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MINERAL CHEMISTRY OF THE CALCALKALINE LAVAS FROM MARSILI
SEAMOUNT (SOUTHEAST TYRRHENIAN SEA): SOME MAGMATOLOGICAL
AND GEODYNAMIC CONSIDERATIONS

Abstraet. Mineral chemistry data from lavas recovered over a large depth interval of the deep-water volcano
of Marsili (Aeolian back-arc, SE. Tyrrhenian Sea) are presented. The volcano is built up by products of
calcalkaline affinity (20 gamples) with the only exception of one outcrop of sub- alkaline, within-plate
basalts in the crestal area. Petrography and mineral chemistry data indicate that the low parts of edifice
consist of basalts which present a porphyritic vesicular texture. Basalt phenocryst assemblages consist
either of plagioclase and little olivine and clinopyroxene (porphyritic index, P.I. about 13%) or of olivine
and scarce pyroxene and plagioclase (P.I. < 5%). The summit area is constructed by andesites which
have a porphyritic texture (P.I. about 15%) with plagioclase and little clino- and ortho-pyroxene and
magnetite. On the whole, the calcalkaline lavas of Marsili have bimodal composition, and consist of basalts
and andesites with, respectively, calcalkaline and high-K serial affinity. The andesites mark a change in
the geodynamic conditions that is reflected by the clockwise rotation of the seamount rifting from the
early NNE-SSW orientation, associated with the extrusion of the basalts, to a dominant tensional regime
trending almost NE-SW. This evolution is discussed in the context of some magmatic- structural features
in the south-east Tyrrhenian volcanic area. The region is characterized by continental arc volcanism migration
from the island of Sardinia, to the central Tyrrhenian Sea, to the Aeolian area.

INTRODUCTION

Marsili volcano is a prominent physiographic feature emplaced (Fig. 1 and inset) in the
Marsili basin, one of the youngest existing deepwater basins. The inception of volcanic activity
in the SE Tyrrhenian Sea occurred in a well-constrained time interval ranging from 1.9 to 1.7
Ma ago (Site 650 of the Ocean Drilling Program) (Kastens et al., 1986; 1988). This magmatism
(Fig. 1) of andesitic-basaltic composition produced the western margin of the deep-seated igneous
crust that surrounds the Marsili seamount (Beccaluva et al., 1990). Similarly to the great volcanoes
Magnaghi and Vavilov, the seamount under study developed on oceanic basement. The deep
basin surrounding Marsili volcano is bounded to the south and east by the tightly concave volcanic
arc of the Aeolian islands and adjoining seamounts (e.g., Barberi et al., 1974; Beccaluva et
al., 1985; Francalanci et al., 1989; Crisci et al., 1991: Francalanci and Manetti, this vol.).
All these volcanic structures rest above a Wadati-Benioff zone. Fig. 2 shows the distribution

of the deep, subcrustal foci of the Tyrrhenian seismogenic zone (Ritsema, 1979; Gasparini
et al., 1982; Anderson and Jackson, 1987; Giardini and Velona, 1991).

Maccarrone (1970) and Keller and Leiber (1974) studied the petrochemical characteristics
of Marsili lavas and tried a comparison with the products from the adjoining volcanic areas,
in particular the Aeolian arc. Selli et al. (1977) provided new lava analyses and datings of
less than 0.2 Ma and discussed some significant tectonic features of the seamount under study.
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Fig. 1 — Bathymetric and tectonic sketch map of the Southeastern Tyrrhenian volcanic region (Aeolian arc and
deep basin of Marsili), modified after Boccaletti et alii (1984 and 1990) and Doglioni (1991). 1, major
normal faults; 2, major strike-slip faults (small arrows indicate the sense of motion); 3, submerged and
4, outcropping volcanic centers (v. islands); 5, present-day slip vector of the Calabrian arc; 6, drill-site
650 of the Ocean Drilling Program; 7 (circled numbexs), main volcanic centers: (1), Isl. of Ustica; (2),
Sisifo smt.; (3), Enarete smt.; (4), Eolo smt.; (5), Isl. of Alicudi; (6), Isl. of Filicudi; (7), Isl. of Salina;
(8), Isl. of Lipari; (9), Isl. of Vulcano; (10), Isl. of Panarea; (11), Isl. of Stromboli; (12), Lametini smt.;
(13), Alcione smt.; (14), Palinuro smt. The region of the deep basin of Marsili is bounded by the important
E-W trending shear zones of the Palinuro located to the north and of the Sicily continental slope to the
south. The strike-slip movements are compensated by the development of prevailing clockwise fault-block
rotations and tectonic structures oriented NE-SW (Boccaletti et al., 1984; Finetti and Del Ben, 1986).

With regard to the tectonism, notable movements of distension and subsidence affected
the Marsili basement (Finetti and Del Ben, 1986; Kastens et al., 1988; Mascle and Rehault,
1990; Wang et al., 1991). The occurrence of tectonic distension on the seamount itself was
documented by the investigations of the R/Vessels Vityaz (1986) and Akademic Mstislav Keldysh
(1988) of the USSR Academy of Sciences (Shorshchikov et al., 1988 and 1990; Savelli, 1993.).

Information about the mineralogical composition of Marsili volcanics may contribute to a
better understanding of the nature of basic igneous crust of back-arc setting emplaced at the
edge of an orogene. Morever, the oceanic crust around the seamount likely precludes assimilation
of continental crust, similar'to that recognized in Aeolian arc volcanoes (e.g., Bargossi et al.,

1990; Peccerillo and Wu, 1992).

