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The ultramafie and mafie nodule suite in a tuff·breeda pipe
from Cozzo MoUno (Hyblean Plateau, SE Sicily)

VrrrORlO SCRlBANO

htituto di Scienze della Terra dell'Universita, Corso halia SS, 9S12S Catania (Italy)

ABSTltACr. - ~~ted ultrama6c:md mafu; nodules
occur in a l\1iOC'Crlic tuff·brttcia pipe from Cozzo Molino
(nonh-eastem pan ol the Hyblean Plateau, Sicily). 1bese
nodules mainly consist of spinel-lherzolites and
...·ebsterites. 1be former show ptOt08lWlular texture,
their mineral aucmbl~ consistill8 of forsteritic oIivine
Vrtt .. 90), enslatite (mg - 91). CHpinel (Cr/(er ~ AI) ..
O.J..o.S) and Cr-diopsKlc (W04fi"En..Jl·FSo.J. The lat·
ter consist of coarse cquant Cr..diospKlc aocl smaller
enst.dte vains, plus or minus a1uminous spine!. Both
dino-and onhopyroxene exhibit evident systemS of ex­
solute ImneIlae. 1bese pyroxenitcs Wl: believed to derh-e
from the cry1tallization of a primm-y liquid intruded in·
to the Iherzolites. lbese tWO rock.types theref~ repre·
sent fragments of the Hyblean upper mantle.

The mafic nodules coru;ist cl two-pyroxene granulitcs.
They show polygonal gnmoblastic texture, due to
plagiodase grains (An,2IJ, augite (Wo.

"
En.1·Fs12),

bronzite (mg _ 70l, ereyrute-type spinel and rare ores.
The modal proportions between the plagiodase and the
mafic minerals vary greatly even within a single nodule.
suggesting that these rocks derive from the Slatlc
recrystallization of a em.layered gabbroic intrusion at
deep crustal levels.

Kt')' words: Hyblean PlatC;1U, tuff-brKda pipe, nodule
suite, upper mantle, lower cruSt.

RIASSUNTO. - NeUa tufo-breeda del diatrema Mioce­
nico di Cono Molino (00 pte$si di Melilli, Alripiano
Ibleo) si hannodiversi noduli ultramafici e mafici di 00­
gine ptofonda. Tra i primi prev~no di gnn lunga le
spineI.I}~liti e spinel-websteriti; le une pl'e$Cnt:mo
struttun protogranulare dar. d. olivina Fa,.. <:nstarite
(ma" 91), spincUo cromifero (Cr/(Cr + AI) _ O.J'{).S) e
Cr-diopsKJe (Wo_.En.,t·FSo...!), Le ...-ebsteMti sono

costituite da grossi cristalli di diospide cromifero e piu
piccoli grani di enstarite, con scarse quantiti. di spinello
a1luminifero a grana grossa (verde) e plaghe di spindlo
un po' piu eromifero (rossastro). I pirosseni, sia ricehi
che po"eri di caJcio, presentllOO evKJenti 5\rutlure Iamd·
lari dovute in larsa misura lid essoIuzioni di fasi pims­
seniche coroplcmentllri e spincUo. La srnltlUlll di que­
sre rocec: varia. gradualmente, dalla cumulitial an. gnl'
nulobl.astica poIigonak: pertanto s.i ritiene me esse de,
rivino daIla pani.Je ricriSIaI1izzazione di pimsseniti roq'
matiche gii. formatesi d. un Iiquido .. primario .. in seno
alle lherzoliri: entrambi i tipi di ultrafemiti, quiocli, de·
rivano da un Iivdlo del mantcllo superiore ibleo.

I noduli mafiei sono dad da gl"llOuliti basiche a due
pirosseni, ascrivibili al gruppo delle granuliti ad AI·
spinello. La loro StruHura l: granuloblastica poligon.le
dara da plagioclasio An,2_n> augitC' (Wo.1·En.,I-Fsll1,
bron~ite (mg. 70) spine110 ereinitico e rari solfuri e Fe·
Ti ossidi. Poiehe le proporzioni tra femici e plagiodasi
variano sensibilmente anche in seno allo Slesso nodulo,
si ipotizza che queste roc~ derivino dalla ricristallizza·
zione statica di una inrrusione basica stratificata a em·
layering, in ambienle di etosra profonda.

Parok chiaw: Monti Ibld, tufo·breeda, noduli,
mamdlo-superiore, emsta profoocla.

Introduction

The north-eastern part of the Hyblean
Plateau consists of alternating platform-type
sed.imenu. whose age ranges from the Upper
Cretaceous to the Lower Pleisrocene, and
volcanic horizons which represent the pro-
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Fig. I. - Location .nd geologkal sketch of Coz:w-Molino tuff-brccci. pipe (.fter C...vAJ.UMl, 1986, modified).
Legend: I) -lo.iiocene shallow-warCf marine limestones belonging 10 M.ti Qimiti Formation. 2) - Nodule-bearing
luff-bruci•. J). BioJ,ermes. 4). Lacustrine scdimenlS: 2, J, 4 belong 10 ..Carle:ntini Formation .. (Upper Mi~l.
,,) • Qulll:mary calctreni[~. 6) . R~nl nuvia! deposits.

ducts of a fissural.type volcanic activity. Basalt
are the dominant volcanic lithotypes, with
minor differentiates, belonging to both
rholeiitic and alkaline suites (e.g. CRlSTOI"OUNI

& BATTAGUA, 1974).
In a recent paper ScRIBANO (I986) pointed

out that most of the alkaline volcanic rocks
of this region show a number of deep-seated
xenoliths, and reported some harzburgite
nodules in a Quaternary basanitoid lava from
the northern margin of the Plateau. An
ultramafic and mafic nodule suite in a tuff­
breccia pipe near the village of Melilli is con­
sidered here, in an attempt to contribute to
knowledge of the Hyblean lower lithosphere.

