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1 Introduction and goals (e.g. Becken et al., 2011). In West Bohemia—Vogtland, it ig
still unknown whether magma, water, @Or other mantle-
What are the physical and chemical processes leading tgerived fluids are driving the persistent ES activity at mid-
earthquakes and volcanic eruptions? How does fluid transcrustal levels at several locations over an area of about 40 kin
fer through the earth’s crust work? How may geological pro- <60 km (Fig. 1). This geographical region is also character
cesses influence the deep biosphere and the evolution of earl§€d Py numerous mineral springs, Tertiary—Quaternary vol

life at depth? These are questions tackled by the ICDP projec‘fanism and neotectonic crustal movements, and is located jat

and the planned drilling in the Eger Rift region. For several the intersection of two major intraplate fault zones. It is.IiI'<er
centuries, the West Bohemia (Czech Republic) and the Vogtthat all these phenomena are related to a common origin.
land regions (Germany) have faced earthquake swarm seis- 1N€ area is prone to massive &@egassing that oc-
micity and large-scale fiuse degassing of mantle-derived CUrs in the form of C@rich mineral waters and wet and
CO, (e.g. Horalek and Fischer, 2008). The scientific term dry mofettes in several deg_assmg fields _along te.cltomc fau
“earthquake swarm” (ES) was coined in this area follow- Z0n€s. The gases have higHe/“He ratios significantly
ing the 1824 Hartenberg (Vogtland) earthquakes in order tcplg_her_thqn average _cqntlnental crust, which is a characteris
describe the intensive, long-lasting, low-magnitude seismiciC indicating their origin deep in the mantle. The long-term
ity felt by the population (Knett, 1899). Since then, earth- 4€gassing of C@in granitic and sedimentary layers makes
quake swarms have been recognized in many regions worldis area ideally suited to study thfect of CG on the deep
wide under diferent tectonic and volcanic settings. Their Piosphere and the development of life at depth.
mechanism, however, is still enigmatic and not understood. 1Nhe ICDP Eger Rift Project aims to develop the most mod+
Recently, the potential hazard posed by earthquake swarm@M: comprehensive observatory worldwide for the study o
was demonstrated during the destructitg 6 Aquila 2009 ~ ES and CQ degassing in order to reach a new level of high
earthquake (Italy), which was preceded by three months ofrequency, near-source, and multi-parameter obs_,ervatlon. of
earthquake swarms. Nowadays, it is well accepted that ESS and related phenomena. Such a laboratory will compris
are driven by fluid instability in the crust. These may be & Network of a high frequency 3-D seismic arrays with a se
magmatic fluids for ES at volcanoes, or cohgteoric flu- of five to six shallow boreh_oles. This report summarizes the
ids for ES in other regions, or mantle-derived fluids pass-outcome of the 2nd Eger Rift Workshop held during 4-5 June
ing the brittle-ductile barrier through deep rooting faults 2013 in Potsdam, Germany.
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Figure 1. (a) Perspective 3-D view of the central earthquake swarm region in West Bohemia—\Vogtland. Hypocenters are indicated by filled
circles, the magnitudes and time of occurrence is plottéh)ifopography is indicated as coloured map and ranges between 400 and 800 m.
Violet arrows sketch the possible G@nigration paths (dfuse or in channels). Mofettes indicated by violet ellipses; brown triangles mark
known Quaternary volcanoes. See Fig. 3 for location in Central Europe.

