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ABSTRACT 

The Seismic lines 856-SGR-56 & 846-SGR-50 were given for study. To 

investigate the lateral and vertical variations of velocity within a layer average velocity 

and Iso-velocity graphs were prepared. Four reflectors and normal faults are marked. 

To see reflectors positions and to study theif nature, seismic time and depth 

sections were prepared which shows Horst & Grabon structures which may be 

favourable for hydrocorbon. Time and depth contour maps of Basal Sand are also 

prepared. 

A descriptive analysis of Rock Physics using TD and RHOB Log Data of 

DHAMRAKHI#1 well has been made. Rock Physical Properties (e.g. P-wave 

Impedance, S-wave Impedance, Poisson Ratio, Bulk and Shear Modulus, etc) are 

calculated for a particular zone whose depth ranges from 2000m to 2900m. Actually this 

analysis is made to seek for the hydrocarbo'n potential zone using cross plots of 

different physical properties as mentioned above. These properties (P-wave 

Impedance, S-wave Impedance Bulk and Shear Modulus) were found high in sand 

.that must be low in reservoir No reservoir zone was identified. 
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CH#l INTRODUCTION 

1.1 INTRODUCTION 
The area of study is lying in Southern Indus Basin in Sindh 

province(Sanghar). Sanghar, is a small city roughly 35 mi les (56 km) east-south
east of the city of Nawabshah and the same distance north of Mirpur Khas. 

Map of Sanghar is shown in Fig :1.1. Two seismic lines 856-SGR-58 
and 846-SGR-50 were provided by the department of Earth Sciences Quaid-I
Azam University Islamabad, in order to interpret the seismic sections along the 
given seismic lines. 
a) LATITUDE OF THE AREA 
Latitude of the area is 26°, 19', 00" N to 26°, 24', 00" N 
b) LONGITUDE OF THE AREA 
Longitude of the area is 69°, 00', 00" E to 69~, 05', 30" E 

Area o f i n et"est 

Fig : 1.1 Map showing the location of area of interest 
(www.googlemaps.com ) 

1.2 BASE MAP 
Base map is shown in Fig: 1.2 on which primary data and 

interpretations can be plotted . A base map typically includes locations of 
concession boundaries, wells , seismic s.urvey points and other cultural data such 

1 



CH#l INTRODUCTION 

as bui ld ings and roads, . with a geographic reference such as latitude and 

longitude or Universa l Transverse Mercator (UTM) , grid information . 

Geologists use topographic maps as base maps for construction of 
surface geologic maps. Geophysicists typically use shot point maps, which show 
the orientations of seismic lines and the specific points at which seismic data were 

acquired, to disp lay interpretations of seismic data . 
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Fig: 1.2 Base-Map of the Study Area 

1.3 FIELD PARAMETERS 
Header contains information about the different parameters involved 

in acquisition and processing sequence which are given below. 

Source information 
SOURCE 
NO. OF HOLES 

DYNAMITE 

9 
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DEPTH 
CHARGE 

SHOT INTERVAL 
STATION INTERVAL 

Receiver information 
GEOPHONEINTERVAL 
GROUP INTERVAL 
SPREAD 
SAMPLE RATE 

RECORD LENGTH 
ALIAS FILTER 

Fi lming parameter 
PERCENT GAIN 
HORIZONTAL SCALE 
VERTICAL SCALE 
POLARITY 

1.4 DATA PROCESS ING 

18 
2M 
9'1 KG 
18'05 KG 
50 M 
50 M 

5M 
50 M 
2550·200·0·200·2550 M 
2 MSEC 
6 SEC 
125 HZ 

178 
32.000 TRIIN 
2.500 INISEC 
BLACK =POSITIVE 

After the data has been acquired. it passes through the wnole 
processing sequence that includes different data processing techniques that are 

used to enhance the quality of the data. 
This data has passed through a desirable processing sequence and 

finally a "Time Section" was prepared. The processing sequence is given below 

PROCESSING SEQUENCE 
DEMUX 
SCALE 
BALANS 
SORT 

FILTER 
DECON 

FILTER 
VELSTK 

DEMULTIPLEX TO PETTY·RAY MPX·1 FORMAT. 
GAIN RECOVERY CURVE APP LI ED. 
SCALING FACTOR APPLIED TO DATA TRACES. 
GATHER TRACES INTO COMMON DEPTH POINT 
ORDER AND APPLY FIELD STATICS. 
BANDPASS FI LTER 4/8·50/60 HZ 
TIME DOMAIN PREDICTIVE DECONVOLUTION 
APPLIED USING OPERATOR LENGTH= 256 MSEC. 
LAGX=60MSEC. 0.5%WHITE NOISE ADDED 
PRIOR TO OPER. CALCULATION 
BANDPASS FILTER 4/8·50/60 HZ 
CONSTANT VELOCITY STACK FOR ANALYSIS 
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NMO NORMAL MOVEOUT CORRECTIONS AS OBTAIN ED 

MUTE 
STACK 

FROM ANALYSIS 
TRACE SUPPRESSION AS OBTAINED FROM CDS . 
4800% COP STACK 

1.5 METHODOLOGY AND OBJECTIVES 
For study project area , iso velocity and average veloc ity graphs will 

be prepared using velocity functions given on the seism ic section. Then horizons 
of intrest will be marked based on their continuity and other interpretation 
techniques . Based on these marked horizons and above mentioned velocity 
functions, seismic time section will be prepared. Then a section in depth mode 
(depth section) will be prepared using the concerned velocities and other 
informations. Then using the tops of identified horizons on time and depth 
sections as basis, time and depth contour maps will be prepared for the horizons 
of interes . 

This subsurface information will be used to create a tentative model 
to understand the trapping mechanisms of the study area. 

Using DT and RHOB Log, I will determine the Seismic Parameters 
(P-Wave, S-Wave, Poisson's Ratio,Bulk Modulus,Shear Modulus , Vp/Vs Ratio 
and P-Wave and S-Wave Impedence) of lower Goru and by plotting Cross Plots , 
the ir application in hydrocarbon exploration . 

Petrophysical Interpretation using NHPI and GR Log . 

.{ 
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2.1 INTRODUCTION 
The information about geology of an area plays very Important 

role for a precise interpretation of seismic data. This chapter deals with a bnef 
description of the tectonic setting. structural geology and stratigraphy of the 

study area (Sanghar) and adjoining areas, Lower Indus BaSin Petroleum 
significance of the area is also incorporated . The interpretation of seismiC data 
in geological terms is the objective and end product of a seismic work To 
investigate the geology of an area generally two types of information's are 
necessary: 

';- The Structural Information. 
:;... The Stratigraphic Information 

The structural information involves the knowledge about the 
geological structures (i.e. faults, folds etc) present in that area and The 
Stratigraphic Information tells us about different geological forma tions present 
there and the unconformities those lie between them. 

Seismic data interpretation is based on the stratigraphy and 
structure geology of the area therefore it is important to have information 
about the geologic aspects of the area . The observations made in the present 
study have also been incorporated in the chapter. 

2.2 REGIONAL GEOLOGICAL SETTING 
The Indian Ocean and the Himalayas, two of the most 

pronounced global features surrounded the Indo-Pakistan subcontinent have 
a common origin . Both are the product of the geodynamic processes of sea
floor spreading, continental drift and collision tectonics . A plate of the earth 's 
crust carrying the Indo-Pakistan landmass rifted away from the super 
continent Gondwanaland followed by the extensive sea-floor spreading and 
the opening up of the Indian Ocean. Propelled by the geodynamic forces the 
Indian plate traveled 5000 Km northward and eventually collided with EuraSia . 
The subduction of the northern margin of the Indian plate finally closed the 
Neotythes and the Indian Ocean assumed its present widespread expanse 
This colliSion formed the Himalayas and the adjacent mountam ranges 

Pakistan has been divided into two broad geological zones. 
which are the; 

;> Gondwanaland Domain 
):;. Tethyan Domain 

Pakistan is unique in as much as it is located at the junction of 
these two diverse domains. The southern part of Pakistan belongs to 
Gandwanian Domain and is sustained by the Indo-Pakistan Crustal Plate. The 
northern most and western region of Pakistan fall in Tethyan Domain and 
present a complicated geology_ 

j 



CH#2 GENERAL GEOLOGY & TECTONICS 

2.3 NORTHWARD DRIFT OF INDIAN PLATE AND ITS 
COLLISION WITH EURAS IAN PLATE 

The Indo-Pakistan subcontinent separated from the Gondwana 
motherland about 130 mi llion years ago Johnson,et al. .. (1982). 

It has been estimated tha t between 130 my. and 80 my. India 
moved northward at a rate of 3 to 5 cm/year Jhonson ,et al. (1976) . From 80 

my. ago India moved at an average rate of about 16 cm/year re la tive to 
Austra lia and Antarctica . According to Patriat and Achache (1984), before 

. anomaly 22 (50 my.) this rate of movement varied between 15 and 25 
cm/year. 

