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Geochemistry of mafic rocks in the Sesia Zone
(Western Alps): New data and interpretations

G. VENTURINI!' 2, J. C. HUNZIKER! & H. R. PFEIFER?
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ABSTRACT

Twenty-nine whole rock geochemical analyses of basic rocks were carried out in the Sesia zone in order to char-
acterise the provenance and evolution of both basement and monometamorphic cover mafic lithologies of this
Alpine unit. We are able to subdivide the basic rocks into the following groups: a) monometamorphic metaba-
salts with a tholeiitic mid oceanic ridge (MORB) signature; b) eclogitised basement amphibolites, derived from
transitional to alkaline within-plate (WPB) basalts; c) mafic sheets and boudins within the leucocratic gneisses
of the monometamorphic covers, which are tholeiitic WPB Fe-basalts to trachyandesites in origin; d) mafic
metabreccias related to the monometamorphic basalts, which are spilitized tholeiitic trachybasalts/trachyandes-
ites in origin; and e) mylonitic metagabbros probably derived from cumulitic Mg-gabbros.

Glaucophane-bearing gabbroic rocks in the southern Sesia zone (Corio and Monastero regions) show a
geochemical signature similar to the eclogitised basement amphibolites and do not have any chemical resem-
blance to the analysed Mg-gabbros.

The monometamorphic tholeiitic MORB basalts have a geochemical pattern similar to the extrusive basic
rocks of the ophiolitic units of the Western Alps, while they differ from the Middle Triassic mafic rocks of the
Eastern Alps in both chemical composition and geotectonic signature. Because of their lithostratigraphic posi-
tion and their relationships with the other monometamorphic lithologies they have been interpreted as em-
placed in a distal edge of the continental margin position during the early opening phases of the Alpine Tethys
basin, in the Early Jurassic time.

The analysed Mg-gabbros are geochemically equivalent to the other presumably Early Permian intrusive
mafic stocks of the Western Austroalpine system (e.g. Matterhorn-Mont Collon, M. Nery etc.).

RIASSUNTO

Ventinove analisi geochimiche su roccia totale di litotipi basici campionati nella zona Sesia-Lanzo hanno
permesso di caratterizzare I’origine e I'evoluzione di tali roccie provenienti sia dal basamento polimetamorfico
che dalle coperture monometamorfiche. Attraverso I'uso di diversi diagrammi discriminativi abbiamo potuto
suddividere i litotipi analizzati nei seguenti gruppi: a) metabasalti monometamorfici di fondo oceanico, aventi
un’affinita tholeiitica; b) anfiboliti di basamento parzialmente o totalmente eclogitizzate, le quali derivano da
basalti intraplacca da transizionali ad alcalini; c) livelli basici e boudins alternati a gneiss leucocratici, risultato
delle trasformazioni metamorfiche di originali Fe-basalti tholeiitici d’intraplacca; d) metabrecce basiche stretta-
mente connesse ai metabasalti, con composizione da trachibasaltica a trachiandesitica ad affinita tholeiitica ed
probabilmente interessate da metamorfismo di fondo oceanico; e) metagabbri milonitici derivanti da originari
Magnesio gabbri cumulitici.

I Institut de Minéralogie et Pétrographie, BFSH2, Université de Lausanne, CH-1015 Lausanne
2 present address: Via Garibaldi 5, I-10131 Torino
3 Centre d’Analyse Minérale, BFSH2, Université de Lausanne, CH-1015 Lausanne
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Le masse glaucofaniche a tessitura gabbroica della zona Sesia-Lanzo meridionale (area di Corio e Monas-
tero) hanno a loro volta mostrato delle forti rassomiglianze geochimiche con le anfiboliti di basamento eclogit-
izzate, ed allo stesso tempo delle marcate differenze con i Mg-gabbri analizzati.

I basalti MORB delle coperture monometamorfiche hanno una carattirizzazione geochimica molto simile a
quella delle vulcaniti basiche delle unita ofiolitiche delle Alpi Occidentali, che sono di supposta eta Giurassica
Medio-Superiore, mentre si differenziano dai litotipici felsici Medio-Triassici delle Alpi Orientali sia per com-
posizione che per affinita. A causa della loro posizione litostratigrafica e delle relazioni con le altre litologie di
basamento, i metabasalti MORB sono stati interpretati come testimoni di una messa in posto in posizione di li-
mite distale del margine, durante le prime fasi dell‘apertura della Tetide Alpina.

I Mg-gabbri analizzati hanno invece una caratterizzazione geochimica equivalente a quella delle altre intru-
sioni basiche del sistema Austroalpino occidentale di supposta eta Permiana Inferiore, come, ad esempio, il
gabbro del Cervino o quello del Mont Nery.