2 Earthquake swarms and CO , degassing in West ginning of the 19th century. Many swarms occurred with the
Bohemia—Vogtland largest equivalent local magnitudes not exceedihdb (e.g.
1875 or 1908). To date, the largest instrumentally recorded
Earthquake swarms are usually considered as sequences @&rthquake occurred in the 1985-1986 swarm and reached
numerous small events at shallow depths which cluster irthe magnitude oM, 4.6 (Vavricuk, 1993). The seismicity
time and space. The few dominant earthquakes do not havis generally shallow, with the event hypocentres occurring in
similar magnitudes, so smaller events are not associated witfhe upper and middle crust mainly between 5 and 15 km (Fis-
any identifiable main shock. This was formerly explained cher and Horalek, 2003).
as a consequence of a very heterogeneous stress field andAt present, the highest concentration of earthquake activ-
weakened crust, which lacks a single well-developed faultity and CQ degassing occurs in the area of the Cheb Basin,
and is incapable of sustaining higher strain (Mogi, 1963).with three Quaternary active volcanoes and the intersection
However, nowadays ES are typically interpreted as a conseof the Eger Rift and the Regensburg-Leipzig-Rostock Zone
quence of fast fluid movement at depth and the triggering by(Bankwitz et al., 2003; and Fig. 1). It seems that the earth-
fluid-induced &ective stress. Earthquake swarms often oc-quake swarms are related to the re-activation of a complex
cur in volcanic areas or at geothermal fields (e.g. Dahm andgystem of faults, at least for the Novy Kostel swarm area.
Brandsdottir, 1997; Wyss et al., 1997; Lees, 1998; Dreger efince 1997, about 80 % of the regional seismic energy has
al., 2000; McNutt, 2005). Intraplate earthquake swarms inbeen released beneath Novy Kostel (Fischer and Michalek,
regions without active volcanism have been reported, for ex2008). The hypocentres cluster at depths from 6 to 13km
ample, at continental rifts like Rio Grande, Kenya, and Westalong a steeply dipping fault plane with complicated ge-
Bohemia (Ibs-von Seht et al., 2008). ometry (Fig. 2). The earthquake swarms show a strongly
The first references of earthquake observations in Wesepisodic character and migrating hypocentres with the reac-
Bohemia—Vogtland date back to medieval times, howeverivation of previously ruptured parts on a single fault. De-
macroseismically they have been documented since the pbdailed studies of the recent ES at Novy Kostel revealed the
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Figure 2. Two perpendicular profile depth sections of the Novy Kostel swarm hypocenters (circles) of swarms 1997 (dark blue), 2000 (blue),
2008 (yellow-green), 2011 (orange-red) and 2013 (dark red). Typical focal solutions are selected for the major swarms. Events are plofted for
magnitude larger than 0.5; circle size refers to magnitude. The largest recorded event with magniBu8@ccurred in the swarm 2008.

—

occurrence of clear volumetric and non-double couple source&ontinental plates and microplates, and subduction (Matte e
components in the radiation pattern of individual earthquakesal., 1990). West Bohemia is situated in the transition zone
(Dahm et al., 2000; VaviBuk, 2011; Horalek and Sileny, among three dierent Variscan structural units of the Bo-
2013; Vavnguk et al., 2013). Evidence of volumetric source hemian Massif (Fig. 3). The post-orogenic extension, to-
components is a rare observation worldwide and indicategether with the alkaline magmatic activity during the Ceno-
that faults at depth are under very high fluid overpressurezoic led to the evolution of the Eger Rift. The Eger Rift is a
exceeding the minimum principle stress (see also Hainzl eB00 km long and 50 km wide zone trending ENE-WSW and
al., 2012; Dahm et al., 2008), which influences the ruptureis an active element of the European Cenozoic Rift Systen
mechanism of micro-earthquakes by means of simultaneouéProdehl et al., 1995; and Fig. 2). The sedimentary fill of the
shear-tensile dislocation (e.g. Vatok, 2011). Otherwise, Cheb Basin consists of Tertiary and Quaternary sediments
the stress field inverted from the focal mechanisms is consisup to 300 m thick and represents debris of the surrounding
tent with that of Western Europe. magmatic and metamorphic rocks. The tectono-sedimentary

According to carbon isotopic studies, the £@ mineral  structure is associated with a system of Cenozoic sedimen-
springs and mofettes of the region originate from the upperttary basins in West Europe and intense intraplate alkaline
mantle (Weinlich et al., 1999; Brauer et al., 2004). Three de-volcanism (Ulrych et al., 2011). The Quaternary volcanism
gassing centres are supplied by magmatic fluids from magmés documented in at the flanks of the Eger Rift (Proft, 1894;
reservoirs at Moho depths (Brduer et al., 2008 and Fig. 1)Seifert and K&mpf, 1994; Geissler et al., 2004; Mrlina et al.,
In the Cheb Basin, the portion of mantle-derived helium is 2009; and Fig. 1).
the highest and the subcontinental helium isotopic signature The main earthquake swarm area is located at the in
indicates fluid transport from the deep lithospheric mantle.tersection of two tectonic structures, the ENE-WSW strik-
The progressive temporal increase in the mantle-helium leveing Eger Rift and the NNW-SSE striking Maridnské Lazn
may indicate a connection among faults in the deeper crusFault with the Tertiary Cheb Basin in the centre. The Mar-
(Brauer et al., 2009, 2011). The observed pre-seismic deianské Laze Fault intersects the area close to the main
crease ofHe/*He ratios, simultaneous increase of the,CO seismo-active zone of Novy Kostel. The position of the Chel
emissions and groundwater level changes are interpreted @asin may be controlled by a N-S striking seismo-tectonig
strain changes in the rocks associated with the preparatorgtructure, the so-called Regensburg-Leipzig-Rostock Zon
phase of earthquake swarms (Brauer et al., 2007). (Bankwitz et al., 2003).