Gcological setting 0/ the Cozzo Molina Pipe

Pyrodastic flow deposits of Miocene age

outcrop in some zones of the northern part
of the Hyblean Plateau, and several of their
related vents have also been recognized and
mapped (CARBONE & LENTINI, 1981; Carta
Geologiea del Set/ore Nord-Oricntale dell'Alti­
piano [bleo, 1985). These diatremcs often ap­
pear as more or less deep hollows, carved in­
to the Miocenic limestone wall rocks by selec·
tive erosion (Fig. 1).

Pan of one of these tuH·breccia pipes out­
crops at Cono Molino, two kilometers north
of the village of Melilli (Fig. 1). It cuts the
Miocenic carbonate horizons and is covered
by a thin sh~t of varvated lacustrine
sediments whose Miocenic age has already
been suggested (CARBQNE & LENTINI, 1981).
This implies the emplacement of a crater lake
soon after the end of the eruptive period.
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Lastly, transgressive Quaternary calcarenite
beds rest on this Miocene age sequence.

Petrographic outlines
of the Cozzo Molino tuff-breccia

The studied tuff·breccia consists of
polygenetic inequigranular clasts spanning the
whole granulometric range for pyroclastic
rocks, not exhibiting regular fabric. The essen­
tial lava fragments constitute more than 60
vol % of the whole breccia. Their size
ranges from lapilli up blocks, the former
granulometry being the dominant type.

This lava exhibt a sort of «hybrid»
character because ultramafic xenolithis and
xenocrysts are more aboundant than the
phases crystallizing from the magma. These
consist of rare, hour-glass zoned Ti-salite
microphenocrysts, often constituting
monomineralic dusters. Euhedral olivine
microphenocrysts (Fo

SO
.
S7

) also occur, even
more rarely than the pyroxene ones. Ti-salite
microlaths (often arranged in a fluidal pattern)
and opaque mkrograins constitute the lava
groundmass together with the more or less
devitrified glassy fraction. Carbonate
amygdales of various sizes are also ubiquitous
in this lava.

These reasons clearly suggest that whole­
rock chemical composition cannot be crude·
Iy used to typify this rock: nevertheless, an
attempt was made in this direction both by
collecting lava fragments appearing relative·
Iy free of coarse grained inclusions and by
averaging microprobe spot analyses on the
glassy fraction of the lava (Tab. 1). Thus a
basanite composition was found following the
total alkali/silica classification diagram of Cox
et a1. (1984). Otherwise, most of the above­
mentioned petrologic features (as well as the
lack of feldspars and the occurrence of abun­
dant deep-seated inclusions) suggest that the
term ({kimberlitej> (I.s.) could also be proper·
Iy used to tipify this lava, following DAWSON
(1980). In this case the whole breccia should
be classified as a «kimberlitic tuff-breccia>j.

TABLE 1
Tuff-breccia «essential» lava fragment composi·
tion. Analysis «A»: whole-rock composition
with cakite amygdales (see text); analysis «B»:
recakulated on cakitefree basic assuming that
all loss on ignitiori consists of CO from
calcite; analysis «C»: averaged microprobe spots
on takilite sheaths ofnodules (see text). Analysis
(A) was per/armed by XRF, except for MgO
(found by AA) and FeO (by titration). (XRF
facilities at Istituto di Scienze della Terra,

Catania)

• • ,
."
51°2

33.52 42.45 43.71

Tt°2
1.&8 2.3& 3.5&

AI
2

0
3

9.&5 12.26 14.66

Fe
2

0
3

5.40

'"' 3.52 10.60(_) 11 .•31-)

.., 0.22 0.26 0.09

.", 10.00 12.75 6.53

'"' 20.15 11.49 13.44

Na
2

0 3.H 4.36 2.66

',' 0.66 1.10 LoO

1'2°3 1.63 2.12 "'
L.O.I. 9.73

TOTAL 100.03 n.99 100.06

,.,
'" Irc'" u ,.0 (totall.

studied breceia exhibit rounded «nodular»
shapes. Their size ranges from 1 to 25 cm and
they are usually coated by a 5 to 20 mm
takiIite sheath (Fig. 2). Most of these inclu­
sions belong to the «Cr-diopside series»
(WILSHIRE & SHERVAIS, 1975) and consist of
peridotites (mainly spinel-lherzolites) and
pyroxenites (mainly spinel-websterites).
«Discretell megacrysts and pyroxenite nodules
of the AI-augite series also rarely occur in this
breccia, not exceeding 15 (vol%) of total
nodule occurrence.

