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Abstract. In the last 300 years the window of time for two consecutive large 
and destructive intermediate-depth earthquakes in Vrancea (Romania) was between 
36 and 102 years. An explanation for the larger window of time might be a release of 
stress produced by a slow-slip-event (SSE).  In a vertical sinking slab slightly attached 
from the Earth’s crust both large earthquakes and SSE are expected to generate a 
downward movement in the vertical displacements of GPS data. The building-up of 
stress in the asperity preventing a steady aseismic sinking was expected to be 
transmitted upwards to faults in the crust and recorded based on a magnetotelluric 
phase splitting effect. A large stress build-up has been suggested around a fault in the 
years 2012–2013, but no large earthquake was recorded. We supposed a large SSE in 
the year 2013–2014 with a duration of 13 months released the accumulated stress. 
GPS stations in the epicentral region of Vrancea seismic active region supported our 
suggestion by showing a downward displacement of vertical data obtained for the 
year 2014. However, the vertical displacements are small and other possible causes 
than SSE need to be taken into account 

      Key words: slow slip event, seismic, stress, biolocation, geodynamics. 

1. INTRODUCTION 

Along a subduction-zone where an asperity prevents an oceanic plate to 
move under a continent the continental plate will store elastic energy. This stored 
energy can be released by an earthquake and as a result the continent will snap 
towards the ocean side. However, this is not the only possibility. A megathrust 
fault can simply slip aseismically at a rate similar or equal to the convergence rate, 
or slow-slip-events (SSEs) can accelerate spontaneously, but to proceed much 
slower than earthquake ruptures [1]. When GPS data show a snap of the continent 
towards the ocean with no earthquake attached, SSE can be defined in space and 
time. Also, in Japan [2] detected for the first time SSEs at a subduction-zone based 
on GPS data. 
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Back in 1910 [3] created an elastic-rebound theory explaining for the first 
time how an earthquake is produced. Sixty years later Plate Tectonics explained 
why earthquakes happen. However, the elastic rebound theory may be used to 
explain coseismic displacements but no creep and SSEs that are also part of the 
broad spectrum of fault slip. 

Authors like [4] described SSEs that follows or precedes earthquakes as afterslip 
and preslip, respectively, and SSEs occurring between two large earthquakes as 
interseismic slip. In this respect [2] described first an afterslip event. An interseismic 
slip it is far more important. The relation between an interseismic slip and the next 
expected large earthquake represents a key question for hazard assessment. Eventually, 
in the future, inclusion of SSEs might be required in a time-dependent probabilistic 
hazard model for any seismically active region in the world. The first interseismic 
slip has been discovered by [5] in the deeper Cascadia subduction interface of 
North America. 

Despite a large number of field observations based on GPS and modelling 
studies, the physical mechanism of SSEs remains elusive [6]. Most SSEs occur just 
downdip of normal seismogenic zone, but it is not clear why SSEs occur in a narrow, 
along-strike, patch of the subduction interface. Regarding the depth, and the physical 
mechanisms of SSEs’ active at that depth [7] provided a compelling study. If a 
typical earthquake rupture velocity is 3.5 km/s, along-strike velocity of SSEs is 
5–15 km/day [4]. In Cascadia [6] found rupture velocities for SSEs 1–2 km/day 
and 9–10 km/day, respectively. The same authors describe weeks-long up to year-
long durations for SSEs.  

The equivalent seismic moment of SSE is proportional to its duration but a 
linear scaling does not match with some recent observations. For instance, the analysis 
of the 10-year-long data set of SSEs from Cascadia suggests a cubic moment-duration 
scaling law, similar to regular earthquakes. Recent modelling results have shown that 
this cubic scaling arises because both simulated and natural SSEs have rupture 
velocities and stress drops that increase with magnitude [6].  

SSEs are not confined to subduction-zones only. If the temperature-controlled 
rheology and friction conditions are right at a certain depth, SSEs can be generated 
along asperities for any fault type. It was no surprise that [8] discovered SSEs 
at depth in Central California along the San Andreas strike-slip fault. On this 
line of thought it will be no surprise that an array of GPS stations suggested a 
SSE in a sinking slab at an intermediate-depth in Vrancea seismically active region 
of Romania.  