The Neotethys had begun to shrink by the time Ind ian began its 
northward drift around 130 my. ago. Intra-oceanic sebduction generated a 
series of volcanic arcs (Kohistan-Ladakh, Nuristan, Kandhar) during the 
Cretaceous. This arc was intruded by 102 Ma precollision granitoids Treloar, 
et al.(1993) followed by the intra-arc rifting and magmatisim. Arc magmatism 
covered a life-span of about 40 Ma after which the back-arc basin closed and 
Kohistan-Ladakh arc collided with Eurasia along the southern margin of the 
Karakoram plate . 

The abrupt slowing down of Indian 's northward movement 
between 55 and 50 my. ago is attributed to this collision .The abrupt slowing 
down of Indian from 18-19.5 cm/year to 4.5 cm/yea r occurred at 55+Ma A 
comb ined India-Australia plate started moving away from Antarctica . Motion 
ceased along the former plate boundary (the Ninety East Ridge), and the 
Proto-Owen fracture no longer remained at transform fault, though it was 
reactivated later, about 20 Ma ago. 

Since 55 Ma ago Indian plate has steadily rotated 
counterclockwise . Coupled with Arabian's separation from Africa about 20 Ma 
ago, this rotation caused convergence in Balochistan, closure of some the 
some sma ller basins (Scistan , Katawaz), collision various crustal blocks in 
Iran-Afghanistan region and formation of the Balochistan fold-and-thurst belt. 
The India Eurasia collision produced the spectacular along uplifted and 
deformed 2,500 Km long Indo-Pakistan plate margin(Kazmi and Jan , 1997) . 

6 



CH#2 GENERAL GEOLOGY & TECTONICS 

Fig.2.1: Regional tectonic map showing Northward Drift of 
indian Plate (www.googlemaps .com) 

2.4 TECTONOSTRATIGRAPHIC ZONES OF PAKISTAN 
Tectonically speaking Pakistan consists of two broad geological 

divisions, the Gondwanaian Domain and Tethyan Domain (Kazmi and Jan 
1997). Pakistan is divided into the following broad tectonic zones Indus 
platform and fore-deep 

~ East Balochistan fold -and-thrust belt 
~ Sulaiman- Kirthar Fold Belt 
~ Bela-Zhob Ophiolitic thrust belt 
~ NW Himalayan fold-and-thrust belt 
~ Indus Suture Zone (MMT) 
~ Kohistan-Laddakh magmatic arc 
~ Main Karakoram Thrust (MKT) / Shyok suture zone 
~ Karakoram block 
~ Kakarkhorasan flysch / molasses basin 
~ Makran Accretionary zone and Kharan basin 
~ Chagai- Ras Koh magmatic arc 
~ Pakistan offshore 
~ 

Basin is an area characterized by regional subsidence 
and in which sediments are preserved for the longer periods of time. 
In a basin a receptacle or container, which is basin's substratum is 
called the Basement. The container fill or content, which is the 
accumulation of sediments restin~~ on the basement, is called a 

7 
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called the Basement. The container fil l or content , which IS the 

accumu lation of sediments resting on the basement, is ca lled a 

Sedimentary cover. The gradual settling of the basin is ca lled 
Subsidence. The point of maximum sedimentary accumulation is 

ca lled the Depocenter. The depocenter may not correspond to the 
zone of maximum subsidence. 

Pakistan comprises the following three sedimentary basins (Ahmed 
,1998): 

r Indus Basin 
.,. Balochistan Basin 

>- Pishin Basin/ Kakar Khorasan Basin (kadri , 1995) . 

.... 

~. 

! _ ....... _. 111" I',.! 

i . S~· t'~I" ! ~_ ·l tih •. ~ I II L. iJI': 

• < ••• ' - " ' : '; 

- ' ! t· '1 ' It I! ;: " :" .~ ,: ' , ", ! ' ~ 

U ·'I.~ I .; ·IJI I" 

r) 
E> 
o 

. "',,,'j' 
. ; !;,:,:,,: :;;':I';' 

i ,~ 
." t 

. .;-. 

" '. __ ( II dJJCli Proyin:I;(1 .': ./ _ . .,.i. ; 

i -,~,~q~'li( -; cj /r'\t~~~< 

-' ""':"' ..... ~::: '~ ... '.j.lJ:~.:.!il·~;.(:.:.~.~.>: om ~Nl , , 
-' .... ·L ... .!': . ... ~ - -· - - ·.· _ .... ,,~ SllIlfthSIN / .. ~?;§ . 

,:' d:,t.:z.'$ . 

,/ :( O/ it,. 
t, 
J'.,.~.Y!~~:.:.; . 

'" '. , . 
.. Jo- / 

. ~ ---.... i 

.. ' 

o ./ 

Fig.2 .2: Tecton ic map showing the main tectonic zones of 

Pakistan (Kazmi & Jan , 1997) 
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2.5 GEOLOGICAL EVOLUTION OF THE SO UTH ERN 
IN DUS BASIN 

Better understanding of geological evolution of the basin may 
provide strategies for new oil and gas discoveries in Pakis tan. A geological 
history of the basin can be compi led by considering the basin forming 
tectonics and depositional sequence. The western margin of Indo-Pak 
continental plate is characterized by past extensional tectonics resu lting in 

rifted protocontinent and new oceanic crust during sea floor spread ing . The 
new oceanic crust was formed at a rate matching the continental separation 
simi lar to divergent associated with fossil rift in Africa , Europe and north 
Atlantic . 

Zaigham and Malik proposed a structural model for the evolution 
of southern Indus basin. 
1. This corresponds to the initial rifting of the super continent Gondwanaland, 
probably during the Paleozoic. The divergent phenomena includes the 
formation of Basaltic magma in the upper part of the Asthenoshpere, caus ing 
broad tectonic up warp and thinning of the overlying lithosphere. probably 
resulting from plastic flow in th~ lower part and extensional faulting In the 
upper part. The thinning of Lithosphere continued and resulted in the colla pse 
of the tectonic up warp over the magma bl ister and subsequently the process 
of sea floor spreadi ng began with basaltic magma upwelling to the earth 
surface at oceanic Li thosphere. 

2. Extensional forces broke the upper brittle crust in to blocks separated by 
active faults during sea floor spreading . It appears that stretching of ini tia l 
rifted part stopped at some geological time during very late Paleozoic to very 
early Mesozoic .The stretched crust remained as Indus basin failed rift in 
sediments started to accumulate. 
3. The third step represents subsidence of the stretched continental crust and 
simUltaneous accumUlation of the Mesozoic and Tertiary sediments in the 
Indus basin. 
Thick Cenozoic strata are exposed along the western margin of the Indus 
basin in the Kirther Fold and Thrust Belt. A few small isolated outcrops of 
Tertiary are exposed near Khairpur in the northern part and Hyderabad in the 
southern part. 

Tertiary strata have also been reported from Jaisalmlr and Ran 
Ketch areas. Unconsolidated quaternary sediments rang between 30m and 
200m thick in the southern Indus basin. 

9 
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2.6 BASIN CLASS IFICATION OF THE SO UTHERN 
INDUS BASIN 

This basin is located just south of Sukkur Rift , a divide between 

Central and Southern Indus basins . It comprises the following ma in units 
(Kadri , 1995). 

y Thar Platform 
~ Karchi Trough 
., Kirthar Foredeep 
., Kirthar Fold Belt 
.,. Offshore Indus 

The platform and trough extend into the offshore Indus . 
The Southern Indus Basin is bounded by the Indian Shield to the east and the 
marginal zone of Indian Plate to the west. Its southward extension is confined 
by offshore Murray Ridge- Oven fracture plate boundary. The oldest rocks 
encountered in the area are of Triassic age. Central and southern Indus 
basins were undivided until Khairpur - Jacobabad High became a prominent 
positive feature. This is indicated by homogeneous lithologies of Chilton 
Limestone (Jurassic) and Sember Formation (Lower Cretaceous) across the 
High . Sand facies of Goru Formation (Lower Middle Cretaceous) are also 
extending up to Kandhkot and Giandari area . This is further substantiated by 
Khairpur and Jhatpat wells located on the High. In Khairpur-2 wel l, significant 
amount of Lower Cretaceous and Paleocene is missing while in Jhat Pat-4 , 
the whole Cretaceous and Paleocene are absent with Eocene directly 
overlying Chi lton Limestone (Jurassic) . Paleocene facies south of the High 
are quite different from that in north and are dominated by clastic sediments 
derived from the positive areas (Khairpur- Jacobabad High and Nabisar Arc) . 

THAR PLATFORM 
It is a gently sloping monocline analogous to Punjab Platform 

controlled by basement topography. The sedimentary wedge th ins towards 
the Indian Shield whose surface expressions are present in the 'form of Nagar 

Parkar High. It differs form the Punjab Platform in that it depicts the buried 
structures formed due to extension tectonism resulting from the latest counter 
clockwise movement of Indian Plate. It is bounded in the east by Ind ian 
Shield, merges into Kirthar and Karachi Trough in the west and is bounded in 
the north by Mari-Bugti Inner Folded Zone. The Platform ' marks very good 
development of Early/Middle Cretaceous Sands (Goru) , which are the 
reservoirs for all the oil/gas fie lds in this region. 