The uhramafic xenolith suite

General statements Petrography of the spinel-lhenolite nodules

The ultramafic xenoliths occurring in the The spinel·lherzolite nodules occurring in
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Fig. 4. - PholOmkrograph showing ",dots .. of spongy
diospide microcrys(s in one of studied Iherzolite nochdes

Fig. 2. - Hand spedmcn of studied nodule.bearing tuff. (Stt texI for explanation). Both enstatite (E) and olivine
breccia, (Q) surrounding clots are more or less resorbed. Scak

bar. I mm; plane pol. Ii,pl.

the studied breccia show prorogranular tex­
ture (MERCIER & NICOLAS. 1975), their
minerals often being characteristically in­
terlocked by curvilinear grain boundaries (Fig.
}). Forsteritic olivine and ensratire constitute
about 80% of the modal volume (the former
ranging behl.'ttn 45 and 60, the latter between
20 and 35 vol%), diopside and spinet repre­
sent the rest. 'The coarse silicate grains, mainly
the oHvine, show weII.<Jeveloped kink bands
and undulose extinction.

Minor textural variations were also observ­
ed in these peridorites as, for example, dusters

Fig. J. - Photomicrograph of Cozzo-Moono IhenoI.itC,
showing protogranular ICXlurc; O. olivinc,
E. cnmtitc, D. diopsidc. S€tlkb.T. 2 mm. Pl6n~po/.
lit,hJ.

TABLE 2

\Whole·rock repmentative analyses of studied
nodules. Analysis «A»: Iheno/itei «B »:
websteritei .C. D»: malic granulites. All
analyses were pcrfonned using some methods as

analysis «A» in Table I

• • , ,
W<.

Si0
2

..... 11 50.31 48.29 49.05

Tl0
Z

0.04 0.52 0.33 0.40

AI
Z

0
3

0.84 4.69 Z4.82 14 .42

F"Z03 2.40 1.82 2.98 5.40

,., 5.55 1.99 1.43 5.30

""' 0.18 0.14 0.09 0.00

"" 41.00 ZI.40 3.60 7.25

Co, 3.05 17.19 14.62 13.86

ti4
2

0 0.05 0.63 2.25 2.88

',' '.00 '.00 0.07 0.02

P205 '.00 0.06 0.06 '.00

L.O. t. 2.78 1.19 1.45 1.42

TOTAL 100.00 100.00 99.99 100.00
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TABLE 3 AI203 OPX
Representative microprobe analyses %livine 6

grains in lherzolite nodules. Microprobe
facilities at «Centro CNR per la studio delle

Formazioni Ignee», Roma
b
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l.011 .. 00. 1.00. 1.00. l,003 , .0" 1.010 Fig. 6. - Average a1umina content (IlIt%) in coexisting
enstatite and spinel in studied lherzolite (asterisk) and

0.'00 0.'03 O.lil O.lU 0.l9" 0.109 O.IU IlIcbsterite (full square). Open square: harzburgite from
Scordia (ScRIBANO, 1986). Field «a» (hatched line)

'.n• I.'" 1.7" l. 791 1.10. 1.1'17 l.703 encloses «abyssal peridotites»; field« b»« alpine 'HypeS
(after DICK & FISHER, 1984).
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Mineral chemistry and whole-rock
composition of the lhmolites

Microprobe analyses on the Iherzolite
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•

0.91

of unstrained neoblastic subgrains truncating
the kink bands of the coarse minerals. «Clots»
(up to 3 mm) consisting of mosaics of spongy
diopside microcrysts occasionally occur in
these rocks, corroding the adjacent enstatite
and olivine grains (Fig. 4). The spongy
character of this pyroxene probably depends

093

Fig. 5. - AlP, (IlIt%) vs Mg/(Mg + 1: Fe) (atomic) in
studied Ihetzolite enstatitcs. Field for «abyssal.
peridotite» enstatites llIas taken from D,CK & FISHER,
1984.

Fig. 7. - Mg.F~-Ca (atomic) diagram for studied pyrox·
enes. Tie·lines link up average compositions of coexisting
Ca·rich and Ca-poor pyroxenes: «a» represents !her·
lOlitc, «b» llIebsterite, «c» granulite pyroxene tie·line.
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TABLE 4

Selected microprobe analyses %rthopyroxene in studied /herzolile (A-DJ, websterite (E·G) and
mafic granulite (H-L) nodules. Formuloe computed QSJuming ali iron as divalent

• 8 c o , , G H , , ,
"., ~'.u 51.12 5'.71 H." 's.u '5 .• ' 'MO." w.n ".1> U.IM 5Z.n u.n

Al."> '.n I.U 0.00 1.10 '.11 2.62 3.0<1 1.5\ '.S4 1.61 ,.'. Z.1I1

,eO· '.004 •. 25 S.H ,.n '.26 ..... 5.61 s.n '.U 1t.1l '5." ".55

_ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 O.U

no, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00

CT
I
", 0.45 0.10 0." lI.n 0.35 0.35 0.3' lI.n 0.3' 0.00 0.00 0.00

0.. 0 0 .... 0." 0.'7 0 •• ' 0.'5 0.'7 0.15 Cl.53 0 ••• 0.5. 0.67 0.45

~'Ie 0.17 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

tot., .,.n 100.43 ".'6 ".31 ".2' 100.0••5,11 100." 100.'7 100.51 91.70 IIK>.Ol

"
AI( lv'

AI("II

"

..

