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Abstract 

A seismic reflection line 985 -QPR-04 of Qadirpur area (Sindh Province) was provided by 

the department of Earth Sciences, Quaid-e-Azam University for interpretation. The given line is 

or iented in SE direction. The section comprised of a total of shot points from 200-926, from 

which SP-200 SP-450 were used in the interpretation. The section is a final stacked migrated 

section. The root mean square velocity, Dix interval velocity and Dix average velocity at 

different time were given. Thilteen were present in the allotted shot points, i.e. SP-200, SP-22S, 

SP-250, SP-275, SP-3 00, SP-325 SP-350 SP-375, SP-400, SP-425, SP-450. 

Velocity versus time graph was prepared. For seismic 

section, arrival times (two way) of each marked reflector was determined . Using these 

arrival times and velocity information, the depth of each reflector was calculated us ing the 

formula s= (v*t)/2. finally a depth section was constructed. This depth section provides a 

reliable picture of renectors present in the subsurface. 

In total seven prom inent reflectors were marked and then interpreted. 

The three normal faults were marked . Due to extensional regime normal faults, Horst and 

Graben structure arc found in the depth section. 
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Chapter ~o l Introduction to the Section 

1. 1 Introduction to the Seismic Line: 

A se ;smic survey was carr ied out in QADIR PUR area by O.G.D.C.L in 1998.The party number 

is SP-S. The d:na acqui sit ion and processing were made by selecting appropriate fie ld and 

p r () c ~ s s i n g pilr:lI11eters. Th i s dissertat ion pertai ns to the interpretati on 0 f 60 fo Id stacked and 

mi gr;;[ccl time structure map of QADIR PUR area. The line number is 985-QPR-04. 

Alth\.'u gh one lines is not su fficient to map the structure, but i made an attempt to map it. 

1.2 SUI"Vey Parameters: 

So urce 

C h a r ~e pattern 

A Ye fJge shot dep th 

_-\ ve ~.'.ge charge size 

S.P .::,:rerval 

Instruments 

System 

Fo rm:lt 

'-Jote;, Fi lter 

Ali as :ng Filter 

Fie ld sampling :nterval 

Rcco ~d length 

0Jo. (,I' data traces 

Cable 

Spre:!d 

Group interval 

Dvnamire 

I Ho le 

21 meters 

3 Kilograms 

50 mete!'s 

I/O System one 

DMUX SEG 0 

Out 

In 

2 ms 

5 seconds 

240 

3037 -62.5-x-62 .5-303 7 

25 m 
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Chapter Nol 

Typc u" CiCllp lwllcs 

Geop hones/Group Base 

Geophone Code 

L-IO;\ 

24,30m 

031 2 Linear 

Introduction to the Section 

SPREAD DIJli 0 ~M 

I] rw p '. 20 8hDt Group '. 2'1 Oro IJ) 240 

f-----30 37m---t----<G2 .5m)---+---G2.5m -f--- 30 37m----j 

1.3 Processing of the Seismic Line 

This line was processed by OGDCL in 1999 , The processing sequence of the se ismic line 

is given in the following table. 

t. Demultiplex 

2. Preprocessor 

Geometry definition 

Bad trace edit/ Reverse 

3. Geometrical Spreading Compensation 

~. i<::xpollcntial Gain 

::1 . FK Dipliltcl' 

6. Band Pass Filter 

Low cut 

(HZ) 

6-8 

7. Surface Cons istent Deconvolution 

Operator Length 

Prediction Distance 

High c ut 

(HZ) 

65-70 

240msec 

8m sec 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 2 



Chapter ~~ 01 Introduction to the Section 

"\;0 or Au toco rre l:1 tion Windows 2 

?:ewhitening 0.1 % 

Trace Balance 

S. C.\ I P sort 

9. Velocity Analysis (CVA) 

to. \or-ma l M ovc out (\:VIO) Correction 

11. Residual S tatics Correction 

Max.. Shift 

12. \·cloeity Analys is (CV,-\) 

13. __ tack 

I .. L Finite Dirfl'rcllcc Migration 

20msec 

15 . .\Illitichannel Coherency Filter (:vICCF) 

16. Time Variant Filter 

Time Zone 

Mscc 

1800 

2000 

Low Cut 

HZ 

10 

8 

18. Random ;\oise Attenuation 

19. R:vIS Gain 

Amp litude 

Starting Gate 

End Gate 

Sl ope 

db/oct 

16 

16 

1.4 Display parameters of the seismic line 

High Cut 

HZ 

60 

40 

2000 

256 

512 

Slope 

Db/oct 

36 

36 

Displa~ parameters are the information related to the seismic section such as sca le, time 

per inch/sec on it etc. Di splay parameters of the line are given below. 

2-D Seismic Reflection Data Interpretation OrLine 985-QPR-04 J 



Ch apte r Not Introduction to the Section 

Scales 

I. Horizontal Sca le 80 Traces = I km 

40 Traces per inch 

2. Ve rtica l Sca le 10 centimeter per second 

" Display A m p li t ude .). 10 db 

4. Po la ri ty Normal 

5. Datum Ve loci ty 1700 m/sec 

6. Datum P la ne Mean Sea Level 

7. Fo ld 6000% 

8. Process in g sa mpling interva l 2 msec 

1.5 Objective 

The main object ives of the disse rtation are; 

:r To determ ine the ti mes for each COP at some constant interval on the bas is of variation 

of these velocities in each ve locity panel 

r To determine the average ve locit ies at certain constant interval of time from each COP 

data 

r To determine the mean of all average ve loc ities determined for each co ns t~lIl t time frolll 

different methods 

r To prepare the mean I ine graph of mean average ve loc ity vs . se lected constant time 

,.. 'J'U ~ 1 1l , t1 ys i s (hL: s l ral i g r ~ l p h i c slruclu\'(; usill g the lime scc tiUll ,lll l! lilL: 1 )i x Is() - VL: I(lc il y 

conlo ur map 

,. To ca lcul ate the depth of each interface using the provided ave rage ve loc ity in fo rm atio n 

>- Atte mpt to diffe renti ate the li thology in terms of clasti c and non-c lastic materi al 

r To study the effects of the ve loc ity variatio n along the profile and its distribution i n the 

subsurface . 

