SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 24, Ne2, 2023, pp. 3-14 3

DOI: https://doi.org/10.59849/2219-6641.2023.2.3
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THAT MAY OCCUR IN THE AREA
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Annotation

1. Inthe article, it is noted that the value of the average transverse wave speed parameter varies between
400-515 m/s in the seismic profiles developed in the waste and landslide areas of Dashkasan skarn-iron ore
group beds up to a depth of 30 m. In the left wing of the resulting landslide, a geological disturbance was
determined in the direction of the fault-falling layer. A layer with a low transverse wave speed (350-441 m/s)
is observed in the landslide area in seismic profiles No. 4 and 5 at a depth of 30-44, 30-47 m, respectively.
This layer is assumed to be a clay layer. Inside the clay layer, a lens with a value of transverse wave speed
varying between 263-351 m/s is observed. It is assumed that this lens has a layer of watery clay and the sliding
plane corresponds to this layer.

2. In the direction of Mollahasanli village, a layer with low transverse wave speed (305-425 m/s) is
observed at a depth of 30-45 m, and a lens with low wave speed is not observed inside this layer. From this
point of view, the current condition of the retaining dam is considered stable compared to the landslide area.

3. In the waste and landslide area of Dashkasan skarn - iron ore group beds, the geodynamic regime was
evaluated, the tension dynamics of the gravity and geomagnetic field were studied, and tectonic fault zones
were found. These areas are assumed to be prone to landslides.

4. In the area of the new landfill, the observed gravity and geomagnetic stress are at background levels.
For this reason, the new dump site is more durable and stable from the geological point of view than the
previous (slid on 03.09.22) dump site.

Keywords: SME-seismomagnetic effect, nT- nanotesla, mechanism of earthquake source, geodynamic
mode, geomagnetic field stress, ml-magnitude, gravity force, gravimetric field stress, local anomaly,
engineering-seismic exploration.

DASKOSON SKARN-DOMIR FiLiZ QRUPU YATAQLARINDA APARILMIS
SEYSMOLOJiI-GEOFIZiKi TODQIQATLAR VO ORAZIDO BAS VERO BIiLOCOK
SURUSMO RiSKININ QiYMOTLONDIRILMOSI

Q.C.Yetirmigli, R.B.Muradov, N.B.Xanbabayev, E.S.Qaravaliyev, E.M.Bagirov

Annotasiya
1. Moagalads Daskason skarn-domir filiz qrupu yataqlarinin tullantt va siirlismo sahslorinds islonmis
mithandisi- seysmik profillorde 30 m darinliys godar orta enino dalganin siirot parametrinin giymatinin 400-
515 m/s arasinda doyisdiyi gqeyd olunur. Naticads bas vermis siiriismonin sol ganadinda qirilib-diisms tipli
layin yatim istiqgamatinds geoloji pozulma miiayyon edilmisdir. Siiriismo sahasinds 4 vo 5 sayli seysmik
profillorde uygun olaraq 30-44, 30-47 m dorinlikdo asagi enino dalga siirotine (350-441 m/s) malik lay
izlonilir. Bu layin gil qat1 olmasi giiman edilir. Gil qatinin daxilinds eninas dalga siiratinin giymati 263-351 m/s
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arasinda dayisan linza izlonilir. Bu linzanin sulu gil lay1 olmasi va siirlismo miistavisinin ds bu laya uygun
olmast ehtimal edilir.

2. Mollahasanli kandi istigamotinds dayaq bandinds isa 30-45 m dorinlikds asagi enino dalga siirating
malik (305-425 m/s) lay izlanilir vo bu lay daxilido asag1 dalga siirotino malik linza miisahids edilmir. Bu
baximdan dayaq bandinin mévcud durumu siiriisma sahasins nisbaton stabil gabul edilmisdir.