This work aims at defining the mineralogy of lavas from Marsili deep-water seamount and
at discussing the magmatic evolution and tecionic context. In particular, the mineral chemistry
data were obtained on nine selected lava samples recovered during the two cruises of the Russian




MAGMATISM OF THE MARSILI SEAMOUNT 311

40

1]
=
<
>
<
[ g
o]
<
w
3
0008
-

® @ <
N ®
® 1  gs0. =
A ° :' ® * m
N

J GLAUCO Smt. MARSILI Smt. <

-l

39 300, <

);)‘/\J\‘“ ° ©

USTICA |

M 7

2

L. zAgo

38

13

Fig. 2 — Distribution of the deep foci in the southern Tyrrhenian seismogenic volcanic area fter Giardini and Velona’
(1991). Depth of foci: 1=100-250 km; 2=250-350 km; 3= > 350 km; 4=main deep-seated structural
discontinuity (from Anchise seamount-Ustica Island to Issel seamount) roughly corresponding to the loci
of the relict volcanic arc of the Pliocene (4-2 Ma?) between the Marsili and Vavilov basins. Triangle =
drili-site 650 of the Ocean Drilling Program.

ships mentioned above. A more comprehensive account of the geochemistry of Marsili volcanites
is given elsewhere (Savelli and Gasparotto, 1994).

TECTONIC SETTING

The main part of the volcano under study is characterized by the presence of linear tensional
faults trending N-S to NNE-SSW (Selli et al., 1977; Finetti and Del Ben, 1986; Sborshchikov
et al., 1988 and 1990; Savelli, 1993). However, the summit exhibits fractures and open fissures
which are NE-SW oriented as a consequence of clockwise rotation of the rifting. The extension
associated with the spreading mechanisms of the top area is in the NW-SE direction, while,
during the early to intermediate periods of volcanic activity in the lower part of the edifice,

it was directed E-W to WNW-ESE.

The igneous basement surrounding the Marsili seamount was affected by notable subsidence
(not less than about 700 m/Ma; Wang et al., 1991). The Marsili area and Aeolian volcanoes
are floored with different types of crust. Indeed, the Aeolian arc is resting on crust of transitional
type which is 15-20 km thick (Morelli et al., 1975; Nicolich, 1981; Boccaletti et al., 1990)

as compared to the 6 km thickness of the oceanic crust of Marsili basin.
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Table 1 — Location of sampling stations and scheme of main petrographic feature of samples from Marsili
seamount.

CA =calcalkaline; HK=high potassium calcalkaline; WP =intra-plate (i.e. ocean island basalt, OIB); OL = olivine;
PL=plagioclase; CPX=clinopyroxene; OPX=orthopyroxene; GL=glass; SP=spinel; ZE=zeolite; CC=calcite;
AMP=amphibole; MT=magnetite; AP=apatite; OP=opaques; ( )=minerals present in small amount;
mp. = microphenocrysts; v.=vesicular; vv.=very vesicular; p.=porphyritic; f. = fragments; a.=aphyric; fl. = fluidal texture;
b. sfl. =below seafloor.
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Two great east-west trending strike-slip zones (Fig. 1) are located to the north and south
of the Marsili deep basin (Boccaletti et al., 1984, 1990; Finetti and Del Ben, 1986; Lavecchia,
1988; Savelli and Schreider, 1991; Locardi and Nicolich, 1992). They are known, respectively,
as the Palinuro volcano and the Sicilian slope lineation zones. Along the northern alignment
is the E-W trending volcanic seamount of Palinuro. Along the southern wide, tectonic lineation
zone, affected by complex strike-slip displacements, are located several volcanic edifices of
the Aeolian arc. The left-lateral motions of the magmato-tectonic lineation zones are associated
with development of prevailingly clockwise fault-block rotations (Doglioni, 1991). Another major
regional (Fig. 1), tectono-magmatic structure is the alignment Lipari-Taormina (Neri et al., 1991).
Along this fracture system, which interrupts the north Sicilian slope E-W trending lineation
zone, are located the central Aeolian volcanic islands of Salina, Lipari and Vulcano, separating
the western sector (Beccaluva et al., 1985) of the archipelago from the eastern one.

The Marsili, its adjacent deep-seated igneous crust and the Aeolian volcanoes have developed
in a tectonic setting of west dipping subduction (Scandone, 1980; Kastens et al., 1990; Mascle
et al., 1990; Doglioni, 1991, 1992; Gasperini 1993). From the geodynamic point of view,
the spreading in the southern Tyrrhenian is compensated by drift (Savelli, 1988; Sartori, 1990)
of the neighbouring oroclines of Calabria and Sicily.

The Marsili deep basin and adjoining Aeolian arc are emplaced above the Tyrrhenian
seismogenic zone (Fig. 2; Ritsema, 1979; Gasparini et al., 1982; Anderson and Jackson, 1987;
Giardini and Velona’, 1991). Fig. 2 shows the distribution of foci deeper than 100 km; the
Benioff zone length is small, about 120 km, with respect to its maximum focal depth, about
500 km. The geometry (Barberi et al., 1974; Anderson and Jackson, 1987; Giardini and Velona;
1991) is, on the whole, anomalous compared with a standard geometry of slab subduction where
a parallelism between volcanic arc and deep foci exists. The dip of the Benioff zone changes
at the depth of about 250 km, its angle of 70° becoming less vertical (45 -50°) at greater depth.

PHYSIOGRAPHY

Marsili seamount is a large volcano, about 55 km long and 25 wide (Fig. 3; Selli et al.,
1977; Puchelt and Laschek, 1986), emplaced in the central sector of a deepwater basin. Fig.
1 shows that the basin, a subcircular, elliptical physiographic feature reaching a water depth
of 3400 - 3500 m, is somewhat elongated in the east-south-east direction, and covers an area
surface of about 8000 km? including the central axial seamount.

