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PETROCHEUlCAL lNVESTlGATlONS
ON THE «CENERIGNE1SSES:t OF 1.1. ZEDA

(LAGO MAGGIOUE, NOVARA, ITALIA)

A.8sTK4Cf. - A eeries of !lalllplee, liy&tCllJauea1ly eolleeted auOSI lbe mo&t
importaDt borbou ot tbe "CenerigneÌll8e:t. eropping OIIt Oli tOO lIOUtbem part

ot M. Zeda, ha...e been anall"zed.
TiO., Fe/J., FeO, CaO, Xa.Q, KJ), "'ere delennined; theo tbe 1I0rnaati...e

AblAn ratio and the oxid&lion rado wcre ealeulatcd..
The high homogeneity in ehemieal eO"'IKItlitioll of tbe "Oenerign~» aug

gClll:8 tba hypotbe8ia ot a differenti:ll allatexia ot ali originali,. inhomogaueooa
aedimentary I!ICrioe.

RIA$SUlo""'. - &no atato O!:Icguite llnlllisi chimiche parziali su Wla,. lICrie di
campioni r:loCcolti ",ilftomatieamellw atLnIVerilO i duo più importa.nti orizzonti di
c Cenerigneillll. a.ffiorllnti SIÙ "er8nnte llIeridionale del M. Zeda.

&1Ii) \Itali detarminati TiO" .1"0,,0., l'cO, <1aO, Na../J, K-O; !lODO ata.ti quindi
calcolati il rapllorto A biAn llorlnat.h·o e il rapporto di owiduiolle.

La notevole unifomlità dei caratteri ehimici dei c Oenerignci!lll:t l\OIIutuillee
UJl& pro..a della loro origina llnat.eltiea. a paTtire da materiale ,e((imentario mo
moglllleo.

In tbe Strona-Ceneri zone several elongated bodies of peculiar
gneisses, ealled c Cenerigneisses. (Reinhard 1934, Bacblin 1937, Bo.
riani 1970a., 1970b), erop out. 1n this paper Ùm two ma.in horizons
that occur Gil thc western sidc Gf Lake MaggiGre are CGnsidered. The
first la.yer is fOUlld in eoniinuity frGm M. Faiè, where at the intersee.
tion with the Pogallo Line it gl'adcs into the hetcrogcncous migmatites
of tbe Mergozzo.Gravellona zone (Boriaui-Peyronel Pagliani 1968), up

(-) lAl...oro ~guito prelllO l' htit.uto di Mineralogia dell' Uni..ersità di Mi·
lano nell 'ambito dei programmi del Centro di Studi sulla stratigTllfia e petro
gratia. delle Alpi Centrali.



154 E. GIOlllH MASCISI - Il. POTESZA !\IAN"CBl

to tha Cannobina Valle;)', This subverl.ical elongated body strikes
N 6()0 E; its maxmnun tJlickncss is about 2200 m between Steppio and
1.Jl'L Pascola, in tbe \'icillity or :\1. Todano. In the ceutra] and northern
part Ùlese c Cenerigneisses _ appear aJmost granular, medium to fine
grained, and are considerably homogeneous, more or Icss strongly li
neated, Over a thickuess or about 700 m, aJong the southern margm
thcre are many intereaJatiolls or olher rock typee; there c Ceneri
gneisses _ show more pronounced schistosity aud are alternated witb
micaschists and paraglleisscs ricll in quartz.

XClloliths are the m06t e"ic1cnt mesoscopic charaeter: they gene
rally show a conccntric zonillg with a caJc-silicate core surrounded by
a shell of fine grained gnci&<o; (Boriani-Clerici Risari 1970). The am
phibolitc inclusions are rarc,

'l'he maximum dia,metcl' nUlges from 10 cm to 1-2 In; the shape
too is variable: elongated ltnd flattened in the schistose aud more
spherical in t11e pseudogrnlltllar c Ccncrigncisses_.

'rhe northemmost horizon, abotlt 800 meters t.hick, crops out from
A. Prà in tbe Pogallo Valle;)', where it is abruptly cut by tbe Pagallo
fault, 8.S far as Socraggio, a village in the Cannobina VaUey.

