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Seismic Evidence for a Low-Velocity Zone in the 
Upper Crust Beneath Mount Vesuvius 

A. Zollo, P. Gasparini, J. Virieux, H. le Meur, G. de Natale, 
G. Biella, E. Boschi, P. Capuano, R. de Franco, 

P. dell'Aversana, R. de Matteis, I. Guerra, G. lannaccone, 
L. Mirabile, G. Vilardo 

A two-dimensional active seismic experiment was performed on Mount Vesuvius: Ex- 
plosive charges were set off at three sites, and the seismic signal along a dense line of 
82 seismometers was recorded. A high-velocity basement, formed by Mesozoic car- 
bonates, was identified 2 to 3 kilometers beneath the volcano. A slower (P-wave velocity 
Vp = 3.4 to 3.8 kilometers per second) and shallower high-velocity zone underlies the 
central part of the volcano. Large-amplitude late arrivals with a dominant horizontal wave 
motion and low-frequency content were identified as a P to S phase converted at a depth 
of about 10 kilometers at the top of a low-velocity zone (Vp < 3 kilometers per second), 
which might represent a melting zone. 

I n  1994 a seismic tomography study of the 
structure and magmatic system beneath 
Mount Vesuvius was initiated. A twodi- 
mensional(2D) seismic experiment was im- 
plemented to determine the feasibility of a 
three-dimensional (3D) tomography of the 
volcano, which is located in a densely pop- 
ulated and noisy area. 

Mount Vesuvius ii a strato-volcano con- 
sisting of a volcanic cone (Gran Cono) that 
was built within a summit caldera (Mount 
Somma). The Somma-Vesuvius complex 
has formed over the last 25,000 years by 
means of a sequence of eruptions of variable 
explosiveness, ranging from the quiet lava 
outpourings that characterized much of the 
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latest activity (for example, from 1881 to 
1899 and from 1926 to 1930) to the explo- 
sive Plinian eruptions, including the one 
that destroyed Pompeii and killed thou- 
sands of people in 79 A.D. At least seven 
Plinian eruptions have been identified in 
the eruptive history of Somma-Vesuvius 
(I). Each was preceded by a long period of 
quiescence, which in the case of the 79 
A.D. eruption lasted about 700 years. These 
eruptions were fed by viscous water-rich 
phonolitic to tephritic phonolitic magmas 
that appear to have differentiated in shal- 
low crustal conditions. They are believed to 
have gradually filled a reservoir where dif- 
ferentiation was driven by compositional 
convection. A minimum depth of about 3 
km was inferred for the top of the magmatic 
reservoir from mineral equilibria of meta- 
morphic carbonate ejecta (2). Fluid inclu- 
sions (C02 and H20-C02) in clinopy- 
roxenes from cumulate and nodules indi- 
cate a trapping pressure of 1.0 to 2.5 kbar at 
about 1200°C, suggesting that these miner- 
als crystallized at depths of 4 to 10 km (3). 
The differentiated magma fraction was 
about 30% of the total magma in the reser- 
voir. and a volume of about 2 to 3 km3 was 
inferred for the reservoir (4). The magma 
ascent to the surface occurred through a 
conduit of possibly 70 to 100 m in diameter 
(5). A thermal model predicrs that such a 

reservoir should contain a core of partially 
molten magma (6) that can be detected by 
high-resolution seismic tomography. 

The most recent activity at Mount Ve- 
suvius (1631 to 1944) was fed by tephritic 
phonolitic magma filling the conduit. 
There is no evidence of long residence 
times of magma in a crustal reservoir at 
depths greater than 1 km. Eruptive episodes 
appear to have been triggered by the arrival 
of new batches of isotopically distinct mag- 
ma from greater depths that mixed with the 
magma in the conduit (7). Hence, the pet- 
rological evidence indicates a complicated 
feeding system for Mount Vesuvius in spite 
of the fact that most of the eru~tions occur 
at the summit and only occasionally occur 
from lateral vents. which are mostlv located 
along the southern slope of the mountain. 