Modelling results from the Northern Apennines [9], also from subduction 
and collision zones show that lower crustal rheology and lithospheric mantle 
temperature modulate the crustal tectonics and the occurrence of fast and slow-
slip-events. More than that, SSEs can be detected on low-angle normal faults, such 
as the Alto-Tiberina Fault. 
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2. A REVIEW OF HISTORICAL EVIDENCE FOR THE RECURRENCE TIME OF LARGE 
AND DESTRUCTIVE INTERMEDIATE-DEPTH EARTHQUAKES  

IN VRANCEA (ROMANIA) 

Viewed in a planetary perspective the Vrancea seismically active region can 
be characterized by the persistence of large and destructive intermediate-depth 
earthquakes within an isolated small vertical slab of oceanic lithosphere situated in 
an intraplate environment far away from the active plate margins. The recurrence 
time of destructive events in Vrancea has been discussed among others by [10] and 
[11]. Also authors of papers [12] and [13] are known for their after-the-fact 
statistical earthquake predictions. When such predictions had been issued in real 
time they failed. One possible explanation of their failure might be that building up 
of stress between two large earthquakes has been regarded as continuous. The 
possible release of stress by SSEs was not known to be taken into account. Other 
recent statistical studies were realised for Vrancea using modern processing 
techniques, like ETAS [14]. 

The historical record of the past 300 years in the provinces of Moldavia, 
Muntenia and Transylvania contains valuable information for evaluating the earthquake 
potential in Vrancea seismically active area [11] described six large and destructive 
events in the year 1701, 1738, 1802, 1838, 1940 and 1977. The interseismic period has 
been between 36 and 102 years. A possible explanation for the larger interseismic 
period might be the release of stress produced by SSEs. However, no SSE was 
never mentioned in Vrancea seismogenic region.  

Starting from the last large and destructive earthquake in 1977 and moving 
in time towards the past [11] remarked an alternance of shallower locations of 
about 100 km depth to deeper ones of 150 km. Since the 1977 event had a depth of 
about 100 km, his observation implies that the next expected large and destructive 
earthquake in Vrancea to be situated at 150 km depth. On the other hand, deeper 
locations are known to produce greater destructive effects towards the province of 
Moldavia and Transylvania when compared to a shallow one. All these observations 
might be suggestive and valuable. However, in order to prove them statistically 
significant a much larger number than six cases need to be taken into account.  

3. BUILDING AND RELEASING STRESS IN THE VRANCEA  
SLAB AT AN INTERMEDIATE-DEPTH 

The authors in paper [15] regarded the slab of oceanic crust in a vertical 
position in Vrancea, at an intermediate depth, to be slightly attached to the crust 
above by a so called “soft” coupling. The slab pull that created this strong elongation 
requires that the upper end of the slab is fixed vertically. The authors assumed that 
such a “soft coupling” is strong enough to enable elongation but weak enough 
to inhibit “quasi-static” stress transfer to the overlying crust. [6] discussed the 
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rearrangement of forces due to slab breakoff. During the post collisional stage 
suction and mantle traction created bending and rollback of the residual slab. On the 
other hand, the remained slab elongated in a vertical position exerted a first order 
control on the motions, deformations and the seismic activity of collisional orogen. 

In 1977, [16] suggested that faults in the crust can be mapped by biolocation 
and this method of investigation is related to the stress in the crust. The biolocation 
data are obtained as a human reaction when walking on a direction perpendicular to a 
fault-strike as detailed by [17]. The authors measured a distance “d” for the length 
of biolocation reaction obtained along the same path and across the same Horgasz 
fault in Covasna, Romania. The distance “d” showed variation against time, 
increasing, then sharply decreasing, before Vrancea intermediate depth earthquakes. 
The rate of increase was slower and the duration longer, for larger earthquakes. 
Sometimes the increase of “d” was continuous, but in 1976, before the 4th 
March 1977 Vrancea large earthquake (Mw7.2), the distance “d” showed oscillations 
across time with amplitude increasing and period decreasing during 6 months from 
May–November 1976.  

