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RIASSUNTO, - 1.0 studio si prefigge: di approfon.
dire le conoscenze sulla variabilita chimiCll del mi·
nerale, anche in tifetimeJllo alia giacitura, e di
definire le rclazioni fra chimismo e proprieta fisiche.

Le meliliti «vukaniche,., che: presentano una
notevole omogeneita chimica, sono carancrizzale da
un piu elevato contenuto in Si e Fe e da un
inferiore contenuto in Al nei confronti delle meliliti
tinvenute nei proieni che mOSlrano viceversa una
ampia vniabilitii. chimica.

Delle melilili c:saminale: sono Slale determinate
le roslanti ouiche e le Qimensioni della cella e1e·
menlarc. L'analisi faltori,lle condotla ha permesso
di rilevare correlazioni positive fra 11., contcnuti in
Mg, (Na, Kj, Fe, Si e iodici di rifrazione e fra r.
e rontenl.lli in AI e Ca. Sulla base di tali correla
l:ioni si 5000 evidenl:iati due trends.

Delle note «peg Structures,., risconlrate nelle
mdiliti c vulcaniche,. con maggiore frequenza, sono
state definite le composizioni chimkhe e ne C:
discussa I'interprelarionc.

AIlSTlACT. - ThinY·lhrtt samples of melilites from
the laV1l f1o~ and ejecta from Alban Hills volcanic
region have been examined with the aim of
establishing the variabilit)' of the chemiall com
position also in conneaion with the various field
situations and of investigating the rebtionship
between chemistI)' and physical properties.

The «volcanic,. mclilites, showing a natrow
range of chemical compoo;ition, are characterized by
higher Si and Fe contents and by a lower Al
content as compared with melilites in ejected blocks,
which in contrast show a wider compositional rnnge.

Refractive indices and lattice paramelers have:
been determined.

On the basis of factor anal~sis positive correlations
between 11. value, Mg, (Na, K), Fe, Si coments
and refractive indices and between c. value .nd AI.
Ca contents have been found.

Peg Structures, more frequent in .. volClmic ,.
melilile5, Mve been investigated as for their
chemical composition and (heir origin is discussed.

Introduction

Interest in melilite over a wide range of
generic environments, both terrestrial and
extra-terrestrial, has been reponed by many
workers, and its important role in various

mineralogical and petrographic problems has
been highlighted by H.S. YODER (1973).

As is commonly known, the first finding
of melilite was made by FLEURtEU DE BEL
LEVUE (1790) in the lcucititic lava of Capo
di Bove (Alban Hills) both in the ground
mass and in the cavities and cracks of the
same lava. Later DAMOUR and DES CLOI
ZEAUX (1844), VON RATH (1866), ZAMBO
~INT (1906), MILLQSEVTCH (1921), WA'
SHINGTON (1927), SCHERILLO (193.5) and,
more r~ently, TILLEY and HENRY (1953)
and TURI (1968) have examined not only
the melilite of the above-mentioned localiry
but also the melilite found in ej~ra of va·
rious kind, included in the well.known
formations of .. Peperino di Albano., • Vil
la Senni ruffs ., .. Middle Aniene Valley poz·
7.olans. and .. Corrolle black pozzolans ...

Although the melilile has been reported as
one of the components of many ei~ra from
the «Welded scoriae .. formation of Colic
Cimino (Marino) studied by BARRIERI et a!.
(1970), FEDERICO (1976) and FEDERICO and
GIANFAGNA (1980) its composition was not
yet known. For this reason we proposed to
srudy the mineral of this locality and, at
same time, to re-examine all melilites of the
Alban Hills, including the abundant material
from the above·mentioned localities existing
in the Museum of the Institute of Mineralogy
and Petrography of Rome with the aim of
establishing the range of variability of
chemical composition and irs relations wirh
optical properties and lattice paramerers.

Occurrence

The material examined here refers 10 rhe
following occurrences:

- meliJites found as crystals lining rhe
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cavities of the Capo di Bove leucitite and
those comained in the groundmass of the
leucititic lava (Aequo. Acetosa Row, km 8.5
of the Via Laurentina);

- melilites in the ejecta embedded in the
following formations:
a) «Peperino di AJbano» (localities: AI

bano, Ariccia and Parco Chigi);

b) «Black pozzolans» (locality: Corcolle);
cl • Welded scoriae» (locality: Colle Ci

mino, Marino).