2-D Seism ic Reflection Data Interpretation Of Line 985-0PR-04 4 



Chapter No ., Geology of the Area 

2.1 History of t he Earth: 

The :,ianet EARTH came into being abo ut 4.6 billion years ago , upto 

:he JLIRAS IC age tl~;:~e was onl y one land mass on the earth which was ca ll ed Pangea, 

:his land IL1SS sta rte':: break in g abo ut 200 mil lion years ago and was divided into two 

:)arts. the :~0 rt h ern p 2. ~~ was call ed Laurasia whil e southern part was ca ll ed Gondwana 

La nd. Th i ~ breakage ·.\ as initiated by two rifts , one in the northern part, between North 

-\ mer ica JI:j Africa.: gave birth to the North Atlantic Ocean. Second rift was in the 

~o Llth e rn p2 n . be rwee:-. South America and Africa which gave birth to the South Atlantic 

Ocea n. 1\(\V due the rift that was produced between South America and Afr ica, a Y 

'h aped cr::d: ,vas pr: .Juced in the southern part of the Gondwana Land due to whi ch 

India W,l S .separa·tec :ro m the Go nd wana Land , it was done about 130 mi llion yea rs 

.l ~(l. ( T~l r b Ll(k ct al . ~ I "0) . 

"l0\\ :here was one transform fa ult, Chagos M auritius Fa ult and other 

\\as alon g :he ~inty East Ridge. also a ridge was present south of the Srilanka, thi s 

:idge was sp reading ; ~ such a way that it pushed India north ward, India started its north 

·.\a rd journ ey. Betwe;::; 130 and 80 million years, it moved at 3 to 5 centimeter/year, then, 

Jetween 80 and 55. ::5 speed was increased to average speed of 16cm/year, during thi s 

:ime it var id from I ~ :0 25cm/year. Due to this movement, intra oceanic subduction was 

occurred , the ev idenc;: of th is subduction is present in the form island arcs which include 

Kohistan , Laddakh . \uristan and Kandhar Island arcs. (Kazmi & Jan, 1997). 

At th :s stage, India's movement was slowed down by its col lision with 

:-':'o hi stan and Laddak:-' island arcs. it was done about 55 to 50 million years ago .The most 

:rnporta nt feJture o f t~: ! S coll ision is the upheava l of the Great Himalayas. 

The Himalayas are divided in the following sequence. 

Laddakh / Tibbet Block 

Indus - Tsangpo Suture Zone 

Tethya n H imalayas 

Main Mantle Thrust 

High Himalayas 

Main Central Thrust ( MeT) 

2-D Seismic Reflect ion Data Interpretation Of Line 985-0PR-04 5 



Chapter No 2 Geology of the Area 

2. ... ...... rt,eel> h,l .. 

~ terbJl M~.r.r z:ooe 
' :) ~at'I<o.M'.! :0tI4! 

Lesser Hima layas 

Main Boundary Thrust ( MBT ) 

Sub Himalayas 

Hin1alayan Frontal Fault ( HFF ) 

Himahlyan Fore Deep 

5.. Hlm ... .,.~'okS B.1t 
I Ovter h,.,.lrr .. IcI<J ~ 

- b- PMiKt"''' 'KlIolochlllllold I:rIt 

~~ 

IO."NO;a"'·~IpM ' fold ~It 

~JC~ ..... I~I¢~ 

!:II ~dePfSSJOfl 
-d- K,..",.·M ....... · ~r R""'9" 
~ Tl'nMt>l:xk. 
_,_ Bomu i:mUl7' 
._f_ . l'eu uplft ~ 

1. ~""cr ..... HIro"", Clytt.I IIiM TIl"", Z­
( .. aIool..." ("~'i fOd I:rIt 

~oI'dIMl v<*:-.c a. cli:·.lk.MI .... '""9"'iVC ~t 
~".,. P.WI·HJt~~ "...~ 

~""""V'" C1V'tIl~ s<h_ XflC 

4. Botj • .c ...... " .......... F_ Z-. Op~_ 

=::!J a." ~·ltw»I(\I',.", OI>'ld(e be~ 6. '.("'~n ~ 
~ ..; .. ' ~IKlfe.1l n~, bfttn 

~ Ch."",n·Clrn-'t·/QI i~ut & nv,," ;onc 

~ !Ida oph~ bet 
L..!..J ....... ~ 

" ,: 

6.. Slialm'" fo ld Ba4t 

'. ""'f~·SJd''''d'' <rt 
:Ir~( iif'Ihcin.a1 ::01"'1:' 

'10fT'·0<4> '0"" 
, . ~I Trol>\l. 

