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SYNOPSIS

THE Vulsinian district is the largest and northern-
most of the Roman Provinces. There is very little
modern mineralogical data on the Italian Pliocene
to Recent perpotassic alkaline volcanic rocks and
this account deals with the compositions of the
phenocrysts in the Vulsinian lavas.

The lavas comprise two suites: a leucite-bearing
undersaturated series of leucitites, leucite tephrites,
leucite phonolites, and trachytes; and a subordinate
hy-normative series of mainly trachytes and latites.
All lavas are porphyritic with mostly 1-15 vol. %
phenocrysts. No cumulates were found. Major
elements, and Cr and Ni were determined in the
phenocrysts by microprobe analysis and more than
20 trace elements were determined on mineral
separates by PIXE.

The undersaturated suite. Ubiquitous clino-
pyroxene phenocrysts belong to the Di-Hed,
series and range from Diy, to Di,s. Important
amounts of Fe** are always present. In the mafic
rocks the diopside is chromian, but Ti is low. Al
mainly substitutes in the Z positions in all lavas.
Only minor Na enrichment occurs with increasing
total Fe (0-7 mole 9, acmite) and thus Ca ferri-
Tschermak’s component is important. In many of
the mafic lavas diopside mantles green cores of
salite, which has a composition very like the salite
of felsic lavas. Leucites contain 5-22 mole %
orthoclase in solid solution, but show no systematic
variation. Plagioclase, mostly Ang;-An,,, occurs
in the felsic lavas, and alkali feldspar only in some
phonolites. They both have exceptionally high
concentrations of Sr and Ba, with a maximum of
1.3 wt. % SrO and 5.6 wt. %, BaO in hyalophanes.
Olivine, Foy,-Fogg, occurs in some leucititic lavas
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in mostly accessory amounts. Phlogopite, magnetite
and nepheline are accessory phases of the felsic
lavas. Apatite only occur as micro-phenocrysts of
the felsic lavas. Haiiyne in trace amounts is found
in a few phonolites. Pargasitic amphibole micro-
phenocrysts are found in one lava.

In most mafic members diopside +leucite
+olivine were liquidus phases. This study does
not confirm that these rocks are related by crystal
fractionation. In more felsic lavas clinopyroxene
(salite-ferrosalite) and leucite are joined by: plagio-
clase, magnetite + phlogopite, and Ba-rich alkali
feldspar +haiiyne. The felsic rocks are thought to
be related by crystal fractionation.

Salitic green cores of phenocrystic pyroxene,
mantled by diopside in rocks which also carry
normally-zoned diopside, are relicts which provide
evidence of either a relatively high Py o prior to
the crystallization of diopside or magma mixing in
the earlier life of these lavas. Pyroxene chemistry
points towards low-pressure crystallization (2 kbar),
generally in a dry environment.

The hy-normative suite. All lavas have pheno-
crysts of augite, sanidine, plagioclase, magnetite,
biotite, and olivine. The pyroxene is less calcic and
has less alumina, but is otherwise rather similar to
the salites of the undersaturated suite. Compared
to the undersaturated suite, feldspars do not have
high Sr and Ba, magnetite has higher TiO, and
olivine crystallized from even the felsic lavas. The
pyroxenes show the signs of low-pressure crystal-
lization.

[Manuscript received 21 November 1981]
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Tabie 1
MINERAL CHEMISTRY OF PERPOTASLIC LAVAS OF THE VULSINIAN DISTRICT. Phenocryst modes of typieal ¥Yulsinian lavas (volume%, >1000 points)
THE ROMAN PROVINCE. TEPMITTIC LEUCTTE TEPIRITIC LEUCITE SATURATED
LEUCITITE  TEPHRITE LEUCITE PHONOLITE TRACHYTE
Paul Martin Holm PHONOLITE
(30601) {30612} (30632) (J0661) (30664)
Institut for Petrologi, Geologisk Centralinstitut, DT, " N 52 3 82 80
®ster Voldgade 10, DK-1350 Copenhagen, Denmark. Aiopside 5 + +
salite + 2 3 5
augite +
olivine 5 +
The Vulsinian District (fig.1) lies at the northern extremity of the mica 1 . . +§)
Italian Pliocene to Recent perpotassic alkaline volcanic province and is magnetite + 2 + 5
by far the largest district of this province, covering 2280 km® (Pichler, Leucite B B 7 13
1970). AlLthough the Roman Comaquatic Region was made famous by Washing- plagioclase 4 b) 2 a
ton (1906}, his classical petrographic work has not been brought up to sanidine + "% 22
date, and modern mineralogical data areé sparse. Recent papers by Voll- others paragasite hauyne
mer (1975, 1976, 1977), Turi and Taylor {1976) and Taylor and Turi (1976), (<1vel %1
considered the implications of the isotope geochemistry on a regional
scale and pointed out the need for wore detalled petrological work. majar diopside salite pagioclase sanidine sanidine
Cundari and Mattias (1974) wade a petrochemical study and Cundari (1975) groundmass Leucite Leucite leucite lencite paglioclase
a mineralogical study of the rather small Vico volcano, which horders constituents plagiccl.sanidine
the Vulsini district to the south. Recent studies of the Vulainian salite
district include those of Scheider {1965 - detailed mapping major
element chemistry and petrology of lavas from Latera in the western +) present - less than 1 vol %,
part of the district), Mattias (1965 - similar studies of lavas + §) most mica resorbed and present in table as magnetite.
the south-eastern part) and Sparks {1975 - stratigraphy of the «} Thornton-Tuttle differentiation index (Thornton & Tuttle,1960)

pyroclastics).
This paper presents pact of an investigation of the lavas of the east-

orn and northern parts of the district and concentrates on the composi-
Analytical Methods

The major elements together with Cr and Ni were determined by point

tiona of the minerals. Subsequent contributiona will deal with petro-
chemistry and petrogenesis of the lavas (Holw, Lou and Nielsen, in prep.)

and trace element contents of the minerals (Wolm and Lou, in prep.). analysis of polished thin sections by electron microprobe, partly using

Phenocryst phases were analysed in a number of representative rock a Microscan 9 at Oxford University and partly a Hitachi XMA-5b at the

specimens, which were selected from a much larger collection.

University of C The 9 was op at 20 kV and a
sample current of 20 nA, the Hitachi at 15 KV and 20 kV or occaslonally

Petro, Summa; at 10 kV with a defocussed electron beam (for nepheline and hailyne).

The lavas comprise two suites: 1) a predominant normatively Natural winerals were used as standards. The oxidation atate of iron in
undersaturated perpotassic, metaluminous, basic to intermediate suite some minarals was determined by the Wilson method (Maxwell, 1968).
and 2) a slightly » hyp ive, perp: ,
metaluminous, trachytic suite.