They regarded the biolocation oscillation a precursor of the March 4th 1977 
earthquake. However, the authors at that time could not explain the physical nature 
of biolocation and the possible relationship to the state of stress in the crust. 

Later, [17] and [18] explained biolocation data across Horgasz Fault in Covasna 
as an effect of magnetotelluric phase splitting.  

 

 
Fig. 1 – Oscillation for the amplitude (d) and period (P) of biolocation reaction obtained across 

Horgasz Fault in Covasna, Romania for the years 2012 and 2013. 

By using biolocation data obtained during the years 2009–2013 across the same 
Horgasz Fault in Covasna [17] obtained for the years 2012 and 2013 a similar oscillation 
as in 1976, with amplitude increasing and period decreasing. Every day it was measured 
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a distance “d” across the Horgasz Fault in Covasna from the fault strike to the end 
of the biolocation reaction. The biolocator is moving along a line perpendicular on 
the Horgasz Fault strike. He is measuring a distance “d” (Figure 1) showing how far 
away from the fault there are biolocation reactions. Then the distance “d” obtained 
daily is plotted across time. The increase of the distance for biolocation reactions 
obtained when moving across Horgasz Fault was attributed to an increase of stress 
in the Vrancea slab at an intermediate depth. The biolocation investigation continued 
at the end of 2013 and 2014 but no reactions have been obtained for 13 months.  
No large earthquake in Vrancea was recorded in 2013 and 2014. The lack of 
biolocation reactions for 13 months has been regarded as a large SSE. 

Since the equivalent seismic moment of SSE is proportional to its duration, 
the SSE suggested in the year 2014 released stress equivalent to an earthquake with 
Mw around 7. 

4. A REVIEW OF PSYCHOLOGICAL AND PHYSICAL  
INTERPRETATIONS FOR BIOLOCATION  

Bio-location is known as a traditional form of mineral exploration with roots 
in the Middle-Ages. Bio-location is a body activity intended to feel a disturbance in 
the environment. Bio-locators are trained to react to disturbances above dry and 
wet caves and faults, salt domes and oil traps. During 1960–1990 geologists and 
geophysicists in the former Soviet Union correlated bio-location reactions to 
geomagnetic, resistivity and gravity anomalies, but no systematic correlation has 
been obtained.  

Two experienced biolocators working independent from each other checked 
the reproducibility of the reactions. The location for the geological situation was 
unknown to the operator. When repeated along time the region with biolocation 
reactions obtained above a cave underground showed no variations. However, the 
same region obtained across a fault increased or decreased. The experiments suggested 
the stress field as a possible cause for biolocation reactions. 

There is a lot of skepticism and confusion related to biolocation. While the 
nature of biodetection for mineral veins and faults seem to be a physical one, 
others consider a success to be related to parapsychology and name it a dowsing 
phenomenon. The vast majority of scientists consider dowsing an ideomotor effect 
and explain a possible success in mineral exploration as a scientific fraud only. In 
their view dowsing never works [19]. When scientists published papers showing 
positive results of biodetection in mineral prospecting they have been attacked by 
academia and forced to stop their research. 

In the former Soviet Union geophysicists published in geological journals 
positive results of biolocation for prospecting oil fields, salt domes, caves in 
limestone, mineral veins and faults [20–22]. Scientists in the west ridiculed their 
work and disregarded their results. 
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It is true biodetection can be a self-suggestion and an ideo-motor effect for 
the vast majority of people. To make biolocation for mineral underground even 
more confusing, only a few talented and experienced prospectors are able to block 
their self-suggestion and obtain reproductible results in the field. North American 
Indians built large effigy mounds over places with biolocation reactions [23]. The 
largest effigy mound in North America with a bird shape was built about 1000 
A.D. at Poverty Point, Louisiana, over a salt dome. Another large effigy mound 
with a snake shape was built in southern Ohio, along a fault strike and a mound 
with a bear shape can be seen over a cave in eastern Iowa in the Effigy Mounds 
National Park. When such biolocation reactions have been observed over time in 
Romania, their dimension in space has been constant for salt domes and caves. 
However, when measured across a fault strike, the length “d” of biolocation 
reaction increased for a while then decreased sharply before a large local and/or 
regional earthquake [17].  

