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Summary. Geoelectric and microtremor are geophysical methods that can be used to determine
subsurface conditions, especially in determining the presence of aquifer zones. This study aims to
determine the potential and presence of aquifer rocks in the Grabag District area through micro-
tremor and geoelectric methods and to compare the results of the two methods. The area of the
Grabag District is very limited in conducting geoelectrical research because it is related to narrow
topographical contours, so a microtremor method is needed to determine the condition of the aqui-
fer below the ground surface. Measurements in this study resulted in 3 geoelectric trajectories and
20 microtremor measurement stations. The results of microtremor and geoelectric measurements
have a good correlation between the two. The geoelectrical method uses resistivity parameters
while the HVSR method uses vs and Poisson’s ratio parameters. There are several anomalies that
can be suspected as the presence of aquifer zones such as surface water found at station 2, unpres-
sured aquifers at stations 16 and 19, depressed aquifers at stations 1, 10 and 20 and water loss
zones at stations 4, 2 and 13. Based on the advantages of the two methods in collecting data in the
field, microtremor is more flexible and better used in narrower conditions like in this study and the

depth of microtremor does not depend on how long the stretch is like geoelectric.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Groundwater is very necessary and increasing
population will lead to a reduction in available
groundwater reserves. The increasing number of
people requires a sufficient amount of water. An ar-
ea that has limited water is difficult to meet the
needs of a high population, especially during the dry
season. According to Sadjab et al. (2012) groundwa-
ter is stored in an aquifer, which is a water-saturated
geological formation that has the ability to store and
release water economically and in sufficient quanti-
ties. Investigation of water catchment areas in an
area is inseparable from its geological conditions,
which include rock composition, rock properties and
geological structure. The subsurface geological con-
ditions of an area can be determined through geo-
physical measurements.

Geophysics is a branch of geology that applies
physical principles in understanding and finding so-
lutions to geological problems (Alile, Amadasun,
2008). Some examples of methods from geophysics
that can be used for groundwater exploration are
electrical resistivity, seismic refraction and electro-
magnetic methods. The resistivity method is carried
out using an artificial current source, which is
transmitted below the ground surface (Sheriff, Gel-

dart, 1995). Geoelectricity can provide information
about the structure of groundwater and can deter-
mine vertical variations in subsurface electrical
properties that can be related to the geology of the
area (Omada, Obayomi, 2012). Based on research by
Kasidi (2017), the geoelectric method can be used to
determine groundwater potential, namely by using
the VES method, so that groundwater potential is
obtained which includes VES 1, 5, 7, 9, 11, 12, 16,
17, and 18 at depths ranging from 40 — 80 m.

The microtremor method is used to support the
analysis of groundwater aquifers, which is carried
out using the geoelectric method. The 1D profile
from the geoelectric method will be correlated with
the 2D profile from the microtremor method on the
same line. Yuliyanto and Nurwidyanto (2021) intro-
duced a geophysical method that can be used to
identify potential groundwater aquifers by utilizing
microwaves using the microtremor method. The pa-
rameters used to determine the existence of an aqui-
fer are vs and Poisson’s ratio. Based on his research,
the potential for subsurface water sources is below
microtremor point 9 with a vs value of 840 m/s with
a Poisson's ratio value > 0.3 at a depth of 70 m.

This research will provide an overview of the po-
tential and existence of aquifer rocks in the Grabag
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District area using geophysical methods, namely mi-
crotremors using vs parameters and Poisson's ratio.
Apart from that, this research will also provide a
comparison of the results of microtremor and geoe-
lectric survey methods to determine the aquifer.

Theory

Geological structure

Based on the Magelang-Semarang geological
map sheet (Thanden et al., 1996) it can be explained
that Grabag's geological conditions are composed of
Merbabu volcanic rock (Qme) composed of igneous
rock composed of olivine and andesite augite, An-
dong and Kendil (Qak) volcanic rock composed of
hornblende-augit andesite breccias and Gilipetung
volcanic rocks (Qg) which are composed of hollow
lava flows, the three rock units are the result of vol-
canic activity while the sedimentary rocks that com-
pose this area are the Kaligetas Formation (Qpkg)
which is composed of volcanic breccias, lava flows,
tuff, tuffaceous sandstone and claystone.