The seamount is almost 3 km high, excluding its lowermost portions which are covered
by sediments. The summit reaches the depth of 485 m below sea level (Sborshchikov et al.,
1988); the base lies at depths between 3400 to somewhat less than 3100 m on the northern
edge. This edge is close to the lower continental slope area that surrounds the Marsili deepwater
basin off the coasts of Calabria and Sicily. The overall elongations of the volcano and its two
lateral ridges are the same, all striking approximately N10-20°E. The crestal zone of the seamount
is approximately 20 km long above the 1000 m depth contour, and contains several elevations.
Three clearly different summit areas situated in the southern, central and northern segment
of the shallow axial zone can be recognized from the bathymetric surveys. Overall, the size
of crestal structures increases from south to north. '

The meridional summit area is the smallest. Its top lies at 739 m below sea level and its
length is approximately 2.5 km. The structure is N10-20°E trending parallel to the overall
lineation of the seamount. The central summit area, separated from the former by a saddle
enclosed within the 950 bathymetric line, is the longest (approximately 10 km), and is almost
north-south trending (N5°E) in its central segment. This segment is topped by two elongated
elevations. They culminate at depths of 650 and 639 m, respectively.

The third, northern crestal zone, separated from the adjoining one to the south by the 800
m depth contour, contains the Marsili summit (485 m b.s.1.). Iis overall orientation (Selli et
al., 1977; Sborshchikov et al., 1990) is NE-SW, clearly oblique with respect to the elongation
of the central and southern crestal parts.
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Fig. 3 — Morphology of the Marsili volcanic seamount; bathymetry according to map N. 1602 of the Istituto Idrografico
della Marina. Location of sampling sites. 1 = dredge site of basalts with OIB serial affinity (Station CT69/27
of Selli et al., 1977). Lavas of calcalkaline serial affinity (beta= basalts, alpha= andesites), 2= coring
sites of basalts and angdesitic basalt; 3= dredge sites of basalts and andesitic basalt; 4= sampling sites
of basalts recovered during dive n. 21 of MIR-1 submersible; 5 = coring sites of andesites; 6= dredge
sites of andesites; 7= submersible MIR-2 dive n. 16, sampling sites of HK-CA andesites (near the top).
Dashed lines =fractures in the northern area from Selli et alii (1977), modified according to Puchelt and
Laschek (1986) and Sborshchikov et alii (1990).
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Table 2 — Point count modal analyses of selected samples.

M1-2 M1-3 ~ And
Pl 0.3 16.9 10.1
0l 4.7 (+) (+/—=)
Cpx (+) 2.8 1.3
Opx (=) =) 0.5
Mt ) (—) 0.6
Gms 95.0 80.3 87.5

(+)=scarce; (—)=absent; (+/—)=accidental; M1-2, M1-3: basalts; And=mean
of 3 andesites.

The main axial structure of Marsili (Fig. 3) is flanked by two physiographic highs located
15 km from the axis, to the northwest and southeast. Fig. 3 shows that the lateral lava crests
of the volcano are separated by different depth contours from the main edifice (respectively,
3000 and 3200 m) and that they have different sizes, that located to the northwest being larger
and shallower. The northwestern foothill is 17 km long and lies between 3400 and 2538 m
of depth. On the other side, the lateral ridge to the southeast is 7 km long and its elevation
varies from 3350 to 2964 m. This physiographic feature is more distant from the Marsili axis
compared with its counterpart to the northwest. Another elongated high of about 260 m (3350
to 3088 m) covering an area surface somewhat smaller is situated between the high mentioned
above and the lower rim of the central edifice.

The main bulk of the Marsili volcano is, probably, Late Quaternary in age. The existence
of young eruptive activity on the summit area is indicated by K/Ar dating of less than 0.2 Ma
(Selli et al., 1977), and by Mir dive observations and deep-tow TV and photo images which
show fresh lava surfaces and lack of sediments. The positive magnetic anomaly of high intensity,
which is closely associated with the edifice suggests an age not older than the beginning of
the Brunhes polarity epoch (0.7 Ma) for the volcanites of the seamount (Savelli and Schreider,
1991).

The two small structures bordering the Marsili are probably older than the Brunhes because
of their association with negative magnetic anomalies.

In situ observations from the Mir submersibles shed light on some characteristics of the
lava eruptions and the magmato-tectonic history of the seamount (Sborshchikov et al., 1988,
1990; Savelli, 1993). The pillows are often elongated in shape, and in some places form very
steep, almost vertical "’cascades” of lava tubes. Linear fault scarps, pillow ridges and open
fissures (gjar) occur parallel to the main axial elongation of the seamount; these tectonic features
indicate the presence of active rifting processes. Moreover, it was recognized (Sborshchikov
et al., 1988; Savelli, 1993) that the eruptive products of the summit consist of scoriaceous
flows, whereas pillow lavas form the deep portions of the seamount at water depths greater
than 1000-1100 m. This morphologic change of the lavas seems to be accompanied by a change
of the fault lineations that trend NNE-SSW in the deep- intermediate parts, whereas they have
an anti-Apenninic direction (NE-SW) in the summit area of Marsili.

VOLCANITES

Methods of analyses

Mineral analyses were performed at the ’Dipartimento di Scienze Mineralogiche - Bologna
University”” with a Philips 515 SEM, equipped with an EDS spectrometer. Operating conditions
were 15 kV accelerating voltage, 2 nA sample current, and 100 live seconds counting time.
A wide range of natural mineral standards (kindly supplied by the USMN, Washington D. C.;

Jarosewich et al., 1986) was used to minimize matrix effects.

Major and trace elements were analyzed at the "’Service d’Analyses des Roches et Mineraoux
du CNRS, CRPG, Vandoeuvre-les-Nancy, France” with plasma spectrometry (Govindaraju and
Mevelle, 1987).
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Fig. 4 — Ternary diagram Albite-Anorthite-Orthoclase (Ab-An-Or) of plagioclases in lavas from Marsili volcano.