We need to look at the common physical anomaly for all geological situation 
able to generate a biolocation reaction. In 1992 [23] suggested a local variation of 
the stress field underground to be such a common anomaly. However, there is no 
physical instrument able to find a stress anomaly underground by moving the 
detector over the ground. Only a biolocator can do it.  

In order to explain how a stress anomaly underground can be detected over 
the ground we need first to look at the methodology described by [24] for stress 
forecasting of large earthquakes. The author [24] had a new and revolutionary 
understanding of fluid-rock deformation in the distribution of stress-aligned and 
fluid saturated microcracks. They are so closely spaced that they verge on fracturing 
and hence can be regarded as critical systems. And critical systems impose 
fundamentally new properties when compared to conventional geophysics [24] 
created a New Geophysics. A consequence of the New Geophysics was that before 
a great earthquake at a subduction-zone, where the oceanic plate is moving under 
the continental plate, the stress can be transmitted over the continent from its active 
to the passive margin. The New Geophysics has been ridiculed and violently opposed 
by the established seismological community. In spite of such an attitude [24] has 
been able to perform successful stress forecasting before earthquakes. 

Reliable stress forecasting requires three 1.5 km deep boreholes drilled at 
about 2 km apart one from the other. Two boreholes are placed along a fault strike 
and the third one has to be located perpendicular to the fault direction. A down-
hole orbital vibrator (DOV) placed in one drilling situated on the fault strike radiates 
shear-waves to the other two drillings equipped with seismometers. Before a large 
earthquake the stress will increase along time and over a large area, including our 
fault under study. The shear-waves generated by the DOV will split around the fault 
and generate two different velocities, one along the fault and the other across it. 
The ratio of the two different shear-wave velocity will change over time proportional 
to the stress increase. This phenomenon is known as shear-wave splitting (SWS). 
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The methodology created by [24] and [25] based on SWS is costly and was not 
accepted to be implemented in Vrancea [17] and [18] proposed to use magnetotelluric-
phase splitting (MTPS) in order to stress forecast earthquakes [26] showed that MTPS 
it is the electromagnetic equivalent of seismic SWS. MTPS can be used by biolocators 
moving above ground with no additional drillings and seismic equipment. Since 
MTPS can generate a biolocation reaction across the fault this effect has been used 
in our research for stress forecasting performed in Covasna on the Horgasz Fault in 
the years 1976–1983 and later during 2009–2020. 

5. THE IMPACT OF GPS DATA FOR UNDERSTANDING  
THE GEODYNAMICS OF VRANCEA  

The evolution of the oceanic slab that represented a remnant of the subduction 
of Thetis oceanic plate under Euro-Asian continental plate was described by [27]. 
It was believed that about 10 million years ago a fragment of oceanic slab, detached 
from the Earth’s crust, collapsed into asthenosphere in a vertical position somewhere 
at the latitude of the Persani and Baraolt Mountains in Transylvania. During 10 million 
years the slab rolled back through the mantle reaching the actual position described 
in Figure 2 at the bending of Eastern Carpathians. This rollback is suggested by a 
line of seismic activity at a depth of 50 km from the Baraolt Mountains to Sfantu 
Gheorghe and Intorsura Buzaului [28]. It would be important to know that the line 
of seismic activity has been discovered by [28].  

The properties of deep sub-crustal material are thus shown to influence (1) 
the long-term rollback and (2) the upper crustal seismicity in the orogen driven by 
slab retreat in and around the bending of Eastern Carpathians in Romania and even 
in regions with low-convergence rate such as the Central Alps, Del Zilio et al. 
(2020) [6]. The slab roll-back through the mantle pulled the upper crust with it, 
causing an extension and the formation of small sedimentary basins and faults. The 
Horgasz Fault in Covasna has been created in the last 10 million years as a result of 
roll-back. It is indicated in Figure 2 inside a small square [29] did not agree that slab 
pull and its lateral migration controlled vertical movements in the Focsani depression 
and suggested other possible causes. 