Groundwater can be found in permeable soil
known as aquifers which are water-binding for-
mations that allow large enough amounts of water to
move through them. Glacial sand and gravel depos-
its, floodplain alluvial fans and sand delta deposits
are all excellent water sources. The aquifer system is
controlled by several aspects which can be lithology,
stratigraphy, and geological structure of geological
sedimentary materials and formations (Kodoatie,
1996). These hydrogeological boundaries determine
three important elements in the anatomy of a hydro-
geological basin, namely recharge area, flowing ar-
ea, and discharge area. The various types of aquifers
that will determine the distribution of groundwater
in hydrogeological mapping can be divided into 4
parts, namely:

1. Unconfined aquifer

2. Confined Aquifer

3. Semi Confined Aquifer

4. Semi Unconfined Aquifer

Microtremor

Microtremor is a low amplitude vibration of
around 0.1-1 microns and a speed amplitude of
0.0001-0.01 cm/second at the ground surface caused
by various natural factors such as wind, sea waves,
vehicle noise, and others (Mirzaoglu, Dykmen,
2003). Microtremor, also called background seismic
(ambient vibration), is a ground vibration caused by
natural or artificial events that has relatively low
energy and low amplitude which is always present in
every seismic recording and can describe geological
conditions near the surface (Tokimatsu, 1995). In the
study of seismic engineering, softer lithology has a
higher risk of being shaken by earthquake waves, this
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is because it experiences greater wave amplification
compared to more compact rocks (Kanai, 1983).

The HVSR (Horizontal to vertical spectrum ra-
tio) transfer function of microtremors introduced by
Nakamura (1989) can be expressed by equation 1.

HS (w)

SE (@) = oo @

where Hs,) is the horizontal component microtremor
spectrum on the surface while Hg) is the horizontal
component microtremor spectrum found in the bed-
rock. The wave amplification contained in the verti-
cal component can be referred to as the spectrum
ratio of the vertical component at the surface and in
the bedrock which can be written in equation 2.

VS
AS (w) =02 2

where VS () is the vertical component microtremor
spectrum on the surface, and VB (o) is the vertical
component microtremor spectrum in the bedrock.
Normalization is carried out to reduce the source ef-
fect contained in the horizontal gain spectrum SE (w)
on the source spectrum As (w) to obtain equation 3.
SM () is the transfer function for the soil layer.

SE (w)
AS (w) (3)

SM (w) =

Poisson's ratio (o) can be interpreted as a ratio
of transverse strain or contraction to longitudinal
strain or extension due to changes in normal stress
due to compression or dilation. The form of compar-
ison related to the propagation speed of the longitu-
dinal wave v, to the shear wave vs can be written as
(Lay, Wallace, 1995).

_ vlz,—va

e ®

Geoelectric

Geoelectric is one of the geophysical methods
to determine the resistivity value of the rock layers
below the soil surface. Measurements are made by
flowing an electric current into the ground using 2
metal electrodes (current electrodes) commonly
known as current electrodes A and B. If the ground
is dry, water should be sprinkled around the elec-
trodes to improve the current relationship. The elec-
tric voltage that occurs between the two electrodes is
also measured with 2 metal electrodes (potential
electrodes) known as potential electrodes M and N.
The value of rock resistivity is a representation of
variations in the physical and chemical characteris-
tics of the rock.
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Apparent resistivity can be interpreted as the re-
sistivity measured over a layered medium which has
a difference in resistivity and layer thickness which
is considered to be isotropically homogeneous. The
earth consists of layers with different p at each
depth, so that the measured potential is the influence
of these depth layers. This will mean that the meas-
ured resistivity is not the resistivity value for just
one layer. This apparent resistivity is formulated by
equation 5 (Sharma, 1997; Telford et.al., 1990):

AV
P =K+ (5)

P(a) 1s the apparent resistivity with units of Qm

(ohmmeter), K is the geometry factor of the electrode
configuration, AV is the measured potential between
potential electrodes with units of V (volts), and | is
the measured electric current between current elec-
trodes with units of A (amperage). Geometry factors
vary depending on the type of configuration used dur-
ing the data collection process in the field. For the
resistivity geoelectric method used, the Schlumberger
configuration aims to identify vertical resistivity con-
tinuity (Telford et.al., 1990). The geometric factor of
the Schlumberger configuration is shown by equation
6 (Sharma, 1997; Telford et.al., 1990):

K==

(AB)*- (MN)Z]
4

o (6)
where K is the configuration geometric factor, 7 is a
constant (3.14), AB is the distance from current
source A to current source B (m), and MN is the dis-
tance from potential source M to potential source N
(m). The inversion method is a method that can ob-
tain actual resistivity values where the earth has
heterogeneous resistivity. According to Jupp and
Vozoff (1976), inversion is generally described by a
model or point with a layered earth structure.

