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ORIGIN OF THE CERVO PLUTON ACCORDING TO THE U AND Th 
CONTENT AND DISTRIBUTION 

ABSTr.ACf. - Uranium and lhorium contenI has bem delermined in 16 samples of tolal 
roclt, drawn from the plulons of Biella and Trave~la and trom several country rods. The 
aim of lhe investigation is IO find geochemical suggeslions in favour of a primary or secondary 
origin of the two inlrusive bodies. The high V and Th concentration in Ihe rocks of the abave 
plutons and Ihe observed Th/V ratios allow tO neg!ect Ihe possibilil)' thal Ihe paren! magmas 
of Ihe IWO plulons can be derived by parlial or total rem~ting of the $esia-Lanzo met~morphic 
country rocks. &veral hypolhe5e$ have been put into discussioni nevertheless geochemical featufe$ 
together with well known geophysical dala lead tO be indined IO tile following interprelation: 
tbe Cervo and Traversella p!ulons could represent tbc residual system of hybrid magmas. 

R IASSUNTO. - Sono stati determinati i contenuti di U e Th in 16 campioni di roccia 
totale, trltti dai plutOW di Biella (Valle del Cervo) e di Travenella e da alcune. rocce circostanti, 
allo scopo di trovare indizi geochimici sull'origine primaria o secondaria rlei due corpi inlrusivi. 
Le alte ooncenmuioni di U e Th nelle rocce dei p!utOllÌ e i rapporti Th/U osservati, permettOno 
di escludere la possibilità che i magmi dei due plutoni siano derivati da ri fusione parziale o 
totale delle rocce metamorfiche Sesia·Lanzo. Sulla loro origine si possono formulare varie ipotesi; 
tuttavia le cara tteristiche geochimiche e i dati geofisici, permettono di propendere per la seguente: 
il plutone della valle del Cervo e quello di Traversella potrebbero rappfe$entolre i sistemi residuali 
di magmi ibridi. 

Inlroduction 

In the Cervo Valley pluton several occurrences of secondary U minerals has been 
mentioned in the joins of the syenite and monzonites: ~-uranophane (FIORE .... "TIN I 

POTENZA, 1959 a), autunite and torbernite in lhis case ( FIOREl'-'TIN I POTE:-<ZA, 1958). 
Besides an high a, y - radioactivity and U Th prdiminary distribution have 

been pointed out by DEUTSCH & LoNGINELLI (1958) and later by F IORENTIN I Po­
n;NZA (1959 b). 

The above items seem to indicate an high significance of lhe uranium and 
thorium content in this plulon and suggest now the opportunity to perform more 
extensive geochcmical investigations on thc U, Th distribution ;,md related geoche­
mical association in the plulon as well as in it5 surrounding rocks. T he aim of such 
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TABLE l 

Moda/ composilion 01 th~ sa~cud intrusill~ roeks 

... ,,--_. .... ~- ,~- -~ . . -- .... or. 
_. 

0,._1. - -,,, ~~ 
~""" 

_"OC ........... " 
'''''''-'1 ".0' l>," o .• o.' .~ '.0 o~ o~ -...... . ...... " ,,~ ,,~ o., o.' ,,~ o .• U o .• _. 
Il.-- .. '.0 ".0 '.0 0.0 OJ '.0 0.0 

~h._1 .. '.' IO,' n.' ,,~ ... OJ ... 
~' .. I""') ' . 0 .. , Il.7 , .. '.0 '.0 o. .. , 
~,,,( ..... ) ' ,. '-- , 

" " 0.0 o o 

• '-- ••• ••• 17.' 0.0 o., .. , '.0 
~ .. (t .. ' ... ,101 
• .- - ••• Il.1 o.' o , .. , 
• '- • • ., o., '.0 o., _. .. ........... " .6 .. , o .• '.' " ••• u o., _.- '.0 '.0 '.' o~ ••• '.0 0.0 

0-.._ .. ' 
11.0'_10) >.' '1.' '.0 0 .0 .... '.' O.' .~ --, ..... '" 
1c... ... '~H.) ••• Q.1l 15.50 0.11 o •• 1.11 -- ..... '" 
1"1IooJ1o) 

.1.11 ••• l5 .... '.' '.' 1.11 o~ o .• _ .. ~) . ~ ".~ " o., 0.11 '.0 ... 
_Jto_,,~ 

('-.110) 61.13 ••• 1'1.11 ••• o., ••• O., O., 

_, .. ,c..._l 
(1..-..110) '.' Il.'' Il.'1 !l.n '.' '.' o." O." 

ro< ... _ ............ h ............. _,... . (l''agaigl,,,.. M_, '~ .. <rm ....... ""'Q,,' .. " 

a comparision should be that to look the U and Th like possible indicators of the 
origin of thc: urvo plulon magma. 

