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ABSTRACT 

The products emitted by Mount Etna in the 
1977-1983 period are porphyric, sodic trachyba- 
salts (~etna~tes>~) that, though substantially 
higher in I~O, resemble most of the historic 
lavas. 

The 1983 flows, for instance, are composed 
of 50-55% glassy groundmass and abundant 
phenocrysts or microphenocrysts: plagioclase 
(25-30o/0), clinopyroxene (12-15O/o), olivine (3- 
50/o), titanomagnetite (20/0). Scarce olivine Fo 83- 
78 and diopsidic pyroxene are present in the 
cores of some phenocrysts. Outer zones and/or 
more numerous crystals are olivine Fo 75-68, 
salite En 43-37 Fs 10-15, plagioclase An 83-55 
an A1-Mg rich magnetite Usp 43-33. The 
chemical composition of glass inclusions inter- 
preted as trapped liquids suggests that olivine 
and magnetite crystallize first and are followed 
by pyroxene and plagioclase. The early appear- 
ance of olin_he has been determined by optical 
thermometry to about 1170°C, soon followed 
by plagioclase and pyroxene (1160-1140°C). 
Pre-eruptive crystallization further progresses 
until 1073°C which is the field-measured 
temperature at the lava vent. Then, the 
appearance and composition of microlites (and 
outer rims of phenocrysts) depend upon the 
cooling rate of the samples (water quenching or 
natural cooling). Electron microprobe analyses 
of chlorine and sulphur have been performed 
on crystal trapped and groundmass glasses. 
Sulphur ranges from an initial content of 1500 
ppm to 400 ppm in residual glass, leading to an 
average sulphur emission of 1500 tons/day 
(3000 t/d SOs ), as estimated from the volume 
of erupted lava. 

The most striking chemical feature of the 
1977-1983 lavas lies in the abnormal potassium 
behaviour, especially in the earliest flows of the 
1978-1979 fissure eruptions. Although these 
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lavas are amongst the most femic of the period, 
they are relatively high in K~ O, leading to an 
aberrant K]Na ratio (i.e. increasing with 
increasing basicity). Furthermore, a less 
pronounced but steady increase of Ks O/Na~ O 
is evidenced in all the lavas of the past 12 
years. This ratio ranges from 0.42 in the 1971 
lavas to 0.51 in the 1983 ones, for about the 
same differentiation index. Such an abnormal 
potassium behaviour first appeared during the 
1974 eruption on the west slope of the volcano. 
It is unknown, however, in any other historic 
lava, nor in any lava of entire Etna so far 
analyzed. 

RESUME 

Les produits rejet~s par l 'Etna de 1977 
1983 sont des trachybasaltes porphyriques 
(~ etng/tes>~) semblables ~ ceux qui caract~ri- 
sent la majorit~ des laves de ce volcan, mais 
avec une teneur en K plus ~lev~e. 

Les coulees de 1983, par exemple, sont 
form~es de 50-550/0 de m~sostase et par de 
nombreux ph~no et microph~nocristaux de 
plagioclase (25-30O/o), clinopyrox~ne (12-15O/o), 
olivine (3-50/0), titanomagn~tite (20/0). De l'oli- 
vine Fo 83-78 et un peu de diopside-salite cris- 
tallisent d'absrd, passant rapidement ~ une 
olivine Fo 78-68, une salite (Wo 47,5 - En 43/37 
- Fs 10/15), du plagioclase An 83-55, une tita- 
nomagn~tite Usp 43-33 riche en A1 et Mg. Le 
domaine de temperature de cristallisation 
commengante des ph~nocristaux ~tabli par 
thermom~trie optique est compris entre 1170 ° 
et 1140°C. La cristallisation intratellurique 
progresse ensuite jusqu'~ t073°C, qui repr~- 
sente la temperature d'~mission de la lave 
mesur~e sur le terrain. La nature et la quantit~ 
des microlites, la composition des stades termi- 
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naux de cristallisation des ph~nocristattx et 
celle du verre r~siduel de la m~sostase d~pen- 
dent du mode de refroidissement de la lave: 
trempe ~ l'eau, ~ l'air, ou refroidissement lent 
naturel. La quantit~ de soufre dans les verres 
inclus et la m~sostase varie de 1500 ~ 400 ppm, 
celle du chlore de 1700 ~ 2800 ppm. 

La composition chimique est celle d'un 
trachybasalte sodique (hawaiite basaltique). Le 
caract~re le plus marquant r~side dans le 
comportement anormal du potassium, en parti- 
culier dans les laves du d~but des ~ruptions de 
1978 et 1979. Alors que ces produits sont parmi 
les plus basiques de la p~riode consid~r~e, leur 
teneur en K est relativement ~lev~e, ce qui 
conduit ~ un rapport K]Na aberrant (augmen- 
taut avec la basicit~ de la roche). En dehors de 
ces cas extremes, on note une augmentation 
r~guli~re, quoique plus faible, de K]Na dans 
tous les produits des 12 derni~res ann6es. Ce 
comportement anormal du potassium ~tait d~j~ 
apparu dans les produits de l'~ruption excen- 
trique de 1974 sur le versant ouest. Cependant, 
on ne trouve aucune variation aberrante du 
potassium dans les autres laves historiques, ni 
m~me dans aucun des produits connus de 
l'Etna. 

difference compared with hawaiites and 
mugearites - the phenocrysts being calcic 
plagioctase, a slightly titaniferous salite, 
and rare olivine and titanomagnetite. In 
completely crystallized samples, the same 
minerals are present  in the groundmass, 
together with a highly alkaline residuum 
made of sodic sanidine and small amounts 
of nepheline and sodalite. 

Full discussions of the problems related 
to the composition of etnean rock types 
have been published elsewhere (TANGUY, 
1966, 1973, 1978, 1980). The 96 analyses 
of historic lavas given in the last of these 
works can be considered as a basis for the 
present  study. 

The source and location of the 1977- 
1983 samples are listed in Table 1. A 
summary of the eruptions that  generated 
these rocks is reported separately 
(TANGUY and PATANE, this volume). The 
same samples have also been studied for 
trace-element geochemistry (JORON and 
TREUIL, in preparation). 

INTRODUCTION 

The historic lavas of Mount Etna are 
largely basaltic in character. Although 
they might be inadequately termed 
phonolitic tephrite or latite andesite 
following some classifications (see, e.g. 
CRISTOFOLINI and ROMANO, 1982), they 
can rather be considered as slightly 
evolved alkaline basalts or basaltic 
hawafites, only very few samples 
approaching mugearites. To emphasize 
the femic character of recent etnean lavas, 
RITTMANN (1960) introduced the t e rm 
(( etnaite >>, which may be more generally 
defmed as a sodic trachybasalt showing a 
porphyritic structure. Typical etnaites 
have high contents of CaO (10%), MgO 
(5%) and total Fe203 (11%), the sum of 
which (= CMF) may be conveniently used 
as a differentiation index(i). They are 
largely porphyritic - another substantial 

(1) Because of the unusual behaviour of 
alkalis is etnean lavas, the Thornton-Turtle 
index is not used here (TANGUY, 1980, p. 36). 

