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Abstract. The aim of the paper is to study the microseis- 
micity of the island of Milos, Greece, in order to relate the 
recorded earthquake signals to venting periodic@ and to 
understand better the role of episodic events. A seismic 
network of five three-component, triggering mode digital 
stations, installed on the island in the summer of 1996, re- 
corded almost 400 local microearthquakes and 500 signals, 
tentatively associated with hydrothermal activity. The 
analysis indicates low seismic@, probably associated with 
the existing hydrothermal field of the area. The hydrother- 
mal signals are of two types, with peak frequencies of 2-3 
Hz and 20-30 Hz, respectively. Preliminary analysis of rec- 
ords from the same experiment in 1997 showed that a high 
concentration of seawater in particulates Mn was followed 
by a group of microearthquakes 6-8 hours later. 
0 2000 Elsevier Science Ltd. All rights reserved. 

1 Introduction 

The seismicity pattern of an area with historical or recent 
volcanism can provide information cbnceming the volcanic, 
hydrothermal or magmatic process. 

Milos island (fig. 1) is located within the Hellenic Vol- 
canic Arc, comprising of various volcanic rocks which 
overlie the metamorphic basement of the Cyclades and the 
sedimentary deposits of Late Miocene-Quatemary. A num- 
ber of tectonic blocks corresponding to neotectonic units 
have been identified on the island, each one bounded by 
large faults and characterized by: the occurrence of certain 
formations only in these blocks, the non-proportional de- 
velopment of other formations, their particular tectonic de- 
formation and their differentiated morphotectonic features 
(Papanikolaou; 1988). The closest neotectonic unit to Pa- 
laeochori Bay, i.e. the area of interest, belongs to the Fy- 
riplaka Bay Volcano unit, which is characterised by a 
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gradually reducing neotectonic activity to the west and more 
intense neotectonic activity to the east. This unit corre- 
sponds to a large tectonic depression-graben which is 
bounded by two major fault zones that strike NNW-SSE 
and which is intersected to the south by the important E-W 
fault zone of Aghia Kiriaki (Papanikolaou et al; 1993). 

The most recent tectonic activity on the island was ex- 
pressed by the 1992, March 20 M,=5.3 earthquake, with 
epicentre off the southern coast of Milos, near the region of 
Palaeochori and Zephyria. The focal plane solution of this 
earthquake (fig. 1) produced strike slip dextral fe.ulting, 
with a normal component. These results, coupled with the 
major tectonic features, show that the island is mainly af- 
fected by extensional stresses in the NE-SW direction, 
which predominate in the broader area of the island (Deli- 
basis and Drakopoulos; 1993). Along with the other macro- 
seismic effects, the above mentioned earthquake caused 
changes in the subsurface water level and the temperature of 
emitted gases. The occurrence of these phenomena at spe- 
cific locations and areas of Milos clearly showed a direct 
relationship with the ongoing geodynamic processes that 
take place in the island. As a result of this activity, the sea- 
water in Palaeochori Bay was enriched in phosphate, sug- 
gesting that this area may be an important source of this 
element in the oligotrophic Aegean sea (Dando et al.; 
199513). Offshore Milos submarine hydrothermal activity 
occurs, as descibed from other Hellenic Volcanic Arc is- 
lands, causing significant changes in the marine environ- 
ment (Vamavas and Cronan; 1991, Cronan and Vamavas; 
1993, Dando et al.; 1995a). 

For a more detailed study of the correlation between seis- 
mic activity and venting, i.e. for the identification of any 
possible correlation between factors relating to the time- 
dependence of venting processes and earthquakes, in this 
hydrothermal active area of the Aegean, two local seismic 
networks covered the area near and around 
Palaeochori Bay for two months, in the summer of 1996 and 
1997, respectively (fig. 2). 
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Fig. 1. The island of Miles and its most significant faulting structures according to Papanikolaou et al., (1993). Superimposed are the fault plane solutions 
by Harvard (HCMT) and Dclibasis & Drakopoulos, 1993, (DD). The inset map shows the position of Miles (grey rectangle) in the Hellenic Volcanic Arc 
(hatched area). The toothed line indicates the front of the Aegean subduction system (Hellenic Trench). 

The recorded microseismicity was low in both cases. 
The networks also recorded signals showing that the tec- 
tonic activity, which takes place in this area, is highly asso- 
ciated to the volcanic activity of the island. 

2 Data and analysis 

During a period of two months in the summer of 1996, the 
five digital seismic stations operating on triggering mode 
recorded a considerable number of microearthquakes. A 
total of 21 events were recorded by more than three sta- 
tions, thus providing accurate epicentral locations (fig. 3), 
using the 2D velocity model for Miles (Sachpazi and Him; 
1991). 
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Fig. 2. The seismic stations installed during the first phase of the project 
(1996) are marked as open squares. Filled triangles represent the seismic 
stations installed during the first year of the project (1997). 

The analysis of the 1996 data set revealed low seismic@ 
with relatively low magnitudes, as well as spectrally peaked 
signals, often associated with the circulation of fluids. The 
local earthquakes recorded were shallow events (1-5 km 
depth) of small magnitude (all less than 1.5 of the Richter 
scale). The low seismic@ imposed limitations in establish- 
ing the time dependence of venting processes and earth- 
quakes. During the data analysis, the signals possibly re- 
lated to the hydrothermal processes were isolated, in order 
to identity whether they are related to seismic events and 
correlated to the temporal variation of temperature and wa- 
ter pressure. 

