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IMPROVING THE VISUALIZATION OF THE GEOLOGICAL STRUCTURE  
OF THE HOVSAN AREA, AZERBAIJAN USING VSP 

 
(Представлено членом редакційної колегії д-ром геол. наук, проф. С.А. Вижвою) 
B a c k g r o u n d . Increasing the resolution (both vertical and horizontal) of land and borehole seismic exploration is an urgent task 

facing geophysicists. There are various ways to increase the resolution of seismic studies, among which inelastic absorption takes a 
special place. This method has not been widely used compared to other methods (for example, distribution of the total charge of 
explosives over smaller ones, i.e., grouping of sources, inverse filtering - deconvolution, etc.) due to the limited amount of information 
about inelastic absorption and the difficulty of determining it or the quality factor of the environment. Important information for determining 
the quality factor of the medium and inelastic absorption is provided by borehole seismic exploration, in particular, VSP (vertical seismic 
profiling). The recent VSP at well N 1856 of the Govsan area made it possible to determine the inelastic absorption of the medium from 
well observations and thereby restore the weakened higher frequency components of the seismic wave field, which made it possible to 
quite significantly change the observed wave pattern on time sections, enriching it with high frequency components and thereby 
increasing the resolution of surface as well as borehole seismic data. This research aims to improve the vertical resolution of land and 
borehole seismic exploration using vertical seismic profiling data on inelastic absorption of the geological medium. 

M e t h o d s . Based on the VSP data, the effective quality factor Q parameter was determined. For this purpose, the entire recorded 
VSP interval was divided into 4 parts. 

R e s u l t s .  The entire recorded VSP interval was divided into four parts: the full interval (~324–4500 m measured depth) for 
determining the effective quality factor Q, and three sub-intervals – upper (~324–1887 m), middle (~1803–3799 m), and lower (~3814–
4500 m) – for calculating interval values of the quality factor. After determining Q for each interval, the average effective quality factor 
Q=145 was obtained and applied to restore attenuated frequencies on seismic time sections and the vertical component Z of the VSP 
profile. A comparison of the original and processed seismic time sections after Q=145 filtering shows significant improvements in 
resolution. The restoration of high-frequency components in seismic records has notably enhanced the clarity of both surface seismic 
and VSP time sections. The results confirm that applying VSP-derived quality factor parameters can be highly effective in land seismic 
data processing. 

C o n c l u s i o n s .  The application of Q-filtering with an effective quality factor of Q=145 has significantly improved the 
resolution of both surface seismic and VSP time sections. The results demonstrate the effectiveness of utilizing certain VSP 
parameters in land seismic processing. Additionally, restoring attenuated high-frequency components enhances data clarity and 
interpretability. The use of the quality factor can be integrated at different processing stages, with its optimal application 
determined experimentally to achieve the best results. 

 
K e y w o r d s :  Vertical Seismic Profiling (VSP), inelastic absorption, quality factor, surface and borehole seismic exploration, time 

intervals, seismic time sections. 
 
Background 
The paper is devoted to the studies which covered the 

Hovsan field in the Absheron oil and gas region of 
Azerbaijan, as this field is featured by rather complicated 
seismic and geological conditions, as well as complex 
reservoir properties, and in recent years it has been one of 
the intensively developed onshore fields in Azerbaijan. 
Despite the fact that this field was discovered in 1948 and 
production here started since 1950, its reserves have not yet 
been exhausted, especially in the underlying layers of 
Productive Series. It is known that as study depth increases, 
the resolution of seismic survey deteriorates and the 
problem of its improvement becomes urgent (Alizade et 
al.,1966; Akhmedov et al, 2012). 

The Hovsan field is located on a coastal plain covered 
by ancient Caspian sediments in the southern part of the 
Absheron Peninsula of Azerbaijan (Fig. 1). 

