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Abstract

In the Southwestern part of the French Massif egér(fdecazeville basin, at the Sillon
Houiller fault termination; Figeac and LacapellesiMal basins along the Argentat fault),
Stephanian volcanism exhibits shoshonitic affisiti€heir chondrite-normalized Rare Earth
Element (REE) patterns are enriched in light RE&, &lmost flat for heavy REE, with
marked negative Eu anomalies. Primitive mantle-radizad element spectra show negative
Nb, Ta, P, Sm, Ti, and positive Th, U, Pb anomaliespectivelyeng values are negative and

homogeneous (-6 to -4). This volcanism shares #meesgeochemical patterns as the late-



orogenic Stephanian-Permian magmatism from thehsout part of the Variscan belt
(Pyrénées, Alps, Sardinia). We explain these geunda characteristics as resulting from the
partial melting of a metasomatised mantle. We psepa new mechanism to explain this
melting process: horizontal displacement alongntiaén late-orogenic strike-slip faults might
bring into contact a hydrated lower crust with lileospheric mantle. Mantle metasomatism

within the strike-slip fault zone may then indu@etml melting.

Résumeé

Le volcanisme Stéphanien du Sud Ouest du Massifatdrancais, observé dans les
bassins de Decazeville a I'extrémité du Sillon Heui de Figeac et Lacapelle-Marival le
long de la faille d’Argentat, présente des caraigtiijues géochimiques similaires. Il s’'agit
d’'un magmatisme d’affinité shoshonitique, présenthas spectres de terres rares normalisés
aux chondrites enrichis en terre rares légeres, anaiesque plat pour les terres rares
lourdes, avec une anomalie négative en Eu marduesespectres élémentaires normalisés au
manteau primitif montrent des anomalies négativedlb, Ta, P, Sm et Ti, et des anomalies
positives en Th, U et Pb. Les valeursy@'sont négatives et également trés homogeénes (-6 a -
4). Ce volcanisme présente les mémes caractérstique le volcanisme tardi-orogénique
stéphano-permien du Sud de la chaine varisque (Bg® Alpes, Sardaigne). Ces
caractéristiques sont interprétées comme résult@datla fusion partielle d’'une source
mantellique métasomatisée. Il est proposé un nauve@canisme provoquant cette fusion,
par l'intermédiaire du déplacement horizontal desllés décrochantes tardi-orogéniques
majeures, qui pourrait mettre en contact une croiit®rieure hydratée et le manteau
lithosphérique. La métasomatose du manteau dameria de faille décrochante provoquerait

sa fusion.



Introduction

Late orogenic times are key periods in mountairt bgblution, when the continental
lithosphere acquires a new structure that will canfurther evolution, including its
reworking in new orogens. The continental cruspasticularly modified by late orogenic
magmatism and tectonism. Bimodal magmatism is vpicessd, and results primarily from
partial melting of the crust and underlying marfBenin, 2004]. The magmas evolving from
mantle melts are commonly potassium-rich [High Bsitan Calc Alcaline: HKCA, e.g.
Liégeoiset al, 1998], but the mechanisms associated with thislement are still a matter of
discussion [Gibsoret al, 1993; Liégeoiset al, 1998; Miller et al, 1999; Pecerillo and
Martinotti, 2006]. This magmatism is coeval withchange in the tectonic regime, from
regional compression to strike-slip, then extersioregime, that precedethe tectonic
guiescence [e.g. Blest al, 1989]. The strike-slip regime generates numerkautical faults
that cross-cut the orogenic structures.

At the end of the Variscan orogeny, Westphaliarksyematic plutonism accommodated
extension parallel to the mountain belt [Faure,5198efore the widespread post-orogenic
Permian extension, the Stephanian period represetrignsition with numerous strike-slip
faults and associated intracontinental coal-beabiagjns. In the French Massif central, the
Sillon Houiller is one of these strike-slip fau(fsg. 1), coeval to the formation of numerous
deep and narrow Stephanian basins first infillethwiotassic volcanism [Letourneur, 1953].
Potassic volcanism is also known in other Stepmmatmiasins, as for example along the
Argentat fault in the western part of the Massihtcal (Fig. 1). These two faults meet
together in the southwestern Massif central, wheereomparison of these late orogenic

potassic volcanism in coeval strike-slip and extama basins can be done.



Geological setting

The present study focuses on the volcanism locatethe Decazeville basin, at the
southern termination of the Sillon Houiller, andrigeac and Lacapelle-Marival basins along
the Argentat fault.

The Sillon Houiller fault is a 270 km-long, neaf§+S to NNE-SSW striking left-lateral
fault, which crosses the entire Massif central (B)g The cumulated horizontal displacement
has been estimated as ranging from 70 to 100 kil@®¢Grolier and Letourneur, 1968]. This
fault has been considered as a transfer fault acmxtating differences between NW-SE and
NE-SW extension directions on its western and eadigles [Burget al, 1990]. However,
this interpretation is not supported by the agexiension, which is Namurian-Westphalian
for the western NW-SE trend and Stephanian-Auturicanthe NE-SW extension [Faure,
1995]. Nevertheless, due to its NNE-SSW trend aoknection with coeval Stephanian
basins, the Sillon Houiller fault can be considemsther as a transfer [Faure, 1995] or
transform fault [Basile, 2006] in Stephanian tim&he formation of the Decazeville basin
was tectonically controlled by its horsetail splermination in a transtensional regime
[Basile, 2006]. In the lowermost part of the basifilling, a thick volcanic complex overlies
coarse conglomeraté€Big. 1). The upper part of the 1 800 m-thick seshiary cross-section
is almost devoid of volcanism, expressed only bigwa thin layers of tuffs intercalated in
lacustrine to deltaic continental sediments.

The Argentat fault is a 160 km-long curved faulthe western part of the Massif central,
running from the Bosmoreau Carboniferous basiméaorth and the Decazeville basin to the
south (Fig. 1). This fault strikes N-S in its nath part and NW-SE in its southern part. The
Argentat fault first acted as a right-lateral digctiormal fault, then as a brittle strike-slip faul

during the Late Carboniferous [Feet al, 1987; Roiget al, 1997]. Figeac, St Perdoux and



Lacapelle-Marival represent the southernmost bassssciated with this fault (Fig. 1). They
are not directly bound by the Argentat fault, bpp@ar as the Argentat basin located on a
basement flexure [Genre al, 1998]. Due to of Mesozoic sedimentary cover,dbienection
between Figeac and Lacapelle-Marival basins isgmtés hidden (Fig. 1), but both basins
probably belong to a single one whose remnants delied below the Mesozoic sediments
[Lefavrais-Raymondet al, 1990]. As for the Decazeville basin, the 300 @D 4n-thick
volcanic complex is located at the base of therbadilling, overlain by coarse detrital
sediments. Numerous NW-SE-trending feeder dikes @lsss-cut the basement close to the
Lacapelle-Marival basin (Fig. 1), providing evidendor a NE-SW extension during
volcanism and basin subsidence.