Research methods

Research on estimating the aquifer zone at the
study site was carried out using several tools. Micro-
tremor data collection uses 3 sets of data loggers, 3-
component digital seismograph VHL PS 2B, global
positioning system (GPS), and compass to determine
the North - South direction from data collection.
Software that can be used later for data processing in
microtremor (HVSR) method is Microsoft Excel,
Notepad, Notepad++, Geopsy, and Dinver (Irham et
al., 2021) (Arintalofa et al., 2022). Raw microtremor
data will be obtained in the form of a file in CSV
format which can be opened in Microsoft Excel.
This data shows the response of microtremors in
showing subsurface images with several compo-

nents, namely horizontal East-West component, hor-
izontal North-South component, and then vertical
component. These three components will then be
processed using Geopsy software to produce an HV
curve, dominant frequency and amplification factor
(Yuliyanto, Yulianto, 2023). These results can be
processed again using dinver software to produce vy,
Vs, density and depth values (Yulianto, Yuliyanto,
2023). The results of v, and vs will later be used in
determining the Poisson’s ratio value.

Table 1

2D trajectories of microtremor measurements

Trajectory Microtremor measurement station
A-A 4,8,3,9,2,1
B-B’ 5,16, 17, 18,13
c-cC 6, 20, 19, 14, 12
D-D 7,15,10,11
E-F 7,6,5,4
F-F 7,20,16,8
G-G 15,19, 17,3
H-H 10, 14, 18,9
-1 11,12,13,2

Table 1 explains the 2D trajectories used in mi-
crotremor data analysis. The microtremor measure-
ment stations in Table 1 show the name and se-
guence of the track used, while the trajectory shows
the name of the track. Data modeling uses Golden
Software: Surfer which is used for 2D modeling.

Retrieving geoelectrical data using Naniura
NRD-300. Software that can be used to process geoe-
lectrical data is Res1DInv. The configuration method
used in this research uses the Schlumberger configu-
ration. In this study, the path length AB/2m from each
line 1, 2, and 3 from geoelectric measurements is 250
m, 180 m, and 180 m. Figure 1(a): 3 geoelectrical
path measurements were carried out together with (b)
20 microtremor measurement stations due to the limi-
tations of the field area (length and width) of the
study location on the length of the geoelectric cable
stretch at the site location. Both locations use a geo-
graphic coordinate system (decimal degree system)
with S 7.405560° to S 7.400735° and E 110.40247° to
E 110.407774°. The microtremor method uses 3 sets
of tools, each microtremor requiring 10 minutes of
recording at each station location. Meanwhile, the
geoelectric method uses 1 set of tools and takes
around 90 minutes for a path length (AB/2) 80 m (de-
pending on the length of the track).
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Fig. 1. Measurement trajectory for (a) Geoelectric, (b) Microtremor

Results and discussion

2D modeling was carried out by adjusting the
straight trajectory of each microtremor station ac-
cording to Figure 1 (b) and Table 1. The results of
1D microtremor data processing (Vp, Vs, and density)
will be imaged in 2D using modeling with kriging as
a geostatistical analysis. The concept of kriging it-
self is estimating a value at a point that is not sam-
pled based on surrounding sample points by paying
attention to spatial correlation using spatial
weighting whose correlation is shown through a
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variogram (Bahtiyar et al., 2014). The results of
modeling using kriging are in the form of 2D images
on each trajectory in Figure 1 (b), which is explained
in detail in Table 1, imaged as in Figures 4 and 5.
These images show that the modeling was carried
out using kriging so that 2D contours were obtained
from cross-correlation data in the research area.

The results of the field data processing that has
been carried out and the cross-sectional resistivity
obtained can then be correlated with local geolo-
gical conditions. Figure 2 is the result of geoelectric
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processing with the x-axis as AB/2 and the y-axis as
the apparent resistivity and actual resistivity values.
Figure 2 (a) shows the measurement results on Line 1,
Figure 2 (b) shows the measurement results on Line 2
and Figure 2 (c) shows the measurement results on
Line 3. Figure 3 is a cross-section of the 3 lines with
the x-axis as the distance between them, line and y-
axis as depth based on geoelectrical measurements.

