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The determination ofgeological subsurface strata and shear wave velocity profiles
is one of the most important engineering measures for seismic design and site
effects studies. Recently, the use of seismic geophysical methods in engineering
geological studies for this purpose has become widespread. In this paper, the
accuracy and efficiency of seismic geophysical methods with active and passive
seismic source in determining the subsurface geological structure of a selected
site in the city of Abasabad in northern Iran have been studied. To this end, first,
by conducting several exploratory boreholes, the subsurface geological structure
of the study site up to a depth of 70 meters was carefully determined using
engineering geological experiments. The results of this section showed that the
shallow sediments of Abasabad site are mainly composed of sandy soils with four
separate geological layers. In the next step, in two other separate boreholes,
seismic geophysical experiments with active source of down-hole test were
performed in order to accurately determine the shear wave velocity profile in
different layers. In addition, in the next phase, using the array microtremor
recording method, which is a new seismic geophysical method of passive-source
type, to determine the subsurface geological structure of the study site in the form
of shear wave velocity profiles. It should be noted that the array microtremor
recording was performed using fifteen different arrangements of receptors (with
different numbers and distances of receptors) and by two analyzing methods
including F-K and SPAC. The results of these studies showed that both active
and passive seismic geophysical methods had acceptable performance in
determining the subsurface geological stratification of the site. It also could be
inferred that the down-hole test with high accuracy determines the shear wave
velocity in each layer compared to the array microtremor method but requires
artificial production of seismic waves and borehole drilling. Array microtremor
method without the need for drilling and production of artificial seismic waves
has high efficiency in determining the subsurface layering and estimating the
shear wave velocity of each layer and in general the results of this paper showed
that in estimating the shear wave velocity compared to down-hole method shows
up to 10% error.

Introduction

The city of Abasabad is located in the north of
Iran and on the southern shores of the Caspian
Sea. Increasing migration of people to the

northern cities of Iran which is due to climatic
conditions and droughts of the country, caused a
rapid development and construction of many
civil structures in the northern cities and
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specially the city of Abasabad. The design and
construction of these structures depends on
geological condition, geotechnical conditions
and hydrology of the subsurface strata. Currently
Geophysical methods are widely used to
determine the state of shallow geological
structures due to problems of geotechnical
drilling. Seismic geophysics is one of the
geophysical methods which is used to evaluate
the subsurface geology.

Meanwhile, in recent decades, the use of
microtremors has been considered by engineers
due to its advantages (Subramaniam et al., 2019;
Zhang et al., 2019). Microtremors are short
amplitude seismic waves that caused by natural
phenomena (such as collision of ocean or sea
waves to the coast, atmospheric disturbances,
etc.) and humanmade noises (such as traffics and
industrial activities, etc.) (Mukhopadhyay et al.,
2002; Hardesty, 2008; Gupta et al., 2019; Singh
et al., 2020).

Geology

The study area is located on the northern edge of
the Central Alborz. The most important tectonic
strucutre in this region is the Caspian (Khazar)
Fault with a length of about 600 km. Central
Alborz shows a variety of lithologies and
tectonic structures due to its complex geological
history. The area has a lot of morphological
diversity and the geological features have caused
a large difference in altitude in the area. The
southern part of the region, which is located in
the central Alborz highlands, includes shallow
carbonate rocks (Bayndor Formation), alkaline
and ultra-alkaline volcanic rocks (Soltanieh
Formation), Zagun and Lalon detrital formations
and Jurassic carbonates. Instead of southern part
of the region, the northern part is completely
covered by Neogene and Quaternary sediments
of Caspian age.

Materials and methods

In this article we reviewed the efficiency of the
Geophysical methods in determining the shallow
subsurface structures of the Abasabad city.

Therefore, several geotechnical boreholes were
drilled to obtain an accurate determination of
shallow subsurface structures in a direct manner.
Afterwards, using seismic geophysical methods
of active and passive sources, we compared the
results of geophysical and geotechnical studies.

Geotechnical method

In order to geotechnical studies, four boreholes
were drilled with depths of 70, 60, 40 and 30
meters in different places and sampling process
was made according to ASTM:D1587 standard.
During the drilling operation, standard
penetration test (SPT) was performed at an
interval of 2 meters. Afterwards determination of
features Physics and mechanics were performed
in the laboratory.

Geophysical methods

Geophysical exploration is a cheap and fast way
to get reliable information about subsurface
structures. Two seismic methods with active
source (down-hole test method) and passive
source (array microtremor recording method)
were used to determine the characteristics of
shallow subsurface structures. The acquisition of
seismic data was operated for 5 days (21 hours
of recording from 13:00 every day until 10:00
next morning for each array). In order to run the
Down-hole test method and acquisition of
seismic data, several 3-component geophones
have placed in different depths of two boreholes
with depth of 45 and 50 meters. Furthermore,
acquisition of microtremors was operated
simultaneously. After recording the microtremor
data, these data were analyzed by F-K and SPAC
methods.