In these basins, sediments are middle Stephanitapl{&ian B) in age, with early
Stephanian ages (A) suspected in the St Perdoun, lzaxl the base of late Stephanian (C)
observed in the Decazeville basin (Fig. 1) [Vet#&68]. Permian sediments unconformably
overlay Stephanian beds in the eastern part obdwazeville basin. They were also found in
the Figeac basin [Lefavrais-Raymoeidal, 1990]. The age of volcanism is also assummed to
be Stephanian, but this age is controversial inDkeazeville basin. From palynology, the
older sediments were dated as the base of midégh&hian [Vetter, 1968], whereas U-Pb
dating on unlocated volcanic zircons provided ateoVNisean age [333 Ma, Bruguiet al,
1998].

Volcanism is expressed as basalts, intermediatelsic rocks, mainly as lava flows, but
also as ejecta and numerous dikes in the crystaiasementMorre [1966] and Morre and
Quesnel [1967] emphasized the potassium-rich ctaraof these lava, especially in
intermediate rocks in which# ranges from 6 to 11%.

- In the northern part of Decazeville basin, saaplere collected from two areas

(Fig. 1), the Bouran section along the D963 roasnfgdes CLB95-1 to —8), and the Lot river



banks on either side of Livinhac bridge (CLB95-3-i¥, and CLB96-1). The Bourran section
consists of volcaniclastic rocks and volcanic flamesformably overlain by detrital sediments
[Campagnac unit, Vetter, 1968]. The graded bedarchniclastic rocks rest unconformably
on Variscan micaschists, and consist of brecciakslapilli-tuffs, interlayered with massive
volcanic flows. The breccias are composed of m&t¥d volcanic blocks caught in a
tuffaceous matrix while the lapilli-tuffs includeetimeter-sized angular volcanic fragments.
The lapilli-tuffs locally grade to millimeter-sizestystal tuffs. Near Livinhac, massive basalts
are exposed on both sides of the Lot river. Théheon outcrop is cross-cutted by a porphyric
dike (CLB95-17).

- In the Figeac area, two sections were sampladt E£€l€) and North (Planioles) of
the city, respectively (Fig. 1). Along the Plan®lsection, hyalopilitic basalts crop out
(CLB96-3). They are successively overlain by vitiudfs, very altered rhyolites (CLB96-2)
and detrital sediments. In the Célé valley, twocoys of massive flows of intermediate
composition (CLB96-5) can be found.

- Near Lacapelle-Marival, two volcanic levels arterbedded with Carboniferous
shales, sandstones and conglomerates. Samplingerognaenassive flows of mafic to
intermediate composition in the northern part of thasin (CLB96-13 to -17) and small

outcrops of intermediate to acidic lavas to thetls§GLB96-6 to —12, Fig. 1).

Petrography and mineralogy

The studied volcanic rocks are frequently sevenadgthered. Plagioclase is often replaced
by albite or sericite, or even quartz and epiddvine is transformed to iddingsite,
serpentine or smectites. Orthopyroxene and clirg@me remain more commonly fresh.

Biotite and hornblende are often chloritized. Whadtered, Ti-rich oxides are filled with



titanite. Mafic glass has crystallized into chlerit smectites while vesicles are filled with
calcite or smectites. The groundmass of intermediatas and rhyolites consists of fine
grained quartz associated with alkali feldsparitalbr adularia). As no metamorphism has
been observed in the sediments overlying the latres,occurence of chlorite probably
indicates hydrothermal alteration coeval with lavaption.

In both Decazeville and Lacapelle-Marival basingfimrocks are commonly glomero-
porphyritic with clots of large zoned plagioclasgthopyroxene and clinopyroxene. These
phenocrysts are associated with either olivine miplabole and biotite + quartz. The
groundmass includes plagioclase microliths and exidQuartz xenocrysts rimmed by
orthopyroxenanay occur. In Lacapelle-Marival area, some bagshfter by their trachytoid
texture that consists of plagioclase laths (30 %@ kess abundant larger phenocrysts (~ 10
%). The intermediate lavas exhibit seriate textuneth millimeter-sized alkali feldspar
phenocrysts. Their groundmass includes sandstoclasions and quartz-filled flattenned
vesicles. The rhyolites display quartz and feldgg@nocrysts (20 %) and biotite needles (~
10 %), that includes apatite and zircon. The Figbgolites differ from those from Lacapelle-
Marival by the presence of green hornblende.

When preserved (CLB95-5, CLB95-16, CLB96-1, CLB96{dagioclase composition of
mafic volcanic rocks varies from Ca-rich cores ¢fg) to Na-rich rims (ABy.49. Preserved
alkali feldspar (CLB96-11) gives sanidine compasifi (Aly7-69. Clinopyroxene phenocrysts
(CLB96-1, CLB95-16, CLB95-5) show homogeneous augiompositions [Wg.44 Enugs)
Fsi22;; Morimoto et al. 1988], while preserved orthopyroxene (CLB95-5, ©bBBEL6) has

bronzite compositions (Wo s Eny7.7g FSig-21).



Geochemistry

Analytical techniques

Thirty one samples have been analysed for wholk no@jor- and trace-element
concentrations. Among them, twenty one have beatysed for Nd, and nine for Sr isotopic
chemistry (tabl. 1). Major and compatible tracereémts have been measured by ICP-AES at
the Centre de Recherches Pétrographiques et Géqaeisnde Nancy (samples CLB95) or by
X-ray fluorescence (XRFpat the Earth Sciences Department of the AustraNational
University at Canberra (Australia) (samples CLB9R)e trace-element concentrations have
been determined by inductively coupled plasma-nspestrometry (ICP-MS, VG-P() at
the Laboratoire de Géodynamique des Chaines Alpdeed'Université Joseph Fourier
(Grenoble), after acid dissolution, using the pdures described by Barrat al. [1996].
Standards used for the analyses were JB2, WSE 1BIR-1, and BHVO.

Sr and Nd isotopic ratios were measured at the lzabioe de Géochimie isotopique de
I'Université Paul Sabatier (Toulouse), on a FinnighMAT261 multicollector mass
spectrometer using the analytical procedures ofdreget al.[1997]. Results on La Jolla Nd
standards yielded"™Nd/A*Nd = 0.511850 + 8 (mean on 39 runs). Results on BB Sr
standard yielded’Srf°Sr = 0.710250 + 5 (mean on 200 runs). The isotdpi@ have been

corrected for “in situ decay” for an age of 300 Ma.

