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Petrology of some clinopyroxene-bearing nodules and megacrysts
from ancient Etnean lavas

VrrroRIO SctuBANO
htiruto di Scienze della Terra dell'Universiti, Corso halia ", 9H29 Carania (halia)

ABSTRACT. _ Various types of dynopyroxenes represent
the dominant modal COnStituent of mon ultramafic
nodules of «ancient,. Etnean hawaute lavas, giving useful
information on the origin of the inclusions. These may
be divided into two main groups, C,..JiopJkk.Mlring and
Ilugile-Mlring. Poikilitic ....ehrlites belong to the first
group, wehreas the augire-bearing nodules may be split
into two subgroups on the basis of the Ti and A! contents
of their pyroxenes, relative 10 lhose of the augite
phenocrySlS of the host lavas. He~ there are «Low·
Ti. augite megllCl'y5lS, kacrsuute·bearing «Low·Ti.
augire wehrlites and olivine-bearing «AI-augilC»
clinopyroleniles.

Textutes of all the above·menlioned nodules suggest
their magmatic (cumulate) origin. Plots of
(A! + Fe + Ti + Nal/(Mg + Cr) ratios (. F.I.) for these
pyrOlenes show a frKtionation trend from Cr-diopside
to Low·Ti augiles and Al-augites. A pressure trend,
inferred by the ratios (AI" + Til/Si of the same
pyroxenes is in good agreement with the above trend.

All Ihe uudied nodules may therefore derive from
polystage polybaric fraction at ion of some primary
magma, which fint ocropicd a d~p·seated position in
the upper mande and later migrated up to crustaI levels.

Kry word$: Etna, Petrology, Uhramafic Nodules.

RIASSUNTO. - I caratleti oomposizionaIi dei c1inopiros.
seni di noduli (s.l.) di akune hawalid amiche dell'Etna,
vengono usati per operare discriminu.ioni Ira raH indu
si e fotniscono indicazioni sull'origine degli ne"i. $0
no Slali diuimi noduli a C,..Jiopsitk e ad Illlgik. I primi
sono cosdtuiri da wehrliti peciIitiche, g1i a1lri sono nati
ulteriormcnte suddivUi nd tipi ad augite bass. in tila·
nio cd augite aIluminifel'll, usando come termine di pa·
ragone iI tenore in q~li dementi nei fenocriualIi
auaitici delle lave ospiti. Tra i tipi ad aUlite bus. in ti
tanio si annoverano nqacristalli isolari, menlre tuui gli
aJui sono frammenli di toC'CC cumulitiche (ad augite ±
olivina ± kacnulitc).

I caraueri composi~ionali dei pirosseni studiad sug
geriscono che derivano d.ll. nistallizzazione fraziona·
ta polibrarica di un magma «primitivo_ verosimilmente
originatosi nel mante][o supcriore. I suddeni noduli ul
tramafici sono dunque frammenti di cumuIiti oomagma
tiche con le lavc ospiri.

Pllrok chia~; Elna, Perrologia, Noduli Ultramafici.

Introduction

Som~ hawaiit~ lavas ~Ionging to th~

«Ancient Alkaline Centres. of Mt. Etna show
a number of x~nocrystsand ultramafic nodules
whose deep-origin has been ahady suggested
(SACHS & ScRlBANO, 1985; AURISICCHIO &

SCRIBANO, 1987; SCRIBANO, 1987). Th~ first
accounts on th~s~ nodu1~s focuss~d on
tectonitic dunit~s. giving information on the
nature of upper mantl~ ~n~ath Mt. Etna. On
the contrary. this not~ deals with «magmatic»
dinopyroxen~-bearing nodules, attempting to
recognize their accidental or cognate origin
(hence their bearing on the origin 'of the host
lavas).