=u ,<1:0 [(0) (><;)' 

TECTONIC MAP OF PAKISTAN ""';.J"~ rAf.i , ~ .. .. :-. , ~ ~ . .l ~1I't ... ~ ;':: 1 . 
l nl :: ...... ,..~ :1 p ... ~, .Jc<.~j.:.. ~,,~....-('1 ~'t~iJlol . ... :~.(4U 

Map#l Tectonic Map of Pakistan 
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Chapter No 2 Geology of the Area 

2.2BASINS OF PAKISTA~ 

Sedime nts ;d deve loped at certain place, they may be depos ited at the place or 

theil' o<gin or 111 3 : get trans ported to other place by transportin g agents , and the 

s edil11t' :~ t s depos ited at the place of origi n are ca ll ed Molasses, what happens with the 

transpoo:ed sedil11 t'nts? Its answer is that they are often deposited at a place wh ich is 

cha ract;:" ized by reg iona l subs idence and where they could get preserved for longer 

peri od s Jf time, suc h a place is ca ll ed a Bas in , in a basin the receptac le or conta iner 

\\hich . ~ the substr:1 tl1 m o f the bas in is ca lled Basement, the accum ulated sediments in a 

basi n 3 ,;:' ca ll ed Sedimentary Cover. the gradual settling of sed iments in a basin is 

called Subsidence. rhe po int of maximum sed imentary accumulation in a basin is ca ll ed 

Depocenter (Duva i.1999) 

'n terms ot the genesis and differe nt geo logical histories, Pakistan consist upon 

two ma.i or sed im en ta ry basins. the Indus Basi n and the Balochistan Basin, these basins 

,vere de\ eloped du ring different geo logica l ep isodes 

There is another smaller basin which has its own geo logical hi story of 

deve lopnent. thi s bas in was developed due to the co lli sion between India and Eurasia 

~lI1 d is class ifi ed as the Median basi n. It is the Kakar Khorasan Basin which is also 

known .:!s Pishin Basin. 

ln el l:5 Basin is div ided into the fo llo\\ ing classes, 

I. ~ p pc r Indu s Bas in 

:~ rUrlhcr has lall owin g ra rti tion 

(a) Kohat Sub Basin 

(b) Pot\\ ar Sub Basi n 

2. Lower Indus Bas in 

:: further has fo ll owing partition 

(a) Central Indus Bas in 

(b) Southern Indu s bas in 

2- 0 Se ism ic Reflection Data I nterpretation Of Line 985-QPR-04 7 



Chapter No 2 Geology of the Area 

2.1 The Upper Indus Basin 

Boundaries of The Upper Indus Basin 

Direct ions 

East 

West 

\Jo rlh 

So uth 

2.2.2 Lower Indus Basin 

Structural Boundaries 

MBT 

I(urram Fault 

MBT 

Sa rgod ha High 

Bound" ries Of The Lowe r Indus Basin 

Directions 

East 

Boundaries 

Indian Shield 

Geographic Bound aries 

India 

Kurram Cherat Ranges 

Margala Hills, 

Kala Chitta Ranges 

Punjab Plain 

West 

North 

So uth 

Kirthar And Sulaiman Ranges 

Sargodha High 

Off Shore 

The Lower Indus Basin is further divided into two classes, 

(a) Central Indus Basin 

(b) So uthern Indus Basin 

The Cen tral and Southern Indus Basin are separated by lacobabad and Mari Khandkot 

highs, these are collectively termed as Sukkur Rift, these highs have been active since 

Jurasic times and at least up to Paleocene 

2.2.2.1 Central Indus Basin 

The Centera l Indus Basin having following divisions 

(a) Punjab Plateform 

(b) Sulaiman Depression 

(c) Sulaiman Fold Belt 

2-0 Seismic Reflection Data Interpretation OrLine 985-QPR-04 8 



Chapter ~o 2 Geology of the Area 

The Boundaries of Central Indus Basin 

Dirc:ct ions 

East 

Wcst 

Nonh 

SOllth 

Boundaries 

Indian Shield 

Margina l Zone Of The Indian Plate, 

Sulaiman Range 

Sargodha High, 

Jacobabad KhairPur High, Mari Khandkot 

High 

2.2 .2.2 SO"[ THERN INDUS BASIN 

This basi n is located j ust south of the Sukkur Rift which is a divide between the 

(emra l and the SO Lithern Indus basin. The oldest rocks encountered in the area are of" 

Tr ias ic age . The Central and the So uthern Indus basin s were undivided until middle 

cretaceo Lis whc: n Khair Pur-Jacobabad High became a prominenet feature, this is 

indicated by homogeneous li thologies of Chil tan Limestone which is of Jurasic age and 

SCl11bar rorill at ion which is of lower cretaceous age and li e across the hi gh. Thi s part of 

th c Indus Basin comp ri ses the fo ll ow in g four main units. 

Suuthcrn Indus Basin (a) Thar Plateform 

(b) Karachi Trough 

(c) Kirthar Foredeep 

Cd) Kirthar Fold belt 

(e) Offshore Indus 

The Boundaries of the Southern Indus Basin 

Direc tions 

East 

'Ne st 

North 

South 

Boundaries 

Indi an Shield 

Marginal Zone of The Indian Plate ,Kirthar Range 

Jacobabad KhairPur High, Mari Khandkot High 

Off shore, Murray Ridge- Oven Fracture Plate Boundary 

2-D Seism ic Reflection Data Interpretation Of Line 985-QPR-04 9 



Chapter No 2 Geologv of the A rea 

2.3 Introduction to Qadirpur Area: 

Qadi rpur area admini stratively lies in Ghotki and Jacobabad of districts Sind h 

Province. Geo logically the Qadirpur is situated with the Mari Kandhkot high, central 

Indus basin of Pakistan. 

-.:}DR I (j II I. ~ ,:­
. { " 

GI.!.. 1I0H I,1 A ~ t)H 1.1 M·l 
1 y 

, , \ .' 

