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Geophysical Investigations in the Polluted Mining Area of Zlatna, Romania 

- Final Report - 
 

 

The GWB funded project has officially started at 10 July 2010. Because 

considerable delays have influenced the official starting date of the contract and the first 

financial wire transfer to the grantee, the activity and budgetary plans have been modified, to 

adapt to the new conditions, in order to reach the main goals of the project in fully successful 

conditions. The following chapters will describe the activities, the results and the financial 

evaluation of the project.  

 

1. Activities 

 

From the three aspects on which the project is constructed, during 2010 two of them 

were approached: 

- the educational aspect 

- the scientific aspect 

On the educational aspect, the project had as main goal providing to students 

theoretical and practical knowledge on setting-up a field camp and hands-on experience on 

using geophysical equipment. The main target group was constituted of the students at the 

University of Bucharest – Faculty of Geology and Geophysics. Additionally, students from 

Babes-Bolyai University (Cluj-Napoca, Romania), Mines University (Petrosani, Romania) 

and University of Belgrade (Belgrade, Serbia) were recruited.  

During 20 July – 28 August 2010 a number of 3 field acquisition campaigns were 

organized on Ampoi Valley, Alba County. Each campaign lasted for 10 days and benefited of 

2 days training sessions organized prior to the field stage. 

The training sessions aimed to introduce the participant students in the basic 

theoretical aspects of the approached geophysical methods (Fig. 1): resistivity surveys, 

reflection seismics, GPR and geo-magnetic surveys. Also, another important aspect tackled 

was the safety training for everything that students may experience in a field campaign, issues 

regarding: social problems with the local communities or with colleagues or organizers, auto 

traffic general rules and especially health injuries because of weather, animals, plants, 

diseases, effort or handling the geophysical equipment. The last half-day of the trainings was 

reserved to outdoor equipment testings, in the courtyard of the faculty (Fig. 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Prospectiuni SA company offered to support our project, being impressed by the 

idea and the expected results. They offered most of the cars necessary for the field camps, 

considerably reducing costs, eliminating the car rental from the new budgetary plan. 

Fig. 1 – Training session Fig. 2 – Equipment testing 
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Benefiting of this fact, two field camps were possible before the delayed wire transfer of the 

project’s funds. The summertime being the only possible period when such a long field 

investigation could be developed, we struggled and succeeded to accomplish it as planned, 

using in advance funds from the Romanian Society of Geophysics and the support from 

Prospectiuni SA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The departure was always organized at the faculty’s courtyard. The 400 km trip to 

Ampoita, the housing point, usually lasted for half a day. The cars usually traveled in group, 

with planned stopping points.  

The housing point was the Izvorul Muntelui pension, located in Ampoita village. 

Here we also served breakfast and dinner. For the field meals we have organized each day 

shopping sessions, to avoid food spoiling.  

Each arrival day, after setting up the accommodation, a visit to the tailing ponds was 

scheduled. Here, the organizers explained the history of mining activities in Zlatna area and 

the technology flows that lead to pollution and tailing ponds construction (Fig. 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each day, the breakfast was scheduled at 8:00 am and the departing on the field at 

9:00 am. All the investigated perimeters were located on Ampoi Valley. The main purpose 

was to delineate the near-surface geological structure, in order to identify the relationship of 

the aquifer with the river and the agriculture. We used shallow reflection seismics, resistivity 

surveys, GPR and magnetometry. In addition, we drilled 2-3 m holes to gather information 

about the lithology, in order to properly calibrate the geophysical results.  

Fig. 3 – Preparing for departure Fig. 4 – The equipment before loading 

Fig. 5 – Students on Valea Mica tailing pond 
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The field camps were organized in July and August 2010. During this time, 10 

perimeters along the Ampoi Valley were investigated (Fig. 6).  

 

 

 

 

 

 

 

 

 

 

 

 

The resistivity surveys followed one profile along each investigated perimeter. The 

device used for measurements was ABEM SAS1000 and the approached method was the 

Vertical Electric Sounding profiling. The apparent resistivity values were processed in 

Microsoft Excel and Matlab, the imaging being realized with Surfer 8 (by Golden Software). 