____':!I _

Cl...'",

U4 2.000 l .•n '.U4 '.'21 l .... 1.11' •• US I.ns 1.137 I.'"

O.O:W; O.04f 0.000 0.0'7 0.014 0.079 0.05f O.ot~ 0.015 0.05' 0.063 0.05'

o.on O.OU 0.000 O.O~. 0.042 0.011 0.06. 0.060 0.111 0.06' 0.0""' 0.031

0.l'3 0.161 0.173 0.1&5 0.173 O.,U 0.1" 0.'" O.17f 0.5.' O.S" o.S"

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0._ 0.000 0._ O.O'S

0._ 0._ 0._ 0._ 0._ 0.000 0.000 0.000 0.000 0._ 0.000 0._

0.012 0.00' 0.0'2 0._ 0._ 0.0'0 0.011 O.O'S 0.0'0 0.000 0.000 0.000

0.017 0.017 o.on 0.0" 0.020 O.O'f 0 ...... 0.010 O.Olf O.O~~ 0.027 0.017

0.011 0.037 0.000 0.000 0.000 0.000 0.000 0._ 0.000 0.000 0.000 0.000

olivines show that their Mg/(Mg + E Fe)
atomic ratio ( = mg number) varies between
0.90 and 0.91, 0.903 being the average value.
Elemems other than Si, Mg and Fe were
always below the microprobe detection limit
(Tab. 3). The enslatite mg number ranges bet­
ween 0.9 and 0.92 (X = 0.908), whereas its
Al20, content ranges between 0.0 and 3.0
wt% (i" = 2.2), CaO between 0.1 and 0.7
WI% (X z 0.3), and Cr20 from 0.2 to 0.5
wl% (x. 0.35) (T,b. 4; ~;gs. 5, 6, 7).

The Cr/(Cr + AI) a[Qmic ratio in the studied
spinel ranges between 0.3 and 0..5 (i" .0.}4)
their mg number between 0.56 and 0.63 (Tab.

5, Figs. 6, 8). AnalyticaJ results on the
clynopyroxene show that it is a chromian diop·
side (Wofs.f9-En50-11-Fs2;2) with Cr20) higher
than 0.5 wt% Its La/(Ca + Mg) atomic
ratio being about 0.48, whereas its
(AI + Fe, + Na + Til/(Mg + Cr) atomic ratio
(= F.I.) varies from 0.30 to 0.45 (Tab. 6;
Figs. 7, 9). Moreover, the diopside (Na·
Cr)/(Ali"-2Ti) ratio suggests that this con­
tains more jadeite than Tschermak's molecule
coment (Fig. 10).

Concerning the whole rock composition,
anaJysis «A-. of Tab. 2 represents the less
altered lherzolite nodule analysed here. This



THE ULTRAMAHC AND MAFlC NODULE SUITE IN A TUFF.BRECCIA PIPE ETC. 209

TABLE 5

Representative microprobe analyses ofspine! in studied nodules (A·V: lhmolite; E·F: wehstente,
reddish spinel-type; G-H: wehsterie, green spinel-type; I·N: mafic granu[;te). Formulaecakulated

imposing stoichiometry

." • , , ,
" • "

AI
2

0
3

n.21 35.82 H.U 35.u ".,. '0.42 56.92 5632 45.99 46.'7 50.13 4.80

PeO' 19." 16.12 16.51 16.11 '271 .3.35 ".54 1253 39.72 39.01 37.'" 7837

M~ 15.55 '6.52 15.37 15.26 ".26 .9.05 20.35 20.39 10.63 8.89 9.86 2.18

....0 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.29 0.16 0.00 0.3. 0.36

7.0
2

0.21 0.00 0.00 0.41 0.35 0.32 0.00 0.38 '.37 1.67 1.2. 10.55

C~203 29.6. 27.67 29.30 30.00 15.66 16.H .0.44 6.96 0.30 0.00 0.00 O.H

To',", .00.22 99.45 99.00 99.54 99.59 99.36 99.25 99.67 '6.17 96.62 99.51 96.79

AI '.67510.093 9.907 9.659 13.007 12.617 ".036 '3.9'2 13.056 13.479 '3.807 '.'63

Fe(2. ) 2.640

5.396

300 2.631 2.70. 1.917 1.936 1.661 1.611 4.404 5.0U 4.139 9.U6

700 5.3U 5.333 6.131 6.1.6 6.339 6.396 3.811 3.n2 3.4'1 '.105

"n (1.000 0.000 0.000 0.036 0.000 0.000 (1.000 0.052 0.03~ 0.000 0.061 0.107

0.037 0.000 0.000 0.072 0.G56 0.052 G.OOO 0.060 0.H6 0.305 0.211 2.6ge

5.ua 5.102 5.U' 5.SS5 2.645 2.766 1.725 '.491 0.057 0.000 0.000 G.l13

'"te;:Ali" 0.362 G 336 0.354 0.365 0.16' G.177 G.I09 G.O'6 G.004 0.000 0.000 0.G54

is consistent with the compositional range for
world-wide occurring lherzolites (e.g. KUNO
& AOKl, 1970; CARSWELL, 1980). In par­
ticular, the studied rock shows close similiarity
with lherzolite nodule whole composition oc­
curring in kimberlites (KUNO & AOKI, 1970;
DOWSON, 1980) (Fig It).