The crustal and upper mantle structure was previously int
vestigated in several active seismic experiments and passive
monitoring (DEKORP Research Group, 1994; Behr et al.

The Bohemian Massif, one of the largest stable outcrops oft994; Tomek et al., 1997; Enderle et al., 1998; Hrubcova et
pre-Permian rocks in Central and Western Europe, create8l-» 2005; Hrubcova and Gesissler, 2009; Briickl et al., 2007
the easternmost part of the Variscan orogenic belt and deGrad et al., 2008). Passive seismic experiments were carried
veloped approximately between 500 and 250 Ma during a@ut to study major lithospheric discontinuities using the re-
period of large-scale crustal convergence, the collision ofceiver function approach (Geissler et al., 2005; Heuer et al},

-

(1)

3 Tectonic, volcanic, and structural setting
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Figure 3. Tectonic-geological setting (after Pitra et al., 1999) indicating major regional tectonic units and shear zones within the Bohemian
Massif (BM). The main focal zone at Novy Kostel (see Fig. 1) is indicated by the blue triangle; blue squares refer to area plotted in Fig. 1.
Seismic wide angle profiles are indicated by red lines. MLF: Maridnskéé Banlt.

2006). These investigations exhibited complex crustal struc-on earth occur in deeply buried marine and terrestrial sedi-
ture with a wide zone of increased reflectivity at the crust-ments, representing the second-largest pool of living biomass
mantle transition, confirmed by Hrubcova et al. (2013). Ac- after land plants. Despite recent advances in microbiological
cording to Geissler et al. (2005), these lower crustal featuresleep subsurface exploration, deep terrestrial environments
may be interpreted as low-angle shear zones partly filled withremain relatively unexplored; mainly due tdiiiulties in ob-
fluids andor small magmatic intrusions or partial melting taining suitable samples. While microbiological research is
as confirmed by mantle xenoliths. Furthermore, recent re-already part of the “International Ocean Discovery Program”
processing of seismic reflection data revealed an improvedlODP) (Parkes et al., 1994; D'Hondt et al., 2007) only a few
structural image of the crust and upper mantle, in particularrecent projects within the ICDP have had a microbiological
very distinct and highly reflective features (“bright spots”) in component (Colwell et al., 2005; Gohn et al., 2008; Glomb-
the upper crust which can be directly related to the spatio-tza et al., 2013; Vuillemin and Ariztegui, 2013).

temporal behaviour of the swarm activity and their fluid- The Eger Rift represents an excellent opportunity to ex-
driven origin (Klemt, 2013; Mullick et al., 2013; Schimschal, tend our knowledge about microbial life in the terrestrial
2013). subsurface. The area hosts a diverse lithology of surficial
sediments overlying crystalline rocks as well as active, CO
degassing and high flow rates of mineral-rich fluids, thereby
allowing for the study of many elierent phenomena. Key re-
search topics would be the development of microbial life in
Microbiological studies over the last two decades havetectonic faults and changes in microbial community compo-
shown the existence of diverse and active microbial ecosyssition and metabolic activity in response to changing lithol-
tems in the deep subsurface (Parkes et al., 2000; Pedefgy. It was furthermore hypothesized that deep-reaching tec-
son, 2000; Lehman, 2007). Previous studies (Whitman et al.tonic faults in geological active regions like the Eger Rift
1998) estimated that between 75 % and 94 % of all microbegnay provide possible reaction habitats for the formation of

Geomicrobiology and early life in deep subsurface
geo-ecosystems of the Eger Rift
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prebiotic molecules and the development of early life on thezation works around these boreholes as well as such that tar-
earth (Brauer et al., 2005; Schreiber et al., 2012). get the main fault plane of the swarms are mandatory in that
respectin order to relate the phenomena observed in the bore-
holes to the large-scale structure and process of fluid flow in
4 Workshop results the crust.
These plans will lead to studies of mid-crustal and shallow
The main goal of the 2nd ICDP Eger Rift Workshop was to fluid-rock interaction, the physical and chemical processes
discuss a conceptual drilling approach to address the key scfor the earthquake swarms, the associated seismic and vol-
entific questions related to the swarm processes. During theanic hazard, as well as the intra-continental,Gl0x and
meeting, 50 scientists from Germany, Czech Republic, USAfluid transfer through the complete crustal layer. Drilling and
UK, and Poland discussed up-to-date scientific knowledgecoring as well as observations will additionally serve to study
and plans for drilling in this area during overviews, keynote the nature of the deep biosphere, petrologic processes, and
lectures, and short presentations. Three scientific grouppaleoclimatic issues connected with the massive, @&
were identified based on their interests in the area: a seismaassing and the existence of Tertiary and Quaternary volca-
logical group, a group interested in tectonics and volcanol-noes within shallow basin structures.
ogy/petrology issues, and a paleoclinygomicrobiology The workshop resulted in a plan to address the above men-
group. Group discussions concentrated on scientific reletioned issues through 5-6 boreholes approximately 500 m
vance of the proposed research plans, societal and potentideep in a distance up to 15 or 20km from the main Nowy
outreach issues, specific requirements for drilling, expectedostel seismic zone. Two of the boreholes will be located
results, and collaborations among groups within the internain Vogtland, four in West Bohemia. The precise sites for
tional context, as well as potential funding. drilling will be selected with regards to the results of a new
The workshop participants discussed possibilities of deephigh-resolution reflection seismic profile crossing the Novy
drilling together with a network of shallow boreholes. They Kostel fault zone. Sites in the sedimentary successions d
concluded that a better understanding of the earthquakéhe Cheb Basin will be selected at places that also cove
swarm processes and fluid interactions are the key problemslocumented C@®degassing along a nearby fault zone, as
Since a deep drilling cannot reach the seismogenic zoneequired for ga&hemical and tectonjpetrologic investiga-
such problems can be addressed by the planned observatotjons. Boreholes in sedimentary structures will be utilized for
This will include questions about whether the earthquakesvolcanological and paleoclimate research while microbiolog-
are fluid driven, the relation of fluids to near-surface mineralical investigations will centre around sampling of fault struc-
water resources, and potential seismic and volcanic hazardsires dfected by long-lasting degassing and where microbes
in the spa area. Another line of relevance concerns the susnost likely have developed during the past.
tainability of mineral water and hot springs resources, or bet-
ter quantification of the geothermal potential. The planned

observatory will bring a third dimension into the investiga- shop, who contributed to preparation of this report. We want to

tion that will improve our KnOWIedge (_)f so_urce paramet_ers'thank Uli Harms and Roland Oberhéansli and the German Science
weak earthquake_s dete(;t|on and ﬂp|d drl\_/(?n mecharysms,;oundation'who supported this workshop.
The boreholes will also improve fluid mobility monitoring
due to filtration of CQ meteorological ffiects and biosphere  Edited by: U. Harms
monitoring of deep subsurface geo-ecosystems of early lifeReviewed by: T. Wiersberg and M. J. Jurado
on the earth.
These questions can be.aeresseq by taking a step up_fromeferences
the current short-period seismic monitoring network to a high
frequency 3-D seismic array. A set of five to six shallow bore- Babuska, V., Plomerova, J., and Fischer, T.: Intraplate seismicity in
holes ¢ 500 m deep) should be equipped with vertical seis- the western Bohemian Massif (central Europe): a possible corre
mic arrays and combined with surface small-aperture high lation with a paleoplate junction, J. Geodyn., 44, 149-159, 2007
frequency arrays. Such a configuration will allow the study Bankwitz, P., Schneider, G., Kampf, H., and Bankwitz, E.: Struc-
the magnitudes of2. The boreholes of this novel array of gafeocgeb g;‘g'”s(%zegg oF({)%pUbg((:))(’)gJ' Geodyn., 35, 5-33,
3-D arrays can additionally be used to close azimuthal andB 01:10.1016S 264-37 7(02) 51 '
. o . ecken, M., Ritter, O., Bedrosian, P. A., and Weckmann,

take-df angle gaps in the current monitoring network, to in- , . i

lude hiah ision def ; f b U.: Correlation between deep fluids, tremor and creep
cluae high precision de ormation measurements rom bore- along the central San Andreas fault, Nature, 480, 87-90
holes (tilt- and strainmeters), to set up a degp monitoring of  44i-10.103gnature106092011.
CO, degaSS.m.g free of thefect of surface environmental pa- Behr, H. J., Diirbaum, H. J., and Bankwitz, P.: Crustal structurd
rameter variations and allow for heat flow measurements and of the Saxothuringian Zone: Results of the deep seismic profile
self-potential monitoring. Reflection seismic-site characteri- MVE-90 (East), Z. Geol. Wiss., 22, 647-769, 1994.
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