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The results of detailed investigation into the geometry of distri-
bution of earthquakes around and below the volcanoes Korovin, 
Cleveland, Makushin, Yake-Dake, Oshima, Lewotobi, Fuego, 
Sangay, Nisyros and Montagne Pelée at convergent plate 
margins are presented. The ISC hypocentral determinations for 
the period 1964-99, based on data of global seismic network 
and relocated by Engdahl, van der Hilst and Buland, have been 
used. 

The aim of this study has been to contribute to the solution 
of the problem of location of source regions of primary magma 
for calc-alkaline volcanoes spatially and genetically related to 
the process of subduction. Several specific features of seismic-
ity pattern were revealed in this context: (i) A clear occurrence 
of the intermediate-depth aseismic gap in the Wadati-Benioff 
zone below all investigated active volcanoes. We interpret this 
part of the subducted slab, which does not contain any tele-
seismically recorded earthquake with magnitude greater than 
4.0, as a partially melted domain of oceanic lithosphere and as 
a possible source of primary magma for calc-alkaline volcanoes. 
(ii) A set of earthquakes in the shape of a seismically active col-
umn seems to exists in the continental wedge below volcanoes 
Korovin, Makushin and Sangay. The seismically active col-
umns probably reach from the Earth surface down to the aseis-
mic gap in the Wadati-Benioff zone. This points to the possibil-
ity that the upper mantle overlying the subducted slab does not 
contain large melted domains, displays an intense fracturing 
and is not likely to represent the site of magma generation. 

(iii) In the continental wedge below the volcanoes Cleveland, 
Fuego, Nisyros, Yake-Dake, Oshima and Lewotobi, shallow 
seismicity occurs down to the depth of 50 km. The domain 
without any earthquakes between the shallow seismically ac-
tive column and the aseismic gap in the Wadati-Benioff zone 
in the depth range of 50–100 km does not exclude the melting 
of the mantle also above the slab. (iv) Any earthquake does not 
exist in the lithospheric wedge below the volcano Mount Pelée. 
The source of primary magma could be located in the subduct-
ed slab as well as in the overlying mantle wedge. (v) Frequent 
aftershock sequences accompanying stronger earthquakes 
in the seismically active columns indicate high fracturing of 
the wedge below active volcanoes. (vi) The elongated shape of 
clusters of epicentres of earthquakes of seismically active col-
umns, as well as stable parameters of the available fault plane 
solutions, seem to reflect the existence of dominant deeply 
rooted fracture zones below volcanoes. These facts also favour 
the location of primary magma in the subducting slab rather 
than in the overlying wedge.

We suppose that melts advancing from the slab toward 
the Earth surface may trigger the observed earthquakes in 
the continental wedge that is critically pre-stressed by the pro-
cess of subduction. However, for definitive conclusions it will 
be necessary to explain the occurrence of earthquake clusters 
below some volcanoes and the lack of seismicity below others, 
taking into account the uncertainty of focal depth determination 
from global seismological data in some regions.
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The relationships between numerous small bodies of (U)HP 
eclogites and their country rocks in the Lądek–Śnieżnik meta-
morphic unit (LSMU), the eastern part of Orlica–Śnieżnik 
Dome, West Sudetes, are still unclear. Recent hypotheses as-
sume either joint (U)HP history of all these rocks, or tectonic 
emplacement of eclogites during the post-UHP event. The prob-
lem is enhanced by the complicated structure of the LSMU and 

strong diversity of the eclogites with respect to their protoliths 
and peak metamorphic conditions.

In the Śnieżnik unit (SU) of the LSMU, eclogite-gneiss con-
tact zones were studied at two localities: near Nowa Morawa 
and Bielice. The SU eclogites have calc-alkaline affinity and 
experienced conditions of T = 660–780 °C, P >29 kbar (Bakun-
Czubarow, 1998). The ages of 341 ± 7 and 329 ± 6 Ma for UHP 
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peak, and 332.6 ± 2.3 Ma for amphibolite-facies metamorphism 
(Brueckner et al., 1991; Steltenpohl et al., 1993) suggest their 
rapid exhumation. SU eclogites occur as thin, up to 300 m long, 
boudinaged bodies. They are in part amphibolitized, especially 
in outer parts of the boudins. The extent of their retrogression 
strongly depends on deformation. Besides, the effects of partial 
melting are visible. Post-eclogitic rocks display textural and 
compositional diversity from garnet amphibolites to biotite 
amphibolites (Smulikowski, 1967). Amphibolites consist of 
Ca-amph (Si 6.3–6.7; Mg/Mg+Fe 0.35–0.6) + pl(An 25–35)+ 
qtz + ti ± bt (Mg/(Mg/Fe 0.3–0.5, X Ti 0.03–0.065) ± grt 
(alm 48–62, py 27–32, grs 15–29, sps 0.5–3.5) ± rt ± ilm. 
Lower-grade metamorphism is testified by high-Si (>7.0) horn-
blendes passing into actinolite and tremolite, chloritization of 
biotite and the presence of prehnite. P-T estimations based on 
works of Hammarstrom and Zen (1986), Holland and Blundy 
(1994), Johnson and Ruhterford (1988) and Plyusnina (1982), 
established the amphibolite facies conditions at 650 ± 30 °C; 
6.0–7.5 kbar.