Introduction

The Sesia zone, a main tectonic constituent of the western Austroalpine system (Fig. 1a),
hats always been described as a slice of Variscan high-grade continental crust that under-
went high-pressure (HP) metamorphism during the early Alpine orogenic cycle (Dal Piaz
1993, and references therein). Recently Venturini et al. (1994) suggested the existence of
a Permo-Mesozoic cover sequence for the Sesia zone, which was involved in the Alpine
orogenic cycle together with the pre-Carboniferous basement units. It is difficult to dis-
tinguish between basement and cover units in the Sesia zone because of the similarities of
macroscopic and microscopic features displayed by the different lithologies affected by
the Alpine metamorphism. Whole rock geochemistry can help to discriminate between
rocks that experienced different geological histories before the Alpine orogeny. In this
contribution we present the results of whole rock geochemical analyses on twenty-nine
mafic rocks collected from both the basement and cover units of the central and southern
Sesia zone (Fig. 1a, 1b). In order to investigate their affinities with the gabbroic litholo-
gies of the central Sesia zone, fourteen samples were collected from the mono metamor-
phic cover cropping out in the Cima di Bonze area, Valchiusella and lower Aosta valley,
while thirteen other samples were collected primarily from the internal unit of the poly-
cyclic basement complex in the lower Aosta valley and in the Lanzo region (Venturini et
al. 1994.) (Fig. 1b). Two more samples come from the northern Sesia zone (Valsermenza,
Anzasca valley). The goal of this study is to define the differences in the origin and evolu-
tion of the mafic rocks of the monometamorphic cover sequences from the basic litholo-
gies of the polycyclic basement complex.

Several contributions on whole rock geochemical studies have been made on rocks
from the Sesia zone since 1964 in order to:

1) define the relationships between the chemical composition of the HP minerals and
their lithologies (Callegari & Viterbo 1966; Lombardo et al. 1977; Reinsch 1979; Lar-
deaux & Spalla 1991), and

2) to increase the knowledge about the origin of the rocks affected by the HP metamor-
phism during the Alpine orogeny (Bianchi et al. 1964; Callegari et al. 1976; Compag-
noni et al. 1977; Minnigh 1978; Dal Piaz et al. 1979; Oberhinsli et al. 1985; Stiinitz
1989; Chabloz 1990; Simic 1992; Halter 1992; Venturini et al. 1994; Venturini 1995).
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Fig. 1. Tectonic sketch of the Western Alps and location of analysed samples (modified after Venturini 1995).



372 G. Venturini, J. C. Hunziker & H. R. Pfeifer

s SCALARO UNIT BONZE UNIT

: A B

o

O w

T w

z Z Mafic levels and glaUCQPhane g915b  9112b

o = boudins within eclogites ' 916b  911q

5{ a leucocratic and (C. Bonze, Valchiusella, Scalaro)

m Céjg = mesocratic gneisses basic breccias g1sb

= —== : 9112c  9126¢ © 9120c

= —

o i‘ﬁi%:\) 9116c 9127¢ glaucophane

g eclogites

E (C. Bonze, Valchiusella, Scalaro)
Mylonitic metagabbros
in contact with the_e 914b 9215vc
monometamorphic cover — 922i
sequence '

C  Mafcboudinswithinthe 93111t 913 (C. Bonze; Colle Pra)

eclogitic micaschists 93131z 923i

Glaucophanites (eclogitised granulites) 9311iz
(Corio & Monastero, Bianchi et al., 1964) 93121z

Eclogitized pre-Alpine 911v  932v  934v

amphibolites (C. Courma) 931v 933v 935v
(Lardeaux & Spalla, 1991; this work)

(Ivozio, Compagnoni et al., 1977)
(Ivery, this work)
(Matterhorn, Dent Blanche system, Dal Piaz et al., 1977)

=
=
w
w
2 ﬁ Phlogopite-bearing 9149
- eclogites (this work) 915q
o,
S = Gabbroic bodies
') 8 (C. Pianone, Chabloz, 1990)
E (M. Nery, Stanitz, 1989)
- (Valsermenza, this work) 912az
o 913az
o

Fig. 2. Schematic lithologic sections of the Sesia zone basement and monometamorphic covers and occurrence
of mafic rocks. Corresponding analysed samples are indicated near each lithological group.

Geological setting and occurrence of the mafic rocks in the Sesia zone

The Sesia zone is composed of three main complexes: 1) a polycyclic basement complex,
made of HP lithologies partially re-equilibrated under greenschist facies (GS) condition;
2) a pre-Alpine high grade (HG) basement (II) Diorite-Kinzigitic zone (II DK) of Com-
pagnoni et al. 1977), which partially preserves metamorphic characteristics of Variscan
age, and 3) a Permo-Mesozoic cover sequence, metamorphosed during the early Creta-
ceous under HP conditions together with the polycyclic basement units (Hunziker 1974;
Venturini et al. 1994, and references therein) (Fig. 1b).