10 
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KARACHI TROUGH 
It is an embayment opening up in to the Arabian Sea. The 

Trough is characterized by thick Early Cretaceous sediments and also marks 
the last stages of marine sedimentation. It con tains a large number of na rrow 
chain like anticlines, some of which contains gas fields (Sa ri, Hundi , Kothar) 
The Early Middle and Late Cretaceous rocks are well preserved in the area . It 

. has been a trough throughout the geological history. The Upper Cretaceous is 
marked by westward progradation of a marine delta . 

The most interesting feature of Karachi Trough is the reportedly 
continued deposition across the Cretaceousrrertiary (KIT) boundary wherein 
Korara Shales were deposited, the basal part of which represents Danian 
sediments. This localize phenomenon probably represents a unique example 
where no hiatus in sedimentation occurred at the end of Cretaceous era. Else 
where in Pakistan, a break in deposition marked by laterites, bauxites, coal 
etc. is a common feature across the KIT boundary. 

KIRTHAR FOREDEEP 
Kirthar Foredeep trends north south , which has received the 

sediments aggregating a thickness of over 15,000 meters . It has a faulted 
eastern boundary with Thar Platform . It is inferred that the sedimentation has 
been continuous in this depression. However from the correlation of Mari , 
Khairpur and Mazarani wells it appears that the Upper Cretaceous wou ld be 
missing in the area . Paleocene seems to be very well developed in the 
depression but is missing from Khairpur - Jacobabad High area . This 
depression , like Suleiman Depression, is the area of great potential for the 
maturation of source rocks . 

KIRTHAR FOLD BELT 
This north-south trending tectonic feature is similar to Suleiman 

fold belt in structural style and stratigraphic equivalence. Rocks from Triassi c 
to Recent were deposited in this region . The configuration of the Kirthar fold 
belt also marks the closing of Oligocene- Miocene seas. 

The western part of the Kirthar fold belt adjoining the 
Balochistan basin, which marks the western edge of the Indus Basin, is . 
severely disturbed . This western margin is associated with hydrothermal 
activities , which resulted in the formation of economic mineral deposits of 
Baryte, Fluorite, Lead, Zinc and Manganese. 

OFFSHORE INDUS 
This area forms the part of passive continental margin and 

appears to have gone through two distinct phases of geological history 

II 
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(Cretaceous-Eocene and Oligocene- Recent). Sedimentation in offshore 
Indus region started from Cretaceous time. However deltaic and submarine 
fan sedimentation has occurred since middle Oligocene time with the 
inception of Proto-Indus System. 
Offshore Indus is divided into Platform and depression along a Hinge Line In 
close proximity and parallel to 67° E Longitudes. Offshore Platform IS divided 
into Karachi Trough and the Thar Platforms deltaic area by a hne which 
divides Karachi Trough from Thar Slope onshore (Kadri, 1995). 

2.7 TECTONIC OF SINDH MONOCLIN E 
Tectonics of Indian platform of which Sindh monocline 

forms a part has been discussed by many authors. The northward 
movement of Indian platform generated compression where 
accompanying anticiockwise rotation produced tension. As a result of 
tension the platform was split into grabens and horst. This tectonic 
setting provided the ideal condition for widespread deposition of 
sediments exhibiting a variety of facies, including organic rich 
Sembar shale (Source rock) and highly porous and permeable Lower 
Goru sands. (Reservoir Rock) . 

Two sets of faults indicting two different episodes of 
rifting are developed in the platform. The first set of faults associated 
with early cretaceous Kutch ri ft phase and the second set is a 
consequences of Late cretaceous Cam bay rift phase. 

A very investigation feature can be observed while 
looking at the map of these discoveries. The gas and condensate 
fields are concentrated in the north eastern and south western parts 
of monocline. Whereas the ailfields are restricted to the center of the 
area on the basis of the concentration of the gas, oil and condensate 
fields, the authors infer that late cretaceous Cambay (1ft diVided Sindh 
monocline into Mithrao Tando Ghulam Ali Graben , Pakistan Ban 
Horst and Daru Nur Grabens. 

2.8 HYDROCARBON POTENTIAL OF THE 
AREA 

The study area lies in the extensional regime. Tectonically it is 
not so much complex but due to extensional regime normal faulting has been 
occured in the area during the first stages. These normal faulting form harst 
and grabben and half grabben structures which are very important for 
hydrocarbon accumulation and are good structural trapes. The area has very 
rich source and reservoir rock formations. 
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SOURCE ROCKS 
Source rock is the productive rocks for hydrocarbons. They also 

initiated the conversion of organic compound into 011 and gas form. The 
Formations, which act as source rocks in the project area are as tollows 
Sember Formation is believed to be the source of hydrocarbons in Badin 
platform field and huge gas accumulation in Sulaiman province. Potential 

reservoir occurs within the sand stone of formation. Ranikot shale was used to 
be considering as the main source for all the gas present in that region. The 
Upper Goru sand act as a good source rock in Sindh Monocline. 

RESERVOIR ROCKS 
The rocks that contain the hydrocarbons have the porosity as 

well as permeability is as follows Chilton Limestone. Lower Goru Formation. 
Parh Limestone, (No oil or gas shows have been found in Parh limestone) . 

CAP ROCKS 
The rocks that act as a cap rock and used to seal the 

hydrocarbons are called Seal rocks. These should be Impermeable The 
following formations act as seal rock in the Study area are Ranikot formation . 

Goru Formation and Sember formation . 

13 
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Fig.2.3: Stratigraphie Column of Southern Indus Basin showing the 
stratigraphie units from Jurassic to Tertiary . 

2.9 FUTURE PROSPECTS 
Aero magnetic data indicate a deep seated NStrending fossil 

failed rift in the Southern Indus . Basin on the western margin of the Indo
Pakistan continental plate . Horst and Graben structures have been identified 
in the subsurface associated with Indus fossil rift . The deep and extensive 
sedimentary basin , known as the Southern Indus Basin, appears to have a 
developed owing to creation of the failed rift and subsequent subsidence and 
sedimentation processes . The distribution of the seismic epicenters in the 
Indus plane exhibit a close association with the regional EW trending system 
of transcurrent faults related to the Indus Basin fossil rift, which seems to be 
active even at present, causing deformation of the overlying mountain ranges 
and geomorphologic features . The presence of the fossil failed rift has 
identified encouraging prospects of new discoveries of oil and gas in the 
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Southern Indus Basin, because favorable conditions re lated to the sources , 
earth heat, reservoirs and seals prevail in the proposed geological models . 
The present basement interpretation , combined with the presence of known 
hydrocarbon source beds, reservoirs, and structures found in the surrounding 
basin should be further interpretated to delineate new exploration target as 
the vast tracts await drilling in the Southern Indus Basin . 
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DATA ACQUIS ITION 

3.1 INTRODUCTION 
The seismic methods utilize the fact that seismic waves travel with 

different velocities in different rocks. The principle is to initiate slIch velocities at a 
point and determine at a number of other point, the travel time of energy that is 
refracted or reflected by the boundaries between different rocks formations , when 
enable the position of the boundaries to deduced. 

There of two types of methods in seismic prospecting 
;;:. Seismic Refraction method. 
:;.. Seismic Reflection method. 

3.1 .1 SEISMIC REFRACTION METHOD 
Refraction method base on the study of elastic waves refracted 

along geological layer. This method is generally used for determ ining low veloc ity 
zone (Weathering layer). This method is used as supplement with refraction 
method. 

3.1.2 SEISMIC REFLECTION METHOD 
This method is based on the study of elastic waves , which are 

reflected from subsurface interface between two geological layers. These layer 
differ from each other in densities, velocities and product of density and veloci ty 
is called Acoustic impedance. When a seismic wave strikes the interface of two 
layers having acoustic impedance contrast, it is reflected back. The seismic 
reflection is very powerful tool being w idely used in oil and gas exploration. 

Depth of reflecting interfaces can be estimating from the recorded 
time and velocity information that can be obtain either from reflected signal 
themselves or from surveys in well.(Dobrin & Savit, 1988). 

3.2 SEISMIC DATA ACQUISITION 
The basic field activity in seismic surveying is the collections of 

seismogram which may be define as analog or digital time series that register the 

amplitude of ground motion as a function of time during the passage of seismic 
wave train . 

The acquisition of seismogram involves conversation of the seism ic 

ground motions into electrical signals , amplification and filtering of the signal and 
their registration on a chart recorder and lor take recorder. KeareY,et al.(1996) 

According to (Robinson and Coruh, 1988) the component which are 
involve in co!iection of seismograms , are: 

>- Input source 
16 
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~ Profi le array 
~ Record ing instruments 

3.2.1 INPUT SOURCE 
Input devices are used to produce vibrations in the ground; different 

kinds of input sources include impulsive as well as non impulsive sources. 