Interpretation of aquifer potential is obtained
through the presence of a value in Geoelectric meas-
urements (Yuliyanto, Nurwidyanto, 2021). Referring
to Wahyono et al. (2023) and Telford et al. (1990)
research, water soil has a resistivity of around 0.5-300
Qm, clay has a resistivity range of 10-45 Qm, and
sandstone has a resistivity of 45-333 Qm. The results
are in Figure 2 (a). There is an aquifer potential at a
depth of 38 to 81 m from the ground surface with re-
sistivity values of 53 and 71.5 Qm (Sandstone lithol-
ogy). Figure 2 (b) shows the potential for an aquifer at
a depth of 24 to 44 m from the ground surface for
geoelectric measurements with a resistivity value of
78.6 Qm (Sandstone lithology). Figure 2 (c) shows
that there is an aquifer potential at a depth of 40 m
below the ground surface for geoelectric measure-
ments with a resistivity value of 2.78 Qm. This can be
influenced by the surrounding geological conditions,
namely the presence of several rocks that have good
porosity and permeability as water carriers.

Based on Figure 4 and Figure 5 the results of mi-
crotremor modeling and processing obtained 20 meas-
urement stations and from these 20 stations, there can
be 9 microtremor modeling paths. One indication of
the presence of water can be known by using the Pois-
son’s ratio parameter (Equation 4.). The Poisson’s ratio
used in determining groundwater has a value of > 2.5
(Yuliyanto, Nurwidyanto, 2021). Track 1 in Figures 4
(a) and 5 (a) shows a Poisson’s ratio contour with a
value of 0.3 below station 2 in the form of surface wa-
ter and confined aquifers at station 1 at a depth of 40-
120 m below the ground surface. Track 2 in Figures 4
(b) and 5 (b) has a Poisson’s ratio contour of 0.3 below
station 16 with a depth of 70 m in the form of an un-
confined aquifer. Track 3 in Figures 4 (c) and 5 (c)
shows a Poisson’s ratio contour of 0.3 below station 20
with a depth of 105-190 m in the form of a confined
aquifer and below station 19 in the form of an uncon-
fined aquifer to a depth of 90 m. Track 4 in Figures 4
(d) and 5 (d) has an anomaly in the form of a water loss
zone at a depth of 90-140 m at station 4. Track 5 in
Figures 4 (e) and 5 (e) at station 10 has an aquifer po-
tential at a depth of 60-125 m with a Poisson’s ratio >
0.25. Track 6 in Figures 4 (f) and 5 (f) found a Pois-
son’s ratio contour with a value of 0.3 below station 20
with a depth of 105-190 m in the form of a confined
aquifer and below station 16 in the form of an aquifer
that is not depressed to depth 70 m.
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Fig. 2. Geoelectric processing results (a) Line 1 (b) Line 2 (c) Line 3
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Track 7 in Figures 4 (g) and 5 (g) found a Pois-
son’s contour ratio of 0.3 below station 19 in the form
of an unconfined aquifer to a depth of 80 m. On track
8 in Figures 4 (h) and 5 (h), there is station 10 which
has an aquifer potential at a depth of 60-125 m with a
Poisson’s ratio value > 0.25. Track 9 in Figures 4 (i)
and 5 (i) has an anomaly in the form of a water loss
zone at a depth of 180-230 m at stations 2 and 13.

Figure 6 (a) is a correlation between micro-
tremor measurements at station 20 and geoelectricity
at line 1, while Figure 6 (b) is a correlation between
microtremor measurements at station 10 and geoe-
lectricity at line 2. The imaged correlation is the cor-
relation of the hv curve of the microtremor which
has frequency value as the x-axis and the average
value of the horizontal to vertical mean values which
are weighted as the y-axis. The correlation of geoe-