The schematic lithologic columns of figure 2 summarise the occurrence of mafic li-
thologies on both the polycyclic basement and the monometamorphic cover units. The
mafic lithologies of the polycyclic basement complex are represented by: 1) decimetric to
metric boudins within the eclogitised paraschists (Dal Piaz et al. 1972; Lardeaux & Spalla
1991); 2) decametric to kilometric bodies of metagabbros, locally preserving original
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Fig. 3. Discriminative diagrams for mafic rocks. Mylonitic metagabbros and Valsermenza gabbros show high
Mg contents while the monometamorphic metabasalts are enriched in Ti and constantly fall in the field of the
basaltic liquid. Eclogitised basement amphibolites, as well as gabbroic glaucophanites of Corio and Monastero
display Fe-rich basalt compositions.

magmatic textures (Bianchi et al. 1964; Dal Piaz et al. 1971; Compagnoni & Fiora 1977;
Stiinitz 1989; Chabloz 1990; Venturini et al. 1994); 3) eclogitised pre-Alpine amphibolites
and/or granulites (Compagnoni et al. 1977; Lardeaux and Spalla 1991); and 4) metric to
decametric bodies of mafic rocks within the late-Variscan granodioritic to granitic stocks
(Armando 1992; Venturini et al. 1994) (Fig. 2c).

The monometamorphic cover sequences contain several different mafic lithologies,
which can be grouped in:

1) metric to decametric masses of glaucophane-bearing eclogites, cropping out between
the lower Gressoney valley and the Valchiusella (Venturini et al. 1994);

2) eclogitised mafic breccias, contained in a zoesite-white mica rich matrix and closely
related to the glaucophane-eclogites (Venturini et al. 1994); and

3) decimetric to metric layers and boudins of partially re-equilibrated eclogites, inter-
bedded with leucocratic albitic gneisses, dolomitic marbles and impure marbles (Ven-
turini 1995) (Fig. 2a).
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Decametric to hectometric stocks of mylonitic metagabbros with eclogitic mineral para-
geneses in tectonic contact with the monometamorphic covers and rarely with the polycy-
clic basement (Venturini 1995) occur moreover in the central Sesia zone (Fig. 2c). Original
igneous textures and preserved relicts of magmatic hornblende of these gabbroic masses
are particularly well exposed in the Alpe Pra region (Valchiusella) and in the Cima di
Bonze area. Geochemical analyses have been carried out on these rocks in order to con-
firm the origin and compare them with other gabbroic samples collected in the polycyclic
basement.

Mobility of the elements and determination of possible protoliths

Table 1 contains the row data for all the above introduced rock types. A safe determina-
tion of the protoliths can only be done after a mobility test (Pearce 1984). Therefore, rela-
tive mobility of the chemical elements was determined by comparing major and trace
elements with Zr, which is generally considered to be immobile during metamorphism
(Beccaluva et al. 1984; Pfeifer et al. 1989). Most of the major elements do not show a lin-
ear correlation with Zr, although they displayed a reasonable elongated distribution
within each lithological group. Trace elements (mainly Y, P, Cr, V) show, instead, a good
linear correlation (Venturini 1995). The scattered distribution of the major elements
could be explained by the different origin of the analysed lithologies, which may render
Zr a poor element for the mobility test, although a strong and pervasive mobility of some
major elements (mainly Ca and alkalis) during the metamorphism can be envisaged.

Intrusive and extrusive mafic rock can be distinguished using diagrams proposed by
different authors and summarised in table 2 and figure 3 (Frohlich 1960; Le Maitre 1969;
Colombi 1989; Pfeifer, this work: modified after Colombi 1989). Figure 3 reports some of
the more representative diagrams which allow gabbroic lithologies to be differentiated
from metabasaltic rocks. On the basis of silica, iron, magnesium and titanium, the dia-
grams indicate that the metagabbros of the Valsermenz (north-eastern Sesia zone) and
the mylonitic metagabbros of the Cima di Bonze region are clinopyroxene (cpx) — plagio-
ciase (plg) gabbros in composition (Piccardo 1983; Pearce 1984; Colombi 1989; Pfeifer et
al. 1989; (Fig. 3a-c). The glaucophane-eclogites, the mafic sheets and boudins within the
leucocratic horizons and the basic breccias, referred by Venturini et al. (1991, 1994) to
the monometamorphic covers (Fig. 2) are basalts in composition. The samples collected
in the polycyclic basement (Fig. 2) show instead more differences in composition: the
phlogopite-bearing eclogites have a basaltic protolith, while the eclogitised pre-Alpine
amphibolites cropping out in the Croix Courma are mainly Fe-basalts and/or Fe-norites
(Fig. 3a-c; Table 2). Compositions similar to the polycyclic amphibolites characterise also
the metagabbro glaucophanites of Corio and Monastero (Bianchi et al. 1964), although
they are slightly richer in silica (Fig. 3a).