Petrography of the wehstente nodules

$pinel-bearing websterite nodules were also
found in the studied breccia, their modal oc­
currence consisting of coarse clinopyroxene
(60-90 vol%l and less coarse orthopyroxene
grams (10·40%) plus or mmus spinel and
traces of Ni-Fe sulphides and amphibole. Most
of the mineral grains are assembled by 1200

triple junctions (Fig. 12), whereas in some
cases the grain boundaries were irregularly in­
terconnected, resembling a magmatic «ad-

cumulate» texture (WAGER & BROWN, 1968).
These pyroxenes exhibit complex patterns

of fine lamellae consisting of both exsolute
mineral phase (which are complementary
pyroxene and spine!) and polysynthetic twins,
the former in some places appearing superim.
posed on the latter.

Two spine! types occur as accessory
minerals: coarse and green, and a smaller, cor­
roded, brownish type. A golden-yellow am­
phibole also rarely occurs as irregular patches
discontinuously nmmmg the green spinel
grams. Interstitial Ni-Fe sulphides are also
ubiquitous in these rocks, never exceeding
0.19 of the modal volume.

Mineral chemistry and whole-rock
composition of the wehsterite xeno!ith

The clinopyroxene occurring in these rocks
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Fig. 10. - (Na·Cr) VJ (AI...2Ti) (a.u.£J diagram for
Iherzolite (dots), websterite (squares) and granulite
(triangles) dil'()pyroxenes, showing their jadeiite VJ

Tschermakilic molecule contents.

0.15 Na-Cr

value is about 0.17 in the reddish one. The
former type also has a mg number of about
0.74, the latter of about 0.72 (Tab. 5; Figs.
6, 8).

The golden-yellow amphibole rimming the
green spinel is a chromian pargasite (Tab. 7)

•

AI .
c·

I :-1.. " .

Fig. 9. _ Plots of (AI + 1: Fe + Na + Ti)!(Mg + Cr)
atOmic ratio (. FJ.) vs Al and Mg contents (a.u.£.) for
dinopyroxenes in studied Iherzolite (dots), websterite
(squares) and granulite (triangles) xenolirhs.
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is a chromian diopside (Wo4/.:so·En48.50-FsO-l)'
its Cr 0) content varying rom 0.4 to 0.9
wt% (X" '" 0.63); this has lower silica and
slightly higher alumina and titanium contents
than the Iherzolite diospide (Tab. 6). The
diospide of the rock-types may also be
distinguished from each other by plotting
their F. I. values over their AI contents (Fig.
9) and by emphasizing their different jadeite
and Tschermakitic molecule contents (Fig.
10).

The websterite enstotite, on the other hand,
contains rather less silica (55.4-56.5 wt%) and
more alumina (about 4%) than the lherzolite
enstatite (Tab. 4). The greyish-green rpinel is
a pleonast type, its Cr/(Cr + AI) atomic ratio
varying from 0.07 to 0.11, whereas the same

rig. 8. - MtJ{lo.ig .. 1: Fe} vs Cr/(Cr + AI) (atomic; ralios)
in peridolite (dots), ""ebsterite: (squares) and mafie
granulite llriang\e5) spinds. Field «u encloses spinds
in ...byS$a1 pcridotites_, fidd ..b. in the .aIpine"lypes
(aftcr 010:: & FISHER, 1984).
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TABLE 6

Representative microprobe analyses of c/inopyroxenes in studied lheno/ite (A-C), websterite
(D-G) and malic granu/ites (H-K) nodules. Formu!4e calctt!4ted following PAPlKE et al. (J 974)

• • , • , • • , •...
110, U •., S•. Ol ~•. 2O ~I.U 51.to ~1.63 ~1.66 SO.'6 so.n so .•, so."

Al
2

0
3

1.34 1.63 2.3. ..3S •.• 2 •.03 •. 67 •• 02 .~. 3.66 3.~7

'.0* I.H 2.U 2.n a.5' 2.56 a.so a.n 7.66 • ~5 7.84 •. ~.

"10 '6.34 IS.U u.n 16.2' 16.12 U.H U.U 13 .• ' '3.38 13.5' '3.71

*>Cl 0." 0.00 0.00 0.00 0.00 0.00 0.0<1 0.00 0.21 0.00 0.00

110
2

o.n 0.00 0.00 0." 0.'3 0.74 0." o.n 1.02 1.02 0.15

<:"103 0.76 0.70 0.71 0.74 0.6. 0.69 0.47 0.00 0.00 0.00 0.00

<:.0.0 21.a.o 21.63 U.SI 21.15 l2 ••• l2.~. U •• ' U.58 2'.65 21 .•3 21.70

.... 20 I.U.H 1.67 1.1l 0.6. 0.76 O.N 0.6' 0.13 0.17 1.00

70u.I ".02 ".06 ••• U ..... ".45 ".13 ".26 ".31 100.0' ".14 100.31

Alii")

AI (,,1)

...

"

."

