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TECHNICAL REPORT (Part 1)

Explanation of the work carried out by the participants
The researchers from the University of Bucharest (CO) and the University of Oslo (P1)
performed activities from the “Regional assessment and geothermal pilot study” and
“Acquisition of new geo-data” work packages of the Geysir-BaiaMare project.
The activities in which researchers from CO were involved are the following:
Act. 1.1 Collection of existing geo-data
Act. 1.2 Selection of a pilot site for geothermal investigation
Act. 1.3 Reporting
Act. 2.1 Seismic and magnetic measurements
Act. 2.2 Collection and analysis of geological, geochemical and hydrogeological data
Act. 2.3 Magnetotelluric measurements
Act. 2.4 Dissemination and outreach
Act. 2.5 Reporting
The researchers from P1 performed the following activities:
Act. 1.1 Collection of existing geo-data
Act. 1.2 Selection of a pilot site for geothermal investigation
Act. 2.3 Magnetotelluric measurements,
Act. 2.4 Dissemination and outreach.
The researchers from CO and P1 collected information from existent publications and
scientific reports and created the initial database of project. The important geo-data were
loaded into a QGIS project, such as 31 geological sections, geophysical data (seismic, gravity,
magnetic, magnetotelluric and geothermal), hydrogeological and geochemical maps. The
location of the pilot site selected at the end of the work package from 2020 is indicated in
Figure 1.
Students from the University of Bucharest, Faculty of Geology and Geophysics, participated
in all field campaigns in which seismic, magnetic, magnetotelluric data were recorded and in
some of the geological mapping campaigns.
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Figure 1: Geological map of the Baia Mare area showing the location of the seismic lines L1 and L2;
black rectangle – pilot site. Source of the map: Geological Institute of Romania (geoportal). BDVF –
Bogdan-Dragos-Voda Fault, PF – Preluca Fault.

Seismic measurements were performed by researchers from CO using two methods, active
and passive.
The active seismic reflection data were recorded with the help of PROSPECTIUNI S.A., a
Romanian company of geophysics subcontracted to generate seismic waves using explosive
sources and to provide the wireless receivers necessary to record seismic waves.
The seismic reflection measurements were performed along two lines, one with a north-south
direction (L1) and a length of 13 km and the other one with an east-west direction (L2) and a
length of 17.6 km (Figure 1).
The main goals of these measurements were the following:
- to obtain high-resolution wide-angle active seismic reflection data,
- to provide accurate information about the subsurface geological structure in the study
area.
The seismic energy was generated in points spaced at about 100 m meaning 131 shot points
along the north-south line and 188 shot points along the east-west line. The recording of the
seismic waves was done using two fixed spreads of wireless receivers placed at distances of
about 12.5 m. Students from the University of Bucharest, Faculty of Geology and Geophysics,
deployed the receivers under the supervision of experienced engineers from PROSPECTIUNI
S.A (Figure 2a,b). PROSPECTIUNI S.A. provided us wireless receivers of nodal type,
Quantum-INOVA, vertical-component receivers of 5 Hz. The time sampling interval was 1
ms. The record length was 10 s.
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Figure 2a: Wireless receivers deployed by students from the University of Bucharest, Faculty of
Geology and Geophysics

Figure 2b: Wireless receivers deployed by students from the University of Bucharest, Faculty of
Geology and Geophysics, under the supervision of experienced engineers from PROSPECTIUNI S.A.

The ambient-noise seismic measurements were performed by CO using SmartSolo verticalcomponent receivers. The location of all passive seismic lines is given in Figure 3. For the
lines P1, P2, P3 and P4, the receiver spacing was 12.5 m, similar with that one used to record
the active seismic reflection data. The measurements along the lines P1_50m and P2_50m
were performed using receiver spacing of about 50 m. Researchers and students from CO
deployed the receivers along all lines. In addition, ambient-noise seismic measurements were
performed for several hours before and after the generation of seismic waves using explosive
sources. The noise panels were recorded having the receivers deployed along the lines L1 and
L2 (PS1 and PS2 in Figure 3). Time sampling interval was 1 ms. Each noise panel has 10 s
length. The measurements using vertical-component and three-component wireless receivers
along the line PS_3C will be performed in May or June 2022, depending on the weather
conditions.
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Figure 3: Map showing the locations of the passive seismic lines; source of the map: googlemaps.ro