Alteration and elemental mobility

Most of the analysed rocks have a loss on ignitbever than 6% (LOI, tabl. I), due to the
presence of calcite- or smectites-filled vesicuMsreover, the altered nature of the studied
Carboniferous volcanic rocks means that before @etyological inferences can be drawn

from their chemistry, possible effects of subsdid@nsformations must be considered.



As Zirconium (Zr) is considered to be immobile dahgrilow-grade alteration of igneous
rocks of mafic to felsic composition by hydrothetfrflaids [Gibsonet al, 1982], it has been
used ot test the mobility of minor (T#) and incompatible trace elements (Rb, Sr, Pb, La,
Nb, Y, U and Th) in figure 2. Rb, Sr, Pb and Lard display any correlation with Zr. This
implies that Large lon Lithophile Elements (LILEpVe been extensively mobilised. For
example, some samples are enriched in Pb (otherBajy probably in relation with
hydrothermal circulations [Marignac and Cuney, 199hus, variations in LILE are not
expected to reflect the composition of the sour(®s isotopic ratios) or the magmatic
processes. These variations will not be discusselder on. Similarly, the behaviour of K and
Ca also exclude their use for sample classification

In contrast, other elements such as U, Th, Nb @, Taorrelate rather well with Zr,
suggesting relativenmobility. However, some samples (CLB95-17, 959451, 96-5) differ
from the correlation trend on the Nb-Zr plot. Tlaan® samples, together with CLB95-6, 95-
12, 96-2, 96-8 show a negative correlation on th@,-¥r diagram, while all other samples
exhibit a positive correlation. CLB95-17 is the mogfic sample (Si©51.9%, MgO 7,7%,
tabl. 1); CLB95-1, 95-6, 95-12, 95-15, 96-2, 969%-8 represent the most SHich and
MgO-poor samples (S>> 65% and MgO < 1.3%, tabl. I).

In the Y-Zr diagram, each sampling site correspaieddistinct Y-Zr correlation trends.
This suggests that the Carboniferous volcanic rarksnot related by simple fractionation
processes, but rather reflect variations of partialting ratios, and/or complex fractionation

processes dominated by clinopyroxene or amphibmeraulation and/or removal.

Volcanic rocks terminology

Because of the alteration experienced by the Cadryons volcanic rocks, it was difficult

to name the different facies on the basis of miongsaonly, especially for the mafic rocks.



The various types of volcanic rocks have been misoated using Ti and immobile trace
elements Zr, Nb and Y (figure 3). The most mafickro(CLB95-17) plots in the
andesite/basalt field. The samples that exhibibsitiye correlation in the Ti@Zr diagram
(figure 2) have a constant Zr/Ti ratio and plot mélae fence separating the field or
rhyodacites from that of andesites, with the exoepof sample 95-13 which plots in the
alkali basalt field. Among the most SiO2-rich saegpthat show a negative correlation in the
TiO,-Zr diagram (figure 2), CLB95-1 plots in the tracandesite field, CLB95-6, 95-12, 96-2
and 96-8 in the rhyodacite field, CLB96-5 in thegalite field and CLB95-15 at the fence
between trachyte and comendite.

Because K is highly mobile during alteration ana lgrade metamorphism processes, we
cannot rely on the K contents of the Carbonifenmisanic rocks (half of the samples have K
contents from 6 to 12%) to infer calc-alkaline dioshonitic affinities. Mulleret al. [1992]
proposed a Th/Yb versus Ta/Yb correlation diagramdiscriminate arc-tholeiites, calc-
alkaline and shoshonitic suites. As shown in figdremost of the Carboniferous volcanic
rocks fall in the shoshonitic field, with the extiep of 95-17 andesite/basalt which fall in the

calc-alkaline field. In this plot the most SiO2hisamples exhibit a more shoshonitic affinity.

Trace-element geochemistry

Figure 5 illustrates the chondrite-normalized [Samd McDonough, 1989] Rare Earth
Elements (REE) patterns of the Carboniferous vatcarcks. All the rocks are enriched in
Light (L) REE relative to the heavy (H) REE [28(La/Yb), < 31.9]. However, HREE
patterns are either flat or gently sloping, sugggsthat LREE enrichment reflects a
metasomatised source [Keppler, 1996; Tatsumi argid€p 1997; Beccaluva et al., 2004]. All

samples also show negative Eu anomalies (0.38 ELEut 0.84). These anomalies suggest

an early fractionation of plagioclase during magtiféerentiation. The most SiO2-rich rocks



(e.g. samples CLB95-1 and -6 in Bourran) are comynlass enriched than mafic rocks (e.g.
samples CLB95-4 and -8 in Bourran), especiallyH&tEE (Figure 5). This suggests again
that these lavas cannot result from fractionaltatiisation of basalts.

There are no significative differences between dhmpling sites, with the exception of
negative Ce anomalies (0.67Ce/Ce*< 0.38) for four rhyodacites from the southern pudrt
Lacapelle-Marival basin (CLB96-6, CLB96-10 to -12wo rhyodacites from Decazeville
(CLB95-8, CLB95-9) differ from the other rocks Hwgtter patterns [2.8 < (La/YR 4.9]. The
trachyte from the Livinhac site (CLB95-15) diffdrem the other felsic rocks by a very steep
REE pattern due to an important HREE depletion/Xbd, = 31.9].

Figure 6 shows the primitive mantle-normalized spiliagrams [Sun and McDonough,
1989]. Whatever their location or mafic charact€grboniferous volcanic rocks exhibit
similar trace element patterns, characterized Igyative Nb, Ta, P, Sm, Ti and positive Th, U
and Pb anomalies, respectively. As shown previo(lKly. 2), Sr vary from 10 to 330 ppm.
The most mafic rocks exhibit a homogeneous comipasior all trace elements, with the
exception of CLB95-17 that differs from the otheafia rocks by a Zr and Hf depletion.
CLB95-17 as other samples (CLB95-1, 95-13, 95-B5pPthat define a negative trend in

TiO2/Zr correlation (Fig. 2) are all characterizgda negative Y anomaly.

Nd and Sr isotopic geochemistry

The Carboniferous volcanic rocks span a ratherlsaradie ofeng values, from -5.8 to -3.9,
with the relative exception of CLB96-5 rhyolitey§ = -2.2). All g are negative, and do not
present significative variations with rock type wock chemistry (tabl. I). These very
homogeneous values suggest that these lavas aratiy and indicate a crustal signature in
the melting source. ThESrf°Sr ratiois less homogeneous and ranges between 0.71128 and

0.70415;¢s, ranges from 0 to 325 (tabl. I). As exposed abd¥Me,and Sr mobility during



hydrothermalism and alteration precludes any usdhete elements as markers of the

magmatic sources.