The mesoscopic footures o[ this horizon a.re very similar to those
of the c Cenen,.,<'FIIeisses _ or tJle former, buI., 8.S this one is Ùlinner, the
pseudogranular types are laeking: the fine grailled gneisses and pa,.
ragueisses mterealated i.n tight rolds are more abundant and the xeno
liths are \'cry flattened,

Microscopic characters.

The minerai assembl11ge consists of: plagioclllsc (22% Au), quarlz,
biotite, llll1SCovite ± K-feldspar ± garnet ± kyanite, Constant aecCSS().
l'ics are: apatite, ZircOIl, IU1<1 opaque minerals, whilc sphene and epi
dote are always absent.

A pe<mliar [elltur'e or the microstructure is the prescnce of two
gClleratiolls of the fundamental millerals, witil thc exception of quartz;
the first generation millcrals are COli l'seI' than those of thc secolld (Bo.
riani 1970a, 1970b).

The on1y difference betwooll tJle two horizOIlS is tJla.t Ule sizes of
the sccond generatioll minerals or the northernmost horizon are greater
tba.n those of tbe prmcipal one.
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'fhe meso- alld microscopic charactcrs show that these rocks are
tootonites, and th11.t their present nppearance is due to deformation of
an originally medium to coarse graincd rock. 'l'he prcscnce of xeuo
liths with reactioll margi.lls, the mineralogica] composition and tbe
noticcable homogcnc.ity of the rock o"er a lal·ge area, supporl thc
hypothesis that the «Cenerigneisses» are the result of anatexis from
a scries of sedimentm·y rocks with mari illtel·calations.

Petrogenesis.

Biicillin (1937), in his study of thc. M. Ceneri regioll, describcd
these rocks as «i\'lischgneise », i.e. derived hom the e.llclosing para
gnoisses with minor introduction oi igneous material. On thc basis of
severa! analysis ho found the « Ccnerigneisses » very similar to biotite
plagioclase gneisses and to «Biotithornfelsgneisses », and noted that
these rocks are associated with «Cenerigneisses» throughout the iJl
vestigated area.

The « Cenerigncisses» eOlùd thcrefOl'e have been produced by the
metasomathic additioll of AI, K, No. 1l.nd subtraction of 'Mg, Ca, Fe.
Their «glomerogranulal·» te.xture could have been due to a lamina.
tiOll process in mesocatazonal condition, 011 plagioclasc and biotite and
not on quartz, as tJle latteI' is nevcr 11resent finely granulated. Ac
cordi.ng Lo Biichlin the lack of granulatoo quart.z is a demonstration
that the !amination was lIot a trne catac!astic processo

A.lso the peculiar shllpe of xenoliths is the resu!t of rocks of
different composition, once present in tllC materia! from which the
« Cenerigneisses» are derivoo.

Reinhard (1964) retains that the «Cenerigneisses» are true pa
ragueisses without any nddition of igncous matcria.1 and tJleir texture
represents the initial stage of IL blastic process in a strictJy defined
p-'r runge. The fine gnullliation of plagioclasc is the resu1t of a
«frozcn» process of rccrystallization.

According to Boriani (1970a) the present fcatures of «Ceneri
gneisses» are due lo anatexis of materia! deri"ed from a series of
shalcs alld graywackcs with mal"1 illtercalatiolls, rccrystallization from
the melt of a ratller coarse-grailled mib'1llll.titic rock of unlrnown
texture with calc-silicate xenoliths. IAlter a severe defonnation, that
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caused the formation of a. ne\V schistosity nnd a lineation, affected
the rock body and probably crcated large folds througllQut the whole
complex. A statie phase with parti/II recrystallizatioll of tbe minera.!s
and fonnation of equilibrium textnres ClCcurred last1y.

The present hypothesis is that, as the severity of this deformation
was not homogeneous from site to site, it created different textures
in the various parti) of the body.

Two series of samples, frOIll the principal and the second horizon,
including schistose intercalations, \Vere partia.lly ana.lysed, in order to
eheck this h)'pothesis petrochemically and verify thal the a.pparent
homogeneity of tbe rock correspoods to a true chemica.l homogeneity
and to characterize the schist06e inla)'ers.

