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Some ultramafic xenoliths from Etna

CARLO AURISICCHIO
Cemro di Studio per la M..ineralogia e Petrologia delJc Formuioni Ignee del C.N.R.,

Ciut Universitaria, PiazuIe AkIo Moro, 00185 Roma

VITIORlO ScRl8ANO

IsdtulO di Scienz.e della Terra deIl'Universill, Corso haIia 55, 9512~ Catania (haly)

AIlSTRACT. - The occurreoce: of deep-seated uhnrnafic
nodules in some ancient alkaline lavas from Ema is here
reported. Two Ju"it~ Iypes v,oere recognized. the former
coruisting of very roane (up 10 2 cm) equant olivine
gnins exhibitillfllcink bands and neoblastic oovine gnins
al their adga. The lutu Iype ronsius of coarK tabular
olivines exhibiting romplex networks of polygonal
subgnins, eXlI'eID(' kink baocling aocl olhcr deformation
fealllres, some fo tnc-m unique. Fa. • I olivine and
scarce Cr.spinel and Cr-diopside constitute th(' modal
occurrence for both lhe dunite: types.

Green pyrocxene bearing polkililic wchrlilc xenolilhs
also occur in the: studied Iavas, exhibiting a cumulate·
like textute:. Numerous of their mineral components con·
sin of unmdtc:d fragments of Ihe above described
dunile5, whereas unstntined Cr-diopside and Fo..l-f-O
olivine should represent the magmatic ones.

The twO dunite types are believed to represent
fragmmrs oia teXruraUycomplex upper.mantle, probably
thal is due to iu diapirie up"''\"lling from deeper b'ds.
The V,'\"hrlil(' xenoliths, on the contrary. might repre·
senl cumulate: materials al the bouom of a magmatic
chamber in the upper mamk, p~b1ywithin the dunile
level.

KC)' wods: Etna, xenolith, dunile:, wehrlite, upper
mantle.

RlASSUNTO. - In alcune: ncfdin·hawaiiti appartenemi
ai _Cemri AlcaIini Amichi .. dell'Elna, sono slati riro
nosciuti indusi ultraremici di origine profonda. Vi s0

no JU1Iiti, sia di tipo granulare dlc tabulare; le prime sooo
costituite da cristaIli di oovina ((ioo a 2 cm) tendenzial·
mente equigranulari, incastonati sc:cooclo superHci cur·
vilinee e caranerizZlti da .. kink bands. e subgrani neo·
blastici non deformati. Le SC'C(lfl(ie: sooo costilUite da cri·
slalli olivinici a grana media, aIJungali seoondo I"lSse _c ..,
lalora lenticolari, con vistase ddormazioni lamellari ad
andamento irrcgolare:. La composizione deH'olivina e
uguale per i due: tipi di duniti (F08i> .. j), come pure: gli
scarsi mineraJi accessosi, Cr.spinelto e Cr.diopside.

Sooo state irv)ltre riconosciute wt:hrfiti a pirosseno lIer·
de (Cr-diopside) _pecilitiau, inglobame erist.1Ii di oH·
vina e anche frammenli policristal1ini ddJe suddc:ue duo
nid _melamorfichc ...

Duniti e wehrliti presc:mano somiglianz.e lessituraIi
e romposizionaIi con queUe dene Hawaii e, aoche sulla
base di qUe510 ronfronto, si pub ipodzzare ehe esse: rap
presc:ntino refr.nari del m.ntdlo superiore, le: cui de
forma:t:ioni sarebbero consc:guenti • nussi di dpo di.pi.
riro. Le wehrliti, inve«:, potrebbero rappresc:ntare eu·
muliti al fondo di una 41C.m('r. m.gmatica .. profonda,
forse ubieata alt'interno del $uddeno hllelto dunitico.

Parole chiave: Etna, xenoliti, duni!i, wehrlite, man·
telto superior('.

Introduction

Deep-seated olivine and diopside xenocrysts
were recently found in some Etnean lavas
belonging to the «Ancient Alkaline Centres~

(SACIIS & SCRI8ANO, 1985). Further field in·
vestigations allowed to recognize in the same
lavas rare ultramafic nodules related to those
xenocrysts, constituting the argument of this
note.

