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ABSTRACT. - Rare-earth, large-ion-lithophile and
Zr-Hf element distributions confirm that the Biel·
[ese late-Hercynian granite massif is a wned corn·
plex with WoE differentiated trend, produced by
only one intrusive event at meso-epiplutonic setting.

The main gradual variations from mesoplutonic
monzo. and syenogranites to epiplmonic syeno­
granites arc: a) the decrease of the total REE
Content (correlated to considerable systematic light
REE impoverishment) and also of Ba, Sr, Zr and
Hf contents; b) the increase of the Rh and Cs
amounts; :) the U-impoverishment, which denotes
the imense weathering process in the massif.

The origin of the relatively b- and a-type granites
is explained by fractional crystallization of a cale­
alkaline granitic magma, which results by the
partial melting of the late·Ordovician granitoid
masses of the «Lakes seti<.'S" wne.

The depth at which the granitic magma is
generated from the melting of cintinemal crust is
greater than the different levels of intrusion. The
high crust thickness (> 30 km), deduced by Rb
and Sr correlated contems, agrees with late-<lrogcnic
setting of the Biellese granite massif.

RIASSUNTO. - Jl massiccio granitico del Biellese
manifesta un graduale frazionamemo nella disuibu·
zione delle terre rare, degli elementi a largo raggio
ionico, di ZI' e Hf. ehe appare essere in diretta
relazione con la evoluzione W·E della differenzia·
zione dei :itotipi fondamcmali e dei diversi livelli
di loro messa in pasto.

Le principali variazioni notate dai monzo.sieno­
granili mesoplUIOnki ai sienograniti epipllltonici
sono: a) diminuzione del comenuto totale di terre
rart (correlata al sistematico impoverimento delle
terre rare leggere) e dei tenori di Ba, Sr, Zr, e
Hf; h} aumento dei tenori di Rb e Cs; cl impoveri·
memo di U per mobilizzazione, che denota I'alto

grado di alterazione superficiale del corpo granitico
csposro.

L'origine dei diversi ripi granitici, formarisi in
conseguenza di un unico evento imrusivo, e ricon·
dotta a ctisralliz:zazione frazionata di un magma per­
siliceo e ClIIe-aIcalino, derivato in eta tardo-ercinica
dalla fusione parziale di graniloidi tardo-Ordovi·
ciani nei lerreni della «Serie dei Laghi ...

La profondita a cui il magma si e generato per
fusionc di cn:;Sla oonrinentalc e piu elevala di quella
dei livelli di innusione granitica. L'alto spessore
CfOStale {> 30 km J. dedotto dai correlati contenuti
di Rh e Sr, e in accordo con una messa in paslO
tardo-orogencrica del corpo granitico del Biellese.

Geological selling

The plutonic massif of Biellese (Piemont,
Italy), fig. 1, belongs IQ late-Hercynian
«Lakes» granites of rhe SOUlhalpine domain
in the sector of the Western Alps.

This region is located on the inner side
of the Insubric Alpine tectonic line and
characterized mainly by a pre-Westphalian
crystalline basement (known as «Massicdo
dei Laghi») of metamorphic grode deaeasing
from NW IQ SE (ranging from granulites
fades in the Cl Ivrea·Verbano» zone to stau­
rolite·zone in the «Lakes series») and by
an unmetamorphosed covering, comprising
Carboniferous strata at the base, Permian
volcanites, Mesozoic sedimentary sequence
in slices and late-Alpine molasse (BoCQUET
et aI., 1978; BtGIOGGERO & CoLOMBO. 1981),
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Granitic bodies elongated in NE-SW
direction, well-known as Montorfano, Mot­
tarone-Baveno, Quarna, Roccapietra-Alzo,
Valsesscra and Biellese masses, are placed
in the western Pllrt of the« Lakes series »;