O.OU 0.021 0.0.3 0.11) 0.108 0.112 0.113 0 .•06 0.123 0.116 0.12'

0.055 0.0~6 0.017 0.06. 0.044 0.062 0.081 0.071 0.077 0.OS2 0.026

o.on 0.030 0.00' 0.010 0.044 0.033 0.04' 0.21' O.IU 0.154 0.1.2

O.OSS 0.061 0.061 o.on 0.034 0.044 0.031 0.028 0.042 0.011 0.121

0.81' 0.86' O.UI 0.676 0.176 0.U5 0.6s(! 0.745 0.73' O.'S(! 0.756

0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.000

0.007 0.000 0.000 0.014 0.023 0.020 0.024 0.016 0.02' o.on 0.026

0.022 0.020 0.022 0.021 0.0" 0.020 0.014 0.000 0.000 0.000 0.000

0.101 0.110 0.117 0.0" O.oSt 0.0!04 0.066 0.048 0.052 0.070 0.071

.7.70 41.70 48.;)(1 4•. 04 ......'.04 ••. 42 47.25 .'.23 48.15 48.12

50." 4'.5' ~I.I. SO.3' 48 n 4'.15 47.16 41.08 42.3' 43.0' 43.47

1.13 1.72 0.~6 0.511 246 1.81 2.12 11.61 11.36 '.S6 7.11

whose mg number is 0.85, its ~O content
being 1.2 (wt%) and Ti0

2
about 2.4 (wr%).

The whole-rock websterite compositions
reflect their rather wide modal variations;
nevertheless analysis .B. (Tab. 2) is taken as
reasonably representative of the most com­
monly occurring websterite mode. It firs a
hypothetical complex .pigeonitic.. pyroxene,
whose mg = 0.91, Ca/(Ca + Mg) .. 0.36,
F.l..0.30.

Discussion on the ultrama/ic nodules

Lherzo/ite. The MgO/EFeO (wt%) ratio

of the lherzolite whole rock (.5.31) fits
the «group B» average composition of lher­
zolite nodules of KUNO & AOIa (l970).
The medium degree of depletion of the
studied rock is shown by plotting the molar
ratios CaO/(EFeO + MgO) over
(SiO, + A1,O,l/(I:FeO + MgOl (Fig. 13), as
this value depends on the pyroxene/olivine
modal ratio. The ratio (wt%) (CaO + Na20
+ AJzO) + Ti02)/MgO (0.097), reported as

«basaltic index» by EMBEy-IsZTIN (1978), is
also consistent with the above interpretation.

The lherzolite mineral chemistry shows
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TABLE 7
Microprobe analyses on yellow amphibole in
some ofshldied webslerite nodules (see text). For­
mulae calculated following Ross et al. (1969)

TABLE 8
Representative microprobe analyses on
p/agioca/se fe/dspars in stt/died mafic granulite

nodules

". • • , • • , • , •

11.02

3 .•'

LM

11. 71

,.~

•. w

·u.u
u.52

2.41

11.43

3.53

1.11

'1.18

I.U

I. It

u .••

14.1'

a.51
17.27

'.M
l.1t

, 1.3$

2.51..

n.n 53.S3 53.1t 53.79 n.', 50.00

29.04 M.U ".n n .., "." h.I'

10." H .•' H." ..... H.O' II.:M

5.... 4." '." 5.'0 '.n •. N

0.'. D." 0." 0.11 0." 0."

".U ".0' tt." 100.0' ••• " .....

Totel 118.0& 91 la

..
Alii,,}

'.IU

1..11

•• 136

IoHe

•• •.••• ..U. '.'10 '.'17 ..... •...,..

0.013 0.0'0 0.00' 0._ 0.010 0.0,0

0.... o.43S 0.'" D..... 0.... o.n•

..........•
••

0.$31

0.271

3 ••'5

0."3

a.lu

0.552

0.264

0.$6$

o.ne
3.57.

o.eu
0.150

101(.. 1)

"
••

some opposite indications. In fact, the
er/(Ce + All atomic ratios of the spinel
(x,", 0.34) suggest that no more than 15%
basaltic liquid was extracted from this Iher­
zoIite (DICK & FISHER, 1984). This also ap­
pears when the studied spine! compositions
arc compared with those occurring in poorly­
depleted -abyssal-type» peridotites (Fig. 8).
On the contrary, the studied enstatite corn·
positions shows a significant shift from
«abyssal» enstatites (Fig. 7) mainly because
the former have lower Al and Ca contents.
This should indicate a depletion degree
significantly higher than 15% (DICK &
FISHER, 1984).

As regards the occurrence of «clots» of
spongy diopside microcrysts in some of the

r. (.... )

~

Ma (It.,

Ha CA'

It ( ... )

o.~

1.71&

0.212

0.11'

0.217

o.~

1.114

0.2U

0.56.

0.214

o.~

1.140

0.210

0.481

0.211

studied lherzoute nodules, it must be observed
that small glass-bearing microcrystalline blebs
are well-known in peridotite nodules. MAAwE
& PRlNTZLAU (1979) interpreted these blebs
as the result of panial melting episodes, noting
that all the four lherzoLite minerals were
resorbed by the formation of the blebs.
SCRIBANO (1986) has recently recognized such
vitrophyric blebs in harzburgite nodules from
the Scotdia area (nortern margm of the
Hyblean Plateau) consisting of diopside
microcryst plunged in a glassy matrix. The
similiarity of the diopside «clots» with these
«bleb$» is evident, except for the larger size
of the former and their lower glass/crystalline­
selvage proportion. It IS noteworthy that
«clots» of rnicrocristalline·selvage with sizes
very similiar to those studied were described
by GHENT et al., (1980) and also interpreted
as the result of rapid crystallization of a melt
produced by partial melting.