The undersaturated rocks are: tephritic leucitites, leucite tephrites,
phomolitic leucite tephrites, tephritic leucite phonolites, leucite phon-
olites and one very felsic tephritic leucitite, using the nomeclature of
Streckaiszen {1967). Table 1 gives phenocryst modes of the main typas of
tavas. Diopside and leucite are the main phenocryst phases of the basic

Trace element analysis of very pure (at least more than 99 %) wminerals,

separated by standard methods and finally purified by handpicking, was
carried out by Praton Induced X-ray Emission P.1.X.E.) analysis at the
Niels Bohr Institute, University of Copenhagen, using an accelerating
voltage of J MeV., The method and results will be refrred to in woce detail
in a farthcoming paper Holm and Lou {in prep.). A fev analyses of minerals
using 10 mg samples were made on a Hilger Quartz Spectrograph. The method

undsrsaturated laves, vhils olivine may be an Actessory phenocryst phase, 1s described in Bollingberg and Brynni (1972).

and phlogopite is present in some rocks as microphenocrysts. In the less Clinopyroxene
In hand pecimen clinopyroxene varies from green to black in colour, and
in a thin section is colourless to pleochroic in shades of light green,yellov-

green and grass-green. Oscillatory and sector zoning is ubiquitous, Some

phenoerysts in the leucititic and tephritic lavas have two components: a green,

sub- or suhedral inner part is surrounded by a clear or light green rim, very

similar to pycoxenes from other alkaline rocks reported by Brooks and Printz-

1au {1978). In some phonolites the reverse is found. Usually the green

cores make up more than 90% by volume of the phenocrysts, This is

thought to mean that the growth of the rims took place in a shart time

interval suboequent to the growth of the green cores. Absence of growth

on fragmentcd phenoerysts with green cores indicates that the rims did

not crystallize metastably {Thompson, 1974) after eruption. The rocks

containing cored pyroxenes also always include some without green cores.
Representative analyses, structural formulas and calculated solid sol-

ution end-mewbers (Kushiro, 1962) for the pyroxenes are presented in

table 2. The foreulae are calculated i i y on the basis

of 6 oxygen lons. Often, a large correction for ferric iron is necess-
ary to obtain 4 cationa, It may be noted that a good carrelation between
total Fe and exceas cationa erists before correction, and that noteble

smounts of Fe?* vere confirmed by wet chemical analyses of mineral sep-

arates. Thus diopside in apecimen 30601 contains 1.63 wt., %° Fe,0, and
1,95 wt, % Fe0, and salite in 30672 has 4.9 wt. % Fe,0, and 4,2 wt. %

FeO, Pyrozene compositions are plotted in the molecular Mg-Ca-(FesMn)

diagram (Poldervaart and Hess, 1951) in figure 2.

Pig. 1.
Map of central and southern Italy showing important alkaline volcanic
districts on the The Roman ists of the districts

11 excentric

of Alban Hille, Sabatini, Vico and Vulsini, and the two s
centres of San Venanzo and Cupasllo.

basic rocks plagioclase and Fe-Ti-oxide ace present as additional pheno-
crystal phases, and olivine is not seen. In the felsic rocks of this suite

leucite, and with salite to fercosalite, dark
mica, nepheline, wagnetite and rarely haiyne are the phenocryst phases. The
basic rocks have a g 1y of and leucite with

Y lagiocl and dark mica. In the more felsic rocks
plagioclase is the most important with y Fig. 2.
amounts of ci. . dark mica, tite, and varying amounts

Compositions of the pyroxenes of table 2 plotted in the pyroxene quadri-
of leucit

lateral. Lines connact analyses of the same phenocryst. Open symbola

Phenocrysts of sanidine, plagioclase, augite, olivine, biotite and magn-
tid plas N &n are rim, closed syabals cores. Circles are phenocryst from undersatur-

etite arc common to the rocks of the hy-normative suite while the ground- s
ated lavas. diamonds are green cones in these phenocrysts: squares are

@ass consists mainly of sanidine. The lavas ara wainly trachytes with a
Phenoceyst from saturated trachytes.
fev latites.
The lawa, 30670, has close mineralogical and geochemical affinity to the
Redicofani lavas (Pichler, 1970) of the Tuscan Provincs. It is a latite A1l p of the 0 suite are members of the diopside-

with 124 olivine and accessory augite and biotite with xenoliths of sedi- hedenbergite solid solution series, ranging from diopside to salite and