Some of the samples are slightly enriched in alkalis (Fig. 3d); elevated K and Na con-
centrations characterise the monometamorphic mafic breccias related to the glauco-
phane-eclogites of basaltic composition, as well as two of the mafic layers interbedded
within the leucocratic gneisses of the cover sequences (9116c, 9126¢). This is probably
due to a strong chemical exchange between the basic breccias and the phengite-clinozoi-
site-quartz-rich matrix during the metamorphism. Because of this mixing, results derived
from the analyses of these samples have to be interpreted carefully.
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Fig. 4. Discriminative diagrams to determinate the geotectonic setting for the mafic rocks of basaltic composi-
tion. The transitional trend of the eclogitised amphibolites is clearly pointed out by the trace plot of Pearce
(1982) (Fig. 4a). Sample 27c of the mafic levels and boudins within the leucocratic gneisses constantly show a
different geochemical pattern in comparison with the other samples of its lithological group. This could be due
to a different origin of this rock, probably deriving from a stongly mylonitised basement mafic boudin.

The geochemical composition of the different mafic groups of analysed samples can
be summarised as followed:

1) the Valsermenza gabbros and the mylonitic eclogitised metagabbros in contact with
the monometamorphic cover complex are Mg-gabbros with a low content in Ti;

2) monometamorphic cover lithologies: 2a) the glaucophane-eclogites, the mafic sheets
and boudins interbedded with leucocratic gneisses are basalts in composition; 2b) the
mafic breccias related to the glaucophane-eclogites show a variable composition from
basalts to norites:
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3) polycyclic basement lithologies: 3a) the eclogitised pre-Alpine amphibolites show a
scattered distribution from basalts to Fe-norites; 3b) the phl-eclogites are trachyba-
salts to basalts in composition; 3c) the metagabbro-glaucophanites of the southern
Sesia zone (Corio and Monastero mafic masses) are generally Fe-basalts in composi-
tion and 3d) the mafic boudins within the micaschists of the polycyclic basement show
a strong variability in composition from basalt to Fe-gabbros and Fe-norites (Table 2).

Geotectonic setting of the mafic rocks of basaltic composition

The above results allow us to use more specific discriminative plots to determine the geo-
tectonic setting of the basaltic rocks. Lithologies with an uncertain composition have
been included in these plots, taking into account that their determinations are prelimi-
nary and need to be confirmed with more investigations (e.g. eclogitised pre-Alpine am-
phibolites of the Croix Courma). Figure 4 reports some representative diagrams used to
determine the geotectonic origin and the evolutionary affinity of the basaltic lithologies.
Particular attention was paid to the eclogitised metabasalts (glaucophane-eclogites) of
the monometamorphic cover sequences, the mafic layer and boudins interbedded with
the leucocratic gneisses and the eclogitised pre-Alpine amphibolites.

Diagrams using both major and trace elements (Floyd & Winchester 1975; Pearce
1982) indicate a tholeiitic affinity for the monometamorphic cover metabasalts (Fig. 4;
Table 2) as well as for the mafic sheets and boudins (excluding sample 9127c). The eclo-
gitised pre-Alpine amphibolites of the polycyclic basement display an intermediate to al-
kaline affinity. A similar trend is also shown by the mafic boudins within the polycyclic
micaschists and by the metagabbro glaucophanites of the southern Sesia zone (Table 2).

The monometamorphic basalts are most likely Mid-ocean Ridge basalts (MORB)
(Fig. 4 c—d; Shervais 1982; Pearce 1984). The mafic sheets and boudins of the monometa-
morphic cover sequences are instead characterised by a certain variance between MORB
and Within-Plate Basalts (WPB) geotectonic origin (Table 3), which is also true for the
mafic breccias related to the monometamorphic metabasalts. The eclogitised pre-Alpine
amphibolites of the polycyclic basement are most likely WPB in origin (Table 3) as well
as the mafic boudins within the polycyclic micaschists, while the glaucophanites of the
southern Sesia (Corio and Monastero) are of uncertain origin.