Little is known about shallow crustal 
structure beneath the volcano. A seismic 
reflection survey carried out in 1973 in the 
Bay of Naples identified a west-northwest 
deepening strong reflector that was inter- 
preted as the top of the Mesozoic carbonate 
platform underlying the volcano (8). Deep 
drilling carried out for geothermal purposes 
on the southern slope .of the volcano 
(Trecase well) reached the Mesozoic car- 
bonate basement at a depth of about 1.885 
km [1.665 km below sea level (bsl)] (9). 
Bouguer gravity anomalies were calibrated 
with these data and were used to model the 
dee~enine of the basement down to about 
2.3 .km fi underneath the western edge of 
the volcano (10). The P waves reflected by 
the MohorovitiC discontinuity (Moho) 
(PmP waves) detected by a Deep Seismic 
Soundings experiment in the Bay of Naples 
suggest that the crust under Mount Vesu- 
vius is about 35 km thick (I I). 

We recorded a 30-km-long northwest- 
trending seismic profile passing through the 
center of Mount Vesuvius (Fig. 1). Seismic 
energy was generated by blasting 340 to 410 
kg of explosive at sites S1, S2, and S3, and 
the signals were recorded at 82 receivers 
deployed along the profile (12). The shot 
data from S2 and S3 were combined with 

Fig. 1. Satellite image of the Veswius area. The 
shot points and the recording profile for the 1994 
active seismic experiment are indicated. Colored 
segments of the profile are related to diierent 
receiver spacing (red = 250 m; blue = 500 m). 
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40 relocated local earthquakes (1 3) to pro- 
vide 176 P-wave travel times for the tomo- 
graphic inversion (1 4). 

The inversion showed a high-velocity 
region beneath Mount Vesuvius (Fig. 2). 
Resolution tests showed that although its 
P-wave velocity is poorly resolved by arrival 
time data from S2, S3, and microearth- 
quakes, it has to be higher than 5 km/s. The 
region's depth and possible velocity are 
consistent with those expected for the top 
of carbonate basement. 

A slightly slower (Vp = 3.4 to 3.8 km/s) 
and shallower high-velocity zone extends 
laterally from Gran Cono to the northern 
rim of the Somma caldera. The transition to 
high velocities starts about 400 m below the 
crater, and the body extends down to at 
least 3000 m. A shallow 300- to 500-m- 
thick low-velocity layer (V,, < 2.6 km/s) 
covers the edifice. It has a greater thickness 
on the southeast s l o~e  where there are more 
lateral vents. These low velocities are con- 
sistent with highly fractured, low-density 
materials forming the surficial volcanic de- 
posits. Southeast of Gran Cono, velocities 
are uniformly low (<3 km/s) down to about 
2 km bsl. 

The 2D ray tracing (15) of early reflect- 
ed arrivals from shots S2 and S3 indicates 
the presence of a strong reflector with irreg- 
ular topography (Fig. 2). Southeast of shot 
S2, the depth of this reflector correlates 
with the top of the Mesozoic carbonates, as 
detected from the Trecase well and gravity 
data. On the other hand, the top of this 
reflector matches fairly well the shape of 
the shallow (from 1.0 to -3 km of depth), 
high-velocity (3.5 to 4.0 kmls) region, iden- 
tified by tomography, beneath Somma-Ve- 
suvius (Fig. 2A). The location, shape, and 
P-wave velocities of this body indicate that 
it should have a magmatic origin, being 
either a high concentration of slowly cooled 
magmatic dikes or a part of the volcano that 
has suffered an intensive alteration by high- 
temDerature hvdrothermal fluids. 

Our data do not provide any evidence 
for a molten magmatic body of more than 
0.5 km in diameter down to 4 km of depth. 
This finding is consistent with the low tem- 
peratures (50°C) measured in the Trecase 
well at a depth of about 2 km (16). 