ments, gabbroic rocks and dunite ms well as xenocrystal tridymite. ferrosalite (dig,-di) ). The green cores of the two-component pyrozens
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Table 2
Representative clinopyroxene analyses for major and trace elements.
TEPHRITIC LEUCITITES TEPHRITIC OLITES TEPHR.
Tock type PHONOLET! et SATURATED TRACHYTES
core rim |core' rim' |core® inmer outer |core’ rim' | core” rim® [core rim |core rim im  |core rim lcore rim |microph
30601 30601 §31337 31337 | 31337 rim"  rim 30682 3062} 30682 30682 §30622 20632 | 30634 10434 | 30622 [30660 20869 | 3us6s 30ved | 30670
si0p 52.6  50.1  53.4 $3.5  47.6  46.3 52.0 50.3 46.7 8.3 47.2 50.8  51.7
Al303 2.13  4.08 1,71 2.12 6.11 1.2 6.02 6.3 1.2z .86
Fe303+) 2.6 3.8 272 1.5 6.5 5.9 503 5.3 1.6 .03
red 1.2 2.0 2.4 2.7 1.7 4 3.4 i 15.1  12.1
Mgo 17.2  15.1 1l6.6 16.2 13.1 1lo. 12.9 12.2 0.4  10.0
cao 24.0 23.9  24.6  24.7 24.3  24.3 23.6 232 20,0 4.5
Nay0 J1 a3 Jos 33 . .35 .22 W13 04
Mnd .07 .13 .06 - .14 Y] .18 s .22
TiO, 225 .43 23 .51 .94 .59 .64 7 .87 .04
€ry0y 29 8 .10 s s s 19 - - - - - - - -
sum 100.3  99.7 100.2 100.2 100.6 99.% 99.6 100.0 99.8 100.6 100.1 100.) 93.8 100.3 100.3 100.4 99.2 99.4
4 assuming Y- %) below LLD: Cr203 = .04, MnO = 0.6
Structural formulae on basiz 0f 6 oxygen ions and assuming stochiometry.
51 1.911 1.850 1.947 1.518 1.761 1.742 1.908° 1.848 1.792 1.782 1.900 1.857 1.7v2 1.77¢ 1.779 1.624 1.910 1.949 1.928 1.949 1.980
AL gy .088 .14 52 .08l .238  .257 .07 .151 .220 .217 .099 .14z .227 .222 .220 .3/4 .089  .050
ALvi <003 .028  .020 .010 .028 .061 .000 .030 .00 .06l .030 .037 .054 .038 .057 .000 .0z0  .005
Fe, 3+ -070  .106  .013 042 .1B1  .166 .056 .106 .133 .14y .062 094  .150 .175 .134 .316 .058  .046
Fe,2+ +035  .060  .081  .081 .05) .130 .04 .036 .056 .093 .DS9 180  .3s9 .137 196 .189  .220  .485
Mg -930 .83 .90z .86s  .722 .6l 924 .832 .626  .703 .88 .725 .482 .643 .58% .41& .75k  .595
T <007 .012  .006 .014 .026 .022 .006 .011 .016 .0l7 .008 013 .021 .022 .037 .059  .0iz  .02M
Mo 1002 .004  .002 004 -002  .003  .006 .002 .008 .u06 .01z .012 .006 .004  .0U6
cr 008 003 005
ca <933 .947  .959  .966 .964 .982 976 .970  .966 942  .97C .92) .931 .915 .929 .947  .904  .b23
N .008  .010 .004 -024  .016 .01l  .009 .010 .027 .009 _|ul6 .0l6 .035 .046 .062 .01y  .010
Solid solution end-members calculated after Kushiro (1962), Cr included in Fe?*
acmite ~9 1.0 2.4 1.6 1.1 -9 1.1 2.8 1.0 1.7 L7 3 4.7 6.2 1.1 13 -7 1.5¢ .4t
CaTiAl206 .7 1.2 1.4 2.6 2.2 -7 1.2 1.6 1.8 .8 1.4 2.1 2.2 3.8 6.0 1.9 2.2 -0 -5 -3
Ca-Tschmk K] 1.1 2.8 6.2 -0 3.0 5.2 6.2 3.1 3.7 5.1 3.8 5.7 -0 2.7 2.9 .3 -0 1.7
Ca-ferrs-T ? -0 .0 5 13 .0 0 -0 -0 -0 o Tl e a1 s o 6% 3 -0
CaFeAlsio6 7.0 9.7 4.2 15,7 151 3.8 9.8 12.3 l2e 5.z 7.8 134 140 8.8 25.2 4.0 S.2 29.4 SI.4 .0
hedenbergit 3.8 6.5 8.2 5.3 13.6 5.2 3.9 6.0 100 6.2 18.9 14.6 14.9 20.9 19.6 19.9 21.6 56.5 26.4 14.6
dfopside  81.5 74.5 81.8 69.9 61.2 683 79.2 T1.5 64.3 80.6 60.7 57.9 s8.6 53.8 41.8 57.8 54,4 8.0 la.e 7.1
wollastenit .0 . -0 -0 .0 -0 .0 -0 - .0 -0 - .0 N .8 X -0 -0 -0 1.1
enstatite 5.8 4.3 . 4 11 -1 0 2.0 2.3 3.0 31 5.9 5.2 2.3 2.4 S0 12,4 127 5.8 due -0
4g/(Mg+ Fe) .90 .83 .9 .88 .76 .67 .91 .85 .77 .75 .88 .73 .70 .7 .64 .45 .77 .75 .69 .53 .58
%) includes jadei
') nermal soned phenocryst ) includes jadeite
1*) phenccryst with green cure (vee text for wxplanation).
phenocrysts are nalites of similar composition to the salites of the more EPHR. LEUCITE LEUCO-
: Clinopyroxene separates
felsic undersaturated lava-types, s.g. the green core of 31337 and the LEOCITITE | TEPHRITES | LEUCITITE
core of 30634 of table 2. The pyroxenes show the following features: DIOPSIDE | SALITE FERROSALITH Below detection limit:
1) A, Ti, Mn, Na, Sr, Zr, Y, La and Ce increase with decreasing Mg. 30672 31474 30633
2) Acmite never oxcoeds 7 mole %, which is rather lov compared vith pyrox- 250 270 P Se. Mo, Ca, Sb and as
enes in meny other alkalins provinces (Larsen, 1976}. = 040 shown in table.
3) 3-18 atom £ Al substitutes for Si in the Z positions, which leaves only ho e w26 20
small mmounts of Al for the 1 thus the calculated j2n 56 37 129
Ia % 23 31
amount of Ca- 's s lov {2-9 mole %). For s 1.7 4.1 19
Py pairs the Al in the 1 b 5 15 1 2
sites appears to correlate with the alumina activity of the lavas or the Pr 2% os 3
differentiation index (i.e. D.I. of Thornton and Tuttle, 1960)rather zx 33 734 530 120
than with the degree of (LeBas, 1962}, Thus A W 15 n
the AI(IV) is cowpensated by farric tron in the Y-positfon so that the ba 128 61 77
CaFeAlSi0 -molecule ranges from O to 25% of the pyroxenes thus becoming -2 D 200
a major constituent.,
4) The Ti contents of the Vulsini pycoxemes are lower than thase of pyrox- fo0, 2% 850 818 15.40

enes in many allaline igneous rocks. This probably reflects, as is the

cage for Na, the rather lov concentration of this element in the host

rocks: 0.8-0 wt % Ti0,(apd 0.7-3.4 wt % Na,0). The Ti-trend of the

rims of the pyroxenes is in contrast to the tremd for the host liguida.

It seems to be coupled with the Al{IV) content of the pyroxenes, which ia

controlled in turn by the availability of Al in the melt. Leucititic

lavas often bave diopside phemocrysts with O.x wif Cr,0,, and in one in-
stance a chrome diopside hed 2.2 wtf Cr 0., Tn table 2 both point anal-
yses and analysis of separated chromian diopside from tephritic leucitit

30601 are shown.

Pyroxenes of the hy-normative series are augites with lov alumina and
lower Ca0 and Ti0, than the pyroxenes of the felsic undersaturated lavas.
This probably reflects the higher silica-activity in the saturated lavas,
and this is even more pronounced in the augite of the latite of Tarre
Alfina, 30670,

Olivine

In one tephritic leucitite(30601) S% olivine is present and Washjneton
(1906) describes a leucite basanite with 16 % olivine from Fiordine.
These examples appear to be rare exceptions to the general paucity of
olivine in the undersaturated lavaa of the district. Accessory or trace
amounts of olivine phenocrysts are present in some of the basic rocks of
the undersaturated suite, but olivine is absent in the felsic under-
saturated rocks.Olivines occur as emhsdral or embayed, fresh erystals up to
a fev mm in size and may form glomeroaggregstes. Chromite is a comwon

In some cases olivine is facketed by pyroxens. Accessory

inclusien.
amounts of olivine alvays ocour as phenoctysts in the lavas of the trach-

1 formulae are present-

ytic suite. P analyses and
ed in table 3 together with trace element contents in two mineral separ-
ates. Ca in the olivines presented here correlate with the Ca in the rocks.
vith the results of Watson (1979), and indicates that

This corresponis

the olivines equilibrated with their host iguids. The effect of Ca-
content of the liquid will probably obscure the effects of pressure and
silica-activity on the Ca-content of the olivines, The olivine of the
wost basic undersaturated lavas and the lava of Torre Alfina (30670)

have Fogg o, and high Ni contents which indicate that thess may be nemr—
1y priwery magmas.
reflecting the high Fe/(Mgs+Fe) of these magmas,
of the Torre Alfina lava is very unlike other olivines of the saturated

The olivine of the trachytic suite are fayalite rich
The forsteritic olivine

lavas indicating that this lava differs from the other lavas of the
district.
Mica

Phlogopite and biotite are found aas rare phenocrysts in the phonolitic
laves, the felsic leucite tephrites and the hy-pormative lavas. Usually they
show resorption cansed by the decreasing B, , during degasing of the magma.
Pseudomorphs are mainly aggregates of magnefite. Phlogépits ia red-brown
Biotite is brown

Dark mica

in thin section and is mostly a microphenocryst phase.
with stronger pleochroism and anomalous interference colours.
occur in small amounts in the aroundmass of wast lavaa.

Partial analyses of mica are presented in table 4 with structural
formulae calculated on a volatile-free basis. About a third of the Z-
position is occupied by Al, but very little Al is present in the Y-posi-
tion, Al in 7 is balanced by ferric iron in Y. The incompleteneas of the
microprobe analyses prevents an estimation of the ferric iron contents.
Teon was determined in o phlogomite separated from tephrite 3LATA as

10.2 wt. % Fe,0n and 3.2 wt, % FeO. In the X-sites, Na and Ba substitute

for K, the former in small amounts, the latter often in significant

amounts. Ti shows a wide range of concentrations, which in general daes

not reflect the rather low Ti0, contents of the lavas. Trace element

analyses show that V, Rb and Cs are also preseat at relatively high levels.
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Table 3

Represcatative olivine analyses for major and trace clewents.