specifically Montorfano and Motlarone-Ba­
vena granites arc between the two relative
subunits «Strona-Ceneri» (mostly composed
by metapsammitcs and augen-gneissesl and
,< Seisti dei Llghi » (mostly pelitic and semi-
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Fig. l. - Geo-peuographic sketch-map of Ihe Bicllcse granite massif, wun location of the samples for
geochemical analyses: I) Quaternary and Pliocene sediments; 2) Iate-Hercynian vo1canites, mainly rhyo-
lide ignimbritcs; J) late-Hercynian pluwnites, 11 = syenogranites, b = mon7,ogranites; ( ) epiplutonitcs·
mesoplutonires boundary; ( ) differentiated me$Oplutinites faci:s; 4) paragneisses and migmatires of the
Strona·Cencri Zone; 5) and 6), respectively, metapelitcs and bashes of the Ivrea·Verbano Zone;
7) faults: eR = Cremosina (late-Alpine age); (VAt = Cossato-Valle Mosso (pre.Hercynian age).
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pelitic metascdiments and ort~neisses),

bounded at \VI by • Po)t:lllo-lake OWl,. late­
Hercynian tectonic line (BoKIANI, 1970);
while Quama, Roccapictra-Alzo, VlIlsessera
llnd Biellese granites are more or less near
at limit with the .. Ivrca-Verbano,. zone,
represemed by .. Cossato-Vane Mosso·Bris­
sago,. pre·Hercynian tectonic line (BoRIANI
'" $ACCHI, 1973).

The rehuive palaeogeographic selling can
be recognized within Neo-Europa Hercynian
chain, in the Alpine·Provencal-Sardo-Tuscan­
C.1labrian Zone, imerpreted as a southward
branch of the Moldanubian metamorphic
Zone (VAI, 1979).

The Biellese massif, exposed over an
area of approximately 9 X 7 km, together
with Vlllsessera and Roccapietra.Alzo gra·
nitic masses make a single ellipsoidal
plutonic body (llbout 20x7.5 km), elong~ued

in NNE-SSW direction, which has been
broken up and crossing dislocated in Alpine
age by the tectonic lines of the Cremosina
system.

Passive stoping may be the dominant
mechanism of emplacement for these intru­
sions, with a general epiplutonic character
(D'AMlco '" MOTTANA, 1974); but the dj(­
ferent formations at western and eastern
contacts, the compositional evolution and
the abundance of the myarolitic cavities
towards the eastern upper parts of the gra­
nites are index of the WoE ranging meso­
epiplutonic facies,especially for Roccapietra­
Valsessera-Biellese masses (ZEZZA, 1977).

Various isotopic age determinations on
the some .. Lakes,. granites (Rh-Sr: Bi 274
m.y. and Kf 275 m.y.; K-Ar: Bi 268 m.y.,
JiiGER & FAUL, 1959; V-Pb: Zir 253-273
m.y., PASTEELS, 1964; Rb·Sr: total rock
276± 5 m.y., HUNZfKER & ZINGG, 1980) an
rhyolites (Rb-Sr: total rock 269± l3 m.y.,
HUNZIKER, 1974) of the «Lakes series»
show that the Hercynian comagmatic intru­
sive and extrusive products are pratically
coeval.

The primary direct contact between Her­
cynian granites and rhyolites in the Southern
Alps, which is well-exposed only in the
Bie1lese district, has been interpreted as a
probative element both of: a) the brief
ant~ence of the plutonites (BERTOLANt,
1959) or, better, of the volcanites (BALCONI,

1963; BALCONI & ZEZZA, 1965; ZEZZ"',
1977) emplacement: and of, bl the existence
of tWO granite generntions, the former beeng
mosl developped lInd pre-volcanic of pre­
middle Weslphalian age, the laller intra·
volcanic of Permian age (BoKTOLAMI, 1965).

Petrographic data

The Biellese granite complex was affecled
by intense weathering processes, that have
produced diffuse and thick (to 4--:-5 m) semi­
coherent covering. Limonite, goethite and
hemalite are responsible for variation from
yellow 10 reJdish-brown of the white-grey
colour of the ~ranitic mass. Its composition
is fairly homogeneous and comparable with
that of granites s.s.: b-type granite (or
monzogranite) and a-type granite (or syeno­
granite) which lite zoned with W·E evolu­
tion. Uncommon diffetemhued spots from
few dm~ to some m~ of granodiotite, quartz­
syenite and deuterized Rranite f:lde into the
main body.

This zoneographic sequence, from Ihe
western contact with the paragneisses of
« Strona-Uneri,. zone to the eastern one
with Hercynian vokanites, reflects the fol.
lowing characlers.

