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STATISTICAL APPROACH TO THE PERIDOTITE PROBLEM ..... 

RIASSUNTO. - L'analisi fattoriale Q-mode viene usata per verificare l'ipotesi che le 
ultrafemiti della formazione basica Ivrea-Verbano appartengano a due gruppi: l) peridotiti residue 
da fusione paniale di materiale del mantello; 2) peridotiti formate per differenziazione gravitativa. 

I due gruppi di peridotiti risultano chiaramente discriminati sulla base di tre fattori. 
L'interpretazione dei tre fattori mostra che il fattore l è discriminante tra dunit i e ultrafemiti 
a pirosseno; il fattore 2 esprime una variazione da duniti verso peridotiti a pirosseno e orneblenda, 
mentre il fattore} discrimina sulla base del tenore in ferro dei minerali. 

Tra le ultrafemiti appartenenti al mantello, quelle a flogopite, provenienti da Finero, sono 
distin te da quelle di Baldissero e Balmuccia o per aver subito un meno intenso impoverimento, 
o a causa di una contaminazione. 

I trends mostrati da alcune peridotiti di origine cumulitica hanno il significato di un 
frazionamento. I dusters raggruppano per lo più campioni raccolti in I~liià con limitato ambito 
di differenziazione (Rocca di Argirnonia, La Balma, Monte Capio, Campello Monti, Cima Cavallo). 

ABSTIlACT. - The Q.mode faCiorial analysis is applted in order to evaluate tbe hypothesis 
that the ultramafites of the Ivrea·Verbano basic formation belong to twò distinCi groups: 
l ) residual material from mantle partial melting; 2) products of gravitative differemiation. 

The two peridotite groups result unequivocally discriminated on the basis of threc factors. 
A geochemical interpretalÌon of the three factors shows that faCior l discriminates between 
dunites and pyroxene-bearing ultramafites; factor 2 accounts for a varistion from dunites tO 
pyroxene {hornblende).peridotites and factor 3 for the dilIerent iron content of the minerals. 

The mantle peridotites are discriminated from those of the cumulitic seguente because 
of the different composition of the minerals. Within the mantle peridotites, me discriminadon 
of the phlogopite-peridotite (Finero) from those of Baldi$sero and Balmuccia may be due either 
to a lower depletion or to contaminati.,n. 

The trends of the cumulitk peridotites have the meaning of fracllonatÙm. The c1usters 
group merely samples collette<! within a limite<! range of dillerentiation (Rocca di Argimonia, 
La Balma, Monte Capio, Campello Monti, Cima Cavallo). 

lnlroduction 

It has 'been recently shown that the Ivrea-Verbano basic format ion in tbe 
Sesia Valley c,!-n be distinguished into two units: 1) a peridotite body (the Balmuccia 
peridotite) interpreted as residue from mantle partial melli ng; 2) an ultramafìc-mafìc 
layered series formed by gravitative differentiation ( R IVALENTI et aL, 1975). The 
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residual peridotites are harzburgites and Iherzolites, rarely dunites. Thc cumulitic 
peridotites are dunites and harwurgites, rarely Iherzolites. 

In the 6dd, the residual peridolitcs are greysh, while the cumulitic ones are black. 
Prdiminary geochemical studies have shown that thc residual peridotites diffcr 

from the cumulitic ultramafitcs of comparable mincralogy for a lower Fc and Mn 
content and lower Fe/Fe+Mg ratio. Thc composition of the minerals in the two 
peridOlitc:: types is a1so di!Tcrent: in the mantle peridotites, with respect to thc alhers, 
olivines are more fonteritic, orthopyroxenes more costalic and Icss Al-rich, dino­
pyroxencs more diopsidic and less AI-ric:h, spinels ric:her in AI and Mg and lower 
in Fe and Cr (CAPEDRI et aL, 1976, and unpublished data}. 

In thc whole basic: format ion, which extends !rom Locarno to Ivrea, tbere are 
several uhramafic bocIies whic:h, on the basis of simple fie1d criteria and/or 
univariate parameters (suc:h as the Fe/Fe+Mg ratio), may be ascribed to the 
residual mantle type or to the cumulitic type. This paper is aimed to check, on 
the basis of many chemical variables, the consistence of the discrimi nation between 
the peridotites attributed preliminare!y (a nd tentative!y) 10 one type or 10 the other 
and to point out which are the best discriminating variables. The results of this 
invcstigation a\low to asses a higher confidence leve! in the attribution of unknown 
peridotite bocIies of the sa me formation. 

Peridotites examined ami their preliminary aUribution 

The chemical data used in this paper are partly taken from the literature and 
partly are ncw analyses (Tab. 1). 

Table 2 sets out the generai characteristics of the peridotites examined and 
their preliminary attribution, references and locality. 