P. M. HOLM

Jable 3 conlinuecd

Ulivine separates by P.1.\.E.(ppm)

roek typd TEPHRITIC LEUCITE SATURATED  TRACHYTES ———
LEUCITITE TERHRITES oo 305011 30670"
core rim core rim core rim core rm core im e
E 20601 30601 | 31425 31425 ) 3068, 3068, 30684 30684 | 30670 30670 - Le30
510, 4.3 40.8 0.8 0.6 39.2 37.8 32.9 33,1 41.3 40.8 Co -
FeO“+) 8.2 10.0 9.2 11.7 19.0 27.7 52.1 51.1 8.2 10.5 Ki 1320 2510
MgO 49.8 47.5 49.9 46.0 41.6 35.0 13.9 14.6 50.2 47.8 150
cao .55 .66 - -49 .50 .43 .26 .26 - - 3.4
Mno - - .24 - - - - - - 21
Cr,0. s .08 - - - - - - - -
2% 3
3
sum 99.9 99.0 99.9 99.1  100.3  100.% 99.2 99.1 99.7 99.1 H
68
Structural formulae calculated on the basis of 4 oxygen ions.
. Kmission S v of Cr, Co and Ni.
s 1.005  1.011 998 1.014 .999 L9939 1.010  1.011  1.005  1.009 } Emission Spectrometry of Cr
Fe,2+ .168 .207 .189 L2458 .06 611 1.336  1.306 _1l68 217 Sc and V both below LLD = ppm.
Mg 1.807 1.752 1.816 1.712 1.582 1.582 635 663 1.822 1.765 - Se by P.I.X.E. - below LLD: V, Ga,
ca 014 .01 013 .14 .012 .009 -009 ) analysis by © .
Mn - 005 As, Se, Y, Mo, Cd, Sn. Sb, La, Ce.
ar .002
sum 2.994  2.989 3,007 2,990  1.001  3.001  2.990  2.98%  2.995  2.991
Mg/Mg+Fe 92 89 91 89 20 66 32 91 9
+} total Fe as Fe,2+. §) below LLD: Cr=.04
Table 4
Representative mica and amphibole analyses for major and trace elements.
rock typs TEPHRITIC LEUCITE PHONOLITIC  SATURATED TRACHYTES TEPHRITIC
LEUCITITE TEPHRITE L, TEPHRITE L, PHONOL.
sample no. 31337 T 31h7s 21457 30669 30669  j066k 30670 30632
core rim core rim
5102 36.8 36.2 35.6 36.3 36.3 36.4 36.2 34.6 40.1
A1203  14.5 16.2 5.0 15.7 13.9 14.0 13.9 15.5 10-4
Feot 7.5 1.3 12.8 1.7 14.0 14.1 19.4 17.3 16.0
MgO 18.1 17.6 15.8 17.6 15.1 14.9 9.8 106 10.7
cao .04 + 11.5
Na20 .51 .41 .59 .27 .31 .36 .29 .25 2.11 N
K20 7.53 9.48 9.26 9.55 9.65 9.62 8.94 9.34 217 Phlogopite sep-
Mno 12 .15 .15 arate by P.I.X.E.
TiO2 1.51 3.46 6.60 2.94 551 5.43 6.21 5.31 1.77 ppe)
Bao 6.9 1.68 65 1.08 .64 04 (ppm
sum 93.6 96.3 96.3 95.2 94.8 94.9 94.7 94.5 94.8 S
formula based on 22 oxygen ions 23 oxygen lons Leucite
si 5.566 5,320  5.267  5.392  5.458  5.474  5.566  5.325 6.243 TEPHRITE
Al(iv  2.434  2.680  2.617  2.608  2.462  2.483  2.434  2.675 1.757
AL,vi .056 J124 L144 .090 137 <155 31474
Fe 1954 1,395 1.577  1.458  1.758  1.776  2.487  2.224 2.079
8y 4.085  3.860  3.469  3.907  3.383  3.320  2.242  2.420 2.487 an 424
Hn 014 .01 018 o 568
T 172 .383 733 .328 .624 s1a 718 730 207 20 84
ca .00z 1912 Ga B
™ .150 117 .169 078 090 .105 .036 .075 636 Rb 967
K 1.453 1,779 1.746  1.812  1.854  1.846  1.753  1.83% a3 sz 342
Ba L7179 .185 072 121 Jo74 .005 2x 55
sum 15.765  15.843  15.649 15.848  15.659 15.646 15.374  15.493 15.912 gs Gség
a
z 8.000  8.000  7.884  B.000  7.920  7.957  8.000  6.000 8.000
¥ 5.38L  5.762  5.779  5.838 5,794 5,738  5.,537  5.511 4.549
X 2.388  2.081  1.385  2.011  1.945  1.951  1.839  1.983 2.984 Below detection:
Anniw 19 27 3 27 34 s 53 I fercoan  UroNi,CusAs,Se,Y,
pargasite Nb, Mo.Cd,Sn,Sb,
+) below limit of detection: Cao = ,02. La, and Ce
$) $ro below limit of detection, LLD, SKO = .05,

The Rb content is similar to those in other Roman phlogopitss (Fornaseri,
1972). Although Sr is rather high,
lava is only 0.2.

its partition coefficient with the
Ba was not determined by Cundari (1975) in the micas
of Vico volcano, but a deficiency in X-sites, as he pointed out, may be
ascribed to this element. The concentration of 6.86 vt. % Bal in late
crystallizing micro-phlogopite fromw a Lleucitite, 31337, is among the
highest for h1 Other Ba-rich micas are re-
ported by Thompson (1977} in the groundmass of a leucitite from Alban
Aills {7.32 wt.% Ba0) and by VWendlandt (1978) in a manticellite perido-
tite from the Highwood Mts. (8.62 wt. % BaO). 1In the leucitites of Vul-
sini, Ba is concentrated in the residuel liquid by the erystallization
of pl .4

1t

of leucite, and, in seme rocks, slivime.

crystallization in small awounts from this liguid thus attained very high
Ba concentrations.

Miea

Micas of the felsic undersaturated lavas could not be
analysed because of total resorption. It is therefors not possible to com-
pare the micas of the two suites of lavas,

However, Ba is low in the

micas of the saturated trachytes.

Spinels

Tvo spimel-group minerals occur: a chromite, which is found only as
inclusions in olivine, and magnetite, which s present both as phenocrysts
in felsic tephrites, phomolitic rocks and trachytes, and as a ubiquitous
groundmass constituent. One or two magnetite grains frequently adhere
tosalitic pyroxene. Green cores in p
inclusfons. Rep i

have tit

analyses, and compositions
for chromites (after Irvine, 1965) and for magnetites on the basis of

ulvespinel (after Carmichael, 1967a )} are given in table 5, Magnetite is
titaniferous and aluminia-rich and is often seen in reflected light to be
partly martinized or to have exsolution Lamellae of tlmenite.

elements show high V, Zn, Sr and Zr.