I. Structural aM textural modifications,
compnsLOg compact. pseudoporphyritic and
fine-medium as well as medium<oarse·
grained fades in the weslern-ccntral sectors
of the massif, and prevalently massive andl
or myarolitic medium-grained facies, hypidio­
morphic or granophiric in the eastern part.
Here is possible to observe srrucrural effects
of the pcripheric cooling granitic body
against volcanites, and homogeneous re·
crystallization of the groundmass rhyolitic
i~nimbrites, thIn are also injected by late·
Hercynian porphytitic mierogranite, pegma­
tite and quartzite dykes.

Moreover, cataclastical1y deformed struc·
tural types arc present in northern side,
striked by the tectonic lines of the Crem~

sina system.

2. Gradual variations of the mode,
which denote three bands of mOn2ogranite,
monzo-syenogranile and syenogranile types,
3 - 2 - 2 km thick respectively (table t).
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These granite types show asptttS of
pneumatolitic and hydrothermal alterations.
Quam is often fractured and filled with
sericite and limonite. K·feldspars are preva­
lently microcline in the western band, micro­
c1ine-orthoclase (mildly scricitizedl in onc
intermediate and only criptO- or micro­
perthitic orthoclase (sericitized, hematized
and sometimes toormalinized) in the eastern
band. Albite An2.~ of deuteric stage forms
chess·boards and thin rims around plagio­
dases. The plagioclases Anll.3~ are mildly
seridtized. A poor amount of plagiodase has
resistcr characters, as the biotite, frequently
deformed and chloritized. Muscovite is
primary.

A part from common zircon, apatite and
magnetitc, other minor constituents show
a discriminated distribution: relic crystals of
allanite and garnet appear occasionally into
western and eastern sectors respectively;
whereas tourmaline, fluorite and hematite
are present in syenogranites, specially near
the contact with volcanites.

Color index and ratio between normal
and leucocratic fadcs (2.1 for monzogranites,

TABLE 1

MOdt' 0/ th,' Bic{fcS( granift'

b-type b, a-types

0.7 for syenogrolnitcs) 3re decreasing with
the differentiation.

J. The chcmicHI fCHtlltes of reprcscnta­
tive analyses (t;lble 2) arc compatible witb
typical granilic t-alc-alkaline differentiation
ttend (ZEZZA, 1977).

The modified Lusen index (MIL = 1/3
Si + K·Ca·Mg; NOO::OLDS & ALLEN, 1953)
olnd the differcntiation index (Dl = Qz +
Or + Ab; TIlORNTON & TUTTLE, 1960)
gradually range respectively from 12.2 to
I '5.2 and from 84.3 to 94.2 into monzo­
syenogranites series.

Variation diagnlms of element contents as
3 function of Dl and MIL show for Si and
K positive correlations and for thc other
major element oxides or cations neg:ltive cor·
relations. The linear correlation coefficients
between cation v. AflL are about 0.90 for
Si, AI, Fe and Ca; 0.7Q-;-O.60 for Ti, P,
Na and Mg; only 0.06 for K. Weathering is
responsible of the last unsarisfactory coef.
ficient. The surplus of H~O'<antent walued
by MtELKE & WINKLER'S mesonorms (0.83
:lverage residue H~O·, 0.11-+-1.32 range)
,lRd Cnormative value equal to 1.82 ranging
from 0.19 10 3.4'5) are indexes of the
weathering intensity.

In fact, considering the dosed amount of
K and K<antent derived from the transfor.
mation of Cnorm in K-feldspar (sum
expressed as K*), the linearcorrclation coef.
ficient raises to 0.63 for K* v. MIL and
to 0.8.5 for K* v. MlL* (MlL = 1/3 Si +
K*-Ca·Mg).

The phase relations deduced from the iso­
baric system Qz.Ab-Or-An-H:O at p,."o =
'5 kb (WINKLER et al., 1975; WINKLER &

BREITBART, 1978) and at P,,:o = 1 kb
UAMES & HAMILTON, 1969) indicate an
almost homo~eneous sequence of crystal.
Iization at different low temperatures, from
670"+67'5° C for mesogranites to 72'5°"7­
7'50" C for epigranites (see, fig. 2).

The limit meso-epiplutonites is minera­
logically marked by the presence of micro­
eline·free granite and disappearance of the
anatectic relics of plagioclase into less deep
level.