)UI 

I" .' 18 ' 8 I ~I 1 I. " .. ! .... L · 

J H Af PAL2~ 

QADIR PUR 

r'i 
.,. - i 

lJ 
J 'SU P; I': IJ R 

I(H! IU IH 

LEGENDS 

~Iap #2 Location Of Qadirpu.· 

I 

l 
"r ! 

~ ."'" 
1:;4/ .. 
I 

:; 
f 

_./ 

RAHIMYAR KHAN 

~I H ,~. :I [i r·l 

WELL 

~ (; ,~. S 

-¢- <;,~, S SHOW 

-¢- [ I R 'y' 

FI E L D 
~ GAS 
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Chapter ~o 2 Geology of the Area 

The intended 3D seism ic data acq ui sit ion and processing programme of Qadirpur 

.il~;:1 t ven ture .1 n area of ~64 sq kl11. Prev iously about 420 li nes km of 20 se ismic survey 

hh bee n carr:ed out by OGOCL in 1990 , 1992 and 1998 . 

In : 990 in Qadi rpur. gas was d iscovered in Ear ly Eoce ne Sui Mai n 

I , . SLii Lippe:' I,S l ~lI1 d \Ii ddle Eocene Hab ib Rahi Ls t. So fo r 25 we ll s have been drill ed 

I ~ ' : ' developm ent of' Ij e le . Most of the we ll s in Qadirpur Gas fie ld area confi ned to Sui 

1l1,:i ll 1st. wh iic Qad irp:r- I ;'}nd Qad irpurX-2 were drill ed to Pab/Ranikot (Cretaceous 

( I";:occne ) Fcrmario ns 

2.3. 1 Structure: 

O i~ surfa ce the Qad irpcr structure is covered by Alluvium of flood plain area of Indus 

ri\er. lt is a \\V-SE tre nd ing ant icline co mparat ive ly broad in its Southern half. 

2.3.2 Prospect: 

Source Rocks: 

Potential sou rce rocks are Sembar Shies, Shies of Mughalkot Fo rmation, Ranikot 

Formation and Sirki are ~liso considered fo r their source potential. 

Reservoir Rocks: 

Sui Vla in Limestone and Sui Upper Limestone are the main producer wh ere as limestone 

or Hab ib Rah i is considered as secondary reservo ir. 

Cap Rock: 

TI c Ghaz ij Sha les act as cap fo r Sui Vla in Limestone and Sui Upper Lim estone :lnd :l lso 

Sir~i Sha les 0 \'1.: 1' Habib Rahi Limesto ne act as a cap rock. 

rk t;li lc cl strat ig raphy oC tile area is given as below: 

2-D Seismic Reflec tion Data Interpretation Of L ine 985-QPR-04 I I 



Chapter No 2 

AGE 

Geology of the Area 

stratl!1raPtllC C6ILml il !Ilf C>I}utrallndus Basl'L 

LITHOLOGY 

ut~CON FOR"-4ITI( 

SHALE 

LI MESTO~ E 

--------, 

FORMATlott 

BA ~A L 1 

SitU [) STON E 

GRAVEL 

(www.sIb.com) 

i 
i 
I 
i 

I 
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C hapter ~o 2 Geology of the Area 

2A Stra ti graphy of the Area: 

I. Allu vium: 

Age: Rece nt 

Lithology: Sands to ne, Siltstone and Clay deposit by the River Indus. 

Contact: 

II. Siwaliks: 

Age: Pli ocene 

Sandstone: offwh ite , li ght gray, fine to medium grain, subangulal' 

to subroun ded fri able. 

<:;ilts tone: Earthy li ght grey, medium hard . 

Clav: Khaki , earthy, soft and stickly. 

Co ntact with underl ying Siwaliks is unconfirmable. 

Lithology: Sandstone with interclati on of clay. 

COllt~ct: 

Sandstone: Offwhite , Yellowishwhite, friab le to medium hard. fin e 

to medium grained , subangular to subrounded, moderately so rted , 

sl ightl y calcareous. 

Clay: khaki ,soft . 

Contact with underl yingN ari Formati on is unconfo rmable. 

IlL ~ari FOI'mation: 

Age: Oli gocene 

Lithology: Sandstone with streaks of clay. 

Sandstone: Off wh ite .transparent, quartoze, medium to coarse 

grain . subangul ar to subrounded , loose , moderatel y so rted . 11 0 11-

ca lcarious. 

~Brown, soft. 

Contacts: contract with under lying Kirther Fornmation is unconfirmabl e. 

IV. Kirther Formation: 

Ki rthe r Formatio n is divided into four members: 

a) Draz inda Member: 

b) Pirkoh Limestone Member 

c) Sirki Mem ber 
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Chapter No 2 Geology of the Area 

d) Habib Ra hi Limestone Member 

a) Drazinda Member: 

Age: Midd le Eocene 

L ithology: Shale with interc lation of marl 

Sha le: Gree ni sh grey,soft, laminated,modera te ly indurated. 

Mar l: greeni sh grey, off white,soft. 

Contact: LJpper co nLa ct is uncon /orlllable wiLh Nari for lll aLi on and 101,.\lel' 

co ntact with Pirko h Limestone is conformab le. 

b) Pirkoh Limestone Member: 

Age : Middle Eocene 

Lithology: Lim estone with thin marl 

Limestone: Dirty white, white, creamy,rnediam grai ned ,hard 

and fossiliferrous. 

Marl: Grey, soft to med iam hard ,grading to limesto ne. 

Contact: Upper contact with Darzinda Member and lower contact with 

Sirki Shale Member is conformable. 

c) Sirki Member: 

Age: Middl e Eocene 

Lithology: Shale with thin bands of limestone. 

