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DlSTINCTION BETWEEN PYRIBOLITES AND METANORITES'" 

RIASSUNTO. _ Nel complesso cumulitico basico Ivrea·Verbano vi sono inlen:alazioni di 
materiale metasedimenlario con metabasiti (piriboliti). Si propone l'ipotesi che tali intercalazioni 
siano inserite lettonkamenle e rappresentino frammenti del basamento entro il quale si è intruso 
il complesso basico. Ciò implica una possibile differenza geochimica tra metaoositi associale 
ai metasedimenti e rocce oosiehe del complesso. 

Tale ipotesi viene sottoposta a verifica attraverso l'analisi fattoriale Q-mode. I due tipi 
di rom." risultano ben discriminati e le piriboliti si distaccano nettamente dai trends definiti 
dalle rocce cumulitiehc. Gli elementi che: maggiormente discriminano tra i due gruppi sono 
nell'ordine d'importanza: K, Mg, Sr, Rb, Ca e Na. 

ABSTRACT. _ Layers and lenses of metasedimentary material and associateO metabasitcs 
(pyribolitcs) occur intel1:alated ioto the ultramafic-mafie body of the Ivrea·Verbano formation. 
These intercala tions are tentatively ronsidered as tcctonical1y insertcd slkes of the scries into 
which tbc ultramafìe·mafie complex was intruded. This implies a pos5ible goochcmical difference 
bctween tbe metabasitC$ associated with the metascdiments and the rocks of the: complex. 

The hypothcsis is tested by Q-mode facrorial analysis. The two rock types are weU 
discriminatoo and the pyribolites clcarly depart lrom the trends defined by the cumulitie rock.s. 
The more discriminant elemenu, in order of decreasing importance, aI"C: K, Mg, St, Rh, 
Ca and Na. 

Introduction 

Withio thc ultramafÌc-mafÌc Ivrea-Verbano complex, which, according to RIVA

LENTI et al. (1975), has been formed by gravitative differemiation of magma intruded 
imo deep-crust, (here are layers and Icnscs of metasedimentary rocks (stronalites 
and marblcs) imcrcalated with metabasitcs ( B UTOLANI & GAIlUTl, 1970). Also 
charnokites occur in these minor sequences. According lO a working hypolhcsis 
by R!V.\LENTI et al. (1975) lhcse laycrs and lenses may be rcgarded as tectonic.111y 
inserted slices of the host series imo which thc magmatic complex \Vas intruded . 
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Their relative aetual position is thc result af thc repeated plastic dcformations which 
affected rocks af both units. Originai unconformities are generally masked by 
transposition af folia tion, nevcrthel ess in places they have been well preserved. In 
thc last case tbc disti netian bctween rnctanoritcs (af cumulitic origio) :md metabasites 
is easy in the field; on thc contrary, thc distinerian is more difficult when structural 
criteria afe lacking. 

T his paper is aimed to discaver if thc mafie rocks af thc t\Vo units can be 
distinguished 0 0 geochemical basis. 

Occurren ce and petr'ography 

Thc series of metapelites and metabasites examined is thc alle af Se55era Valley, 
(Vercelli, Italy) with fcw samples collected from other localities. T he metabasites 
occur strictly associ:lted with stronalites :md various fclsie lithotypes metamorphosed 
in the granulite facies. T hey appear as medium-grained blackish rocks. T he normal 
paragenesis is given by orthopyroxene, clinopyroxene and plagioclase in variable 
proportions. Hornblende is generally present and sometimes abundant, while biotite, 
ore and apatite may be accessory phases. Garnet is locally presento Although strictly 
speaking the metabasites should be classif1ed as pyrigarnites, pyriclasites and 
pyribolites, the last are largely predomi nant and therefore the metabasites will be 

referred te :lS pyribolites in the text. 

Geochemistry 

Table l reports the chemical analyses of pyribolites and of some metanorites. 
Assuming that metamorphism has been isochemical, at least as far as major 

elements are concerned, most of the pyribolites exhibit the normative composition 
of olivine-lholeiites. 

In F ig. l the va rious oxides of pyribolites are plotled versus F = FeO(tol)j 
FeO (tot) + MgO ratio. Rocks of the stratiform series having comparable F ralios 
are also reported ; they afe the garnet-bearing gabbros and norites of the LLG and 
ULG (Lower and Upper Layered Groups; see RIVALENTI et aL, 1975). 

The chemical data far these focks are taken partly from the literature (RIVALENTI 
et al., 1975), and partly are new analyses reported in Table 1. 

The pyribolites straddle generally the fie ld of the garnetiferous lithotypes of 
the LLG and ULG: lherefore they cannot be unequivocalJy distinguished from 
these rocks of the complex. Thc oDly plot where some discrimi nation occurs is 
the F -K20. 
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g:unC(·bcaring gabbro. and noriles of Ihc str31iform serie. (LLG and ULG), exccpt for F·K,o plot. 
Simbo[.: Pyribo[itc. = dou; garnct.bcaring gabbro. and nori,,:s of LLG and ULG = open d,cles. 