3. Dagkasan skarn - domir filiz qrupu yataqlarinin tullant1 va siiriisma Sahasinds geodinamik rejim
giymatlondirilorok gravitasiya vo geomagnit sahasinin gorginlik dinamikasi dyronilmis risk tohliikasi olunan
tektonik pozulma zonalar1 agkar edilmisdir. Bu sahalorin siirlismoya meyilli oldugu giiman edilir.

4. Yeni tullantixana orazisinds gravitasiya vo geomagnit sahasindo miisahido olunan gorginlik fon
saviyyeasindadir. Bu sobobdon yeni tullantixana sahasi ovvalki (03.09.22-ci ildo siiriismiis) tullantixana
sahasina nisbaton geoloji noqteyi nazordon daha davamli vo stabil xarakterlidir.

Acar sézlar: SME-seysmomaqnit effekt, nT- nanotesla, zalzala ocaginin mexanizmi, geodinamik rejim,
geomagqnit saha garginliyi, ml-magnituda,agirliq giivvasi, qravimetrik sahanin garginliyi, lokal anomaliya,
miihandisi-seysmik kasfiyyat.

CEMCMOJIOIO-TEO®U3UYECKHUE UCCJENOBAHMS, ITPOBEJIEHHBIE B
JAIIKECAHCKOM CKAPHOBO-KEJIE3OPY/JHOM I'PYIIIE 3AJIEJKEN U OIIEHKA
PUCKOB BO3MOJKHBIX OINOJI3BHEM HA TEPPUTOPUU

I Jl.emupmuwinu, P.6.Mypaoos, H.b. Xanbabaes, O.C.Iapasenues, 3.M. bacupos

AHHOTaNUA

1. B craTtbe onpeneneHo M3MEHEHHE 3HAUEHUS CPETHEro MmapameTrpa CKOPOCTH MOMEPEYHbIX BOJH /10
rinyounsl 30 M B pa3pa0OTaHHBIX HHXEHEPHO-CEHCMUYECKUX NPOQUISX Ha OTBAJOBBIX M OIOJI3HEBBIX
y4acTKax MeCTOpoxjaeHui JlankecaHCKOW CKapHOBO-)KeJIe30pyIHOM rpymnnsl B npeaenax 400 -515 m/c. B
pe3yibTaTe B JIEBOM KpbUIe OOpa30BaBLIETOCS OIOJI3HS YCTAHOBJIEHO TIEOJIOTMYECKOE HapylleHHE B
HaTpaBJIeHUH cJiosi cOpocomnaneHusi. B 30He ckonbkeHus Ha celicmMuuecknx npoduisx Ne 4 u Ne 5 Ha
riryounax 30-44 u 30-47 M COOTBETCTBEHHO HAOJIIOACTCS CIIOM C HU3KOM CKOPOCTHIO MOMIEPEeUHBIX BOJIH (350-
441 w/c). Ilpenmonaraercsi, 4TO 3TH TOPOJBI IPEICTaBIseT COOOW CIOW TIIMHBL. BHYTpW CIIOS TIWHBI
HaOJro1aeTCs JJMH3a CO 3HAaY€HHUEM CKOPOCTH TTOTIEPEUHbBIX BOJIH, BAPHUPYIOIIMMCS B TIpeenax 263-351 m/c.
[Ipeanonaraercs, 4To 3Ta JIMH3a NPEACTABIsIeT COOOW BOASHUCTBIM CIIOM TJIMHBI M YTO 3TOMY CIIOO
COOTBETCTBYET IUIOCKOCTh CKOJIBKEHHS.

2. Y noanopHo# 1aMObI B HanpaBiieHun cena Mosnaracannsl Ha Tiyoune 30-45 M HaOmogaercst o
C HU3KOH CKOPOCTHIO TIonepeuHbIX BoIH (305-425 m/c), BHYTpH 3TOr0 Clos He HaOIr0AaeTcs JIMH3a ¢ HU3KOH
ckopocThio BOH. C 3TOW TOYKH 3pEHHs CYIIECTBYIOIIEE COCTOSHHE MOJIOPHOW AaMObl MOXKHO CUYHTATh
CTaOMIIBHBIM 110 CPABHEHHIO C OTMIOJI3HEBOM 30HOM.