Host rocks

Nodule-bearing rocks constitute lava flows
discontinuously outcroppmg in some localities
of the lowermost slopes of Mt. Etna (e.g.
eastern slc~.' base of Aeireale scarp. top of Mt.
Vampolieri. Westcn s/o~; nearby villages of
Paterno, Biancavilla, Bronte). Above·
mentioned lavas represent the oldest alkaline
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Fig. I. - {AI + Fe· + Ti + Nal/(Mg + Cr}l1Itios (_ F.l.)1If Si and AI (a.u.!.) for dinopyroxenes of studied nodules
and phenocrysu of hosllavas. FuD circles:Cr~ of er·Dj wdulites. Double triang.lcs: Low·1j augitc mcgKJy$U.
Open circles: J..ow-Ti augilc llOdules. Squares: AJ.augilc nodules. Shadowed Uta: field of aughc pbcnocrysu of
hoS[ lavas and ot~ h.waiitc I.vas belonging la the Ancient AlUline Centra (CIUSTOFOUNt et Ill., 1981).

products of the Etnean area and lie directly
on «Basal Tholeiiteu (ROMAND, 1982;
GEOLOGIC MAP OF MT. ETNA, 1979).
Porphyriric ne-hawaiites constitute the
dominant Iithmype, showing phenocrysrs of
labradoritic plagiodase, sal..ite (see Table 1),
crysolitic olivine and Ti-magnetite (e.g.
CRISTOFOUNI & ROMAND, 1982).

Nodules, rarely exceeding 3 cm in size, only
constitute 0.5·1% of the total volume of the
host lava (the term nodule is here used in a
broad sense, indicating all polycrystalline
aggregates, except phenocryst clusters,
whatever their origin).

CUnopyroxenc-bearing ultramafic. nodules

Apart from tectonic dUnites, which att not
considered in this paper, clinopyroxene is the
dominant mineral phase in the Etnean
ultramafic n<XiuIes, allowing us to divide them
into twO main groups; cCr-diopside-bearing.
and caugite-bearing•. Neither type fits into

the division proposed by WlLSHIRE &

SHERVAlS (l975) because of the lack of
orthopyroxene in the above-mentioned
nodules.

1) Cr-diopride group

Poikilitic wehrlites belonging to Cr-diopside
group (Cr·Di), consist of coarse diopside
grains enclosing anhedral, eterogranular
olivine. Macroscopically diopside has green
colour. Under the microscope it shows either
curvilinear grain boundaries or crystalline
faces and, rarely, magmatic-type twinning.
Wehrlite diopside is often unstrained, rarely
it displays faiht undulose extinction:
unstrained and deformed diopside grains were
never observed coexisting in the same n<XiuIe.
Mineral chemistry of above-mentioned
diopside is reported on Table 1; it must be
emphasized that the weakly deformed
diopside displays higher chromium content
(Cr20, .. 1-1.5 wt%) than the unstrained one
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TABLE 1

Microprobe representative analyses ofCr-diopsides ofwehrlite nodules. Formukze following PAPlKE

et al. (1974)
C~I~OPY~OXENE OP Cr_010PSIDE OROIIP

."

'"

ABCDEFGH

1.'7 1.78 1.3' 1.20 2.22 3.'8 3.1' '.l]

3.<] '.5. 3.24 ,."' 4.34 4_22 '.30 4_10

p.ee 17.IP 1•. 02 17 17 '0.07 10." ,.... '0.40

0.00 0.00 0.00 0 " 0.00 0.00 0.00 0.00

0.21 0_1) 0.1' 0.3' 0.]7 0.41 0.30 o.n

1.)7 '.45 l.ZP ,.,. 0.67 0." 0_" 0.'2

•••0' 22.83 22.'" >2.07 ••.•0 22.17 22.2] 22.37

0.4' 0.32 0.1$ 0 •• , 0.38 0.70 0.'. O.OP

'00." '00.$1 U.P7 '00." p •. n lOO." n.'. pp.;;

..
AHlv)

Allvil

pe'-

,.,.