ANALYTICAL PROCEDURES 

Most of the 1977-1983 etnean products 
were sampled at or very close to eruption 
vents, either as pyroclasts (scoriae, 
bombs, lava lumps) or taken from lava 
flows. Because they were poorly degassed 
at the time of sampling, traces of subli- 
mates  were some~mes evident. Sample 
83-03, for instance, exhibited white subli- 
mates  that  proved to be mainly Na2 C03 
and Na2 SO4 from X-Ray diffraction 
patterns. To avoid any sublimate deposit 
that  could have biased analytical results, 
all samples were immersed for at least 
two hours in distilled water. After drying 
at 60 ° C, they were crushed in a tungsten 
carbide grinder, following a procedure 
previously described (TANGUY, 1980, pp. 
37-38). For trace-element analyses, a 
separate piece of rock was ground using 
an agate bowl grinder. Comparison of 
major-element analyses on powders 
obtained by the two methods showed no 
significant difference and, therefore, some 
major-elements analyses were performed 
on agate grinder powders. All major- 
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TABLE 1 - Chemical and modal analyses of 1977-1983 (84) lavas. Fe~O~ T = Total Fe as Fe~03, 
C M F  = C a O  + M g O  + to ta l  F%O8 ( s e e  text ) .  

[ 77-01 [ 77-!32 77-05 77-14 70-01 78-03  70-07 78-09 78-18 79-02 Ui/-04 80~'11 ! 

Si02 "l-48.53 I 48.50 
A1203 ! 18.49 ! 18.54 
Fe203 ! 3.50 ! 3.49 
FeO ! 6,22 ! 6.28 
~!nO ! 0.17 ! 0.17 
!i~O ! 4.55 t 4.58 
CaO ! 9.89 ! 9.~8 
Na20 ! 4.37 ! 4.31 
Z20 ! 2.01 ! 2.01 
Ti02 ! 1.65 ! 1.66 
P205 ! 0.59 ! 0.50 

Ve203 t ! 10.41 ! 10.47 
C.H.F. ! 24.86 ! 24.93 
K20/~Ia20 ! 0.460 [ 0.466 

Plazloclase [ 27.7 
Pyroxene [ 6.0 
Olivine ! 1.! 
Titanoma~netite ! 1.0 
Groumb,ass [ 64.2 
~orph. index [ 35.8 

80-02  ! 80-05 

Si02 47.89 ! 48.15 
A1203 17.31 ! 18.24 
Fe203 3.54 ! 3.32 
FeO 6.99 ! 6.64 
MnO 0.18 ! 0.17 
5~0 5.60 ! 4.96 
CaO 10.39 ! 10.22 
Na20 3.93 ! 4.10 
K20 1.90 ! 1.98 
Ti02 1.72 ! 1.65 
P205 0.55 ! 0.56 

Fe203 t 11.30 ! 10.69 
C.M.F. 27.29 ! 25.87 
K20/Na20 0.483 ! 0.483 

Plagloclase ! 16.8 
Pyroxene ! 7.7 
Olivine I 1.5 
Titanomagnetite ! I.i 
Groundmass I 73.2 
Porph. index ! 26.8 

48.64 
18.44 
2.73 
6.94 
0.17 
4.56 
9.90 
4.32 
2.03 
1.66 
0.60 

10.44 
24.90 
0. 470 

3<5 
6.9 
1.4 
1.4 

61.3 
30.2 

80-06 

48.33 
18.15 
3,52 
6,36 
0.17 

10.20 
4,12 
1.96 
1.66 
0.57 

18.59 
25.75 
0.476 

t 

17.0 
7.0 
2.1 
0.9 
73.0 
27.0 

48.30 
18.25 
3.50 
6.49 
{3.17 
4.79 
10.13 
4.09 
2JY3 
I. 68 
0.59 

10.71 
25.63 
0.4119 

81-07 

48.33 
18.13 
3.27 
6.66 
0.17 
4.85 
10.26 
4.08 
2.02 
1.66 
0.58 

I 

10.67 
25.78 
0.495 

! 

22.0 
5.7 
i.i 
0.8 
70.4 
29.6 

47.50 
17,3t 
4.59 
0.16 
0.19 
5.55 
i0.64 
3.85 
1.89 
1 .73  
0.58 

11.43 
27.62 
0.491 

81-06 

48.11 
17.78 
3 10 
7 .00  
0.18 
5.27 

10.25 
4.05 
2.00 
1.68 
0.58 

10.87 
26.39 
0.494 

47.70 
17.44 
3.72 
6.92 
0.18 
5.57 
10.50 
3.82 
i .08 
1.72 
0.54 

11 .%1 
27.48 
0.492 

17.5 
7.9 
3 .0  
q.1 
70.8 
2%2 

81-05 

48.09 
17.72 
3.51 
6.64 
0.18 
5.38 

10,37 
3.94 
1.93 
1.67 
0.56 

I 

10.89 
26.64 
0.490 

r 

24.3 
6.7 I 
1.8 F 
1.0 T 

66.2 r 
33.8 I 

47.51 
16.78 
4.56 
6.45 
0.18 
5.90 
10.66 
3.67 
2.03 
I 71 
9.54 

11.72 
28.26 
0.553 

ii.I 
8.1 
3.1 
1.2 

76.5 
23.5 

83-01 

47.72 
16.98 
3.60 
7.02 
0.18 
5.97 
10.59 
3,76 
1,92 
1.72 
0.54 

11.40 
27.96 
0.511 

47.78 
17.17 
3.85 
6.67 
0.18 
5.81 

10.55 
3.91 
1.85 
1 .70  
0 .53  

11.26 
27.62 
0.473 

24.0 
12,2  

2 .8  
1.2 

59.8 
40.2 

83-03 

47.63 
16.94 
3.67 
6.99 
0,18 
5.96 

10.68 
3.80 
1.91 
1.72 
0,53 

f 

11.43 
28.07 
0 .503  

47.48 
17.27 
4.42 
6.38 
0.18 
5.66 

10.65 
3.70 
1.91 
1.72 
0.54 

11.51 
27.02 
0.504 

83-05 

47.72 
16.87 
3.33 
7.35 
0.18 
5.98 
10.64 
3.74 
1.92 
1.73 
0.54 

I 

11.50 
28.12 
0.513 

T 28.2 
1 13.9 
I 3.6 

2.1 
I 52.2 

47.8 
I 

78-5l 

47.92 
17.29 
3.53 
7.11 
0.18 
5.35 

10.39 
4 .07  
t.92 
1.69 
0.55 0.54 

11.43 11.62 
27.17 27 96 
0.472 0.531 

20.7 15.4 
10.0 9.7 
2.4 2.1 
1.9 1.4 

65.0 71.4 
35.11 28.6 

83-09 83-15 

47.75 47.77 
17.02 16,94 
3.27 3,34 
7.38 7.28 
0.18 0.18 
5.81 5.83 
I0.60 10.59 
3.80 3.87 
1.92 1.93 
1.72 t.72 
0.55 0.55 

T 

11.47 11.43 
27.88 27.85 
O.505 0.499 

1 ( 

t 
T T 
T 

1 

79-07 79-96 

47~54 47.97 
12.01 17.25 
4.35 4.13 
6.54 6.45 
0,18 0.18 
5.61 5.35 
10.73 10.43 
3.77 4.06 
2.00 1.92 
1.73 1.71 