The SSE was first suggested in the year 2014, when biolocation data showed 
a zero value for 13 months, released stress accumulated in the slab in the past. This 
interpretation has been supported by the fact of a low value for the amplitude of 
biolocation obtained across the Horgasz fault in the year 2015. However, our 
suggestion needs to be supported by physical instruments such as GPS stations 
situated in the epicentral area of the intermediate-depth earthquakes in Vrancea. 
More than that, most of the 13 km deep basin of Focsani depression has been 
created as a result of the slab pull combined with slab roll-back in a southeast 
direction [30]. That is why a series of GPS stations have been placed in the Focsani 
depression to check a possible downward displacement in the GPS vertical data.  
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In Figure 2, the Focsani depression is the region situated around the city of Focsani 
at the southeast limit of the epicentral area of Vrancea intermediate-depth earthquakes. 

 

 
Fig. 2 – a. Seismicity of Romania; b. The GPS stations networks; c. The Vrancea seismically active 
region of Romania. The black lines indicate the roll-back of the slab in a vertical position from the 

latitude of Persani and Baraolt Mountains to the actual position at the bending of Eastern Carpathians. 
The red square indicates the location of Horgasz Fault in Covasna. 

The network of GPS stations in Romania (Figure 3), expected very small 
vertical and horizontal displacements, since Romania is situated in an intraplate 
region far away from the plate margins of the Mediterranean region and the 
Anatolian strike-slip fault of Turkey. This being so, the Romanian seismologists 
took good care to place GPS stations of high accuracy. Permanent GPS stations 
have been chosen to enhance the noise reduction by averaging longer time spans 
and thus improving the sensitivity for vertical motions. 

In order to prove the SSE of the year 2014 in Vrancea, the GPS data were 
processed with GIPS-OASIS v. 6.2 software using the precise point positioning 
(PPP) strategy [31], generating position solutions from each individual observation 
file. GIPSY is a state-of-the-art analysis tool, which includes a comprehensive suite 
of models to correct for all thinkable effects, ranging from wet and dry atmospheric 
distortions of the measurements to ocean loading displacements of the sites. The 
models are accurate to the 1-mm level. Accurate orbits and clock products were 
used from the Jet Propulsion Laboratory (JPL), as well as the wide lane ambiguity 
products, to invoke single-station ambiguity fixing. This results in so-called nonfiducial 
position solutions, which are in an arbitrary, internally consistent GPS orbit reference 
frame. These position solutions are then transformed into the latest International 
Terrestrial Reference Frame, currently ITRF2008 [32], using a global Helmert 
seven-parameter transformation also provided by JPL along with the orbits and 
subsequently, the individual site position solutions are grouped into daily combination 
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solutions. In the next step, these daily solutions are converted to the fixed Eurasian 
reference frame by subtracting the motion of the Eurasian plate relative to 
ITRF2008, using the ITRF2008 rotation pole model for this plate. This yields time-
series solutions of the position coordinates with respect to stable Eurasia. In the 
final step, the 3-D velocities are computed by means of linear regression of the 
position solutions of each individual site. Each dot is an individual estimate of site 
position, and the plot axes are scaled automatically to accommodate the data time 
span and range of position.  For all stations time series are provided in IGS14. 

 

 
Fig. 3 – GPS stations in Romania – with red squares are marked the stations used in our studies. 

We have analysed vertical GPS residuals from FOCS in the Focsani depression 
and at VRAP in the epicentral area of Vrancea intermediate-depth earthquakes at 
Plostina (Figures 4 and 5). We compared these GPS residuals data to site ROSP at 
Rosia Montana, in the Western Carpathians, 300 km far away from the Focsani and 
Plostina stations (Figure 6). The analysing period is of 5 years, from 2013 till the 
end of 2017 for all stations, and we have focused only on the vertical (radial) 
component. A 10 week running average of the residuals is plotted with a solid red 
line in Figs. 4 to 6, and helps to get a better idea of the trends in the three studied 
locations. The running average method smooths the data so that they become less 
noisy, and the interpretation becomes more reliable. 
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Most variations are probably due to local effects like groundwater levels and 
multipath of the antenna, and also variations caused during the winter time 
probably also caused by snow on the radome.  