Magnetic measurements were performed by CO along lines with north-south and east-west
directions inside the pilot site (Figure 4). We used a magnetometer G856 for base station and
a magnetometer G859 for field data acquisition.
Collection and analysis of geological data were performed in several campaigns by
researchers and students from CO. The locations of outcrops identified in the study area are
given in Figure 5a. First order observations of outcrops were performed, such as geometries,
strata pattern and stratigraphic relationships (Figure 5b). The outcrops offered a geological
image from the basement to the most recent sediments, Pannonian and Quaternary deposits.
The basement is mostly made of deformed mica schist metamorphic rocks outcropping in
Prelucra, Ticau and Codru basement uplifts (Figures 5a,b).
The basement is covered by Paleogene age strata, in most of the cases red shales and
conglomerates (Figure 5c). On top of this, we found Eocene-Oligocene limestones and deltaic
sandstones deposits (Figure 5c). The Oligocene is covered by Middle Miocene age strata,
from Badenian (shales and sandstones) to Sarmatian (sandstones, volcanic ash and
limestones); photos from the field are given in Figure 5d. The stratigraphic succession
continues with Pannonian age deposits (sandstones and shales).
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Figure 4: Map showing the geometry of the magnetic survey; source of the map: googlemaps.ro

Figure 5a: Geological map showing the distribution of the observation points (red dots); source of the
geological map: Geological Institute of Romania (geoportal)

Figure 5b: Examples of metamorphic basement
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Figure 5c: Examples of Eocene limestones (left) and siliciclastic (right) covered by limestones of
Oligocene age

Figure 5d: Examples of Sarmatian age strata outcrops

Collection and analysis of hydrogeological data were performed by researchers from CO
with the purpose to update the existent hydrogeological maps and sections and to define a
hydrostructural model for the study area. The data collected in previous hydrogeological
projects performed in the Baia Mare area show the presence of two deep bodies of water,
ROCR08 and ROSO14 (Figure 6).
Useful information for modeling was obtained after a field campaign in which the objectives
were (Figure 7):
- to investigate the sedimentary deposits of Paleogene-Neogene ages,
- to identify and analyze outcrops with Paleogene-Neogene sediments in contact with
the Neogene magmatic rocks from the Baia Mare area and with the mica schists and
paragneises in amfibolitic facies from the Codru Mts and preluca uplift.
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Figure 6: Geological map with the surface distribution of two deep bodies of water; ROCR08 – the
Arad-Oradea-Satu Mare area, ROSO14 – the Baia Mare area, 4A and 5A – regional geological
sections, red lines – seismic reflection lines, blue line – contour 3D model. Source of the geological
map: Geological Institute of Romania (geoportal). Source of the hydrogeological map:
https://rowater.ro

Figure 7: Outcrops with sedimentary and metamorphic deposits
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Collection and analysis of geochemical data were performed by researchers from CO.
Samples of rocks were taken from the bottom of wells drilled during seismic reflection
measurements. Samples of rocks were taken from outcrops. We separated them as function of
lithology after the macroscopic analysis. We marked the locations from where we will take
fresh samples of water for detailed chemical analysis (Figure 8). We also identified sources of
salt water and non-salt water.

Figure 8: Water-bearing sedimentary formations

Magnetotelluric measurements were performed by researchers and students from CO in
collaboration with researchers from P1. CO subcontracted a Romanian company to perform
measurements of 10 hours/point along the seismic lines L1 and L2 (white dots in Figure 9)
and 20-22 hours/point outside these lines (orange dots in Figure 9). The equipment used is
manufactured in 2021 by the Canadian technology company AGCOS.
The researchers from P1 performed the magnetotelluric measurements using equipment from
Lulea University of Technology. The points in which magnetotelluric data were recorded
using this equipment are displayed with yellow in Figure 9. Researchers and students from
CO participated to the field measurements (Figure 10).
For each measurement point, a workflow was mostly respected. The field crew travelled to
the site where the instrument has to be deployed. Four electric sensors were deployed along
the north, south, east and west directions; the fifth was used as grounding electrode and it was
installed at the center of the spread, near the recording unit. All five sensors were buried in
holes of 30-40 cm depth. Three magnetic sensors were deployed, for the N-S and E-W
directions and the third for the vertical direction. The recording parameters were set and
verified.