Apparent resistivity sections were realized and interpreted, integrating the observation from 

the shallow drills. For all the perimeters we could identify the structure of the shallow 

sediments, representing the starting point for the future studies related to the aquifer and the 

biotic factor.  

 

Fig. 6 – Investigated perimeters on Ampoi Valley 

Fig. 7 – Shallow drilling Fig. 8 – Resistivity surveys 

Fig. 9 – Profile 1: apparent resistivity profile and interpreted section 
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The GPR data acquisition methodology in the field consisted in the construction of a 

grid for each of the 10 investigated perimeters. We used a GSSI SIR 3000 GPR System with 

200 and 400 MHz antennas for data acquisition, and RADAN 6.5. Software (the acronym for 

Radar Data Analysis) for processing, both provided by the Faculty of Geology and 

Geophysics. The data were recorded on both longitudinal and transversal profiles in order to 

construct a 3D representation. Each student had the possibility to learn how to set-up a grid 

using measurement tapes and compasses and to perform all the necessary settings for the used 

equipment. They were also guided to fill in observation sheets, which are very important later 

in the data processing stage. A basic data processing and discussions were performed at the 

end of each day in the field, with different groups of students. This way they could better 

comprehend all the theoretical aspects about GPR technique. 

 

 

Fig. 11 - Example of a 2D time section recorded with the 400 

MHz antenna at perimeter 1 

Fig. 10 – GPR data acquisition 
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Reflection seismic method was used in order to obtain information about the 

structure and the velocity distribution of the shallow subsurface. The reflection seismic 

measurements were performed on the same 10 profiles as the resistivity survey, transversal to 

the river flowing direction. The data acquisition parameters were chosen after the analysis of 

the modeling results. Three Geometrics Geode devices of 24 channels were used for data 

acquisition and the chosen receiver spacing was 1 m. The seismic source was a sledgehammer 

of 10 kg and the source spacing was 2 m (Fig. 12). The time sampling interval was 1 ms and 

the time length of the recordings was 2 s. The quality control of the shot-gathers was done 

directly in the field. This way, we had the opportunity to redo the recording of a shot-gather 

characterized by a low signal-to-noise ratio. The processing flow contained the same steps for 

all the recorded datasets, namely calculating the geometry, static corrections, fk filtering, 

velocity analysis and stacking of traces. At the end of each day, different group of students 

were guided in order to learn these processing flow steps. For data processing we used our 

codes written in MatLab and Seismic Unix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 – Time section obtained for the 1
st
 reflection seismic profile 

Fig. 12 – Seismic data acquisition 
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Magnetometry surveys were realized using two G-856 magnetometers produced by 

Geometrics. These magnetometers were loaned to us by the Faculty of Geology and 

Geophysics, University of Bucharest. The G-856 uses the well proven proton precession 

technology, allowing accurate measurements to be made with virtually no dependence upon 

variables such as sensor orientation, temperature, or location. For better understanding the 

seismic, resistivity survey and GPR datasets, the supporting grid for this study was made 

using as baseline the seismic profile. From this baseline we built a grid with two meters line 

spacing and two meters station spacing.  

One magnetometer was used for daily variation of the total magnetic field 

measurements (Fig. 15) with the sensor’s height of 2 meters and collected data in a single 

point near the proposed grid called base while survey was made. Time spacing between the 

readings was 30 seconds but this was resampled to one minute for a better correlation with the 

field readings. These readings were very useful when processing started because there were 

differences of almost 20 nT for a 4 hour survey which could have compromised the survey if 

not applied.  

The other magnetometer was used for surveying the proposed 

fields, its sensor being set at a height of 2 meters. All students had 

the opportunity to apply what they learned at the previous courses 

about the way the magnetometer is working. A total of 3463 

readings have been collected during all three field camps, with an 

average of 430 points per grid. Collected data was downloaded 

from the instrument daily, after the day was over and a pre-

visualization of the datasets was made after the data was arranged 

accordingly the geometry and abnormal values were corrected. 

Advanced data processing was made back in Bucharest during the 

workshop. 