Spider diagrams of figure 5 help to clarify further the geotectonic origin of the main
mafic lithologies analysed in this study. The trace element trends, normalised against
MORB (Pearce 1982) confirm the MORB origin for the monometamorphic cover basalts
(Fig. 4a), as well as the WPB origin for the mafic layers and boudins interbedded with the
leucocratic gneisses. A similar trend is shown also by the pre-Alpine amphibolites of the
polycyclic basement.

Based on the results discussed above, we tentatively propose the following conclu-
sions with regard to the protoliths. First, the glaucophane-eclogites of the monometamor-
phic cover sequences are derived from tholeiitic mid ocean ridge basalts (MORB). They
differ from the pre-Alpine mafic lithologies in both their bulk chemical composition and
their geotectonic affinity. Secondly, the basic boudins and sheets contained in the leuco-
cratic gneisses are tholeiitic WPB Fe-basalts, more evolved than the eclogitised pre-
Alpine amphibolites. They also differ from the amphibolites of the polycyclic basement
in their relative enrichment in heavy trace elements and their depletion in light trace ele-
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Fig. 5. Spider diagrams for the lithologic group of basaltic composition. The monometamorphic metabasalts
show a typical MORB trend, while the other lithologies are characterised by WPB patterns. The profile of the
eclogitised mafic breccias seems to exclude any direct correlation with the cover metabasalts, in spite of their
close field relationships.

ments. Thirdly, the mafic breccias represent intermediate tholeiitic trachybasalts/tra-
chyandesites, although they were affected by pervasive mobility of major elements, prob-
ably during oceanic plate metamorphism (spilitization) (Venturini 1995) and fourthly,
there is a chemical similarity between the pre-Alpine amphibolites and the gabbroic glau-
cophanites of Corio and Monastero. Similar analogies have also been found in the basic
boudins in the polycyclic micaschists (e.g. sample 923i).

Comparison of the metabasalts of the monometamorphic Cover Sequence with other
metabasalts of the Alps

In the previous sections, we have distinguished between the MORB tholeiitic origin of
the metabasalts (glaucophane-eclogites) of the Sesia zone monometamorphic cover and
other mafic lithologies collected in both the basement and the cover units. Until now,
mafic lithologies with similar composition have only been described for the pre-Alpine
HG basement complex of Val Mastallone (northern Sesia zone, Simic 1992). These meta-