9

Figure 9: Locations of magnetotelluric data recorded using equipment from CO (white and orange)
and from P1 (yellow)

Figure 10: Researchers and students from CO and P1

Researchers from CO and P1 presented preliminary results of the project at international
conferences, as specified in the activity Dissemination and outreach.
CO is responsible for the fiscal management of the project and scientific reporting, as
described in the activity Reporting.
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Overview of the progress of work towards the objectives of the project, including milestones
and deliverables identified in the project contract. The report must include explanations
justifying the differences between the work expected to be carried out in accordance with the
project contract and that actually carried out.
The deliverables of the work package Regional assessment and geothermal pilot study are:
- database with geological maps, sections and models
- database with geochemical and hydrogeological reports
- database with geophysical data (pre- and post-stack seismic reflection data, Bouguer
anomaly map, magnetic anomaly map, magnetotelluric profiles, temperature and heat flow
maps)
- map of the pilot site with the location of new geo-surveys (Figures 1, 3, 4 and 9).
The deliverables of the work package Acquisition of new geo-data are the following:
- collection of raw active seismic reflection data sets;
- ambient-noise seismic data sets;
- magnetic and magnetotelluric data sets;
- collection of samples of water and soil;
- detailed and updated geological and hydrogeological maps and sections.
The size of the area covered by geophysical measurements, geological, hydrogeological and
geochemical mapping is greater than the one indicated in the project.
The active seismic reflection data were recorded along two profiles with a total length of
about 31 km instead of one line with a length of 6 km as it was specified in the project (Figure
1). The seismic energy was generated in points spaced at about 100 m meaning 131 shot
points along the north-south line and 188 shot points along the east-west line. Depending on
the near-surface and terrain conditions, the explosive charges were placed in individual holes
with depths of 8 m or in groups of holes (2 holes with depths of 5 m and 4 holes at 3 m
depth). In each source point, we used 2 kg of dynamite to generate the seismic energy. In case
of groups of holes, we used 1 kg of dynamite per hole for groups with two holes and 0.5 kg of
dynamite per hole for groups with four holes. The drilling of holes was done by experienced
workers from PROSPECTIUNI S.A. (Figure 11).

Figure 11: Crew from PROSPECTIUNI S.A. during drilling operations

11

The recording of the seismic waves was done using two fixed spreads of wireless receivers
placed at distances of about 12.5 m. A number of 1045 receivers were deployed along the line
with a north-south direction and 1411 receivers were deployed along the east-west line.
Examples of raw shot gathers recorded along the seismic line L1 are displayed in Figure
12a,b. The analysis of these records shows that the time interval over which reflected waves
are observed decreases from about 1.5 s to 0.5 s., indicating a thinning of the sedimentary
deposits from north to south.

Figure 12a: Raw shot gather with shot point located at 2.5 km; amplitude corrections have been
applied for better display. RW – reflected waves, SW – surface waves, HW – head waves

Figure 12b: Raw shot gather with shot point located at 9.6 km; amplitude corrections have been
12

applied for better display. RW – reflected waves, SW – surface waves, HW – head waves

Shot gathers obtained along the seismic line L2 are displayed in Figure 13a,b. Their analysis
in the time domain helped us to identify reflected waves coming from near-horizontal and
dipping interfaces. All shot gathers are characterized by good signal-to-noise data and can be
used for future data processing.