"
"

'"
••

,_.33 '.P42 1.05' , .•• , '.P2O

0.0<;7 0.058 0.0'. O.O.g 0.080

0.00' 0.018 0.00' 0.002 0.010

O.O.P O.OP' 0.004 0.077 O.OPO

0.04' O.OU 0.00' 0.0.. 0.081

0.000 0.000 0.000 0.00' 0.000

0.00<1 0.00' 0.00' 0.00. 0.010

O.oog 0.042 0.037 0.034 O.O'P

0.•" 0.". 0.... o.e,. 0.n5

0.030 0.0" 0.011 0.0" 0.0",

0.'0' 0 .•9' 0.907 0.905 0 .•"

.. 887 l.e.. 1 • ..0'

0.ll3 0.'00 0.OP8

0.0$1 0.030 0.0)0

0.040 O.OM 0.044

0.0.. 0.000 0.0110

0 .•00 0.00' O.op)

0.000 0.000 0.000

0.010 0.013 0.007

0.017 0.020 0.0'"

0.8" 0.... 0.873

0.... 0 .•" 0 .•"

(Cr203: 0.8-0.4 wt%). The latter also shows
some patchy zoning of chromium content, the
former instaed being quite unzoned. The
atomic ratio Mg/(Mg + Fet ) (: mg number) of
wehrlite diopsides ranges from 0.85 to 0.90

ca., whereas the ratio
(AI + Fe + Na + Til/(Ng + Cr) (: F.I.) varies
from 0.18 to 0.40 (Fig. 1).

PoikiJitic olivines display rounded edges
and, in most cases, kink bands and patchy
exctinction. In some cases strained olivine
form polycrystalline aggregates which appear
as tectonitic dunite nodules already described
by AURISICCHlO & SCRIBANO (1987). Strained
olivines from wehrlite and dunite even show
dose similiar mineral chemistry (Fo86.SS :

Table 3, analyses A, B). Thus deformed
olivine might represent fragments of dunites,
giving the wehrlite a composite character.
Unstrained, sub·euhedral cumulus olivine
(FoS2.S4: Table 3, analyses C, D) also rarely
occur in the wehrlite Cr-diopsides. Finally,
anhedral Cr-spinel micrograins are rarely
enclosed in our Cr-diopside (Table 3, analysis
F).

2) Augite·bearing group

It must be first remarked that feldspar
bearing (gabbroic) nodules and phenocryst
dusters are not consdered In this paper,
having previously been studied by Lo GIUDICE
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TABLE 2

Representative analyses 0/ clinopyroxenes of studied augite-bearing nodules. Analyses A, B, C
represent megacrysts of Low·Ti group; D, E, F represent other Low-Ti Bugi/es, C, H, ] are A/
augites (see text for further expkmation). Analyses K, I, L represent cores of Qugite phenocrysts

of host lavas. Formulae calculated as in Table 1
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& RITTMANN (1975); CRISTOFOLlNI &

TRANCHINA (1980) and CRlSTOFOUNI et at
(1980): however the mineral chemistry of the
augites of gabbroic nodules is quite similar to
the cores of augite phenocrysts of the host
lavas, as demonstrated by the above-quoted
authors and additional microprobe results
obtained during this study.

Thus, augite-bearing ultramaHc nodules of
the studied lavas may be split into two sub
groups, using the titanium and aluminium
contents of their augites as discriminatory
factors. These are Low-Ti augite
(Ti01 '" 0.4-0.6 wt%) and the AI-augite
(A120 3= 6·7.5 wt%) groups, Ti and Al
contents being relative to those of augite
phenocrysts in the host lavas (Ti02 = 1-2.5
wt%; AI20} = 3-5 wt%).

Low-Ti augite megacrysts (called LT-M)
occur quite commonly in the studied lavas,
either as isolated crystals often exceeding 5
cm in lenght, or as aggregates of a few (2-3)
of those crystals joined by irregular
impingement grain boundaries. In hand·
specimens these pyroxenes are glassy in aspect
and greenish-black in colour. Analytical results
show some irregular compositiona zoning
(unrevealed by microscope study) in Low-Ti
augite megacrysts, particularly for AI, Ti and
Fe variations (Table 2): mg number also varies
between 0.83 and 0.86 and F.I. between 0.4
and 0.48 (Table 2; Fig. 1).