381

Geochemistry in the Sesia Zone

¢ 8dM - @luou-ed BUIBE | BdM 840 840 8dM L8dM A L LvI avA 8s') Boood  z|gL o1bojoe-ulb
g9dM - 91ou-e4 o180yl | gdm ¢ ) gdm gdM & L8dM  8dM 8dm peUlY eg  eyjoqydwe
adm-e1101d “suesy u ¢ 17 IR SdM SdM 8dM  8dM  8dMm adm Aian e 8116000
&6 BJOW - sieseq-1L o:__o_oEL & ¢ VIO & (BHOW  gdOW A 1vI {EHON Hed 111 elueydoone|B
 t8dM-emou-eisuen | . ¢ WIO 4 8M  IVI ¢ Ivi  .@vA | ouon  ziz} ewueydooness
4 8dM - @lliou-84 'suel} 2 ¢ VIO L adM 1Vl ) 1vi LaVvA 01109 Z|| | ®#yueydoone|b
L8dM 4 VIO L (BHOW  8dM aYA  8dM gdM | onjeulouinp  bg  seyiBojoe-jyd
L8dM 840 VIO i (8HOW  8dM 8dM 8dMm adM oyleulouinp by seybojse-jyd
~ 8dM-1[eseq-s4 ‘susl) gdM 840 840 8dM 8dM  8dM  8dM  8dM  (8dM | Buunog D Ap ejueydooneb
.~ 8dM-}eseq-e4 ‘suel) gdM 840 g40 8dM gdM 8dM  8dM  8dM ¢8dM | Buunog 'y Ag ejjueydoone(b
8dM - elliou-ag dlllejoyl | gdMm 840 a40 adM adM 8dM  8dM  8dM LBYA | Bwino) 'O Ag eijueydoone|b
¢ 8dM - 811iou-a4 euljey|e 12 840 40 gdM 8dM gdM  8dM  8dM 8dM Buwinod 9 ALggeiiueydoonelb
8dM - 81liou-e4 dniielou} [ gdm 840 840 8dM SdM 8dM  8dM  8dM gdM ewinoy 0 A} Lgejueydoone|Bb
" unojeaen ooz eroosiq onjew |
azuog qg e|2%8.q oljew
- 8dM - elliou-a4 eujjeyle 8dMm 840 g40 adM 8dM 8dM  8dM  SdHOW gdM unojeAed  9/g  %00|q dIseq
8dM - elisepuefyses] ollliBloY} | 9dM avo avo HdM adM 8dM  8dM  LvI 40N MUndojeABD 992  %00|q 2Iseq
gdM - @ljsepuehyoel} oiilejoy) 8dM 840 40 adM 8dM 8dM  9dM  SHOW avA unojeAe) 09| |ans| a1seq
gdM - 81liou-64 o1118|0Y} 8dM 8940 940 gdM gdM 8dM  8dM  SHOW SHOW UnojeABD 92| %00|q dIseq
s - T T i it i i i e e s e e e it = e e == e S
SHOW g40 840 av0 ‘840 ‘1¥7 SH4OWN  84OW 8HOW SHOW 84OW | oljeuiouing by eybojos-ulb
840N 840 840 8V¥D ‘840 ‘IM1 84OW  84HOW 8HOW SHOW SHOW ezuog qzL eubojoe-ulb
840N 840 110 8Vv0 '840 'IM7 S84OW  gdOW SHOW LV S4ONW ezuog q9  eubojoe-ulb
GHOW - 8} S4OW 840 40N 8VD ‘840 ‘L¥7 SHOW  8JOW 8HOW SHOW FHONW azuog qg  eybojoe-ulb
(¢gvA) 01qqeb-By o13ie10y} LAvA avo avo gdm i 4 8dM LI avA ezuewleg  zeg oiqqebejew
(¢8YA) 019qe6-BA onteloyt | c8YA avo ¢ adMm ¢ ¢ Lvi ava ezuewieg zeg oJqqebejew
_ LavA 840 A gdM é I3 (Lv1) - Kien) Iz oiqqebelsw
LAYA M7 vIO gdM é ¢ 1vI ava ®id |9p ‘D 9AG| oiqqebelsw
LavYA 940 A gdM ¢ L (Lv1) avA azuog g6 oJqqebejew
LAVA avo 1V gdM ] 4 avA 1Vl ava ezuog qy  oiqqebejew
Z2861 €461 €861 €461 2861 re61 2861 0861 re61
_ uue) uuen
_ 80./B84 ¥ 82/P84 ue/Inyw » 90.B84 SIBAIBYS 80/B84 0801884 89/B64 8oJeed
_ GHOW /%204 2 /1S S02d.014 €A 00 /1L 1z A /AN A iz
uoisnjauo) | sepids  JZ-00L/L OUWN.0L-20!L 4Z-004/L A ANZ  ANL 10 1L Ayeool (16 AS)  edAi yoou

“UONBUIWLIAIAP UIELIDDUN 10J Pasn a1om syiew uonsan() ‘sajdwes pasAjeue ay) Jo sUOISN[OUOD AIBWIWINS PUE SO1SLIAIORILYD J1U01221033 Jo ajqel ondouds ¢ ajqe],



382 G. Venturini, J. C. Hunziker & H. R. Pfeifer

Floyd and Winchester, 1975
T T T T T T T ‘

(b) |

tholéiitic 7

alkaline

=, £ L -
§ £ o
- o~
a g 2 5 7]
o ol
° E
1
0 1 1 ! ! | 1 L
200 600 1000 1400
Zr (ppm) Zr / P,0g
. (Sg?::f oé:ggﬂ";g’g;“g%‘::g‘%h&oﬂef metabasalts WPB  Within Plate Basalts
X Eastern Alps Middle Triassic mafic rocks (Rossi et al., 1980) MORB  Middle Ocean Ridge Basalts
| © Ophiolitic metabasalts (Colombi, 1989) VAB  Volcanic Arc Basalts

Fig. 6. Comparative diagrams between the Sesia monometamorphic metabasalts, the Middle Triassic volcanic
rocks of the Eastern Alps and the metabasalts of the ophiolitic units of the Western Alps.

basalts are closely related on the field to other HG pre-Alpine rocks (II Diorite-Kinzigite
Zone) such as garnet-sillimanite-biotite metapelites and felsic granulites. In the central
Sesia zone, the metabasalts of tholeiitic composition are generally associated with dolo-
mitic marbles, Mn-rich calcschists and other metasediments (Venturini et al. 1994; Ven-
turini 1995). Field relationships with the surrounding monometamorphic lithologies rea-
sonably exclude any correlation of these metabasalts to those described in the II DK by
Simic (1992). The interbedding of these metabasalts with yellow dolomitic marbles, as
well as the presence of blocks of the same lithologies within the calc-schists allowed Ven-
turini et al. (1994) to suggest a Late Triassic—Early Jurassic emplacement age for these
mafic rocks, on the hypothesis that the dolomitic marbles are Upper Triassic and the con-
tacts with the metabasalts are only locally and partially transposed.