The granites are thought (ZEZZA. 1977)
to come from a palingenetic magma, pro­
duced by melting of late·Ordovician granitoid
masses of Ihe « Lakes series .. zone. Ortho-
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TABLE 2

Chemical analyses, MIELKE & WINKLER'S mesonorms and Cl.P.W. norms (weight percent)
0/ the Biellese Hercyniall granites

M. W. m..sononn

0" 15.'8

Or 21.lS

Ab '5.99

An 7.~'

CO.19

8t '.36
Ht 1.90

Ilrn 0.56

••

SI02
H 20 l
fe203,.,,.,
""'oO
NS20

'"Ti02
PlO,
H2 0•
HIO-

'"Rest •',',.,.
",.
C.LP."'.
O.,.
"",
""n...
'"
"

Ms.1

66.20

16.39

I . 31

1. 50

0.01

0.50

I.n
5.43

•• 14

0.61

O. 1~

1.H

0.11

I 00.015

I 2 • 2 I

12.38

0.35
1.01

11.0

H.O
50.1,.,

norm

11.47

H.46

".92

1 • ~ 5

0.21

1. 96

I .90

l. 16

68. H

16.21

1.08

o•! 1

0.09

O. I 9

1.33
l. 8 I
, • 1 I

0.20

0.11

0.21

O.H

91. 78

13.16

11.41

21 . 19

a.l0
31. 78

10.H

0.32
2. 4 5

o• I I

2. 0 8

o. 21

0.11

2 2 . a
10 . I

3'0.6

11. S

21 . 16
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l1. 73
10.8.

0.14

0." I
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0.38

0.92

0.25

H.43

"'8.3

69. 11

I 5 . 21

1.95
0.20

O. I I

0.32

1 .• 1

."
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0.22

0.11

I .41

0.28

100.09

1 J. 07

14.52

21.79
23. 09

14.05
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1.89

I.U

0.11

2. 9 5

o•16
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31.,

2S. J

31.3,..
n.n
14.H

II • 9 9
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1. 90
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O•• 2
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0.25
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I. 15
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0.09
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l. S9

2. 64

I. ~ l

0.14

1. 11
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lS.4..,
l3.79

1 S • 9 3

3l. 2l
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2.615
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o•S l

o•28

0.80

gneisses, connected with metamorphic pha­
se of 325m.y. radiometric age (Rh-Sr, mu­
scovite age) and derived from tonalite to
granite intrusions of 466±5 m.y. (Rb-Sr
total rock age) of crustal origin (87Srr'''Sr

initial ratio equal to 0.7087), are one of the
characteristic type rocks of both «Lakes
series» subunits: «Strona·Ceneri» and «Se·
ne dei Laghi» (BORIANI et aI., 1982-83).
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Fig. 2. - R~rnen(alivc poims (me5QnOrms ~•.
coming 10 MIELX£ '" WINKL£J.. 197'J) of lhe epi·
plutonic (0) .nd mcsoplulonic (0) Bidlese Hef­
cynian granites into tWO planes of the iJObaric
system Qz.Ab-Or.An.H.o at p,,!o = , kb (WINKLU
er aI., 197$, 1978) .nd It PM." = 1 kb (JAMES '"

H"MILTON, 1969).

Geochemical data

Analyses for REE and Cs, Rb, Ba, Sr,
Th, U, Zr, Hf were made on related eight
selected samples, representative of the main
facies and HtholYpes of the Biellese granite
(Ms.l +Ms.5 mesogranilcs. Ep.l-+-Ep.3 cpi.
granites), already utilized for the determina­
tion of the major elements, as well as on a
specimen (Pr.I) of paragneiss from the
« Strona·Ceneri» zone (see fig. 1).

Analytical procf!dur~

Rare-t:arth demenu (REE), large-ion­
lithophile elt:menlS (LILE) and Zr·Hf con·
tt:nts havt: been analyzed by instrumental
neutron activation tecnique following pro­
cedure described b} MELONI et at (1982)_

Nuclear data on above-mentioned de·
ments and concentrations (ppm) obtained

for the following stand:lrd rocks: USGS­
AVG-l (andesite), USGS-G-I (calc.alkaline
granite), ANRT·GS-N (cale.alkaline granite),
are presented in Table 4 a and 4 b).