Discussion

Geochemistry

Whatever their location or petrology, all the asaly samples display high (La/¥batios
but almost flat HREE patterns, marked negative Bonalies, homogeneous negateg
values (between -5.8 and —3.9) and in primitive theamormalized plots, negative Nb, Ta, P,
Sm, Ti anomalies and positive Th, U and Pb anomalide most Si@rich and MgO-poor
rocks and one basalt (CLB95-17) can be distinguisinem other samples by a negative
correlation in Ti/Zr diagram (figs. 2 & 3). Thesansples present additional geochemical
characteristics, such as Y depletion and enhanegdtive Ti anomalies, and for some
samples negative Ce anomalies.

The occurence of mafic rocks implies partial mejtof the mantle. As the most SiO2-rich
rocks display REE spectrums that are less enricheREE than mafic rocks, they can not be
linked together only by crystal fractionation preses. However, as they present similar
characteristics, all these lavas may have been erinom similar sources and similar
mechanisms. All these rocks belong to a shoshaosiiite, characterized by the absence of Ti
and Fe enrichment during crystal fractionation.sTisi a classical feature of hydrous melts
[Gill, 1981]. Similarly, as Nb and Ta are insolubile water, their negative anomalies in
primitive mantle-normalized plots can also resuttni a mantle source metasomatised by
water.

As shown by the occurence of sedimentary xenoiitlikese lavas, the positive Uh and

Pb anomalies may be explained by contaminationdoyirental crust, while the negative Ce



anomaly may indicate contamination by oceanic raskesliments or altered oceanic crust)
[Bohrson and Reid, 1997]. These contaminations atayr during magma ascent, but more
probably reflect the direct contribution of hydroadustal materials to mantle melting, as
suggested by the negatiggy values, the homogeneous shape of REE patternghant/Y
versus Zr/Y and Nb/La versus Th/La diagrams (FjgAll samples display a positive linear
trend, except one basalt (CLB95-17) in both diagramd the most Siich rocks in Ti/Y
versus Zr/Y diagramThis suggests that the contamination by hydrowstal material is
strictly linked to melting of the source, i.e. thtae mantle protolith was metasomatised by
hydrous crustal materials, that participated inntslting. Among the analysed rocks, the
Decazeville acidic lavas have the highest Ti/Y \YZiNb/La and Th/La ratios, suggesting that
the proportion of crustal material was higher ie gource of these volcanic rocks than for
Figeac and Lacapelle-Marival magmas.

Initial fractionation of apatite from these meltancexplain the P negative anomalies.
Similarly, the negative anomalies in Ti, Eu and ahde explained by early fractionation of
Fe-Ti oxides (sometimes found as inclusions in ftbleenocrysts), plagioclase and
clinopyroxenes, respectively. The peculiar Y deptein the SiQ-rich lavas and CLB95-17
basalt can be explained by clinopyroxene or ampdili@actionation, that may have not
occured for the other lavas. Similarly, their négafi/Zr correlation can indicate Fe-Ti oxide

fractionation.

Structural control on magmatism

Despite differences in structural setting, theeeray marked differences in the petrology or
geochemistry of rocks from Decazeville, Figeac &mdapelle-Marival basins. Thus, the

faults and the tectonic regime control the formatad these Stephanian basins, where the



volcanism took place, but they do not influencepigrology or geochemistry. The NW-SE
striking dikes found in the basement of Lacapellarival basin, and the occurence of
volcanism as the first infilling of all the basiakng the Sillon Houiller fault indicate a strike-
slip tectonic regime at the French Massif centcales with a NE-SW stretching direction and
a NW-SE shortening direction. This regime is assted to the left-lateral slip on the Sillon
Houiller fault, and to extension or right-laterahristension along the Argentat fault. This
seems to be the main tectonic regime at the tintkeeoinfilling of the Stephanian basins along
these faults [Basile, 2006]. As the same volcarsgystematically occurred in all the basins
along the Sillon Houiller fault [Letourneur, 1953{,can be proposed that the Lacapelle-
Marival volcanism, located only 25 km West of thBo& Houiller fault, came from the same
source as the Decazeville volcanism. The localatians in the tectonic regime only

controlled the volume and surface covered by votckava flows.

Late-orogenic Variscan magmatism

Stephanian volcanism from the French Massif certtedbngs to the extended K-rich
igneous province emplaced during Stephanian toyEgetmian times in the southern part of
the European Variscan belt [Pyrénées: Innoetrdl, 1994; Western Alps: Canngt al,
2002; Central Alps: Schaltegger al, 1991; Southern Alps: Rottust al, 1998, Cortesogno
et al, 1998; Corsica and Sardinia: Tommashal, 1995]. In the Pyrénées [Bixel and Lucas,
1983] and Western Alps [Capuzzo and Bussy, 2000$, volcanism is located in basins
clearly controlled by strike-slip faults. Togetherth the K-rich character, these igneous
provinces share similar geochemical patterns whin $tephanian volcanism for the SW
Massif central: in chondrite-normalized diagramRBE-enriched patterns, flat HREE spectra
and negative Eu anomalies; in primitive mantle radired diagrams, negative Nb, Ta and Ti

anomalies, and positive Th and U anomalies; anathegeng values (-3 to -7), with the



exception of the most recent (Permian) lava thaelslightly positiveeng Values [Innocengt

al., 1994; Rotturaet al, 1998; Canniet al, 2002;]. It is noteworthy that these geochemical
characteristics were homegeneous during a large span and in various parts of the
Variscan belt.

The origin of potassic late-orogenic magmatismtiit & matter of debate [Gibsoet al,
1993; Liégeoist al, 1998; Milleret al, 1999; Pecerillo and Martinotti, 2006].

- As this magmatism indicates a hydrous melt, saathors [e.g. Stampfli, 1996] proposed
that it was generated in an active subduction ok{aac setting. However no subduction was
active in this part of the Variscan belt at thabdj the studied Stephanian volcanism can
therefore not be directly linked to subduction msses.

- More frequently, the geochemical patterns of gsitalate-orogenic magmatism have
been explained by contamination, either by crustedtamination during magma ascent, or
more probably by mantle metasomatism before mel@sgindicated by the systematic and
homogeneous character of contamination. Up to iioi&,metasomatism has been considered
to be inherited from a suprasubduction positiothegiin the same orogenic cycle, or during
previous subductions [e.g. Millet al, 1999].

The southern part of the Variscan orogeny resuis) fcontinental collision following a
northward subduction, whose remnants are fountdeénFrench Massif central [Matte, 1986,
2001]. However, the southernmost part of the Frevielssif central as well as the Pyrénées
belong to the subducting plate, and its underlymgntle was not in a suprasubduction
position, and could not be metasomatised by a ¥amisubduction. However, this does not
exclude older (Precambrian) metasomatism processes.

