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Abstract. The fault plane solutions (FPS) of 247 seismic (Constantinescu and Enescu, 1984) is used, which shows
events were used for stress field investigation of the regiona time-evolution from active to relict subduction. Here,
The eigenvectors, p, b, and moment tensdv components the Carpathians genesis is related to the hypothetical Tethys
for each FPS were defined and computed numerically. Theceanic plate consumption (Dewey et al., 1973), and its de-
obtained results confirm the hypothesis of subduction-typgachment from the continent-continent contact region of tec-
intermediate depth earthquakes for the Vrancea seismic reonic plates (Matenco et al., 1997).

gion and this may be considered the first approximation of The subject of this investigation is the regional seismic
the stress field for the whole of the Vrancea (intermediatestress field. It has been described earlier (Oncescu, 1987)
depth) region. based on a relatively small amount of crustal and subcrustal
fault plane solutions (FPS). Later, for the whole Romanian
territory, an analysis of crustal stress field has been done
through the zoning procedure of the investigated regions,
based on a limited dataset of FPS (Radulian et al., 1996). In

The Vrancea seismic zone is located in the Southeast of thi1€ Present paper, we used a statistical method and the high
Carpathian region and is characterized by maximal seismi@€nsity dataset of FPS (for the Vrancea intermediate depth
activity at intermediate depths, with epicenters distributedC zo.ne), to conflrm or to corre_ct .the previous statements
within the ellipse domain 6& 30 kn?. rotated by azimuth on regional subduction. The statistical method has been ap-
6 ~ 45° according to the major axis (Radu and Polonic, 1982;Plied for the FPS parameters; b, .
Constantinescu and Enescu, 1984) (Fig. 1).

The recent relocation of several hypocenters of seismiy pata and methodology
events has increased the accuracy of the ellipse domain to
90 x 20 kn? (Radulian et al., 2007; Hurukawa et al., 2008). To estimate the Vrancea region stress field, a statistical anal-

To explain the high seismic activity of this region, differ- ysis of the fault plane solutions FPS dataset was performed.
ent seismotectonic models were developed (Constantineschis method requires the high dense and omogeneous dataset
etal., 1972; Radu, 1974, Constantinescu and Enescu, 1984f FPS for the investigated region. All the FPS data from the
Oncescu, 1984; Enescu and Enescu, 1992; Linzer, 1996vailable regional catalogues, starting from 1967 up to 2006,
Sperner, 1996; Matenco et al., 1997; Enescu and Enescinas been merged into one unique database (Sandu and Zai-
1998; Wortel and Spakman, 2000; Gvirtzman, 2002), butcenco, 2008) and used in this study.
all of them are not in full accordance with the observational According to the concept fashallowdepth andnterme-
data (Bala, 2000). Due to the complexity of the problem, thediate depth events (Radu et al., 1982; Radulian et al., 1996),
interpretation of deep Carpathian geo-tectonic processes iwe divided our dataset into two parts, with 18 %<(I60 km)
still an open scientific debate. At the moment, more often,and 82 % (60< h < 200 km) from the total number of events,
the dynamic variance of Carpathian seismotectonic modetespectively.
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Fig. 3. Depth distributions for the Vrancea region dataset events
6 (Sandu and Zaicenco, 2008).

47"

The highly dense dataset allows us to construct a high res-

46 L = B olution image of the stress field, also to obtain a stable FPS
ey due to a large number of intermediate depth events on the
it investigated region. Therefore, we focused only on the in-
; :‘“.;"“ termediate earthquake dataset (202 events) to define the re-
45 Tesas 67 g gional seismic stress field.
e From the theory, a fault plane it is completely specified
ﬁlﬁg s by two angles: the fault strike defined as the azimuth of
: L i i the strike direction and the dip defined as the angle be-
> = " - = = ~ty tween a horizontal plane and the fault plane (Koyama, 1997).

With respect to a reference system in which thaxis points
north, they-axis points east, and theaxis points upwards
Fig. 1. Vrancea zone. (Fig. 4), the outward normal to the fault plane is described
by its three components:
49 49

ny =—sin (8) sin (¢),n, = sin(§) cod¢),n; = —Ccos(s)
48 . 48
* The direction of a slip on a fault plane is conveniently de-

iF a7 45 scribed by the rake, which is the anglebetween the slip

€ 4 i - 48 and strike directions. The unit slip vectois then given as:
< . i~
E o !" s e s % s = Sin(L) COg) Sin(¢) + COSA) cogh).
— . - _ . .
i o o i i Sy s!n(x) 09515) cog¢)+ cogA) sin(¢),
s; = —Ssin(}) sin(s)
43 43
23 24 25 26 27 28 29 30 0 100 200 The tension axig, pressure axig, null axisbh, can be easily
Longitude (E) Depth (km) defined throughe, s vectors:
Fig. 2. The h distribution of selected t 1(+)b 1( )
1. £. e ocenter distribution of selected events. =—Wn—Ts),0=nXs,p=—F72N—S§
? P V2 V2