Method 
The geological setting of this field has been repeatedly 

studied by use of various geological and geophysical 
methods. Over the years, geological survey, exploration 
drilling and deep drilling, gravity and seismic surveys were 
carried out in the area. The last 2D CDP seismic surveys 
were carried out here in 2004. Studies by VSP were held 
here in 2010, and in 2011–2012 this area was covered by 
3D seismic survey (Akhmedov et al, 2012). Located in the 

northwestern and western parts of the area, the Surakhany 
field has been under production since 1904, the 
Karachukhur field since 1928, and the Zykh field since 1935. 
Later, in 1948, an oil field was discovered in the Qala suite 
in Hovsan area. 

According to seismic data acquired from the lower part of 
Productive Series, including Qala suite, the Hovsan area is 
located in the southwestern side of Hovsan syncline and is 
characterized by a monoclinal occurrence of layers (Fig. 2). 

Hovsan oil field belongs to the distant eastern 
subsidence of the Karachukhur-Zykh uplift. Here, the rocks 
of Qala suite buried with a sharp angular unconformity on 
the eroded surface of the Pontian, wedge out upward along 
the uplift or adjoin the fault planes. Apparently, the presence 
of an ancient (Miocene age) small protrusion in the areas of 
Qala suite presence caused a decrease in the thickness of 
these deposits. 

It is assumed that the accumulation of oil in the anticlinal 
trap is associated with facies replacement.  By deep drilling 
the ancient Caspian deposits, Absheron, Akchagyl, 
Productive Series and partially the Pontian were recovered 
and studied. Pontian deposits with a thickness of 10–36 m 
were recovered in wells No. 1308, 1810, etc. Here these 
deposits are represented mainly by clays. Available deep 
drilling and seismic data do not allow to design the correct 
geological model of oil traps for Qala suite in Hovsan area 
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(Akhmedov et al., 2012). Oil accumulations can presumably 
be associated with lithofacies changes and low-amplitude 
faults. For the last years the attention of geoscientists has 
also been focused on Miocene deposits, represented in the 
clay facies with sandy interlayers and located in 
overpressure zone. The diagram of Zykh-Hovsan area 
coverage by deep drilling is shown in Fig. 3. 

The lithological and stratigraphic characteristics of 
geological section in Zykh-Hovsan area were studied by the 
data of deep drilling. In this area mainly Neogene deposits 

of the ancient Caspian Sea, rocks of the Absheron and 
Akchagyl stages, Productive Series and partially Pontian are 
developed. Miocene rocks are underlying the Pontian. 

According to the “International Tectonic Map of the 
Caspian Sea and its Framing” edited by V. E. Khain et al., 
the study area is located within two large structural 
elements: the Kur (northern part) and the South Caspian 
(southern part) depressions. In the south of the area, the 
South Caspian depression is complicated by the Absheron-
Gobustan trough (Alizade et al., 1966). 

 
Fig. 1. Layout of the Hovsan structure on Absheron Peninsula 

 

 
Fig. 2. CDP time section (2D seismic survey of Hovsan area) 
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Fig. 3. Scheme of exploration of Hovsan area by deep drilling 

 
Hovsan area constitutes the part of East Absheron 

synclinorium and embraces Zykh portion of Garachukhur-Zykh 
anticline, Hovsan area and partially, the Bina-Hovsan syncline. 

Garachukhur-Zykh anticline is the extreme, southern, rise 
on land of the Sarygayabashi-Shah-Deniz anticline zone, to 
which the largest oil and gas fields of Azerbaijan are attributed. 