Shale: Bluesh green, soft, s lightly ca lcari ous. 

Limesto ne: Offwhite, hard , fos illi fero us. 

Contacts: Upper contact with Pirkoh Li mstone and lower co ntact with 

Habib Rahi Limestone is confirmab le. 

d) Habib Rahi Limestone Member: 

Age : Midd le Eocene 

Litho logy: LimesLone with thin bands of Marl. 

V. Ghazij Formation: 

Age: I ~owc r Eocene. 

Limestone: Offwhite, whi te, creamy, foss illifero us. 

Marl: Greenish grey, soft, st icky. 

Litho logy: Shale with thin beds of limestone . 
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Shak : Greenish grey, pyretic, calcareous with occas iona l foss ils . 

Limes tone: White, mediu m hard having thickness 8 to 10m. 

Con tact: Up per contact with Habib Ra hi Limestone and lower contact with Sui 

Upper Limestone is conformab le. 

VI. Sui :'>Ia in Limestone: 

Age: Lower Eoc ene. 

It has following three units. 

a. Sui Upper Limestone. 

b. Sui Shale. 

c . Sui Ma i!~ Lim es tone. 

a. Sui Upper Limestone: 

Age: Lo\\er Eocene. 

Lithology: Limestone 100%. 

Limesto ne: \Vh ite. off-w hite, medium hard , fossileferous. 

Contact: Upper co ntact with Ghaz ij Shale and lower with Sui Shale 

I l ll:lll hcr is C(l ll /"orl1lahk. 

b. Sui Shale: 

Age : Lo\\e r Eocene. 

Lithology: Sha le with thin bands of limestone. 

Shale: Greenish grey, pyretic, ca lcareo us with occas ional 

foss il s. 

Limestone : White. medi um hard hav ing thickness 8 to 10m. 

Contact: Upper contact with Sui Upper Limestone and lower with Sui 

Ma in Limestone is conformabl e. 

c. Sui Mai n Limestone: 

Age : Lower Eocene. 

Lithology: Limestone with traces of shale . 

Li mestone: Off-white , creamy, Medium to hard, calcitic 

ve ins, marly and highly fossilferous. 

Sha le: Light greenish grey, li ght grey, laminated 

foss i leferous. 
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Contact: Upper with Sui Shale and lower with Dunghan tormation IS 

conformable. 

VII. J)unghan Formation: 

Age: Upper Paleocene. 

Lithology: Off-white, creamy grey, medium to coarse grained limestone. 

Contact: Upper contact with Su i Main Limestone and lower contact with Ranikot 

Formation is co nformable. 

VIII. Ranikot Formation: 

Age: Upper to Middl e Pa leocene . 

Lithology: Nodular limestone with sandstone and argarrigi leous shale. 

Contact: Upper contact with Dunghan Formation and lower contact with Pab 

Sandstone is disconformable. 

IX. Pab Sandstone: 

Age: Lower Cretaceous. 

Lithology: Wh ite to brown colour sandstone with subordinate shale. 

Contact: Upper contact with Ranikot Formation is disconformable and lower 

contact with Fort Munro Formation is conformable. 

X. Fort Munro Formation: 

Age: Lower Cretaceous . 

Lithology: Limestone, marl and shale. 

Contact: Upper contact with Pab Sandstone is conformable and lower contact 

with Parh Limestone is conformable. 

XI. Parh Limestone: 

Age: Lower Cretaceous. 

Lithology: Light grey micritic limestone and marl. 

Contact: Upper contact with Fort Munro Formation is conformab le and lower 

COlll~lCt with Coni tormat ion is conlonnablc. 
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XU. Goru Formation : 

Age: \ I idd Ie to l" ~ per Cretaceous. 

Lithology: Sand. j ight grey shale and some gluconitic beds of sandstone. 

It has fo llowing (Wo units. 

~l. L; ppel' Go ru 

b. LOWe!' Go ru 

• Upper shale 

• 'v1 idd le SJl1d 

• Lower sh:lle 

• Basa l sand 

• Ta I har side 

• .'v1ass ive ::;a nd 

CO il tad: t 'rrer cOlll ac[ with Parh Limesto ne and lower Sembar Formation IS 

Cl' Il,'o rlllab Ie. 

XIII. Sembar Formation: 

Age: l'pper cret3ceous. 

Lithology: Grec:1 to gree ni sh grey shale + thin bands of sandstone and siltstone . 

Shale is highly fossileferous. 

Contact: Uppe r contact with Goru Formation is conformable and lower contact with 

Chil tan Limestone is disconformable. 

XIV. Ch iltan Limestone: 

Age: \I iddl e to Late Jurassic. 

Lithology: Dark grey to black, oolitic to piso litic limestone. 

Contact: Upper contact with Sembar Format ion is disconformab le and lower 

contact with Shrinab Formation is conformable. 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 17 



Chapter No3 Seismic Reflection Method 

3.1 Seismic Reflection Method 

Seismic method is one of the most commonly used geophysical techniques for 

investigati ng the subsurface (Parasnis, 1997). It has advantage over other methods due 

to greater penetration, higher resolution and accuracy. It is somewhat similar to 

canhquake seismo logy with the difference being the energy source. In earthquake 

se ismology source of energy is natural but in exploration seismic source is arti ficial. 

Usuall y dynamite (or vibroseis) is used and the waves generated are recorded by 

detectors laid along the ground. Variations in reflection times from place to place on the 

surface usually indicate structural and stratigrapihc features. Depths to reflecting 

interfaces can be detennined from the seismic waves velocity and the corresponding 

velocity (Telford, 2004) . 