The modeling of arrival times and wave 
forms from late phases requires the knowl- 
edge of a wave velocity function at depths 
greater than those investigated by the P- 
wave travel-time tomography. The velocity 
contrast between the layer formed by vol- 
canic~ and sediments and the underlying 
carbonates was constrained by modeling of 
P-wave arrivals for shot S1, as detected on 
vertical seismograms for distances <25 km 
from the source. This interface (V-L) was 
assumed to have the shape inferred from the 

gravity (1 0) and Trecase well data. A sharp 
increase of P-wave velocities (from 3.5 to 
4.0 km/s up to 5.5 to 6.0 km/s) at the V-L 
discontinuity was obtained. The depth of 
the V-L discontinuity and the related P- 
wave velocitv contrast are consistent with 
results from the previous reflection survey 
(8). 

The most peculiar feature observed in 
the records of S1 at stations at a distance of 
10 to 30 km is a prominent wave-amplitude 
increase at about 8 s (4 to 5 s in reduced 
times) (Fig. 3A). These large-amplitude 
late arrivals (LALAs) were detected on the 
horizontal records rotated along the profile 
direction and filtered in the 1- to 8-Hz 
frequency band. The dominant horizontal 
motion and the low-frequency content of 
LALAs suggest that this phase is a wave 
converted from P to S at a deep disconti- 
nuity in the upper crust beneath Vesuvius. 
A depth of about 10 km was estimated for 
this discontinuity by a 2D ray-tracing model 
(17). ' 

A Mount Somma Mq /esuvus Trecase well 

- .  . 

Dired P-wave travel time 

F 1 

- 8 - 6 - 4 - 2 0 2 4 8 8  

We made an independent check of ar- 
rival times and amplitudes of this secondary 
phase by matching observed and synthetic 
wave forms. These were calculated by a 2D 
finite difference (FD) code, which com- 
putes the complete P-S,,,i,,, wave field 
generated by isotropic seismic sources em- 
bedded in a 2D structure (18). A depth of 
10 km bsl for the discontinuity that is sup- 
posed to produce the P-to-S conversion is 
assumed for wave form modeling. The large 
amplitudes observed for the investigated 
phases even at large distances from the 

' 

source suggest that the P-to-S mode conver- 
sion could be favored bv the sham transi- 
tion at depth from a high-velocity to a 
low-velocity medium. So a high-velocity 

Results of the delay-time tomography and 
modeling of early reflected phases. (A) inferred 20 
model of Vesuvius obtained by tomographic in- 
version of first P-wave amval times from shots S2, 
S3, and microearthquakes. Solid circles indicate 
microearthquake locations. The thick solid line 
represents the topography of the interface, which 
is estimated from the arrival times of early reflected 
waves (shallow reflector, SR). The thin solid line 
represents the top of the carbonate basement, as 
inferred from gravity and Trecase well data. (B) 
Misfit between observed (S2, diamonds; S3, cir- 
cles) and computed (lines) P-wave arrival times 
from shots S2 and S3. (C) Misfit between ob- 
served (S2, diamonds; S3, circles) and computed 
(lines) arrival times of the early reflected wave from 
shots S2 and S3. 

the shot (lrm) (LALA) 

Fig. 3. Finite differences modeling of LALA phas- 
es. (A) Observed horizontal records: the N31 OOE 
component, which is oriented along the profile 
direction. Traces have been bandpass filtered be- 
tween 1 and 8 Hz. The continuous gray line indi- 
cates the approximate arrival of the LALA phase. 
Reduced travel time is reported on the vertical axis 
(reduced travel time = x/6, where x = distance 
and 6 km/s is the average velocty of P waves in 
the upper crust). A symbol indicates the location 
of Mount Vesuvius along the profile. (B) Finite dif- 
ferences synthetics computed assuming an in- 
crease of P-wave velocity at the flat 10-km dis- 
continuity (6.0 to 6.8 k d s ) .  (C) Finite differences 
synthetics computed assuming a sharp decrease 
of P-wave velocity at the 10-km discontinuity (6.0 
to 2.7 kds). The P-to-S phase is strongly en- 
hanced at about 5 s for distances from the,shot 
larger than 10 to 12 km. 
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and a lovv-velocity region helow the 'leep 
discontinuity were checkeil in FLI wave 
for111 modeling. Processe~l data and FD syn- 
thetics obtained assuming a sharp increase 
111 P-wave (and S-lvave) veloclty (6.0 to 6.8 
km/s) anil a sharp velocity decrease (6.0 to 
2.7 km/s) at the  10-km discontinuity (Fig. 
3) ~llilicate that a veloc~tv decrease as 
strollg as that assumed is needed to generate 
large-amplitude P-to-S converted phases. 
Synthet~cs p r o d ~ ~ c e ~ l  by this ~llodel repro- 
duce the  amplitude ratlos of PS phases and 
other secondarv energetic arrivals that in- 
terfere lvith t h k ~ n  in 'the analyzed distance 
and time ~vindolvs. 