The hosl Iavas

The xenolith bearing rocks crop out in the
Eastern and Western lowermost slopes of Mt.
Etna, representing the oldest a1kalic lava flows
laying over the «Basal Tholeiites~ or direct·
ly over the Etnean sedimentary basement
rocks (Geologic Map of Etna, 1980) (Fig. 1).
Several Authors (e.g. ROMANO, 1982) suggest
that these Ancient Alkalic Lavas formed a
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Fig. 1. - Approximate location of the xenolith bearing
lavlIS (indicated by arrows).

.. ..- ,.- 0 .... 0 ..... ..- ..-.. ...., ..... ..... O.~ • 0.'" ..-
• I .... I. >,. ....... I.'" ,..... ...n- ..- ..- .- ..- 0.00• ..-
" ..- ..- ..- ..- ..- ..-.. ..- ..- ..- ..- •.00' ..-,
~."- ..- ' .•M '.OBI •. 0 •• •. 0 •• .....

•• l ..,i) ..... M .•' M._ ..... ".0' M.'.

• • , • • ,...
5'0, "'.n .,." ~.~ H .•• ~.M ..,....~ "." n ... n .•' ..... ".01 ....,
.~ 41." ' •. 10 ..... ".14 ••.•t ......- 0." '.00 .00 0." 0." '.00

"0. '.00 •.00 '.00 ..~ '.00 '.00

~ 0 ... 0 ... '.00 0." 0.04 0."

'G'.' '00.0- 10l.OO ..... ..... '00.14 '00.31

<:.0 ...... ,..r r._I. _" I .... '

allows to distinguish them from shallow-<!.epth
magmatic xenoliths and phenocryst clusters
(black in colour)_ Dunite and wehrlite
xenoliths were thus recognized, the latter be
ing more aboundant than the former.

TABLE 1
Represenlativ~ microprobe analyses ofolivines
occurring in the studied dunite (A·CJ and weh,

lite (V-F) xenoliths

Dunites

Two types of metamorphic dunite were
recognized on textural basis. The first con·
sists of coarse cquant olivine grains exhibiting
green colour in hand specimen; the olivine
grain size in some cases exceeds 25 mm, that
is unusually large in comparison to the olivines
in elsewhere occurring dunites, rarely ex
ceeding 5 mm (HARTE, 1970; KIRBY &
GREEN, 1980 etc.); they exhibit well
developed kink bands, which appear as
straight, parallel and regularly spaced lamellae.
Up to 5 p.m nuid inclusions also occur in these
olivine crystals. Few, up to 30 p.m large
«drops» of Cr-spinel, often rimmed by Cr
diopside, constitute the only accessory
minerals in these granular dunites, ncver ex
ceeding the 0.5% of the modal pcrcentage.
One of these nodules consists of two or three

...'y,....

Deep-seated ultramafic nodules

The nodule sizes rarely exceed the few
cubic centimetres often being less than one;
their volume percentage in the host lavas
never exceeds 1 vol%, that is much less than
xenocrysts (up to 15 vol%: SAClIS &
SCRIBANO. 1985); the nodules are not
homogeneously distributed in their host lavas
but often being zonally concentrated, that sug
gests these derive from the fragmentation of
previous larger xenoliths during the lava
emplacement _

The noclules' green colour in hand specimen

shield volcano which later was covered by
younger, more differentiated, volcanic pro
ducts belonging 10 different eruptive axes.

These ancient lavas mostly consist of ne
normative porphyritic hawaiilcs, An 15.10
plagioclase, augite, Fo1UO olivine and Ti
magnetite consiluting their modal occurrence.
Mafic magmatic cumulate xenoliths were
previously found in these lavas (La GIUDlCE

& RIITMANN. 1974).

Mt. ETNA
central 0 '-- ----

craters t;:'- ..,-,
valle Clel

"'''
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TABLE 2

Analyses ofspinets occurring in the considered
xeno/iJhs. Analyses C, H, I, K, represent rpine/
within the o/ivines, J, L, within the diopside.
Formulae were computed imposing stoichiometry

is also supported by the rare occurrence of
nodules where the tabular olivines laterally
grade to large, granular crystal. Peraphs the
small size of the studied dunite xenoliths
might obliterate their true «composite» or
porphyroclastic character.