Results 
Determination of inelastic absorption makes it possible 

to use Q-filtering in order to restore the absorbed high-
frequency components of the seismic record and increase 
the visual resolution of both surface seismic data and VSP 
(Boganik, & Gurvich, 2006; Galperin, 1982; Galperin, 1994; 
Andersen, Bartling, & Nelson Jr., 2014; Lensky et al., 2014; 
Lensky et al., 2020). In the best way, the quality factor is 
determined from the VSP vertical profile data and then used 
in the processing of land seismic survey data (Tabakov et al., 
2006; Shekhtman, & Bayuk, 2015; Sherif, & Geldart, 1987; 
Bourbié, 2006; Shneerson, & Zhukov, 2013/2014; Bakulin, 
2003). The determination of the quality factor is based on the 
analysis of measured amplitudes of incident P-wave at 
different levels, between which the quality factor parameter 
is determined. Fig. 4 demonstrates changes of amplitudes 
of seismic longitudinal waves with depth (or with time) and 
depth intervals, for which the quality factor is evaluated. It 
should be noted that the ratio of recorded (observed) 
amplitudes is a complex function of large number of 
conditions, ranging from field, or more precisely downhole, 
to the type of equipment and applied processing algorithms. 
Therefore, the numerical value of determined quality factor 
Q is a mathematical parameter rather than a physical one, 
which could be measured in “laboratory conditions”. That is 
why the values of quality factor Q determined for the same 
horizons within the same field can differ significantly 
(Hardage et al., 2011; Maultzsch et al., 2009). However, 
their importance consists in the fact that by applying these 
mathematical parameters to compensate for inelastic 
absorption, the obtained results are correct and adequate 
from the point of view of increasing the apparent resolution 
of seismic sections. 

The field of incident P-waves was extracted from the 
vertical component of the VSP longitudinal profile using a 
15x1 filter. Then, the entire recorded VSP interval was 
divided into 4 parts: the full interval ~324–4500 m of 
measured depth – to determine the effective quality factor 
Q and 3 components (parts) of the full interval: the upper 
(~324–1887 m of measured depth), middle (~1803–3799 m 
of measured depth) and lower (3814–4500 m of measured 
depth) to determine the interval values of quality factor 
(Fig. 5). The depths of component intervals were selected 
based on the number of columns (one or two) to maintain 
identical conditions for recording of seismic amplitudes. To 
determine the quality factor Q, two of the most stable and 
commonly used inversion algorithms were used: spectral 
ratio and iterative-spectral methods (multiple spectral ratio). 
The following values of quality factor Q were obtained: 
~142–155 for the entire VSP interval, ~75–85 for the middle 
interval and ~33–38 for the lower interval. The inversion for 
the upper interval was unstable and adequate results could 
not be achieved. The most likely reason for this is the fact of 
recording in a double column and the complication by pipe 
waves affecting the amplitudes of the first arrivals, which is 
critical in this case. In general, the inversion was stable. In 
addition, determination of the quality factor from the non-
longitudinal VSP (NVSP) profile by spectral and iterative 
spectral methods revealed very similar values. And 
although, according to the theory, NVSP cannot be used to 
determine the quality factor, this still adds confidence in the 
adequacy of certain values. 

An average effective quality factor Q=145 was used to 
reconstruct the attenuated frequencies in the seismic time 
sections and the vertical component Z of VSP profile. 

The original time section of land seismic survey is shown 
in Fig. 6a and its change after filtering with a quality factor 
QР=145 in Fig. 6b. It will be interesting to trace changes in 
the VSP time section while taking into consideration the 
inelastic absorption of the medium. 

Fig. 7 shows the results of applying filtering with a quality 
factor QP=145 to VSP data. 
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Fig. 4. Determination of the quality factor QР of the incident longitudinal wave according to VSP data:  

QР of the entire section varies as 142–145, QР of the middle part of the section =75–85 and QР of the lower part of the section =33–38 
 

 

 
Fig. 5. Determination of inelastic absorption of the medium by spectral (a, c, e)  

and iterative spectral (b, d, f) methods for the full (a, b), middle (c, d) and lower (e, f) section intervals 
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Fig. 6. Time sections of land seismic survey:  

a – original, b – after applying filtering with quality factor QР=145 
 

 
Fig. 7. VSP time sections: 

a–original, b–after applying filtering with quality factor QР=145 
 

Restoring of relatively weak components of seismic 
records significantly increases the resolution of VSP 
(Fig. 7, b). 

Discussion and conclusions 
The results of Qp filtering display significant 

improvement of seismic survey resolution, which clearly 
demonstrates the effective possibilities of use of some VSP 
parameters in processing of surface and borehole seismic 
data. Also, it should be noted that the use of quality factor 
can be carried out at different stages, which is often 
determined by the experiment to achieve the best results. 