Melilite paragenesis is greatly varied; for
the sake of brevity, table I shows the main
mineralogical associations observed in blocks.
As may be seen, melilite·kaliophilite and
mclilite-kalsilite associations are very fre
quent, while the meli:ite-kalsilite-kaliophilite
association is only encountered in a single
case. A detailed study of the Alban Hills
kalsilite is in progress.

In the samples studied, the melilite varies
in colour from almost colourless to yellowish,
honey yellow, orange, brownish-red or brown,
luster ranging from glassy to resinous. It is
often found in shon prismatic crystals with
(lOO} and {OOI} dominant, both in the
cavities of the ejccta (of which it also
sometimes represents a fundamental com
ponent) and of the leucititic lava.

Sam,)les studied and experimental pro
('ellure

In the: prt"SC'nt sludy dghtttfl samples of ITIC'

liIile from e;ec;la and fifteen of melilite crystals
lining the lava cavities were enmined.

Chemical analyses of mentioned samples were
obtained at the University of Manchesler using a
Cambridge Geoscan Mkroanalyser filled with a
Link System quantilalivc energy dispersive syslem
(E.D.S.) type 290 with ZAF·4/FLS quantitative
software. The electron !learn voltage was I' kV
with a 3 nA probe current.

Divalent iron was determined using the micro
analytic method replmed by RILEY and WILLlAMS

(19'9) on sample quanlities of approximately' mg.
Stronlium has been determined by means of a

Jeol JXA.~A electron microprobe I'l fined with
a W.D.5. system. Class C.5.E. of N.5.B. and
me1i!jta whose: Sr COntenl was known (BnBlul
et aI., 1972) have been used lIS slandards (Sr
comenl ranging fmm 3~ 10 7400 ppm). ()pcrating
condilions: 20 kV, 30 nA.

Peg Slructure analyses were oblained using a

Jeol JXA.X)A microprobe Cl fined wilh a Link
system quantitative energy system (ED.5.) Iype
860 with ZAF4/F1.5 quantilative software. The
electron beam vohage was n kV wilh 3 nA probe
current.

Table 2 shows the a\'CT~ analyses III each
examined melilite sample. Ferrous iron values
reponed in the analyses are those: obrained ""jlh
the aoo..·e-mcnt'oned procedure.

Elaboration of the anslytical avenlge dara sup
plied the number of cations, calculated on the basis
of 14 oxygens, shown in lable 2 and ploned in
diagrams and the perttntages of end.members (0)
reponed in table 4.

Refracti~ indices have been determined by the
Emrnons double variation method, using phenyl.
isothjocyanate and o-chloronaphtalene as immersion
liquids.

Latti~ parametcrs were obtained using the least·
squares refinement program elaborated by DE AN·
CELlS Ct al. (1977). The values of spacings obtained
from X.ray diffraClometer data were CQrrected using
rellexions (Ill), (220), (311) and (400) of silicon
used as an internal slandard.

Chemical composition

The data from the chemical analyses of
all studied samples will be separately con
sidered for melilites from both leucititic lava
and ejected blocks. Details on symbols and
occurrence are give in Appendix t.

M~lili/~s found ilS CryS/il/s lining CQvi/i~s ilnd
in groundmQJJ 0/ l~uci/ius

Two unpublished electron microprobe
analyses carried OUl on melilite found in the
groundmass of leucitite from Aequo. Acetosa
Row were made available to us by R. TRIGILA
and reported in table 2. The chemical com
position of the Acqua Acetosa and Capo cli
Bove leucitites is very similar, as shown by
FORNASERI et 0.1. (1963).

As for the melilite lining the cavities of
the Capo di Save lava flow DAMOUR and
DES CLOIZEAUX (1844) and ZAMBONINI

( 1906) analyzed both the yellow and brown

(') Equipment $Cl up al the: Institute of Mine
ralogy and Pettoglaphy of Rome.

(0) In cakulaling the: end·member pcrttrnages
some calcium excess i~ frequently met. Thil
« excess. calcium is usually interpteted as due 10
lhe presence of some Ca·rich phases sud! as
rankinite, merwinite, lamite, monticdlite in solid
solulion with melilite (YODU, 1973). Strontium has:
been iocludec! with ClI1cium and potasSium with
sodium in the rt!ClIlculalion.
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TABLE 1
Observed mineralogical I1ssodl1tions in meliIite bearing eiecta from the Alban Hills
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varieties, while Washington (l927, an. 3;
see also BUDDINGTON, 1922) examined a
vellowish.brown melilite. The most distincti
~e features of the composition of the melilites
analyzed by DAMOUR and DES CLOIZEAUX
and ZAMBONtNt is the unusual content in
ferric iron which reaches a value of 11.34
percent, expressed as Fe-•.()3.