While most peridotites can be easily classified on the basis of the criteria 
exposed in the introduction, the Finero body deserves some discu5sion. 

According to LENSCH (1971) and VOGT (1962) the Finero body is distinguished 
in an inner part constituted by a phlogopite peridotite and an outer zone constituted 
by hornblende peridotites and gabbros. They consider both as mantle. More recently 
WWTHOIl.N (1975) re.examincd the complex and interpreted both peridotites as 
formed by fractional crystallization from lWO pulses of hydrous magma: one rich 
in K which gives the phlogopite type, and another low in K which gives the 
hornblende type. Our field inspection has shown that: 
l ) the phlogopite type matches with the characters of the mamle peridotites of the 

Ivrea-Verbano formation, except for the presence of phlogopite. (Phlogopite 
howevcr, is underformed, while the other minerals are, and this may support 
a possible late crystallization for phlogopite); 

2) the hornblende peridotitcs are similar to the cumulitic peridotitcs; 
3) the composition of the minerals (LENSCII, 1971; CAWTHORN, 1975) does not contrast 

with the possibi lity that the hornblende peridoti te is cumulitic and the phlogopite 
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peridotite is residual as they show the same variations found in tbe two peridotite 
tipes of the Sesia Valley ( RIVALENTI et al., 1975). 

Results of the Q-mode muhivar iate anaIysis 

T he statistical approach chosen for grouping and discriminating the peridotites 
IS the Q-mode multivariate method, introduced in the geological literature by 
IMBRIE and PlIRDY (1972). T he method is reported in several brooks of statistical 
mathematics and in numerous papers (see e,g.: HARMAN, 1970; DAVIS, 1973; SHAW 
& H U.MAN, 1975), 
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The Q·mode analysis structures a variance-covariance matrix of a multivariate 
population by extraction of eigenvalues and eigenvectors from a similarity matrix. 
Each of the so obtained , factors , is a vector which account for a percentage of the 
total desired variance of tbe originai statistical sample. T able 3 sets out the generai 
statistics of the untrasformed data. Table 4 shows the weight of the various oxides 
over each factor, variance and relative cumulative variance. It can be seen that 
three factors account for about 97 % of total variance, which is a sufficient level 
for the present case. 
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TABLE 2 
Generai characteristics. re/erencu and preliminary attribuhon 

0/ the perido/ites examined 

Lo/:.o.litl SllllJll e~ 

VALSESIA OI_Pyrol<eni tcs: Mo296, 

LOwe T L"",ered Gr<>up (Ll.C) Lher~oliteo: Mo 297 . 110298, 

ROCCA !l'''-RZIMOIIlA (MA) 

CIMA CAVALLO (CC) 

LA BAUlI. ~ MONTI: CAPIO 

HNERO HORN\I!.F.NOF. (1"0 

eAUlUCCIA (8) 

o.ounSSERO (BA) 

F1NERO P!!LOGOPltt (fP) 

"044 ,11057,11090, 

HarzbuT&itea : 110299 , 

11016,11017 . 

Dunitn: 1'1043, M051 , 11052, 11056 , 1'1058, 1'1059, 

HarzbuTgitc . : M0898, 

2570 . 2512 , 

Dunite~ : 110891, 1'10900. 

2234 , 

Dunite: 2582 , 

OI_PyToxenite.: Q2M, 

lIarzbuTli tu: Q268, 

Harzburaitcs : M0913, 1'10927, 110928, 

Har.buraiteo: 2228 , 2531, 2540 , 

Dunitca: M0901, 110903, 

1447 , 2205,2226 , 2522,2527 , 2532, 

2533 , 2539, 

MANTLE P!lR1DOTI'J'IlS 

Lhcr:wli t u : 1104 , 1Io~ , lIo~, 1107 , 11013 , M014 , 

lIoU , "~., lIo6~, 1I~6 , ~o61, M069, 

1444 , 22~~, 2276 , 2~97 , 2~84, 28 e ~ , 

I.herzoli tu: M089I , 110892, 110693, NOn_, 

110895, 110896 , 

2230 , 2231 , 2232,2233 , 2558,2886 , 

2~87 , 

I.herzolitu : 1101109, 

H&rzburgites: 110906 , 

2~40 , 2841, 2842, 2847, 2M8, 

Dunitu: ~0907, 1(0111)8, 

1446, 1450, 

Refuencu 

'l'hl . pap;:r 

'!hi. paper 

Rivalenti t aL, (1975) 

'!hi . paper 

Riv.lenti t al. (t9H) 

R;valenti ~ a L (19n) 

'!hi I paper 

~n.ch, (1971) 

'!hi. paper 

6crtolani, (1968) 

Bertolani, 0%8) 

'!hi. paper 

'!hi. paper 

Lenseh, (1971) 