In the fint horizon 22 samples were collected cm tbc foot-path
betweell Steppio and La PIlSéola, while tbe 8 IUlalysed samples of tbc
second horizon cOllle from the Pogallo Valley on the Cicogna-Pogallo
mule.track.

Tbe procedure lollowed in collecting these samples was lo take
them olle hundred meters from eaeh other in real thiekness. Then
partial allal)'scs by wet ehemical methods \VeTe carried out, determilling
the follo'l'ing oxidcs: CaO, NatO, K~O, F~03, FeO, Ti02 • From the
weight pcrccntages, An normative, AblAn, nnd oxidation ratio wcre
calculated (Tab. l) and plotted, together with tbe other resu.lts of tbe
ana.lyses, in diagrams witb in abscissae the coostant dis1anee between
U1C samples (100 m of actllal thickness).

Thc arìtbmetie mean, varianee, standard deviation, standard.
error 'l'ere calculated for each series of data by means of a suitAble
computer pl'ogrammc; statistical pnrnmeters were tJlen recalculated
eliminating aberrant data according to Cha.uvenet's criterioo.

Factor analysis 'l'as perfonned 00 the set of data obtained !rom
30 samples. A programme by Ondrick and Srivastava (1970) for
Q-mode and R-mode factor analysis has been rUll. The programme,
starting from tbe correlation between samples, compllte6 paramcters
suitable lo reeogni1.6 t.hc contriblltion of each element analized (R-mooe)
or of each sa.mple (Q-mode) to thc totnl varintion of the sample.

In tbe present case R-mode allalysis gives no help as it empba·
si7.es on1y foreseeu oorrelatioo amoog variables.

Q-mode ana1ysis is more interestillg as it points out tbe eootri·
bulion of eaeh sample lo variation factors and cIarifies eomplex inter
reIatioos among samples of different nature. The results of calcuIa·

a.R<I'eoml S.L\I.P.. 11
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tions are given here iII the form or graphie displays where eaeh point
rcproscnts olle samplc in thc piane defined by two roaul variation
factors; as thrce factors had be<:l1 eomputed, tllree plots have been
given (fig. 1).
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In tbe plots most of tJle points representing c Cenerigneisse8»
are elustered together; the c Cenerigneisses ~ of tbe first horizon eover
'a. partieularly small surface; on the otJler hand tlie points representing
intercalations, are markcdly spread toward lower values of Fl and

higber values of F2.
The TiO.::; distribution (fig. 2) shows notable bomogeneity, both

for tbe first and the seeolld horizon. The ealeulated average is 0.014.

The distribution of this elemellt does not seem to be notably distine
tive aoout the differe.nce in eomposition between tbe c CenerigneisseB ~

and the schistose intercaJations. lt is to be noted that c Cenerigneisseu
IIcve!" contain sphene, so ali Ùle titAnium present in Ule roc.k. belongs
to biotite and ilmenite.

More indicative is Ula C80 distriiJution (fig. 3); in fact tbc graph
of the first horizon emphasizes thc sehist.osc intercalatioJls (samples
5-6-7-32), that show a higher Ca content than the c Cenerigneisses~.

The calculated average ì.s 1.624-, the variance ì.s 0.59; it is noticeabIe
that the Ca contained. in c Cenerigneisses ~ has an even snd !Jomoge.
ncous value. As c Cenerigneisses ~ cont8ill ca.lc-silicate xenolitbs, we
could expect tbe distribution of Ca to be illhomogencous, and the fact
that it is fairly regular supports the hypothesì.s of an anatectie homo
geneization of tbe p~istillg rock.

Also tbe distribution of NB-.!O brings out the sehistose interc8r
latious (fig. 3) wbere. Na contellt is higber than tbe average (average
3,963, variance 0.653). Also in the grannlar c Cenerigneissee ~ there
are some oscillations around the average values, or Na content, but it
should be noted that these sma.ll variations can be related lo tbe same
varia.tions in Ca cont.ent: they coincide with correspondingly small
yariations in the normati\'e plagioclase.

The KzO graph shows (fig. 3) that the distribution of tbis eIe
ment is very homogeueous and very close to the average (average 3.739,
variance 0.361). .An incrca.sc of K-Icldspar corresponds to a decrease
of normative plagioclase amI viceversa..