Low-Ti augite nodules (LT·N), whose
augite grains-size is several time less than that
of megacrysts, where also found in the studied
lavas. These nodules show a complex textures,
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TABLE 3
Repremttatiue an4/ysn oloJivines and spinel 01studied nodules. A, B: strained xenocumu/us oJivine
of Cr-Di wehrlites. C: uns/rained cumulus olivine of Cr-Di wehrlitn. D: cumulus olivine from
LY·N nodules. E: cumulus o/wine ofA/-Aug nodules. F: rpine/ eclosed in the stTained o/wines
01 Cr-Di wehrlites. G: spine/ occurring in Cr-diopside 01 Cr-Di wehrlites. Formulae of spinets

caku!4ted on the basis of 4 oxygens, J cations

OLIVIII'I SP111'EL

, • , • • , ,
SIO

Z
4O.4J 40.71 "." "." JR.1Z 0.0, '.00

AlZOJ '.00 '.00 0.00 0.00 '.00 "'.~ ZZ.47

,~. 11.70 11.49 17.01 19.09 22.84 27.40 Z5.75

"'" 47.58 46.S3 43.&9 41.19 38.39 14.82 1Z.79

,~ O.IZ 0.'" 0." 0.18 0.61 0.00 0.6Z

Tl02 0.00 0.00 0.00 0.03 0.03 ...0 .."
C~203 '.00 0.00 0.00 0.00 '.00 Z2.45 31.33

,~ 0." 0." 0.24 0.18 0.17 0.00 0.00

=" 100.0':> l00.!>3 100.64 100.13 100.1& ".00 100.16

catlona In fo.....l. ,...,
" O~ 1.001 0._ ,.- ,.-
" ..= 0.810

,.Z. 0.Z41 ,.~ O.~ ,.~ 0._ ,.- ,.~

,.3. 0.274 ,.=.. 1.749 .."" 1.641 ..~ 1.493 0.&57 ,.~

~ 0.003 ,."'" 0.007 O.~ 0.013 0.016

" 0.001 0.001 O.~ 0.032

,. 0."" ,.~

" 0."'" 0.= 0.007 0."'" O.ooS

.. 0.879 0.881 0.820 0.790 0.750 0.618 O.S73

(Il'l • FeZ<)

,. 0."" ,.=
(Cr < A.ll

consisling of fragments of cumulitic oIivine
bearing c1inopyroxerutes, enclosed in, or
enfolded between, coarse (1-3 cm) kaersutite
grains (Table 4). These att widely replaced
by Ti-magnetite and subordinate plagioclase
micrograins, resembling the «black-type.
amphibole breakdown products described by

CARaA & J....COBSON (1979). LT-N augite
shows lower AI and higer Fe contents than
the above megacrysts, F.I. values instead
bdng similiar, between both Low-Ti augite
types (Table 2; Fig. 1).

AI-augite nodules (AL-N) consist of equant
pyroxene grains (3·5 cm in size) with
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AItPHIBOLE

TABLE 4

Repmenlt1l1ve miaoprok a1Ul/y~ of~utik
ofLT-N noduln. Formulae following Ross et
01., 1969.

adcumulitie texture, enclosing subordinate
anhedral FOn olivine grains. The mineral
chemistry of AL-N augite is characteriud by
its elevated Al content (A120 J '" 6-7.5 wt%)
in comparison with aU the above-reported
pyroxenes and the host lava phenocrysts
which show close compositional similiarities
with~ AJ-augites.~ lam:r display elevated
F.I. values (F.!. _ 0.75-0.88: cf. Fig. I) (which
strongly depend on pyroxene AI contents).

Di wehrlites well fit those of dinopyroxene
of word-wide peridotite nodules (e.g.
CARSWELL, 1980 and references therein;
NIXON, 1987 and references therein; for
nodules from Italy, see MORTEN, 1987). On
the other hand, textures of our wehrlites may
indicate a cumulitic origin. AURI5ICCHIO &

SCRlBANO (1987) therefore suggest that a
magmatic chamber was located in the
uppermost part of the Ecnean mantle, within
a tectonitic-dunice body: fragments of dunite
wall rocks probably fell into the crystallizing
magma, forming composite cumulates. The
texture of some of our Cr·Di wehrlites
correspond to the .. modified igneous
textures. of WA55 (1979) indicating that the
original impingement grain boundaries were
modified by some degree of annealing.