 

 
Fig. 4 – GPS vertical data at site FOCS. 

 
Fig. 5 – GPS vertical data at site VRAP. 
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Fig. 6 – GPS vertical data at site ROSP. 

During the studied period there have been recorded only 10 earthquakes with 
magnitude Mw larger or equal than 4.5, inside Vrancea zone, both at normal and 
intermediate depth (Table 1). 

Table 1  

Earthquakes with Mw>4.5 occurred in Vrancea seismogenic zone during 2013–2018 

Nr. crt Date/Hour (GMT) Lat.° N Long.° E h (km) Mw 

Eq1 06.10.2013/1:37 45.67 26.58 135.1 5.2 
Eq2 29.03.2014/19:18 45.6094 26.4709 134.4 4.6 
Eq3 22.11.2014/19:14 45.8683 27.1517 40.9 5.4 
Eq4 23.09.2016/23:11 45.7148 26.6181 92 5.5 
Eq5 27.12.2016/23:20 45.7139 26.5987 96.9 5.6 
Eq6 08.02.2017/15:08 45.4874 26.2849 123.2 4.8 
Eq7 19.05.2017/20:02 45.7228 26.7547 121.6 4.5 
Eq8 02.08.2017/2:32 45.5286 26.4106 131 4.6 
Eq9 02.08.2017/2:32 45.5286 26.4106 131 4.6 

Eq10 28.10.2018/00:38 45.6079 26.4068 147.8 5.5 
 

For VRAP station can be clearly seen a downward trend from 2013 till mid-
2014. The same observation is more or less true for FOCS. In comparison the 
ROSP does show variations but not a clear trend during 2013–2014. The location 
of GPS base station monitoring sites is presented in Table 2.  
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In fact, all studied GPS sites show variations in the red running average line 
(BUCE – Bucharest site and ZIMM – Zimnicea outside Vrancea zone and BUZE). 
The results on GPS data processing are presented in Table 3. 

Table 2 

 Information on the GPS stations  

Site information 

STA  ID LONG 
(deg) 

LAT 
(deg) 

Heigh 
(m) 

Time span interval (yr) 

VRAP 45.8513 26.6498 654.8 16.48 
FOCS 45.7083 27.1946 97.4 7.72 
ROSP 46.3169 23.1385 1228.1 11.22 

Table 3 

 Results on GPS data processing  

 
Site 
info 

RMS of linear 
regression 

Velocities relative to 
Eurasia 

Velocity sigma 
(68 % confidence) 

STA ID North 
mm 

East 
mm 

Up 
mm 

V_ns 
mm/yr 

V_ew 
mm/yr 

V_up 
mm/yr 

Sig_ns 
mm/yr 

Sig_ew 
mm/yr 

Sig_up 
mm/yr 

VRAP 1.3 2.1 5.0 –0.73 –0.30 –0.09 0.05 0.08 0.19 
FOCS 1.3 1.4 4.3 –1.13 –0.26 0.84 0.10 0.12 0.33 
ROSP 1.4 1.5 4.1 –0.37 –0.61 –0.09 0.08 0.08 0.24 

 
In conclusion, while the site ROSP had no downward trend, both sites FOCS 

and VRAP, seen clearer on VRAP, showed a depression of the vertical GPS data. 
However, the general trend from 2013 till mid 2014 might be related to the SSE.  

6. CONCLUSIONS 

The stress inside a slab in Vrancea, Romania, slightly attached to the crust, 
can be transmitted upwards and recorded around a fault by the magnetotelluric 
phase splitting effect. The stress oscillation obtained in 2012–2013, with amplitude 
increasing and period decreasing, has been regarded as a precursor of large SSE 
with duration of 13 months in 2013–2014. This interpretation was checked by GPS 
data. The vertical component of GPS showed a downward displacement for 
stations placed in the epicentral region of intermediate-depth earthquakes and in 
the Focsani Depression during 13 months in 2013–2014.  