It can be seen, that the inelastic absorption parameter 
(quality factor Qp) was calculated for various VSP intervals. 
Qp filtering using the calculated values showed a significant 
increase in the resolution of seismic records of both land 
seismic time sections and VSP data. 
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ПОЛІПШЕННЯ ВІЗУАЛІЗАЦІЇ ГЕОЛОГІЧНОЇ СТРУКТУРИ РАЙОНУ ГОВСАН, АЗЕРБАЙДЖАН,  
ЗА ДОПОМОГОЮ VSP 

 
В с т у п .  Підвищення роздільної здатності (як вертикальної, так і горизонтальної) наземної та свердловинної сейсмічної розвідки 

є актуальним завданням, що стоїть перед геофізиками. Існують різні методи підвищення роздільної здатності сейсмічних досліджень, 
серед яких особливе місце посідає врахування нееластичного поглинання. Цей метод не отримав широкого розповсюдження порівняно 
з іншими методами (наприклад, розподіл загального заряду вибухових речовин на менші, тобто групування джерел, зворотна фільтра-
ція – деконволюція тощо) через обмежену кількість інформації про нееластичне поглинання та складність його визначення або оцінки 
фактора якості середовища. Важливу інформацію для визначення фактора якості середовища та нееластичного поглинання надає 
свердловинна сейсморозвідки, зокрема вертикальне сейсмічне профілювання (VSP). Нещодавнє проведення VSP у свердловині № 1856 
району Говсан дало змогу визначити нееластичне поглинання середовища за результатами свердловинних спостережень і, таким чи-
ном, відновити ослаблені високочастотні компоненти сейсмічного хвильового поля. Це значно поліпшило спостережувану хвильову 
картину на часових розрізах, збагативши їх високочастотними компонентами та, відповідно, підвищивши роздільну здатність як на-
земних, так і свердловинних сейсмічних даних. Метою цього дослідження є поліпшення вертикальної роздільної здатності наземної та 
свердловинної сейсморозвідки за допомогою даних вертикального сейсмічного профілювання щодо нееластичного поглинання геологі-
чного середовища. 

М е т о д и .  На основі даних VSP визначено параметр ефективного фактора якості Q. Для цього весь зареєстрований інтервал VSP 
поділено на чотири частини. 

Р е з у л ь т а т и .  Весь зареєстрований інтервал VSP поділено на чотири частини: повний інтервал (~324–4500 м глибини) для ви-
значення ефективного фактора якості Q та три підінтервали – верхній (~324–1887 м), середній (~1803–3799 м) і нижній (~3814–4500 м) – 
для розрахунку інтервальних значень фактора якості. Після визначення Q для кожного інтервалу отримано середнє значення ефектив-
ного фактора якості Q=145, яке було застосовано для відновлення ослаблених частот на часових сейсмічних розрізах та вертикальної 
компоненти Z профілю VSP. Порівняння вихідних та оброблених часових сейсмічних розрізів після застосування Q-фільтрації з Q=145 
демонструє суттєве поліпшення роздільної здатності. Відновлення високочастотних компонент у сейсмічних записах значно поліп-
шило чіткість як наземних сейсмічних, так і VSP-часових розрізів. Результати підтверджують ефективність використання парамет-
рів фактора якості, отриманих із VSP, у процесі обробки наземних сейсмічних даних. 

В и с н о в к и .  Застосування Q-фільтрації з ефективним фактором якості Q=145 значно поліпшило роздільну здатність як назем-
них, так і VSP-часових розрізів. Отримані результати демонструють ефективність використання певних параметрів VSP у процесі 
обробки наземних сейсмічних досліджень. Крім того, відновлення ослаблених високочастотних компонент підвищує чіткість та інте-
рпретованість даних. Використання фактора якості може бути інтегроване на різних етапах обробки, а оптимальні умови його засто-
сування визначаються експериментально для досягнення найкращих результатів. 
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