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ABSTRACT
Within the sedimentary-volcanoclastic succession known as Bithia Unit (SW Sardinia) a
decameter-wide albitite lens has been found and is here characterized from a geological,
petrographic and geochemical point of view. Albitite is a yellowish, fine-grained body
elongated and foliated according to the main schistosity of the hosting rocks (N20-25°40°NW). The rock is made up by plagioclase porphyroclasts in a fine-grained matrix of
plagioclase (up to 80%) and quartz; both porphyroclasts and small grains in matrix are
almost pure albite (Ab98). Accessory phases are ilmenite, rutile, monazite, apatite and
zircon. Bulk-rock chemical analyses show that the relative proportions of SiO2, Al2O3
and Na2O strongly resemble those of pure albite. Major, trace and rare earth element
(REE) contents strongly suggest geochemical affinity with the nearby Ordovician
metavolcanics and orthogneiss from Capo Malfatano area described in literature.
Furthermore, REE, Rb/Sr, Y/Ho and Zr/Hf ratios seem to exclude the involvement of a
significant Na-rich fluid metasomatism.
Keywords: albitite; REE enrichment; Ordovician magmatism; SW Sardinia.

INTRODUCTION
Albitites are uncommon rocks that occur in different
geological scenarios. Most of them are linked to oceanic
crust formation and thus can be found in rifting settings as
well as in collisional settings within ophiolite complexes
(Coleman and Peterman, 1975; Malpas, 1979; Gerlach et
al., 1981; Flagler and Spray, 1991; Koepke et al., 2007; Li
et al., 2013; Zeng et al., 2015). Albitites occur also in the
late magmatic stages of plutons emplacement as the result
of the interaction between Na-rich metasomatic fluids
and granitic rocks (Mark, 1998; Castorina et al., 2006;
Boulvais et al., 2007; Mohammad et al., 2007; Polito et
al., 2009). Other occurrence of albitites are described
in anorogenic settings where they represent plagioclase
cumulus genetically linked to A-type granitoids (Azer et
al., 2010). The multiplicity of geodynamic settings where
albitites can be found in, has raised up the interest of many

authors and has led to several studies aimed to constrain
their genesis. Furthermore, albitites are of great interest
in ore geology given that metasomatic albitites are often
associated to U, Th and REE-rich mineralization (Turpin
et al., 1988; Polito et al., 2009; Singh et al., 2013; Wilde
et al., 2013; Montreuil et al., 2015).
We characterize the Capo Malfatano albitite, here
described for the first time, from a petrographic and
geochemical point of view and we try to correlate them
with the Ordovician igneous rocks widespread in the
south-westernmost part of Sardinia. In addition, we make
a geochemical comparison between the Capo Malfatano
albitite and other albitites from different geodynamic
settings with the aim to suggest some clues on the genetic
processes that formed the Capo Malfatano albitites.
GEOLOGICAL SETTING
The Paleozoic basement of Sardinia is a well-preserved
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sector of the south European Variscan chain. Four
tectono-metamorphic zones are commonly distinguished
on the basis of deformation, structural framework and
metamorphic grade (after Carmignani et al., 1994, 2001,
and references therein): i) External Zone (foreland;
southwestern Sardinia) made up by deformed paraautochthonous rocks with a very low- to low-grade
metamorphism; ii) External and iii) Internal Nappe Zones
(Central to Northern Sardinia) that consist of a stacking
of several tectonic units, whose metamorphic degree
increases moving northward (Franceschelli et al., 1990)
and towards the deepest units (Cruciani et al., 2016); iv)
Axial (or Inner) Zone (Northern Sardinia) characterized
by a rapid, northward increase of the metamorphic degree,
from the green-schist to high pressure migmatite (Cruciani
et al., 2014 a,b; Massonne et al., 2013; Fancello et al.,
2018). The axial zone also extends in southern Corsica
(Massonne et al., 2018). The Axial Zone has been further
subdivided in two complexes separated by a regional-scale
shear zone, the Posada-Asinara Line (PAL): the Low- to
Medium-Grade Metamorphic Complex (L-MGMC, south
of the PAL) and the High-Grade Metamorphic Complex
(HGMC, north of the PAL). The HGMC mainly consists
of sedimentary- and igneous-derived migmatites, rare
marbles, tholeiitic and alkaline metabasite lenses with relics
of eclogite facies (Cruciani et al., 2010, 2011) and layered
amphibolites sequences resembling leptyno-amphibolite
complexes (Franceschelli et al., 2005b). Retrogressed
eclogite lenses are also found in the MGMC (Cruciani
et al., 2015 a,b). Ordovician acidic calcalkaline intrusive
and effusive rocks are distributed within the tectonic units
from the foreland to the inner zone of the chain (Memmi
et al., 1983; Oggiano et al., 2010; Gaggero et al., 2012;
Cruciani et al., 2013). Variscan tectono-metamorphic
events were accompanied by the emplacement of intrusive
rocks belonging to the Sardinia batholith between 320-280
Ma (Casini et al., 2012, 2015). The metamorphic basement
is unconformably covered by Late Carboniferous-Early
Permian sedimentary rocks filling extensional basins
(Carmignani et al., 1994; Barca et al., 1995). A detailed
review on the geology and the tectonic-metamorphic
evolution of the Variscan chain of Sardinia can be found in
Carmignani et al. (2001), Ricci et al. (2004), Franceschelli
et al. (2005a) and Cruciani et al. (2015c).
The Variscan metamorphic basement is made up by
a succession of sediments and intercalated magmatic
rocks belonging to three different magmatic cycles of
Cambro-Ordovician ages (Oggiano et al., 2010; Gaggero
et al., 2012). The first cycle (491.7±3.5 and 479.9±2.1
Ma; U/Pb in zircon), hosted in the Cambro-Ordovician
sedimentary succession, consists of transitional volcanic
rocks ranging from intermediate to felsic. The second
cycle of middle-Ordovician age (465.4±1.4 Ma; U/Pb in