If the mantle was previously metasomatised, thenmaechanism proposed to explain its
melting in a post-orogenic setting is lithosphdahmning, inducing mantle decompression

[e.g. Gibsoret al, 1993; Innocenet al, 1994; Rotturat al, 1998]. However, the Stephanian



volcanism occurred in a strike-slip tectonic regimeéhe French Massif central, and before
the main Permian extension that ended the variscagenic cycle [Ménard and Molnar,
1988].

- We propose an alternative mechanism, controllgdlithospheric-scale strike-slip
faulting, to explain both mantle metasomatism arghthe melting generating the potassic
late-orogenic volcanism. At the end of the orogethg various parts of the mountain belt
differ by their crustal and lithospheric thicknesseéhermal gradients, rock nature and
geological history. As observed in the Ivrea boaygdrous metasediments can occur in the
lower crust at the end of the Variscan orogeny [dleand Forster, 2002].

As the late-orogenic strike-slip faults cross thegenic zonation with some tens or
hundreds kilometres of horizontal slipping, thesed into contact different parts of the
mountain belt. For example, this horizontal dispfaent can bring into contact, and at the
same depth, mantle materials on one side and lowest, including still hydrated
metasediments, on the other. The crustal fluidsdcthhen locally hydratéhe adjacent mantle,
and this metasomatism may induce mantle melting. fElsulting magmas have geochemical
patterns that indicate contamination by continecrtast.

In this hypothetical mechanism, mantle metasomaismot inherited from a previous
suprasubduction zone, but is acquired by horizditwéd transfer in or across lithospheric-
scale strike-slip faults. Consequently, mantle melt can occur without vertical
displacements and adiabatic decompression, sindasoreatism controlled by strike-slip
faults drastically decreases its solidus tempegatBecause fluid transfers across strike-slip
faults and induced mantle metasomatism are onlgllend can occur only once, this
mechanism can explain why this late-orogenic patassgmatism represents small volumes

of lava, and why it happens only at the beginnih;@-orogenic strike-slip faulting.
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Figure Captions

Figure 1. Schematic geologic map of the area betvieeapelle-Marival and Decazeville
basins. Analysed samples are located. A: Schengattogic map of the French Massif
central [from Basile, 2006]. B: Synthetic lithostgaaphic column of the Decazeville basin

[from Basile, 2006].

Figure 1: Carte géologique schématique de la régammprise entre les bassins de
Lacapelle-Marival et Decazeville, avec la localisat des échantillons analysés. A: Carte
géologique schématique du Massif central francals®grés Basile, 2006]. B: Colonne

lithostratigraphique synthétique du bassin de Deedle [d’'aprés Basile, 2006].

Figure 2: Variations of minor- (Ti§) and trace-elements (Th, U, Nb, La, Pb, Rb, Sr, Y)

versus Zr. The symbols indicate the sample locqtbrfig. 1).

Figure 2: Variations des teneurs en éléments mirf€i@®,) et traces (Th, U, Nb, La, Pb,
Rb, Sr, Y) par rapport au Zr. Les symboles correggat a la localité d’échantillonage (cf.

Fig. 1).
Figure 3: Zr/Ti versus Nb/Y discrimination diagrgwinchester and Floyd, 1977].

Figure 3: Diagramme discriminant Zr/Ti par rappoé& Nb/Y [Winchester and Floyd,

1977].
Figure 4: Th/Yb versus Ta/Yb discrimination diagrfivtilller et al, 1992].
Figure 4: Diagramme discriminant Th/Yb par rapparTa/Yb [Mdiller et al., 1992].

Figure 5: Chondrite-normalized rare earth elempatterns [Sun and McDonough, 1989].

Sample sets as a functionlotation (cf. Fig. 1).

Figure 5: Spectres de terres rares normalisés abg&ndrites [Sun and McDonough,

1989]. Les échantillons sont regroupés en fonatiereur localisation (cf. Fig. 1).



Figure 6: Primitive mantle-normalized spidergrar8srj and McDonough, 1989]. Sample

sets as a function ¢dcation (cf. Fig. 1).

Figure 6: Spidergrams normalisés au manteau priffi8un and McDonough, 1989]. Les

échantillons sont regroupés en fonction de leualisation (cf. Fig. 1).

Figure 7: Variations of Ti/Y versus Zr/Y (left) andb/La versus Th/La (right). The

symbols indicate the sample location (cf. Fig. 1).

Figure 7: Variations des rapports Ti/Y en fonctia Zr/Y (& gauche) et Nb/La en fonction

de Th/La (a droite). Les symboles indiquent la lisagéion des échantillons (cf. Fig. 1).

Table Captions

Table I: Major- and trace-element analys&¥S§rP°Sr and***Nd/**Nd isotope ratios for
studied samples. Major oxides are in wt%, Traceselgs are in ppm. E@s: total iron as
ferric oxide; LOI: loss on ignition; bdl: below detion limit; nd: not determined. Rock types

are given from figure 3. Location on figure 1 (L&krfLacapelle-Marival).

Table I: Analyses chimiques en éléments majeurtrages, rapports isotopiques en
87SrFosr et NdA**Nd pour les échantillons étudiés. Les élémentsurggont donnés en %,
les éléments traces en ppm..®¢ Fer total, LOI: perte au feu; bdl: sous le seudke
detection; nd: non déterminé. La terminologie deset est déduite de la figure 3.

Localisation sur la figure 1 (LM: Lacapelle-Marival



) ﬁ» 21IE <1§ +

LacapelletMarival N
ClBosIOTAY
© GlIB96-6 to -8\
@‘R ’
% ' X
CLB96;9)tor12

>N S
N

N
\ 2le . A

i
|:| Mesozoic 40
- Stephanian sediments %,

- Stephanian volcanism

Granitoids and

metamorphic rocks

Mesozoic and
C¥snozoic

Permian
Stephanian

Older than
Stephanian
— Variscan strike-slip
and normal faults

HE0 0O

5km CLB96-2 | Kk
- CLBY6-3 v V
. B cLBoe-s @
® @ °
T e Figeac Livinhac Bourran
T [ schists CLB95-9to-17 CL'B95:1 to -8
[7] sandstones l/Cl_396-'| 9
< conglomerates
H - volcanic rocks
.GS; v
& P
% o Lot River e
t volcanic  [== g
[E: 0 I Y4
basement 'y | >