Data analysis

F-K method

To determine the resolution of array used in this
research the method of Array Transfer Function
was performed. This method was introduced by
(Wood and Lintz, 1973) and (Asten and
Henstridge, 1984). For this purpose, we use
build-array tool of SESARRAY open-source
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software to calculate the theorical transfer
function. The SESARRAY software was
developed by (Wathelet et al., 2004) during the
SESAME research project.

SPAC Method

In order to analyze the data by SPAC method,
first different mode of pairs of stations
determined in the software. Considering
varieties in the situations of pairs of stations,
different rings were designated to calculate the
Spatial autocorrelation coefficient. Afterwards,
using the “Geosphy” section of the software, the
curve of the Spatial autocorrelation coefficient
was calculated for frequency range of 0.14 to 20
Hz for all arrays. Finally, we used back-analysis
to estimate the values of Shear Wave Velocities.

Conclusions

In this research, we evaluate the efficiency of
several seismic geophysical methods of active
and passive sources in the city of Abasabad on
the southern shores of the Caspian Sea.
Geotechnical tests Indicates the subsurface
condition of the soil in the area. The soils layers
in the study area mainly includes sandy soil with
fine grains of clay, and four distinct soil layers
can be identified in these boreholes. Subsequent
shear wave velocity measurements using the
Down-hole test method showed that the four soil
layers were identifiable from the shear wave
velocity profiles.

However, due to the limitations of the Down-
hole test method (drilling boreholes and

generation of seismic waves), geophysical
survey of shallow subsurface structures of the
site were done by Array microtremor recording
method. Results of the Array microtremor
recording method and data analysis showed that
both F-K and SPAC analytical methods have an
acceptable ability to detect the shallow
subsurface structures of the soil, and 4 layers
observed in geotechnical studies, recognized by
both analytical methods. The results also showed
that all the profiles obtained by the F-K and
SPAC analytical methods, overestimated the
average values of the shear wave velocity at
different depths.

The average values of the shear wave velocity
were estimated to be 3% to 10% higher than the
shear wave velocities in the base profile,
especially at the depths between 15m to 40m. In
addition, detailed examination of results
obtained by analyzing the Array microtremor
recording method Showed that this method
doesn’t need to a large array nor a lot of
geophones. We find that if geophones installed
at appropriate intervals, 4-component arrays
give us acceptable results. Finally, it should be
noted that this research revealed that modern
seismic geophysical methods have an acceptable
efficiency in indirect estimation of shallow
subsurface geology. It should also be noted that
these methods are complementary and that the
results of these different methods should be
combined in order to obtain a comprehensive
and accurate knowledge of subsurface geology.
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Table 1. Geological characteristics of basic engineering of soil layers in the study site
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penetration in each layer and the average shear wave velocity profile
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Fig.2. Geological column drawn based on results of exploratory drilling with the average number of standard

Layer ID
Soil parameters
SP-1 CL-2 SC-3 SP-4
Gravel (%) 8.0 0 2.1 4.1
Grain size distribution Sand (%) 87.6 0 51.6 93.1
Silt and Clay (%) 4.4 100 46.3 2.8
Natural moisture content (%) 8.2 27.3 18.4 9.7
Liquid limit (%) NA 57 33.2 NA
Plasticity index (%) NA 22.6 7.4 NA
Specific gravity 2.12 2.68 2.54 2.49
Unit weight (KN/m3) 16.8 15.9 174 18.8
SPT blow count 21 14 29 38
Cohesion (KPa) 0.9 35 3.4 0.2
Strength parameters Friction angle (degree) 26.5 20.5 31.2 33.6
Unconfined shear strength NA 68.2 NA NA
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Fig.3. Shear wave velocity profiles obtained from down-hole active source method in two boreholes in the study
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Table 2. Geometric characteristics of the arrays used in this paper

Alie 'l 4o ooliiwl 0,90 slaa])] i Slasio .V Joux

DMin (m) DMax (m) KMin/2 KMax Sensor No. Array Name Array Shape
10 14.5 0.1111 0.6373 4 A
5 25 0.1429 0.6439 7 B
10 425 0.0853 0.6330 10 Cc
10 14.5 0.1696 0.4585 3 D
20 28.5 0.0848 0.3993 3 E
30 42.5 0.0548 0.2650 3 F
30 50 0.0418 0.2000 3 G
30 58.5 0.0439 0.2317 3 H
10 28.5 0.1020 0.6460 5 |
10 425 0.0936 0.6228 5 J
10 42.5 0.0766 0.6369 5 K
10 42.5 0.0754 0.6354 7 L
10 50 0.0774 0.6214 8 M
10 58.5 0.0714 0.6377 9 N
10 58.5 0.0547 0.6336 12 ]
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