T h e  occurrence of such m~d-crustal 
high- to  low-velocity discontinu~ties a t  
deoths of 10 to 20 km has been observed in 
several volcanic areas ( IC)) ,  lvhere it 1s con- 
sidered an  indicator of large ~ n a g ~ n a t i c  res- 
ervoirs. From our mo~leline.  P-vvave veloc- 

CY, 

ity in the  lolv-velocity zone is lower tha~n  
2.5 to 3 km/s, ~ v h i c h  is consistent l v ~ t l ~  the  
occurrence of magmatic melt  within a 
111gh-permeabil~ty host rock. Fluid inclu- 
s ~ o ~ l s  in  hlount  Vesuvius clinonvroxenes 

L ,  

have heen trapped a t  pressure correspon~l- 
ing to  depths he t~veen  4 2nd 10 km. Seis- 
lnlc a c t i v ~ t v  avwars  to  be shallo~ver than  6 , L L  

to 8 km, indicating that  the  brittle-ductile 
t r ans i t~on  zone 1s deeper. These data sug- 
gest that  ,a .me l t~ng  zone can exist at a 
depth of 9 to  11 km,  as ~ n f e r r e ~ l  from the  
analysis of LALA phase. 
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Presynaptic Calcium Current Modulation by a 
Metabotropic Glutamate Receptor 

Tomoyuki Takahashi," Ian D. Forsythe, Tetsuhiro Tsujimoto, 
Margaret Barnes-Davies, Kayoko Onodera 

Metabotropic glutamate receptors (mGluRs) regulate transmitter release at mammalian 
central synapses. However, because of the difficulty of recording from mammalian 
presynaptic terminals, the mechanism underlying mGluR-mediated presynaptic inhibi- 
tion is not known. Here, simultaneous recordings from a giant presynaptic terminal, the 
calyx of Held, and its postsynaptic target in the medial nucleus of the trapezoid body were 
obtained in rat brainstem slices. Agonists of mGluRs suppressed a high voltage-acti- 
vated P/Q-type calcium conductance in the presynaptic terminal, thereby inhibiting 
transmitter release at this glutamatergic synapse. Because several forms of presynaptic 
modulation and plasticity are mediated by mGluRs, this identification of a target ion 
channel is a first step toward elucidation of their molecular mechanism. 

Presynapt ic  inhil~ition mediated hy the  ta~natergic synapses ( 2 )  and in lateral inhi- 
mGluR family ( 1 )  has heen i ~ n ~ l i c a t e i l  in I~itio11 at dendroilendritic synapses ( 3 ) ,  and 
autoreceptor inhibition at lna~n~na l i an  glu- Illore generally in reducing transmitter ile- 

pletion (4) .  Presynaptic mGluRs are also 
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Neurophyslology, for Research, Faculty of c n ~ c ~ a l l y  i~lvolveil in the iniluction of long- 
Medcne,  Universty of Tokyo Tokyo 11 3. Japan. term ilepressloll a t  hippoc;~mpal lnossy fi- 
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Department of Cell Physiologv and Pharmacology, Unl- 
,lerslty of Lelcester, Post Office Box 138, Lelcester LEI studies lvith type-specific agomsts in~licate 
9HN. UK that mGluR suhtvpes 2 and 3 ( 3 ,  5) or 
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