Figure 2

o
g S —
_ " i i i i i
| | | | 1 1 1
1 1 ! ! | | “
“ | : : i PO+
1 1 ! ! | |
+ 0“ m o “ m o w “ “||||0|||||“X||||.|T||
i ——————— X —-----—q-------- H
T R ey “---V.A ..... & N Xt % i N ! o ++ Kex T
T - S - : T
I Ry + € o % 'O £ “ Lo )
T ot 1 X O o e % ! 4 s ' LR
| o X T+ + o + % ! w__u_ = ! | v@
_HD ANU 1 X N o) “ H o) N “ _ )
“ © “ ;) o N “ “ X o ||.“ |||||||| ". ||||||| ."|NV|||||
SR N X 18 SR $ommoe- e S “ “ “
1 1 — ! ! | | “
| | “ “ “ “ -
| * i ! ! ! ! !
! ! | | 1 1 1
_ _ | | 1 1 1
| | _ _ _ _ _
o
_ _ ° o o o o
o o IS
3 g 3 3 3 3 g 8 8
= 5 = I} I3 - = £
=3 2 o g
- g A | | |
_ ) _ _ _ _ _ _ _
_ _ | | | 1 1 1 1
| “ “ 1 “ “ 1 “ “ “
1 1 |
| | | ! o A
_ _ _ | + | | 1 1 1 1
0_ + _ _ | | | 1 1 1 1
_ _ : | | | = S S FRPR o B N
_0 : A ] m ||||||||_||||||0||“|||||||||ﬁ ||||| S | __ ! “ “ _ T
R ™ i N i 1 + N ! ! | |
o Axxm_m_ o € “ Rl El o
1 H |
o e T
! ~ | = ! !
_ _ N| H H N 1 1 1 1
| | “ g ™ “ X8 X
L S, R S .m ...... — S —------ Ammmmmee- FommeS .m-- S : “ “ |
_ _ - | | 1 1 1
_ _ _ | | | 1 1 1 1
! ! ! | | | 1 1 1 1 -+
| | i + ! ! ! + | | | |
_ _ _ | | | 1 1 1 1
_ _ _ | | | 1 1 1 1
1 1 1 1 1 1 _ _ _
_ _ _ _ _ _ ° _
° o o o o
o ot 2 S n = )
m _.b m o m ” . ~ E m v \WI
€ £ o€
< D a s
& = & S _ _
_ ) _ _ ) _ _ _
_ 5_ | I wn ! ! !
H n T ! ! | " L | “ “
mE “ “ N8R “ “ Lo 4
90 _ _ “ _6 Qf “ 1 1
+ H I [[e)} ! ! !
£% ! : 1 | = | [T I <
n m k O “ “ m et HIOI ||||||| O e T “| X 1 +X
o N n T | S ] |
28 S KK ! IS X A Oe = | | %vﬁ_+
T o I XVAM_WT..___M__ H € .ﬂ.-A_v % 9&. - © g “ . O+_ 2
55 % K “ & S L ) o o “
ss 8 | ®+ ! = ! % ! 5 “ i “
MM “ © “ N “ X“ o 1 ". ."|||+VM||
=5 o L [
M% Y = ||||NA.“ ||||||| + m. |||||| — m f—————————— .".||||||+|||.|||m ||||| m “ “ m
S 2 ! - | : 1 1
S8gcl & | = | Y ! ! L
C ool 5 o 1 -4 ! | | _
® %2205 AN ot “ _ | |
Jai Do “ :H“ & | | | |
oferx L2 _ _ ° L _ !
° n £ o n
= - N~ un o R Q
Q 29 ER " 2 OF 3 = N> g
Noof2g cg 5

300

200

100

300

200

100

300

200

100

Zr (ppm)

Zr (ppm)

Zr (ppm)



Figure 3
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Figure 4

O Lacapelle-Marival North
[0 Lacapelle-Marival South

< Figeac
+ Livinhac
X Bourran

100

10

Th/Yb

0.1

alkaline

—
—_

Tholeiitic

1 IIIIIIII 1 IIIIIIII 11111

0.01
0.01

0.1

Ta/Yb

1

10



Figure 5
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Figure 6
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Figure 7
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Locatior
Sample Numbk
Rock Typt
sio,
AL0;
Fe0,
MnO
MgO
CaC
Na,O
K,0
Tio,
P05
LOI

Cr
\%
Sc
Ni
Cc
Cu

RE
Sr
Y
Zr
Nb
Ce
Ba

La
Ce
Pr
Nd
S
Eu
Gd
Th
Dy
Ho
Er
™
Yb
Lu

Hf
Te
Pt
Th
u
Age: 300 Mi
¥srPosr
*Rbf°sr
('srfosry i
€St
NdMNd
HISmiNd
(“NdMNd)i
eNd

Bourrar Bourrar
CLB95-1 CLB95-2
trachy-andesi'  rhyodacits
65.65
16.4
4.48
0.0€
0.77
3.9¢
3.46
4.49
0.51
0.15
4.5
26.12 3711
33.2 133.0
24.4¢
83.¢
22.8¢
25.41
64.4% 36.7
75.11 118.4:
11.8¢ 16.87
109.2¢ 135.3¢
10.5¢ 8.71
7.84 4.24
141z 328
15.3¢ 16.6¢
32.61 40.7
417 4.84
16.5¢ 18.4¢
3.E 3.7¢
0.64 0.91
3.2¢ 3.54
0.4¢ 0.5€
2.9¢ 3.4¢
0.57 0.6¢
1.5€ 1.9¢
0.21 0.2¢
1.4¢ 1.94
0.23 0.2
3.t 3.71
1.0z 0.7z
17.€ 11.12
9.22 7.74
2.8 2.z

Bourrar
CLB95-4
rhyodacitt
55.12
20.8
7.05
0.1t
5.6¢
3.37
5.64
1.15
0.82
0.15
6.14

69
22z
33.€
191

10.6¢
nd
35¢

19.42
52.47
7.1
30.5¢
7.2z
1.7¢
6.4
0.9t
5.7t
1.1¢
3.22
0.47
2.9¢
0.4¢

4.67
0.8
nd

11.2%
nd

0.715103 £ 1
0.8959
0.71128

101.3

0.512247 +).5122464 +

0.1239
0.512
-4.8

0.1472
0.51197
-5.6

Bourrar
CLB95-£
rhyodacite
61.9
17.49
529
0.1z
3.7¢
5.4¢
2.55
241
0.73
0.1
3.57

366.2
133t
23.8¢
29.1%
5.1
9.21

77.€
202.3¢
15t
163.0¢
11z
2.9¢
555.¢

20.0¢
44.8¢
5.4
21.0z
4.1
0.87
3.5
0.5¢
3.2t
0.€
1.8¢
0.2¢
1.6z
0.2¢

4.2

0.7
19.¢
10.37
291

Bourrar
CLB95-€
rhyodacitt
68.02
15
5.65
bdl
1.0¢
214
2.98
4.42
0.52
0.18
0.1¢

47.2¢
49.2¢
13.3¢
23.7¢
20.€
11.0¢

146.2¢
144.7:
171
154.6¢
9.0¢
6.9¢
1046.7

34.6¢
67.2¢
7.2¢
25.5¢
5.0z
1.0¢
3.67
0.5¢
2.9¢
0.5¢
1.t
0.5
1.4
0.2¢
3.81
0.8€
27.€