Cr/(Cr+AIl

Mineral chemistry of the dunite xeno/iJhs

Both granular and tabular dunite types ex-

Fill. 2. - CrflCr + AI) 1/1 Mg!(MIl + EFe) (atomic;: nnios)
for the studied spimob. 1bc squan: symbols Rp~nt
lhe spinel enclosed in IIx olivinc, whereas those in the
diopsick are reprnentcd by triafliles. 1bc field A en
closes the spinels in "le ..ocean·type_ peridoliu: xeno
lithis, the field B lhose occurring in the .. .Jpinc'lype_
ones. (DIcK & FISHER, 1984). 1bc fiekls indioue as ....,
.. b,., ..c_ represent spinels in han:burgile,lhenoIite and
""ebslerite xenoliths from the Hyblean area (ScRJBANO,
1986).

---- , ,,,,
A ,:,,,,,,,,,
-'

,,,,,,,
a--;,,,

o.s

• " • •."
AI,O. >0.,. >0.71 Jl .n 30." ....1 ...00

,~. >•.~~ ,. .a. u.n ., .~Q ,. .1, I'.S'- ...~. II.H ".U 14." If." ,....- o.~ 000 '.00 '.00 0." '.00

'10, 1.$9 I.U L» '.N L» 1."
cr,o, ".n n.u ".11 U.U n." n .•

'0'"
_... ..... ".>3 N.N lOO.', 00.00

0:0,,_ '" ro.-l. 1O.... '.. •.•u • ....s ..- '.n, ••••• •••:10

'.(s·) '.103 '.U' ••••• ,..... '.0" ,.u.
h('.) .-~.. ,.- ..~~. ..... '.33S '.Ms

00 ....S '. '" ..- '.~3S ..". s.'U- 0.0" .- ..- ..- 0.'31 0._ 0.6
" 0.30' 0 .... O.H' O• .,. 0.'" 0. ,n
,. ..... '.,14 ...,. '.301 ..... ..,....

0 ....tc.7'ii'i 0."" 0 .... 0.31' 0 .... 0.31'

coarse olivine grains interlocked by curvilinear
grain boundaires which are marked by lighter
coloured, unstrained, equam olivine
subgrains.

The second dunite type consists of coarse
tabular olivine grains strongly elongated ac
cording to their c axes; the crystals appear
roughly isooriented, but their boundary sur
faces often do not correspond to I'il.tional faces
and sometimes they are marked by clusters
of polygonal subgrains (also by infiltrating
material from the host lava's groundmass).

These tabular olivines exhibit a number of
dislocation features, the ..hembricated» ar
rangement of the grains or «ribbon foliation»
defined by interconnected lenticular crystals.
Undulose extinction and kink bands are also
ubiquitous, the laner appearing irregularly
spaced, the lameUae being dislocated and
somewhere «folded». That might indicate that
stresses overimposed on previous .. normally»
kink banded olivine grains. This hypothesis
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hibit the same=: mineral chemistry. The o/ivinc
exhibits homogeneous Fou '" 1 composition
(Tab. I). The spinel is a chromian variety
whose Cr/(Cr + AI) atomic ratio equals 0.2-0.3
in those cases where the spine! directly
touches the olivine host. the same value be
ing 0.5-0.55 where the spine! is rimmed by
a thin sheath of diopside. Both spinels exhibit
the same value of Mg/(Mg ... I:Fel ratio (Tab.