\..ensch , (1971) 

Thi. paper 

Rivalenti , al. , (1975) 

Lensch, (U71) 

Rivalenti t aL, (IH5) 

'!tIi . paper 

Lon.ch , (U1i) 

\..en . ch, (Ul1) 

'!'Ili . paper 

\..en.ch , (911) 
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Thc diagrams nf Fig. l are reciprocal plots of thc sample loadings of thc 
orthogonal factors. Tbc peridotites of the two groups result discriminated in ali 
cases, but the discriminatioll is more powerfull in the plots Fl vs F2 and F2 vs F3. 
Moreover, thc samples of thc cumulitic series from RdA, BMCCCCM in most 

T AIILf. 3 
Ceno !tatistics far the untrasformed data 

cases farm two distinct dusters, while 
those Erom LLG denne a trend of 
variation. Some ovcrlapping betwccn 
mande and cumulitic peridotites occurs 
only for three FH samples. Within the 
mantle peridotites, FP samples cluster in 
a distinct position with respect to Band 
BA (see T able 2 for abbreviations) . 
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lnstead of a reciprocal plot of the 
orthogonal factors, it is also possible to 
plot the samples in a triangular' diagram 
the apexes of which represent the three 
m,lln factors after rotation from the 

F1 

F2 
Fig. Z. - Triangubr ploc of che three main faCtors FI, F2 ,md F3, after 
rOlation from che originaI orthogonality and normalizatioo. Symbols as in Fig. 1. 

originai orthogonali ty and normalization so that the contributioll of each factor 
to the cumulative variance is of comparable order. T he new faetor seores and 
variance are reportecl in Table 5. 
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The smaU differences in weight of the variables, if compared to Table 4, are a 
consequence of the rotation. Tbe discrimination results improved and the samples 
have the same characteristics of dustering and trend as in the other cases (Fig. 2). 

Interpretation 

The discrimination, dustering and trends resulting from the Q-mode analysis 
must depend on the geochemistry of the peridotite population. A geochemical 
interpretation, however, is complicated by the high number of the variables involved. 

The problem can be tackled by trying to darify tl\e meaning of the single factors 
and, then, of the dusters and trends of the diagrams. 

TABLE 4 

S('aI~d principal factor JCor~ 

rlanance of ~ach factor and 
maerix, 
rela/jrl~ 

The 'variables which weight more 
over FI (factor l) are SiÙ2, MgO, 
Fe203tot and MnO in arder of de­
creaslng importance (Tab. 4). This 
factor should therefore be suitable for 
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" .• , 
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" " _ .210 1.007 

_ .0" 

" - .~ .. 
distinguishing between dunites and 

~, pyroxene-bearing ultramafites. It must 
. tu be expected that the Fl values of mantle 
.10' peridotites are intermediate between tbe 

"'95 , . ... - .'m , .• ,. cumulitic dunites and cumulitic ultra-
.1!5 _1.2.' _ .011 _ . • " 

. 7~ _ .'10 mafites richer in pyroxene. ... , I . ~' l.'" - .'" F2 (factor 2) accounts for an inverse 
1.1I. . 770 1.0" - .. ", relationship between MgO from one side 

.31' .". and Ti02, AbOs and Na20 from the .9" _1.0:21 ."0 1.0 .. 

• 231 _ . 0<6 1.00. other (Tab. 4). The Mg-richer minerai _ .,,.., 
. ,. 

2.01 l. •• 

., . 
." 

.600 is olivi ne, while Ti02 is concentrated in 
.0' hornblende and to a lesser degree in 

,p, "... ".00 ,UI pyroxenes, AbOa in spinels and subor-
dinately in pyroxeries and hornblende, 

Na20 in hornblende and subordinately in pyroxenes. 
As hornblende' and spinels are the last phases to crystallize in the present rocks 

(RIVALENTI et al., 1975), the variation in F2 assumes the meaning of an igneous 
differentiation from dunites to hornblende-spinel-bearing ultramafites through 
pyroxene-ultramafites. 

The variables which weight more aver F3 (factor 3) are, in order of decreasing 
in8uence. Fe20atot and MnO (negative), and AbOs, Cao and 5i02 (positive) 
(Tab. 4). The above mentioned Al-bearing minerals are richer in AI~3 in tbe 
cumulitic ultramafites. The amount of Cao depends on the composition of clino­
pyroxene. endiopsides, in the mantle peridotites and generally iron-salites in the 
others. On this basis it is expected that F3 is suitable for the discrimination of the 
mantle and cumulitic peridotites. The variation of the F3 value in the cumulitic 
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group, from low to high, corresponds mainly [O an increase in 1ron contento In the 
light af the meaning of the various factors, ao interpretation af thc fcalures shown 
in the diagrams cao no\V be auempted. 