Figure 13a: Raw shot gather with shot point located at 3 km; amplitude corrections have been applied
for better display. RW – reflected waves from near horizontal interfaces, SW – surface waves, HW –
head waves

Figure 13b: Raw shot gather with shot point located at 7.5 km; amplitude corrections have been
applied for better display. R1 and R2 – reflected waves from dipping interfaces, SW – surface waves,
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HW – head waves

The result of the active seismic reflection measurements is represented by a collection of two
raw active seismic reflection data sets, one with 131 records and a second one containing 188
records. These data sets will be processed to obtain time and depth-converted seismic sections
and P-wave velocity models.
Ambient-noise seismic data were recorded for several hours before and after the generation
and recording of active seismic data along the lines L1 and L2 (PS1 and PS2 lines in Figure
3). An example of noise panel is displayed in Figure 14. Ambient-noise seismic
measurements with 12.5 m between wireless receivers were performed for about 12 hours
along the lines P1, P2, P3 and P4. The lines P3 and P4 were designed to provide additional
information about the subsurface geological structure and the fluid content from an area
placed outside the pilot site but of interest for the people from the Sacalaseni, Culcea and
Catalina villages. The receivers from the lines P1_50m and P2_50m were placed at 50 m. The
data were used to test various geometries for the computation of the S-wave velocities.
Ambient-noise seismic measurements using vertical-component and three-component
wireless receivers will be done in May or June 2022 along the line PS-3C; the threecomponent sensors were received too late by the researchers from CO due to complicated
procedures of buying equipment through university.
The result of these measurements is represented by a collection of eight ambient-noise
seismic data sets. The noise panels will be processed using Seismic Interferometry by crosscorrelation to retrieve true-amplitude body-wave reflections and surface waves. Then, the
virtual gathers will be processed to obtain time and depth-converted seismic sections, P-wave
and S-wave velocity models.

Figure 14: Noise panel recorded along the line L1

The result of the magnetic measurements performed by CO along the lines displayed in
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Figure 4 is represented by a collection of magnetic data sets. The data will be processed to
obtain a magnetic anomaly map.
The magnetotelluric measurements were performed for 10 hours/point (BB) and for 20-22
hours/point (LP). The area covered by measurements is greater than the one described in the
project. The BB data will be used to obtain resistivity sections. The LP data will be processed
to provide information for the building of the 3D lithospheric and geothermal models.
The first step in appreciating measured magnetotelluric (MT) data is to transform the
measured time series into the spectral response of the Earth at the acquisition site. MT
impedances will be estimated from MT data. Unwanted signals from cultural and natural
sources have to be removed. A tool for their removal is remote reference processing for which
magnetic (or occasionally also electric) field data is recorded at an additional, remote site. It is
assumed that noise sources that affect local electric and magnetic field measurements
similarly will not extend to another site at a significant distance. Local data and remote data
may be used in conjunction to infer a common natural signal and avoid bias due to cultural
noise that would otherwise affect the estimation process. While we can use our own stations
as mutual remote reference stations, stations in a common grid tend to be very close to each
other. A larger distance to a permanent remote reference station can be beneficial for the
estimation but it would result in one station less available during the data acquisition
effectively reducing the number of sites that can be occupied at the same time.
The Intermagnet programme (https://www.intermagnet.org) exists to establish a global
network of cooperating digital magnetic observatories to facilitate data exchanges and the
production of geomagnetic products in close to real time. In this project we use data from six
different observatories, Surlari (Romania), Hurbanova (Slovakia), Budkov (Czech Republic),
Belsk and Hel (Poland) and the Conrad Observatory in Vienna (Austria). Time series data
processing of the acquired MT data is underway and largely finished.
Data quality is generally good and MT impedances could be recovered for a period range
from 0.1 up to 10000 seconds for some and at least 1000 seconds for most sites; an example
of processing result is given in Figure 15.
The result of these measurements is represented by BB and LP magnetotelluric data sets.
The analysis of existent geological sections in correlation with the hydrogeologic field
observations helped us to define preliminary 2D and 3D models with estimated depths of the
Paleogene-Neogene sedimentary deposits (Figures 16 and 17).
The subsurface water dynamics from the bodies ROCR08 and ROSO14 suggest a general
tendency of flowing from east to west with low hydraulic gradients (< 10-3). The flowing
direction from east to west in our study area is deviated toward northwest by the geometry of
the metamorphic deposits located below the Paleogene-Neogene sediments. The preliminary
2D and 3D models of the subsurface water dynamics inside the Paleogene-Neogene
sediments are displayed in Figures 18 and 19.
Fresh samples of water will be collected in the summer of 2022 for detailed chemical
analyses; the location of the collecting points is known. The samples of rocks taken from
outcrops will be analysed using existent equipment in the dotation of the labs from the Faculty
of Geology and Geophysics.
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Figure 15: MT impedances after processing of single station data and remote reference processing
(using data from all available sources, i.e. also observatory data). Amplitude (upper row) and phase
component (lower row) of the complex off-diagonal impedance tensor elements are shown
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Figure 16: Geological map with the estimated thicknesses of the Paleogene-Neogene sedimentary
deposits (black line); green lines – seismic reflection lines, blue line – contour 3D model. Source of
the geological map: Geological Institute of Romania (geoportal)