lectricity in images (a) and (b) has depth values as
the x-axis and weighted resistivity values as the y-
axis. Weighting is carried out to obtain a correlation
regarding the response of microtremor values from
the HV curve and geoelectricity form resistivity.
According to Yuliyanto et al. (2017) one of the
methods to determine the condition and physical
properties of the soil using a geophysical approach is
the microtremor method which has a fairly good cor-
relation between data and measurement data using
the geoelectric resistivity method. Based on the two
analyzes regarding the search for aquifer zones, the
two methods (microtremor and resistivity) provide a
compatible solution (Yulianto et al., 2021) and
shows a suitable response in showing the response
of subsurface imagery to search for groundwater by
using corelation hv curve and resistivity (Figure 6).
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The geoelectrical resistivity and the Poisson’s ra-
tio on microtremor indicate an accuracy in knowing the
aquifer zone. However, when viewed from the amount
of data obtained and the flexibility in data collection,
microtremor has more advantages than geoelectric.
Retrieval of data on the Geoelectric method requires a
long enough path length to determine subsurface con-
ditions that are deep enough, while data collection on
microtremor can easily be used in narrower conditions
and the depth of microtremor does not depend on how
long the stretch is like geoelectric.

Conclusion
The results of research that has been carried out
using geoelectric and microtremor with the HVSR
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BBIJEJIEHUE 30H BOJOHOCHBIX I'OPU30HTOB C UCIIOJIb30BAHUEM KOPPEJIALIMOHHOI'O AHAJIU3A
PE3YJbTATOB MUKPOTPEMOPHOI'O U TEOQJIEKTPUYECKOI'O METOJ0OB

HOunsinro I'., HypBuasauro M.U.H., Xapmoko Y., FOnuanto T., ®epuango I'.A.
Kageopa gusuxu, @axynemem ecmecmeeHHbiX HAYK u Mamemamuxy, Yuusepcumem Junonezopo, Hnoonesus
Cemapane 50275, Hnoonesus: gatoty@fisika.fsm.undip.ac.id

Pe3rome. T'eormmeKTpuaecKiii 1 MUKPOTPEMOPHBIH METOIBI — 3TO Te0(PH3UMIECKHE METOMABI, KOTOPBIE MOXHO HCIIOIB30BaTh IS
OIIPEIENICHUS TOJ3EMHBIX YCIIOBHI, OCOOCHHO MPH ONpPEACICHWH HAIM4Ms 30H BOJOHOCHBIX TOPH30HTOB. JTO HCCIEIOBaHHE
HaIlpaBJICHO Ha OIpEZENCHNe MMOTeHIMAIAa M HAIWYUS BOJOHOCHBIX MOPOX B paiioHe ['pabarckoro paiioHa ¢ IIOMOLIBI0 MHKPOTpe-
MOPHOTO U T€03JIEKTPUYECKOTO METO/IOB, a TAKKe Ha CPaBHEHHE Pe3yJIbTATOB ATUX ABYX MeTonoB. Tepputopus I'pabarckoro paiioHa
OYeHb OTPaHUYCHA JJISI IPOBEICHHS TCOTEKTPHUCCKUX UCCIICIOBAHHM, TaK KaK CBsI3aHA ¢ Y3KHMH TOMOTpa(UueCKUMH KOHTYPaMH,
MO3TOMY IS OTIPEEIICHHsI COCTOSIHHSI BOJOHOCHOTO TOPU30HTA MO/ MOBEPXHOCTHIO 3eMId HE0OXOIUMO HCHOJIB30BAHUE MUKPOTpE-
MOpPHOTO MeTofa. B paMkax JaHHOTO HCCIEAOBaHHs OBUTH OMpEIeTIeHbl TPH Ie0dIeKTPUUSCKUX MPOMUIIS M BBITOIHEHBI H3MEPEHHS
Ha 20 cTaHIMAX MHKPOTPEMOpPHBIX HAOMIOAEHHH. Pe3ynbpTaThl MUKPOTPEMOPHBIX HCCIEIOBAHMH U T€OAIEKTPUYECKUX M3MEpPEHUM
MOKA3bIBAIOT WX XOPOIIYIO COTJIACOBAHHOCTh MEXAY co00il. B reosnekrpnueckoM MeTojie MCIOJB3YIOTCS MapaMeTpsl YAEIEHOTO
CONPOTHBIICHHS, B TO BpeMs kKak B MeTosie HVSR (ropu3oHTansHO-BepTHKAIBHbIE CIIEKTPAIbHBIE OTHOLICHHS) HCIONIB3YIOTCS Hapa-
MeTpbl Vs U Kodddurment [Tyaccona. EcTh HeCKONBKO aHOMaNHil, B KOTOPBIX MOXXHO IIPEIINOJIOKHUTh HAaJW4He 30H BOJOHOCHBIX
TOPU30HTOB, TAKMX KaK MOBEPXHOCTHBIC BOMBI, OOHAPY)KEHHBIC HA CTAHIMHU 2, GE3HAMIOPHBIC BOIOHOCHBIC TOPH30HTHI HA CTAHIIHSIX
16 u 19, nenpeccuBHBIE BOJOHOCHBIE TOPU3OHTHI Ha cTaHIMAX 1, 10 1 20 1 30HBI MOTEpH BOABI HA CTaHIMAX 4, 2 1 13. OCHOBBIBAsICh
Ha MPEUMYIIECTBaX JBYX METOJ0B cOOpa JIAHHBIX B MOJIEBBIX YCIOBUSIX, MUKPOTPEMOPHBIH MeTO/] 001a1aeT Ooblieii THOKOCTHIO U
JyHIIe MOAXOMUT AJIsi pabOTHI B CIOMKHBIX YCIOBHUSX, KaK U MOKA3aHO B JaHHOM HCCJIEAOBAHWU. B OTIHMYHE OT Ie03IeKTPHIECKOro
MeTo/1a, TITyOHHa MUKPOTPEMOPHBIX HCCIICIOBAHUI HE 3aBUCHT OT JJIMHBI PO uIs.