zircon) is characterized by a wide chemical variability
that ranges from basalts to rhyolites and from calcalkaline to sub-alkaline affinity. The intermediate to felsic
extrusive products of this cycle are referred in literature as
“porphyroids” (Auct.); they crop out mainly in the External
Nappe Zone and to a lesser extent in the Inner Zone. The
intrusive counterpart of the second cycle is represented
by several plutons (now orthogneisses and migmatized
orthogneisses) mainly outcropping in the Inner Zone.
Radiometric ages for the protolith’s emplacement of
these orthogneiss point to a middle-upper Ordovician:
Lodè and Tanaunella 456±14 and 458±7 Ma, respectively
(U/Pb in zircon; Helbing and Tiepolo, 2005); Golfo
Aranci 469±3.7 Ma (U/Pb in zircon; Giacomini et al.,
2006); Amphibole-bearing migmatite of Punta Sirenella
Pb/Pb zircon age: 452±3 and 461±12 Ma (Pb/Pb in zircon;
Cruciani et al., 2008). The third cycle (440±1.7 Ma;
U/Pb in zircon), related to a continental rifting geodynamic
setting and to the collapse of the Mid‐Ordovician volcanic
arc (Oggiano et al., 2010), consists of metaepiclastites
of alkalic affinity intercalated within the transgressive
sedimentary sequence of post-Sandbian age (Caradocian
transgression, Auct.), which mainly outcrop in the
External Nappe Zone.
The southernmost part of the Sulcis area, near Capo
Spartivento (Figure 1), is characterized by a complex
geological and structural framework that is still a matter
of debate. The sequence, from bottom to top, consists of
Mt. Settiballas Micaschists, Mt. Filau Orthogneiss and
Bithia Unit that, taken together, form the Southern Sulcis
Complex (SSC; Carosi et al., 1998). This greenschist to
amphibolite facies metamorphic complex is juxtaposed
to anchizonal rocks belonging to the External Zone
(foreland); from bottom to top, they are the Nebida Group,
the Gonnesa Group and the Iglesias Group (Pillola, 1991).
The Nebida Group is a thick terrigenous sequence with
minor layers of oolithic limestones dated at the Early
Cambrian by means of Archeocyaths. The Gonnesa Group
consists of metadolostones and metalimestones belonging
to a tidal flat environment that marks the transition from
a siliciclastic to a carbonate-dominated depositional
system. The Iglesias Group testifies an increase of sea
deepness recorded by marly nodular limestones at the
bottom (Campo Pisano Fm.) and phyllites and metasiltites/
metasandstones at the top (Cabitza Fm.) where these latter
indicate the definitive drowning of the carbonate platform.
The contrast between the low-to medium-grade
metamorphic rocks of the SSC and the adjacent anchizone
metamorphic rocks has led to different interpretations of the
geological history of this area. Former authors considered the
SSC as a pre-Variscan metamorphic basement lying beneath
the foreland sedimentary succession with a conformable
or unconformable stratigraphic contact. Recent papers
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Figure 1. Geological sketch map of the study area (modified from Cruciani et al., 2019). The orange star indicates the position of the
albitite outcrop. Inset shows location of the study area.