In the last 300 years the window of time for two consecutive large and 
destructive intermediate-depth earthquakes in Vrancea (Romania) was between 36 
and 102 years. An explanation for the larger windows of time might be a release of 
stress produced by a slow-slip-event (SSE). The SSE in 2013–2014 disturbed the 
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stress field in the Vrancea, so the time for the next large earthquake in Vrancea 
could not be estimated at present time. 

Author Contributions. The authors I.A. Moldovan and A. Apostol are equally to this work. 
All authors have read and agreed to the published version of the manuscript.  

Acknowledgements. This paper was carried out within Nucleu Program MULTIRISC supported 
by MCI, projects number PN19080101 and PN19080102 and Phenomenal Project PN-III-P2-2.1-
PED-2019-1693, 480PED/2020 supported by UEFISCDI. 

REFERENCES 

1. G. Rogers and H Dragert, Episodic tremor and slip on the Cascadia subduction zone: The chatter 
of silent slip, Science 300 (5627), 1942–1943 (2003). 

2. K. Heiki, S Miyazaki and H Tsuji, Silent fault slip following an interplate thrust earthquake 
thrust earthquake at the Japan Trench, Nature 386, 595–598 (1997). 

3. H.F. Reid, The mechanics of the earthquake: The California earthquake of April 18th 1906, 
Report of the State Investigation Commission, Carnegie Institution of Washington D.C. 2, 16–98 
(1910). 

4. B. Rousset, Y. Fu, N. Bartlow and R. Burgmann, Weeks-long and years-long slow-slip and 
tectonic tremor episodes in south-central Alaska megathrust, Advancing Earth and Space Science 
124 (12), 13392–13403 (2019). 

5. G. Dragert, K. Wang, T. S. James, A silent slip event on the deeper Cascadia subduction 
interface, Science 292, 1525–1528, (2001). 

6. L. Dal Zilio, N. Lapusta and J.P. Avouac, Unraveling Scaling Properties of Slow‐Slip Events, 
Geophysical Research Letters 47, 10, e2020GL087477 (2020).   

7. P. Segall, A.M. Rubin, A.M Bradley and J.R. Rice, Dilatant strengthening as a mechanism for 
slow slip events, Journal of Geophysical Research: Solid Earth 115, B12 (2010). 

8. A. Guilhem and R.M. Nadeau, Episodic tremors and slow-slip-events in Central California, Earth 
and Planetary Science Letters 357–358, 1–10 (2012). 

9. M. D'Acquisto, L. Dal Zilio, I. Molinari, E. Kissling, T. Gerya and Y. Dinther, Tectonics and 
seismicity in the Northern Apennines driven by slab retreat and lithospheric delamination, 
Tectonophysics 789, 228481 (2020). 

10. D. Enescu and M. Ianas, Attempts at predicting earthquakes in Vrancea for the year 1975 and the 
periods 1976–1980 and 1981–1990, Revue Roumaine de Geologie, Geophysique 19, 27–35  
(1975). 

11. G. Marmureanu, Certitudini/Incertitudini în Evaluarea Hazardului şi a Riscului Seismic Vrâncean. 
Editura Academiei Romane, Bucureşti, România, 2016. 

12. D. Enescu, V. Marza and I. Zamirca, Contributions to the statistical prediction of Vrancea 
earthquakes, Revue Roumaine de Geologie, Geophysique 18, 67–79 (1974). 

13. G. Purcaru, Quasy and supercyclicity of earthquakes and time-magnitude gaps in earthquake 
prediction, Semi-annual Technical Report NORSAR 3 (6), 73–74 (1974). 

14. C. Ghita, M. Diaconesu, R. Raicu, I.A. Moldovan and G. Rosu, The analysis of the seismic 
sequence started on November 22, 2014 based on ETAS model, Romanian Reports in Physics 73, 
708 (2021). 