Assuming this Late Triassic-Early Jurassic emplacement age as tentatively correct, we
propose a direct comparison with other mafic volcanic rocks of similar age. In the Cen-
tral-Eastern Alps, several dikes of andesites and basaltic andesites crosscutting Middle
Triassic dolomitic marbles have been described (De Zanche & Sedea 1972; Rossi et al.
1980; Castellarin et al. 1980, 1988; De Zanche 1990, with references). The Ladinian (Mid-
dle Triassic) magmatism of the Eastern Alps is mainly characterised by intercalations of
trachyandesites with a volcanic arc-type calc-alkaline origin (Rossi et al. 1980; Castellarin
et al. 1988), and thus prevents any potential correlation. The geochemical pattern of
metabasalts of the monometamorphic cover sequences of the Sesia zone suggests, on the
other hand, a possible affinity with the metabasalts of the Zermatt-Saas zone derived
from Jurassic MORB (Dal Piaz et al. 1981; Piccardo 1983; Beccaluva et al. 1984; Pfeifer
et al. 1989).

The metabasalts of the monometamorphic cover sequences are plotted in discrimina-
tion diagrams together with the Middle Triassic mafic rocks of the eastern Alps (data
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Fig. 7. Paleogeographic reconstruction of the emplacement of the monometamorphic metabasalts on the basis
of their relationships with the other Mesozoic metasediments of the Sesia Zone (modified after Venturini
1995). Lithostratigraphic section locations: 1) Cavalcurt region; 2) Mombarone lake; 3) Cima di Bonze region;
4) upper Succinto valley; 5) Col Fenétre region.

from Rossi et al. 1980) and the Penninic ophiolitic basalts analysed by Colombi (1989)
and Pfeifer et al. (1989) (Fig. 6). Two distinct compositional fields can be recognised: the
Middle Triassic mafic volcanics of the Eastern Alps have a low-Ti content in comparison
to the ophiolitic basalts and the metabasalts of the monometamorphic cover sequences.
Figure 6a clearly shows that the volcanic arc basalts (VAB) affinity of the Ladinian mafic
rocks is different from the MORB affinity of the ophiolitic basalts and the Sesia Zone
monometamorphic cover metabasalts. In addition, the calc-alkaline to shoshonitic affin-
ity of the Middle Triassic extrusive rocks permits us to distinguish them from samples of
tholeiitic affinity (Fig. 6b). The original chemistry and the geotectonic characterisation of
the Ladinian mafic rocks exclude, therefore, any possible correlation with metabasalts of
the monometamorphic cover sequences of the Sesia zone. The hypothesis of a Ladinian
effusive magmatism in the Sesia zone, postulated by Venturini et al. (1994), similar to the
volcanic activity in the cover sequences of the Eastern Alps, must be abandoned. However,
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the slightly higher TiO; content and V concentration of the metabasalts of the Sesia
monometamorphic cover sequences with respect to the ophiolitic metabasalts is the only
geochemical difference. This chemical similarity of the metabasalts of the Sesia mono-
metamorphic covers with the ophiolitic metabasalts of the Penninic domain (Fig. 6), how-
ever, does not unequivocally prove that the Sesia cover sequences are a slice of Alpine
ophiolitic units. Some fundamental features distinguish the metabasalts of the Sesia
monometamorphic cover from those of the classic ophiolitic sequences. These features
are: 1) the absence of the ultramafic components typical of an ophiolitic sequence (ser-
pentinites) and 2) the presence of dolomitic marbles interbedded within the metabasalts.
There are different explanations for the lack of serpentinites. A thin continental crust
may have existed at the time of the emplacement of the MORB basalts of the Sesia cover
sequences. The extrusive mafic rocks could have followed existing crustal fractures open-
ed in a pull-apart basin or distal edge of the margin context. Alternatively, the ultramafic
rocks were tectonically removed during the Early Cretaceous subduction of the basement
and cover slices (Fig. 7).

The Mg-rich metagabbros in comparison to other Austroalpine gabbros

The gabbroic bodies associated with the monometamorphic cover sequences (Venturini
1991; Venturini et al. 1991; 1994) were compared to other mafic intrusive bodies of the
Sesia zone and Dent Blanche system. The investigated basic rocks include: the Mont
Nery gabbro (Stiinitz 1989), the Cima del Pianone cumulate gabbros (Chabloz 1990), the
Anzasca valley gabbroic and dioritic masses (Pfeifer, unpublished data), the Ivozio mafic
outcrops (Compagnoni et al. 1977), the gabbroic stock of the Matterhorn and Mont Col-
lon (Dent Blanche system, Fig. 1a; Dal Piaz et al. 1977) and the metagabbros of the Eti-
rol Levaz slice (Kienast 1983). Unfortunately no geochemical data for the Testa Grigia
gabbros (Dal Piaz et al. 1971) or the Sparone-region gabbros (Pognante et al. 1987) are
available.