refuse this interpretation on the basis of new structural
and geochronological data. Pavanetto et al. (2012), dated
the metavolcanic rocks at 457.01±0.17 Ma and the Mt.
Filau orthogneiss at 458.21±0.32 and 457.50±0.33 Ma (U/
Pb in zircon) and suggested the allochthonous origin of
the SSC (or at least a part of it) that could be a structural
klippe belonging to the External Nappe Zone, thrust into
its actual position during the late Variscan deformation
stages. Similar U/Pb zircon age was provided by Cruciani
et al. (2018) that dated metavolcanics from the Bithia Unit
at 462.1±4.3 Ma (U/Pb in zircon). Nonetheless, other
authors still support the former interpretation of the SSC
as a pre-Variscan basement and indicate a pre-Cambrian
age of the Bithia Fm. on the basis of Archeocyatha’s
discovery (Costamagna, 2015; Costamagna et al., 2016);
according to these authors, the radiometric ages detected in
metavolcanics from Bithia Fm. are affected by Pb loss due
to a later opening of the isotopic system.
FIELD OCCURRENCE
In the eastern side of the Capo Malfatano peninsula,
within the Bithia Unit (Pavanetto et al., 2012), a small body
of albitite (10 meter-wide and 50 meter-long) outcrops
(Figure 1). It consists of a fine-grained, foliated, yellowish
lens elongated according to the main schistosity (Figure
2a). A centimeter-sized alternation of lighter and darker

layers is visible in some portions of the outcrop, whereas in
other parts the aspect is more massive and homogeneous.
Millimeter-sized, rounded plagioclase, visible at the
naked eye, are dispersed in a fine-grained matrix. The
pervasive foliation, N20-25°-40°NW, is parallel to the
elongation of the lens and to the foliation of the hosting
rocks (Figure 2b). Pavanetto et al. (2012) considered
this foliation formed during the Variscan orogeny and
in particular tied to the Sarrabus Variscan phase. On the
XY plane a weak mineralogical lineation N135°-30°NW
is marked by the phyllosilicates. Centimeter-thick veins
made up of quartz and reddish-brown oxides, subparallel
to the foliation are commonly found. The surrounding
rocks, belonging to the Bithia Unit, consist of low-grade
metarkose and phyllites. Beneath the lens they are lightcolored and coarse-grained resembling metarkoses or
metaepiclastites, whereas at the top of the lens they are
characterized by a finer grain-size and a darker color due
to the higher amount of micas (phyllites). The contact
between the albitite lens and the Bithia Unit is covered by
soil and vegetation but is supposed to be concordant due
to the same foliation in both rocks and to the elongation
direction of the albitite, parallel to this foliation.
ANALYTICAL METHODS
Microstructural study and BSE imaging on albitite
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Figure 2. a) Field appearance of albitite lens from Capo Malfatano; b) detail of the outcrop showing alternating yellowish and dark
layers which identify the rock foliation; c) photomicrograph of CM6 sample consisting of albite porphyroclasts in a fine-grained
Ab+Qtz matrix; d) detail of pressure shadow on the side of a plagioclase porphyroclasts; e) cathodoluminescence image of zircon with
concentric zoning; f) BSE image of a monazite aggregate in CM6 sample. Mineral abbreviations as in Fettes and Desmons (2007).
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samples were performed with a FEI Quanta 200 scanning
electron microscope (SEM) equipped with an EDAXEDS detector at Centro Servizi di Ateneo per la Ricerca
(CeSAR) of Cagliari University. The major-element
composition of plagioclase, biotite, chlorite and some
selected trace elements (La, Ce, Pr, Nd, Sm, Zr, Pb, U,
Th, Y, Hf) in zircon and monazite were determined
with a fully automated JEOL 8200 Super Probe at the
Dipartimento di Scienze della Terra “Ardito Desio”
University of Milano. Operating conditions were 15 kV
accelerating voltage, beam current of 15 nA and 5-10 μm
variable spot size. Natural and synthetic wollastonite,
olivine, corundum, magnetite, rutile, orthoclase, jadeite,
pure Mn, pure Cr, fluoro-phlogopite and barite were used
as standards. Zircon analyses were performed with beam
current and spot size 5 nA and 1 μm respectively, with the
following standards: zircon, galena, ThO2, UO2, grossular
and REE-phospate.
Table 1. Representative microprobe analyses and structural
formulae of albite, biotite and chlorite of albitite sample CM6
from Capo Malfatano.
Ab