The trace

The magnetite phenocrysts of the tva suites aof lavas contrsst in Ti0,.
The specimens 31457 and 30634 are comparable to 30669 and 30664 with
respect to D.T. (table 9). -but the magnotites of the hy-normativae lavas
are c.5% higher in Ti0, than those of the undersaturated suits. Plagioclase
thermometry indicates a lowsr crystallization temperature for the hy-
normative lavas, These features may be interpreted in tws ways. Either

the difference in ulvaspinel (14-15% between paira) was caused by a lower

fy, in the hy-normative lavas on the basis of T Buddington & Lindaley
(1864) . or the gifference was caused by a slightly higher Ti0, content
(¢.0.2wt#) in the hy-normative lavas,
Amphibole
According to Washington (1906) amphibole is extremely rare in the Roman
ana ¢; 1 « It has net p 1y been vep from the

Vulsinian Distriet, but was observed in one tephritic leucite phonolite,
J0632, vhere it is present in accessory amounts as a iccophenocryat. In
thin section it is pleachroic in brown and olive green colours, and shows
an extinction angle, Yix, of 25°.
throughout the thin ssction.

Fe’*

1t has the same chemical compssition
Following Leske {1978), and assuming that
is less than Al (VI), it is a potassian ferroan pargasite. The anal-
This am-
Phibole is similar to the average composition of groundmass amphiboles
from the Sabatinian District {Cundari, 1979).

¥ysis and calenlated volatile-free formula are given in table b,

Leucite
Clear or milky leucite is a major constituent of all of the undersatur—
ated lavas, and is a phenocryst phase in most.

It does not occur in the
hy-normative rocks.

The wide range of size of leucite crystals, commonly

up to 1 <m, gives the rocks a seriate texture. Plagloclase micropheno-
orysts in the felsic rocks are often nucleation centers for large loucite
salites. In the tephritic

together with

phenocrysts, which commonly include 1-5 mm long

lavas, leucite occurs in agregates, 0.5-2 cm in diameter,

small crystals of salite, magnetite and minor phlogopite. Myriads

of con-
centrically or euhedrally arranged, micron-sized inclusions of gas

bubbles

Mast leucites
are rather fresh, but a few analcimized crystals occur in hydrothermally
altered lavas.

or spheres of glass are not uncommon in the larger crystals.

No pseudoleucite was observed.

Major and trace element analyses and structural formulae are given in
table €. Na clear systematic variation in chemistry was detected, although
the amcunt of the orthaclase molecule in solid selutions shows some tend-

ency to increase towards the rims of the phemocrysts. The range of this
solid solution, 5-22 wele %, is comparable to that in leucites from the

Vico volcane (Cundari, 1975). The maximum uptake of orthoclase in leuc-—
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Table 5.
entative spinel analyses for major elements, and

Repr
one trace element amalyais.
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Tablu 6.

Repruscntative leucite phenocryst analyses for major ond trace clements.

TEPIRITIC CEUCITE PHON. TEPHR, TRACHYTES TEPHRITIC LEUCETE PLONOLITIC TEPHRITIC
rock type cocktyp LEUCITITES TEPHRITES LEU. TEPLRITE LEU. PHONOL.
LEUCXTITES TEPHRITES TEPHR. PHON.
ssmplenc, chrmte chrute magnte magnte magnte magnte magnte megnts P 31a8 | 30682 | 31425 | 31474 3147¢ ] 31457 31457 | 30634 30634
30601 30682 31412 31478 by 20674 _ 10669 30664 uphxx core £im core rim
$i02 .06 - - - - . - .08 .08 5.0 56.4 56.8 56.5 37.0 55.6 57.0 56.8 55.3 56.2
41503 9.6 10.5 7.0 5.20  3.97  3.25  3.42 2.45 1,03 2203 227 22.2 22.4 22.8 22.3 2215 22.¢ 22.4
Fe303 41 12,9 51,1 50.4  54.5 48.9  48.5 39.7 fFe303t a4 130 .50 .27 24 .33 36 .40 30
Fel 17.0 22.8  32.2 36,7 343 36.6 36,7 43.2 250 50 07 .63 .28 .35 .16 .73 .26 .04
40 10.4 5.95 2.1« 190 .28 Les .27 x) 20.5 21.0 20.8 20.1 20.6 20.9 19.5 20.7 20.9
- - ‘ M z : . . z _ = = e o = e r 2
:r‘lg 32 ig 5-;; s';; Cos ;-sg 9-?; 13';9 fo um 100.2 100.9 100.6 100.1 99.7 100.6 100.0 99.1 99.8
Cry0y 55.4 42.3 s 10 - - - -
—_— ——— e — — — t} total iren as FeZO]
sum 97.2 95.2  98.9 99.2  98.5 100.7 100.4 100.2
4 ..
¢} Feo* fFec? trom §) below LLD: .05 Structural formulac on basis of & oxygen ioms. Or = 5 X (S1-Al-Fe-Ka-K) .
Structural forsulae on basis of )2 oxygon lonas and 24 cations: n 2,033 2.034  2.033 2,048  2.018  2.045  2.040  2.021  2.035
on waais®{ 1963) and 1 L1950 .958 -943 +949 -977 . 941 .953 967 -955
chromite afver Irvine {1967} e 012 .008 014 007 007 009 010 011 008
a -033 .005 -044 .017 -925 -OiL .055 -018 -003
016 024 .02¢ K 945 .961 953 922 .955 .956 _896 .965 968
. . 2,293 La . 129 1. 862 v a— - Py
3 B T i N LA a1 sea b un 3.976  3.966  3.987  3.944  3.980  3.963  3.954  3.982  1.969
2+ 3.858 5.429 7.888 9.194 8.065 9.027 9.022 10.790 [orex
4-186 2.531 1.179 849 367 B89 w0 or 12.0 13.6 10.5 20.4 7.2 17.1 16.8 8.0 13.5
£069  .125 117 .188 L3558 (152 .200
-096  .090 1.18¢ 1.383  .913 2.011 2.01L 3.086
11.880 9.533 238
Sum 24.001 23.997 24.000 24.000 24.000 24.000 24.000 24.000 Leucite separates by P.T.X.E. (ppw)
Endmembers LEUCITE TEPHRITES TEPHR. LEUCITITE
viwepinel 2.8 2.2 17.4 156 12.5 27.1 2.3 40.9
chromite ¢5.6  58.9 30672 31474 30633 30633
.6 > Smmr < Smm
spinel  18.9  21.7
Ng-fowite 5.1 9.6 fca 4120 5110 4400
mmgnetite 7.6 82.6 80,4 B7.5  72.9 72.7  39.1 s 285 369 209 278
*)give better tatals than calculations based on ilweaite o 3 55 0
. 3 & LI.X.B. cu 17 24 18 20
agnetite veparates by P. {ppm} o e 3L 22 s
——— fas 8.2 8.0 8.3 12.1
- e 4. 2.1
LEUCITITE, 30633 IRt 1280 1690 1210 1200
s 2
1540  7r 237 ox ! 3 ¢ o
s7  Nb 36 b 24
ban 698 cd 1.6 o 3.4
ka 33 so 13 ca 1.0
3 1 Ba 110 sn. 3.3
st 299 La 106 jcs 73 147 86 84
1 1 ce 160 5 964 118 132
Pb 47 lLa 12
48 0
Analysis by P.I.X.E. in ppa. e 3 1 a3