The question rising is, in fact, thal to rea1i:z.e if the Cervo magma has to be 
thougbt like an autoctone falher than alloctone melc In the second case does it 
represem a residue system or the removed fractioo of a partial melti ng? 
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Geology 

T he Cervo pluton emplaeement took piace aeeording to the transition betw~n 
gneisscs and mieaschists of the Sesia-Lanzo rone; the widest elongation of the 
pluton itsclf stili runs aceordingly to the above boundary rone. 

There is w:.ry field evidenee of masses exchange bel ween the melt and its .wall 
rocks: fragments of micaschists and gneisses are enclosed in the syenites and mon­
ronites and appear to be affected by i15 thermometasomatic activity; whereas feldspar 
injections occur in the wall rocks. 

Plamifull ehemical data (FIORENTINI POTENZA M., 1969 a) support sueh a me­
tasomatie exchange in the eterogeneous system. 

In the Sesia-Lanzo metamorphic zone another pluton outcrops: the Traversella 
one of granodioritic-dioritie eomposition; this pluton has been enclosed in the present 
geochemical comparison, showing a slightly younger Oligocenie age and si milar 
emplacement conditions (ScHIAVI NATO G., 1972). T ablc l gives modal analyses of 
the main types of rocks of the Cervo and Traversella plutons: these are originai 
analyses but for the marked rocks are known also ehemical eomposition. 

In the same Sesia-Lanzo metamorphic complex some autoctone granitoid outerops 
and several porphyrite dykes appear; the field evidenee suggests that th(' granitoids 
have been fo rmed c in sitll» probably by mobilization of the only feldspa rs and 
guartz phases mainly. Therefore no removal and separation seems to have taken 
piace, betwttn the mobilizc=d and resistant phases. 

The bulk essential ehemieal composition of these granitoKls and that of the 
surrou nding gneisses results to be subslantially the same as it has been checked 
by FIOREl\"'T INI POTENZA (1%9 b). These granitoids, however, CUl tbe porphyri te dykes 
but appear to be affected, in lheir turn, by the contact aureole of the Cervo Tertiary 
plulon. 

Besides, ehemical dala (in preparation) play in favour of a closem:ss between 
tbe Sesia-Lanzo porphyrite dykes and the Canavese igneous belt. 

In tbc light of sueh a ehcmieal closeness and taking into consideration tbe 
geotectonic association, the Sesia-Lanzo porphyrites could represem some of the 
continenta{ volcanic pypes of the Canavese extrusion. 

Some small or large blocks of porphyrites oceour endosed in the granite core 
and in the other rocks of the plulon. 

Thelefore, ali logether these field rel,nions suggest the followi ng seguence of 
geologie cvents: 

I) Sesia-Lanzo metamorphism; 

2) Porphyrite dyke - Canavese extrusion emplaeemems; 

3) c Granitoid » recrystallizationsj 

4) Tertiary plulon emplaeemems. 
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Sampling 

In arder to prepare some terms af comparision for tne origin af the pluton, 
tbe following samples have been collected: 

9 samples af selected rocks af the Cervo pluton; 
2 samples af the selected rocks af the Traversella pluton; 

• 4 samples af Sesia-Lanzo metamorphic rocks; 
1 sample af Canavese « porphyrite :t. 

Thc main care in 5uch a sampling program has been that to provide for 
absolutely no altered samples af rocks. 

Difllculties theccat arose in sampling micaschists, granite and Canavese c por­
phyrite :t . Thc farmer for secundary iran hydroxides diffusion, the latter fo r the 
extensively altered plagiodase. 

Thc cafe comes from the well known strange tendence af U in respect af Th 
concentration to be leached and removed from the crystalline lattice and from inter­
stitial spaccs by late stage solutions and filtering waters. 

The main risk, indead, should be that of a selective leaching of U which could 
compromise ThjU ratio in the total rock. 