The very concentrated spatial distribution of the earth-The¢, p, b vectors are the eigenvectors of moment tensor
quake epicenters in the area (Fig. 2) makes the algorithn\ (Lay and Wallace, 1995), which fatontrivial solutions
of numerical computation of the stress field quite simple; satisfy the conditiongecular equatiop
as a result, it becomes easier to select the more appropriate
coordinate system for each subgroup of intermediate event! xa =m x a,detM —ml) =0
(Gephart and Forsyth, 1984). This allows us to undestand her r nd to the eigenvectos:
how the mechanic stress field changes according to the eveny creml, Mo, M3 COITESPONG 10 the €lgenvectors, az,

depth for the investigated region. We can not say the same fof3 define the principal axes of the stress g, b) (Shearer,

crustal events, which are spread on a much larger area, an%009), and is the identity matrix.
according to (Radulian et al., 2002) are characterized by ran-
dom orientation of the principal stress axes and nodal planes

of FPS.
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Fig. 6. The tension4) and slip §) axes distribution profile accord-
ing to the event depth.

As it is possible to argue, thg andt axes are randomly
distributed, showing no preferential stress regime for crustal
depths. This behavior has been explained, in the mentioned
Fig. 4. Geometrical illustration of fault plane, slip direction, the references, by the existence of a series of active faults in the
normal direction to the fault plane. The slip vector is the movementfractured crust.

of the hanging wall block relative to the footwall block. At intermediate depths, the stress field is well defined sta-
tistically by clear vertical and horizontal orientations fok
4.6 and p axes.
4 The difference between the crustal and subcrustal stress
R L regime on the Vrancea zone was previously studied (Oncescu
e i} oy > o S and Trifu, 1987) with the stress inversion method applied on
E é | AR, ee eudd a relatively small FPS dataset. We confirmed these results by
2 e ‘1;. -é‘i 0 e@Ee 1 15 using a statistical method for a more complete and homoge-
gy t neous FPS database.
‘W In the context of the obtained results, the following ques-
tion is relevant: how can the Vrancea intermediate depth sub-
B 6 duction process be interpreted in terms of the regional scale
West-East West-East tectonics?

P axes
® T axes

Different stress regimes on crustal and subcrustal depth
domains give arguments in favor of a break-off plate sub-
duction processes in the region. Hence, the tectonic model,
defined by the stress field, can be a partial or complete de-
tached slab of continental crust, evolved into a weak sinking
in the upper-part mantle (Oncescu and Trifu, 1987; Wenzel
3 Results and discussion et al., 1999; Radulian et al., 1999, 2004, 2007).

Fig. 5. Thet and p axes projection for horizontal (left) and vertical
(right) profiles.

The eigenvectors, which specify the direction of the tension
axist, the pressure axig, the null axish, and momenttensor 4 Conclusions
M components for FPS of all 202 intermediate events were
computed numerically. Using the vertical componentsfpr  On the basis of a catalogue of regional earthquakes covering
t, s (slip) axes, we found that 91 % of the source mechanismshe time interval from 1967 to 2006, a statistical analysis of
of intermediate depth earthquakes have the same subductiothe seismic stress field characteristics in the Vrancea region
type features. On the x-z profile, the downwardradxis,  was performed. The stress field characteristics were deduced
and the uniform distribution for both p axes in horizontal  from a fault plane solutions dataset.
plane projection are shown clearly, on the x-y and x-z profiles A statistical approach requires a highly dense and homo-
(Fig. 5). The arguments for supporting the subduction pro-geneous dataset for the investigated region and only interme-
cess in the Vrancea region may be the vertical tension axigliate Vrancea events comply with this requirement.
distribution according to the event's depth. The maximum  For the Vrancea intermediate depth region, it was found
value for the vertical tension component is more characteristhat the slip axis and tension axis have a preferential down-
tic for intermediate depth, which is represented through theyard orientation. The compressive axis shows the prefer-
high density plots (Fig. 6). Here, 81 % of the 202 interme- ential tectonic cumulative stress. The horizontal cumulative
diate depth events have the downward slip vector projectionstress and vertical (downward) stress release correspond to
distribution (Fig. 6). the subduction source mechanism (reverse faulting). Statisti-
cal analysis shows that almost all (about 91 %) of the source
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mechanisms of Vrancea intermediate depth earthquakes havay, T. and Wallance, T.: Seismic sources, Modern Global Seismol-
the same subduction-type features. ogy, Academic Press, 1995.

The regional seismic stress field is the main factor for theLinzer, H.-G.: Kinematics of retreating subduction along the
moment, and this can contribute to a better understanding of Carpathian arc, Romania, Geology, 24, 167-170, 1996.
the inner processes of the seismogenic zone. Our results suffatenco. L., Zoetemeijer, S., Cloetingh, S., and Dinu, C.. Lat-
port the hypothesis of the existence of a break-off plate sub- eral variations in mechanical properties of the Romanian external

. . . . Carpathians, 1997.
duqtlon process at intermediate depths for the SE Carpath'aBncesr::u, M. C.: Deep structure of Vrancea region, Romania, in-
region.

ferred from simultaneous inversion for hypocenters and 3-D ve-
locity structure, Ann. Geophys., 2, 23-28, 1984,
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