Petrography

The new samples recovered form the Marsili Seamount are 6 basalts, 6 andesites and 1
basaltic andesite. Sampling sites are listed in Table 1 and shown in Fig. 3, while in Table 2
are reported point counted modal analyses of selected samples. The rocks are characterized
by a notable freshness.

The basalts are texturally heterogeneous: some samples are characterized by porphyritic-
vesicular textures with low P.1. (<5%; e.g. sample M1-2 of Table 2); phenocrysts are represented
by little olivine with minor clinopyroxene and scarce plagioclase. Other samples have a higher
P.I. (about 20%; sample M1-3 of Table 2) with plagioclase as the most abundant phenocryst,
and low (< 3%) contents of olivine and clinopyroxene. Groundmass textures are intergranular
to intersertal.

The andesites are texturally homogeneous; they have porphyritic texture (P.I. about 14%)
with plagioclase as the most abundant phenocrysts (10%), and low contents of augite (about
1%), ortho-pyroxenes (0.5%) and magnetite (0.6%). The groundmass texture is hyalopilitic
with plagioclase, pyroxene and magnetite microcrystals set in fresh brown glass. Very rarely,
a green amphibole is present as partially resorbed crystals. A strongly resorbed olivine crystal
has been observed in one sample. Glomeroporphyritic clots made of plagioclase, pyroxenes,
magnetite and entrapped glass are sometimes present. The mean of 3 point-counted modal
analyses is reported in Table 2.

Mineral chemistry

Olivine

Olivine occurs as small (rarely exceeding 2 mm) euhedral phenocrysts and groundmass
microphenocrysts in basalts and basaltic andesites. Some large (5-6 mm) rounded and embayed
phenocrysts are present. Modal abundance does not exceed 5% (Table 2). Representative analyses
are reported in Table 3 and plotted in Fig. 5. Olivine phenocrysts from basalts commonly present
normal zoning (core-rim range Fo go-Fo gy), but reverse zoning is also present. Groundmass
microcrystals have the same composition of the rims. Crystals are always fresh; tiny Cr-spinel
microcrystals are enclosed in phenocrysts. Olivine compositions change regularly from basalt
to basaltic andesite (sample 1691), which has a Fo ;4 composition for phenocryst and Fo o,
for groundmass. Olivine disappears with increasing silica content, and in andesites is replaced
by orthopyroxene.
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Table 3 — Representative point analyses of olivine.

basalts bas. and.
M1-1 M1-1 1663 1663 1663 1691 1691 1691
c r c r mp c r mp
SiOq 39.9 40.3 41.1 39.9 39.7 38.6 38.3 38.5
FeO 17.1 11.3 10.3 16.3 16.2 21.9 22.4 23.7
MnO 0.27 0.23 0.12 0.35 0.27 0.46 0.30 0.43
MgO 44.1 48.2 49.1 45.0 44.6 39.7 39.5 38.8
Ca0 0.18 0.2 0.23 0.26 0.36 0.15 0.26 0.33
Total 101.55 100.23 100.85 101.81 101.13 100.81  100.8 101.76
Numbers of ions on the basis of 4 O
Si 1.00 0.99 1.00 0.99 0.99 0.99 0.99 0.99
Fe 0.36 0.23 0.21 0.34 0.34 0.47 0.48 0.51
Mn 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Mg 1.64 1.77 1.78 1.67 1.66 1.53 1.52 1.49
Ca 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Total 3.01 3.01 3.00 3.01 3.01 3.01 3.01 3.01
XMg .82 .88 .89 .83 .83 .76 .76 74

c=core; r=rim; mp=groundmass microphenocryst.

The olivine-liquid equilibrium was evaluated by applying the Fe/Mg exchange coefficient
(K p=(FeO/Mg0O)ol (FeO/MgO)liq=0.33; Roeder and Emslie, 1970) to core composition and
assuming a ratio Fe ;0 3/FeO of 0.20 for the whole-rock. The calculations suggest that olivine
is in equilibrium with bulk rock, both in basalts and basaltic andesites.

Plagioclase
Selected analyses are reported in Table 4 and data points are plotted in Fig. 4.

In basalts, plagioclase phenocrysts are generally represented by clear and relatively unzoned
crystals; crystals with dusty or cellular textures and glass inclusions are also present, but not
abundant. Zoning patterns are generally normal but reverse zoning may be present. Core
compositions are bimodal with one group clustered around An gy and another around An 4
(see Fig. 4); rim compositions are scattered and display the same composition spread as the
cores. Groundmass crystal compositions are scattered with a limited sodic enrichment with respect
to the phenocrysts. The bimodal composition of the phenocryst cores could be an indication
of two generations of phenocrysts.

The textures of andesite plagioclases are complex. Crystals with dusty or cellular textures
and/or rich in glass inclusions are common. Zoning patterns are generally normal; compositional
ranges from core to rim in phenocrysts and from phenocrysts to groundmass are wide. Sometimes
phenocrysts with clear and unzoned cores overgrown by a rim of different composition (An 4;)
are present. These cores have a very high anorthite content (89-92) which is identical to that
of cores of some basalt plagioclases. It is unlikely that these cores had crystallized from the
andesitic magma because this would imply an unrealistically high water pressure (P50 =

5Kb) (Gill, 1981). A possible explanation is that these cores actually represent xenocrysts inherited
from basaltic magma.

Plagioclase textural and compositional complexity is typical of orogenic rocks and reflects
a multi-stage history of crystallization and/or processes of magma mixing (Ewart, 1976, 1982;
Gill, 1981; Sakuyama, 1981; Halsor and Rose, 1991).
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Table 4 — Representative point analyses of plagioclases.