The early appearance of Cr-diopside from
primary liquids is demonstrated by the well
known occurrence of Cr-diopside-bearing
dikes and «pods» in peridotite bodies of
alpine-type ultramafic massifs, these intrusions

0.713 IO.8!il
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Discussion

The mineral chemistry of Cr-diopside of Cr-

RIl. 2. - (Alw + Ti)/Si (a.uJ.) ratios foe pyroxcncs of
uudied nodules and phenocryus of hosl lavas. Same
symbols IS in Fill. I.
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having been widely interpreted as products
of fractionating primary liquid originating
from partial melting of fertile peridotites (e.g. ,
SINIGOI et al., 1983). Additionally, Cr·diopside
microcrysts constitute the moS[ common
quench minerals in «vitrophyric» patches of
some peridotite nodule affected by small scale
partial melting episodes (MAAU,lJE &

increasing pressure. The same authors also
show that, at 1 GPa of pressure, for liquid
compositions corresponding to the «piercing
pcint» through the Di-Fo-An plane, a reaction
relationship exists in which olivine dissolves
as diopside and spinel crystallize.

Chromium content in primary liquids
originating from partial melting of peridotites

••• ••• ••• •

0.1

0.12 ••••, . •• ,'.\•• •• 0 •
0.08 0

O. • •• • ..
• •0.04

0.02 0.04 0.06 0.08 0.10

Fig. 3. - Plots of AI;': AI'; ratios for pyroxenes of studied nodules and phenocrysts of host lavas. Same symbols
as in Fig. 1. Dotted area: field of augite phenocrys!S of host lavas and other hawaiite lavas belonging to Ancient
Alkaline Centres of Mt. Etna.

PRrNTZLAU, 1979; for nodules from Sicily, see
SCRlBANO, 1986; 1987a),

Experimental results on the CaO-MgO
AI20rSi0z. system provide additional
evidence of Cr·diopside appearing early from
primary liquids at elevated pressures.
PRESSNALL et al. (1978) have, in fact,
demonstrated that, in the CaMgSij!06 
MgSi04 . CaAI2Sij!0S join, the fields of
diopside and spinel expand and those of
anorthite and forsterite contract with

must also be taken into account. The
experimental results of ONUMA & THOARA
(1983) show that, in the MgSi04 .
C,AI,Sip. - CaMgSi,06 - MgC"O, join.
the field of anorthite dramatically contracts
with increasing Cr-spinel content: for 0.5
wt% of Cr-spine! the field of anorthite
disappears even at low pressure, while
forsterite reacts with liquid producing
diopside and spine!. On the 'other hand,
ONUMA & THOARA (l983) demonstrated that,
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Fig. 4. - Plots of Ca:Mg:Fe* (I.U.£.) for pyroxenes of studied nodules. Same symbols as in Fig. 1. Field T encloses
dinopyroxene phenocrysIs from Ernean tJweliite lavas; field H: pyroxenes of Etnean alkaline lavas.

04

Equilibration pressure and temperature may
also account for the variations in
c1inopyroxene mineral chemistry. In
particular, a few experimental results on

Fig. 5. _ AI vs Ti (....d.) for ka~rsutit~ of LT-N nodul~s

(double triangle) and oth~r Etn~an amphiboles.
Shadowed areas: 1) kaersutit~ m~gacrysts from Ancient
Alkaline Lavas, 2) cumulus kaersutite in gabbroie nodules
of Anci~nt Alka!in~ Lavas and other hawaHte and
mug~arite voleanies, 3) Karesutite phenocrysts from
myga~arit~ and benmordte voleanies od Trifoglietro n
and Leone UnilS of Mt. Etna. Ast~risk: pargasile from
mantle-derived spinel-w~bst~rit~ nodul~s from Hyblean
voleanie rocks (ScRlBANO 1987a; SCRlBANO 1985-87:
unpublished analyses). Fidd b: amphiboles from mantle·
d~rived magmas and mantle·xenoliths. Fidd a: crusta!
amphibol~s (aft~r GAMBLE 6< KYl.£, 1987).