0.54 

11.30 
27.08 
0.473 

20.6 
8.1 
1.5 
1.2 

6~{ • 6 
31.4 

83-22 

47.76 
17.07 
3,09 
7.47 
0.18 
5.76 

10.59 
3.88 
i .92 
i .73 
0,54 

ii .39 
27.74 
0.495 

30.5 
12.2 I 

! 3.1 1 

1.9 
I 52.3 1 
I 47.7 
r 

47.94 
17.59 
3.24 
7,16 
0.18 
5.38 
10.45 
4.00 
1.86 
i .67 
0.53 

11.20 
27.03 
(1.465 

83~26 

47.56 
17.13 
3.21 
7.39 
0.18 
5.89 
10.55 
3.88 
1.94 
1.73 
0.54 

11.42 
27.86 
0 .500  

48.17 
17.78 
3.35 
6.75 
0.18 
5.24 
10.28 
4.04 
1.98 
1.67 
0.56 

10.06 
26.38  
0.490 

83-35 

47.70 
17.01 
3.22 
7.42 
0.18 
5.78 
10.63 
3,87 
1.90 
1.73 
0.54 

11.46 
27.87 
0.491 

47.97 ! 
17.24 ! 
3.85 ! 
6.73 ! 
0.18 ! 
5.55 ! 
10.40 
3.89 ! 
1.91 ! 
1.71 ! 
0.55 

11.33 ! 
27 28 ! 
0.491 ! 

! 

t 
! 

t 

! 

84-12 [ 

47.88 ! 
16.95 ! 
3.44 ! 
7.25 ! 
0.18 ! 
5.65 I 
10.56 ! 
3.89 ! 
1.90 ! 
1,75 ! 
0,54 ! 

11.49 ! 
27.70 ! 
O.488 

t ! 
, ! 

! i 

, i 

77-01, scoria from the beginning of NE Crater eruption, 16 July 1977. 
77-02, compact bomb erupted at  16.30, 16 July 1977. 
77-05, air quenched specimen of lava flow at  vent, N slope of NE cone, 20 July. 
77-14, flow from 14 August eruption. 
78-01, very vesicular scoria from Jan. 7, 1978 eruption. 
78-03, last flow from NE Crater, March 1978. 
78-07, early flow from the upper part  of SE fissure near 3000 m a.s.l., 29 (?) April 1978. 
78-09, flow from SE hornito (2880 m a.s.1.), May 1978. 
78-18, overflow from SE Crater toward Padella, 26 August 1978. 
78-51, flow from SE fissure in Valle del Bore (1800 m a.s.1.), Nov. 1978. 
79-07, early flow from upper part  of SE fissure, 3 August 1979. 
79-06, lava flow near Fornazzo, from E fissure in Valle del Bove, 4 August 1979. 
79-02, flow from NE << 1928 >> fissure above Citelli refuge, 6 August 1979• 
80-04, lave lump from Central Crater Chasm, mid-April 1980. 
80-01, scoria from SE Crater, 3 May 1980. 
80-02, scoria from SE Crater, 3 June 1980. 
80-05, flow from NE Crater, 1 Sept. 1980. 
80-06, flow from ME Crater, 6 Sept. 1980. 
81-07, first flow emitted at the upper par t  of NNW fissure (2550 m a.s.l.), 17 March 1981. 
81-06, main flow from NNW fissure (1400 m a.s.1.), 17 March 1981, sampled near Montelaguardia. 
81-05, late flow from the lower part of the NNW fissure (1180 m a.s.1.), 22 March 1981. 
83-01, front of the first flow erupted from the South flank fissure (2400 m a.sl.), morning of 28 March 1983. 
83-03, front of a flow near Sapienza refuge, emitted on the evening of 28 March at  2300 m a.s.1. 
83-05, air quenched specimen at  the main lava vent  (2300 m a.s.1.), night  31 March/1 April. 
83-09, same conditions as above, 16 April. 
83-15, partly quenched (?) specimen, 1 May. 
83-22, water quenched specimen, 14 .June. 
83-26, air quenched specimen, 20 June. 
83-35, air quenched specimen from a resurgent flow near Sapienza refuge, 7 July. 
84-12, partly water quenched lava flow at venk E slope of SE Crater, 5 June 1984. 
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TABLE 2 - Representative EPMA (Electron probe microanalyses) of olivines from 1983 lavas. 
Ph, phenocrysts (c, core; r, rim); mPh, microphenocrysts; m, microlites. 

! Ph ! Phc Phc Ph 
! 

Si02 ! 40.22 ! 39.54 38.46 38.48 
FeO ! 17.43 ! 17.63 25.09 22.75 
MnO ! 0.32 ! 0.55 0.50 0.29 
MGO ! 42,89 ! 42.59 36.34 38.82 
CaO ! 0.26 ! 0.27 0.45 0.29 
Total !101.11 !I00.57 !100.84 !100.65 
Mg/Mg+Fe ] 81.5 ! 81.3 ! 72.2 ! 75.4 

cations ! 2.993 ! 3.001 ! 2,976 ! 3.005 
] I ! ! 

Ph mPh ! mPh ! m 
! ! 

38,19 38.39 ! 37.46 ! 37.29 
23.38 26.27 ! 28.06 ! 30.38 
0.62 0.64 ! 0.50 ! 0.82 

36.89 34.61 ! 33.17 ! 32.05 
0.37 0.78 ! 0.53 ! 0.57 

99.45 !100.69 ! 99.72 !i01.Ii 
73.9 ! 70.3 ! 68.0 ! 65.5 
2.996 ! 2.988 ! 2.994 ! 2.999 

m ! 
! 

36.40 I 
34.46 ! 
0.68 ! 

27.20 ! 
0.74 ! 

99.48 ! 
58.6 ! 
2.985 ! 

elements, excepted FeO, were determined 
by XRF spectrometry (Lab. de P~trologie 
min~ralogique, Univ. de Paris VI) using 
the BCR-1 standard. In Table 1, the 
analyses are recalculated to 100% on a 
water-free basis. 

The mineralogy of various 1977-1983 
(84) samples has been investigated using 
methods described in CLOCCHIATTI and 
M_ETRICH ( t h i s  volume). Electron-probe 
microanalyses (EPMA) of minerals were 
performed on CAMEBAX microprobes at 
Paris-Sud and Paris VI universities. EPMA 
of C1 and S were carried out as indicated 
in BIZOUARD et hi., 1982. The tempera- 
ture of trapping of some glass inclusions 
was determined by means of a heat- 
ing stage under opt ica l  microscope 
(CLOCCHIATTI, 1975; CLOCCHIATTI a n d  
1VIETRICH, t h i s  volume). 

MINERALOGY 

As previously reported (e.g. TANGUY, 
1980) the mineralogy of Etna historic 
lavas is quite uniform; the same holds 
true for the 1977-1983 period. The most 
significant variations result from differ- 
ences in the relative proportions of 
nearly identical mineral phases and in the 
total phenocryst content of the lavas 
(porphyritic index). These will be 
discussed together with the chemical 
analyses (whole-rock cheniistry section). 

The general description given below 
mainly pertains to the 1983 lavas, but it 
may be extended to all the samples 
studied. Crystals larger than 0.2 mm are 
termed phenocrysts, those between 0.2 
and 0.01 mm are microphenocrysts, 
<0.01 rnm are microlites. 