GASPAROTTO and SAVELLI

basalts bas. and.
M1-3 M1-3 M1-3 M1-1 1663 1663 1691 1691 1691
c T gms gms c r c r gms
Si0g 45.6 48.5 48.2 50.1 51.6 48.3 46.2 52.9 51.9
Aly03 34.5 31.4 31.8 30.7 30.7 32.3 35.1 29.7 30.5
FeO 0.41 0.84 0.91 0.67 0.24 0.51 0.58 0.95 1.00
Ca0 18.4 15.4 15.6 14.5 13.8 15.9 18.1 12.8 13.7
NagO 0.91 2.3 2.2 3.2 3.5 1.9 1.0 3.9 3.1
K90 0.13 0.22 0.18 0.25 0.18 0.00 0.00 0.32 0.24
Total 99.95 98.66 98.89 99.42  100.02 98.91 100.98 100.57 100.44
Numbers of ions on the basis of 8 O
Si 2.10 2.25 2.23 2.30 2.34 2.23 2.11 2.39 2.35
Al 1.88 1.72 1.74 1.66 1.64 1.76 1.89 1.58 1.63
Fe 0.02 0.03 0.04 0.03 0.01 0.02 0.02 0.04 0.04
Ca 0.91 0.77 0.77 0.71 0.67 0.79 0.88 0.62 0.66
Na 0.08 0.21 0.20 0.29 0.31 0.17 0.09 0.34 0.27
K 0.01 0.01 0.01 0.02 0.01 0.00 0.00 0.02 0.01
Total 5.00 4.99 4.99 5.00 4.99 4.97 4.98 4.98 4.96
Xca 91 .78 .79 70 .68 .82 .91 .63 .70
XNa .08 21 .20 .28 .31 .18 .09 .35 .29
Xk .01 .01 .01 .02 01 .00 .00 .02 .01
andesites
M2-3 M2-3 M2-1 M2-1 M2-1 M2-2 M2-2 M2-2 M2-2
c r c r gms c r gms gms
Si0y 54.2 56.2 53.3 53.9 56.7 44.7 58.1 62.4 57.7
Al,O5 29.2 27.3 29.8 28.8 26.8 34.5 26.8 22.8 27.1
FeO 0.53 0.68 0.51 0.52 0.64 0.59 0.69 0.71 0.54
Ca0 11.7 9.4 125 115 9.0 18.5 8.5 5.0 9.0
NayO 4.6 5.4 4.1 4.6 5.9 0.75 6.3 7.0 6.0
Ky0 0.25 0.38 0.26 0.27 0.56 0.00 0.55 1.80 0.51
Total 100.48 99.36  100.47 99.59 99.60 99.04 100.94 99.71 100.85
Numbers of ions on the basis of 8 O
Si 2.44 2.54 2.40 2.45 2.56 2.08 2.58 2.78 2.57
Al 1.55 1.45 1.58 1.54 1.43 1.90 "1.40 1.20 1.42
Fe 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.02
Ca 0.56 0.46 0.60 0.56 0.44 0.92 0.41 0.24. 0.43
Na 0.40 0.47 0.36 0.41 0.52 0.07 0.54 0.61 0.52
K 0.01 0.02 0.02 0.02 0.03 0.00 0.03 0.10 0.03
Total 4.99 4.97 4.98 4.99 4.99 4.99 4.99 4.96 4.98
Xca .58 .48 .62 57 44 .93 41 .25 A4
XNa 41 .50 .37 .41 .53 .07 .56 .64 .53
Xk .01 .02 .01 02 .03 .00 .03 A1 .03

c=core, r=rim, gms=groundmass.
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Fig. 5 — Calcium-Magnesium-Iron ternary diagram (section Diopside-Hedembergite-Enstatite-Ferrosilite) (Di-Hd-
En-Fs) of pyroxenes in lavas from Marsili volcano; (a)=basalts, (b) =andesites. Olivine compositions plotted
along the En-Fs join.

Table 5 — Representative point analyses of clinopyroxenes.

basalts bas. and. andesites
M1-3 M3  M13 MLl 1691 1691 M23-  M23
c r gms gms c r c r
SiOg 51.1 51.5 45.9 49.3 52.0 49.7 51.9 51.3
Ti0y 0.40 0.16 1.55 1.11 0.39 0.66 0.47 0.61
Aly,04 4.2 3.5 8.4 5.9 3.3 4.5 2.3 2.9
Cl‘203 0.31 0.40 0.14 0.28 0.23 0.23 — —
FeO 5.3 4.3 9.7 6.9 7.0 7.8 8.5 8.2
MnO — — 0.21 0.27 0.13 0.11 0.40 0.26
MgO 15.8 16.4 12.5 15.7 15.9 14.7 15.8 15.1
Ca0 22.5 22.8 21.1 20.3 21.9 21.8 20.5 20.7
NagyO — 0.22 0.20 0.22 0.20 0.33 0.20 0.20
Total 99.61 99.28 99.70 99.98 101.05 99.83 100.07  99.27

Numbers of ions on the basis of 4 cations

Si 1.88 1.89 1.72 1.81 1.89 1.84 1.92 1.91
Aliv 0.12 0.11 0.28 0.19 0.11 0.16 0.08 0.09
Al 0.06 0.04 0.09 0.07 0.04 0.03 0.02 0.04
Ti 0.01 — 0.04 0.03 0.01 002 0.01 0.02
Cr 0.01 0.01 — 0.01 0.01 0.01 — —

Fed3+ 0.03 0.06 0.12 0.07 0.06 0.11 0.06 0.03
Fe2+ 0.14 0.07 0.18 0.14 0.15 0.13 0.21 0.23
Mn — — 0.01 0.01 — — 0.01 0.01
Mg 0.87 0.90 0.70 0.86 0.86 0.81 0.87 0.84
Ca 0.89 0.90 0.85 0.80 0.85 0.86 0.81 0.83
Na . — 0.02 0.01 0.02 0.01 0.02 0.01 0.01
Wo 46.3 46.5 45.6 42.5 44.2 45.0 41.4 42.8