3.2 Basic prinCipal of seismic: 

The basic principle of seismic method is the generation, detection of seismic waves. 

The sound waves rush down and down until they meet an interface layer have acoustic 

mpedance contrast. A replica at the downward traveling sound wave reflects back 

towards the surface from the boundary between the two layers. 

The original pulse continues its downward Journey, gradually 

becoming weaker, sending reflection back to the surface, every time it encounters an 

interface. These are usually so many reflections that once they start arriving, they often 

overlap to form an continues stream of sound. The last reflection to arrive are nonnally 

very weak, often 100 thousandth of the strength of the early echoes, and so the 

geophones that detect them must be very sensitive. The travel times of reflected arrivals 

from subsurface interfaces are measured between media of different acoustic 

impedances (Badley, 1985). 

3.2. J Refraction method: 

Seismic refraction involves measuring the travel time or the 

component o r se ismic energy, which travels down to the top of reflector (or other 

distinct acoustic impedance contrast), is refracted along the top of reflectors, and returns 

to the surface as a head wave along a wave front similar to the bow wake of a ship 

(Figure 4 shows the seismic reflection geometry.) The waves which return from the top 
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or interface are re fi"actec! waves , and for geophones at a distance from the shot point. 

always represent the first an"ival of seismic energy (Telford, 2004). 

Geophones 

Se is mic Refraction Geometry (modified from Robinson & Coruh, 1988) 

c:: 
c:,) 

'0 ... 
::I 
.c ... 

... il.l 
> o 

Se ism ic reli"action is generall y applicable only where the seismic velocities or laye rs 

increase with depth. Therefore, where higher ve locity (e.g. clay) layers may overli e 

lower velocity (e.g. sand or gravel) layers, seismic refraction may yield incorrect 

results. In addition, since seismic refraction requires geophone arrays with lengths of 

approximately 4 to 5 times the depth to the density contrast of interest , seismic 

refraction is commonly limited to mapping layers only where they occur at depths less 

than 100 feet (Dobrin, 1988). 

Greater depths are possible, but the required array lengths may exceed site dimensions, 

and the shot energy required to transmit seismic arrivals for the required distances may 

necess itate the use of very large explosive charges. 

In addition, the lateral resolution of seIsmlC refraction data 

degrades with increasing array length since the path that a seismic first arrival travels 

may migrate laterally off of the trace of the desired seismic profile (Yilmaz, 200 1). 

Recent advances in inversion of seismic refraction data have made it possible to image 

relatively small, non-stratigraphic targets such as foundation elements, and to perform 

rcl'ract ion profi li ng in the presence of localized low velocity zones such as incipient 

sinkho les (Te lford, 2004). 
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3.2.2 Reflection method: 

Reflect ion method is the most widely used geophys ical technique. The stntcture of 

s llbs Llrl ~I CC lo rm ations is mapped by measuring the times required for a seism ic wave 

(l ll' plll se). gC IlCr.llcd ill the ea rth by a ncar surface ex plosion, mechanical impact. or 

,·ibra ti on. to return to the surface after rC±1ections from interfaces between formations 

having diffe rent phys ical properties. The reflections are recorded by detecting 

instrum ents responsive to ground motion (Dobrin, 1988). 

Se ismic reflection uses field equipment similar to seismic refraction, but fie ld and data 

process ing procedures are employed to maximize the energy reflected along near 

"ertical ray paths by subsurface density contrasts. Figure 5 shows the seismic reflection 

geometry. Reflected seismic energy is never a first arrival , and therefore must be 

identified in a generally complex set of overlapping seismic arrivals - generall y by 

co llecting and tl ltering multi-fold or highly redundant data from numerous shot points 

per geophone placement. Therefore, the field and processing time for a given linea l 

footage of seismic reflection survey are much greater than for seismic refraction 

(Kearey. 2002) . 

Seism ic Reflection Geometry (modified from Robinson & Coruh, 1988) 
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HO'vve\e r, seismic reflection can be perfonned in the presence of low 

\c ;,lc it \" zones or ve loci:y inversions. generally has lateral resolution vastly superior to 

seismic refr'h:tion. and can delineate very deep density contrasts with much less shot 

energy and shorter line lengths than would be required for a comparable refraction 

sur\"ey depth , 

T he IY.a1l1 limitations to se IsmIC reflection are its higher cost than 

rc !""ac ti o n (fe'r sites Whe j"c ei ther technique could be applied) , and its practical limitation 

t,) de pths :,:enera ll y greater than approximate ly 50 feet. At depths less than 

approx imate !:-' 50 fee t. reflections from subsurface density contrasts arrive at geophones 

at nearl y the same time :is the much higher amplitude ground roll (surface waves) and 

~ li r blast (i,c '.he SO LInd o f the shot). Reflections from greater depths arrive at geophones 

a ftc r the grC' lll1 ci ro ll and ai r b last has passed, making these deeper targets easier to 

de:cc t and de lineate (Kc:irey. 2002). Seismic reflection is particularly suited to marine 

:lJ 1'1I ic~lli o Il S C.g. la kes. rivers, oceans, etc .) where the inability of water to transmit 

shear waves :nakes collection of high quality reflection data possible even at very 

sl13l10w depths that would be impractical to impossible on land. 
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3.2.3 Comparison of Refraction and Reflection: 