Ab

Bt

Chl

SiO2

68.77

68.84

36.34

29.52

Al2O3

19.45

19.39

18.45

18.24

FeO

-

-

28.02

35.60

MnO

-

-

-

0.19

MgO

-

-

2.95

5.13

CaO

0.27

0.12

0.28

0.11

Na2O

11.43

11.53

0.91

0.18

K2O

0.08

0.12

8.22

0.22

Total

100.00

100.00

95.17

89.19

Oxy

8

8

22

28

Si

3.001

3.004

5.729

6.392

Al

1.000

0.997

3.429

4.656

3.694

6.447

Fe2+

-

-

Mn

-

-

Mg

-

-

-

0.035

0.693

1.656

Ca

0.013

0.006

0.047

0.026

Na

0.967

0.975

0.278

0.076

K

0.004

0.007

1.653

0.061

Total

4.985

4.989

15.523

19.348

XMg

-

-

0.16

0.20

XAb

0.99

0.99

-

-

XOr

0.00

0.01

-

-

Three selected albitite samples (CM5,6,7) were
analyzed for major elements (XRF after lithium borate
fusion) and trace elements (ICP-MS after lithium borate
fusion and subsequent four acid digestion) at ALSChemex Laboratories (Sevilla, Spain).
PETROGRAPHY AND MINERAL CHEMISTRY
The albitite consists of a very fine-grained (<100 µm),
homogeneous matrix mainly made up of plagioclase (up
to 90 vol.%), quartz and Fe-Ti oxides. Large, strongly
altered biotite and a little amount (2-3 vol.%) of plagioclase
porphyroclasts (up to 2 mm) are commonly observed
within the matrix (Figure 2c). At the microscopic scale,
the rock foliation is identified by the irregular alternation
of light-colored quartz-feldspathic layers and darker
mica-rich layers, by the alignment of biotite and chlorite
in thin trails (Figure 2c) and locally by the elongation of
albite porphyroclasts. The porphyroclasts commonly show
pressure shadows formed by fine-grained quartz and albite
(Figure 2d). Plagioclase, both porphyroclasts and little grains
in the matrix, have a constant composition, very close to
the albite end-member (Ab99); even the larger grains do not
show chemical zonation. Biotite composition is XMg=0.16
and AlIV=2.27. On the basis of the XFe vs AlIV diagram by
Deer et al. (1992) the studied biotite can be classified as
aluminium-annite. Chlorite (XMg=0.20) is rarely found as a
pure phase in patches within large chloritized biotite (Table
1). Zircon occurs in euhedral to anhedral crystals ranging in
size between 50 and 120 µm. Euhedral zircon grains show
the typical concentric zoning of igneous origin (Figure 2e).
However, no systematic variation of the trace elements has
been observed between core and rim. La2O3 and Ce2O3 in
zircon are up to 0.033 and 0.169 wt% (corresponding to
La 281 and Ce 1443 ppm), respectively, whereas mediumREE elements (i.e. Nd2O3 and Sm2O3) are in the range
0.022-0.029 and 0.006-0.110 wt% (i.e. 189-249 and 52949 ppm). Thorium, Yttrium, Uranium and Hafnium are
within the following ranges (wt%): ThO2: 0.021-0.060;
Y2O3: 0.015-0.172; UO2: 0.009-0.173; HfO2: 0.759-1.310.
Th/U ratios of zircon are in the range 0.3 to 0.6 in both core
and rim (Table 2), similar to values observed in magmatic
zircon (Rubatto and Hermann, 2007). Monazite crystals are
commonly anhedral, with corroded rims and locally porous
texture. Monazite can be found in single grains, sometimes
associated with rutile and chlorite or in aggregate up to 0.5
mm in size in the matrix (Figure 2f). UO2 in monazite is up
to 0.04 wt%. Y2O3 ranges between 0.365 and 0.938 wt%,
ThO2 between 0.356 and 0.849 wt% (Table 2). Ilmenite
and rutile are found close to or within the altered biotite
as well as in the albite and quartz matrix; locally they form
rounded clusters up to 0.5 mm made up by small needles
or anhedral grains. Apatite was also observed as accessory
phase.
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Table 2. Trace element composition of some selected zircon and monazite grains from sample CM6.
Zircon
P 2O 5