TABLE 3 - Representative EPMA of pyroxenes. 

Ph ! Ph m ! 
! ! 

Si02 49.96 ! 49.66 
Ti02 1.07 ! 1.12 
A1203 4.59 I 5.07 
FeO 6.13 ! 6.62 
MnO 0.11 ! 0.05 
MgO 15.06 ! 14.37 
CaO 23.19 ! 22.80 
Na20 0.35 ! 0.30 
Cr203 - ! 0.27 
Total !100,45 2100,35 

Mg ! 43.0 ! 41.9 
Fe ! 9.7 ! 10.7 
CB ! 47.3 ! 47.4 

Mg/Mg+Fe ! 0.816 ! 0.796 

Ph Ph ! mPh 

48.71 50.71 ! 48.10 
1.45 1.37 ! 1.73 
5.15 4.18 ! 5.74 
7.55 8.28 ! 8.82 
0.19 0.31 ! 0.17 

13.86 13.61 ! 12.67 
22.75 21.35 ! 22.07 
0.31 0.60 ! 0.71 

, - . - ~ 0 . 0 1  

99.98  i100 42 i100.01 

40.4 ! 40.7 ! 38.0 
12.2 ! 13.7 ! 14.7 
47.4 ! 45.6 ! 47.3 

0.768 ! 0.747 ! 0.721 
T ! ! 

mPh mPh ! m 
! 

45.80 48.55 ! 48.33 
2.48 2.24 ! 1.90 
7.17 4.83 ! 6.27 
9.22 10.34 ! 11.13 
0.15 0.41 ! 0.24 

11.97 12.42 ! 11.55 
22.17 21.35 ! 20.14 
0.46 0.53 ! 0,76 

99.42 !100.68 !I00.31 

36.3 ! 37.2 ! 36.0 
15.6 ! 17.2 ! 19,3 
48.1 ! 45.6 ! 44.8 

0.700 ! 0.684 ! Oo651 

44.32 ! 
3.90 ! 
9.05 ! 

11.99 ! 
0.18 ! 
9.00 ! 

19.60 ! 
0.94 ! 
- ! 

99.01 
T ! 

30.3 ! 
22.5 ! 
47.2 ! 

0.575 ! 
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Olivine (Table 2) 

In the 1983 lavas, olivine is present as 
scarce, fractured phenocrysts Fo 82-75, 
often forming agregates (samples 83-01 
and 83-15), and more frequently as micro- 
phenocrysts Fo 75-68, having a rather 
homogeneous composition (Fig. la  and 
lb). The phase observed at the eruption 
temperature (1073°C, see below: 1983 
flank eruption lavas) is an olivine Fo 68.5. 
In water quenched specimens (83-22), this 
olivine corresponds to modal micropheno- 
crysts and microlites larger than 50 
microns. Under natural cooling conditions, 
however, microlites and the outer rims of 
phenocrysts can reach Fo 58. 

This evolution trend may be found in 
all the samples studied for the period 
1977-1983, and also for a 1984 lava flow 
from the SE crater (84-12). Sometimes, a 
slight reverse zoning (Fo 74 to Fo 76) is 
observed especially in microphenocrysts, 
where inclusions are also frequent: they 
consist of glass, spinel, plagioclase, pyrox- 
ene, apatite, sulphides. 

w o  

[ V V r ~  V V 
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WO 
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Clinopyroxene (Table 3) 

Clinopyroxene forms abundant 
euhedral phenocrysts and contains 
numerous crystalline or glass inclusions. 
They are salites (Fig. 1) showing slight 
variations that seem related to sector 
zoning (e.g., rims of the most magnesian 
crystals En 43.0 Fs 9.7). Usual composi- 
tions range from En 40 Fs 12 to En 39 Fs 
15. Ratios Mg/Mg+total Fe are between 
0.816 and 0.690 and more frequently 
around 0.750. The Mg/Mg+Fe ratios cover 
the same range as olivine, suggesting that 
equilibrium has been reached for the two 
phases during crystallization. 

For samples cooled under natural condi- 
tions (e.g., 83-01), microlites and outer 
rims of phenocrysts reach En 30.3 Fs 22.5 
and, on occasion En 20.5 Fs 32 (Fig. 1). 

The composition En 40 Fs 12 to En 32 
Fs 15 is rather representative for pyrox- 
enes of the 1977-1983 (84) period (Fig. 2). 
A detailed study (s. 83-22, water 
quenched) suggests that the compositional 

FIG. 1 - Composition of ferromagesian sili- 
cates in 1983 lava flows (above) and other flows 
from the 1977-83 period (below). 83-01 is a 
slowly cooled flow, 83-22 is a water quenched 
specimen at the lava source. Note the slightly 
more forsteritic olivine 78-07, which is the most 
basic lava of the period, through having 
the highest KfNa ration (see whole-rock 
chemistry). 

range for all samples of this period may 
be found within a single crystal (Fig. 3). 
Mineral inclusions in pyroxenes have also 
been analysed. Plagioclase is present 
either as euhedral or rounded grains, both 
containing glassy inclusions usually 
trapped during the last stages of crystalli- 
zation; euhedral crystals are 400 to 600 
microns in length and have a composition 
of An 85-45, rounded grains are An 65-55 
and smaller than a few tens of microns in 
size. Other minerals are also included in 
pyroxene: olivine Fo 75-69, oxides and 
apatite. 
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Fe O F~203 ~:a 

~G. 2 - 1Vfineralog7 of a 1984 flow from SE 
crater. Solid squ~e8, o f f . e ;  open squares, 
plagioclases; dots, pyroxenes; stars, magnet- 
ites. 

sodic compositions depending of the crys- 
tallinity, related to the cooling rate. For 
slowly cooled samples (nat~tral condi- 
tions), microlites and the outer rims of 
phenocrysts may reach An 40-35, while in 
a water quenched sample at 1073°C (83- 
22) the crystallization stops at An 55. I t  is 
inferred, therefore, that  this phase is in 
equilibrium with the magma at 1073 ° C 
(Fig. 4). 

In all the 1977-1983 lavas, the first 
plagioclase to appear is a bytownite An 
85-80. Anorthite An 92-90 has been found 
in one 1983 specimen, but may represent  
a xenocryst. In some samples, a bimodal 
distribution o f  compositions may corre- 
spond to the glass-rich cores and inclu- 
sion-free zone described above. 

Iron Titanium Oxides (Table 5) 

Oxides are titanomagnetites Usp 39.5 to 
34.5, that  exist as euhedral or rounded 
microphenocryst, or as thin overgrowth in 
pyroxene, of which only one analysis has 
given a composition of Usp 20. 

Plagioclase (Table 4) 

Plagioclase phenocrysts barely exceed  
one millimeter in their largest dimension. 
The exhibit a core containing abundant 
glass inclusions and a surrounding zone 
some tens of microns large, free of inclu- 
sions. Glass-rich cores An 85-75 and the 
outer zones range from An 75 to more 

Oxides are represented by titanomagnet- 
ites, as either isolated microphenocrysts 
or agregates. They also occur as inclusions 
in olivine (from Fo 75) and in salitic pyrox- 
ene. Oxides frequently are associated 
(95% of the observed examples) with 
ferromagnesian silicates, which provide 
nucleation. This explains their abundance 
as inclusions in olivine and pyroxene 
phenocrysts. 

