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In the context of the DGMK research project 761, Stuttgart university 
has installed an additional, small-scale seismic network that monitored the 
Rotenburg region for the last three years. For our monitoring, we combined two 
10-station arrays with two tri-partite small arrays and three 3C single stations. 
Our installation covers an area of 15 by 20 km achieving a detection threshold 
of ML 0.5 as verified by 50+ events in a distance range of up to 100 km. In spite 
of this sensitivity just one small event ML 1 was observed so far near Rotenburg.

Reprocessing BVEG and BGR data from the past by cross correlating seis-
mograms from the bulletin earthquakes we found more events also clustering at 5 
km depth. Additionally we discovered four singular, deeper earthquakes at 25 km 
to 30 km depth which previously were overlooked in regional monitoring due to 
the many noise bursts by military shooting. Most likely, these deeper earthquakes 
are related to the stress release from postglacial isostatic relaxation, and fit to the 
observed, regional seismicity of singular, mid- to lower crust earthquakes.
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Italy has about 15 sites devoted to underground gas storage (UGS) activity. All 
sites are on-shore and use depleted natural gas reservoirs. UGS is crucial for the 
Italian energetic policy, in order to support gas demand fluctuations and to guar-
antee strategic supply for extraordinary demand. Being Italy heavily exposed to 
natural seismicity, these activities often are opposed by part of the local popu-
lation, the possibility to trigger earthquakes exists, and the possible interaction 
with existing seismogenic faults must be accurately monitored. As recognised by 
the Italian Guidelines for monitoring published in 2014, high-sensitivity seismic 
monitoring allows recognising the occurrence of induced seismicity at the early 
stage, and intervening in case of seismicity anomalies.

The Collalto gas storage is located in NE Italy, on the foothills of Southern 
Alps, and exploits a depleted natural gas reservoir 1.5 km deep. The activity is 
managed by Edison Stoccaggio S.p.A. since 1994. The gas storage is monitored 
by OGS through the Collalto Seismic Network (RSC) since 2012, as imposed 
by local and national administrators, when the company requested to inject gas 
up to 160 bars (i.e. the original pressure). RSC consists of 10 stations deployed at 
increasing distance from the reservoir and equipped with borehole broadband 
sensors and surface accelerometers. 

In more than 5 years, RSC has detected and located a thousand of micro-
earthquakes, also with negative magnitude. The high-quality monitoring is dem-
onstrated by a completeness magnitude of about 0 in a 20 km wide area around 
the reservoir. The located seismicity is not correlated with injection/extraction 
operations either in time or in space, as shown by pore-pressure diffusion model-
ing. On the other hand, the 3D seismicity pattern depicts the deep geometry of 
the Alpine compressive front, reveals the activity of the local thrusts, and suggests 
the natural origin of all events.
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Large earthquakes within stable continental regions (SCR) show that significant 
amounts of elastic strain can be released on geological structures far from plate 
boundary faults, where the vast majority of the Earth’s seismic activity takes 
place. SCR earthquakes show spatial and temporal patterns that differ from those 
at plate boundaries and occur in regions where tectonic loading rates are negli-
gible. However, in the absence of a more appropriate model, they are tradition-
ally viewed as analogous to their plate boundary counterparts, occurring when 
the accrual of tectonic stress localized at long-lived active faults reaches failure 
threshold. Here we argue that SCR earthquakes are better explained by transient 
perturbations of local stress or fault strength that release elastic energy from a pre-
stressed lithosphere. As a result, SCR earthquakes can occur in regions with no 
previous seismicity and no surface evidence for strain accumulation. They need 
not repeat, since the tectonic loading rate is close to zero. Therefore, concepts of 
recurrence time or fault slip rate do not apply. As a consequence, seismic hazard 
in SCRs is likely more spatially distributed than indicated by paleoearthquakes, 
current seismicity, or geodetic strain rates.
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Collectively the Wabash Valley, New Madrid, and Charleston seismic zones 
account for about 15 M7–7.5 intraplate earthquakes in the Central and Eastern 
U.S. (CEUS) in the Holocene. These seismic zones are primary contributors to 
seismic hazard and are the best studied in the CEUS, with substantial pre-his-
toric earthquake chronologies based on liquefaction and trenching data. These 
data show that the New Madrid seismic zone (NMSZ) accounts for about 10 of 
these large earthquakes during the last 4000 years. Other studies in the NMSZ 
show that there are an additional 15 Quaternary faulting localities around the 
NMSZ revealing a more widespread and complex hazard than just the M7-7.5 
earthquake sequences in 1811–1812, ~1450 A.D, ~900 A.D., and ~2200 B.C. 
The pre-Holocene NMSZ earthquake history is unknown, although seismic 
reflection data provide evidence of long-term recurrent faulting. Liquefaction 
features also identify two large (M6.7–7.3) late Pleistocene to Holocene earth-
quakes approximately 6000 and 12,000 years ago in the Wabash Valley seismic 
zone (WVSZ). No historic-era earthquakes of this magnitude are known in the 
WVSZ, although the region has hosted possibly 10 M5–5.6 earthquakes since 
about 1800. The Charleston seismic zone is defined by a M6.9–7.3 earthquake in 
1886 as well as liquefaction evidence for multiple strong ground shaking events 
into the mid-Holocene. Consensus opinion currently explains the lack of long-
term surface deformation in these seismic zones, and other regions of the CEUS, 
as resulting from intermittent earthquake activity through time, which may 
be caused by transient stress changes. While the causes of earthquakes in these 
regions is an active area of research, the uncertainty of where we are within these 
clusters and the earthquake record necessitate sensible measures of preparedness 
and earthquake engineering design in these high-hazard areas.
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Central and eastern North America have experienced large intraplate earth-
quakes. The 2011 Mineral, Virginia M5.8 earthquake is a reminder that intraplate 
stresses continue to produce events of permanent strain within the plate interior. 
Yet, at present there is no comprehensive model to explain passive margin stresses, 
strains and seismicity. Although there is agreement that some of these earthquakes 
occur along favorably oriented ancient rifts and other major strength contrasts, 
there is no consensus on the sources of intraplate deformation and earthquakes. 
Proposed models include glacial isostatic adjustment (GIA), ridge push effects 
and large scale convection. Recent studies have also argued that dynamic topogra-
phy impact the passive margin. We present a self-consistent model of the dynam-
ics of eastern North America that explains the stress field responsible for these 
intraplate earthquakes. The earthquakes represent slow, ongoing deformation 
associated with forces arising from a combination of lithosphere topography and 
structure, coupled together with the effects of density driven mantle flow. We test 
the effects of lateral strength contrasts within the lithosphere. Important features 
involve a strong craton interior, a weaker lithosphere east of the craton boundary, 
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