In thc plot FI vs F2 the mantle peridotites are discriminated because, for a 
given Fl value, they result lower in F2. 

This accounts mainly for the more magnesia n composition af the mantlc 
minerals, and also far the relatively small spine! content af the rnantle peridotites 
and for lower AbOa content in their pyroxenes. T hc FP samplcs, many of which 
are practically devoided of pyroxenes, have in fact the Iowest F2 values, evcn if 
compared with thc RdA rocks, which ::Ire dllnites with some onhopyroxene. The 
FP samples with some onhopyroxene plot together with the other mantle peridotites. 

The falher poor discrimination oi the plot Fl vs F3 can be explained in a 
similar way: for a glven mineralogical composition (Fl) the mantle rocks are 
poorer in F20 3tOt. 

TABLE 5 
Scalt:d varimax lactor 

scorcs, variancc 01 each 
lactor and relative 

cumulative vononct: 

Thc plot F2 V$ F3 discriminates mainly on the 
basis af F3. 

The trend gi vcn by the cu mulitic peridotites has 
the meaning of an increase, toward high F2, of ortho­
pyroxcne, c1inopyroxcne and hornblendc with respect 
lO olivi ne. It is wort h noting that also si ngle rock types 
(dunites or Iherwlites) spread over the t rend: this is 
clcarly duc to the different composition of the mincrals 
in relation to the structural leve! of fractionatiOD 
(RIVAL"ENTI et a1., 1975). 
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.. ,;Be ~ .m far instance, the disappearance oi $i02 in Fl), has 

.m overall the same meaning already discllssed. $0 Fl 
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accollnts for variation of olivi ne with respect to c..1.-
VAII'AlitE 38.0" 2).21. J~ . J.. f cl f MgO 
CUlI . v.uuMl"" 01.896 .'.2U bearing minerals, F2 or the ecrease o coment 

(and increase oE Fe20atot content) of pyroxene at 
increasing spiQe!s and amphiboles, and F3 mainly for variations in the Fe/Mg ratia. 
Il is therefare; expected that mantlc pcridotites plot distinctly from the others. 
Thc trend of cumlllitic pcridotites has the samc meaning as in thc plot F2 vs F3. 

Thc gcoch.cmical imerpretation of the Q-mode analysis givcn above may explain 
also tne bchavrour within thc mantlc and cumulitic peridotitcs. The clllstering of 
thc mantle peri(fotites imo two groups IS a consequence of thc differential mine· 
ralogical composition of FP samples with respect to those af Band BA. The 
bchaviour of FP samples might be interpreted eithcr as the consequence of lower 
depletion of the mantle at this locality or as contamination. 
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Within the cumuli tic group, the trend shown by the LLG ultrama6tes may 
be the consequence of the fractionation of Ol-Opx-Cpx-(Ho, Sp) in the order, as 
already discussed by RIVALENTI & al. (1975) on the basis of other criteria. 

The c1usters formed by RdA and BMC-CCCM are due to the small interval 
of fractionation represented in the sampling at these localities. The BMCCC-CM 
cluster behaves as the early differcntiates of thc LLG series and therefore follows 
the same differentiation scheme. T he cluster cf RdA, which in mesi cases plolS 
in an intermediate position between mantle peridotites and early cumul itic members, 
might indicate a more primitive composition of the RdA peridotites, with olivine 
and orthopyroxene more magnesian with respect to the LLG minerals. Pos­
sibly, this feature is a consequence of fractionation at a deeper crustal level, 
which might lack (or was net found) in Sesia Valley because of the intense tectonism. 

For what conceros the FH ultrama6tes, thc Q-mode analysis supports the 
hypothesis that they are, with the exception of three samples, more simi lar to the 
cumulitic peridotites than to the mantle type. A possible factor which may account 
for the anomalous behaviour of the th ree samples is their erroneous assignement: 
they havc been taken from literature whcre thc disti nction between mantle and 
cu mulitic ultrama6tes had not been made. 

Cone1u8ioll8 

Multivariate factor analysis has proven to be a useful method for distinguishing 
peridotites of different origin and strictly associated in the same area. NOI only 
mantle peridotites have been unequivocally distinguished from those formed by 
fmctionation and cumulus, but il has also been possible to point out geochemical 
differences that would have becn otherwise difficult to be secn. T hc trends of variation 
shown in the factorial space are geochemical conscquences of the fraction:uion that 
occurred in tne peridotite formation. 

App e ndix 

- Chemica\ analyses have been carried out by XRF, accordi ng to F RANZINI and 
LEON I (1972); H 20 h as been determined g ravimetrically, and Na20 by emission 
spettroscopy. 

- The Q-mode Fortran program used in this paper is a modi6ed version of the 
Klovan and Imbrie program (Kt.OVAN & h.f BRIE, 1971). 
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