En 45.2 46.6 37.6 45.8 44.6 42.3 44.5 43.5

Fs 8.5 6.9 16.7 11.7 11.2 12.7 14.1 13.7

XMg 84 .87 .70 .80 .80 77 76 .76

c=core, r=rim, gms=groundmass; XMg=Mg Mg+ LFe).
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Table 6 — Representative point analyses of orthopyroxenes.

bas. and. andesites
1691 M2-3 M2-3 M2-1 M2-1 M2-1
r c r gms gms gms
Si0g 55.2 53.8 53.0 52.6 50.6 53.3
TiOq — 0.14 0.20 0.22 0.78 0.25
Aly04 1.6 1.3 1.6 1.5 2.2 1.7
FeO 14.0 16.1 16.0 17.9 19.0 16.5
MnO 0.31 0.76 0.66 0.94 0.75 0.71
MgO 28.9 26.7 25.9 22.5 23.6 25.4
Ca0 1.7 1.5 1.3 3.1 1.8 2.1
Total 202.71 100.41 98.66 I 98.76 98.73 99.96

Numbers of ions on the basis of 4 cations per formula unit

Si 1.94 1.94 1.95 1.96 1.88 1.94
Aliv 0.06 0.06 0.06 0.04 0.10 0.06
Al — - 0.01 0.03 — 0.01
Ti — - 0.01 0.01 0.02 0.01
Fe3+ 0.06 0.06 0.03 - 0.09 0.04
Fe2t . 0.35 0.43 0.46 0.56 0.50 0.47
Mn 0.01 0.02 0.02 0.03 0.02 0.02
Mg 1.51 1.43 1.42 1.25 1.31 1.38
Ca 0.06 0.06 0.05 0.12 0.07 0.08
Wo 3.2 2.9 2.6 6.3 3.6 4.1

En 75.8 71.7 71.6 63.7 65.6 69.4

Fs 21.0 25.4 25.9 30.0 30.8 26.4

Xmg .79 74 14 .69 .69 73

c=core, r=rim, gms=groundmass; XMg=Mg (Mg+XFe).

Pyroxenes
Clinopyroxenes

Augite phenocrysts are present in both basalts and andesites always with low modal
abundances (< 3%). Representative analyses are reported in Table 5, data points in Fig. 5.
Basalt augites are relatively unzoned and cluster in a narrow area of the En-Fs-Wo diagram.
The zoning patterns are both normal and reversed; the Fe-enrichment irend is very limited.
Al 50 5 and TiO 4 contents increase from core to rim and in groundmass crystals. Augites from
andesites have an homogeneous composition and differ from basalt augites by being slightly
more Fe-rich according to whole-rock composition. Mg/(Mg+ Fe) ratios of clinopyroxene cores
are similar to those of coexisting olivines. This is an indication of equilibrium between these
two phases (Sakuyama, 1981).

Orthopyroxenes

Orthopyroxene appears in basaltic andesites as very scarce rims on augite phenocrysts,
and in andesites as small (< 1mm) phenocrysts and groundmass microcrystals. Modal abundance
is always low (< 1%). Selected analyses are reported in Table 6, data points in Fig. 5. In basaltic
andesites, the scarce orthopyroxene has an En,¢ composition. In andesites, orthopyroxene
phenocrysts are unzoned and have an En,y composition; groundmass microcrystals are of
Engg ¢4 composition. The appearance of orthopyroxene is related to the silica content of the
magma. The mineral appears in basaltic andesites in very small quantities and coexists with
olivine; its abundance increases in andesites where olivine disappears completely.
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Oxides

Selected compositions are reported in Table 7. In basalts, oxides are almost completely
absent, being represented only by very small groundmass crystals and very small Cr-Al spinel
crystals enclosed in olivine phenocrysts. Titanomagnetite appears as scarce microphenocrysts
in basaltic andesites and as well-developed microphenocrysts (0.3-0.5 mm) in andesites (modal
abundance about 0.5 - 1%). The appearance of magnetite may be related to an increasing
magma water content, since water disassociation will increase oxygen fugacity (fO,) favouring
magnetite crystallization (Halsor and Rose, 1991).

Amphibole
One partially resorbed green amphibole crystal has been observed in one andesite sample.
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Table 7 — Representative point analyses of spinels.

basalts bas, and. and.
M1-1 1663 1691 And

Si0q — — 0.25 0.20
TiOq 0.47 0.52 9.7 13.2
Al, 04 22.2 30.8 5.8 3.4
Cry0g 40.7 28.8 — —
FeO 21.6 24.7 3.4 74.1
MnO 0.08 0.11 0.35 0.70
MgO 14.8 14.4 5.8 3.3
Total 99.85 99.33 5.30 94.90
FeyOg* 9.16 10.54 5.93 40.06
FeO* 13.36 15.20 2.07 38.06
Total 100.77 100.37 99.90 98.92
Numbers of ions on the basis of 3 cations
Si — — 0.01 0.01
Al 0.79 1.07 0.24 0.15
Ti 0.01 0.01 0.26 0.37
Cr 0.98 0.67 — —
Fed+ 0.21 0.23 1.22 1.11
FeZ+ 0.34 0.38 0.95 1.17
Mn — — 0.01 0.02
Mg 0.67 0.63 0.31 0.18

Fey03*, FeO* recalculated from stoichiometry. And=mean of 12 magnetite analyses from andesites.

The appearance of this mineral is interesting because it suggests the presence of a water-rich
magma.

Chemistry
Major and trace element analyses of four selected samples are reported in Table 8.