Monazite

Zr1-cor

Zr1-rim

Zr2

Zr3

Zr4

0.377

0.380

0.365

0.347

0.342

SiO2

33.92

34.15

33.69

34.02

34.15

ZrO2

66.09

67.05

65.42

66.03

65.58

HfO2

0.998

1.036
-

1.090

1.095

0.759

Mnz1
30.70
0.162
-

-

0.060

0.057

0.008

0.021

0.356

0.173

0.049

0.102

0.019

0.059

0.046

Y2O3

0.171

0.172

0.015

0.042

0.147

0.365

La2O3

0.033

Ce2O3

0.098

Pr2O3

0.047

-

0.027

0.034

-

0.011

0.096

0.022

-

0.849
0.938

16.88

14.78

0.169

33.86

33.60

0.103

2.66

3.02

0.029

13.49

12.28

Nd2O3

-

Sm2O3

-

-

0.110

0.010

0.006

2.13

2.32

CaO

-

-

0.038

0.033

0.050

0.077

0.230

Total

101.97

102.90

Th/U

0.35

-

-

0.068

-

0.298
-

ThO2

0.015

31.42

-

UO2

-

Mnz2

101.03

101.67

101.42

100.73

0.56

0.42

0.36

7.73

BULK ROCK CHEMISTRY
The three samples reported in Table 3 and Figure 3
show a very similar chemical composition. Main oxides
are SiO2 65.13-65.56 wt%, Al2O3 17.60-17.69 wt%,
Na2O 8.39-9.00 wt% and Fe2O3 3.83-4.58 wt%,. Minor
amounts of TiO2 0.48.-0.59 wt%, MgO 0.20-0.40 wt%,
CaO 0.15-0.29 wt%, K2O 0.18-0.23 wt%, P2O5 0.140.26 wt% and MnO 0.03-0.05 wt% are also present.
LOI ranges between 1.87-2.33 wt%. The most striking
geochemical features are the very high sodium content
and the relative proportions of SiO2, Al2O3 and Na2O
that strongly resemble those of pure albite. The relatively
high iron and titanium contents together with LOI values
suggest the former presence of biotite, now altered in FeTi oxides. The very low CaO and K2O contents suggest
scarce amounts of anorthite component in plagioclase and
of K-feldspar, respectively. The CIPW normative minerals
(Table 3) confirm this assumption and show albite content
of 73-78 wt%, quartz 10-13 wt% and orthoclase 1.11.6 wt%. Normative anorthite is absent, or very low
(0.42 wt% in one sample out of three). All samples are
corundum, magnetite, ilmenite and hyperstene normative.
Trace and rare earth elements (REE) composition of the
analyzed samples is given in Table 3. All samples show
low Sr and Ba contents (57.7-76.5 ppm and 76.4-148.0
ppm, respectively) and very low Rb contents (3.8-5.7
ppm). In the Ba-Rb-Sr diagram of Figure 4, the Capo
Malfatano albitite is compared with metavolcanic rocks