IMPULSIVE ENERGY SOURCES 
Sources include dynamite, ammonium nitrate, which are available 

in different sizes . For most seismic surveying the explosive charge is detonated 
in a hole. The depth of this shot hole can range from few feet to hundreds 
depending on various circumstances. Explosives can be used for marine 
surveying but other more convenient devices are satisfactory for many purposes, 
one such device capable of producing strong impulses of energy is called as Air 
gun. 

NON IMPULSIVE SOURCES 
Explosives are very effective for producing seismic waves, but the 

potential for destructive side effects and the time , cost and inconvenience of 
drilling shot holes provides incentive for developing alternate energy sources. 
Much seismic surveying must be done along public roads ways where permits for 
drilling and detonating explosives can be difficult or impossible to obtain . The 
best alternative is the vibroseis system. 

In the vibroseis system a pad pressed firmly to the ground 
produces energy, which vibrates in a carefully controlled way. The pad, which is 
about one square meter, is attached beneath a truck by a hydraulic jack. 
Extending these jacks allows the weight of the truck to be used to press the pad 
to the ground . The vibration produce of varying frequencies called sweep signals. 
The vibrations that vary from low frequency to higher and from higher frequency 
to lower are called upsweep and down sweep respectively. The typical sweep 
signal last for seven or more seconds and varies in frequencies between limits of 
about 10 and 80 Hz. 

3.2.2 SOURCE/RECEIVER ARRAY 
The purpose of the shots and geophone arrays in cancellation of 

some noises e.g. ground ro ll enhancement of signal. 
Real earth structures posses more irregular boundaries and some 

velocities difference from place to place in a layer. Seismic profiling helps us to 
resolve these variations more accurately. 

Following are some spreads being used in seismic reflection 
methods. 

17 
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BA SIC SPREADS 
[n seismic reflection surveys the arrangement of the geophones 

that are use to record data is called spread. The interpretation of seismograms is 
simplest if the geophones are arranged in straight lines. The basic straight lines 
spreads are given below: 

END SPREAD 
The shot point is located on the side of the spread In which 

geophones are arranged in straight line. 

IN-LINE OFFSET SPREAD 
[t is modified form of end spread in which shot point is located on 

one side, some distance away from the first geophone. 

SPLIT SPREAD 
Geophones are arranged on either sides of central shot point. 

CROSS SPREAD 
The geophones are arranged in cross shaped around the centra l 

shot point. 

L-SPREAD 
Geophone is distributed around the shot points as L- shape. 

3.2.3 RECORDING INSTRUMENTS 

GEOPHONE 
The receiver used to detect ground vibrations is called a geophcne 

or a seismometer. It is used for seismic surveying on land and it can be operated 
on ocean floor if mounted in a suitable container. Most common type of 
geophone is moving coil geophone. It consists of a cylindrica[ coil that is 
suspended from a spring support in the field of permanent magnet that is 
attached to the instrument casing. The magnet has a cyl indri'cal pole piece inside 
the coi l and an annular pole pieces surrounding the coil. 

Due to ground vibrations the coil starts too and fro motion in the 
magnet field that generates the voltage across the terminal of the coil. The 
geophone is fixed by a spike base into soft ground or mounted firmly on hard 
ground. Kearey.e t al.(1996) 

The geophone signals are transmitted to the recording system by 
means of seismic cables. 

IS 
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3.3 RECORDIN G SYSTEM 
'r Analog record ing system 
"r Digita! recording system 

3.3.1 ANALOG RECORDING SYSTEM 
Analog techniques are old techniques which produce continuous 

graphs. The graphs are obtained either on papers or magnetic tape that 
represents the variation in amplitude with respect to time, of seismic waves , 

3.3.2 DIGITAL RECORDING SYSTEM 
The technique of record ing the geophone output at discrete 

moments is called digital recording because the recording consists of senes of 
digits or numbers. Later these numbers can be plotted and the seismogram 
prepared by connecting the points .(Robinson & Coruh .1988). 

The digital data is recorded on a magnetic tape in the form of binary 
numbers. Each digit of binary number on the tape is called a byte. If the 
recording head magnetize this byte then it indicates "1" otherwise it is "0". 

Digital recording system has following units: 

MULTIPLEXER 
It is a high speed electronic switch that first picks the signal of 

channel-1 for a period of one micro second and charges ils capacitor Then It 
takes the signal of channel -2 , then to channel-3 and so forth up to last channel. 
Then again it switches channel-1 and repeats the same procedure . Hence the 
data recorded, will be in multiplex form. 

AMPLIFI ER 
The record ing signals are then amplified by passing through the 

amplifier and then these signals are transmitted to the AID converter. 

AID CONVERTER 
Here the amplified analog signals are converted into digital signals. 

In AID converter different combinations of standard voltages are generated and 
tested to find the particular combination that exactly balances the Signals . The 
voltages making up the combination are transmitted to the formatting unit. 

FORMAT 
In format generator in the voltage pulses are converted to control 

signals that activate the recorder head to magnetize the appropriate bits on the 

1'1 
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magnetic tape. This entire sequence for channel-1 requi res less than 30 
microseconds. 

3.4 SEISMIC NOISE 
All type of disturbances created and interference with the signal of 

interest is called a noise. Noise is divided into two types . 
,.. Coherent Noise .. 

~ Incoherent Noise 

3.4.1 COHERENT NOISE 
Coherent noise displays some regular patterns on a seismogram . 

Often it consists of recognizab le waves such as surface waves, refracted waves 
and multiples that are produced by the source . 

3.4.2 INCOHERENT NOISE 
The coherent noises ?re caused by natural factors like rain, wind 

blowing, moving of vehicles etc. Incoherent noise displays no systematic pattern 
on seismogram. 

3.5 INTRODUCTION TO SEISMIC DATA PROCESSING 
Data processing is all approach by which the raw data recorded in 

the field is enhanced to the extent that it can be used for the geological 
interpretation. (Sadi,1 980) 

3.6 AIM AND PURPOSE 
The basic aim and purpose of data processing is to produce a 

perfect seismic section by applying a sequence of corr~ction. Actually the 
seismic reflections from the depth are general ly week and need to be 
strengthened by digital processing of field data. (Robinson & Coruh, 1 988) 

This approach involves the sequence of operation for improving 
signa l to noise ratio.(Dobrin & Sovit, 1988) . 

The seismic field recorder generally records the data on magnetic 
tape. These tapes are then transferred to the data processing centre . Where the 
seismic data is processed. Processing seismic data consists of applying a 
sequence of computer program. 

3.7 PRIMARY STAGES AND PROCESSING OF SEISMIC DATA 
According to Yilmas 1987 there are three primary stages in 

Processing Seismic Data.ln usual order of application they are: 
;;.. Deconvolution . 
.,.. Stacking . 

~( ) 
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;:.. Migration 

3.8 PROCESSING SEQUENCE 
The seismic data processing sequence can be broadly defined In 

five categories (Yi lmaz, 200 1) 
~ Data Reduction 
, Geometric Corrections 
,. Data Analysis and Parameter Optimization 
;.. Data Refinement 
>- Data Presentation 

In Figure 3.1 a systematic diagram is given below explains the 
stages involved indata processing . (Rehman, 1989). 

Loading of the Data!Conversion 

[Jemulti plexen ] 

r ..... leLl suren1ent-::.,; 
Na\'igation 

1 (3eometlY 1 ...... .------------' 

Eclitillg I 
Aillplitudencorrec.tlo ll 

I Frequencytilter I 
I Deconvolution 

1 cr. .. 1P-Sorting I 
Velocity analyse 

~rvl 0-Correcti t)n l 

I Stocking I 
Ivl i~J r3t i on 

, 
Printingi stor<lge Printing/storage 

F'restt:lck 

Fig 3.1 :Diagrammatic block diagram showing the various stages of seismic 
processing modified from(Rehman, 1989) 

3.8.1 DATA REDUCTION 
Data reduction is done by certain processing operations as 

discussed below. 
);.> . Demultiplexing 
~ Geometry definition 
~ Correlation 

2 1 
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, Header generation 
);- Display 

r Editing and muting 
.,. Amplitude adjustment 

DEMUL TIPLEXING 
Data from the field arrive at the processing center in tapes w ritten in 

multiplexed format , because that is the way the sampling is usually done in the 

fie ld, successive samples on the tape represents the succession of channels at 

the same instant of time. Most reflection seismic data are now being recorded on 
digital magnetic tape unlike analog seismogram which are recorded in fo rm 
suitable for analysis , digital seismogram must be assembled from the digital tape 
by a sorting process . This sorting process is called Demultiplexing . Successive 

sample on the tape represent the succession of channels at some instant in time . 
Multiplexed data thus used time, not channels at the primary index. 

In general the early stages of processing require channel ordered 
or trace ordered data. Channel Demultiplexing data in this form . First the 
computer reads the entire digital tape, then it repeatedly Stores a value count 
pass another "m", value and so until the following sequence have been comp iled 
separately . 