The chemical composition resulting from
forty-five microprobe analyses carried out on
six samples of yellow and nine of brown
melilile crystals from the Capo di Bove leu
citite, reported in table 2 as averaged ana
lyses, shows great homogeneity in both
varieties. In all analyses the iron content
never reaches the values indicated by
mentioned Authors. In fact, for the brown
melilite the Fe~O.1 contents never exceed 6.3
and FeO contents are below 0.6 percent,
excepting one case in which its value reaches
1.9 percent, while for the yellow melilite the
highest FeO value was around , percent;
that of Fe::03 was always extremely low and
only in two cases were values of 2.4 and 2.7
percent respectively found. Moreover for all
examined melilites the ratio (Na +K)/AI
results minor than I.

In the Na-melilite-gehlenite, Fe-gehleni
te-akermanite, Fe·akermanite diagram in

fig. 1 the composition of the examined melili·
tes is shown including also the analyses in the
Iiteratute (a). An inspection of this figure
c;hows that the representing points fall in
a small area near the Na-melilite..-akermanite
join while in the AI-Fe, Mn-Mg diagram
(6g. 2) the greater part of dots clusters
around a point corresponding to 34, 21, 45
percent respectively.

The analyses also confirm an enrichment
of iron at the expense of magnesium at the
rim (see fig. 3), as observed by SAHAMA
(1967) in melilite phenocrysts of several
volcanic rocks and of strontium at the
expense of calcium, as reported by FITTON
and HUGHENS (1981) for melilite micrQ.
phenocrysts of a nosean-leucite-nephelinite
lava from Etinde, Cameroon.

Lastly, the melilite contained in the leu
C"itite from the Acqua Acctosa £Iow and in
the cavities of the Cape di Bove leucitite
show quile similar features with, in parti
cular, very high values of the number of
Si ions, never falling below 3.8 on the
basis of 14 oxygen atoms, and sometimes
reaching 3.9.

(") Delails on occurrence .nd rd~ of lite
nuufC' lIJllllyses are given in Appendix 2_
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TABLE 2
AIJ~rt1geJ chemical ana/yus and structural formulae 0/ meli/i/es from the Alban Hills
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.. = number of averaged analyses; + = below detection limit; (.)= IOtal iron lIS FeD; Analyst: A. GIANFAGNA.

In terms of end-members. variations in
composition may be ~presented in the: yellow
variety by Na-melilite 23-30, gehlenite ~-6,

Fe-gehlenite (4) ().~, Fe-akermanite 13-21 and
akermanite 44-55 percent and in the brown
variety by ~spectively 26-31, 4-7, 7-13, 0-8
and 50-58 percent, as shown in table 4.

Melilites 0/ ejected blocks
Twenty-eight analyses have been perfor

med on nine samples ftom the «Peperino
di Albano » formation, ten analyses on three
samples (:;) from «Black pozzolans» and
twenty analyses on six samples from
«Welded scoriae» formation. Averaged

(') According to NU.SE and MtDGLEY (l9.H), lhe:
C'Omposilion of !he Fe-gehlenite member corresponds
to c.4e>'AlSiO,. InStesd, according 10 vWous
Authots (SAHAMA, 1967; YODEJ., 1973; S£lF1!.I.T,
1974; HUCKENHOLZ and OTT, 1978) it corresponds
10 Ca.Fe"·SiQ,..

(0) One of the: samples previously INcHed (Tul.I,
1968) has been kindly lupplied by B. TUll.

analytical data a~ reported in table 2.
As may be seen from the diagram in

fig. 1 the variation of the chemical com
position is greater in melilite from the ejecta.
The representing points are scattered over
a large a~a in which also the melilites from
the Capo di Bove leucitite are included. The
AI-Fe,Mn-Mg diagram (fig. 2) shows clear
distinction between the melilites of the lavas
and those of the blocks. Actually, the com
positions of the samples CC-A, AR-K8 and
AR-52 only overlap with those of the me
Iilites on the lavas while all the remaining
melilite samples in the blocks a~ distributed
along the Mg-AI join and generally show
high AI contents.

Lastly, it should be noted that the number
of Si ions is far less than that calculated for
the melilite from the leucitites, corresponding
to a mean value of 3.69.