99.74
-

from Cruciani et al. (2018), Ordovician orthogneiss
from Cruciani et al. (2019), back-arc related cumulate
albitites from Zeng et al. (2015), A-type related cumulate
albitite from Azer et al. (2010), metasomatic albitite from
Castorina et al. (2006), and with metasomatic albitite
from Boulvais et al. (2007). In this diagram, the studied
albitite is characterized by low Rb content and plot near
to the albitites described by Zeng et al. (2015) whereas the
Bithia metavolcanics (Cruciani et al., 2018) and the Mt.
Filau orthogneiss (Cruciani et al., 2019) plot parallel to the
Ba-Rb side, typical of granite and strongly differentiate
granites (El Bouseily and El Sokkary, 1975). The diagram
in Figure 5a shows patterns characterized by negative
anomalies of Rb, Ba, K, Sr and Ti. Zr content is quite high
(633-682 ppm) as well as, Nb (21.5-25.3 ppm), Hf (15.819.2 ppm), Th (23.6-33.4 ppm) and total REE (350-424
ppm). Zr/Hf and Nb/Ta are not fractionated with respect to
chondrite thus falling in the CHARAC field proposed by
Bau (1996). REE patterns of albitite samples (Figure 5c)
are characterized by the enrichment in LREE, the negative
Eu anomaly and a moderately fractionated pattern (CeN/
YbN=4.95-5.43) especially of LREE, whereas the HREE
mark an almost flat trend (GdN/YbN=1.57-1.64).
DISCUSSION
Comparison of albitite with Ordovician metavolcanics and
orthogneiss from Capo Malfatano
The Capo Malfatano albitite shares its structural
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Table 3. Major element composition (wt%) and CIPW norm
(vol%) of three selected albitite samples from Capo Malfatano.
Sample
SiO2
TiO2
Al2O3
Fe2O3
MnO
MgO
CaO
Na2O
K2O
P2O5
LOI
Tot
Qtz
Or
Ab
An
C
Hy
Mt
Ilm
Ap

CM5
65.56
0.59
17.60
3.83
0.05
0.20
0.29
9.00
0.23
0.26
2.23
99.87
10.48
1.42
78.27
2.61
4.65
0.86
1.16
0.63

CM6
65.13
0.48
17.69
4.41
0.03
0.40
0.15
8.83
0.18
0.24
1.87
99.45
10.52
1.12
76.92
3.05
6.08
0.99
0.93
0.58

CM7
65.28
0.54
17.60
4.58
0.06
0.36
0.26
8.39
0.27
0.14
2.33
99.85
12.80
1.65
73.11
0.42
3.46
6.15
1.03
1.06
0.32

features with the host Bithia Unit, thus it is likely that both
rocks were affected by the same Variscan metamorphic
deformation events. According to Costamagna et al.
(2016), early to late Carboniferous Variscan orogenesis
resulted in low-temperature (T≈300 °C) and low-pressure
(P=0.25 GPa) metamorphism and the development of
folds and thrusts in the Bithia Unit. The possible role
of metamorphism must be evaluated when attempting to
decipher the genesis of this rock. In the greenschist facies,
plagioclase composition tends to be modified toward
albite component; it could be argued that the low-grade
metamorphism modified the composition of an original
Ca-rich plagioclase in the cumulous leading to the current
albite composition. But, if so, some Ca-rich phase (such
as epidote or titanite) produced by the Ca releasing from
plagioclase should have formed and this is not the case.
Thus, the Variscan effect is probably reflected just by
grain size reduction and foliation development whereas
it is unlikely that significant chemical-mineralogical
modification occurred in this rock.
The geochemical features of albitites from Capo
Malfatano are here compared with those of Ordovician
orthogneisses (after Cruciani et al., 2019) and
metavolcanics rocks (from Cruciani et al., 2018)
outcropping in the same area. Correlation diagrams of
major oxides against silica (Figure 3) show different
behaviors; Al2O3, Fe2O3 and TiO2 are negative related
to silica in all samples (albitite, orthogneiss and
metavolcanics). On the contrary, Na2O and K2O whose
content is quite constant in both metavolcanics and

25

Table 3. Continued: Trace and rare earth elements (ppm) and
Zr/Hf, Y/Ho ratios of three selected albitite samples. -: below
detection limit.
Sample
V
Zn
Co
Ga
Rb
Sr
Y
Zr
Nb
Sn
Cs
Ba
Hf
Ta
W
Pb
Th
U
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
ƩREE
Zr/Hf
Y/Ho