0.20 0.30 040
Fig, } _ El. (. AI ~ Fe ~ Na • Til/(Mg ... Cri vs Al and
Mg in diopsidc occurring in the studied and otht'r Xl'

nolilhs. Symbols: I) diopsidc in Etnean \\'eherlitc; 21
diopsidc in Ernean dunires; 3) di05pidc xcnocrym in
Etnean I.vas rq:lOrted by S"'OIS & Sa.IBANO (1985);-1)
di0p5idc microcrysts in lhe virrophyric bIebs in Hybkan
hanburgilc xeooliths; :5) diopsKk in wehrlitc .nd 6) in
dunilC xcnoliths from H.v.'aii (Wllfn;., 1966). 1be ficld
a endoscs pyroxcnc: ocrorring in I~ Hyblcan IN,rzoli
tcs. b in t~ webstcrites.
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~ •
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0
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2; Fig, 2). The diopside exhibits a
CrlO =0.5-1.5 (wt%) and AlID) = 3 (::t:
0.2) (wt%) contents (Tab. 3; Figs. 3, 4).
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Wehrlite xenoliths

The wehrlite xenoliths exhibit an ine
quigranular «poikilitic» texture, due to Cr
diopside oikocr)'sts (up to 10 mm) enclosing
olivine grains. In hand specimen the pyrox
ene exhibits green colour, darker than the
coexisting olivine. The diopside grains are
unstrained and often exhibit irregular empty
pathces probably representing decrepitated
fluid (or melt) inclusions which somewhere
give the pyroxene a spongy character;
magmatic corrosion and brownish augite
overgrowths are rather common where the
diospide contacts the hosl Java (sce SACl-lS &
$CRIBANO, 1985).

The mineral chemistry of this pyroxene
does not differ very much from the diospide
rarely occurring in the dunite xenoliths (Tab.

FiJ! ~ _ Na-Cr (llIddlc) vs AJw·2Ti (Tschermak.ite) va·
riations in Ihe slUdied dunilc aod ",·chrlite pyroxcnc:s
(dml. 1be asterisk ind;a,tcs diopside XcnocryslS repor.
tcd by SAClIS &. ScaIBA.'«) (1985). lbe fields .. n and
.. b,. cnclose pyroXCnc:5 fXCUI'T'ing in the Hybkan lher·
wlite and ",'ebSlcrite xenoliths, whereas the fidd .h,.
ecloscs thosoe oocurring in the wnitcs and wchrlitcs from
H.waii (WUfn;.. 19(6).

,
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TABLE 3
Analyses of pyroxenes occurring in the studied inclusions. P, Q represent accessory diopside in

the dunites. Formulae were calculated following PAPIKE et aI., 1974

CLINOPY"O~~"~

." " " "
, ,

"
,

510
2

5~.75 52.60 5~ 37 53.19 51.66 51.53 51.45 51.75 51.44 51.79 5~.28

f~O* 4.11 4.08 4.00 4.74 5.17 485 4.18 S.U 476 5.05 5.07

"gO 17.36 17.23 16.90 17.36 17.01 16.64 16.69 16.53 1586 17.31 17.23

Tl0
2

0.40 0.44 0.21 0.59 0.46 0.50 0 56 0.46 0.49 0.53 0.61

Cr
2

0
3

0.63 0.61 0.54 0.66 0.67 0.4~ .37 1.01 0.40 0.73 0.99

C..O 2~.55 2~.06 ~~.14 ~1.10 21.16 2.L80 22.37 ~0.79 ~2 69 ~0.48 20.30

""20 0.49 0.30 0.37 0.36 0 76 0.57 0 79 0.56 0.41 0.95 0.51

Tet .. l 100.20 98.85 98.62 100.74 100 35 100.45 100 2~ 99.03 9893 99.54 99.67

1.914 1.946 .930 1.923 .679 1.867 .669 1.909 1.901 1.667 1.908

AI(lv)

... 1 (vi)

"'

(NlI • !Fe)