In terms of end-members, variations in
composition may be represented by Na-me-
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TABLE 2
Averaged chemical analyses and structural formulae of meliJites from the Alban Hills
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Fig. 1. - Md-Hilt compcKltlons in lerms of .. end.
members,.. Symbols u in the Appendixes.

Fig. 2. - MeliIite samples ploued in Al-Fe, Mn
Mg diagram. Symbols .u in the Appmdius.
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Mg

AI

FIg J. - Variations of the AI: Fe: Mg ratio
from the core (black fymhoff) to the rim (open
fymboff) of selected melilite cry5ta!s.

Fig. 4. - Peg structures in lava melilite, brown
variety. Lenght of the bar 0.05 mm.

M = brown me1i1ite from Capo di Bove (CB-861);
a, b, c = analyses of three different spots of a
p<g.

lilite 12-38, gehlenite 1-34, Fe-gehlenite 1-14,
Fe-akermanite 1-11 nnd akermanite 37-60
percent, as shown in table 4.

Peg structures

Under the microscope, the well-known peg
structures with their usual appearence, so-

TABLE 3
Electroll microprobe analyses of some points
of a peg compared with microprobe analysis

of the host melilile

metimes more or less lens-shaped, in the
melilites from both the ejecta and leudtite
lava flows are displayed, as can be seen in
fig 4.

The microprobe analyses of some points
of a lens-shaped peg are shown in table 3
and compared with the analysis of the host
melilite. A remarkable progressive lowering
of the Ca and Mg values may be seen,
countered by an equal progressive enrichment
d Si, Al and Fe. In the present investigation
on the peg structures, points whose com
position could be referred to nepheline or
kalsilite are not found.

As for the interpretation of these struc
tures various hypotheses have been formu
lated: according to NURSE and MIDGLEY
(1953) they are due to an exsolution of a
second phase, while YODER (1973) suggests
that they record volume change resulting
from polymorphic inversion. Later EL Go
RESY and YODER (1974) reported in some
pegs the presence of ~_hree phases: a Ba-rich
kalsilite, nepheline and a Si02-rich mineral
which represents the major part. They con
sider kalsilite and nepheline as the product
of exsolution of a high temperature akerma
nite rich in Na-melilite and K-melilite and
the SiO~-rich phase as an alteration product
of the melilite. As shown by SAHAMA (1976),
the formation of a single peg implies the
removal of Ca and Mg, the introduction of

•
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TABLE 4
Chemical composl/lOns expressed '" terms of end-members, optical cons/ants and lal/ice

parame/us of melili/n from ,h, A/ban Hills
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rc-UI I .... lI.n ,." ).n 'l.n 1._' 1.1'" O.Olt1O l.n. : 0.001 1.014 : 0.001

~. 11.11 11." '.M '.It ".a 1."'1 I .•lll ..- l.lll ~ 0 ....2 1.0)) ~ 0.001

~ n .•l Il.n .." .." I'." ,.- 1."'0 0 ....10 1.111 ~ 0....2 1.0/' ~ 0.001

Co-lI. n." '.ll '.11 '.M ••.n 1.1111 1 . .,11 o.oolt l.llt ~ 0 ....2 1.0]0 ~ 0.001•.. ".M I.,' 1." ,." ... ,. 1."10 1 . .,:10 ..- l.nl:o....1 1.0ll ~ 0.001.-. n.n 11. 11 I." 11.). 11." 1."11 I.U" ..- l.IU ~ 0.00. '.018 ~ O.C';II

.-, 21.SI 1'.'1 '.1/ 1.10 11.11 1.•llO 1.64/0 0._0 1.110 ~ 0.001 ).011 : 0 ....1

<x-U n." '.11 '.M 1.'6 "." 1.6111 I.nn ,.'- '.1)1 ~ 0.00) '.0)0 : 0.001

<x-U 11.1' 1.11 '.n '.M 'I." 1. ..1I 1."16 0 ....1l 1.111 ~ 0.001 '.0/1 : 0.001.-u ".OJ 11." ).01 ).)1 '1. " I.UlI 1.6)0) 0.00.1 '.106: 0.001 '.on ~ 0.001