Early crystallized titanomagnetites are 
A1 and Mg rich, with an average composi- 
tion of Usp 30. They become richer in Ti  
and poorer in A1 and Mg as crystal sizes 
decrease, with a composition around Usp 
40-45 (Fig. 5). 

TABLE 4 - Representative EPMA of plagioclases. 

! P i t " !  Ph ! Ph ! Ph ! Ph 
! ! [ ! ! 

Si02 ! 46.05 ! 47.52 ! 48.23 ! 48.20 ! 48.10 
A1203 ! 33.95 ! 32.80 ! 32.99 ! 32.76 ! 32.43 
Fe203 ! 0.53 ! 0.78 ! 0.63 ! 0.77 ! 0.67 
CaO ! 18,80 ! 16.72 ! 16.45 ! 16.35 ! 16.09 
Na20 ! 1.00 ! 1.71 ! 2.06 ! 2.16 ! 2.31 
K20 ! 0.09 ! 0.14 ! 0.20 ! 0.25 ! 0.24 
Total !100.45 ! 99.67 !100.56 !100.49 ! 99.84 

! ! ! ! ! 

An ! 90.78 ! 83.76 ! 80.63 ! 79.61 ! 78,33 
Ab ! 8.79 ! 15.49 ! 18.26 ! 19.06 ! 20.38 
Or ! 0.57 ! 0.89 ! 1.24 ! 1.47 ! 1.42 

cations! 5.00 ! 4.98 ! 5.00 ! 5.00 ! 5.00 
! ! ! ! ! 

Ph 

49.20 
32.08 
0,75 

15.03 
2.56 
0.24 

99.88 
T 

75.38 
23.25 
1.51 
4.99 

t 

! mPh ! mPh m ! m ! m ! m ! 
~ ! ~ ~ ! 

! 50.82 ! 50.93 53.70 ! 55.11 ! 56.46 ! 58.03 ! 
! 31.20 ! 30.34 28.48 ! 27.46 ! 26.77 ! 25.11 ! 
! 0.88 ! 1.02 0.97 ! 0.96 ! 0.87 ! 1,40 ! 
! 13.84 ! 13.93 11.61 ! 10.35 ! 9,68 ! 7.83 ! 
! 3.35 ! 3.65 4.71 ! 5.20 ! 5.41 ! 6.02 ! 
! 0.31 ! 0.34 0.68 ! 0.74 ! 1.02 ! 1.52 ! 
!100.40 !100.21 !100.16 ! 99.82 !100.20 ! 99.90 ! 
! ! ! ! ! ! ! 

! 68.37 ! 66.62 ! 55.52 ! 50.22 ! 46.89 ! 38.23 ! 
! 29.89 ! 31.53 ! 40.71 ! 45.60 ! 47.34 ! 53.05 ! 
! 1.88 ! 1.99 [ 3.91 ! 4.31 ! 5.90 ! 8.85 ! 
[ 4.99 ! 5.01 ! 5.01 ! 5.00 ! 4.99 ! 4.99 ! 
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TABLE 5 - Representative EPMA of magnetites. Fe203 and FeO calculated by assuming 
stoechiometry. 

Si02 
T±02 
A1203 
FeO 
Fe203 
MgO 
CaO 
Cr203 
MnO 
Total 
% USP 

! m mPh mPh 

! 0.19 0.12 0.i0 
! 7.30 11.80 12.51 
! 7.76 6.41 6.44 
! 28.57 34.35 35.22 
! 47.72 41.37 39.96 
! 6.42 5.47 5.36 
! 0.52 0.19 0.04 
! 0.45 0.i0 0.Ii 
! 0.64 0.52 0.49 
! 99.58 !100.33 !100.24 
I 20 ! 31.7 ! 33.5 

mPh mPh ! mPh m m 
! 

0.22 
12.77 
5.83 

34.47 
39.79 
5.91 
0.05 
0.01 

0.12 ! 0.21 
13.45 ! 13.74 
6.11 ! 6.16 

36.71 ! 37.55 
37.60 ! 36.63 
4.91 ! 4.45 
0.07 ! 0.03 
0.07 ! 0.01 

0.43 
99.46 
34.8 

0.40 ! 0.51 
99.55 ! 99.29 
36.7 ! 37.7 

' ! 

0.13 0.17 
14.16 14.57 
5.32 6.34 

37.81 37,59 
36.82 35.83 
4.34 5.08 
0.07 0.31 
0.20 0.17 
0.61 0.58 

99.45 !100.64 
38.7 ! 39.1 

Crystallization Temperature 
of Phenocrysts 

The phenocrysts crystallization temper- 
ature has been estimated by determining 
the homogeneization temperature of 
trapped glasses (see below), using a heat- 
ing stage under microscope. Because the 
phenocrysts are strongly cracked (thermal 
fracturing) and/or contain large amounts 
of glass, they are often broken during 
heating. A temperature of 1172 _20°C has 
been found for an olivine Fo 75, while 
various plagioclases of composition An 80- 
60 have given results between 1168 and 

AhS0 

2~eO T~O2 

83.22 

Ab EP Fs O 
o e a r F F O ~2Q3 F 

FIG. 3 - Composition of a single pyroxene 
crystal and related mineral inclusions. 83-22 
quenched lava. Symbols as in Fig. 2. 

1140 (--+20)°C. As the crystallization of 
salitic pyroxene appears very close to that 
of plagioclase, similar temperatures are 
also probably valid for this mineral. A 
lower limit for intratelluric crystallization 
is given by the 1073°C value, which is the 
eruption temperature of the lava 
measured in the field (see below: 1983 
south flank lavas). 

Groundmass 

Because of the particular sampling 
conditions (quenching at the vent, pyro- 
clast or surface of flow), the mineral above 
described are embedded in a more or less 
homogeneous glass. Microlites, close in 
size to microphenocrysts, are scarce and 
sometimes lacking. Therefore, typical 
groundmass minerals (alkali feldspar and 
felspatho'ids; TANGUY 1966, 1980) do not 
crystallize. The composition of the glass is 
discussed in the following section. 

INTER- AND INTRA-CRYSTALLINE 
GLASSES 

Glasses included in minerals during 
their growth and residual glasses from the 
groundmass of five 1983 samples (and 
also 84-12) have been studied by electron 
microprobe. Chlorine and sulphur have 
been determined on the various types of 
glass from the 1983 eruption. 
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FiG. 4 - Composition of 1978-83 plagioclases. 

Residual Glasses (Table 6) 

The composition of each residual glass 
has been compared to that of the corre- 
sponding whole-rock (Fig. 6). The whole 
rock composition is akin to that of an 
alkaline basalt (JORON and TREU1L, in 
preparation), whereas residual glasses 
range from trachybasalt (hawaiite) (83-05, 
83-21, 83-22, 84-12) to trachyte (83-01), 
through trachyandesite (mugearite) (83- 
15). This evolution is linked to the cooling 
history. Samples 83-22 and 84-12, which 
contain the less evolved glass, were water 
quenched from 1073 and 1076°C, respec- 
tively. 83-05, 83-21 and 83-15 were air 

TABLE 6 - EPMA of average groundmass 
glasses. 