Irradiations on rhe standard rocks and
Biellese specimens (usually 300 mg samples
were inserted into polythene vials for ir­
radiation) were carried out at the Triga
Mark 11 reactor of the Univt:rsity of Pavia.
Irradiations of 30 h at a thermal flux of about
1.2 x 1012 n cm+:sec- 1 were followt:d by
decay times of 6+40 days before being sub­
mitted to radioactivity measurt:ments.

Induced radioactivity was measured
(count-time at 500" to 3000") by gamma
spectromeuy by using a 18 %- t:fficit:nc)'
Ortec Ge(Li) detector (2.1 Kt:V FWHM at
1332 KeV from peak of ~) coupled to
analyzer<omputer Lahen 701. The avenge
precision of two determinations is 8 %.

RAre-earth e/ement$

Analyses of tt:n REE are given in Table 3,
and their normalized values according to
HERRMANN'S (1970) avenge chondrite aOOn.
dances are shown in 6g. 3 and 4.

The amounts of the total REE, partial
light+REE include Pr, Ho, Er, Tm amounts
obtained by interpolating values on the
chondrite normalized panerns (Table 3).

The lanthanides paUt:rns t:xhibit some
constant characteristics and a systematic
compositional evolution through tht: whole
granitic complex.

I) Total REE content varies signi6cantly
from 359 ppm 10 125 ppm; rhe decreasing
is mainly correhlled 10 considerable syste­
matic light REE impoverishment from me­
soplutonic monzo- 020+157 ppm) and
syenogranites (197 ppm) to epiplutonic
syenogranites (88+86 ppm).

2) The heavy REE (22+48 ppm) gra­
dually increase: respectivdy 21+41 ppm,
4] ppm and 37+ 38 ppm in the above
mentioned granite groups.

3) The degree of fraction::lIion, expressed
by Lall/Yb" normalized ratio, decreases from
13.3+7.0 to 5.3 in mesoplutonic monzo..
and syenogranites until 2.3+1.8 in epiplu.
IOnic' syenogranites.

4) Eu-anomalies, valued as Eu/Eu* ra­
tio, are defined by the chondrite·normaJized
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TABLE 3
REE abund'Jnce (ppm), by instrumental neutron activatIOn analysis, In paragneiss (Pr.1)

of tht' crystalline basement and Hercynian granite massif of the Biellese area

Pr_l ~s.3 ~a.2 Ms..4 Ms..!; Ep.l Ep.2 Ep.3

14.6

58. ~

35.5
9.4 l

1 •aJ

21. 0 3

loll
15.53

5.84

0.81

3l. 9

63. 1

45.0

5 • 1I

2. S1
1. 1,0

0.9a

5.38

2. 71

0.1,2

39 . 8

a\ •0

la. 6
I . 8 I

1.66

L39

1. 08

a.80

1.11
O.H

68. i

168. I

55. J

10.60

2.0l

11,. ao
2. 1 i

11.41

l. OS

0.4 S

18.0
I Ol. 9

52. 0

9.4S

1.35

11.25

2. 0 1

11. 93

3.38

0.48

1I.0

85. I,

51. 0

1.0

I. 1,
13.61

I. 66
11 . 18

1 • I, 0

0.1,1

11. S

H.I

13. i

7. 85

1 .1,9

16,23

1.84

11.21,

5.81

0.93

11.3

lO.9

21.8

7.15

1.15

1'.39

l.l5

11. 12

1,.81

0.18

lJ.6

H.2

21.5

6. 07

l. 11

11.41

I. 13

9 • 18
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In general the lanthanides distribution
reveals a remarkably systematic variation in
the REE fractionations which permits a
geochemical subdivision among those three

Eu value and Eu* value interpolated on
the straight line from Srn to Gd; these are
positive only for deuterized monzogranitic
facies, and sharply negative for normal fa.
cies: Eu/Eu* is equal to 0.71-0.40, 0.34 and
050+0.42 respectively in mesa-and epi­
plulOnk b· and a·type granite rocks. It is
worth noting that negative Eu anomaly in­
creases fundamentally with the decrease of
the degree of fractionation.

5) Two slightly pronunced anomalies are
shown by Ce and Tb elements, which can
oxidize to Ce~' and Tb4 ': they are slightly
positive or negative in monzogranites and
become moderately negative in syenogra·
nites.
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Fig. J. - Types of lanlhanides distribution through
the whole complex of the Biellese Hercynian granite
and paragneiss of the «Strona·Ceneri la wne.

fig. 4. _ Lanthanides distribution in deuterizoo
monzogranitic fades.
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zones, subparallcl to the major axis of the
granitic massif, which were pctrographiclllly
characterized before (see fig. 1 and fig. 3).