c.-<;n 16.11 '.1/ 0.1$ :10.11 11.11 I."ll I.UU 0._' I.IH ~ 0.001 '.on: 0 ....1

,~. lJ.Il .." ••• n.)' ".'1 I.'" ~ 0.001 '.on ~ 0.001

C.-<;U I'.U '.M .." Il." ".11 1.1" : 0.001 ,.on ~ 0.001

,~. 11.1' 1.11 0.11 11. I' ".M l.ltl ~ 0 ....1 1.0>0 : 0 ....1

,~ 21.n ... '.M 1l.11 '1." 1.1" ~ 0 ....1 '.021 ~ 0.001

,~. It.'' _.11 '.M 11.11 .,.Sl I.ltl ~ 0._ S.Oll ~ 0 ....1

C"IlI lO." ,.., lI.n 1.11 ".M I.nl ~ 0.00) 1.0n ~ 0 ....1

C....I 11." 1.0/ ,.)1 .." "." l.In : 0.00' 1.01' ~ 0._

c...71 JI.Ol '.11 .." I.U lI.U 1.111: 0.001 '.on ~ 0.001

c...n ll.N '.n '.91 I.t! JO.U 1.17) : 0.0Dl 1.0H ~ 0.001

C"P, 11.01 '." t.1l 1.11 )6.)1 1•.,72 1.lllS 0._1 I.'" : 0.001 1.011 ~ 0.001

,.~ ••• '.0) 10.n 0.0) ".H I."': 0.001 1.01. : 0.001

C...) 11." •.It .." I." n.n 1.11. : 0.001 '.OJ!) ~ 0.00'

C.... 11.10 '." n.1O 1.17 ».M l.ll' : 0 ....1 ~.0J!) : 0.001

~., 1'.10 '." ••12 o.n SS.I' I.'" ~ 0._ •.021: 0._

K and a probably passive enrichment of Si,
AI and Fe. This Author concludes that the
peg structures may teptesent the fitst phase
of an alteration process latet involving the
whole crystal, and referable to a complex
mctasomatic process during which some
points may reach the composition of nc
phelinc and kalsilite or both, without neces
sarily involving cxsolution processes.

In this contcxt the above mentioned
progressive enrichment of Si, AI and Fe
observed in the melilile pegs from the: Alban
Hills may well represent the beginning of
a large scale alteration process involving the
whole crystal, which has already been
described as originating the material indicated
as opal pseudomorph afler m~lili/e observed
both in ejecta and in leucitites of the Alban
Hills (FEDERICO and GIANFAGNA, 1980).

Relationship hetween chemical compo
silion, refructive indices and lalliee
parameters

Table 4 shows thc refractive indices of
all melilite samples coming from the ejecta;
for the melilite from Capa di Bove leucitite
the refractive indices of two samples only
were measured, respe<'tive1y for the yellow
and brown varieties, because of their great
chemical homogeneity. The optical sign was
negative, except for the CO-T sample from
Corcolle, which has been previously reported
to be isotropic (TURf, 1968), and the bi
rifrangence ranging between 0.0009 and
0.0090.

A comparison of the: refractive indices
with the chemical composition as reported



1394 M. FEDERICO, A. GIANFAGNA

C,
Fig. 5. - Relationship of 4. versus C4 of melilite
SlImples. Symbols as in Appendix 1.

however, no iron-containing melilites were
examined.

HUCKENHOLZ and OTT (1978) showed
that the replacement of AI by Fe8+ in
gehlenite-Fe-gehlenite solid solutions in
volves a double increase on ao with respect
to Co. Fig. 5 shows ao values referring to
the melilites found in the blocks, generally
richer in aluminium and with low Fe3

+

content, confirming the above results also
for natural products.

In order to obtain a more complete and
quantitative evaluation of the relationship
between chemical and physycal data, factor
analysis according to J. FRANE and M. HILL
(1974, 1976) has been applied to the
chemical composition, expressed in terms

in the same table shows that Fe-gehlenite (G)
appears to have a great influence on the
raising of refractive indices, while the in
fluence of the Fe-akermanite is less: this is
particularly true for samples CB-G53 and
CB-G75, representing respectively yellow
and brown melilites from Capo di Bove
leucitite, whose Na-melilite (1) and akerma
nite contents are comparable. In fact,
CB-B75 sample, whose refractive indices are
among the highest measured, has mean per
centages of Fe-gehlenite, gehlenite and Fe
akermanite of 9.8, 4.6 and 1.1 respectively,
while very low values are found in CB-G53
sample, whose percentages correspond to 1.0,
5.6 and 20.6 respectively.