Thereat, upon such a ratio it has been based the comparision betwecn tbe pluton 
and its neighbouring rocks. 

Experimental procedure 

U and Th concentrations in the selected rocks were measured by neutron 
activation analysis (KRUCER P., 1971), (MoRcAN J. W. et al., 1963). 

For this purpose ali the collected samples were crushed and the powder, witbout 
any handling, was sealed in lucitc phials in the quantity of 100 mg about. 

For every group of samples, a c standard > was madc adding to the powder 
a known amount of U and Th in the form of solutioD, then dried. 

Tht: irradiations were performed at the surface of the core of L54 reactor at 
CeSNEF, Politecnico - Milan. 

The (Olal available flux is = 3.5 1011 njcm2sec.: typical irradiation time for the 
samples was about two hours. 

After a cooliog time of three or four days, the obtained y - spectra were 
analysed by a coaxial, 35 cmll Ge-Li detector conoected to a Laben 8192 channel 
pulse height analyser. 

The U and Th content was determined counting the 0.228 McV y ray from 
235 d mNp and the 0312 MeV y ray from 27 d 233Pa, both obtained after (n, y) 
reactioo 00 U and Th in the samples. 

Besides this possibility, the U concentration was measured on the same samples 
by delayed neutron counting (NASS H. W. et aL, 1972). 
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T ABLE 2 

V, T h m~an conc~ntration and T hjU ratio in th~ S~!ia-LAnzo T~rtjary plutons 
and surrorm ding m~tarnorphiç rocks 
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T ABLE 3 
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Morco\'er, 3S compammn, nalural activity due to U and Th by r ray spectro­
metry was measured with Ge-Li detector ; now the countings were performed on 
150-200 g of powder sealed in cyli ndrical lucitc containers and thc samples were 
allowed to attain secular radiO:lctive equilibrium before lhe analysis (AOAMS IA.S. 
et , I., 1970). 
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Thc resulu are shown in Tablc 2: for every sdected rocks the concentration 
of U aod Th is givc=n as weighted meao value aod 5l3ndard errar of thc conceo­
trations measured in tbe different methods. 

Table 3 gives tbc large cations content for some of thc analysed rocks. 

Results 

Thc mean concentration of U aod Th in the ~rvo plulon as a whole resuhs 
to be 7-9 times higher than in tne sialic crust (WH ITfIELD et al., 1959) and higher 
than in other T eniary or younger Italia o plulons. 
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Fig. lo - Uru;um and Thor;um contcnt in SOffie ;gncotn lockl. 

The Traversella pluton appears. also, to exceW igneous crustal average. The 
range of ThfU ratio in the selected rocks of the Cervo and Traversdla plutons 
appears to be slight1y lower (1.5-3) than the range (3.5-4) of mean ThfU ratio 
values given by WrrHFIF.LD et al. (1959) far the crustal rocks. 
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This fact means that the Cervo and Traversella plutons are more enriched in 
U and T h respect of the 2.8 ppm and lO ppm of sialic rocks average. 

Besides it can be nOled that in the Traversella pluton the m:l.nger i t~ facies, the 
richest one in K·feldspar, attains U and Th concentration and ThjU ralio ranging 
in the Cervo granites values. The comparison between U and T h content in these 
plutons and the U and Th ranges of some types of alkaline rocks shows the g.eneral 
good correlation between Th, U and K. 

T"BLE 4 

Rallg~ 01 U and Th conuntration and ThjU ratio drawn Irom litN"atur~ 

in intrtf!i/)~ all{alin~ rocl{s (a), m~lamorphic rol{s (b), udimen:ary rocl{s (c) 
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The mean ThfU ratio of the Cervo pluton results thus IO be lower than in 
many omer plutonic districts of the T ertiary orogens and lower than the crustal 
average of T ertiary rocks (see Fig. I). 

According lO Paterman (in WEDEPOHL, H andbook of Geochemistry, 1969) there 
would be a generai tendence oE ThjU ratio to increase continously from ancient 
intrusions lo the younger ones. 

In this light the Cervo pluton would have ancestral character. Nevenheless 
mean values from Wedepohl (s~ Table IV) don't support such a t rend pointed 
out by Paterman. 