Below LLD: Cr, As, Br, Mo, cd, Sb, Cx

Table 7. Hepresentative alkali feldspar analyses

Below LLD and not shown in table: Cr, Ni and Sb
¢ Phenocryst size.

for major & trace elements

rock typa TEPHRITIC N TEPHR -
LEUCITE PHONOLITES Leucrr. | SATURATED TRACHYTES

sampie 30632 30634 30634 30633 30669 30669 30664 30664

79+ Imant &) | core rim core i core rim Alkali feldspar separates
1520 65.0 60.9 6.2 59.7 63.8 64.3 66.0 64.3
1,03 189 20.0 2006 19.8 9.1 18.9 15.5 18.6 ey | TRRcwyTE
fFe 03 t) 22 l36 33 ‘83 26 ‘28 19 1s LeesT | s0ess
ad ‘86 79 78 ‘56 a6 ‘23 57 (37
20 3.44 328 3.94 2017 197 2.7 2053 2.20
k.0 1096 871 7.77 984 12.7 1226 122 1301 ke 300 Tio467 Rb 516
0, - - - ‘97 - - - N oi 68 st 2250
ko s 134 L2 115 .28 .28 - - S n B
pac 07 4.53 3.75 5.61 .68 .59 .20 .37 %54 Be arso
un 9.5 93.9 99.6 99.7 99.3  100.8  100.2 99.1 TPy E——

&) sanidine mantle on plagioclase phenocryst, t)
$) below LLD: 5r0 = .05wtx

Structucal formulae on basis of 32 oxygen ions.

tot.
otal iron as Fe,04 Below LLD 1n P.1.X.E.: Cr, Ni, Zn, Br.

Nb. Mo, Cd, Sm, Sb, La and Ce.

s 11.881 11.388 11.372 11.291 11.61L 11.760 12.00L  11.903
a1 42081 4.414  4.523 4,427  4.175  4.124  3.972  4.055
e 034 .051 .046 .18 036 .033 026 026
lca -le8 .158 .157 (113 091 091 111 073
ia 1.219 1190  l.421 -796 .707 958 .892 790
I 20555 2.079  1.844 2,376  3.00a4  2.943  2.832  3.103
ri .010
r .098 .088 085 020
Ea 010 636 .533 .793 091 027 051
s um 19.949  20.014 19.975  20.012 19.939  20.095 1v.862  20.003
x 3.95 4.16 4.03 4.16 2.92 4.09 3,86 4.02
z 16.00  15.86  15.94  15.85  16.02  16.01  16.00  15.98
jor 64.6 49.9 45.7 57.1 76 72.0 77.2
b 30.8 28.5 35.2 19.1 18.0 23.4 23.1 19.7
a0 4.3 3.8 3.9 2.7 2.3 2.2 2.9 1.8
cn 3 15.4 13.0 19.0 5 .5 .0 .0
B3 -0 2.4 2.2 2.6 2.4 1.9 1.3

ite at 1 kbar vas determined to absut 10 wt. % by MacKenzie et al. (1974), michael, 1967b) only small ameunts of iron are present. This is probably

wvho also found that the solubility was temperature dependent. Tne exc:
silica might also reflect the increasing Sibz-activily in the melt as
large amounts of leucite precipitate from the magma, Other occurrence:
©of leucite with excess silica are cited by Cundari (1975). Solium covi

esn caused by the activity of aluminia in the two provinces.
Only a feu trace elements are present in high concentrations in the leu-

" cites. These are Rb, Cs, Br and, in some instances, Ba, substituting in

ers 12-coordination for K, and As, substituting for Si. Previously, Thomwpson

about half the known range of solid solution in natural leucites (Fundalt, {1977) reported the possible existence of two types of lemcites in a lava
1963). Ca is a minor elewent and for Na in from Colli Albani, the difference baing evident from the Ba coptent.
{S-positions). In contrast to the leucites from the leucite Hilla (Car~ Large amounts of Ba are also present in the leucites analysed by Hender-

son (1965).
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-Alkali Feldspar

In the undersaturated series, alkali faldspar only appears as 2 pheno-

cryst phase among the most felsic phonolites, vhere it occurs in low con-
centrations {less than 2 vol %) of euhedral prisws a few millimeters in

length. In a few lava flows phenocrysts of alkali feldspar make up

around 10 vel %. 1In the hy-formative rocks alkali feldspar is ubiquitous.
Senidine occurs as tabular crystals up to centimeter size, and comprises

between 5 and 23 vol % of the rock.

D analyses, tural formulae and calculated end-members
are given in table 7. It is evident that both BaC and Sr0 are major

oxides in many of the alkali f of the

in
contrast to the alkali feldspars in the hy-nermative rocks, vhich are Ba-

P ed rocks,

and Sr-poer. According te the nomenclature of Deer et al. {1963), the
®wost Ba-rich alkali feldspars are hyalophanes and the rest are sanidines.
The highest concentration of Sr in natural magmatic sanidines outside the
Rowan Province vas recorded by Kutolin and Fralova (1970), and their
value of 1.51 wt. % SrO is mot much higher than the values in the Vulsini
asnidines. larsen et al. (1941) report higher Ba-contents in magmatic
alkali feldspars of the Highwood Mts. than those found in Vutsini. The
asnidines of the Vico voleano {Cundari, 1974) do not contain Sr or Ba in
more than trace amounts. The unusually high levels of the two elements
in alkali feldspar have also recently been reported by Cundari {1979)
from the Sabatinian District, As suggested for Ba-
phlogopite, it i3 believed that sanidine crystallized late from o liquid
enriched in Se and Ba. The Rb and

are much lower than Sr and Ba. The alkali feldspars of the hy-normative
suite are much lover in Sr, Ba and Ab-component. This is thought to be
a conssquence of lover Sr and Ba ion in the
while the higher of the
be due to depletion of K in the molt by leucite crystallization.

south of Vulsini.

of the

lavas,

phonolitic lavas mmy

Flagiocla:

In the undersaturated lavaa, plagioclase is present as phenocrysts in
rocks of tephritic and phonolitic compositisn, but it is not abundant.
It forms euhedral to rounded, short, albite-twinned prisms, generally le
then 0.5 wm in length. Plagioclase is present in the groundwass of all
1avas of the district. In the hy lavas it is
phenocryst phass, where it ususlly forms sub- to suhedral, 1-20 mm long
1aths or prisms, which are moatly albi , but 11
Carlsbad and Bavena twina are seen. All plagiaclase is strongly oscill-
atory zoned with 50-100 gones of amplitude of a few wole % An, combined
vith & progressive zomatisn of up to An between cores and rims.

Analyses and formulae are presented in table 8. The plagioclases are
ealcic, even in phonolites and trachytes: An 93-An 72.
rim

Only some extreme
i the rule. The
Sr content is vary high, and in the Vulsini plagioclases cxcesds the upper

are of . Normal

P. M. HOLM

Nepheline

Nepheline is common as a vesicle-Tilling and a late-crystallizing

phase in the groundmass, but it has only been obaerved in a few specimens

as phenocryats.

in a leucite tephrite is presented.

In table 10 the analysis of a nepheline microphenocryst

The temperature of crystallization

is calcniated by the method of lamilton (1961) to be 1070°C.

itite, 30633.
An analysis is given in table 10.