CM5
27
26.8
5.0
57.7
74
670
23.3
8
0.49
76.4
15.8
1.5
3
23.6
6.04
67.6
135
17.1
66.3
13.45
1.63
14.05
2.22
12.8
2.68
7.96
1.11
7.40
1.05
350
42.41
27.57

CM6
43
61
2.1
32.2
3.8
64.3
71
633
21.5
9
0.55
148
16.9
1.8
5
8
28.5
6.63
72.9
147
19.3
68.6
14.15
1.51
14.95
2.28
13.4
2.74
7.99
1.22
7.52
1.22
375
37.46
25.84

CM7
71
34
2.2
32.8
5.7
76.5
88
682
25.3
8
0.5
107.5
19.2
2.1
5
7
33.4
6.54
83.1
162
21.6
77.5
16.75
1.66
17.5
2.76
16.6
3.36
9.6
1.48
9.06
1.45
424
35.52
26.07

orthogneiss, are not related to silica; in these diagrams,
albitite can be easily distinguished due to the high Na2O
and low K2O content. CaO do not shows any correlation
with SiO2 in the studied albitite, whereas it shows negative
correlation with SiO2 in the orthogneiss. The Harker’s
diagrams of Figure 3 show a continuous evolution trend
for Al2O3 and TiO2, from albitite to metavolcanics and
orthogneiss.
Spider and REE diagrams further suggest the
geochemical affinity of albitite with neighboring
metavolcanics and orthogneiss. Figures 5 a,b show that
all reported rocks have a similar calcalkaline signature
even if with some noticeable differences (Rb depletion,
absence of Pb positive anomaly). REE patterns of Capo
Malfatano are also similar to those observed in both
metavolcanics and orthogneiss (Figure 5d) even if albitite
has higher REE contents.
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Figure 3. Harker’s diagrams showing the correlation between major oxides and silica in albitite samples from Capo Malfatano,
compared with Ordovician orthogneiss (from Cruciani et al., 2019) and metavolcanic rocks (from Cruciani et al., 2018) that outcrop
in the same area.

A significant feature of Capo Malfatano albitite is the
Zr content noticeably higher than in the other Ordovician
igneous rocks. The Th/U ratios in zircon seem to suggest an
igneous origin of this mineral, also supported by the slight
concentric zoning observed in zircon grains (Figure 2e).

K/Rb ratio tends to decrease with metasomatism and
fluids influx; Shaw (1968) and Dostal and Chatterjee
(1995, 2000) suggest a threshold of K/Rb<150 as an
index of the involvement of mineralizing fluids in the
late magmatic phases. The Capo Malfatano albitite has
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a K/Rb ranging between 382 and 393 thus quite far than
the abovementioned threshold. Furthermore, K/Rb vs Rb
shows a negative trend within igneous derived rocks of
Capo Malfatano suggesting a continuous evolution trend.
Also Zr-Hf and Y-Ho ratios can provide some information
about the possible fluids involvement. A modification in
Zr/Hf and Y/Ho ratios occurs when fluids are involved in
diagenetic, metamorphic or metasomatic processes. The
Capo Malfatano albitites are characterized by Zr/Hf and Y/
Ho very close to the chondrite values (Figure 6a) similarly
to the most part of orthogneiss and metavolcanics samples.

Figure 4. Ba-Rb-Sr diagram showing red circle: albitite samples
from this study; blue square: metavolcanic rocks (from Cruciani et
al., 2018); green triangle: Ordovician orthogneiss (from Cruciani
et al., 2019); pink lozenges: back-arc related cumulate albitites
from Zeng et al. (2015); black crosses: A-type related cumulate
albitite from Azer et al. (2010); blue circles: metasomatic albitite
from Castorina et al. (2006); black circles: metasomatic albitite
from Boulvais et al. (2007).