3. B orOpocHo-omon3HeBOM paiioHe JlamkecaHCKOH CKapHO-Kelle30pyJHOHM IPYIIIBl MECTOPOXKICHUI
OLICHEeH T'e0IMHAMUYECKHUN PEXXHUM, H3y4eHa TUHAMUKA HAIIPSHKEHHOCTH TPABUTAIIMOHHOTO U TE€OMarHUTHOTO
0151, BBISIBJICHBI 30HBI TEKTOHUYECKUX HApyIIEHUH. DTH 00JacTH CKIIOHHBI K CKOJIBKEHHIO.

4. Habxnrotaemast TpaBUTAIIMOHHAS M TEOMAarHUTHAS HAIPSDKEHHOCTh HA TEPPUTOPHH HOBOTO MOJUTOHA
HaxonuTcs Ha poHOBOM ypoBHe. [To 3Toi MpuyrHE HOBas CBaJIKa reoJIOTHYecKy OoJiee MpovHa U yCTOWYHBA,
gyeM npeapinymas (cnomsna 03.09.22) ceanka.

Knioueswie cnosa: SME-ceticmomaenumuviii 2¢hpgpexm, nT-nanomecna, mexanusm ouaza 3emiempsce-
HUSL, 2e00UHAMUYECKULL PEICUM, HANPAICEHUE 2e0MASHUMHO20 NOJA, MI-MasHumyoa, cuia maxicecmu, Hanpsi-
JHCeHUe SpAGUMEMPULECcKO20 NOJA, TOKAbHAS AHOMANUS, UHHCEHEPHO-CEUCMUYECKAs PA36eOKd.
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INTRODUCTION

In Dashkasan skarn-iron ore group deposits, since the middle of the last century, blasting and
geophysical exploration related to exploitation works have been carried out. During the search and exploration
works, geodynamic activity is observed in areas with the risk of avalanches, subsidence and landslides due to
the impact of explosions carried out in the exploitation process. On September 3, 2022, a landslide occurred
in the waste field near Mollahasanli village of Dashkasan district and the road was closed as a result of the
avalanche.

Ensuring the safe conduct of blasting operations, studying the effect of blast shock and other seismic
waves is a very urgent problem.

The purpose of the work: assessment of the geodynamic conditions of the area and the effect of impact
and other seismic waves generated during blasting operations on the environment, including the stability of
the landslide area, using complex seismological-geophysical methods in the South-East area of Dashkasan
skarn-iron ore group bed.

The following seismological, engineering-seismic and geophysical research works were carried out in
order to solve the issues raised by RSXM:

Engineering-seismological research works in the South-East field;

—Investigation of the geological-tectonic structure of the sliding area with gravi-magnetometric
studies, determination of the location and direction of tectonic faults, geological disturbances;

—Detection of other landslide-prone areas by seismological-geophysical methods;

—Assessment of the stress-deformation state of the geological environment with magnetometric and
gravimetric studies, construction of a schematic map and 3D model in 2D format.

Brief overview of Dashkasan skarn-iron ore group deposits

The Dashkasan skarn-iron ore group beds are located in the northeast of the Lesser Caucasus at an
altitude of 1500-2000 m, 36 km from the city of Ganja, 8 km from the Gushchu railway station, in the
immediate vicinity of the city of Dashkasan (Figure 1.).

’Gushchu station

Oahkasan iron ore field

X

Figure 1. Aerial view of Dashkasan iron ore group deposits

The geological structure of Dashkasan skarn-iron ore group beds includes sedimentary rocks of Middle
and Upper Jurassic age. Upper Jurassic sediments are more widespread in the Dashkesan area. The ores of the
Dashkasan deposit were mainly formed in the Upper Jurassic sediments. Upper Jurassic sediments begin with
agglomerate tuffs, calcareous tuffites and tuff breccias, limestones (up to 250 m thick), argillites with tuffs and
tuffites, sandstone and marl.