11.1%
3.5¢

0.5121893 + 5
0.11839
0.51195

-5.8

Bourrar
CLB95-7
rhyodacitt
58.38
21.33
3.96
0.07
4.52
2.4¢
5.92
23
0.79
0.22
4.8¢8

295.5¢
67.0¢
22.5¢
58.5¢

63.2

26.27
139.4:
15.6¢
185.3¢
12.8¢

653.7

14.22
32.31
4.07
16.¢
3.4¢
0.81
3.2¢
0.5¢

0.6¢
1.¢
0.2¢

0.2¢

4.97
0.8%
18.¢
9.9t
2.4z

Bourrar
CLB95-€
rhyodacite
59.62
20.7
3.4
0.07
4.21
2.6¢
7.23
1
0.75
0.3
3.81

283.¢
74.4¢
20.7
45.2
19.8
9.3¢

17.5%
21C
28.1

180.¢

12
4.€
619.€

17

37.¢
4.¢

20.¢

Livinhac
CLB95-¢
rhyodacite
59.04
19.85
5.87
0.07
4.3t
0.9¢
8.11
0.39
1.04
0.25
5.6€

75.7%
82.¢
24.5¢
121
18.1
21.9¢

Livinhac Livinhac
CLB95-1(C CLB95-11
rhyodacitc  rhyodacite

56.97 59.44
17.4 18.25
7.08 6.5
0.0¢ 0.07
6.6¢ 2.9z
6 1.5€
3.2 0.7
1.75 8.14
0.68 1.03
0.16 0.22
5.1¢ 6.32
352 250.2
146.7 116.%
35.7¢ 21.6¢
115.¢ 117.¢
29.0¢ 22.3¢
40.8¢ 24.€
61.7¢ 175.9.
229.% 57.31
20.5¢ 23.7¢
141t 176.1
7.52 10.7¢
2.02 22.1%
387.¢ 592.7¢
20.t 24.5¢
43.52 50.67
6.71 6.0¢
20.9¢ 23.1¢
4.2z 471
0.9¢ 0.
3.8¢ 4.4%
0.61 0.6¢
3.¢ 3.7
0.7¢ 0.
2.2t 2.2¢
0.31 nd
211 21
0.3z 0.31
3.8¢ 4.5€
0.€ 0.82
5.6€ 10.9¢
8.1¢ 10.1Z
2.2z 2.3z

0.5122532 + 2
0.12188
0.51201

-4.6

Livinhac Livinhac
CLB95-12 CLB95-12
rhyodacitt  alkaline basa

67.98 .9959
16.34 17.94
6.4
0.0¢
3.47
2.0z
2.08 0.7
7.1 8.1
0.43 1.01
0.15 0.22
3.1z 6.6
23t 270.¢
364.t 12z
8.3z 18.5¢
8.2 10z
5.5€ 22.¢
4.3 27.¢
192.4 108.¢
37.82 40.€
23.81 7.7
189.7¢ 176.¢
10.9¢ 10.¢
19.0% 9.2
709.0 349.¢
8.2
19.9¢
21
10.7
2.2¢
0.4
2.1<
0.3t
2.0¢
0.41
1.2z
0.17
122
0.2
5.2z 5.0¢
1.0 0.82
14.7: 8.2€
11.7¢ 6.52
3.7t 2.6¢

0.712987 £ 11

0.5122408 + 6
0.11906
0.51197

-5.5

Livinhac Livinhac
CLB95-14 CLB95-1¢
rhyodacitt trachyte

58.18 73.16
1817. 14.12
6.78 0.9
0.0¢ bdl
4.6€ bdl
7.1 bdl
297 0.49
1.81 11.61
1.04 202
0.16 0.09
3.0z 0.82
251.8
1425
26.¢
105.1
24.7¢ 1.4¢
32.5E
15¢ 229.07
326.€ 10.2
237 6.€
167 237.0%
104 10.47
53.6¢ 3.0¢
493.7 737.8:
27.68
55.¢
6.71
26.68
5.11
1.1z
4,51
0.7
4t
0.¢
2.58
0.3€
2.4
0.3€
4.€ 6.21
0.¢ 0.91
26.7 7.21
9.t 11.8¢
2.68 6.97
0.712618 + 15
1.0571
0.7081
56.21
0.5122060 + 8
0.11591
0.51197
58

Livinhac Livinhac
CLB95-1¢  CLB95-17
andesite/bas: rhyodacit
58. 51.9
17.1 18.35
9 6.8
0.07
4.8
6.2¢
3
8 24
0.7
19 0
2.9¢
161.1
2415
35.¢
24.¢
22.¢
23.68
55.7 117.¢
137 282.%
15.1 22t
1017 55.1¢
54 7.27
21
307 503.7
14.¢ 13.5¢
31.4 31.¢
3.€ 4.
14.4 20
2.8 5.11
0.7 1.z
2.8 4.
0.4 0.8
2t 4.7
0.t 0.¢
14 2.€
0.2 04
123 2t
0.2 04
2.4z 1.7¢
04 0.4
5.7
5.1t 3.1
1.2z
0.714451 + 2
1.1771
0.70943
74.9
0.512839 + 1
0.12015
0.51203
43

Livinhac
CLB96-1
rhyodacitt
59.36
16.53
6.82
0.0¢
5.12
6
2.75
2.38

0.714744 £ 20
1.1333
0.7099

818

0.512235 + 45

0.12225
0.51199
-5
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Rock Typt
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A1,0,
Fe,0;
MnO
MgO
CaC
Na,O
K,0
TiO,
P05
LOI

Cr
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St
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P1
Nd
S
Eu
Gd
Tb
Dy
Ho
Er
Tm
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Hf
Ta
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Th
u
Age: 300 Mi
S'srfesr
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H3NdMNd
HISmNd
(“*NdMNa)i
eNd

Figear
CLB96-2
rhyodacitt
70.55
15.96
1.79
0.01
0.61
0.21
0.78
9.54
0.43
0.1
1.74

13.2¢
27.2¢
22.4%
5.74
4.3€
11

238.6.
26.0z
19.8¢

207.4¢
12.01
15.92

696.9:

317
64.1¢

0.61
4.44
0.€
3.8¢
0.7¢
228
0.32
2.0¢
0.3%

6.1¢
1.9¢
63.61
14.47
5.6%

0.512235+4
0.112575
0.512013
-4.6

Figear Figear LM Soutt LM Soutt LM Soutt
CLB96-2 CLB96-E CLB96-€ CLB96-7 CLB96-€
rhyodacitt rhyolite rhyodacite rhyodacitt rhyodacitt