 

 

Fig. 15 - Example of daily variation of the total 

magnetic field 

Fig. 14 -  Magnetic map of 

grid no 4 

Fig. 16 – Geomagnetic data acquisition 
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The feedback from the students was beyond expectation, their enthusiasm and 

curiosity giving us the satisfaction of a complete success.  

The autumn brought two types of activities: data processing and field trips for 

geochemical samplings.  

The data processing and interpretation was mainly realized by the project staff. The 

GIS processing and integration of results is ongoing, being scheduled to have final results in 

March-April 2011.  

Multiple field trips were organized during September-December 2010 to Cartisoara, 

Borsa, Patarlagele, Bughea and Metes for geochemical sampling of water, soils, plants and 

tailing ponds. These actions were based on the team members’ efforts, looking for efficiency 

in time and costs. Some of the best and most interested students in the summer camps were 

recruited though to help and learn. The samples were sent to University of Bucharest and 

Prospectiuni SA laboratories.  

Since on the field only primary processing for geophysical data was possible, during 

26-28 November, we have organized a workshop entitled The processing and interpretation 

of geophysical data from Ampoi Valley. All the students that have participated during the 

summer acquisition campaigns were invited. The purpose of the workshop was to learn the 

students basic workflows for processing and interpreting geophysical data, based on materials 

collected by them in the field campaigns. Since the seismic processing is the most complex 

and difficult, we have dedicated half of the workshop for it. On 26
th

 October we have invited 

two distinguished guests to our faculty: Gilles Lambare and Evgeny Landa, world class 

seismic processing specialists and experienced pedagogues. They held seismic processing 

courses and seminaries during the entire first day of the workshop. They also organized a 

dialogue session with the participant students to approach issues beyond the regular data 

processing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The workshop continued on Saturday with the seismic and geoelectric processing of 

the summertime field camps data. The GPR and the magnetometry were scheduled on 

Sunday. The lectures and seminaries took place in the classrooms and amphitheatre of the 

Faculty of Geology and Geophysics. For each method they learned the main steps in 

processing and interpreting the specific data (Fig. 18) and got assignments for home 

processing the rest of the profiles at which acquisition they had participated. 

 

Fig. 17 – Gilles Lambare teaching a course on seismic inversion 
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Since one of the intended goals of the project was to make soil pollution distribution 

maps with heavy metals, beside the analysis during autumn time, a more elaborated and larger 

scale geochemical sampling had to be realized. During 3-6 December 2010 a field camp for 

geochemical sampling of soils on Ampoi Valley was realized. Beside 3 project team 

members, 7 students were recruited, based on voluntary intension, to participate and learn the 

methodology of such investigation. A number of 120 samples were collected from soils used 

for agriculture and from lands used for grazing animals (Fig. 20).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18 – Data processing seminaries 

Fig. 19 – Geochemical sampling on Ampoi Valley, near Sard 
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The samples were prepared at the University of Bucharest laboratories and sent to 

Prospectiuni SA, who offered to make all the geochemical analysis for heavy metals for free, 

just to support our project. Prospectiuni SA owns a laboratory certified by the Romanian 

Government to realize geochemical analyses. After analyzing the samples, they provided to us 

a folder with their results, accompanied by all the legal documents attesting that the analyses 

are official and can be used in legal actions.  

The geochemical analyses revealed a very interesting variation in the heavy metals 

distribution along the Ampoi Valley. The following maps describe this distribution for ….. 

The map color scale is set according to the Romanian legislation for polluted soils. 

The blue color represents the normal content. The color domain between yellow and orange 

represents the Alert Interval … which represent a possible danger for human life and where 

the authorities have to implement actions to remediate the problem. The orange and red colors 

describe the metal concentration bellow the Intervention Level, where authorities are forced 

by the law to take measures, because the concentrations represent a big threat for human life 

and environment.  