W'ebstcritcs. Previous authors have pre-
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Feo* ()0 • •• •5

6 A1 20 3 0 • L4 • ••
2 • • U• •
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() 0 • •
• .. FeQ*100/IFeo*+MQO'-•

•
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Fig. 11. - Plots of I: FeO/(E FeO. MgO) vs CaO, AI 0l' !: FeO (wt%) in studied Ihenolite whole-rock com·
position (full dolS) compared 10 nodule suites from kimkrlites (full squares) (after DAWSON, 1980); open circle:
primary IherzoHle of KUNO & AOKI (\970). Open squares: fertile garnct.lherwlite after O"WSON (1980).

The experimental results of PREsNALL et al.
(1978) on the liquid phase relatjons at the join
CaMgSi206-Mg2SiO.-CaA4Si20s show that,
as pressure increases, the forsterite field con·
tracts and the diopside field expands. These
authors also note that, at a pressure of 1 GPa,
a reaction relation exists in which olivine
dissolves as spinel and aluminous djopside
crystallizes. Thus, at high pressure, the frac­
tional crystalliuttion of a primary liqwd, deriv.
ed by partial melting of lherzolite, will pro-

Fig. 12. - Photomicrograph of webslerite mowing lex· 0.1
ture of grain boundary equilibrium. Sdeclive a1tention
marks eX$Olution lamellae. 0 .. diospide. E .. enstatite.
Scale ba, .. 2 mm, plane pol. light.

CaO!IMgO·FeOI

*

scored evidence that early melting in the man­
tle may result in the formation of spinel­
pyroxenites of the Cr-diopside group (e.g. lR­
VING, 1980; MOUKAOIRI & KORNPROBST,

1984; GUENT et al., 1980). This hypothesis
is consistent with field evidence in some
Alpine-type uhramafic complexes were Cr.
diopside websterite dykes are often intruded
into the lherzolite (e.g. SINIGOI et al., 1983).
These authors also noted the complete lack
of olivine in these pyroxenites, consequently
suggesting that reaction relationships occur
between the Liquid and the olivine.

ao
••

0.6 0.7 0.8

Fig. 13. - Plou of ISiO,. AlPJ/(MgO + !: Frt)) VI

CaO/(MgO + !: FeD) (molar ratios) in whole·roc:k c;om­
position of studied Ihenolile lfull circle). harzburgite
from Soordia lopen triangle: ScRIBANO, 1986), a1pine­
Iype peridorites from Ivrea UlOC" (lriangle: SINl<iOI Cl al.,
1981). Asterisk: undepleted manlk composilion aher
CARTEl. (1970).
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duce spinel-diopside «cumulates. and a
residual liquid of tholeiitic composition
(which, in the studied C~, probably migrated
to the upper crust or even [0 the surface).
However, it must be noted that the alumina
content of this diopside (PRESNALL et al.,
1978) is significantly higher than that occur·
ring in the studied websterites: nor is the
already-mentioned Ca-poor pyroxene consis­
tent with the considered experimental results.
These discrepancies probably depend on
the different composition of the initial
liquids and, peraphs, on the sub-solidus
re-equiIibration of the studied websterites. In
fact, it has been pointed out that the whole­
rock websterite cOffifM)Sition fits a sub-calcic,
AI-rich pyroxene: this magmatic primary
ph~ may consequently have led to exoluted
Ca-poor pyroxene and spinel at lower
tem~ratures.

The occurrence of pargasitic amphibole is
not rare in deep-seated ultramafic xenoliths
(e.g. WILSHIRE et al., 1980; IRVlNG, 1980;
EMBEy-ISZTIN, 1976). Several hypotheses
have been proposed to account for such oc­
currences. Most of them imply «~rvasive
metasomatism» of the mantle by H20 rich
fluids. This is believed to pre-date the incor­
poration of the ultramafic mineral assemblage
by the host magma (e.g. MENZlES & MURlliY,
1980). The mantling of spinel by amphibole,
as observed in the studied websterite, perfect­
ly fits the hypothesis of FRANCIS (1976) and
BEST (1974) which suggests that the Cr­
pargasite derives from reaction of a fluid with
spinel and diopside.

Pressure and temperature estimates

Reasonably assuming that all the considered
ultramafic nodule compositions can be
represented by the CaO-MgO-A120)-SiO
system, recent high-pressure experiment:J
results on this CMAS system are used for
estimating equilibrium pressure and
temperature intervals. However, the semiquan­
titative narure of these estimations must be
pointed out, due to the difficulty of correc­
ting for minor elements and also to intrinsic
indeterminations and wide error bars of the

experimental results in question (e.g. FUlt &
ScARFE, 1982).

The lack of garnet and plagioclase in
the studied nodules (both Iherzolite and
websterite) indkates that these were equi­
librated within the spinel-peridotite field; this
implies a rather wide pressure interval, that
is, between, OA and 2.3 GPa (12 < Km
depth < 70) (GASPARlK, 1984).