Knrouesvie crosa: muxpompemop, ceosnekmpuieckutl, yoeavhoe conpomusierue, HVSR, éodonocuwiil 2opuzonm, koagguyuenm
Ilyaccona, Grabang Magelang

MIiKROTREMOR VO GEOELEKTRIK USULLARDAN 9LDO EDIiLON NOTiCOLORIN
KORRELYASIYA ANALIZi iSTIFADO EDILMOKLO SUSAXLAYAN
HORIZONTLARIN AYRILMASI

Yuliyanto G., Nurwidyanto M.I.N, Harmoko U., Yulianto T., Fernando G.A.
Diponegoro Universiteti, EIm vo Riyaziyyat Fakiiltasi, Fizika kafedras
Semarang 50275, Indoneziya: gatoty@fisika.fsm.undip.ac.id

Xiilasa. Mikrotremor vo geoelektrik, yeralti goraiti miioyyon etmok {iglin, xiisuson do sulu teboge zonalarinin mévcudlugunu
miiayyon etmok tigiin istifado edilo bilon geofiziki tisullardir. Bu todgigat mikrotremor vo geoelektrik iisullarla Qrabaq rayonu
arazisinds sulu teboage siixurlarinin potensialini vo mévcudlugunu miioyyan etmok va iki metodun naticalorini miiqayisa etmok
mogsadi dasiyir. Qrabaq rayonunun orazisi geoelektrik todqiqatlarin aparilmasinda ¢ox mohduddur, ¢iinki o, dar topoqrafik
konturlarla baglidir, ona géro do yer sothinin altindaki su gatinin voziyyetini miioyyon etmak {iciin mikrotremor metoduna ehtiyac
var. Bu todgigatda Slgmolor 3 geoelektrik trayektoriya vo 20 mikrotremor 6lgmo stansiyasi ilo noticolondi. Mikrotremor vo
geoelektrik 6lgmalarin naticaleri ikisi arasinda yaxs1 korrelyasiyaya malikdir. Geoelektrik tisul miiqavimat parametrlorindsn istifads
edir, HVSR metodu iso VS vo Poisson nishati parametrlorindon istifads edir. 2-ci stansiyada agkar edilmis soth sulari, 16 vo 19-cu
stansiyalarda tozyigsiz sulu laylar, 1, 10 va 20-ci stansiyalarda ¢okok sulu laylar vo 4, 2 vo stansiyalarda su itkisi zonalar1 kimi sulu
tobogo zonalarinin olmasi kimi bir ne¢o anomaliyadan siibhalonmok olar. 13-cii sahodo molumatlarin toplanmasinda iki metodun
usttinliiklarine asaslanaraq, mikrotremor daha cevikdir vo bu todqgiqatda oldugu kimi daha dar goraitds daha yaxsi istifade olunur va
mikrotremorun dorinliyi uzanmanin geoelektrik kimi na godar uzun olmasindan asil deyil.

Acar sozlar: Mikrotremor, Geoelektrik, Rezistivlik, HVSR, Aquifer zonasi, Puasson nisbati, Grabang Magelang
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