Si02 
Ti02 
A1203 
FeO 
~igo 
CaO 
Na20 
K20 
MnO 
Total 
8" 
CI* 

83-22 ! 83-21 
! 

50.04 ! 49.34 
2.03 ! 2.20 

16.35 ! 16.07 
10.42 ! 10.64 
3.12 ! 3.10 
7.04 ! 7.14 
5.51 ! 5.43 
3.64 ! 3.87 
0.21 ! 0.18 

98.36 ! 97.97 
400 ! 410 
1680 ! 1800 

! 

83-03 

50.01 
2.06 

16.32 
10.19 
2.97 
7.09 
5,51 
3.98 
0.23 

98,36 

i 

83-15 83-01 

49.58 50.18 
2.34 2.18 

15.79 16.18 
10.45 10,70 
2.46 1.80 
7,22 5,78 
6.22 7.05 
4.44 5,02 
0.24 0.37 

98.72 ! 99.26 
! 435 1 
! 2870 i 

i ! i 

84-12 

50.06 
2.17 

16.41 
i0.30 
3.22 
7.46 
5.47 
3.51 
0.18 

98.78 

quenched and 83-01 has been taken at a 
lava front slowly cooled in natural condi- 
tions. 

Figure 6 shows that Mg/Mg+Fe ranges 
from 0.550 to 0.375 during the intratellu- 
ric stage of crystallization (within the erup- 
tive channel) and by the same order of 
magnitude (0.375 to 0.250) after the lava 
effusion, depending on the cooling rate. 
During crystallization the alkali content 
increases almost linearly by a factor of 1.4 
to 1.5, the K2 O/Na20 ratio being nearly 
constant (0.7). Thus, if crystal fractiona- 
tion concentrates alkalis in residual glass, 
it cannot account for a K/Na increase of 
the magma (see below, K20 enrichment 
during the last decade). 

Calculations of crystal fractionation by 
the least squares method (WRIGHT and 
DOHERTY, 1970) demonstrate that the 
residual glass from specimen 83-22 can be 
obtained from the whole rock composition 
by substracting 45.5% phenocrysts by 
weight, of which 24.9o/0 plagioclase (An 
78.8 Or 0.7), 12.3% pyroxene (En 41.4 Fs 
12.2), 5.3% olivine (Fo 76.6), 2.90/0 titano- 
magnetite (Usp 39). This is in general 
agreement with the modal analyses 
presented in Table 1; the small discrepan- 
cies observed probably result from the 
mineral compositions used for the compu- 
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Fie. 5 - Composition of magnetites. Solid 
diamonds, olivine trapped crystals; open 
triangles, microphenocrysts and microlites. 

tations. In slow cooling conditions (83-01), 
the crystal content reaches a maximum of 
54.3o/0 of the whole rock, as calculated by 
the same least squares method. 

Glasses Included in Crystals (Table 7) 

A detailed study of mineral inclusions 
in pyroclasts from the 1669 (Monti Rossi) 
and 1892 (Monti Silvestri) eruptions has 
been made and results are reported 
elsewhere (CLOCCHIATTI and METRICI~ 
this volume). In the present  paper, only 
the 1983-84 samples will be considered. 

Glass inclusions have been analysed in 
olivines Fo 75, salites, plagioclases An 80- 

65, titanomagnetites Usp 30. Data  are 
against the Kuno solidification index (S.I. 
= MgO/MgO + FeO + Na2 0 + K2 O) and 
compared to the compositions of whole 
rocks and residual glasses (Fig. 7). The 
included glasses (filled circles) fall 
between S.I. = 18-12. Some points (from 
oxides, olivines, and a few pyroxenes) are 
located along the line (AB) joining whole 
rocks to residual glasses, while others 
(mainly from plagioclases) fall an another 
line AC. This means that  plagioclase 
become enriched in alkalis and depleted 
in Ca and Al, thus indicating growth at the 
expense of the included liquid. The 
phenomenon can be easily observed 
under optical microscope. 

By comparison with inclusions in miner- 
als of 1669-1892 pyroclasts, there is a gap 
between S.I. = 28 and 18. This may result 
from the scarcity of olivine more magne- 
sian that  Fo 75 in 1983-84 lavas, perhaps 
indicating crystal settling. 

Volatile Components 

Chlorine and sulphur have been deter- 
mined in mineral trapped glasses and 
residual glasses from 1983 lavas. Although 
K2 0 has been found to have an unusual 

N~20 ~5 

21 22 84.|2 

25O 300 Ze~ , 400 450 500 550 

FIG. 6 - Alkali content of groundmass glasses versus Mg/Mg+Fe. Stars indicate the average 
whole-rock composition of 1983 samples (solid) and that of 84-12 (open); asterisks, glassy ground- 
mass of 1984 (March), lava flow, water quenched sample; solid dots, glassy groundmass of 1983 
(June) lava flow 22 water quenched sample, 21 and 5 air quenched samples, 15 and 1, natural cool- 
ing, scoria and lava flow. 
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! 83 OX 
! 

8i02 ! 49.42 
Ti02 ! 1.92 
A1203 ! 16.71 
FeO ! 10.63 
MgO ! 3.70 
CaO ! 8.32 
Na20 ! 5 .30  
K20 ! 3.06 
MnO ! 0.21 
Total ! 99.32 
S* ! 970 
Cl* ! 2300 

! 

TABLE 7 - EPMA of crystal trapped glasses. 

83 OX ! 83 PL ! 83 PL 
! ! 

50.79 ! 48,84 ! 48.92 
1.71 ! 2.00 ! 1.78 

16.39 ! 16.35 ! 17.17 
9.05 ! 10.24 ! 9.01 
3.76 ! 3.05 ! 3.08 
8.66 ! 6.86 ! 7.24 
5.61 ! 5.42 ! 7.43 
2.94 ! 3.52 ! 3.63 
0.23 ! 0.26 ! 0.14 

99.14 ! 99.54 ! 98.38 
- ! 710 ! 800 
- ! 2190 ! 1950 

! ! 

83 PX ! 83 PX 
! 

50.43 ! 50.60 
1.65 ~ 2.34 

! 17.32 
9.55 ! 10.88 
3.14 ! 2.66 
6.33 ! 6,67 
6.18 ! 5.50 
2.59 ! 2.72 
0.09 ! 0.17 

98.31 ! 98.86 
810 ! - 

2080 ! - 
I ! 

83 OL 

48.71 
2.60 

16.36 
10.94 
2.21 
8.81 
5.80 
2.65 
0.07 

98.15 
1200 
1930 

83 OL !! 84 OL 
!! 

48.77 !! 48.80 
2.27 !! 1.68 

17.16 !! 17.38 
11.49 !! 11.13 
2.14 !! 3.61 
8,78 !! 8.72 
5.86 !! 5.87 
2.60 !! 2.06 
0.21 !! 0.19 

99.28 }!100.44 

!! t 

84 OL 84 PL 

49.24 49.12 
1.67 2.06 

17.54 16.17 
ll.15 lO.51 
3.41 4.34 
8 . 6 8  6.08 
5.92  5 .52  
2 .06  4 86 
0.20 0.17 

99.88 98.82 

84 PL ! 84 PX 
! 

49.11 ! 52.31 
2.03 ! 2.82 

16.87 ! 17.08 
9.66 ! 8 . 1 2  
3.43 ! 2.68 
5.90 ! 6.52 
6.69 ! 5.47 
5.51 ! 2.82 
0.28 ! 0.15 

99.49 ! 97.42 

! I 

84 PX ! 
! 

52.30 ! 
2.70 ! 