More specifically, station PAN, situated near Palaeo- 
chori Bay, recorded a total number of 80 microearthquakes, 
some of which appeared in groups of a few hours duration, 
each comprising of 5-8 events. 
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Fig. 3. Epicentral distribution of the best located micro-earthquakes of 
Miles during the 1996 experiment 
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Fig. 4. The S-P arrival times of local earthquakes recorded at station 
PANT versus time, showing possible cluster patterns 

These microearthquakes originated from sources near 
the station, most probably from the north. Their average S-P 
values, showing their distance from the hypocentre, were 
around the values 0.2 and 1.5 set, implying that the sources 
were within radii of l-2 and 5-8 km from the station re- 
spectively (fig. 4). 

Along with the above mentioned microearthquake activ- 
ity, two more types of signals were recorded by the net- 
work, especially at stations PAN, IOA and NEK. We fo- 
cused on stations PAN and IOA, which are the closest ones 
to the area of interest. 
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Fig. 5. a) A typical long period wave train recorded at IOA station and its 
background noise. b) The spectrum of such signals is peaked around 2-3 
Hz. The spectrum of the noise does not show any peak. 

The first type (fig. 5a,b) were long period wave trains, 
which were in fact spectrally peaked signals at 2-3 Hz. 
These signals appeared in groups of 3-10 events within a 
time span of 20-40 hours. Such characteristic signals have 
also been identified in this area by Him (1987) at a single 
station in the vicinity of Adamas town, a site near NEK 
seismic station. Moreover, during a first attempt to map and 
interpret the geothermal noise by Clacy (1968) in New 

Zealand, such signals of 2 Hz frequency have been detected 
and correlated to the circulation of fluids, 

The second type of signals consisted of microearthquake 
trains of 5-8 events, hardly distinguished from the back- 
ground noise, of very short duration (fig. 6), showing spec- 
tral peaks around 20-30 Hz in all components, i.e. ten times 
the frequency of the previously mentioned signals. 

The same type of signals were recorded by the 1997 
digital seismic network, which was concentrated near Pa- 
laeochori Bay, which operated on continuous mode, thus 
providing a more complete picture of the hydrothermal ac- 
tivity taking place in the area. In this sense we were able to 
obtain complete records of microearthquakes, hydrothermal 
signals and the background noise, which are currently being 
processed. 
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Fig. 6. A typical microearthquake train recorded at station PAN. 

Variability in the composition of certain elements (such 
as particulates Mn and Fe) from water sampling, taken from 
specific vents at the same area (fig. 7), were correlated to 
clusters of microearthquakes and hydrothermal signals, re- 
corded by the seismic stations. 

3 Discussion and conclusions 

The microearthquakes located during the 1996 experiment 
(fig. 4) are mostly concentrated in the central and eastern 
part of the island. Some of them originate from the tectonic 
graben of the Fyriplaka Bay volcano unit. 

From the distribution of the best located microearth- 
quakes (fig. 4), it is clear that most of them lie along the 
major tectonic contemporary active faulting on the island 
(Papanikolaou et. al.; 1993). More specifically, one group 
of epicentres lie in the NW-SE direction in the central part 
of Milos, which is characterised by normal faulting and a 
phase of extension during the Quatemary (fig. 1). A second 
group of epicentres lie along the N-S direction in the eastern 
part of the island, which also expresses continuous seismic 
activity in the present day. Moreover, the joint interpreta- 
tion of Magnetotelluric and Geomagnetic Deep Sounding 
data indicated a significant lateral resistivity interface of 
NW-SE orientation (Tzanis and Makropoulos, 1999). The 
location of this interface appears to coincide with the west- 
em boundary fault of the Milos Bay - Fyriplaka graben. 
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Fig. 7. Time variability of particulates Mn at Palaeochori hydrothermal wa- 
ters 

The sources producing these microearthquakes are 
typical sources of volcanic activity, most probably related 
to the existing volcanoes of Fyriplaka (near PAN and IOA 
stations) and Trachilas (near NEK station). 

The longer period signals (fig. 5a,b) may be related to 
venting procedures, whilst the microearthquake trains (fig. 
6) may originate from very small sources of 20-30 m radii, 
acting as microfiactures in a self-organized critical system, 
interacting within distances comparable to the radii of their 
mutual instabilities. This process possibly appears in re- 
sponse to changes in pore pressure. The activity recorded 
by PAN and IOA stations (fig. 3 & 4) may be related to the 
nearby Fyriplaka volcano (fig. 1). 

The above may be confuned through detailed tomo- 
graphic inversion techniques (provided that a complete 
earthquake data set is available) and geophysical pros- 
pecting methods which will model the shallow structure 
beneath the hydrothermal field of the area, similar to the 
study of the nearby Kimolos island (Louis, 1997). 

As far as the records from the 1997 experiment are 
concerned, the significant deviation from the mean value 
in the average concentration of the characteristic hy- 
drothermal elements Mn and Fe usually preceded groups of 
local microearthquakes and microearthquake trains. 

An example of such a high concentration of seawater in 
Mn in 181611997 is given in fig. 7, which was followed by 
a group of microearthquakes 6-8 hours later. 
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