A11,A 12,A13 ............ , ...... ... .......... , .. .... .......... ....... ... ... .. ... .. . ,Am 

A21 ,A22,A23, .. . ...... ... ......... .. .. . ..... .. .. .... . . ............ . ... ... . .. .... . , A2m 

An1 ,An2.An3 .. .. .. . ... . ..... .. .. . .... .. .. . ..... . . .. .... .. .. .. ... . .... .. ... ..... .. .. Am 
This unscrambling of multiplexed array into a trace sequent array is 

called Demultiplexing. 

So Oemultiplexing is . accomplices by a simple compute sorting 
program and is the first in any Data processing sequence . (Rehman , 1989) . 

-.---'-- ' --_ ... __ ..... _----_ .-, 

PROCESS PURPOSE WHEN APPLIED ! 
Demultiplexing 

I . 

I . L. _______ _ 

-t------------... ---.--... - ------.. --- .. -... -..... - .. ... I 

Put data into trace First . i 
se,9 uenti~~ r~e_r _ ___ .. ,_. ____ ..... .. _ ... _ __ ._ ... _ ... .... _ .. __ __ __ 1 

GEOMETRY DEFINITION 
The layout of receivers for each shot record the location of all shots 

along the line , and all such field information must be described in detail to the 

If 
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computer for the geometry-specification step. Most geometry programs can 
access the digitized base-map file , 

Computer access is particularly necessary for processing crooked 
lines in which sources and receivers are not uniformly distributed along a stra ight 
traverse. The geometry program must calculate a source-receiver mid-point 
based on the two ground locations. All relevant geometric information is reta ined 
in the trace headers on the tape so that each trace is uniquely and accurately 
located. Later programs will time shift or filter as a function of ground loca tion, 
offset, andlor other spatial coordinate(s) and time . 

CORRELATION 
Correlation is simply the measurement of similarity or time 

alignment of two traces. Since correlation is a convolution without reversing the 
moving array, a similar frequency domain operation also applies to correlation. 
(Yilmaz, 2001) . 

There are two types of correlation; 
r Cross Correlation 
;.... Auto Correlation 

CROSS CORRELATION 
Cross correlation measures how much two time series resemble 

each other. It is not commutative: output depends upon which array is fixed and 
which array is moved. As a measure of similarity, cross correlation is widely used 
at various stages of data processing. (Yilmaz, 2001) . 

AUTO CORRELATION 
Correlation of a time series with itself is known as auto correlation . 

It is a symmetri c fu nction. Therefore only one side of the auto correlation needs 

to be computed. (Yilmaz, 2001) 

VIBROSEIS CORRELATION 
The signal generated by a vibroseis is not a short pulse but rather a 

sweep lasting some seven to ten seconds. The sweep is transmitted through 
earth and reflected Signal. Each reflection is a near duplicate of a sweep itself, so 
the reflections in vibroseis record overlap act are indistinguishable. To make it 
useable reflections are compressed into wavelets through cross-correlation of 
data with original input sweep. After correlation each reflection on record looks 
similar to impu lsive source data . This involves cross correlation of a sweep signal 
(input) with the recorded vibroseis trace . The sweep is a frequency-modulated 
vibroseis source signal input to the ground (Yi lmaz, 2001). There are two types of 

sweep : 
13 
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,. up Sweep (When frequency of the vibroseis source signal 
increases with time) 

,. Down Sweep (When frequency of the vibroS81S source signal 
decreases with time) 

IMPORTANCE OF VIBROSIES CORRELATION 
For vibroseis source, we have a sweep (a tra in of waves) rather 

than a short pulse/source wavelet whereas most seismic impulsive sources 

generate a very short pulse which can be used directly to examine subsurface 
structure Vibroseis sweep lasts for several seconds depending upon the sweep 
time. So in case of vibroseis source all reflected and refracted signals on a 
vibroseis seismogram overlap one another extensively. Even after demultiplexing 
of the vibroseis seismogram it is impossible to recognize the reflections . So 
vibroseis correlation procedure is applied (Robinson. & Coruh , 1988) . 

Vibroseis correlation enables us to extract from each of the long 
overlapping sweep signals on vibroseis seismogram, a short wavelet much like 
those obtained with seismic impulsive source 

HEADER GENERATION 
Trace header information may include location and eleva tion of 

source and receiver, field record number, trace number etc .A real header block 
IS also placed at the head of each reel. for recording line number. reel number 
etc. 

DISPLAY 
At any point of processing sequence the seismic analyst can 

display the data in wiggle trace or other modes . The choice of display is a matter 
of the client taste, but is not affected by company dictum. Currently, the data 
provided by OGDCL is the variable area with wigg les plot. 

EDITING AND MUTING 
Raw seismic data contains unwanted noise and sometime dead 

traces due to instrumental reasons . Thus the quality of data recorded is first 
observed by visual examination of raw field traces. Data may be affected by 
following reasons 

}.- Polarity reversals in data 

.,.. Poor traces as well as poor bits 
To remove polarity reversal, trace with reverse polarity is multipl ied 

with it that becomes a trace with the polarity. Therefore editing is a process of 
removing or correcting traces, which in their original recorded taken . may cause 
stack deterioration . (Rehman, 1989) After doing this all the contributing Iraces 
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per each COP are gathered together. Each trace in one COP is identified by its 
shot point and receiver numbers .The COP-gathers may be displayed as such 
for direct inspection and checking of edited data 

Trace-muting is a special type of data editing. This term is applied 
for process of zeroing the undesired part of a trace. In order to avoid stacking 
non-reflection events (such as first arrivals and refraction arrivals) with I'eflection , 
the first part of the trace is normally muted before carrying out the stacking 
process .This is occasionally referred to as first break suppression (Sadi,1980) . 

AMPLITUDE ADJUSTMENTS 
Amplitude adjustment IS done to recover the true information 

present in the data. True information means data is irrespective of effect 
produced due to wave propagation through the subsurface . It is well known fact 
that a seismic wave is attenuated as it travels in a non-perfectly elastic medium. 
Along with this effect, signal is further modified by recording station . So reflection 
amplitude recorded in the field is the end-result of the interaction of the following 
main factors 

>- Spherical divergence 
~ Inelastic attenuation 

AUTOMATIC GAIN CONTROL 
A grain recovery function is appl ied on the data to correct for the 

amplitude effects of wave front (spherical) divergence. (Yi lmaz, 2001) . This 
amounts to app lying a geometric spreading function, which depend upon travel 
time, and an average primary velocity function, which is associated with primary 
reflections in a particular survey area . Gain is applied to seismic data for 
spherical spreading correction. 

Often AGC (automatic gain control) is applieq to raise the level of 
the weak signals. AGC attempts to make amplitudes similar for all off sets, for all 
time and for all mid points. (Dobrin & Savit, 1988), A typical method of calculating 
the median or average amplitude with in sliding windows down the trace, then to 
calculate the multiples needed to equalize the median value in all the window. 

3.8.2 GEOMETRIC CORRECTIONS 
In order to compensate for the geometric effects, we have to apply 

certain corrections on the recorded data .These corrections are called as 
geometric corrections (Dobrin & Savit, 1988). These corrections are applied on 
the traces gathered during trace editing and muting .The geometric corrections 
are 

~ Static correction 
;,. Dynamic Correction 
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STATIC CORRECTION 
Reflections are recorded at the earth's surface, which may vary in 

elevation, after they have passed through the weathered layer. The weathered 
layer may vary may vary in both thickness and velocity . 
1. Removing near surface effects is desirable so that: 
Changes in reflection time across a stacked record section can be attributed 
wholly to subsurface effects . 

Ind ividua l traces in COP gather are properly aligned to preserve 
reflected signals when they are stacked . 

2. Removing near surface effects requires two corrections 
;;.. Weathering Correction 
~ Elevation Correction 

WEATHERING CORRECTION 
A weathering correction rep laces the actual travel time through the 

weathered layer by a computed travel time. The computed travel time would 
result if the weathered layer (the low velocity layer) were replaced by and equal 
thickness of the underlying higher velocity rock . Although the weathered layer 
does vary in thickness, its approximate thickness is usually known from previous 
experiences in the prospect area. 

ELEVATION CORRECTION 
The effects of topography on a trace's reflection times are removed 

by app lying this correction, which, in effect, move both source and receiver 
vertically to a reselected datum surface . This surface is usually (but not always) a 
flat datum plane.(Rehman, 1989). 