NICKEL et al., (1985) elegantly proposed
an empyrical thermometric equation which
fits the CMAS system. For natural system
this equation cannot be used except for broad
indications or qualitative comparisons. The
mineral chemistry of the studied Iherzolite
nodules therefore give temperature inten'als
between 1100 and 1150 °C and the
websterites berween 1050 and 1100 QC. It
therefore seems reasonable to admit that the
Iherzolites were equilibrated at temperatures
slightly higher than the websterites.

The mafic nodule suite:
two-pyroxene granulites

Mafic nodules were also found in the
studied breeda. These show granuloblastic
texture due to polygonal plagioclase grains and
inequigranular ortho-and clinopyroxenes, with
green spine! and opaque ores. The modal pro­
ponions between the plagioclase and the mafic
minerals varies greatly, the Ca-poor pyroxene
always being subordinate with respect to the
Ca-rich one (Fig. 14).

Plagiodase feldspar exhibits rather
homogeneous AnH '" 2 composition, whith
very minor potassium content (Tab. 8). Calcic
pyroxene is an augite (W017-En41-Fs12)' its
AllO) content being about 4 wt%,
Na20-1%, Ti02", 1% (Tab. 6). Fine laths
of exsolute orthopyroxene, ilmenite and finer
rutile needlets are ubiquitous in these pyrox­
enes. Ca-poor pyroxene shows bronzite com­
position, its mg number being about 0.70
(Tab. 4). Spinet is a green ercynite
(AI 0) '" 45-68 wt%, FeO _ 35-40 wt%)
(Tab. 5). Fe-sulphides and Fe-Ti oxides also
rarely occur in these rocks, often completely
intergrown. Spinel and hyperstene symplec­
tites often occur between the plagioclase
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Fig. 14. - Photomicrograph of mafie gnlnulile ~,_
ing granuloblUlic polygonal texture. P. plagiodue.
A • augile. B. bronzile. S. daI'k-grttn spind. PlitM pol.
lighl. Sc.~ Hr. 2 mm.

feldspars and ovoidal patches of reddish.
brown ke1ifite-like products.

The whole-rock composition again renects
the modal variations of the rocks (Tab. 2) (see
below for discussion).

Discussion 011 the mafic l10dules

The whole-rock composition and mineral
chemistry and, generally the texture of the
above-described rocks show close similiarity
whith the «mafic granulites of the AI-spine!
suite» (WILKINSON, 1975) or, more usually,
with the «pyroxene granulites» (lRVING,
1974). According to these two authors, the
well-developed granuloblastic polygonal tex­
ture and very low degree of miscibility shown
by the coexisting Ca-rich and Ca-poor pyrox­
enes indicate protract «post-magmatic»
recrystallization.

If the above hypothesis is reasonable,
recrystal!ization represents an isochemical pro­
cess, the studied whole-rock compositions in­
dicate a «gabbroic» parel1/age with mildly
subalkaline affinity: this is shown by plotting
the total-a1kaHs over silica values (e.g. IRvlNE
& BAGARAR, 1971) and also by the constant­
ly low potassium contents (see Tab. 2) in the
studied rocks. The above reported variations
of the plagioclase/mafic minerals modal
percentages, even within a single nodule, sug-

gest analogies with cm-layering in some mafic
intrusions (WAGER & BROWN, 1968).

Experimental results on natural systems
very similiar to the studied granulite whole­
rock composition (IRVING, 1974) suggest that
the lack of garnet in such mineral assemblages
indicates an upper pressure limit of about I
GPa at 1000 °C, the lack of olivine, on the
other hand, a lower pressure limit of about
0.5 GPa. This thermobarometric interval
gives reasonable indications that the studied
rocks derive from deep crustal levels.

Concluding remarks

The lack of true porphyroclastic and other
sheared textures in the Iherzolite xenoliths
from Cozzo Molino, except for the kink bands
in some of their minerals, suggest that these
rocks steadly .Oowed. throughout the upper
mantle (GoETZE & KOHLESTEDT, 1973;
DARHAM & GOETZE, 1977), not having been
involved in any strongly active mantle-diapir.

It is noteworthy that the harzburgite
xeno1iths occurring in some Quaternary
basanitoid lava flows from the Scordia area
(about 20 Km NW of the studied zone) show
more pronunced deformation features and
wider neoblastic zones than the studied Iher­
zolites. Moreover, the spinel occurring in
those harzburgites exhibits higher
Cr/(Cr + Al) values than that of the studied
lherzolites (SCRlBANO, 1986). This, and the
bulk compositions of the two considered
xenolith types, suggest that the harzburgites
from Scordia suffered greater depletion than
the Iherzolites from Cozzo Molino (Fig. 13).

Mafic granulites, rather abundant in the
tuff-breccia of Cozzo Molino, are less
represented in the nodule suite of Scordia.
Assuming that the time interval from Miocene
to Quaternary is too short to produce signifi.
cant variations in the upper mantle and the
lower crust, it seems reasonable that the
Hyblean lower lithosphere composition is in·
homogeneous. However the development of
a satisfactory Uthospheric model needs fur­
ther investigation which, in part, are now in
progress.

This paper is part of a research program on
deep-seated xenoliths from Hyblean Plateau
and Mt. Etna.
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