All samples are characterised by low-Ti content and fall in the field of Mg-gabbros
and/or olivine-gabbros and troctolites (Fig. 8). The low-Ti content of the layered meta-
gabbros is apparently due to fractional crystallisation of magnetite, during the inital phas-
es of accumulation (Stiinitz 1989). This genetic evolution could also explain the high-Ti
concentrations shown by some ultramafic samples of the Matterhorn and Sermenza gab-
broic stocks. The analysed data show moreover a tholeiitic evolutionary affinity (Table
2). The geochemical and emplacement characteristics of the Matterhorn and Mont Col-
lon gabbroic stocks have been described in detail by Dal Piaz et al. (1977), who interpret
these mafic intrusions as cumulate gabbros intruded at the upper mantle-lower crust
boundary during the beginning of the post-Variscan opening phase of the Alpine Tethys.
Some Rb/Sr and K/Ar work on intercumulus phlogopites of the Matterhorn and Mont
Collon gabbros indicate an approximate cooling age of 260 Ma (i.e. Triassic-Permian
boundary).

The similarities between the Bonze-type metagabbros and the other layered mafic in-
trusions of the western Austroalpine system suggest an analogous genesis and evolution.
The Bonze gabbros could represent an under-crustal intrusion of Permian age (Dal Piaz
et al. 1977). During the Cretaceous accretion/subduction phase, these basic stocks could
have been juxtaposed to the monometamorphic covers. This interpretation would explain
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Fig. 8. Comparative diagrams between mylonitic Mg-metagabbros, Mg-gabbros of the Valsermenza and the
available data of the other Western Austroalpine System mafic intrusions.

the juxtaposition with the monometamorphic covers of the gabbroic bodies without other
mafic rocks (Alpe Pra, Scalaro; Fig. 1b) or, vice versa, the absence of the mylonitic meta-
gabbros in contact with other mafic rocks in the Chiusella valley and in the Aosta and
Crabun valleys.

Conclusions

The results of the geochemical analyses of twenty-nine mafic rocks from the Sesia zone
provide new data for further paleogeographic and geodynamic interpretations of this
western Austroalpine unit. Anyway they lead only to preliminary conclusions because of
the following limitations: 1) each rock-group is represented by a small number of sam-
ples; 2) discriminative diagrams often use major and trace elements which cannot be con-
sidered totally immobile during metamorphism; 3) there is a certain overlap of the differ-
ent lithological fields in the diagrams used to determinate the protoliths. In spite of this,
we obtained a good correspondence between the geochemical data and the field observa-
tions:

1) analyses confirm the lithological differences and protolith attributions proposed in
the field (metagabbros, metabasalts, etc. — Venturini 1991, Venturini et al. 1991)

2) there is a geochemical difference between the mafic rocks of the monometamorphic
covers and those of the polycyclic basement;

3) two main mafic rock-types can be distinguished within the monometamorphic cover
sequences.

In conclusion we can summarise what has been previously exposed: three main mafic
protoliths can be pointed out in — or close to — the monometamorphic covers of the Sesia
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zone: 1) the Mg-gabbros, which show a strong affinity with the other intrusive basic
stocks of the western Austroalpine system; 2) the tholeiitic MORB basalts and 3) the tho-
leiitic WPB Fe-basalts. The last two rock-types are closely related to the monometamor-
phic cover sequences.

A possible geodynamic and paleogeographic interpretation of the mafic lithologies of
the monometamorphic cover sequences has been summarised in figure 7, following Ven-
turini (1995): 1) in the Middle Permian, the continental crust intruded by the intermedi-
ate to acid bodies (Oberhinsli et al. 1985, and ref. therein) reached the surface. Deposi-
tion of a volcano-detritic sequence began. 2) During the Permo-Triassic, the progressive
thinning of the continental crust permitted the emplacement of mafic sills and extrusions
of tholeiitic affinity into detritic sediments composed of basement components. These
mafic sheets were influenced by continental contamination (WPB signature). 3) During
the Late Triassic, the paleomorphology of the Austroalpine basement was constituted of
detached and tilted blocks of basement on the top of which carbonatic platforms and/or
structural highs were forming. The continental crust was further thinned and crosscut by
fractures, permitting the emplacement of MORB tholeiitic metabasalts. These metabas-
alts were extruded over and/or re-sedimented together with other detritic sequences
(Venturini 1995; Venturini et al. 1994). They were successively involved in the Early Cre-
taceous subduction and underwent high pressure conditions.
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