The REE distribution pattern of one para­
gneiss sample of the crystalline basement is
nearly like as the lanthanides patterns of the
epiplutonic syenogranites, with the exception
of the La/Cc normalized ratio, that is lesser
than one.

LArge';011-litbopbile elemen/r

Data are represented in Table 5 and partly
with K correlated in fig. 5.

The average Cs content (X~ = 5.7 ppm)
increases in the most differentiated granites:
from 2.4 ppm of th... monzogT1lnites (including
the deuterized ty~) 10 8.9 ppm of the

meso-epiplutonic syeno,l.!ranites, prevalently
in leucocrlltic fades.

These values agree with the abundance
of Cs estimated by various authors (HEIER
& AOAMS. 1964; BUTLER & THoMPsoN,
1963) in persilick plutonic rocks. K/Cs ratio
decreases with differentilltion: 21,971 and
4,700 are the averages of the two granite
groups.

The differentiation process within Bie!­
lese granite complex is clearer considering
the Rb abundance.

As a matter of facl the Rb content in­
creases and K/Rb ratio decreases from mon­
zograniles (Rb = 170 ppm, ranging from
106 to 238 ppm; K/Rb = 232, range 324-7­
143) to syenogranites (Rb=271 ppm, range
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273+322 ppm; K/Rb = I3~U, range
162-:-121). These values are already cha·
racteristic. The perfect graduality of the two
trends appears for Rb'"' values (113+255
ppm for monzogranites and 273+322 ppm
for syenogranitcsl and K'"'/Rb'"' ratio (318+
207 and 201-:-172, respectively l. that con·
sider the effects of weathering during which
Rb is closely related to K (Rb..,n/Rb"•.k ratio
equal to 1.07; K-content derived from
transformation of C-norm in K-fe1dspar).

B:l Amount, ranging from 871 to 214 ppm.
shows ncgativc correlation with SiO~, K and
cven K* contents of the Biellese granite.
Therefore K/Ba ratio increases in the types
with a higher K-feldspars abundllnce: 42:
49 in monzogranites and 55+167 in syeno­
granites.

This distribution is interpreted by the
tendency of Ba to captured inlO early K­
minerals, rather Ihan into plagioclases, of
the monzograniles and by the consequent
Ba impoverishment in the following dif­
ferentiated syenograniles.

Fractionation Ba/Rb is cohercnt and,

morc than other parameter, emphasizes
the distinction between mesoplutonic monzo.
syenogranitcs (Ba/Rb = 7.0+3.2 and 3.0)
and epiplulOnic syenogranites (Ba/Rb =
1.1 : 0.8).

Positive correlations with Ca and negative
with SiO~ and K are also shown by Sr;
the constancy of the Ba/Sr ratio, equal to
4.4 ±0.2 has to be noted.

The average value of Sr, i~ = 135 ppm,
agrees with that of all granites, 147 ppm
(FAURE, 1978). Its distribution shows
again a gap between the two decreasing
trends: mesoplutonic monzo-syenogranites
(i~, = 180 ppm, ranging from 210 to 160
ppm) and epiplutonic syenogranites (.is =
60 ppm; 69+49 ppm).

The relation between Rh, Ba and Sr,
discussed on ternary diagram (see 6g. 6) of
TUREKIAN & WEDEPOHL (t961) and of EL
BoUSEtLY & EL SoKKARY (1975), shows a
linear trend for the mesoplutonic and epi.
plutonic granites of the Biellesc!, which are
respectively referrai to «anomalous granites.
and ,",strongly differentiated granites. by the
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distinct impoverishment in Ba and enrich­
ment in Rb.

Rh and Sr contents in Hercyni,1n granite
massif of the Biellcse area suggest also, on
the levels of Rb and Sr related crustal
thickness (CONDIE, 1973: FERSHTATER et
aL, 1980), th,lt the crust thickened to
~ 30 km durinfl its emplacement.

The large varilltions of the ThjU ratio
(25.4---:-8.3) and relative individual values,
which appear to be rather high especially
for monzogranites (25.4---:-IO) but also for
syenogranites (11.8+8.3), can be explained
by U·mobilization processes, if correlated
with lhose of granites from various localities
and of different age (ROGElts & AOAMS,
1969 ).