Lauice parameters of examined melilites,
reported in table 4, are shown in fig. 5 in
which two areas may be identified, one,
perfectly defined, occupied by the yellow
variety and the other in which nearly all the
brown melilites On lavas are contained. This
area comprises also a few melilites found in
the ejecta. Since analyses indicated that the
yellow and brown melilites are very similar,
only being different owing to the reversed
Fe\!' /Fes• ratio, we should conclude that
the higher ao values characterizing the yellow
melilites are related to the presence of the
Fe2

+ cation and thus to the percentage of
Fe-akermanite, whose lattice parameters, ac
cording to SEIFERT (1974), are ao=7.900 (2),
Co = 5.002 (3) A.

As far as it is known (KIMATA, 1980),
the ao value is effectively influenced by the
iron radius of the divalent cations, while
increase in the Co parameter depends signi
ficantly on the ion radius of the trivalent
cations, both occupying the tetrahedric
sites in the structure. In KIMATA'S paper,

(0) The refractive indices are not known for this
member since the values supplied by NURSE and
MIDGLEY (1953) refer to a synthetized product
whose composilion, according 10 HUCKENHOLZ and
OTT (1978), does not correspond to that reported
by the above Authors. In the products synthetized
by HUCKENHOLZ and OTT the solid solulion of
Fe-gehlc:nite in gehlenite reaches a maximum value
of 37.5 percent under (l:~rtain p. T conditions.

(T) Na.melilite refractive indices reported by
NURSE and MtDGLEY (1953) actually refer 10 a
product interpreted as a mixture of nepheline and
pseudowollastonite as reported by YOOER (1973).
The maximum content of Na-melilile in melilite is
about 39 percent by weight (EL GoRESY and YODER,
1974).

G,
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TABLE 5
Variance explained and cumulative proportion
of total variance for first set of selected

variables

TABLE 7

Matrix of factor loadings lor studied samples
on the first three factor axes

'ACl'OR

TABLE 6
Correlations among variables and factors

Table 5 shows the variance explained and
the cumulative proportion of total variance
for the 6rst set. Thtee « factors» accounting
for 86 percent of the information are re
potted in table 6. On the basis of these

of both (Na, K), Ca, Mg, Fe2 +, Fell +, Al and
Si cations and end-member percentages, lat
tice parameters and refractive indices of
studied melilite samples.

As 6rst set of variables cation numbers
and ao, Co values (9 variables) have been
selected, as second set percentages of end
membets and refractive indices (E, w values)
(9 variables) have been selected and as third
set cation numbers, lattice parameters and
refractive indices (11 variables).

,u= ..~ ..~
.. -.86J -.438 .~

" • .8S9 .~ .281

,. -.all .~ -.)11

" • .116 .~ .~

~ • .617 -.H2 .~

~., .~ .9S6 .~

" .~ -.910 .~

1.2• .l81 .~ .9l1

,.J. .~ .JlI -.80S.. ).J61 2.610 ~.1l8

SA,II'LZS

.u-J9 -J.98J -1.)06 .~

.u-140 .219 -.489 -.IJ4

AA-" . 619 -.OS4 .610

AII-S2 -.Sll 1.066 -1. S24

PC-i21 -3.101 -. US .121

PC-i26 -.SH .290 . 110

PC-ill .910 -.912 .00'

!'C-134 .661 -.019 - .181

PC-4L6 .I2J -.111 .019

,~. -1.)(13 -1.599 .213

,~. -.1'18 -l.SlS -.1011

Co-~16 -1.211 1.116 -.In

~-. -.OH 2.241 -.214

CC-. -.S10 .3S$ .124

CC-X -.109 -1.01S -.833

CC-X2 -.612 .126 -.1S4

CC-Ll .b"S -.429 -.MS

CC-Ll -1.911 I.lft8 .)H

CI-CS) .6~6 .Sll 2. L8'

CI-C6l 1.14) -.SIS I. SIb

C&-C16 .IS1 .819 1.060

CI-Gal .692 .348 L. 91S

,~. • ~62 -.016 1.210

C&-C98 .0" l.OI) I . 611

CI-nl -.OJS .8~0 -.9H

Cl-Ill .lO) -.161 -~.)11

CI-.'I 1.""" -.>1) -.<>lo8

CI-IH •• AA .,. -.696

CI-I7S .IH -.012 -1.20'

C..... ,B .11$ -.Oll -\.,18'i

C.-Ill) 1.061 -.429 -.91)

C....184 .4'1 .6)S -.989

CB-I81 .'96 .IS8 -l.llS

« factors» positive correlations between ••
value 'nd (Na, K), Fe2 ' , Si contents 'nd
between co value 'nd AI, e,. Fes- contents
are found. Table 7 gives the matrix of factor
loadings 10< 33 samples on the 6rst three
factor axes which have been rotated ,,-
carding to the varimax procedure. Inspection

V.ulMlC~

_.
Pll.OPOk.