16.93 ! 
7.44 ! 
2.93 ! 
6.93 ! 
5.58 
3.36 ! 
0 . 1 8  

98.35 ! 
! 

* ppm 

behaviour in lavas of the 1977-1983 period 
(see whole-rock chemistry), potassium 
does not show any significant variation 
throughout the 1983 eruption (Table 1). It 
can be used, therefore, as a tracer of the 
differentiation of the liquid during the 
final stage of crystallization (Figs. 6 and 
7). As for the 1669-1892 eruption (CLOC- 
CHIATTI and METRICH, this volume), there 
is a negative correlation between S and 
t{2 O as crystal fractionation proceeds, the 
S values ranging from 1200 ppm in inclu- 
sions trapped in olivine to 400 ppm in the 
groundmass. Conversely, chlorine seems 
to exhibit a rather magmaphile behaviour. 
The gradual loss of sulphur leads, there- 
fore, to a steady decrease of S/C1 ratio 
during crystallization of the liquid. 

Various cooling rates (leading to more 
or less important groundmass, see above) 
do not seem to affect sulphur content in 
the groundmass glass. However, the effect 
is important on chlorine, whose concentra- 
tion varies from 1680 to 2800 ppm. 

If the volume of 1983 lava, the sulphur 
content before degassing and that of 
partially degassed groundmass are known, 
it is possible to calculate the gas budget 
for this component. Although the content 
of primary liquids has not been measured 
in the 1983 lavas, it can be approximated 
by extrapolating the straight line of 
sulphur decrease (ROSE et al., 1982). The 
extrapolated value is 1500 ppm (Fig. 8), 
according to a K2 O content of about 2% in 
the magma. If the 1500 ppm value is 
representative of the initial S content of 

the 1983 lavas, these have been degassed 
by as much as 73% By assuming a total 
amount of lava around 70x106 m s 
(TANGUY and PATANE, this volume), corre- 
sponding to 18 X 107 tons of magma (d-- 
2.6), then 20 x 104 tons of sulphur should 
have been emitted during the 130 days 
long eruption, i.e. 1500 tons/day, or 3000 
t/d SO2. This result is of the same order 
of magnitude as those obtained by direct 
measurements (HAULET et  al., 1977; 
MALINCONICO, 1979) and confirms the 
considerable amounts of sulphur emitted 
by Mount Etna. 

WHOLE-ROCK CHEMISTRY 

As previously observed (TANGUY, 1973, 
1980), there has been no distinct varia- 
tions as a function of time within single 
eruptions of the period 1971-1976. Rela- 
tively large differences, however, were evi- 
dent between lavas erupted even contem- 
poraneously on different parts of the 
volcano: 1971 or 1974 flank eruptions, or 
Central Crater, or North-East Crater 
(Fig. 9). 

For the 1977-1983 lavas, such differ- 
ences are still present, but significant 
variation as a function of time are found 
for some of the eruptions (1977-78 parox- 
ysms of the NE Crater, or 1978-79 flank 
eruption), while other eruptions have 
supplied nearly identical material from 
their beginning to their end (e.g. 1983). 
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FIG. 7 - Glass composition versus Kuno 
solidification index (S.I.). Open circles, ground- 
mass; solid circles, 1983 crystals trapped 
glasses; squares, 1984 crystal trapped glasses; 
stars, whole-rock (solid, 1983; open, 1984). 
Arrows indicate departure from line AB for 
plagioclase trapped liquids (see text). 

1977-78 Lavas [rom the NE Crater 

Lavas erupted from the NE Crater in 
July 1977 are the most  evolved of the 
1971-1983 period (Fig. 9 and Table 1). 
Three analyses performed on pyroclast 
and flow samples from this one week 

eruption show no variation, and a CMF 
index of 24.9. However, a lava flow erupt- 
ed on 14 August during a similar, but 
shorter paroxysm, is distinctly more femic, 
with CMF = 25.6. The same evolution 
apparently continued during subsequent 
eruptions, the CMF reaching 27.5 to 27.6 
in January and March 1978. 

The porphyritic index of these lavas is 
medium, slightly decreasing (38 to 29, 
Table 1 and Fig. 10) with increasing femic 
character (CMF), from July 1977 to March 
1978. It  is interesting to note that  this 
phenocryst content is distinctly lower than 
that  measured for usual <<subterminal 
lavas>> from the same NE Crater (e.g. 
1955-1971), which had commonly 40 to 
500/0 phenocrysts (TANGUY, 1980). This is 
consistent with the 1977-78 eruptive 
behaviour: the magma was intermittently 
and violently erupted from depth by 
short-lived paroxysms; it did not appear to 
be stagnant at high level in the vent as 
during the normal <<persistent activity>> 
(1955-1971). Both petrological and volcan- 
ological characters, therefore, suggest a 
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FIG. 8 - CI (circles) and S (triangles) content 
versus IQO of crystal trapped glasses (open 
symbols) and groundmass glasses (solid 
symbols) in 1983 lavas. Extrapolation of the 
full line enables an estimate initial sulphur 
content in the magma (see text). 
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relatively deep origin (at least several 
hundred meters) for the 1977-78 eruptions 
of the NE Crater. The variation observed 
may be explained by postulating a verti- 
cally zoned magma body from which 
batches were erupted. The most  femic 
and less porphyritic lavas could have 
come from a deeper and hotter layer with 
sufficiently rapid ascent to minimize 
crystal fractionation. 

1978-79 Flank Eruptions 

A lava flow (78-07) produced during the 
earliest stage of the April-June 1978 erup- 
tion on the SE flank shows an even more 
femic composition (CMF = 28.3) and 
lower phenocryst content (230/0). This is, 
indeed, the most  femic and least crystal- 
lized lava of the 1977-1983 period. 

Another remarkable feature is its high 
K20 content, leading to an abnormal K] 
Na ratio for such a femic lava. This value 
is similar, in this respect, to that  found in 
the 1974 West flank lava (TANGUY and 
KIEFFER, 1976). The significance of the 
K2 0 enrichment will be discussed later. 

This anomalous behaviour of K2 0 was 
short-lived. From at least 10 may 1978 
onwards (unpublished analysis on a 
sample given by R. Cristofolini), the 
chemical composition returns to more 
normal values (78-09, 78-18, 78-51), that  
are less femic (CMF = 27.8 to 27.1) with a 
higher phenocryst content (35-400/o). 

The 1979 eruption, which occurred first 
on the SE fissure and then on E and NE 
flanks, produced lava showing the same 
initial K20  anomaly (79-07) as did the 
1978 one. The high K20  content was 
restricted to the earliest, SE flow, on the 
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for whole-rock analyses of 1977-84 lavas. Values of CMF are represented so as the less evolved 
lavas are located downwards. 
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evening of the 3 August. Lavas emitted 
only a few hours or days later on the E 
and NE side (79-06, 79-02) have a lower 
K]Na ratio although they are substantially 
less femic (CMF around 27). 