Multivariate Q-mode anaIysis 

As the univariate or bivariate parameters shown above do not previde any 
firm basis cf distinction between pyribolitcs and garnet-bearing lithotypes of the 
cumulitic complex, the discrimination has been attempted by means of the Q-mode 
multivariate analysis. The basic principles of the method can be found in H UMAN 

(1970), DAVIS (1973), S H AW and HARMAN (1975) and olhers. 
The e1ements involved in the Q·mode analysis are those of T able 1, except water. 

T he generai statistics for the untrasformed data are reported in Table 2. Table 3 
sets out the weigth of the single variables over each factor, variance and relative 
cumulative variance. T hree factors account for about 95 % of total variance which 
is a sufficient leve! for the prcsent problem. Fig. 2 shows reciprocal plots of the 
three main factors FI, F2 and F3. Pyribolites are discriminated in ali diagrams from 
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T"'BLE 1 

Chemical analyus 01 Pyribolites and garnet-bearillg gabbro! and noritu 
(samples marked with usterà) 
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thc garnet-bearing lithotypes of thc curnulitic complex. Fig. 3 IS a triangular plot oI 
the three factors. 

In this diagram thc facto rs have been normalised and rotated so that their 
single contribute to the [otal variance is of comparable order. The oew fac[or scores 
and variance are reperted in Table 4. 

The discrimination results improved; garnetifcrous rocks of the LLG and ULG 
form a [rcnd characterized by thc incrcase of F l valuc. 

Interpretation 

In a preceding paper (Ct.PEDRI et alo, this volume) it has beeo shown that it is 
possiblc to assigne a geochemical meaning to thc discrimination :md trends evidenced 
by the Q.mode analysis. Considering the variables whieh weight more over the 
single factors (Table 3) it is evident that Fl indicatcs rncrely that the main variability 
of the statistical population is due to modal variation in plagioclase and mafie 
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TABLE 2 

Generai s/atistics 01 untrasformed data 
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minerals.; variation in F2 is due to incrcase of plagiodasc and contemporaneous 
decrease of mafie minerals; F3 shows that the population can be discriminated also 
on tbe basis of K2Ù (and Rb). 

In the triangular plot of Fig . 3 the groups are discriminated on the basis of 
the same variables, but now plagioclase is accounted far in Fl, while F2 aeeounts 
for mafie minerals and in F3 K20 and Rb have again a strong weight. 

The trend shown by metanorites in the diagram FI-F2 (Fig. 2) indicates an 
inerease of plagioclase at expenses of mafies, while the plot F2-F3 reveals that 
plagioclase enriehment is also aecompained by inerease of K20 and Rb. In the 
triangular plot of factors metanorites define a trend which again is the consequence 
of plagioc!ase enrichment accompanied in the late stages by slight K enrichment. 
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Fig. 3. _ Triagular plot of the three main factors FI, F2 I lId B, afler rOlation from the O1igillal 
orthogonality and normalization. Note the discriminalion and !remi given by garnet-bcaring gabbro. 
and noritcs of the S!ratiform $aie •. Symbols as in Fig. l. 

These t rends are conform with the differentiation scheme proposed by RIVA
LENTI et al. (1975) for these rocks, i.e. a late plagioclase crystalli:7..ation accompained 
by increase of H 20 activity, and hence of incompatible elements such as K. 

Pyribolites do not give any trend; they cluster always out from the. trends 
defined by the cumulitic rocks. Therefore they behave as rocks geochemically 
unkindred to the rocks of the cumulitic complex. 
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CooclusioDS 

The Q-mode facto r analysis has proved lO be a successful mcthod for 
discrimi nating pyribolites and metanoritcs ai the stratiform complex af the lvrea
Verbano fafmatioo. 

As pyriboliles never follow the variation trends (dependent on thc mechanism 
af igncous fractionation) af the metanorites, they may have becn formed by some 
alher mechanism and/or in another geotectonic envi ronment. 

This result supports the hypothcsis that py ribolites and the associated meta
sediments may represent the crustal scrics ioto which the magmatic complex was 
intruded. 

Thc data of presenl paper are nor sufl1cient for assessi ng the originai nature 
and the geotectonic rncaning of the pyribolitcs. As a working hypothesis supported 
by the composition of the rocb exami ned, it might be put forward that they 
represent the basaltic layers of al1 oceanic sequence. 

This hypothesis will be tested by future work. 

Appendix 

- Chemica! analyses have been carried out by XRF, accordi ng to FRANZINI and 
LEO;..;I (1972); H20+ has been detcrmincd gravimetrically, and Na~O by AA. 

_ The Q-mode Fortran program used in this paper is a modified version of the 
Klovall and Imbrie program (KLOVAN & htBRIE., 1971). 
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