61.3 73.95 60.08 61.29 71.91
17.6 14.46 17.61 17.58 15.02
6.31 111 6.6 6.22 2.16
0.0¢ 0.0¢ 0.0¢ 0.0z
4.0z 0.32 3.4% 3.4¢ 0.57
5.4¢ 0.1« 0.4¢ 0.4% 0.2z
2.1 0.92 0.79 1.89 1.41
1.83 8.82 10.1 8.03 8.29
0.97 0.25 0.71 0.78 0.32
0.26 0.04 0.15 0.14 0.04
3.1 1.4t 3.51 3.5¢ 1.9¢
42 10.18 45 11.5¢
14C 23.0¢ 17¢ 19.42
28 8.1¢ 14 8
60 7.32 5¢ 4.7t
19.01 1.98 20.8¢ 2.8¢
14 9.8¢ 21 6.3€
32.4¢ 207.5¢ 19z 147 172.6¢
241 12.07 44.5¢ 80.4¢ 34.4
31.5¢ 17.9¢ 49.2 26.72 21.8%
162 238.9¢ 141 168 182.77
10.92 11.32 8.3¢ 11.0% 11.51
2.9¢ 19.7¢ 4.8 4.41 6.22

120« 677.5¢ 70C 971 1092.5¢

34.6¢ 33.84¢ 30.42¢ 37.2¢

66.13: 49.65¢ 56.4¢ 63.41

7.991 9.68¢ 6.96¢ 7.7

30.80¢ 38.39: 26.41¢ 28.3%

5.947 8.27: 5.18¢ 5.3¢

1.31¢ 1.767 1.24¢ 0.7¢

5.41¢ 8.21¢ 4.53¢ 4.52

0.82¢ 1.27 0.708 0.6¢

4.71¢ 7.39¢ 4.111 3.9z

0.981 1.61% 0.842 0.8

2.55¢ 3.98: 2.3¢ 221

0.37 0.5¢ 0.3¢ 0.3
2.33¢ 3.2 2.25¢ 2.1€
0.34¢ 0.46¢ 0.34¢ 0.3z
4.3t 7.82 3.91 4.3t 6.4z
0.84 1.72 0.6€ 0.81 2.0z
20¢ 13.9¢ 9.91 9.5% 9.2¢

10.17 15.7¢ 9.8t 9.2¢ 16

3.0¢ 4.61 2¢ 2.8t 4.21
0.710526 + 10 0.7423544 + 17 0.7267673 £ 20
0.39015 5.2958
0.70886 0.70415
66.9 0.17
0.512184+3 0.51213564+5 0512247 +3512207+4 0.5122009 5
0.117458 0.11086 0.130025 0.1187 0.11394
0.511953 0.51213 0.51199 0.51197 0.51198
538 2,21 5.1 5.42 52

LM Soutt LM Soutr
CLB96-¢ CLB96-1C
rhyodacitt rhyodacitt
57.05 58.96
18.88 17.46
5.71 7.21
0.0€ 0.01
4.1 3.8z
1.07 0.31
0.55 0.08
1.16 10.32
0.8 0.81
0.17 0.16
4.14 4.3¢
54¢ 462
184 164
11 10
58 93
28.58 8.8t
34 224
171 162
32.8¢ 26.8¢
24.3¢ 41.8¢
162 14¢
9.8t 8.22
3.82 1.61
661 110¢
17.38¢ 20.02¢
41.00¢ 17.30¢
5.134: 6.09¢
20.71 24.72%
4.48¢ 5.21¢
0.84¢ 1.45¢
4.467 6.28¢
0.661 0.84%
3.721 5.197
0.752 1.11%
1.927 3.005¢
0.2¢ 0.4¢
1.66¢ 2711
0.24 0.40¢
4.44 3.92
0.7¢ 0.6%
8.t 16.4¢
9.8z 7.8
3.1z 2.6¢

0.744941@ 0.7476765 + 13

0.512303 + 3
0.12744
0.51205

-3.9

LM Soutt
CLB96-11
rhyodacitt
60.31
17.82
4.48
0.02
2
0.2

0.512280 +5
0.12207
0.51204

4.1

LM Soutt
CLB96-12
rhyodacitt
65.51
17.78
6.93
0.1
3.0¢
0.2
1.08
8.46
0.68
0.14
3.97

57.89:
75.24¢
14.80¢
56.58¢
11.477
2.15¢
11.97¢
1.79¢
10.13¢
2.00-
4.89¢
0.6¢
3.0¢
0.44:

3.91
0.6¢
9.6¢
8.8t
2.6¢

12260 + 3

0.1226

0.51202
-4.5

LM North LM North LM North LM North
CLB96-12 CLB96-1¢ CLB96-1¢ CLB96-17
rhyodacitc  rhyodacite rhyodacitt  rhyodacitt
.1458 52.82 60.79 58.99
4816 16.46 15.77 16.56
7.09 6.24 755 7.17
0.07 0.0t 0.0€ 0.0z
6.1¢ 6.12 7.1 6.12
6.81 0.8t 0.87 0.51
2.49 2.68 25 13
1.92 5.22 2 46 8.48
0.62 0.64 0.6 .66 0
0.14 0.15 012 0.14
2.37 4.91 4.81 3.81
587 22¢ 26C 611
162 13z 13¢ 167
23 1€ 18 1€
10C 3t 34 9€
2¢ 15.8¢ 23.31 29.4%
22 1£ 11 13
65 127 12z 17z
22¢ 61.9¢ 60.17 38.7
2C 22.47 22.82 18.5¢
12€ 13¢ 13C 12€
7.1 8.62 8.1¢ 7
5.8t 8.2 7.5¢ 7.84
464 86¢ 56C 56C
21.34¢ 22.921 23.77: 15.90¢
44.35¢ 47.21% 48.73¢ 38.12¢
5.32¢ 5.47¢ 4.26¢
19.95! 20.54¢ 16.1¢
4.07% 3.942 3.25¢
0.98¢ 0.871 0.751
3.71¢ 3.45¢ 2.97:
0.57¢ 0.54% 0.47¢
3.44¢ 3.32¢ 2.76€
0.7z 0.71¢ 0.57¢
1199¢ 2.03¢ 1.53:
0.3t 0.32 0.2¢
1.9¢ 1.93¢ 1.43:
0.29¢ 0.301 0.211
3.47 3.8¢ 3.61 3.4€
0.5¢ 0.71 0.6% 0.57
18 12.2 10.0¢ 11.3%
7.8¢ 8.9€ 8.3¢ 7.8
2.5¢ 2.3¢ 2.5¢ 2.67

0.703057 +Q.7309075 + 10.732198 + 13.745231 + .

0.82667 5.9456 5.88037
0.70704 0.70552 0.70709
325.1 19.6 41.9
0.512268 +5 0.512237+6 0.512246 1532209 +
0.12352 0.11598 0.11268 0.12153
0.51202 0.512 0.51202 0.51197
-4.4 -4.7 -4.4 5.5-