Tectonically, the area containing the Dashkasan skarn-iron ore group beds is located in the Lok-
Karabakh structural-formation zone of the Lesser Caucasus. The tectonic movements after the intrusion caused
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the formation of a large number of faults in the direction of northwest extension. These faults are more
widespread between the northwest in the Gushchu area and the southeast of the village of Dardara. In the
northwest, the relatively largest fault extends from the Kamargaya river valley to the North Cobalt mine [1].

Table of earthquakes (ml>2.0) that occurred in Dashkasan region during 2021-2023

Date hour lat lon h Mi
22.05.2021 13:15:17.178 40.63 46.05 2 2.31
31.05.2021 14:03:32.667 40.61 46.01 9 2.40
11.01.2021 10:55:24.277 40.33 45.96 9 2.22
05.01.2022 9:27:20.007 40.48 46.20 10 2.23
21.01.2022 10:03:40.480 40.65 46.21 18 2.21
19.05.2022 18:53:10.516 40.35 46.43 12 2.93
31.08.2022 8:08:04.557 40.21 46.49 17 2.37
26.09.2022 5:22:47.894 40.43 46.38 1 3.54
28.10.2022 7:09:16.700 40.30 46.46 11 3.03
19.01.2023 14:35:33.408 40.34 46.18 12 2.55
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Figure 2. Map of epicenters of M>3.0 earthquakes that occurred in Azerbaijan and adjacent
territories during 1980-2022

This map shows the uneven distribution of weak and moderate earthquakes as well as strong earthquakes
in the territory of Azerbaijan.

Strong earthquakes that create a seismic hazard occur in the study area, although not often. In the past,
quite strong and moderate earthquakes have occurred in these areas, including Dashkasan region and Ganja
region, and seismic events will be repeated in the future.
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The method of engineering seismic exploration works

The GEODE-24 engineer seismic station, 24 seismic receivers, a 115-meter seismic survey wire and a
12 kg impact hammer were used to study the tested microseisms. Noises from the environment and
microvibrations created by the impact method are considered as a seismic source.

The method of data acquisition and collection consists of obtaining 12 microvibration recordings of 30
seconds. The transformed wavefield of the received recordings shows the dispersion curve of the transverse
waves. The transverse wave dispersion curve is selected from the transformed wave field and modeled to
calculate the velocity profile of the underground transverse waves.

In order to obtain recordings in the research area, software such as ReMiVspect4.0 and ReMiDisper4.0
were used during the processing of recording results obtained from the Seismodule Controller software
package.

Seismic data processing and interpretation

While performing engineering-seismic exploration works, the research area is divided into 2 areas. In
the first stage, the research works were carried out in the 1st area, which includes the area where the landslide
occurred.

In the second stage, the researches were carried out around the next possible landslide in the direction
of Mollahasanli village on the border of the landslide area.

The total volume of works done in both areas was 2645 sq m.

Image ©2023 axar Technologies
Figure 3. Location scheme of seismic profiles around the sliding area

In the field, cross-sections of the speed change depending on the depth were established for each profile.

o
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Figure 4. 2-dimensional velocity cross section of transverse waves on seismic profile #1 (in m/s).
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In profile #1, the average transverse wave velocity parameter was calculated up to a depth of 30 m. The
average transverse wave speed parameter is calculated by the following formula:

30

Vo = A

where hi and Vi are the thicknesses of the layers up to a depth of -30 m and their corresponding transverse
wave velocities. Based on the calculation, we get:

Vs30= 490 m/s.

As can be seen from the profile, a layer with a low wave speed (341-432) is observed within the high-
velocity layer (525-616) at a depth of 36.5-42 m. At these depths, the transverse wave propagation speed in
the layer is 300-459 m/s.