In fact the investigated granites have
normal Th-concentrations (9.7---:-20.8 ppm)
and very low U·conccntration both in meso­
/o;ranites (0,76-+-1.65 ppm) and in epigranites
(1.72---:-2.18 ppm). On the basis of the



RARE-EARTH AND LARGE-ION-L1THOPHILE ELEMENT FRACTIONATfON ETC. 519

constant ratio K/U = 104 into crustal pro­
ducts (HEIER & ROGERS, 1963), Uranium
drawn out the Biellese granites by oxidation
and consequent solution of the utanyl
ion U02· is at least 2+2.26 ppm for the
monzogranites and 1.4+1.6 ppm for the
syenogranites; if estimated considering K*
values it is equal to 2.6+4.1 ppm.

Zirconium and Hafnium

The distribution of Zr and Hf is not
uniform but evolves into the differentiated
granitic products; the contents decrease re­
spectively from 382-+-239 ppm and 9.4+
5.8 ppm in mesoplutonic monzo-syenogra­
nites to 210+171 ppm and 5.1-+-4.1 ppm
in epipluwnic syenogranites.

The Zr/Hf ratio remains fairly constant in
granites of the different types and emplace­
ment levels. It is 41, range 40.4--0-41.7. This
value agrees with the average 2r/Hf ratio
in Hercynian granitic rocks; for example,
Hercynian granites of the Central Vrals
(LIPOVA et al., 1957).

ConclU8ion8

The lanthanides distribution, that in
granitoid rocks is essentially determined by
accessory phases (e.g. KOVALENKO et al.,
1979; FOURCADE & ALLEGRE, 1981; GRD­
MET & SILVER, 1983), confirms that the
Biellese late-Hercynian granite massif is a
zoned complex with WoE differentiated
trend.

LILE appear the most sensitive indicators
of the gradual differentiation process into
granite body (Rb, especially), of the zoning
levels (Sr and Ba) and of the discrimination
of the two main lithotype (Cs). Moreover,
V-impoverishment shows the high degree
of weathering.

Also Zr and Hf contents mark the gra­
dualiry of the differentiation process, de­
notin only one intrusive event at different
crustal levels.

The depth at which the granitic magma
is generated from the melting of continental
crust is greater than the different levels of
intrusion. The high crust thickness (~ 30
km), deduced by Rb and Sr correlated
contents (CaNDlE, 1973; FERSHTATER et al.,

"L_L_L ~",-'- ---'"

Fig. 6. - Representative points of the Biellese LlIe­
Hercynian glllrlites (.) and of onhometamorphites
of the crystalline basement (data in BoRIANI et al.,
1982-83): "Strona·Ceneri» augen-gneisses (0) and
.. Scisti dei Laghi » orthogneisses, hornblende­
free (0) and hornblende.bearing (0).

1980), agrees with late-orogenic setting of
the granite complex.

Collectively considering emplacement, pe­
trographic features and major, minor, trace
element data, the origin of the examined
granite body can be explained by fractional
crystallization of a petsiliceous calc-alkaline
magma. This magma results by the partial
melting of the late-Otdovician crustal gra­
nitoid masses of the «Lake series» zone,
that partly were transformed in orrho­
gneisses during metamorphic phase of 325
m.y., and partly melted and a higher levels
injected, or also deposed on surface, in the
lare-Hercynian orogenic events. The ternary
relation Rb-8a-Sr between investigated gra­
nires and «Scisti dei Laghi» horneblende­
bearing or horneblende-free orthogneisses
and « Strona-Ceneri » augen-gneisses (data in
BORlANI et al., 1982-83) agrees with this
hyporhesis (see, fig. 6).

REE, LItE and Zr-Hf evolution trends
give credit to the unity of the Biellese granite
massif. The structural effects of the peri­
pheral cooling granitic body against co­
magmatic volcanites are in harmony with
the antecedence of extrusive products (BAL­
CONI, 1963; BALCONI & ZUZA, 1965;
ZEZZA, 1977).
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Nevertheless radiometric measurements
are necessary to describe exactly the age of
the emplacement of the comagmaric units in

the Biellesc a~a, where the primary direct
contact between late-Hercynian granites and
vokanites is well-exposed in several places.
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