~XPU.I$D or 'l'ClT"~ V"'iAIIC~

4.046 .,.
2.JII .7lJ

I. JSI .$63

.18'1 .nl

.,y .980

.101 .nl
.'AA .,.
.01S ..~
.~ ..~•
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Fig. 6. - Plots of factor loodings on the three varimax factor axes. Symbols as in Appendix 1.

of fig. 6, where the factor loadings two axes
;It a time are plotted, allows to point out
the different behaviour of lava melilites
from the mOst part of ejccta melilites. In
factor 1 vs. factor .3 diagram a trend appears
from ejecta melilites, characterized by greater
Al content and higher Co value (least factor
1 value), to lava melilites, characterized by
greater Si content and higher ao value
(highest factor 1 value).

The parallel analysis carried out on the
second set, either selecting cation numbers

TABLE 8
Variance explained and cumulative proportion
of total variance for third set of selected

variables

and refractive indices as variables or end
member percentages and refractive indices
as variables, allows a less clear definition of
factor loading trends.

From the third set the variance explained
and the cumulative proportion of total va
riance are reported in table 8. The first four
« factors» accounting for 94 percent of the
information are found in table 9. On the
basis of these « factors» positive correlations
between 0 0 values, Mg, Si, (Na, K), Fe con
tents and refractive indices as well as Co

TABLE 9

Correlations among variables
and factors

,~.

,

u

VARIANCl CUMUL. PKOPOR.
I'.llPLAull:D Of roYAL VARlAlOC!

"
'.n4 .)65

"''.e41 .644 ..
1•• 28 .806 .,
1.011 ' .U9

~.'
••8. .%' '"
.126 .985

"
.08~ .992 W

.054 .99J •

.018 .999 fo l •

.01' ,.~ ro"'

.~ ,.~

,

•
u

•

.,. .~ .~ .~

.659 .~ -.no -.)59

-.805 .~ .)4) .~

-.7J6 -.5'10 .~ .~

.~ .910 .~ .~

.~ -.961 .~ .~

.639 .745 .~ .~

.~ .~ .,u .~

.~ -.)85 .866 .~

.~ .•45 .•w -.1S1

.~ .~ - ••19 .,~

).172 l.IH <'15) 1.244
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Fig. 7. - PIOIS of factor loadings on the fow varimax factor axes. Symbols as in Appendix 1.

value Al and Ca contents are found. Table 10
gives the matrix of factor loading on the

TABLE 10

Ma/rix 01 lac/or /oadings for studied samp/u
on the 6rs/ lour axes

Conclusion

A brief treaunent of the present know
ledge of the Alban Hills ejecta may be a
suitable introduction to the conclusion.

From both older (LACROIX, 1893. 1917;
WASHINGTON, 1927) and more recent studies
(FORNASERI, 1951; FORNASERI et al., 1963;

FEDERICO, 1976) the ejecta embedded m
the various formations of the Alban Hills
may generaUy be classified in twO groups.
Some of them, due to their structure
and mineralogical composition, are closely
related 10 the leucititic magma itself, of
which they represent the intratelluric crystal
lisation product. Others show characteristics
processes within the framework of meta
morphism between the leucititic magma
and the basement rocks which are com
posed of units of Mesozoic pelagic sequen-

first four axes which have been rotated ac
cording to the varimax procedure.

From factor 1 vs. factor 3 diagram in
fig. 7 twO trends are found. The first IS

characterized by a continuous decrease of
c~ value and AI content and the second one
by a cominuous decre3se of refractive indices
and Fes · coment. As indicated above yeUow
and brown varieties of lava melilites have
a very similar composition but their different
Fe2-/Fes • can account for the anomalous
location of the latter .

.~,
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ces, represented essentially by limesto·
nes, overlain by neogenic and post-orogenic
complexes, composed mainly of shales and
pelitic units, present on the depressed parts
of the basement. Although from the study
of sedimentary inclusions in tuffs there is
no direct proof of the existence of Triassic
terms, there are several indirect indications
of the existence in the series of such terms
referable to evaporitic episodes (FUNICIELLO
and PAROTTO, 1978).

In this work the melilites found on the
lava as well as those contained in the ejected
blocks have been examined. It was possible
to establish the limited range of composition
in terms od Fe/Mg ratio of the melilites
lining the cavities or rontained in the ground
mass of the leueitite, u·hich may be consi
dered as « volc~mic ». This term, put forward
by SAIIAMA (1967), is used for mc1ilites
originating from mllgmatic consolidation
including thereto the late action of the
fluid phases and excluding every interaction
process between the magma and the wall
rocks.