 

 
 

  
 

 

Fig. 20 – GIS map with the GPS location of geochemical sampling points 

Sn Ni 

Mo Cr 

Fig. 21 - Soil pollution maps for Sn, Ni, Mo and Cr 



 10 

 
 

 

  
 

 

 
 

 

 

 

The soil pollution maps show very high concentrations in certain hot-spots for Zn, 

Ba and Cu, suggesting that the contamination can have multiple sources, not only the mining 

and ore processing activity near Zlatna. The maps for Pb and As show very high contents, 

way above the intervention level, suggesting a big threat that the contamination brings for 

human life and environment. The distribution of the Pb and As contents, also may suggest 

multiple pollution sources.  

On all the collected samples we also realized magnetic susceptibility measurements 

at the Paleomagnetism Laboratory of the University of Bucharest. Interesting correlations 

were observed between the distribution variation of Cu, Zn, As and Mo with the magnetic 

susceptibility.  

 

 
 

 

Cu Pb Zn As Mo Ba Sn Ni Cr V Fe Suscept

Cu 0.793706 0.902394 0.871425 0.732216 0.127613 0.353102 -0.14768 -0.03424 -0.25047 0.218848 0.600695 Cu

Pb 0.634228 0.797881 0.316165 0.204094 0.373787 -0.20866 -0.11501 -0.16358 0.074938 0.255252 Pb 

Zn 0.844598 0.867942 0.004184 0.381824 -0.11272 -0.03223 -0.28605 0.307878 0.756922 Zn

As 0.667027 0.186071 0.401221 -0.15983 -0.04348 -0.24077 0.23844 0.573435 As 

Mo -0.06453 0.259782 -0.04708 0.082415 -0.20262 0.298912 0.782251 Mo 

Ba -0.13277 0.489758 0.200913 0.298134 0.500283 -0.29632 Ba

Sn -0.15803 0.060319 0.298134 -0.1803 0.246944 Sn

Ni 0.664849 0.706352 0.740771 -0.15513 Ni 

Cr 0.561987 0.461024 0.11039 Cr 

V 0.651482 -0.15761 V

Fe 0.240353 Fe

Suscept Suscept

V Zn 

Ba Cu 

Pb As 

Fig. 22 - Soil pollution maps for V, Zn, Ba, Cu, Pb and As 

Fig. 23 – Correlations between the distribution of the elements and magnetic susceptibility 
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The results of this study were compiled in an abstract that was submitted for the 

EAGE Annual Meeting in Vienna, 2011. The abstract was accepted in the Student Poster 

section, and Andrei Strachinaru, the main author, presented the paper at the conference.  

 

In March 2011, another field camp was organized for water sampling on Ampoi 

Valley. 44 samples were collected from wells used by local communities for water supplies 

and also from Ampoi and tributary rivers (Fig. 25). Electric resistance and pH measurements 

were executed on-site using a portable toolbox for environmental investigations (Fig. 26). The 

samples were treated with H(NO3) and sent to Prospectiuni SA Laboratory for heavy metal 

analysis. 

 

 
 

 

 

 

 

 

Fig. 24 – Map representing the magnetic susceptibility distribution on Ampoi Valley 

Fig. 25 – Distribution map of the water sampling points 
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The maps bellow show the distribution of the heavy metals in the underground water 

system which provides the local communities the water supplies. The maps are realized 

according to the Romanian regulations for potable water.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 26 – Water sampling and field analisys 

Fig. 27 – Geochemical maps with metal contents in the underground water system. The 

samples have been collected from pits used by the local communities for water supply 
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The maps show a very low correlation between the contents’ distribution of the 

elements. All the investigated pits on Ampoi Valley showed at least one element with 

contents above the accepted levels. A contamination affecting the underground water system 

should be represented with high values close to the pollution sources (the industrial platform 

near the town of Zlatna and the tailing ponds) and lower content values while increasing the 

distance from these objectives. The distribution of the contamination identified by this project 

show clearly multiple sources of pollution, with different characteristics. Since no industrial 

objectives have been identified along the valley excepting the ones associated to the mining 

industry, we can identify here the effects of a natural pollution. The complex and strong 

mineralizations in the area that also lead to ore deposits formations are percolated by the 

aquifers, contaminating the water according to the local geochemical characteristics of the 

geologic formations. This hypothesis is strengthens also by the surface water analysis.  