0.086 0.052 0.070 0.077 0.121 0.133 0.131 0.091 0.099 0.113 0.092

0.000 0.014 0.008 0.038 0.017 O.OO~ 0.000 o.OH 0.026 0.003 0.032

0.044 0.110 0.063 0.129 0.044 0.016 0.01l 0.112 0.086 0.027 0.122

0.061 0.017 0.061 0.014 0.113 0.13~ 0.115 0.046 0.062 0.127 0.033

0.936 0.933 0.945 0.936 0 919 0 699 0 904 0.909 0.673 0.940 0.939

(1.011 0.01~ 0.006 0.016 0.013 0.014 0.016 0.013 0.014 0.015 0.017

0.016 0.016 0.016 0.020 0.019 0.01~ 0.040 0.029 0.012 0.021 0.029

0.877 0.875 0.674 0.619 0.822 0.665 0.670 0.621 0.698 0.800 0.794

0.035 0.021 0.027 0.027 0.054 0.041 0.055 0.040 0.029 0.067 0.036

0.68 0.66 0.66 0.66 0.85 0.86 0.67 0.65 0.65 0.86 0.65

3; Figs. 3, 4) except the F.!. interval which
is narrover in the dunite pyroxene (Fig. 3).
(That however might depend on the low
amount of pyroxene in the dunites, that im·
pi yes less statistical representativity of the
microprobe analyses).

Two pyroxene groups can be recognized by
plotting their F.!. values versus the atomic Mg
and AI contents (Fig. 3), the one exhibits
lower F.!. and Al but more elevated Mg con
tents than the other group; it must be remark
ed that only large (up to 10 mm) pyroxene in
wehrlites belong to the first group whereas
both dunite and wehrlite pyroxenes belong to
the other one. The same diagram also shows

that the pyroxene with lower F.!. values plot
close to the «magmatic» diospide occurring
in the «vitrophyric blebs» within the Hyblean
harzburgite xenoliths (SCRIBANO, 1986 a)
whereas the rest plots close to the pyroxenes
occurring in the Hyblean IherzoHte and
websterite xenoliths (SCRIBANO, 1986 b).

Most of the poikilitically enclosed olivine
grains exhibit the same composition and tex
tural features as the previously described
dunite olivines; moreover, not only isolated
olivine grains but also policrystalline dunite
fragments are often enclosed by the pyrox
enes. FO

SI
.
S4

unstrained ehuedral olivine
grains also occur in the studied wehrlites.
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Concluding remarks

The studied dunite xenoliths have been
strongly deformed and recrystallized and their
microtexrures are believed to represent
evidence for mantle diapir 00\\' (KJRBY &
GREEN, 1980). These nodules could be inter
preted as recrystallized cumulates related to
a magmatic liquid: this is consistent with the
rather low forsterite content of their olivines
(see the mineral chemistry seetion) compared
to those ocrurring in the «alpine type~dunites
and in other peridotire types (as well as spinel
Iherzolites and harzburgites: WllITE, 1966;
CARSWELL, 1980; HERVIG et al., 1980; DICK
& FIsHER, 1984; for peridorite xenoliths from
Sicily see SCRIBANO, 1986).

On the contrary, the olivine occurring in
some garnet-lherzolite nodules from Hawaii
(KIRIW & GREEN, 1980) exhibit a forsterite
content almost similiar to that of the studied
ones. Therefore it seems also worthwhile to
consider these nodules refractory residua from
garnet-lherzolite which yielded large amounts
of magmatic liquid (\'QILKJNSON, 1985).

The «poikilitic» character of the Etnean
wehrlite xenoljths suggests the~ represent
magmatic cumulates (WIUTE, 1966). This
hypothesis would imply the existence of a
deep·seated magmatic chamber beneath
volcano, where the cumulates originated (rom
some primary liquid, because the mineral
chemistry of these rocks suggests these formed
at elevated pressure and temperature, pro·
bably within the spinel-peridotite field. The
occurrence of dunite in the studied wehrlites
could indicate that the postulated magmatic
chamber was located within the dunite level.

The crustal profile beneath Mt. Etna
(CIl.ISTOFOLlNI et al., 1979; COSENTINO et al.,
1982) shows the boundary surface where the
«p» waves velocity increases from 7 Km/s to
8 Km/s, varies (rom a depth of 28.8 Km to
38 Km going from South-East to North-West
beneath Mt. Etna. This can be accounted for
a lateral variation of lithology which might
be related to a «fossil» magmatic chamber,
since the «P» waves' velocity equals 8 Kmfs
through the «metamorphic» dunites (e.g.
jACKSON &: WRlGHT, 1970).

This paper is part of an ongoing program
to study the ultrama£ic nodules in the volcanic

rocks from Mt. Etna and Hyblean Plateau.
(Gram n. 87.00696.62 by CNR-GNV).
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