Figure 17: 3D model of the thicknesses of Paleogene-Neogene sediments overlapped on the
geological map of investigated area.
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Figure 18: Preliminary 2D model of the subsurface water dynamic inside the Paleogene-Neogene
sediments overlapped on the geological map of investigated area.

Figure 19: Preliminary 3D model of the subsurface water dynamic inside the Paleogene-Neogene
sediments overlapped on the geological map of investigated area.
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Details on the exploitation and dissemination of the results and of the activities
All information related to the Geysir-BaiaMare project was posted on the website project
www.geysirbaiamare.ro, LinkedIn and Facebook, such as news, photos and movies from
field, etc.
Results of activities performed in the first work package Regional assessment and
geothermal pilot study and in the second package Acquisition of new geo-data were
presented by researchers from CO and P1 at international conferences:
1. Gaina, C., Minakov, Al., Panea, I., Mocanu, V., Matenco, L-C., Petrescu, L., and
Magni, V. (2020), Subsurface geothermal potential of the Baia Mare region
(Romania), T015-0003, poster, American Geophysical Union Fall Meeting, 9
December.
2. Panea, I., Gaina, C., Mocanu, V., Munteanu, I., Petrescu, L., Matenco, L., Scradeanu,
D., Tuluca, F., Scradeanu, M., Nache, F., Zlibut, A., Bouaru, C.F., Minakov, A., and
Magni, V. (2021), A multidisciplinary study for geothermal energy sources
identification in the Baia Mare area (Romania). European Geoscience Union General
Assembly, online, Vienna, Austria, 28 April.
3. Munteanu, I., Panea, I., and Roban, R. (2021), Structure of the North Eastern
Pannonian Basin, Romania, a Review. 11th Congress of the Balkan Geophysical
Society, Regional geophysics and tectonics, Bucharest, Romania, 3 November 2021.
The Geysir-BaiaMare project was presented by researchers from the University of Bucharest:
- at the 82nd European Association of Geoscientists and Engineers (EAGE) Annual
Conference and Exhibition, Amsterdam (Figure 20).
- on 42 outdoors advertising screens placed in the most important locations in Bucharest
through PhoenixMedia: https://promo.com/share/61f6f7417cea005b834e3382
- using posters displayed in city halls from the Baia Mare area (Figure 21).
- in newspapers such as:
Adevarul (https://adevarul.ro/tech/stiinta/societatea-geofizica-aplicata-romania-organizeazacea-de-a-11-a-editie-balkan-geophysical-society-congress1_613893625163ec427101e4b8/index.html)
RomaniaPozitiva (http://www.romaniapozitiva.ro/oameni-si-comunitati/balkan-geophysicalsociety-congress-10-14-octombrie-2021-un-eveniment-cu-traditie-al-comunitatiigeostiintifice/)
Agerpres (https://www.agerpres.ro/comunicate/2021/09/06/comunicat-de-presa-universitateadin-bucuresti--774921)
News.ro (https://www.news.ro/comunicate/societatea-de-geofizica-aplicata-din-romaniaanunta-organizarea-celei-de-a-11-a-editii-a-balkan-geophysical-society-congress-20387454)
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Figure 20: Geysir-BaiaMare poster at EAGE 2021, Amsterdam, The Netherlands
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Figure 21: Poster displayed in city halls
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