=)

depth, m

-100

0 distance. m 115

Figure 5. 2-dimensional velocity cross section of transverse waves on seismic profile No. 3

The average transverse wave velocity parameter up to a depth of 30 m was calculated on profile No. 3
Vs30= 510 m/s.

As can be seen from the profile, 20 At the depth of -32 m, the layer with low wave speed has penetrated
into the high-velocity layer in the form of a lens at the beginning of the cut (left wing). At these depths, the
transverse wave propagation speed in the layer is 336-428 m/s. At a depth of about 50-60 m, the top of the
layer recorded at a speed of 708-800 m/s has a rise shape in the center of the profile and penetrated the bottom
of the fast layer of 615-707 m/s, and a completely opposite picture was observed on the right wing of the
profile. This indicates geological disturbances in the stratification within the section.
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Figure 6. 2-dimensional velocity cross section of transverse waves on seismic profile No. 10

In profile No. 10, the average transverse wave speed parameter up to a depth of 30 m was calculated
Vs30= 440 m/s.
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In this profile 30- A layer with a low wave speed is observed at a depth of up to 45 m. At these depths,
the transverse wave propagation speed in the layer is 305-403m/s.
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Figure 7. 2-dimensional speed cut of transverse waves on seismic profile No. 14

In profile No. 14, the average transverse wave speed parameter up to a depth of 30 m was calculated
Vs30= 490 m/s. On the left wing of the profile, the 20 m thick fast layer of 425-519 m/s disappeared
completely, despite the increase in speed at the end of the profile. On the contrary, at the end of the profile, the
ceiling of the 707-800 m/s high-speed layer penetrated the bottom of the low-speed layer lying above it in the
form of an ascent.

Methodology of conducting magnetometric research

The results of the magnetometric research carried out in the waste and landslide areas of the skarn-iron
ore group beds in the Dashkasan region of the Republican Seismological Service Center were investigated.
The magnetometric research works carried out for the purpose of landslide risk assessment were carried out
by fully covering the area. A network of profiles was created in the research area and the goal was set to
determine the probable voltage dynamics of the magnetic field.

The mentioned method made it possible to monitor tectonic disturbances (cracks) at different depth
intervals in the area and to evaluate the geodynamic regime of the mineral bed.

Processing and interpretation of magnetometric data.

Magnetometric observations in the waste and landslide-prone areas of the Dashkasan field were
performed by an operator on foot along the profiles with a G-856 proton-type magnetometer made in America
(Figure 8).

Figure 8. The appearance of the proton-type magnetometer G-856, manufactured in America.

Magnetometric observation works were carried out in the above-mentioned areas and the measurement
data received on the developed profiles were initially analyzed. The research works were carried out in six
parallel and two profiles that cross them in the north-south direction with a distance of 250 m between the
points and profiles (Figure 9)
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Figure 9. Layout scheme of gravi-magnetometric profiles performed in waste and landslide
areas of Dashkasan skarn-iron ore group beds.

Based on the analysis and interpretation of magnetometric data, the anomalous areas that may be at risk
of landslides have been outlined (Figure 10) and the depth of the planes that can cause landslides according to
the lithological composition of geological sections in these areas has been determined (Figure 11). A schematic
map and a 3D model were prepared in 2D format.

As can be seen from the prepared maps, it is observed that the geomagnetic field voltage is almost
unevenly distributed in Dashkasan skarn-iron ore beds and waste areas.

In this local area, the geomagnetic field voltage varies with gradient increases and, albeit episodic,
decreases.