These observations suggest a complex 
mechanism for the 1978-79 flank erup- 
tions. It seems that they were triggered by 
a ((K20 rich>) intrusion coming from 
depth (more basic with low phenocryst 
content). The deep origin of this magma 
could be attested by its similarity with the 
W 1974 lava, for which a 15-20 km depth 
source has been deduced (TANGUY and 
KIEFFER, 1976). 

1980 Summit Lavas. 1981 North Flank 
Eruption 

The products erupted between April 
and September 1980 in the summit area 
are slightly different, depending on vent 

location: SE Crater (CMF = 27.3), Central 
Crater (CMF = 26.4), NE Crater (CMF = 
25.8). As no temporal variation can be 
detected for each separate center 
(compare samples 80-01 and 80-02, or 80- 
05 and 80-06), it seems likely that  these 
slight differences result from contempora- 
neous tapping at various levels of a zoned 
magma body. It must be pointed out that 
the central, SE and NE Craters are less 
than one kilometer apart from one 
another. 

The earliest and topographically 
highest lava flow from the long (8 kin) 
1981 fissure is practicaUy identical to the 
September 1980 lavas of the NE Crater 
(CMF = 25.8, with 27-29% phenocrysts). 
During the development in space (i.e., 
downslope) and time of the 1981 fissure, 
the lava became slightly more femic 
(CMF = 25.8 to 26.6), with a constant K/ 
Na ratio. This evolution is inverse, 
therefore, from that observed for the lavas 
from the 1978-79 flank eruptions. 
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FiG. 10 - Porphyritic index (a) and pyroxene/ 
plagioclase + pyroxene (b) versus time for 
1977-83 lavas (phenocryst vol %). 

1983 South Flank Lavas 

Despite the over 4 months duration of 
the 1983 eruption and the substantial 
volume of lava emitted (60 to 80 × 106 m 3, 
TANGUY and PATANE, this volume), no 
significant petrochemical variation has 
been observed. The products are decid- 
edly femic (CMF around 28) and by far 
the most porphyritic emitted in the 1977- 
1983 period, the phenocryst content 
reaching almost 50% 

The quiet effusion of lava was excep- 
tionnally favourable for systematic sampl- 
ing and accurate temperature measure- 
ments. Almost all samples were taken at 
the main lava vent and air or water 
quenched (Table 1). The lava tempera- 
~ r e  was measured at 40-60 cm depth in 
the main flow using Pt~PtRh and Chro- 
mel-Alumel thermocouples (detail are 
given in SEAN bulletin, vol. 8, n. 4 to 6, 
1983). Various sets of measurements 
showed a nearly constant temperature of 
1067-1073°C. Although unusually low for a 
basaltic lava, this temperature is 
consistent, however, with the high crystal 
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content observed (temperature of 1070- 
1080°C have been recorded in subter- 
minal flows with the same crystal content, 
see ARCHAMBAULT and TANGUY, 1976). 
The consequent high viscosity of the 
liquid could explain, at least in part, the 
lack of differentiation, by preventing 
crystal settling before the eruption. 

It must be recognized, however, that 
other lavas with low crystal content and 
high temperature of emission (1950, 1971) 
did not show evidence of chemical evolu- 
tion either. As all these lavas are 
obviously not primary magmas (see Intro- 
duction), another explanation could be 
considered, i.e., the fast rise from a deeper 
source where a comparatively large 
volume of melt exists. 

K20 ENRICHMENT OF LAVAS DURING 
THE LAST DECADE 

The most remarkable petrochemical 
feature of the recent lavas lies in the 
abnormal behaviour of K20. This 
anomaly was first noticed for the 1974 
eruption on the west slope and observed 
again in the first 1978 and 1979 outflows 
from the SE fissure. Although these 
products are the most femic of the past 12 
years, they also have the highest K2 0 
content, leading to aberrant K2 O/Na20 
ratio (i.e., increasing with increasing basic- 
ity). Figure 11 shows that while Na2 0 is 
decreasing regulary, as expected, with 
increasing femic character (CMF index), 
K20 remains nearly constant and even 
increases for the most anomalous samples 
(78-07 and 79-07). Such an abnormal 
behaviour of K20 is unknown in all histor- 
ic lavas, as well as in all Etna products 
analyzed so far (Fig. 12). 

In addition to the 1974-1979 samples, a 
steady increase of Ks O/Na2 O is observed 
for all the lavas erupted since 1971 (Fig. 
9). This is clear when comparing the 1983 
and the 1971 lavas which have a nearly 
identical differentiation index (CMF ca. 
28). Such an evolution suggests that the 
((normal >> magma standing in the central 
conduit may have been replaced by a 
more potassic liquid that first erupted 
independently as an eccentric eruption on 
the West slope (1974) (see also variation 
of pyroxene/plagioclase ratio, which 
roughly follows K20/Na20 during the 
1977-1983 period, fig. 10). 

It is not possible, as yet, to understand 
the origin of the (< potassic)> magma. For a 
better approach of the probler~ however, 
the following considerations should be 
kept in mind: 

1) the most potassic lavas were 
produced during violent explosive erup- 
tions, though other strong outbreaks may 
not have produced this particular magma 
(e.g., 1977-78 paroxysms of the NE 
Crater). On the other hand, it is often 
difficult to determine accurately the 
explosivity index of a flank eruption, as 
degassing may occur through the central 
vents; 

2) as previously mentioned, the most 
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preparation) show that  the excess of K is 
linked to an excess of Rb and, to a lesser 
extent, of Cs. The Rb anomaly is particu- 
larly strong and even more sensitive than 
for K, showing a beginning of <( contamina- 
tion>) as early as 1971. It  has been 
suggested that  selective diffusion of I~ Rb 
and Cs from rocks of the basement  may 
account for the anomaly observed (see 
also Watson, 1982). This hypothesis is 
substantiated by the presence of strongly 
altered K-rich inclusions from the Etna 
basement  in some historic lavas (CLOC~ 
CHIATTI and METRICH, this volume). 
However, this does not explain why these 
lavas are not anomalous with respect to K, 
Rb and Cs, nor the fact that  inclusions are 
not especially abundant in lavas emitted 
during the last decade. 

Whatever the cause of the abnormal 
behaviour of the present  etnean magma, 
this example demonstrates the impor- 
tance of an accurate petrological monitor- 
ing of an active volcano. The exceptional 
activity displayed by Mount Etna during 
the past  ten years clearly results from a 
magmatic process that  seems, at the pres- 
ent state of our knowledge to have no 
equivalent in the geological history of the 
volcano. 

FIG. 12 - I~O/Na20 versus CMF of Etna 
lavas (TANGUY, 1980). Rb versus CMF (JORON 
and rI~nu~ ill prep.). Asterisks indicate lavas 
from the last decade, dots represent lavas from 
the whole Etna area, including pre-etnean 
tholeiitic basalts. 

potassic lavas are the most femic and 
have lower phenocryst content. This 
seems to indicate a relatively deep source. 
Particularly, any kind of alkali enrichment 
by upward gaseous transfer must  be pre- 
cluded. It  has been shown, moreover, that  
Na20  follows a normal behaviour; 

3) the potassium enrichment cannot be 
the result of some local process, for all the 
lavas of the past  decade are more or less 
involved. 

New investigations, using trace-element 
geochemistry (JORON and TREUIL, in 
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