At this point it becomes usefull to cali attention on the marked abu ndance in 
large cat.ions Iike Ba, Pb, Rb, and so on; they appear to be geochemically associated 
with U and Th in the Cervo plulon :md mainly with K. 
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On the other hand, taking into consideration thc surrou nd ing and neigbbouring 
rocks of the Cervo pluton, the U and Th concentration appear to be lower af some 
a rder of magnitude in me Sesia-Lanzo mctamorphic rocks than in thc pluton selected 
rocks; on the comrary, il appears that the range af ThjU ratio (2-3) cf monzonitcs 
and syenites is dose to thc Th; U ralio af Ca navese volcanic rocks (3.04). 

The above direct comparision results to be based upon single values af Th and 
U contcnt in ncighbouring rocks and upon mean values in the pluton rocks; 
nevenhcless credit ffia y be attachcd tO thc above comparision, because thc Th, U 
aod Th/U ratio values in thc Sesia-Lanzo metamorphic rocks and Ca navese dacitic 
andesitic ones range in their respective crustal average. Moreover the Sesia-Lanzo 
schists latu sensu, appear to be incomparably voider in large calions than the rocks 
of the ~rvo pluton. 

DiSCU88ion 

The comparision between U, Th content and TbjU ratio in tbe two Sesia-Lanzo 
plutons and its neigbbouring rocks leads to exclude tbe possibility of an autoctone 
origin nf tbe formers, whereas suggests that their origin can be discu~sed taking into 
consideration the following three hypotheses : 

a) the Cervo pluton, and probably the Traversella one, represent residual 
systems of a parent hybrid melt; 

b) otherwise they represent the mobilizated fractions of partial meltings; 
c) eventual1y the parent melt assimilated ancient sedimentary black shales, 

generally radioactive. 
Ali together the above three hypotheses imply in any case that a parent magma 

is invoked of which no larger su rviving evidence stili exists now apart from the thin 
igneous Canavese eruptive beh and the Sesia-Lanzo porphyri tic dykes of latite-dacite 
composition. 

lt turns to be aut very clcar that the ratio between appearing volumes af the 
plutons aod of the Canavese belt don't play in favour evidently of a relationship 
that should be that of parent magma-residua! system. 

On the other hand well knowo geophysical data suggest the presence of a 
surviving light melt, probably potash-rich underlying the mantle ultramafic solder 
ridge giving rise to the lV. positive Bourguer anomaly. 

An undoubted character of residua l system of the Cervo and Traversella plutons 
however lises from their panico!ar geochemica! association and abundance of large 
calions with U and Th. 

Thus tbe two Ten iary plutons could real1y represent residual systems of the 
hybrid parent mehs due to the partia! mixi ng between the light alka!ine melt aod 
the basaltic product of the ridge. Keepiog in mind that mobilized fractions of a 
panial mehing cannot be geochemica l1y distinguished from residual systems without 
the help of iSOlOpe geochemistry (FERRARA G . et al., 1975) the second hypothesis 
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cannot be beuer cliscu$secl than by answeri ng whal may be the parcnt material 
in the prescnt gcochcmical setting : the Cervo pluton hardl y can be derived by 
partial mdting from Sesia-Lanzo metamorphic rocks. 

These appea r to be typically void of U, Th and large cations in respect of the 
pluton, whereas titan ium has similar conce ntration. l3esides the ThjU rOllio of the 
Sesia-Lanzo schislS appears la be much higher than in the pluton; thereby even a 
strongly partial mdting cou!d have not concentr.lte U enough to lower the Th/ U 
rOl lio from 5 lo 2 about, keeping in mind the ratio of masses between the pluton 
and the schists. Besides the partia! me\ting would have affected also the titanium 
which remains instead about the same. 

At present there is no geochemical evidence in favo ur of buried sedimentaI)' 
ancient deposits in the Northern subduction zone and the third hypothesis stili 
remains more or less in the realm of fa ncy. 

The origio of the uncommon U and Th contcnt has to be S('arched mainly in 
the strong increasing U and Th content with increasing K 20 content in the selected 
rocks; if credit may be gi ven to the above unquamified corrdation, the origio of 
these r;\dioactive e\ements in the pluton could be assigned to their ~eochemical 
association with K and other large cations. 

Conclusion 

Uraoium, Thori um and large cation content as \Veli as Th/ U ralio suggests 
that the Cervo pluton cannOl be scen as an autoctone product of complet panial 
me\ting of Sesi a-La nzo metamorphic rocks. 