The geomagnetic field gradient is characterized by sharp changes in the 2D map of the area.

|
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Figure 10. Map of the stress-deformation state of the geomagnetic field in the waste and landslide
areas of Dashkasan skarn-iron ore group beds in 2D format
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In the south and southwest wing of the map, geomagnetic anomalies of minimum type 3, 4, and 5 are
observed in the east. All three minimum-type anomalies are elongated in the south-north direction. The
intensity of the noted anomalies is around -400 + -500 nT.In the center of the research area, intense anomalies
of maximum type 1 and 2 are observed in the geomagnetic field. The mentioned maximum-type anomalies are
stretched in the south-north direction, just like the minimum-type anomalies. In the contact zone of the
maximum and minimum type anomalies observed on the map, there were sharp gradient changes related to the
stress in the geomagnetic field (Figure 11). These are areas of transition from intense maximum No. 1 and No.
2 to minimum No. 3-4-5.

Figure 11. The model of the stress-deformation state of the geomagnetic field in the waste and landslide
areas of Dashkasan skarn-iron ore group beds in 3D format

1-2 Maximum
3-4-5 Minimum
Geological fault lines

The above-mentioned maximum and minimum type of local geomagnetic anomalies are more precisely
expressed in the schematic model drawn up in 3D format. Maximums 1 and 2 observed in the geological
structure of the area with gradient changes in the geomagnetic field (surges) occur here in the lower layers of
the earth's surface. It is assumed to be related to complications (Figure 12). On the basis of the results of
complex geological, hydrogeological, seismological, engineering-seismic and geophysical data, anomalies are
contoured in the study area, and there is a risk of landslides, it can be said that Dashkasan skarn iron ore group
beds It shows that the dynamics of activation in the area is intense and it is important to take measures that can
reduce the risk of landslides.

The method of gravimetric research.

A gravimetric network has been established to investigate the geological-tectonic structure of the landfill
and the adjacent landslide zone, and to determine the location and direction of tectonic faults and disturbances
(Figure 9).

Gravimetric studies have drawn up a schematic map, vector scheme and 3D model reflecting the tension
of the gravity field, depth dynamics, and the distribution of gravity in the landfill and its adjacent areas.

The obtained data allowed to monitor the tectonic disturbances in different depth intervals in the area
and to evaluate the geodynamic regime of the area. It was performed with a high-precision gravimeter of the
CG-5 AutoGrav type, manufactured in Canada (Figure 12).
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Figure 12. View of the Canadian-made CG-5 AutoGrav type gravimeter under research.

Processing and interpretation of gravimetric data

A 2-dimensional isoanomaly map (Figure 13), a 3-dimensional model (Figure 14) and a vector scheme
(Figure 15) of the gravity field according to the results of calculations and changes of the gravity field on each
profile in the waste and landslide areas of Dashkasan skarn - iron ore group deposits were drawn up.
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Figure 13. General isoanomaly map of the gravity field reflecting the stress-deformation state in the waste and
landslide area of Dashkasan skarn - iron ore group beds.

As can be seen from the isoanomaly map of the gravity field, the anomalous zones accompanied by the
variable value of the relative gravity force are precisely covered has been done. Thus, the relative gravity varies
between 400 and 650 pGal, spreading to the south-west and south of the study area with a maximum value.
This mentioned anomaly is spread from north to south and is closed in both directions.

In the southern wing of the map, there is a complication in the gravity field, which is exactly the opposite
of the anomaly in the north-south direction. An anomalous zone is observed with a decrease in the gravity field
from 250 uGal to 175 uGal with a minimum value.
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The presence of this type of anomalies in the area suggests that there is a geological disturbance in the
local area, where the gradient has changed sharply, resulting in a landslide.

The fact that the gravity field anomalies of the area are so sharply opposite means that the research area
has a complex geological structure. The results of the above-mentioned interpretation are more clearly visible
in the 3D model and vectorial map of the stress-deformation state of the geological environment based on the
data of the gravity field in the waste and landslide area of Dashkasan skarn - iron ore group deposits (Figures
14-15).

Figure 14. Dashkasan skarn - a model built in 3D format reflecting the stress-deformation
state of waste and landslide area of iron ore group beds.
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Figure 15. Vector map of the gravity field reflecting the stress-strain condition in the waste and
landslide area of Dashkasan skarn - iron ore group beds.
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