Fig. 6 shows the K,0 versus SiO, contents of calc-alkaline volcanic rocks from 20 sampling
stations distributed over a large depth interval of the Marsili seamount (Fig. 3). Only at one
dredging site, CT69/27 (Table 1; Selli et al.,1977), were recovered basalts whose petrochemical
characteristics indicate an affinity with oceanic island basic products. These rocks will not be
treated here. The plotted samples are represented by basalts, basaltic andesites (in minor amount)
and andesites of calc-alkaline and high-K calc-alkaline affinity. In the Fig. 6, the composition
fields of basaltic rocks of calcalkaline serial affinity, that is of 'normal’ K contents, from the
Aeolian arc (Keller, 1974a; Villari, 1980a, b and c), and the basaltic andesite field from the
deep igneous crust of Marsili basin (ODP: site 650; Beccaluva et al., 1990) are also plotted.
The Alicudi, Salina and Panarea rocks include also terms with the silica-poor CA basaltic andesite

composition.

The diagrams Alkalies-SiO, of Fig. 7, and Alkalies-FeO*-MgO of Fig. 8 (Irvine and
Baragar, 1971) indicate that the studied samples are subalkaline in character and belong to
subduction related voleanic associations of the plate convergence zones.

The Fig. 3 shows that basalts and andesitic basalts occur in the low to intermediate areas
of Marsili, while the andesites are present mainly at the summit of the edifice.

The histogram of Fig. 9 shows the bimodal nature of the Marsili volcanites, whose frequency
minimum corresponds to the silica range of basaltic andesites (52 to 56% of Si0,).
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Table 8 — Selected rock analyses.

M1-3 M1-1
Si0, 47.15 49.40
TiOg 0.61 0.78
AlyO4 18.60 16.53
FeqOs 7.49 7.51
MnO 0.12 0.12
MgO 7.04 9.14
Ca0 ' 13.98 10.64
NagO 2.12 2.74
K50 0.56 1.00
Py05 0.25 0.34
LOI 1.84 1.53
Total 99.76 99.73
Rb 13 22
Sr 597 397
Y 16 21
Zr 53 71
Nb 6 9
Ba 207 494
Ni 77 163
Cr 129 328
v 172 198
Xng .69 74

1691
52.40

1.00
18.06
9.00
0.14
4.02
9.03
3.30
1.79
0.40
0.59
99.73
52
558
26
101
14
569
25
14
249

51

M2-1
60.10
0.96
16.70
6.12
0.13
1.97
4.35
4.87
3.11
0.44
0.90

99.65

87
374
35
197
25
1175
13

1124
43

Xmg=Mg/(Mg+Fe); Fex03/Fe0=0.2.
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DISCUSSION

Mineralogy

From the point of view of mineral chemistry, the analyzed rocks from Marsili show the
typical features of orogenic rocks (Ewart, 1976; 1982). The following characteristics are present,
and are mainly indicative of fractional crystallization processes (Halsor and Rose, 1991;

Koyaguchi, 1986; Sakuyama, 1981):

1) The Mg-Fe exchange coefficient between olivine and liquid in the samples suggests that
olivine is in equilibrium with host-rocks. 2) Mg#’s of olivine and augite are similar (Tables
3 and 5) and decrease regularly with increasing bulk-rock FeOQ*/MgO ratios. 3) The En-Fs-Wo
triangle shows an iron enrichment trend for pyroxenes. 4) Phenocryst assemblages change
regularly with increasing SiOy; olivine, present in basalts, is associated with orthopyroxene in
basaltic andesites and disappears in the more silica-rich andesites; plagioclase in andesites are
more sodic than in basalts; clinopyroxene is more Fe-rich in andesites. 5) Plagioclase phenocrysts
are normally zoned; groundmass microphenocryst are more sodic than phenocrysts. The
oceurrence in andesites of some plagioclase phenocrysts with very anorthite-rich (91%) cores,
identical to the composition of cores of basalt plagioclases, could be an indication that some
andesite plagioclase cores actually represent relict minerals inherited from basalts (xenocrysts?).
This plagioclase mineralogy may be an evidence for magma mixing. Plagioclases show some
disequilibrium features, but overall their compositions are correlated with bulk-rock. 6) The
fact that oxides are absent in basalts, very scarce in basaltic andesites, and abundant in andesites
is an indication of increasing oxygen fugacity. This may be explained by an increase in water
pressure. Precipitation of an anhydrous mineral assemblage, such as that of the basalts (olivine,
plagioclase, clinopyroxene), could increase the water content of the fractionated liquids.

The presence of mineralogical features very similar to those mentioned above in the orogenic
rock suite from Lipari (Aeolian Islands) was considered (Bargossi et al., 1989) to represent
the expression of a magmatic evolution governed by fractional crystallization.

Chemistry

In contrast to previous ideas, derived mainly from structural features (C.N.R., 1981), which
attributed an ocean-island basalt (OIB) nature to the basal lavas of Marsili seamount, the more
extensive sampling now available shows that the volcano consists of products of calcalkaline,
subduction related nature. The only exception to this are the rocks of OIB affinity sampled
at one dredge site (Selli et al., 1977). The petrochemical characteristics of Marsili are, thus,
unlike those of the large central volcanoes of the Tyrrhenian, Vavilov and Magnaghi, whose

lava samples indicate an affinity with the Ol basalts (Selli et al., 1977; Robin et al., 1987).

The orogenic magmatism of Marsili volcano is characterized by a transition from calc-alkaline
basalts to andesites of high-potassium (HK-CA) serial character which constitute the top of the
seamount. Also in the volcanic edifices of the Aeolian arc (Keller, 1974a; Villari, 1980a, b
and c; Beccaluva et al., 1985), and in the volcanoclastic sediments of the ODP Site 650 (McCoy
and Cornell, 1990; Calanchi et al., 1994) the stratigraphically higher volcanites are more enriched

in K compared to the underlying ones.