Thc above geochemical characters together with the magmatic means of the 
well known geophysical dala about the Ivrea Verbano Bouguer positive anomaly, 
lead to believe the following: lhe Cervo pluton and the Traversella one, probably 
represent residual systems of hybrid melts belween light alkaline melt underlying 
the ultramafic folded ridge and the primitive basaltic product of the last itself. 

Acknowledgments To Prof. M. POTENZA F IORENTINI who advised and discussed. the 
present work. 

REFERENCE S 

ADAMS ).A.S., CASPARINI P. ( 1970) - Gamma-&'js spectrometry 01 rocks. Elsevier Publishing 
Compaoy, Amsterdam. 

DEuTscB S., LoNGINELLI A. (19'8) - Distribuzione d~lIa radiOllttivitò nella sienite di Biella. Studi 
e ricerche deUa divisione geomineraria. VoI. I, parte Il , 711-724. 

FEJ.IL\IL\ G., MACERA P., VALENTINETTI R. (19n ) - ConUnuti di U e Tb nell~ rocce d~lla pro­
vincia magmalica toscana. Parte l Rend. Soc. lI. Min. Peno!., XXXI , 209·219. 



646 A. CESANA, L. DEMONTE, M . VENEOON I 

FIORENTINI POTENZA (l958)· AuluniU "tU" sitnilt di Bitlla. Rend. Soc. h. Min., XIV, 215·223. 
FIORE~INI PoTENzA M. (1959 a) • Minerilli radiOilUivi ntlla ''''ISSa granitico .sienitica ddla Valle 

dd Cervo (Bitlla): "rano/ane a. Rend. 1st. Lombardo Se. c: Len., Classe A 9}, 495·50' . 

F IORENTINI PoTENzA M. (19.59 bl - Disl,ibu~iont delle printipali fiicies ptlrogrllfiche t ddf" 
radioauività nel plutone siel/itico di Biella (Valle dd Ct'vo). Rend. Soc. It. Min., XV, 
89-131. 

FIORENTINI POTENZA M. (1969 a) - Movimento di elementi duranU l'intrusione e mtlamorfismo 
di confallO del plutone della Valle dd Cervo (Biella). Rend. Soc. Min. !t., XXV, 353-374. 

FIOREN1'INI POTENZA M. ( 1969 bl . Ruolo della mica nel melamorfismo Se$ia·Lam;o (Piemonte). 
Alli Soc. h . Se. Nat. Mus. Civ. Milano, CIX, 55-86. 

FIORENTINI M., ScHWANDER H., STI!.RN W. (1975)· Cbemical distribution patUrns in the ttrtiary 
and triassi, igneous distrius 01 tbe Centrai AlpI. Chem. Elde Bd., .34, 2)7·2~2. 

KRUGEIl P. ( 1971) . Principles 01 ALtivation Ana/ysis. Wiley, Intersc:ience, Nl:w York. 

MOlGAN J. W., LoWERlNG J. F. (1%.3)· Determinalion 01 U and Th in r(Xlt.s by neutron «tivation 
analysis. Ami. Chem. A,ta, 28, 40'417. 

Nus H. W., MOLlNSKl V.j., K ..... MER H.H. (1972) . DeUrmination 01 Vranium in variou! 
materialI by delayed neutron count;ng. Matet. Re5el!rch and Stand., 12 (4), 24-26. 

PEnoNEL PAGLIANI G. (1961) . Chimismo e diffuenziazione ddle rocce nel sellore occidentale 
dt:l plutone di Biella. Rend. 1st. Lombardo Se. e Len., Classe A 9', .317·.3}4. 

ScIUAVINATO G. (1972) . PlutoniImo e vulcaniImo Iul versante italiano delle Alpi Cmtrali ed 
Orientali. Ace. Naz. dei Lincei, 4, VoI. LII , '2.3·5.38. 

WEDEPOHL K. H. (1%9) . Handboolt. 01 GeoclHmiftry. Springer Verlag, Berlin. 

WmTFIELD j.M., ROGEIS J.). W., ADAMS ) .A.S. (1959) - The u lationship bet~m petr%gy 
and Thorium and Vranium 'onUnll 01 some graniti, roclt.s. Gcochim. Coomochim. Acta, 
17, 248-271. 