The diClCrences between seismic refraction and ret1ection are summarized in the 

given table 

Typ ical Targets 

Required Site 

Conditiol1s 

Vertical 

Resolutiol1 

Lateral 

Resolutiol1 

Effective 

Refraction 

.Vear-ho rizontal density 

contrasts at depths less than 

~100feet 

Accessible dimensions 

greater (han - 5x the depth 

o/interest; unpaved greatly 

preferred 

/0 to 20 percent of depth 

- 112 the geophone spacing 

115 to 114 the maximum 

Practical Survey shot-geophone separation 

Depth 

Reflection 

Horizontal to dipping density 

contrasts, and laterally restricted 

targets such as cavWes or tunnels at 

depths greater than ~50 feet 

None 

5 to 10 percent of depth 

~112 the geophone spacing 

>50feet 

Compression of the seismic reflection & refraction method 

3.3 PI"operties of Seismic Waves: 

3.3.1 Theory of Elasticity: 

The se ismic method utilizes the propagation of waves through the earth, since this 

propagation depends upon the elastic properties of the rock so it is nessary to know the 

elastic properties of the subsurface material. 
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The ~ i ze (,f a s,' :id body em be changed by appl ying forces to the external surface or lil e 

bod: These e:-.::e rnal forces are opposed by internal forces , which resist the changes in 

size ,:~ld s~l aIJe\s a resul" the body [e nds to return to its original condition when the 

exte~a l fo rces ,lre re moYed, Similarly, a fluid res ist changes in size (volume) but not 

changes in sha;:-e. This property of resisting changes in size or shape and of returning to 

the ~!nde fornl ec condition when the external forces are removed is called elasticity. 

3.3.2 Stress: 

"The :',' rce (F) a[lp lied per uni t area (A) of the body" 

Its ·.:!l it i::. SI ~::s tem is PJ.scal and one Pascal is equal to one Newton per square meter. 

\I! ~::::em atical l '.: 

Stress = F/A 

.3.3.3 Stra in: 

Str:-t:n can be je fin ed ".-'\s the change in size and shape of the body w hen external 

forceS are applied on that body" 

These changes :lre called Strain, It has four types. 

Longi r~dinal Strain 

Trans\erse Strain 

Shear Strain 

Dilaticn 

3.3.4 Hooke's Law: 

According to :his law, "Stress is the directly proportional to strain provided the elastic 

li mit of the bcdy is not exceeded. u lis limiting value depends upon the nature of rock 

M:l;hem3tical~\ ' 

Stress a Strain 
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3.3.4 Elastic Modules: 

T he li ncar relat ionsllip betwecn stress and strain in the e lastic fi led is specified for any 

matcr ial by its various c lastic mod ules, each of which expresses the ratio ora particular 

type o l' stress to the stra in and provides a measure of rigidity , There are certain types o f 

clastic modules as given be low; 

Bulk modulus 

Shear modulus 

Youn g ' s modulus 

Po isson 's ratio 

3.3.5 Bulk Modu lus (K): 

It is the ratio 0 f stress to the volumetric strain and is given by the relation 

K= volume stress 
volume strain 

_ P (p ressure) 
dVIV 

Mathematically it can be represented as, 

1 P 
k=-=----

K 6V / V 

Where k is the compress ibility coeffic ient 

3,3 .6 Shear Modulus (f.1) : 

The shea r 1ll odulus is de fin ed as 

" T he ratio of shearing stress "1:" to the resulted shear strain 

" tan 0", It is a lso called as rigidity modulus, It is deno ted by 

" ~L", For liquids and gases, shear modulus ell) is zero 
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J-L = shear stress 
shear sir aln 
FJA 
tan </> 
F/A 

~L/~. 

'vl8th~mat i c alh :t can be rep resented :is (where 't is the shear stress) ; 

L 
J..-l =---

tane 

3.3.:- Young 's Modulus (E): 

It is '::-:tined as :::e 

"T he ratio between longitudinal stress and longitudinal 

q~lin. Tt is :1 lso cal led stretch modulus". It is denoted by "E" 

I ongitudinal stress 
E = longitudinal straln 

_ FIA 
- jj LlL 

.'vlatl:-:maticall y Young ' s \fodulus can be represented by the shear (11) and bulk module 

(k). 

E= 9k~l 

3k+ ~l 

3.3.8 Poisson's Ratio (cr): 

It is ·.:sed to show that the change in diameter (d) is proportional to the change in length 

(I). P 2isso n' s r:nio varies from 0 to Y: and has the value ~ for fluids. 

transverse strain 
(T ;::; long itudinal wain 

1J.OID 
=-L!UL 

Mal:-:ematicall y it is represented as Bulk modulus (k) and Shear modulus (11) ; 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 25 



Chapter No3 Seismic Reflection Method 

3k - 2~l 
() =----'--

2(3k + ~L) 

I~clati () nship between Elast ic Module 

The all four module can be interrelated in the following way (Dobrin, 1988); 

3.4 Seismic Waves: 

K=E /3(1-2a) 

~ =E / 2(1+ a) 

Wave is a progressive disturbance propagated from point to point in a medium or space 

without progress or advance by the points themselves. Seismic waves are generall y 

referred to as elastic waves because they propagated like that in an elastic band when it 

is stretched. 

The theo ry of elasticity reveals that the energy propagated through the earth in the 

diJTerent fonn of seismic waves. 

Seismic waves are parcels of elastic strain energy that propagate outwards from a 

seismic source such as an earthquake or an explosion (Kearey, 2002). 

3.4.1 Laws governing seismic waves: 

There are three fundamental laws that govern the seismic wave propagation. 