15. B. Sperner, F. Lorenz and K.P. Bonjer, Slab break off: Abrupt or gradual detachment? New insight 
from Vrancea region, Romania, Terra Nova 13 (3), 172–179 (2001). 

16. A. Apostol, D Eisenburger and S. Spanoche, Beitrager der Geophysik zur Erforschung der 
Kohlendioxydemanationen den Ostkarpaten, Revue Roumaine Geologie, Geophysique 21 (1), 
167–176 (1977). 



Article no. 806 I. A. Moldovan et al. 14 

   

17. A. Apostol, I.A. Moldovan, A. Moldovan, C. Ionescu and A.O. Placinta, The Bio-Location 
Method Used to Map Crustal Faults in Vrancea (Romania) Seismic Zone, Romanian Reports in 
Physics 65 (1) 271–284 (2013). 

18. I.A. Moldovan, A. Apostol, A. Moldovan, C. Ionescu and A.O. Placinta, The bio-location method 
used for stress forecasting in Vrancea (Romania) seismic zone, Romanian Reports in Physics 65 (1), 
261–270 (2013). 

19. J. T. Enright, Testing dowsing. The failure of the Munich experiment, Skeptical Inquirer 23 (1), 
5–20 (1999). 

20. V.S Matveev, O biofiziceskom metode v gheologhii, Izvestia Akademii Nauk, Kazah, SSR, Seriia 
Gheologhii 3, 7–14 (1967). 

21. N. Sochevanov and V.S. Matveev, Electromagnetic fields as origin of the bio-physical effect, 
International Journal of Paraphysics 10 (5–6), 115–122 (1976). 

22. A.I. Plujnikov and M.Y Khakimov, On the possibility of bio-location in sensing oil deposits, PSI 
Research, A Quarterly Publication of Washington Research Center and the Fundation of Human 
Sciences 1 (3), 126–129 (1982). 

23. A. Apostol, Applications of bio-location for the detection of certain geological inhomogeneities, 
Correspondence, Frontier Perspectives, a publication of the Center for Frontier Sciences at 
Temple University, Philadelphia, Pennsylvania 3, 2–15 (1992). 

24. S. Crampin, A New Geophysics provides the opportunity for stress-forecasting earthquakes and 
volcanic eruptions, Disaster Advances 2 (1), 3–4 (2009). 

25. S. Crampin, The basis of earthquake prediction, Geophysical Journal of the Royal Astronomical 
Society 91, 331–347 (1987). 

26. W. Heise, T.G Caldwell, H.M. Bibby and C. Brown, Anisotropy and phase-splits in magnetotellurics. 
Physics of the Earth and Planetary Interiors 158, 107–121 (2006). 

27. H.G. Linzer, Kinematics and retreating subduction along the Carpathian Arc, Romania, Geology 
25, 1–15 (2013). 

28. A. Apostol, T. Moldoveanu, A. Sarlea and T. Victorin, Can red wood ants predict earthquakes? 
Journal of Earth Sciences 2, 1–10 (2016). 

29. G. Bertotti, L. Matenco and S. Cloetingh, Vertical movements in and around the south-east Carpathian 
foredeep: Lithospheric memory and stress field control, Terra Nova, 2003. 

30. M. Tarapoanca, G. Bertotti, L. Matenco, C Dinu and S. Cloetingh, Architecture of the Focsani 
Depression: A 13 km deep basin in the Carpathians Bend Zone (Romania), Tectonics 22 (6), 
1074–1084 (2003). 

31. J. Zumberge, M. Heflin, D. Jefferson, M. Watkins and F. Webb, Precise point positioning for the 
efficient and robust analysis of GPS data from large networks, J. Geophys. Res. 102 (B3), 5005–5017 
(1997). 

32. Z. Altamimi, P. Rebischung, L. Métivier and X. Collilieux, ITRF2014: A new release of the 
International Terrestrial Reference Frame modeling nonlinear station motions, J. Geophys. Res. 
121, 6109–6131 (2016). 

 
 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