PROCESS PURPOSE 
.. - .- -- .-

Static Correction Vertical time correction 

WHE 

Corre 

N APPLlEo--l 

ct to at least al 

g datum before I floatin 
NMO. May correct to final I 

after 
I 

stack. J 
-'---'-~--- " " - " ---" -

DYNAMIC CORRECTION 
One of the steps of processing the data is to rearrange the traces 

to make COP gathers. The trace from different records which correspond to the 
same depth points location, are collected together into a single record . The 
traces are normally arranged within this gather record in order of increasing 
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offset distance. Then the reflected signals from a single horizontal interface align 
along a hyperbola. The term normal move out or NMO means the variation in 
reflection travel time with off set distance from source to receiver . As shown in 
Fig 3.2 
PROCESS PURPOSE WH EN APPLIED --I 
Dynamic Horizontal Time Before stacking 

'--"-'-l 
i 
I 
I Correction 

--"- -_. - _ ... _- . .. . __ .! 

Fig 3.2 Shows Common Mid Point Gathers 

3.8.3 DATA REFINEMENT 
The processes described till now are used to make data free of the 

factors that decreases its quality. Also these processes are used to re fo rmat th e 
data and to diagnose its characteristics (Rehman, 1989). Data refin ement 
consists of the following two main stages . 

,. Stacking 
);- Migration 

Along with these two processes, there is another procedure 
occasiona lly used in data refinement and is called as Residual Statics . 

STACKING 
Stacking is simply the process of adding up together the traces 

present in certain gathers, obtained during the seismic data acquisition .It is 
applied only when the all necessary corrections have been applied . The result of 
stacking is the corrected gather. In the "corrected gather" the traces have been 
gathered into the depth order. Both the static and dynamics corrections have 
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been applied to it and the traces have been muted (Dobrin & Savit, 1988). All tha t 
remains is to stack the data. Stacking result in a single stacked trace as all out 
put for each depth point present in gathers . 

One or other of two considerations is the basis for selecting the 
seismogram traces that will be stacked, Common offset stacking is done with 
traces that have the same source·receiver offsets, aJi of which are centered on 
the same point (Dobrin & Savit, 1988). 

Scheme of residual static corrections 

C Mp·:s.ort'O?d o ,,:u,:, 

...., ••• ,., ·C<;·rr" 0 1 ; Qn 

j 

j 
i"'.'+rse NMO ·'~orr","c t i,;.n 

S ~ ." , "k;' .", 

Stacking is a data compression of one to two orders of magnitude. 
The signal-to-random noise ratio is increased through an N fold stack by N. After 
stacking , the data are d isplayed at the surface location of the midpoint between 
source and receiver, When all adjustments to the data have transformed the 
offset data into time and phase coi ncidence with the zero offset traces , the 
common midpoint CMP and COP are both widely often interchangeably. With 
dipping reflectors, the CMP after conventional processing is not the COP. The 
correct positioning of reflection point will be by migration (Dobrin & Savit.1988) 

M IGRATION 

The process of shifting the reflection points to the positions that 
correctly image the reflector and remove diffraction images , so that we may get 
an accurate picture of underground layers.lf the reflector is flat, the reflection 
point will be located directly beneath the shoUreceiver station, and the record 
section displays the event in its true position, plotted in time rather than depth 
(Robinson & Coruh, 1988). 

However, if the reflector is not flat , the reflection point will not lie 
directly beneath the shoUreceiver position , and the true position of the reflector 
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will differ from its apparent position . (Yilmaz, 2001). Figure 3.3 shows the 
subsurface dipping reflector's response . 

Fig:3 .3 Seismic response form a dipping reflector, the recorded 
surface gives the apparent dip of the reflector sllrface (Rehman , 1989) 

Therefore, migration is a tool used in seismic processing to get an 
accurate picture of the subsurface layer. It involves geometric repositioning of 
recorded signals to show a boundary or other structure, where it is being hit by 
the seismic wave rather than where it is picked up Now, not only the position but 
the dip angle can incorrectly imaged by vertica lly plotting. (Rehman , 1989). 

IMPORTANT FEATURES OF MIGRATION 
Following are the important features of migration (Rehman, 1989); 

,. Migration steepens the reflectors, as the dip angle of the 
reflector in the geologic section is greater than in the time 
section . 

.,. Migration shortens the reflectors, as the lengtll of the 
reflector on the geologic section is shorter than in the time 
section; thus, migration moves reflectors in the up dip 
direction 

:;. When migration is applied in case of the undulating, reflector 
the crests become narrower and troughs become broad 

TYPES OF MIGRATION 
With respect to the stage when migration is applied on the seismic 

data during processing, there are two important types of migration (Rehman, 
1989). 

> Pre-Stack Migration ' 
> Post-Stack Migration 
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4.1. INTRODUCTION 
In seismic, interpretation is defined as: 

"The translation of seismic information into geologic terms" This process call for the 
greatest possible coordination between geology and geophysics, if it is carried out 
successful (Dobrin,1976) 

According to (Dobrin and Savit,1988) interpretation is the 
transformation of the seismic reflection data into a structural picture by the 
application of correction , migration and time depth conversion. 

4.2. MEANING OFINTERPRETATION: 
The word interpretation has been given many different meanings to 

geophysicist who handle seismic reflection records and by geologists who put the 
information from them to use. 

~ Planning and programming 
,.. Choice of field parameters 
"y Selection of processing procedure 

After seismic map is constructed , an important part of it its 
interpretation is integrating the seismic data on it with geologic information from 
surface and subsurface sources e.g. fault traces or geologic contacts . This involves 
identifying reflectors and making tie to wells or surface features . Al l this depends 
upon the amount of information avai lable. 

Under favorable circumstances , interva l velocities can be determined 
from reflection records with enough precision to permit them to serve as a basis for 
identifying lithology. 

Geophysicist deals with the seismic section . In seismic method 
physical measurements are made at the surface , which are then interpretation in 
terms of what might be in the subsurface the position and behavior of interfaces, 
which gives rise to each reflection event is then calculated from arrival times. 
Resulting information is then combined into cross section, which represent the 
structure of geological interface responsible for the reflection event. 

The seismic reflection interpretation usually consists of calculating the 
position of, an identifying geologically, concealed interfaces or sharp transition zones 
form seismic pulses return to the ground surface by reflection . The influence of 
varying geological condition is eliminated along the profiles to transform the irregular 
recorded travel times into acceptable subsurface models. This is very important for 
confident estimation of the depth and geometry of the bedrock or target horizons . 

According to (8adely,1985). refleCtion seismic uses sound waves to 
investigate the subsurface . The acoustic impedance governs reflections, which is 
one of the rock properties . 

Acoustic impedance :;: interval velocity *densi ty 
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Reflections arise at boundaries across which acoustic impedance 
changes. No reflection occurs impedance does not chang e even if lithology changes . 
The greater the difference in the acoustic impedance is , th e stronger the reflection. 
The size of change is defined by refl ection coefficient (RC). 

The major aim of seismic reflection surveying is to reveal as clearly as 
possible the structure of the subsurface. The geological meaning of seismic 
reflection is simply an indication of an acoustic impedance boundary where we want 
to know that whether this boundary marks a fault or a stratigraphic contact with any 
other boundary. We want to distinguish the feature that is not marked by the sharp 
boundaries. 

. A sequence of sedimentary rocks is grouped into unit called 
formations . These formations can be described in terms of age, thickness and 
lithology of the consistent layers. 

To distinguish different formation by means of seismic reflection is an 
important question in interpretation of data , which may be structural , lithology, or 
stratigraphic. 

4.3. APPROACHES TO THE INTERPRETATION OF SEISMIC 
SECTION 

There are two main approaches for the interpretation of seismic section 
).;. Structura l analysis 
);- Stratigraphic analysis 

4.3 .1 STRUCTURAL ANALYSIS 
This type of analysis is very suitable in case of Pakistan, as most of the 

hydrocarbons are being extracted from the structural traps. It is study of reflector 
geometry on the basis of reflection time. The main application of the structural 
analysis of seismic section is in the search for structural traps containing 
hydrocarbons. Most structural interpretation used two way reflection times rather 
depth and time structural maps are constructed to display the geometry of selected 
reflections events. Some seismic sections contain images that can be interpreted 
without difficulty. Discontinue reflections clearly indicate faults and undulating 
reflections reveal fo lded beds. 

4.3.2 STRATIGRAPHIC ANALYSIS 
This type of analysis is helpful in determining the very huge reservoirs 

of hydrocarbons. These area very rarely used, as it is work of sequence Stratigraphy 
which is somewhat complicated as compared to the structural ana lysis. Stratigraphic 
analysis involves the subdivision of seismic sections into sequence of reflections that 
are interpreted as a seismic expression of genetically related sedimentary 
sequences. The principles behind this seismic sequence analysis are of two types. 

Firstly, reflections are taken define chrono stratigraphical units, since 
the type of rock interface that produce reflections are strata surfaces and 
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unconformiti es, by contrast the boundary of diacdhronous litho log ical units tend to 
be transitional and not to produce reflections. 

Secondly, genetically related sedimentary sequences normally 
comprise the set of concordant strata that exhibit discordance with underlying and 
overlying strata. According to Dobrin and Savit, throughout the history of the 
reflection method, it performance in locating hydrocarbons in stratigraphic traps has 
been much less favorable than in finding structurally entrapped oil and gas . 