 

 

Fig. 28 – Geochemical maps with metal contents in the surface water system. The samples 

have been collected from Ampoi River and from tributary rivers 
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The analyses realized on this project shows that on Ampoi Valley the total contamination is 

represented by an overlapping cumulative effect having multiple pollution sources, some of 

them of anthropic origin (the mining industry around Zlatna town and the tailing ponds at 

Valea Mica) and some of them of natural origin (hydrothermal mineralizations caused by 

local tectonics and by the Neogene volcanism.  

The investigations realized in this project show that all water sources used by the 

local communities are contaminated. In the context of mineralized geology, deeper aquifers 

will be even more contaminated. Our investigations show that, on the Ampoi Valley, the local 

communities have no sources for potable water.  

The only fusible solution for this problem would be a big investment for bringing 

water from Fenesasa River, 25 km up the mountain, North from Ampoi Valley. The 

municipality of Metes has asked for financing in the past for this investment, but it didn’t 

represent a priority at that time for the Romanian Government. Lately, considering the 

funding opportunities from European Union, such investment of million Euros is possible. 

Applying with such a project for the EU Structural Funds won’t guarantee though a success 

unless the project has issues to be classified it as a priority. After discussions with the mayor 

of Metes, we managed to bring to their project the key for the project’s success. The analyses 

on water and soils made at the Prospectiuni SA Laboratory came together with the documents 

that certified their quality and legal statute. The identified values showed clearly that heavy 

metal contents in water and soils are above the intervention level. The law states that in such 

situations, the authorities must take actions to solve the problem. The additional document 

realized by the mayor with our data, maps, scientific documentation and results from the 

geophysical investigation regarding the near-surface geology, and also claiming the Romanian 

laws: Ministry Order (MO) 756/1997 modified by MO 592/2002 for soil quality and Law 

458/2002 for potable water quality, basically forced the authorities at Bucharest to consider 

the project a priority, otherwise being out of law. The project was sent in July 2011 and was 

approved in September 2011. At the moment is in its contracting stage and bureaucratic 

works. Our project team will try to realize a monitoring of the implementation of the Metes 

infrastructural project and will send in March-April 2012 to SEG an evolution report 

regarding the stage of the water project implementation.  

 

On 18-19 June 2011 we realized a training session with peasants from the 

municipalities of Metes and Zlatna. The meeting was organized in the School of Metes. The 

participants were locals with interest in agriculture, selected by the mayor of Metes or invited 

by members of the project’s team. It was a 4 hour interactive short course based on our results 

and on the effects of soil pollution on plants, animals and humans. Other similar actions are 

planned for February and March 2012. One of the meetings will have a strategic importance, 

being addressed to the political leaders in the area and realized during a Local Council 

meeting at Metes. This was the idea of the mayor of Metes and he will also be the main 

support for its organization.  

   
 

Fig. 29 – Training session with local representatives from Metes and Zlatna 

municipalities 
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2. Results and conclusions 
 

At the end of the one year project, we can count some achievements, identify 

benefits and outline future plans. 

As major achievements we can count the following: 

- 3 geophysical field camps at Ampoita, Ampoi Valley, with important amounts of 

data acquired 

- more than 40 students have participated in the field camps, gaining hands-on for 

geophysical field investigation and living a great experience of modern approach 

of environmental subjects and professionalism.  

- Students from 4 universities have participated to the field stage: University of 

Bucharest, “Babes-Bolyai” University of Cluj-Napoca, Romania, University of 

Petrosani, Romania, and Belgrade University, Serbia. The international 

interaction between the students in the field lead to future collaboration between 

SEG Students Chapters at the University of Bucharest and Belgrade University. 

During the summer of 2011 two collaboration projects have been organized by 

the two student chapters and financed by the SEG Foundation: Geophysical 

Field Camp in Jurilovca, Romania and Geophysical Field Camp in Nis, Serbia. 

- Data processing workshop organized at the University of Bucharest, with two 

world class guest trainers (Gilles Lambare and Evgeny Landa). The workshop 

was organized during 3 days and the participants were the students that attended 

the geophysical field camps on Ampoi Valley.   