MNailyne
Hallyne 1s present in notable amounts in one tephritic phonolitic leuc—
It occurs as euhedral clear micro-phenocrysts (2.5 vol. %).

In several other phonelitic rocks,

haiiyne occurs in trace amounts as tiny inclusions in sanidine (or hyalo-

phane). In the latter case hailyne has the characteristic blue colour and
black rim.

Table 9.

Tomperatures of assumed equillibria between rims of
plagioclases and their host liguids (i.e. calculated
groundmasses). Calculations are based on Mathez (1973).

rock-type sample no. D.I. T

Leucite tephrite b2 54 1230
Phonolitic lew.tephrite 31457 65 1225%
Tephritic leu.phonolite 30632 73 1200%
Tephritic leu.phonolite 30634 80  1200%
Trachyte 30669 6 1125%
Trachyte 30664 80  1120°

TIridymite

Numeroua rounded, partly fragmented tridymite crystals, about 1 wa

in size occur in the latite trachyte, 30670. The silica is surrounded

by @ rim of glass and a corona of small pyroxene laths showing that it

i3 not in equilibrium with its host liquid, Trace elewont analyais

(PIXE) reveals only few elements a2bove the limits of detection: bi P
Fe, 0.5 ppm Fe, 0.5 ppm ¥, 1.3 ppm Zr and 11 pps Cu.

leucitites). which do not carry
that diopside

Discussion.

The updersaturated suite.

The texture of those basic lavas {leucitites and tephritic
cl1i

b1

+

= olivine was the ligquid

and olivine, Fog, ,,, ¥ith high Ni indicate that these lavas may be

nearly mantle-derived liquids.

Among the basic untersaturated lavas, it

is significant that olivine is present only in some of the most mafic

Tlows. Thia is contrary to the implications from the phase boundaries
Table 8.
plagioclase anal for major and trace elements.
LEUCITE PHONOLITIC TEPHRITIC SATURATED TRACHYTES
rock tyed TepRRITE LEU. TEPHRITE LEUCITE PHONOLITES
664
amp. 7 31457 | 30632 30632 | 30634 30634 | 30669 30669 ] 30664 30
ewple nqaiz oz R | BT I |G e |core. wim leore rim |core wim avte B continued.
te
3 50.3 51.3 Plagioclase separal
1 47.3  52.2  45.3  4B.1  45.7 481 47,8 50.6  46.1
i;g%, ;g.s 324 29,8 3.8 3210 33 a7 322 304 .8 203 a1 by P.I.X.E.(ppm)
se .9z . : ‘86 .80 87 . N - . .
a3 ° 18,6 16.4 12,3 16.7 15,3 17.7 15,5 15.5  13.4 184 141 1;.186 R —
Nazo . 1.90 3.8  1.23  1.97  1.02  2.06 a1 2093 1.06 2.70 -8 Toceq
K2b - .21 .56 .28 ‘47 .33 39 .18 .53 .25 .73 47
sf0 .39 .61 - 111 122 .44 S60 1,13 1.05 - - : e 15 | w27
BaO - 05 - - Z s 07 12 .13 - - i | s 270
y cu 371y 19
9 100.5
. v9.0 99,2 1000  99.3  99.3  99.8  99.7 100.2  98. o 15
= 2l ka 59 | 32 162
: Bag= .0swex s 19 [1a 26
¢} total iron as Fe,0;. ) below LLD: Ba0= .0Sw P
Structural formulae on basis of 32 oxygen ions.
si 8.393  8.774 9.570 8.474 .89 8.528 8.926 £.864 9,310  8.500  9.283 3.899 zAZt‘)g Below LLD: Cr, Nis
al 7.413  7.093 6.354 7.458  6.999 7.323 6'22 7.1};: 6608 7 g:g 6-398 7.005 6643 e, o, Cdy Sy She
J126 .12 .105 L1130 120 L1122 . . . . . . .
‘e 30725 30253 2:ma 30358 3034 3.530 3,083 2.086  2.646  3.636  2.502  3.169 f(‘)lg:
Na D299 .es¢ 1.384  .447  .706  .369  .742  .722 1.046 379 .07 g97 1.006
K L050  .131  .067 111 .079  .092  .035  .125 L089 . are .10
st L0288 .044 .081 .08  .032  .044  .082  .076 - . .
Ba .007 J006  .018  .010 -
sum 19.987 20,033 19.958 19.998 19.954 19.978 19.959 19.938 19,924 20,004 19.932 19.946 19.902
07 3.4 3.9  3.89
.04 4.04  3.93  3.95  3.94  4.02  3.97 392 3.91 I
i 1;.25 16.00 16.03 16.05 16.02 15.96 15.99 16.62 16.01 15,93 15.99 15.96 16.01
an 91.9 80.6 6l.5 849 77.1  87.%  77.6  78.2  67.7 69-3 7.1 800 Zéﬁ B
ab 7.4 16,8  35.2  11.3 7.9 Ho 8.7 184 2.7 5.3 24s 18 H
or .0 1.2 3.3 1.7 2.8 . 2. . . - . -8
sreplg. .7 1.3 -0 2.1 2.2 .8 11 2.1 1.9 R -0 -4 2
Ba-plg. .0 2 .0 0 0 .2 3 .4 .5 - . .

1imit of Sr0 in plagioclases reported by Smith (1974) and is only sur-
passed by poikilitic Sr-Ba-feldspars described by Cundari (1979). The
plagioclases of the hy-normative suite are wuch leas enriched in Sr ana
Ba than those of the undersaturated series.
P orf the pl
using the plagioclase thermometer of Mathez (1973) and although
the lavas differ in composition from those considered hv Mathez,

The crystallization

were

the temporntures calculated for the rim compositions are consistent in
(table 9)
vers

the aense that a steadily falling temperature is obtaines,
which wish DI,
used in the calculations.

The results are in contrast to those for
the Vico lavas (Cundari, 1975), vhere a rising temperature was found
with increaaing D.I.

{1972) for a liquid evolving by crystal fractionation,
Either a reaction relationship between olivine and melt is present (e.g.

explored by Gupta

O'Hara, 1968), or altermatively the basic lavas have not evolved by
crystal fractionation.

Towards wore svolved felsic lavas clinepyroxens and leucits ars the
phases. 1y they are jointed by the following
additional phases: a) plagioclase, magmetite, %
sanidine (or hyalophane)}, ¢} haiiyne.
only, this is similar to vhat would be expected for a liquid in the
phonolite pentahedron of Carmichael st al. (1974) starting at a point
near the surface boundary of lsucite and plagiaclase.
thought to be related by crystal fractionation aleng a line of evolution
analogous to a liquid in the phonolite pentahedron (Carmichael et al.,
1974).

sole ph y
winor dark mica, b)
In terms of the folsic minerals

These lavas are
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Table 0.
Nepheline and haiyne analyses.

LEUCITE TEPHRITIC
rack type
TEPHRITE LEUCO-LEUCITITE
sample mo. 31362 30633
uph.xx aphxx
510z 45,25 J1.64
Al203 34.76 26.84
Fe,0,t) .38 .68
Mg0 .05 .03
ca0 1.04 8.05
Na 0 15.49 173
®g0 3.48 6.67
Ti0y .08 -
09 +) - 13-95
c1 16
sum 100.47 99.75
less DZCL o4
sum . 99.71

Structural formulae on basis of:

4 oxygens: 21 oxygens in Al-Si-framework

si 1.059 5.958
AL +853 5.959
Fe 007 L0596
(73 002 .008
Ca .026 1.625
Na « 700 4.284
K 104 1.602
™ .00

s 4.453
<L -119
sum 2.859 24.107

+) total iron as Fe,0y, +) total S as 50,

The saturated suit:

Although the saturated lavas are all y they differ
in content of mafic mineral

Tt is not possible however, to conclude
whether they evolved by fractionation, because they generally have ths
same phenocryst assewblage.