The chemical characteristics distinguishing
the « volcanic. melilitcs are represented by
a high number of Si, Fe:- and Fe"- cstions
up to 3.907, 0.393, 0.471 atoms respectively
on the basis of 14 oxygens.

In contrast to the restricted compositional
variation of the « volcanic» melilites, a large
variation in the chemical composition as a
whole of the ejecta melilites has been found
whose main feature is represented by a
generally high number of AI cations, some
times reaching 1.699 on 14 oxygens, for
the typically metasomatic melilites. As csn
be seen in the AI-Fe, Mn-Mg diagram in
fig. 2 most of the samples plot near the
Mg-AI join. Only a few of them fall in the
area occupied by the «volcanic .. melilites,
namely the CCA, AR-K8 and AR-n
samples. The blocks containing melilite of
such a composition may be interpreted as
products of intratelluric crystallization either
of the leucititic magma itself or of some
derived melts due to a limited assimilation
of the wall rocks.

At present these results seem 10 outline
a certain correlation between the nature of
the blocks and chemical-physical features of
the melilite. However for want of a detailed

petrogenetic study of the ejecla melilite
cannot be considered a genetic tracer from
a petrografic point of view.

The relation between chemical compo
sition in terms of end-members and refractive
indices shows the great influence on the
raising of the refractive indices of the Fe
gehlenite.

Well-defined areas may be identified in
the 0" vs. c" graph, respectively for the
yellow «volcanic» melilite - containing
large amountS of Fe!' - and the brown
variety in which, on the contrar}', Fe!'
prevails.

Factor analysis has shown positive cor·
relation between a.. value, Mg, Si, (Na, K),
Fe contentS and refractive indices as well
as Co value and AI, Ca contents.

Peg structures, sometime lens-shaped, are
often observed in Alban Hills melilitcs.
Electron microprobe analyses allowed to
foUow the process which, starting from me
lilites, by progressive leaching out Ca and
Mg, leads to an essentially silica-rich final
product, which may be idemified, although
on a different scale, with the pseudomorphic
opal after melilite already reported in a
previous work (FEDERlco and GIANFAGNA,
1980). The peg structures would therefore
seem to represent the initial stage of a
peculiar transformation process involving
gradually, in extreme cases, the whole
crystal with complete alteration of its com
position.

The paragenesis of melilite in the meta·
somatic ejecta is greatly varied. It may be
better understood if we consider the in
teractions between the leucititic magma
- itself having some of the characteristics
of a melilitic magma - and the country
rocks of the basement. YODER (1973) fully
discussed the possibility of the reaction
between diopside and calcite to form aker
manite. The formation of gehlenitic molecules
implies the presence of the necessary
amount of aluminium. which could be made
available by the day minerals of the highest
terms of the sedimentary series as described
above. Desilicization of the leucititic magma
fully justifies the formation of kalsilitic mo
lecules and the observed associations of me·
lilite and kalsilite and/or kaliophilite. In the
most significant of these associations (e.g.
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ApPENDIX 2

Symbols, occurrence and references
of literature analyses:

This retrograde reaction, which implies
transformation of the products formed
through the previously described process,
in presence of excess of diopside, may have
taken place during a late phase of the meta
somatic process.
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almost all the samples (excluding the ejecta
from the «Corcolle black pozzolans» in
which it has not yet been observed) may be
ascribed to the combined action, in different
proportions, of water and CO~ on the
diopside-kalsilite-forsterite association, as
shown by YODER (1973) according to the
equation:
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ApPENDIX 1

Symbols, locality and occurrence of the
samples examined tu this work:

CCLl and CCl2 samples}, it is worth
noting that the melilite in equilibrium with
the kalsilite is rich in the Na-melilite
member.

The formation of melilite in the meta
somatic blocks may be represented, for an
hypothetical transitional situation between
pelitic terms and carbonaceous facies, by a
chemical reaction somehow taking into
account the composition observed for the
melilites. Such a reaction may be expres
.!'ed by:

where the most common minerals observed
in association with melilite may easily be
recognized.

The occurrence of lIbundant phlogopite in

3 Ic + di + ne + kaol + 5 do + 3 cc
(2 ak + 2 geh + srn) + ks + 2 fo +

+ 4H,O + lJCO,
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