- Geochemical sampling campaign, with 10 student participants and 120 samples 

collected from soils on Ampoi Valley used for agriculture by the local 

communities 

- Water sampling campaign, with 8 student participants and 44 samples collected. 

Electric resistance and pH measurements have been realized in the field.   

- Geochemical analyses realized at the Prospectiuni SA Geochemical Laboratory 

on soil and water. Also, magnetic susceptibility analyses have been realized at 

the Paleomagnetism Laboratory at the University of Bucharest by students under 

the supervision of the project team.  

- Geophysical data processing and interpretation of the acquired data, leading to a 

better understanding of the near surface geology on Ampoi Valley. Maps of soil, 

underground and surface water pollution have been realized for Ampoi Valley 

using the geochemical analyses. 

- Training session with representatives of the local communities 

- Support for the local authorities of Metes to obtain financing for the 

infrastructural project that will bring potable water to the community.  

 

As a result of these achievements and as a mean of project evaluation, a good 

identification of the benefits was approached. The benefits brought by the project have been 

classified regarding the groups to which they address: 

- for students: hands-on on using geophysical equipment, training in organizing a 

field campaign, training in safety measures typical for any field activity, theoretical 

aspects of the geophysical methods approached, geophysical data processing and 

interpretation training, awareness on the effects of the mining industry when is wrongly 

conceived, a complex understanding on the interest that SEG is showing for humanitarian 

contributions, an unforgettable experience 

- for the organizing team: an unique pedagogical and leadership experience of 

teaching in unusual settings, managing groups of different students, dealing with 



 16 

authorities and local communities. Also, the project offered a great organizational 

experience, the team facing accounting and legal issues that managed to solve 

successfully. The team also had a great collaboration with Prospectiuni SA.  

- for the local communities: a strong example that entities around the word care 

about their situation and invest in complex investigations in their benefit; training on 

effects of heavy-metal pollution on human body, animals and plants; official certification 

that there are no potable water sources on Ampoi Valley; important support for obtaining 

financing for bringing potable water to the Ampoi Valley communities. 

- for SEG: a very complex and interesting project, organized by an entity outside 

United States, with great results and impact  

- for Prospectiuni SA: a great experience working for such collaboration with the 

project team, an important image input among the students of our faculty, the local 

communities from Ampoi Valley and among the geo-community at national and 

international level.  
 

The raw data acquired served also as material for scientific research. The following 

papers have been realized using GWB data: 

- Strachinaru Andrei & Iacob Cezar, 2011, Heavy Metal Pollution Evaluation on 

Ampoi Valley from Magnetic Susceptibility Distribution. 73rd EAGE Conference & 

Exhibition, Vienna, Austria, Extended Abstracts, SP30 

- Orza Razvan, 2011, Estimation of Hydraulic Parameters from Surface 

Geoelectrical Measurements, 73rd EAGE Conference & Exhibition, Extended Abstracts 

- Andrei Mihai & Panea Ionelia, 2011, The use of shallow seismic reflection 

surveys in environmental studies. 2
nd

 International Geosciences Student Conference, 

Krakow, Poland, Extended Abstracts 

- Andrei Mihai & Panea Ionelia, 2011, The use of array-forming in very shallow 

seismic reflection surveys. GEO2011, Bucharest, Romania, Extended Abstracts 

- Iacob Cezar, Panea Ionelia, Orza Razvan, Furnica Mihai, Jianu Denisa & Mocanu 

Victor, 2011, Integrated geophysical and geochemical investigations for identifying 

potable water sources on Ampoi Valley, Romania. SEG Expanded Abstracts 30, 931; 

doi:10.1190/1.3628226 

Even if the financing from the GWB program has finished, the project will continue 

with a few other objectives: 

- monitoring of the infrastructure project of Metes municipality for bringing water 

to the communities on Ampoi Valley; 

- training session with political leaders of Metes municipality 

- at least one more training session with representatives from the local 

communities on Ampoi Valley, different persons than the first seminar.  

- Studies on plants used for agriculture to evaluate the impact of the polluted lands 

on the anthropic ecosystems. Our colleagues from the Faculty of Biology will 

accompany and guide us throughout this effort.  

These studies will be probably continued with personal funding.  
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