Normative albite and anortite have beell calculated from CaO aud
Na.20 wcight percentages; the ratio AblAn (fig. 3) gives a very ir
rogular curve, beeause this typo of representation notably amplifies
the variations of An content. fn c Cenerigneisses» tbe Ab/An ratio
(average 5.043, variance 2.733) is aJways higher than tbe ratio quoted
by Von Platen and Boiler (1966) as the minimum Ior the beginning of
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anatexiB (Ab/Ali 2.9), in tunphibolite facies at high pressure (kYlIJlit.e
type of metamorphism shown by these rocks).

The ferric iron conteut has beel1 calculated from tbe total iron
by speetrophotometric method, and [rom ferrous iroo by titration with
potassium permanganatej the oxidation ratio has been ealculated using
th.e formula (Chilluer J960);

mo!
2 l'et 0, X 100
:2 FefOt + FeO

The graph (fig. 2) shows a eonsiderab!y uneven distribution of
tbe values that are appareutJy ra.lldom!y dispersed around the average
(average 30.448, varianoo 93.624). This is espec.ially true for the schi
stose intercalatiolls, while in the c Cenerigneisses _ tJ16 ratio is dif
ferent mainly in samples ve!'y rich in hematite; the influCIlOO of gl'a
phite Oll the values obtainoo for ferrous iron eould not have been
evalua.ted becauS6 this minerai, tJlOugh present in every sample, was
not quantitative]y detennined.

While the R"" in c Cenerignei.sses _ is relatively eonstant, in the
Val Strona paragneisses, studied by Sighinolfi (1968), this ratio shows
strOllg variation; this is possibly due to Il higher mobility of oxygen
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Pig. 4. For eXl'll1l1alioll _ lext.
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in tbe gallOOUS phase present in c Cenerignei.sse6:t during anateris than
in tbe solid state process which deterntined t1le reerystallization of tbe
paragneisses; tbis mobility could have diminisbed tbe difference be
loween tbe layers with differenlo R...: .

The calc-silieate xenoliths, and the al1uminium excess repreeented
by garnet and kyauite prove without auy doubt that the parenlo ma
terial \Vas a sedimentary rock. To establish the nature of this rock
on Na20-K20 diagrnm tbc aVCl'ftgc values of graywackcs, arkoses, slate6
and sha.les, given by Pettijohn and Bastrom (fig. 4) have been plotted.
The represcntative points of c Ccnerigneisses:t fall in a. intennedia.te
position betwoon shales and graywackes. The K cooteot is that of
shales, while tbe Na cootent is that of graywaekes. Owiog to tbe pre·
sence of cale-silicate xenoliths and cOllsidering the chemical composi
tioo, 'l'e suggest that c Cenerigneisses:t originate irom a sed.imentary
series with shales and graywackes and minor mari interca1ations. Tbc
homogeneous chemical eharacters COllid bave been due to metasoma
thjsm or anatexis.

Concluslons.

The s<tuthcrnmost part or. the main honzon is formcd of alter·
nating schistose c Cenerigneisscs:t, paragneisses and fine gralned
gneisses, that \Vere interpreted (Boriani 1968) as a c transition zone:t,
due to a selcclive anstexis in the lower temperature part of tbe me
tamorphic series.

Tbe present stody shows that there is no difference between
schistose sud non-sehisto&e c Cenerigneisses:t, therefore tbe te:l:tural
variety is only due to a difierent distribution of defonnation; ilo is
thus probable tha.t the intercaJations of paragneisses represent very
tight folds of enelosing rocks penelorating into the c Cenerigneissee ~

body.
Because of the chemical homogeneity of these t"'OOks, it seems rea,.

sonable to rejoot Reinard 's hypothesis of a simple metamorphism of
a sedimentary series, in fact sllch an interpretntion does nolo explain
the surprising homogeneity of thc chemical cOlllpol>ition of these rocks j

Biichlin 's sllggestion that c Cenerigneisses ~ are to be considered 88

c M:ischgneise:t seems to be confonnable to the new data, but ilo must
be emphasized that tlle proeeEiS whieh gives a more complete account
of thc cbaracters observed is the differential anatexis of an originally
inhomogenoolls sedimentary series.
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