrite and Gold in the Giant Sukhoi Log Deposit, Lena Gold Province[END_REF]

.

  Nd 0.13 Ce 0.28 Sr 0.24 Fe 0.05 Ca 0.17 Al 3.32(P 1.87 O 8 ) (OH) 6 (calculated on the basis of 11 oxygen 468 atoms). Their EDS spectra systematically detected Ca and Sr, indicating solid solutions toward 469 goyazite and crandallite, which are two other types of aluminum phosphate (Fig.10). Thorium 470 was detected in half of the EDS spectra as well, suggesting the substitution of 2REE 3+ by Ca 2+

									. The Tertre
	465 Rouge florencites are generally too fine-grained to provide reliable in-situ compositions; only
	466 one	particle	allowed	us	to	obtain	its	structural	formulae:	-
	467 La 0.15 471 + Th 4+ . Sulfur was also detected, suggesting a significant solution toward sulfates (a property
	472 of Al phosphates in the APS association, see Dill, 2001 and reference therein).		
	473	APS minerals of the goyazite (SrA1 3 (PO 4 ) 2 (OH) 5 -H 2 0) group, including florencite-Ce,
	474 have been identified in a number of Australian coals, as well as in kaolinite claystones
	475 (tonsteins) associated with coal seams in New South Wales (Ward et al., 1996). These
	476 phosphates typically represent a range of solid solutions containing goyazite, gorceixite
	477 (BaAI 3 (PO 4 ) 2 (OH) 6 • H 2 0), crandallite (CaA1 3 (PO 4 ) 2 (OH) 5 • H 2 0), and florencite ((La, Ce,
	478 Nd)Al 3 (PO 4 ) 2 (OH) 6								

Table 3 .

 3 Major element contents of Tertre Rouge samples (wt%).

	Element	TRS-0b	TRS-0c	TRS-1d	TRV-1	TRV-2a	TRV-2b
	SiO 2	54.99	58.72	53.23	55.19	45.9	46.36
	TiO 2	1.06	1.21	1.14	0.01	0.26	0.08
	Al 2 O 3	26.52	25.28	29.5	34.05	37.45	38.14
	Fe 2 O 3	4.48	1.98	2.99	0.21	2.94	2.77
	MgO	0.79	0.52	0.27	0.13	0.05	0.02
	MnO	0.006	n.d.	n.d.	n.d.	n.d.	n.d.
	CaO	0.13	0.13	0.16	0.07	0.06	0.11
	Na 2 O	0.82	0.92	0.85	0.21	0.09	0.02
	K 2 O	3.93	3.32	3.24	1.07	0.34	0.1
	P 2 O 5	0.25	0.25	0.4	0.03	0.13	0.07
	L.O.I.	7.46	7.86	8.97	9.62	13.77	13.51
	Total	100.44	100.18	100.75	100.58	100.98	101.18
	Organic C	0.23	0.89	0.58	n.a.	n.a.	n.a.

L.

O.I. : loss on ignition; n.d. : not detected; n.a.: not analyzed 

L'

Highlights

 The Tertre Rouge kaolin deposit replaces ordovician schists of the Armorican Massif  Al-phosphates are major concentrators of LREE and Sr  Kaolinization was mainly produced by Paleogene weathering  A minor, older hydrothermal event is suggested by high-T clay mineral veinlets 

Declaration of interests

+ The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

☐The authors declare the following financial interests/personal relationships which may be considered as potential competing interests: