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Motivation & Objectives

The aim of the JuraHydroTectonics project is to
combine the natural microseismicity and groundwater level
fluctuations to estimate the fault criticality.

To this end, the objectives are to :

. Monitor microseismicity of several
strike-slip faults in the Jura Mountains;

. Have continuous spring discharge rates and
groundwater table measurements of the
major karstic springs and aquifers in the
vicinity of the faults;

. Determine relations between increasing
spring discharge rates, groundwater levels
and low magnitude earthquakes;

. Develop a straightforward methodology to
assess fault criticality;

. Generate stress models of the shallow earth’s
crust based on field data.

Theoretical Background

A) In a mature karst aquifer, channeling effects allows
large and rapid water table fluctuation, resulting in a rapid and
important increase in fluid pressure. This has a direct effect on
discharge rates of karstic springs.

B) An increasing fluid pressure in the deep aquifers and
in the fault zone change the stress-regime by reducing the
effective normal stress, leading to the shifting of the Mohr
circle towards the Coulomb failure envelope.

C) Fault slip affects the fault’s transmisivity leading to
fluid flow changes.

Schematic concepts A) Q) < h(t)  where Q is the flowrate and

h is the pressure head

where a’is the effective
normal stresse, o, is the
normal stress and P is the
groundwater pressure
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C) Fault slip affects groundwarer Sflow
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a) Muotathal

The  geology in the
region of Muotathal, central
Switzerland, is dominated by
limestone. The region is known
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Existing Cases

Mount Hochstaufen, Germany
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Area of Interest I

Internal Jura, Neuchatel, Switzerland

The study site is located in the Internal Jura, on the northern shore of lake
Neuchatel (NW Switzerland). The Internal Jura consists in a succession of well
developed folds, as well as thrusts and strike-slip faults. Strike-slip faults have a
NNE-SSW orientation with associated ENE-WSW oriented faults forming a
conjugate fault system. Thrust faults strike SW-NE resulting from the SE-NW
Alpine compression.

The strike-slip faults are favourably oriented for failure assuming a
strike-slip stress regime with NW-SE oriented maximum horizontal stress.
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Figure 4: (4) Tectonic map of Switzerland (Swiss Geological Survey at swisstopo), with
the area of interest (Figure 5). Red arrows represent the maximum horizontal stress
orientation. Colours represent the tectonic units. In the area of interest, these units
consist of the Molasse (yellow) and the Internal Jura (blue).

Alluvial plain
Molasse

Internal Jura

—_  Faults & Thrusts
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Figure 5: (B) Tectonic map and shaded relief (Swiss Geological Survey at swisstopo), of

the area of interest highlighting the fold-and-thrust belt, with the succession of anticlines
and synclines, as well as the major faults and thrusts.
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Area of Interest 11
Geological & Hydrogeological setting

The geology of the Internal Jura consists in an alterning succession of marls and
limestones layers from the Cenozoic and Mesozoic. The sedimentary cover is 2-3 km thick in
this area, and the strike-slip faults are thought to affect the entire Cenozoic and Mesozoic cover
(Sommaruga 1997).

The cross section a-a’ illustrates the different lithologies and the fold-and-thrust
geometry, typical for the Internal Jura, as well as hydrogeological properties of the different
layers.

These formations show distinct signs of karst and several karstic spring are
documented in the area of interest.

Figure 6: (1) Area of
interest with major
strike-slip and thrust faults,
major karstic springs (blue
circle), as well as two deep
wells (~300m, blue square)
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/ Tracer tests

Figure 7: (2) Cross section
a-a’, showing the litholo-

| gies (top) and their hydrau-
| lic properties (bottom). The
cross section illustrates the
typical geometry of a
| fold-and-thrust belt.
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Area of Interest 111

Seismicity -2000-2019 Among these earthquakes, some of them have been located with higher accuracy due to

larger magnitudes (ML > 2.5) and better signal quality. This is the case for the ML=3.2 event of the
In the area of interest, the seismicity is moderate to low, but 29.03.2006, SE of the village of Cortaillod.

nonetheless present, as expressed by the map showing seismicity Following this main event, three others events were recorded between the 01.04 and

between the years 2000 and 2019, that was recorded by the Swiss 01.08.2006. These four events were used as templates to screen continuous data from a broadband
Seismological Service (SED). The station coverage of the SED is less station for the entire year 2006, using the Template Matching tool (Hermann et al., 2019) and 14
dense in NW Switzerland compared to the rest of the country. additional events were found (Toni Kraft, SED). Although these events might be aftershocks of the
Combined with rather small earthquakes (ML < 2), the error in the ML = 3.2 event, it is observed that they occure after an important snow-melt and rainfall period in
location and the focal depth is quite important, which makes it spring. This observation gives a first insight in how seismicity might be influenced by groundwater

difficult to assign an earthquake to a specific structure. level fluctuations.

Seismic and hydrologic data for 2006
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Figure 8: Seismicity recorded be
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area of interest. The size of the circles correspond to the ML. Also shown, year 2006. Also shown, earthquakes recorded by the SED with additional events found through template
the 4 events used for template matching (dark green), and the Areuse matching.

River (blue). 5
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Study Site

Hydrogeologic and Seismic monitoring

In order to combine microseismicity and groundwater
level fluctuations to estimate fault criticality, several zones are
under continuous hydrogeologic and seismic monitoring. These
zones have been chosen according to the size of the regional
faults, the historical seismicity as well as the presence and the
importance of karstic springs.

Seismic monitoring

At this point in the project, three faults are currently
under continuous seismic monitoring - La Lance, Montagne de
Boudry and La Ferriére faults. Continuous seismic data is
aquired using cableless 3-Channel geophones. Theses nodes are
retrieved once a month for downloading data and charging
batteries.

Hydrogeologic monitoring

Hydrogeologic data is aquired using automatic level
loggers installed at karstic springs. Punctual flow rates
measurements are realized to establish the mathematical
function between water height and flow rate at the monitoring
station in order to have continuous discharge rates at these
springs. Moreover, 2 deep wells reaching the Malm karstic
aquifer (~400m depth), showing artesian water levels, are also
under monitoring. This allows us to know the groundwater
pressure at depth.

Legend

V' ZLand Stations
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Figure 10: Map showing the monitored faults (red), with 3-Channel geophones (vellow triangles) as well as
the monitored karstic springs (blue circles) and the 2 wells (blue square). Also shown, southern probable
continuation of the La Lance fault.
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Workflow

Hydrogeologic and Seismic data

Hydrogeologic and seismic monitoring started at the (i Qi i
yerogeoios 8 MiniSeismic Managment System\ MiniSeismic Managment System

begining of January 2019 and middle of July 2019, ZLand Node Download data from Node Data output - fent format
respectively. Record data

Persarnl
\WJORKSTATI ON

Y

Seismic data
Conversion from raw continuous seismic data to

miniseed, as well as STA/LTA trigger algorithm, is done

using the Obspy toolbox. After this first processing, the \ ; -
triggered events are checked visually in SEISAN (Havskov
and Ottemoller, 1999, Ottemoller et al. 2017), where P and S " Personal Workstation )
phases are eventually picked. For the location SEISAN uses a Obspy Toolbox
modified version of HYPOCENTER (Linert et al., 1986). -
The velocity model used is from Husen et al. (2003).
Hydrogeologic data ‘ _ ~ . . ‘ ~
Automatic level logger are installed at karstic springs Conversion & Dayfile creation STA/LTA trigger algorithm Persongg\ézr;statlon
and measure a pressure (water column + atmospheric Check triggers
pressure). Atmospheric pressure measurements are then —
substracted to get the water column height. Punctual SRR FFETesEIEn) fﬂfﬁ—-—---‘ v
discharge rates at karstic springs at different hydrological = < i g
periods (i.e. at different water height) allows to establish a J —
: . ; ) o (r3555525\ @
rating curve (mathematical experimental function), which is > ' —
then used to transform the water height measurements into Phasegfﬁcking l’(
flow rates. Magnitudes False trigger

Figure 11: Schematic illustration of 2
the seismic data processing workflow. \_ )
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Preliminary results

Hydrogeologic and Seismic data

Seismic data aquisition since July 2019 has allowed to identify small magnitudes
earthquakes as illustrated on the map (Figure 13). The majority of the events occur in the
southern zone of the area of interest.

The hydrogeologic monitoring of the different springs allows to observe the discharge
variation over the year 2019 (time period 02.2019 - 03.2020), here illustrated for the Raisse
Spring (Figure 12).

Discharge Raisse-VD
12000 —
—
8000 —
Z
o
e _
g — 12
c fou
4000 — — & g'
-
@
- l
[
= @
— 4 =
Q
°~|I|I|II|IIII|JIII|l|Iu
02.2019 03.2019 04.2019 052019 06.2019 07.2019 08.2019 09.2019 10.2019 11.2019 122019 01.2020 02.2020 03.2020
Date

Figure 12: Data from the hydrogeological monitoring. Here, data is from the La Raisse spring (see
map for location). Also measured at the spring, the water temperature (green line).
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Figure 13: Map with the identified events (ved circles) from the continuous
seismic data record since July 2019. Also shown the different monitored

springs and wells (blue circle and squares, respectively). The size of the
circle depends on the M, .
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Conclusion

Plotting the hydrogeologic data along with the seismic data illustrates the possible relation between the hydrogeological conditions and seismicity. However, more
data is necessary to develop a conceptual model of groundwater flow, pressure changes and its relation with microseismic events. This will allow to develop a
modelling framework for simulating stresses in the Jura Mountains, and evaluate fault criticality.

Year 2019-2020
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Figure 14: Discharge of the La Raisse-VD (blue line), snowcover on the Jura mountains (green), precipitations (blue) as well as the recorded
events and their magnitudes (red circle). Also shown, beginning of seismic data acquisition.
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