Evidence of low-pressure cryatallization.

The relation of the undersaturated lavas to the system di-lc-fo which
tigatod at i atm by Gupta (1972) will ba discusaed first. Thomsp-
son (1977) acgued that far many leucitites the system di-lc vas at least

was inv

as representative as the systes hy-di-ol-ne/Q is for basaits. The norm-
ative compositions of the most basic Vulainian lavas are not far from the
modal composition, if only the winarals siopside, leucite and olivine are
considered. Por example the tephritic leucitite, 30601, has normative

digley,0l, {representing 60 % of tho norm) and modal {wt. %): diopsidey,

leuciteyq oliviney (representing 85 vot % of the mode). The system

is a good ap; to these lavas.

Figure 3.

The system di-lc-fo with the cotectics and pilercing point

at 1 atw from Gupta (1972), the eutectic on the join di-lc at L atm
(Bowen end Schairer, 1929) and those at 4 and 12 kbara from Dolfi et al.
(1978). The positions of EU 13 and M2 taken from Thompson {1977} are
shown tog: with the of rep Vulsinisn mafic lavas,
The symbola designate the probable liquidua phases: Circles - diopside,
square — forsterite plus dinpside, filled cireles - diopside pius leucite,
and triangle diopside, foraterite plus lemcite.

Superimpesed on the experimental results in fig, 3 are the compositions
of some Vulsinian lavas and the compositions of the teucitites, EU13 and
M2, taken from Thompson {(1977)). In spite of the good fit of the mode and
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the norm it is not expected in the simple experimental system that the
lavas plot in strict accordance with the physical conditions during their
crystallization, It is nevertheless seen that even though the modal
phenoeryst mineralogy does mot correlate very well with the experimentally
determined phase boundaries, it is reasonable to state that the basic
Vulsinian lavae crystallized at low pressure, Bothn EU 13 and M2 seen to
have erystaliized at higher pressures. According to Trigila‘s (1969)
experimental results, the MZ lava may have crystallized at 1 atm. Whether
this 15 S0 or not, the present lavas almost certainly did not crystailize
at higher pressure than M2,

The variation within pyroxene phemocrysts of sample lavas is generally
large compared with the inter-lava variation., The disgram also stresses
that the green cores do nat form a special chemical group although they
are similar to the salites of the phonolitic rocks (Table 2). The
general trend of variation within singls phemocrysts,as well as batween
lava-types From leucitites 10 leucitite phonolites,parallels the line
FeP*AL, in accordance vith the major variation in the CaFeAl Si0g-com-

ponent of these pyroxenes.

The areas covered by the natural phenocrysts of Thompson's (1974) EUL),
leucitite, coincide with the Vulsinian pyroxenes. In clinopyroxenes
formed at high dry pressure, Fe’' and Ti decrease and Al and Na increase
with rise of pressure (Thowpson, op.cit.}. This trend is in contrast to
that of the Vulsinian clinopyroxenes. Representative clinopyroxene ana-
lyses from the V,, leucite tephrite of Dolfi and Trigila (1578 } also
fall within the range of the Vnlsinian pyroxenes. On the other hand
thess experiments (Dolfi and Trigila, 1978 and Dolfi, 1978, show that,

as the role of P is increased relative to P at 2kbar the CaFe
.0 total
41540, molecule bicomes more imp . The Vulsini

pyroxenes crystallized from a wide range of magma-types and a direct com-

parison cannot be made with the experimental data. Several of the lavas,
havever, are s:

lar to the ones used for the experimental runs. There~
fore, some implications seem Justified, The large variation in single
phenoceysts compared with the inter-lava variation parallel to this
trend suggests that the role of water or f, impases an influsnce on the
salubility of the CaFeAlSiGg-molecule which’is large compared with the
effacts of chemical variation in the lavas. The diagram also confirms
ths conclusion that the P vas less than 10kbar and possibly less
than 2kbar.

total

As olivine and leucite coexist in the mafic lavas, leucite and clino-
pyroxene in all the lavas, and because phlogopite is only an accessory

oF trace phases Py o gust nave been low during the crystallization of

the lavas of the undersaturated seriss (Luth, 1967, Ruddack and Hamilton,
1978).

Fe”-(Na«K)
03)
o2}
(AN
Pig. 4.

Molscular Feo* -(NatK) verous Al-2Ti in the clinopyroxenes of the leucite-

bearing suite (rep ca-ferri-T 's molecule for

acmite versus Ca-Tschermak's molecule corrected for CaTiAl,06}.

Key: P! analyses of ph : @ cores, O rims, @ green cores.
The stippled line indicates the area coversd by 110 phenocryst analyses
(Malm, 197B), which alse inciude the analyses of Thompson (1977). Bold
linas dry high pi P by Th {197%) om clino-
pyroxene from o Roman leucitite, and the sxperiments of Dolfi and Trigila
(1978} at P04 = 2Wbar and wt.% water content as indicated.

The green cored pyroxene:

The of Y ph ¥ in many of the
Vulainian undersaturated lavas is believed to be an important feature.
Although some of the lavas may be incorporated xenocrysts of salite from
wall-rock, their frequent oceurrence {in 30 of 45 leucitites and leucite
tephrites) and large relative number compared to the total number af
phenocrysts (they often make up half the amount of phenacryats in
the lavaa) indicate that they are relicts. The green cores may either
be a ghase once cryatallizing from the lava in a different environment,
or be phenscrysts in a phonolitic magma batch which were mixed with a
wore basic one. The only other phenocryst phase ubiquitsns in the basic
lavas s leucite which unfortunately does not exhibit any systematic
vyariation in its chemistry, which might otherwise be used to solve the
problem of the origin of the phenocrysts of the basic lavas
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The undersaturated rock series of the Vulsinian District includes rock-

types ranging from mafic to leucite phonelit In the most
basic mesbers diopside X leucite® olivina are on the liquidus. This study
does not confirm that these rocks are related by crystal fractionation.
Salitic green cores of ph yat pr mantled by in rocks
which alse carry normal szoned diopsides are relicts vhich witness either
a relatively high P"zn prior to the crystallization of diopside or magma
mixing in the earliet life of these lavas, The chemistry of the pyroxenee
aure, poasibly
#2kbar in a relatively dry environment. The latter jis com-

of the vhole suite reveal crystalization under low pr
less than P,
firmed by the rarity of phlogopite. The more felsic lavas carry fhenocrysts
of elinopy (salite-t, }.ane lasucite joined subsequently by:
plagioclase, magnetite © dark wica, and Ba-rich alkali feldspar ® hadyne.
The felaic rocks are thought to be related by crystal fractionation,

The trachytic suite of hy-normative lavas is wuch less voluminous and

they ail carry ph ysta of augite, olivine,
biotite and in ts. The of these rocks
show equivalent signs of low-p erystallisation.
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