Comparison with albitites from different geodynamic settings
The albitite from Capo Malfatano is here compared with
other albitites from different geological environments
such as: i) metasomatism processes (Castorina et al.,
2006; Boulvais et al., 2007); ii) cumulate of plagioclase
from A-type granites (Azer et al., 2010); iii) plagiogranites
formed in a subduction setting in an oceanic back-arc
basin (Zeng et al., 2015). In the Ba-Rb-Sr diagram of
Figure 4 both cumulate albitites belonging to A-type
granite and back arc-related plagiogranite fall near to the

Figure 5. Spider diagrams of Capo Malfatano albitite (a) and orthogneiss and metavolcanics from Capo Malfatano area (b) normalized
to the primitive mantle; REE patterns of albitite (c) and orthogneiss and metavolcanics (d) normalized to the chondrite. Orthogneiss
and metavolcanics analyses are from Cruciani et al. (2019) and Cruciani et al. (2018), respectively. Normalization according to Sun
and McDonough (1989).
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Figure 6. Comparison between albitite from Capo Malfatano and different albitite bodies reported in literature: a) Y/Ho vs Zr/Hf
diagram; b) REE patterns normalized to the chondrite (according to Sun and McDonough, 1989). Symbols as in Figure 4 except
greyish area representing orthogneiss from Capo Malfatano (Cruciani et al., 2019). CHARAC field represents trace element behavior
controlled by charge and radius (Bau, 1996).

Sr apex, suggesting their affinity to a source less evolved
than that of Capo Malfatano albitite. Metasomatic albitite
also plot close to the Sr apex but this fact is not totally
reliable due to the strong effect of metasomatism in the
mobilization of Ba and Sr.
The metasomatism effect is well shown by the Y/
Ho vs Zr/Hf diagram (Figure 6a). Indeed, all albitites
produced by cumulate fall in the CHARAC field, close
to the chondrite values, irrespective of their source. On
the contrary, albitites produced by Na-metasomatism
fall outside this range, closer to the ratios of fluorite in
hydrothermal veins. Metasomatic albitite from Orani
(Castorina et al., 2006) are not reported because Hf was
not analyzed by these authors, but Y/Ho ratio are lower
than the CHARAC range (24-34).
REE patterns (Figure 6b) show quite different behavior
among the different types of albitite. As above described,
Capo Malfatano albitite is characterized by a moderate
fractionation of LREE, a negative Eu anomaly and an
almost flat trend of HREE. Albitite originated in a backarc related environment (Zeng et al., 2015) shows strongly
fractionated pattern resulting in a steep slope from LREE
to HREE separated by slightly positive Eu anomaly. REE
patterns of albitite from the anorogenic setting (Azer et
al., 2010) are similar to those of Capo Malfatano albitite,
but with lower absolute content in almost all REE except
the Eu (three samples showing anomalous signature due
to crystal fractionation of REE-bearing phases where
excluded from the comparison). Albitites produced by
Na-metasomatism are characterized by a very wide
range of REE contents and by different shapes, thus is
difficult to make a significant comparison with the other
types of albitite. However, some general consideration

can be done; i) most of samples have lower REE contents
compared to the previously described albitites, and
those reported by Boulvais et al. (2007) are the lowest:
ii) LREE are strongly to slightly fractionated and show
a wide variability in absolute contents; iii) HREE define
an almost flat trend and their content is less variable
as compared to LREE; iv) all samples have a more or
less marked Eu negative anomaly whose intensity is
independent from the concentration of the other REE.
In summary, all these evidences seem to exclude the
involvement of a significative Na-metasomatism during
the Capo Malfatano albitite formation.
CONCLUDING REMARKS
Field survey together with mineralogical, petrographical
and geochemical characterization of albitite body from
Capo Malfatano led to the following main conclusions:
- Albitite from Capo Malfatano is a yellowish, finegrained, foliated rock characterized by albite-rich matrix
(Ab>80 vol%) and millimeter-sized albite porphyroclasts
with a geochemical signature similar to Ordovician
orthogneiss and metavolcanics from the same area. The
albitite microstructure was probably acquired during the
main Variscan deformation phase that led to the grain size
reduction.
- The Capo Malfatano albitite does not easy correlate
with other albitites of igneous and metasomatic origin
described in literature.
- Trace and rare eath elements contents suggest
that the albitite underwent negligible, or even absent,
fluid involvement (i.e. metasomatic processes are not
significant). This is also supported by the absence of any
metasomatic-type texture. On the other hand geochemical
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data do not allow to define a igneous origin for the Capo
Malfatano albitite. The only evidence in favour of igneous
origin is the association in space and, probably, in time
with Ordovician metaigneous rocks of Bithia Unit, the
igneous origin of the zircon as well as the calcalkaline
affinity of the rock.
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