. Stratigraphic oil traps can result from reefs, pitchouts, or other features 

associated erosional truncation, fancies, and transition and sand lenses associated 
with buried channels, lakes, or similar sources. 

4.4 SOLVING THE VELOCITY TIME PAIRS 
On the seismic section we are given the Vrms . This RMS-Veloci ty is 

then converted into interval velocity (Vint). This interval velocity is then converted 
into average velocity (Vavg) : After temporal interpolation of this average velocity at 
10 ms, it becomes Vavg . (Interpolated) in the [.VEL] format this is then used for time 
to depth conversion. This entire job is done using Velocity Analysis Software (VAS) . 

4.4.1 RMS VELOCITY GRAPH 
The Root Mean Square Velocity functions given on a seismic section 

were processed by K-tron VAS (Velocity Analysis System) to compute interval & 

average velocity functions using Dix equation (1955). 
Vrms=(LVin(2(Ti-Ti -1 )/Ti)1I 1/2 

The input velocity functions are Root Mean Square (RMS) Velocities , 
from these RMS velocities , we com[pute using VAS Interval and Average Velocities . 
The variation of R.M.S velocity with time can be seen in Fig 4.1 for line 856-SGR-58 
and in Fig 4.2 for line 846-SGR-50. This graph shows the lateral and vertical 

behavior of R.M.S velocity information provided on the seismic section. 
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Fig 4,1 RMS Velocity Graph of Line 856-SGR-S8 
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Fig 4,2 RMS Velocity Graph of Line 846-SGR-SO 

4.4.2AVERAGE VELOCITY AND AVERAGE VELOCITY GRAPH 
This is simply the depth 'z ' of a reflecting surface below a datum 

divided by the observed one way reflection one way time 't' from the datum to the 
surface, so that 

VAVE = z / t 
If 'z' represents the sum of the thicknesses of the layers Z1, Z2, Z3, .. ZN, then average 
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velocity defined as 

VAVE = (Z1+Z2+Z3+ ..... . +Zn ) / (t1+t2+t3+ ... .. . +tn) 

Average ve loci ty can be calculated by using the interval velocities provided on the 

se ismic section using the. Dix formula which is 

Vn,AVE = (Vn,INT(tn - tn-1) + Vn-1,AvE*tn-1) / tn 
From this , average velocities at constant interval of time can also be calculated and 

. then use it for the "Average Velocity Graph" , The purpose of preparation of this 

graph is to observe the vertical variation of average velocity from top to bottom. 

The variation of Average velocity with time can be seen in Fig 4,3 for 

line 856-SGR-58 and in Fig 4.4 for line 846-SGR-50. 
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Fig:4 ,3 Average Velocity Graph of Line 856-SGR-58 This graph shows the lateral 

and vertical behavior of Average velocity 
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. 4.4.3 INTERVAL VELOCITY 
Interval velocity is the average velocity over some interval of travel path 

of the wave . It can be calculated by Dix equation, that is , 

\fn,int = \/II,IT['I S",2 ""Tn- \'n-'I .rrn sf\·2~ Tn-'I 

Tn- TIl- '1 

Where Vint = interval velocity in mis , Vrms = root mean square velocity in mls and T 
is the two way travel time of the seismic wave in millisecond. 

Interval velocity is important because it may be used to determine the 
lithology .. These velocities are also used to determine the reflection coefficient of any 
particular reflector .. Average Velocity Graph is shown in Fig 4.5 for line 856-SGR-
58 and in Fig 4.6 for line 846-SGR-50. For both lines interval velocity is decreasing 
after certain depth, this decrease may be due presence of hydrocarbon. 
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FigA.5. Interval Velocity graph of line 856-SGR-58 This Graph deccrese in Interval 
Velocity at certain depth 
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Fig :4.6 Interval Velocity graph of line 846-SGR-50.This Graph shows decrease in 
Interval Velocity at ce rtain depth. 
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4.4.4 MEAN AVERAGE VELOCITY AND MEAN AVERAGE 
VELOCITY GRAPH 

This is simply calculated by dividing the sum of average velocities at 
constant intervals of time with the total number of observations so that 

VMEAN = (V AVE 1+V AVE 2+V AVE 3+ .· · ... ... +V AVE n) / n 
Mean Average Velocity Graph is shown in Fig 4.7 for line 856-SGR-58 and in Fig 

4.8 for line 846-SGR-50. 

3 .8000 
.a. .OQetO 
4.2000 

4.4000 
4 .6000 
4 .8000 

r~'lean Average Velocity 
§ (rnlse.c)§ 

----r;-,.'-t....., ...... ,., 078 , ..... 

Fig:4.7 Average Velocity Graph of Line 856-SGR-56 
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4.4 .5 ISO VELOCITY CONTOUR MAP 
Whenever the COP's are plotted against times at same average 

ve locities , a section formed which shows the vertica l va riations of the velocity at 
different COP 's. The map so formed is termed as the Iso velocity map. It shows 
same velocity layers. If we consider that each stratigraphic layer has constan t 
velocity through out the whol e area and there is no lateral velocity variation , then Iso 
veloci ty map will be a very good representation of the seismic section. However this 
is an ideal situation, which is not the case here. 

To generate ISO-Velocity Map K-Tron VAS gene rated a 
velocity grid by applying a temporal interpolation at 200msec and spatial 10 
COP'S interva l.The final velocity data is transffered to Golden Surfer formate 
translation programs written in OILNisual OIL K-Tron ,et al.(2010) to generate 
iso velocity map . ISO-Velocity Map of line 856-SGR-58 is shown in Fig:4.9 
ISO-Velocity Graph shows push up and push down, due to lateral variation in 
compactness. 
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Fig :4.9 ISO-Velocity Map of Line 856-SGR-58. 
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Fig:4 .10 ISO-Velocity Map of Line 846-SGR-50 

4.5.1 SEISMIC TIME SECTION 

veloc ity 
(m/sec) 

A seismic is picture or diagram of a cross section of the earth, 
composed of data from different seismic shots. In its usual form, it is made up 
of many wiggly line, or trace, show a modified version of the vibration of the 
ground at a specific point. 

The wiggles on the trace start at a point near the top of the ground and 
go on down the paper, representing the paints farther down into the subsurface. A 
.section is made up of many traces, representing the vibration of the earth at a line of 
points on the ground. 

A wiggle on a trace is an indication of difference between two kinds of 
underground rocks . The rocks in the sedimentary basin, like southern Indus basin , 
are usually in the form of layers of wide extent. So wiggle on one trace is usually 
accompanied by a similar wigg le C?n the next trace and so on , from the same lager of 
rock. A continuous line of the side by side wiggles is a seismic horizon. All the other 
necessary information is also given in the header of the seismic section. 

To pick a reflection the most evident indication of the reflection 
is the dark band of the filled in peaks . To color a reflector, it is easy to decide 
to pick a peak and then color the trough area of a particular horizon. The color 
more reflectors it is better to choose the best reflection first, Deccan Trap in 
case of Sanghar others with the help of this one . Some times a horizon is 
difficult to pick, an interpretation of this one solely by the use ' of other 
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reflections is ca lled as Phantom Horizon. The sambar formation of the 
Sarghar is the Phantom horizon. 

For both lines four reflector are marked on Seismic Section. 
Seismic Time Section shows many Horst and Graben structures which may 
be favourab le for Hydrocorbon accumulation. 
The seismic time section for the line 856-SGR-58 is shown in fig 4.11 and for 
846-SGR-50 is shown in Fig: 4.12 
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FigA.11 SeismicTime Section for line 856-SGR-58 
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Fig:4.12 Seismic Time Section for line 846-SGR-50 
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4.5.2 DEPTH SECTION 

When we make a map of seismic ti me it is intended to show the 
structu re of a hori zon in the subsurface . Obviously it does . not show the 
structure directly . Structure is matter of depth and the map is travel time of 
sound waves . To make a map that is more truly related to the subsurface , 
depths must be calculated from the times . Here we need truly velocities. So 
with the help of formula given below, we can convert the Seismic Time 
Section into Seismic Depth Section. 

Depth=Average Velocity * Time 
But the velocity determined from the seismic data is not 

accurate and the deeper it is, the poorer it is . So problems will arise when the 
maps of the depth tie with the wells . This is why most of the maps are made in 
seismic reflection time. But the velocity pull up and pull down makes the time 
structure in correct below the feature that is why it is some times essential to 
make the depth section along with the time maps. Depth Section of line 856-
SGR-58 is shown in Fig:4.13 and for 846-SGR-50 is shown in Fig: 4.14. Both 
Depth Section shows Horst and Graben structures. 
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Fig:4 .13 Seismic Depth Section for line 856-SGR-58 
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Fig:4.14 Seismic Depth Section for line 846-SGR-50 

4.6.1 CONTOUR MAPS 
Contouring is the main tool used in industries for delineating the 

subsurface structures from the interpreted seismic data. On the basis of this 
contouring wells are proposed. After contouring it becomes obvious that what sort of 
structure is forming a particular horizon . Basal sand is selected for the purpose of 
constructing contour maps because they act as good reservoirs in the present study 
area. 