The calcalkaline subduction-related volcanites of the Aeolian arc have ages from about 1
Ma to the Present and notably diverse chemical compositions ranging from the arc-tholeiites
of North Lametini seamount to the leucite-tephrites of the islands of Stromboli and Vulcano.
The patterns of the histogram of Fig. 9, although possibly biased by the sampling, in particular
in the submarine areas, suggest that the distribution of magmatic types represents a distinguishing
feature between the Marsili back-arc and the Aeolian arc voleanic edifices. It can be seen that
there is a continuum basalt - basaltic andesite - andesite of the products from the Aeolian arc.
In contrast to the Marsili seamount, the most abundant rock type of the Aeolian volcanism are
basaltic andesites.

The nature and location of the Marsili magmatism suggest the absence, in the south Tyrrhenian
volcanic area, of an overall spatial relationship of K,0 contents with depth to the underlying
Benioff structure. In fact, if this were the case, the volcanites of Marsili, being emplaced above
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a deeper part of the Benioff zone, would be richer in potassium than those of the Aeolian arc
at equivalent SiO, values.

A temporal relationship characterizes the single volcanic centers of the south Tyrrhenian,
since overall, as in other orogenic regions (Morrison, 1980), K-enriched lavas occupy higher
positions in the stratigraphical sequences.

It should be noted that, on the basis of the mineral chemistry data, fractional crystallization
could contribute significantly to the origin of the observed rock suite of the Marsili magmatism,
from basalt to basaltic andesite to andesite. However, it has been recognized that the transitions
from calc-alkaline to more K-rich manifestations (s.l.) of the Aeolian arc volcanoes can be (Barberi
et al., 1974; Keller, 19744; Villari, 1980c) a response to rapid foundering of the Benioff structure
of the south Tyrrhenian. According to this interpretation, generation of high-potassium andesite
magma in the late stage of the Marsili volcanism, subsequent to the effusion of early basalt
lavas, could reflect detachment and sinking of the subducted lithosphere into the underlying
mantle.

Tectonism and geodynamic considerations

The Marsili area (seamount and deep basin) was affected by tectono-magmatic faults related
to rifting and spreading. The extensional linear faults of Marsili volcano were, initially, N-S
to NNE-SSW trending (Selli et al., 1977; Sborshchikov et al., 1988 and 1990). The subsequent,
NE-SW direction of the spreading mechanisms in the top of Marsili resulted from a clockwise
rotation of about 20° (Fig. 1) of the early fissural trends. This variation of extension direction
could correlate with the change of magma composition from calc-alkaline basalts to HK-CA
andesites of the edifice top.

A roll-back of the Tyrrhenian subduction hinge zone and migration of the arc volcanism
(Savelli 1988; Francalanci and Manetti, this vol.) took place from the island of Sardinia (32-13
Ma), to the central Tyrrhenian Sea (4-2 Ma?), to the Aeolian area (1-0 Ma). The NW-SE trending,
conjugate faulting related to the late NW-SE extension of Marsili seamount may belong to the
magmato-tectonic alignment of Taormina-Lipari which has the same orientation (Fig. 1). The
alignment seems to be located at the western edge of the area of Tyrrhenian deep seismicity
(Fig. 2). This first order lineation zone of right-lateral strike-slip movements extending from
Taormina to the islands of Lipari-Salina-Vulcano, in the central part of the Aeolian arc, and
to the top of Marsili is affected by a recent volcanic-tectonic activity. In particular, shallow depth
seismicity is intense in the active arc sector of the tectonic lineation (Neri et al., 1991) and
NW-SE and NE-SW oriented fault systems characterize the evolution of the central Aeolian
islands (e.g., Gabbianelli et al., 1990).

Important E-W trending tectonic lineation zones of strike-slip displacement (Boccaletti et
al., 1984, 1990; Finetti and Del Ben, 1986; Lavecchia, 1988; Savelli and Schreider, 1991;
Locardi and Nicolich, 1992) border the Marsili deep basin to the north and south. These are

known, respectively, as the Palinuro volcano and the Sicilian slope fault zones.

The distribution of deep seismic events (Fig. 2) indicates a regime of convergence
characterized by the presence of subducting lithosphere which is oblique to the arc (Barberi
et al., 1974; Morrison, 1980; Giardini and Velona’, 1991). The post-collisional volcanism,
the dismembering and displacement to greater depth of the subducted lithosphere occur in
the presence of intense subsidence and rifting of the seamount and basin of Marsili (Finetti
and Del Ben, 1986; Kastens et al., 1986; 1988; Mascle and Rehault, 1990; Shorshchikov
et al., 1990). This tectonic setting is in agreement with the suggestion of Gasparini et al. (1982)
and Giardini and Velona’ (1991) that the south Tyrrhenian Benioff zone is in an advanced,
senile stage of its evolution.

The axial fractures feeding the seamount volcanism are located (Fig. 2) between the deep
seismogenic area with the highest energy release, to the east, and that, to the west, which has
the deepest but less numerous seismic events. Therefore, the Marsili volcanic edifice lies in
proximity to the observed gap of the deep seismicity - maybe, a zone of high attenuation of
the seismic waves - and to the change of dip to the Benioff zone. Active subduction processes
may have ceased. At the Present is hypothesized the existence of a passive subduction of the
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residual slab, subsequen to its fragmentation in the asthenosphere. Igneous crust generation
and lithosphere evolution in the south Tyrrhenian volcanic area were accompanied (Sartori,
1990; Doglioni, 1991) by overthrusts and drifting of the adjoining, more external sectors of
the Africa-Adria-verging orogenic systems (south Apennines-Calabrian arc, Sicilian Maghrebids).
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