28

* AI

2218

os
Ti

os

in the MgC,,04 - C.MgSi,06 - C.AI,Si,O,
join, the Di + An + Sp + Liq held is located
in a very narrow temperature interval (1280
. 1285°C): this may explain the occurrence
of Cr-spine! relics only in some diopside grains
of the studied wehrlites (see also AURlSICCIUO
& SCRlBANO, 1987).

The atomic ratio (AI + Fe, + Ti + Nal
I (Cr + Mg) (= F.1.) is a suitable
fractionation index for our pyroxenes, because
of their rather narrow mg range. Fig. 1 shows
that F.I. value increases from Cr-diopsides to
Low-Ti augites and Al-augites. F.I. values are
also positively correlated with AI and
negatively with Si in the same pyroxenes. The
abOve results suggest that Cr-diopsides (lower
F.I. values) represent early separates from
some «primary» magma, whose further
fractionation yielded Low-Ti augites and AI
augites (higher F.I. values). This trend also
suggests che alkaline affinity of the postulated
primary magma, since fractionation of alkali
basalt magma results in a decrease in Si02
activity and an increase of AP + in the
tetrahedral site of clinopyroxenes (e.g.
KUSHlRO, 1960; GUPTA et al., 1973). The
alkaline affinity of our pyroxenes is even
suggested by their Ca:Mg:Fe (atomic)
proportions which do not fit those of
clinopyroxenes from Etnean thoeHite lavas.
The nodule pyroxenes instead trend towards
the field of salite·phenocrysts of the Etnean
alkaline suite (Fig. 4).
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simplified systems (e.g. GUPT.... et al., 1973)
and several studies on natural dinopyroxene
series from alkll;line igneous rocks suggest that
the (Ti + AI'V)/Si ratio in igneous
clinopyroxene increases with decreasing
pressure (emphasizing the effect of the
fractionation trend) (KUSHIRO, 1960;
THOMPSON. 1974; WASS, 1979). Thus, plots
of these ratios for pyroxenes of the studied
nodules (Fig. 2) show a tn:nd of decreasing
pressure from Cr-diopsides to AI·augites.
according to the fractionation trend (Fig. I).
In detail, most Cr-diopsides are located at the
end of the high-pressure side of the point·
distribution area, while Low-Ti augites and
AI-augites follow a trend of decreasing
pressure.

For dinopyroxene crystallized from a given
magma, the Aliv: Alvi ratio is reported to
decrease with increasing pressure (e.g. WASS.
1979; MUNOZ &. S....GREDO, 1974). The diagram
of Fig. 3 may therefore indicate that the
combined effects of pressure and composition
of the parent liquid on the mineral chemistry
of xenolithic c1inopyroxenes cause serious
difficulties in performing genetic models.

Texture of LT-nodules (see previous
section) is a clear evidence of late stage
crystalJization of kaersutite. Its mineral
chemistry. compared to other Etoean
kaersutites (Fig. 5), suggests the mildy-evolute
and hydrous character of the nodule·bearing.
kaersutite parent magma (a study of
amphybole-rich xenoliths from Etna is now
in progress).

Concluding remarks

This study on c1inopyroxenes of some
Emean nodules indicates polybaric polystage
crystallization for these nodules. The Cr
diopside series represent early precipitates
from some primary magma. shifting its
composition towards normative nepheline
enrichment (see also ScRlBANO 1987b). Low·
Ti augite megacrysts and cumulate nodules
both derive from further polybaric
fraetionation of the aoove magma. Since high
pressun: nodules are not found in recent
Etnean lavas. one may hypothesize that the
nodule-bearing c ancient It hawaiites were

erupted when the main magma chamber (in
the upper mantle) had not yet well developed
and had therefore not yet reached a steady
state: this was later attained when the magma
chamber migrated up to lower crustallevels.
where the pressure and temperature
conditions weft: more favourable for complete
resorbtion of any deep-seated nodules (Sc.uFE
et al., 1980).

This study is part of a research program on
ultramafic nodules from Etna. financialJy
supported by CNR (GNV). Microprobe
analyses were performed at the c<Centro CNR
per 10 studio delle Formazioni Ignee» (Roma)
and c<Centro CNR di studi Geominerari e
Mineralurgici» (Cagliari). The assistance of
both institutions is gratefully acknowledged.
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