4.6.2 TIME CONTOUR MAP OF BASAL SAND 
After the marking of horizons at different levels, the next step is to 

contour the area at a particular level and prepare its surface. Here the data of six 
lines are used for contouring which includes 856-SGR-58, 856-SGR-67, 856-SGR-
53, 846-SGR-45, 846-SGR-50, 856-SGR-59. One of these three are dip lines and 
three are strike lines. Using the 'SURFER' the contour maps are prepared. Where 
contours are closely spaced they show abrupt change in time to the Formations. The 
time contour map of Basal Sand is shown in the Fig :4.15 

Where the contoSur lines in maps are closely spaced, they 
represent the steeper slope of the structure and where the lines are largely spaced, 
they represent gentle slope of the structures. 
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Fig:4.15 Time Contour Map of Basal Sand 

4.6.3 DEPTH CONTOUR MAP OF BASAL SAND 
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By using the same data that is used for the time contour mapping and 
the velocities additionally velocity functions are used for Depth Contour Map.lt shows 
normal fau lts . 
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Fig:4.16 Depth Contour Map of Basal Sand 
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4.7.1 TIME SURFACE MAP OF BASAL SAND 

The next step is to make the surface at that level. . The 3D time 
surface map of Basal Sand is shown in Fig 4.17. It shows many EW trending 
Horst and Graben Structures. These structures may be suitable for 
hydrocarbon accumulation . 

4.7.2 DEPTH CONTOUR MAP OF BASAL SAND 
By using the same data that is used for the time contour 

mapping and the velocities additionally from the velocity functions. Depth 
contour map of Basal Sand is shown in the Fig 4.18.lt shows many EW 
trending Horst and Graben Structures . 
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Fig:4.18 3D Depth contour Map of Basal Sand 
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4.8 ROCK PHYSICS ANALYSIS OF LOWER GORU 
Through rock physics analysis we can describe the behavior of 

a rock unit by ana lyzing its physical properties such as porosity , rigidity, 
compressibility & density etc. It also shows that how seismic waves physically 

behave when they propagate through the earth materials. This analysis has 

been made for a zone(LOWER GORU) whose depth ranges from 2000m to 

2900m. Actually this analysis is made by plotting the cross products of certain 
physical . properties from different logs in order to seek for the existence of 
some potential zones. 

4.9 CALCULATION OF PARAMETERS AND THE ZONE OF 
INTEREST 

The rock parameters which were used in calculation of following 
graphs are briefly described below: 
p = Density 
K = Bulk Modulus 
f-J = Shear Modulus 

a = Poisson Ratio 
VpNs = VpNs Ratio 
All these parameters are shown in Appendix#1 

4.9.1 DENSITY DETERMINATION 
Density is a major property of rock which describes the amount 

of solid part of the rock body per unit volume. Direct estimation of density 
from seismic velocities have been done by using the formula 

p = 0.31 * (Vp) AO.25 
Where p = Density, Vp = P-Wave Velocity in m/sec 

Density is used in various moduli Calculation. 
Density Vs Depth graph is shown in Fig:4.19 this graph show abrubt change 
in density from depth 2100-2500m. As reservoir is charactrised by low 

density. 
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4.9.2 P-WAVE VELOCITY Vs POROSITY OF LOWER GORU 
As reservoir is marked by lower P-Wave Velocity with high 

Porosity FigA.20 shows that low velocity are marked by high Porosity, which 
is favourable for accumulation of hydrocorbon . 

Q) 

> 
~ 2 +-~~~~~~~~~~~~~~~~~~=?~~ 
a.. 

o 10 20 30 40 50 
Prosity(%) 

Fig 4.20 Porosity Vs P-Wwave Velocity 
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4.9.3 THE BULK MODULUS 

It is the measure of how much a rock is compressed when 
seismic waves propagate through it. It is also known as the modulus of 
compressibi lity. Certainly different rock types have diffe rent values of 
compressib ility due to their porosity, density, mineralogy, grain racking and 
fluid contents. Estimation of bulk modu lus from seismic velocity and density 
have been done by using formula: 

K = (Vp 2 -1.333 * Vs 2) * P 
Wh ere K = Bu lk Modulus, P = Density, Vp = P-W?J.ve Velocity 

Reservoir rock is charecterised by low Bulk Modulus. Fig 4.21 
shows that Bulk modulus values are low from the depth 2100-2350m and 
2460-2700m, but these have high shale content. 
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Fig 4.21 Bulk Modulus Vs Depth 

4.9.4 THE SHEAR MODULUS 
Shear waves are more anomalous than compressional waves . 

But in the case of fluids present in rocks, P-Waves become more anomalous 
than S-waves because S-waves cannot pass through fluids and only pass 
through rock units. But P-Waves pass through both rock and fluid and hence 
more anomalous . 
Estimation of Shear Modulus from shear wave velocity and density have been 
done by using the formula 

Where 
fJ = p * Vs 2 . 

fJ = Shear Modulus 
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Reservoir rock is charecterised by low Shear Modulus Fig 4.22 shows 
that Shear modulus values are low from the depth 2100-2350m and 2460-
2700m , but from 2200-2350m and 2460-2700m, volume of shale is high. 
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FigA.22 Shear Modulus Vs Depth 
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4.9.5 POISSON RATIO Vs POROSITY 
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Fig 4 .23 shows that Poisson Ratio increases with increasing porosity . 
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Fig 4.23 Poisson Ratio Vs Porosity. 
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4.9.6 THE POISSON RATIO 
Poisson's Ratio is defined as the transverse strain divided by 

longitudinal strain . This means that it is the measure of incompressibility of the 

rock body. Poisson ratio is more dependent on P-Wave velocity rather than S
wave velocity . 
Poisson ratio is calculated by using the formula: 
0= ((0.5 * (Vp 2-2Vs 2)/ (Vp 2_ Vs 2)) Khan,et al.(2010) 

In other words we can say that the Poisson ratio is the measure 
of the behavior of seismic waves when they passe through the rock body. 
Reservoir is marked by high Poisson's Ratio. Fig 4.24 shows that Poisson 
Ratio is high from the depth 2200-2350m and 2460-2650m, This zone have 
high shale content. From depth 2016-2200m and 2650-2900m Poisson,s 
Ratio round about 0.25. 
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Fig 4.24 Poisson Ratio Vs Depth 

4.9.7 P-WAVE AND S-WAVE IMPEDENCE Vs DEPTH 
Reservoir rock is charecterised by low both P-Wave and S

Wave Impedence are low. Fig 4.25 shows low impedences from the depth 
2100-2400m and 2460-2700m, but these zones have high shale conten. 
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Fig 4.25 P-Wave and S-Wave Impedence Vs Oeapth 

PETROPHYSICAL ANALYSIS 

4.1 0.1 VOLUME OF SHALE 
Shale has high Porosity, so separation of shale from reservoir 

unit is necessary, and it is more difficult task when small beds of sands are 
present in reservoir unit. In lower Goru there are thin beds of sand are 
present. 

Three zone are encircled from remaining unit on the basis of 
volume of shale,from depth 2016-2176m, 2716-2730m and 2808-2838m as 
shown in Fig.4.26 
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This graph is generated using Wavelet software. K-Tron ,et al.(2010) 
Volume of sha le is estimated from Gamma Ray Log and is 

calculated by equation as given below: 

VSh=(GRlog - GRmin)/(GRmax - GRmin) 
Vsh= Vloume of shale 
GRIOg= Value from GR Log 
GRmin= Minimum value of GR 
GRmax=Maxi mum value of GR 

The resu lt of volume .of sha le is shown in Apendix#1 . Average 
Volume of shale in encircled zones is 26% . and it is suitable for reservoir unit. 

4.10.2 THE POROSITY Vs DEPTH 
Porosity is the percentage of voids to the volume of rock . NHPI 

Log is used for petrophysical analysis . It is very impartant parameter for 
reservoir, more thin 15% Porosity is good for reservoir rock . Porosity Vs 
Depth Graph is shown in Fig:4.27 
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Fig 4.27 shows that from depth 2200-2400m and 2460-2700m Porosity is 
high but these zones have high shale content. 
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CONCLUSIONS 

Four Refl ectors were marked for both lines according to 
statigra phic column of the area. 

r Kirther 
,. Upper Goru 
~ Basal Sand 
~ Chiltan 

Interpreted seismic Section shows Horst and Graben structures which may 
be favourable for hydrocarbon accumu lation. Time and Depth Surface Contour 
Map also prepared which shows Horst and Graban . 

Rock Physics Analysis of Lower Goru shows that there is no 
potential zone exist. For reservoir these properties (P -Wave and S-Wave 
Velocity, P-Wave and S-Wave Impedence, Shear and Bulk Modulus) must be 
low in reservoir, but these are high in Sand, so probably there is no reservoir 
zone exist. 
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