The SU eclogites occur within two-feldspar gneisses of still 
uncertain (sedimentary or igneous) origin. Microprobe data 
show mineralogical diversity of the gneisses at their contacts 
with eclogites. Metabasites near Bielice are surrounded by fine-
grained rocks, sometimes having schistose texture with mineral 
composition: pl (an 2–7)+ kfs + qtz+ ms (Si 3.12–25)+ bt (Mg/
Mg+Fe 0.1, X Ti 0.004–0.01),+ grt (alm 83—87, py 0.8–1.8, 
grs 1.5–3.5, sps 7.4–12.5) + ap + zr. Near Nowa Morawa, fine-
grained gneisses lying at direct contact with metabasites are 
distinctly different – compositional parameters of plagioclases, 
biotites and garnets have other values. Their mineral assem-
blage is pl (an 20±3) + kfs + qtz + bt (Mg/Mg+Fe 0.4–0.6, X 
Ti 0.04) + ms (Si 3.065–3.25) + grt (alm 64–67, py 8–10.5, grs 
5.5–6.5, sps 17–20) + ap+ zr. Gneisses immediately adhering 
to the post-eclogitic rocks often contain Ca-rich garnet, analo-
gous to that observed in orthogneisses of the Miedzygórze unit. 
Their composition is: pl (an 17–35)+ kfs + qtz + grt (alm 53–64, 
py 1.5–14, grs 26–32, sps 1–8)+ bt (Mg/Mg+Fe 0.1–0.5), X Ti 
0.02–0.085) ± ms (Si 3.15) + ap + zr + ti. In the present stage 
of study it is hard to decide whether the specific composition 
of garnets from Nowa Morawa is connected with diffusive ion 
exchange between the contacting rocks or with independent 
metamorphic processes experienced by the gneisses. Gneis-
ses of the Bielice type also occur in the vicinity of eclogite 
bodies near Nowa Morawa, but not at immediate contacts 
with metabasites. Their mineral assemblage is: pl(an 0.5–4) + 
kfs + qtz + ms(Si 3.15) + bt (Mg/(Mg+Fe) 0.005–0.10, X Ti 
0.009–0.015)+ gt(alm 76–92, py 0.5–2.5, grs 1.5–3, sps 3–2) + 
ap + zr. Thermobarometry in most of the studied gneisses gives 
unsatisfactory results, due to the high Ca content in garnets or 
very low Mg content in biotites. In the low-Ca garnet-bearing 
Nowa Morawa gneiss, combination of grt-bt thermometer with 

phengite barometer yielded 650 ± 50 °C, 7 kbar (Ferry and 
Spear, 1978; Massonne and Schreyer, 1986).

In the eclogite bodies near Nowa Morawa, intercalations 
of HP felsic rocks were found. They are Al-rich granulites, 
strongly differing from all gneisses in the neighbourhood of 
the HP rocks. Their composition is: pl (an 15–20) + qtz + gt 
(alm 57–61, py 29–34, grs 4.5–13, sps 0.8–1) ms (Si 3.35–3.49) 
+ ky + staur (Mg/(Mg+Fe) 0.25) + bt (Mg/(Mg+Fe) 0.7–0.74; 
X Ti 0.03–0.04) + kfs + rt + ilm + zr. Barometer of Massonne 
and Schreyer (1986) with grt-phe thermometer (Krogh and 
Raheim, 1978) yielded 650 ± 20 °C, 11–15 kbar.

No relics of high-pressure minerals were found in the Bie-
lice and Nowa Morawa gneisses. Taking into account granu-
litic rocks with distinctly different composition preserved 
within metabasites, tectonic contact of the gneisses with 
the (U)HP eclogites in the SU is suggested. This implies am-
phibolite-facies metamorphism (650 ± 30 °C, 6.0–7.5 kbar) as 
the emplacement conditions. In supplement to the presented 
results, geochemical comparisons of felsic rocks, structural 
and petrological observations, are in progress.
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