Huygen 's principle 

Fennat's principle 

Snell 's law 

~.4.2 H uygens's Principal: 

According to this principal , 

"Every point on a wave front is a source of new wave that 

travels away from it in all directions" Figure 6 shows the 

generation of wave fronts by succeeding waves 
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W~l\'~Cront at 
time t 

\\i<:lVcf"ron t ;]1 

t ime t + tJ.t 

Huygcn s ' s Principle (mod ified from Robinson & Coru h, 1988) 

3A.3 Fermat's Principal: 

It <~l lc s l hat 

"Elas ti c \\'aves trm'c l between two points along the paths 

reqllirin~ the least time" 

3A.4 Snell's Law: 

r\((ording to this law 

"Direction of refracted of reflected waves traveling away 

from a boundary depends upon the direction of the incident 

waves and the speed of the waves" 

:--. b thematic :llly, 

\\' here VI and V 2 are \'elocities in the upper and lower layers, al is the angle of the 

in(ident ray-~ath w ith respect to the vertical , and a2 is the angle of transmission of the 

rdracted ray-path with respect to the vertical. Figure 7 shows the reflection of incident 

\\ ' ~l\ 'es form :l surface, 
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Refraction and reflection of an incident wave (modified from Robinson & 

Coruh, 1988) 

3.4.5 Reflection- and transmission-coefficients: 

To derive the renection and transmission coefficients for elastic waves, the boundary 

co nditions at the interface are needed and are described by the Zoeppritz-Equations. 

These reflections coefficients depend on 

Difference in density 

Difference in velocity 

Angle of inc ident of the wave 

The Re t1ec tion- and Transmission coefficient give the ratio between the incident 

amplitude Ao and the reflected (AR) and transmitted (AT) amplitude, respectively. In the 

special case of a incident wave perpendicular at an interface for a P-wave, a simple 

expressions for the reflection and transmission coefficient is obtained . 

.3""'.6 Rdlt,ctiol1 coefficient: 

These cocnicients compare the amplitude of incident wave and reflected wave. Value 

o f' rdkc ti on coeffic ient varies hom -1 to + l(Khan, 1988). For R=O, there wi ll be no 

reflection, wave will be transmitted. It can be mathematically represented as ; 

Z2- Z 1 

Z2+ Z l 
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3.-L6 Tran smission coefficient: 

T:',: l1s m iss ior .:oeffic ie:::s are those which compare the amplitude of incident wave anu 

re :'~ac ted wa\;:, Val ue 0:' transmission coefficient varies from 0 t02 (Khan, 1988), 

If, i is the 2..'l1plitude of incident wave and At is the amplitude of transmitted wave, 

lhen trans mission coeffic ient T is given as follow; 

T 

r:e product ':::: = \ ' p is ~no"vn as the acoustic impedance, 

Rdlcction ~lnd transmission in terms of energy: 

~ l' lll climcs : >~ coc ffi c:e nts w hich describe the energy and not the amplitudes are 

introduced as Retlection- and Transmission coefficients 

Rdlecti on ccd ficient 1:1 terms of energy 

.., 
(Z::-Zl)-

T ransm iss ior. coeffici e:1t in term s of energy 

4ZjZl rc - -T - ~ 

( Z~ + l l)"" 

Ob\ iC llsly the to tal amount of energy is the same before and after the reflection 

and l..-:U1s missioil. so that ER +ET = 1 

In a ~enera l case these coefficients are depending on the angle of incidence, also 

comers ions between P- and S-waves occur at an interface (Figure 8 shows the 

angle jependem refl ection and transmission co-efficents for P and S-waves.) 
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ANGLE OF INCIDENCE 

The angle dependent reflection and transmission co-efficents for P and S-waves (Rehman , 1989) 

3.5 Types of seismic waves: 

Seism ic waves are messengers that convey infOlmation about the earth's interior. 

Basically these waves test the extent to which earth materials can be stretched or 

sq ueezed some what as we can squeeze a sponge. They cause the particles of materials 

I t' \ · ibr~lte . \vhich means that passing se ism ic waves temporarily defom1s these particles 

elll he desc ribed by its properti es of elasticity. These physical properties can be used to 

distinguish different materials. They in11uence the speeds of seismic waves thl'Ou gh 

those materials (Robinson & Coruh, 1988). 

These waves are gene rated by Earth's material as a result of an earthquake or an 

cxp losion. Seismic waves are of two types; the body waves and surface waves. When a 

strcss is suddenl y applied to an elastic body or when stress is suddenl y rele::1sed the 

corresponding displacement is propagated outward as an elastic wave. Different types 

of propagation give rise to different waves. So seismic waves can be divided into two 

parts, 

Body waves 
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Sur !~lC ::? \VU\ 'cS 

3.5.1 Body \\'aves: 

The~ es are thc ~e waves which can travel though the earth interior and provide vital 

i n t~' :m ati on abc' ut the strJcture of the earth. The body waves can be further divided into 

P- W<l\ 'eS (Primary waves) 

S- W<l\eS (Secondary waves) 

J.5.1. t P -waves (Prima ry Waves): 

The :' ~ lrti c llla r , i nds of\\ ;wcs o f most interest to seismologists are the compressional or 

p- \\.:\'es also ..::a lled as compressional waves, longitudinal waves, primary waves, 

prc~s ure \Va\c ~, and diL:ution waves (see Figure 9). In this case the vibrating particles 

mc\ c back ar.c fo rth in :he same direction as the direction of propagation of waves. P­

W~1\ eS C~ln pa~~ thJough :lI1y ki nd of material - so lid liquid or gas . The P-waves velocity 

de ~'ends upon ':ensity and elastic constants (Dobrin, 1976). 

The seismic \e !oc ity of:1 medium is <l function of its elasticity and can be expressed in 

terms of its e::1stic constants. For :1 homogeneous, isotropic medium, the seismic P­

\V:1\ e veloc ity \'p is given by; 

Vp= 
(4/3),u+k 

p 

W;~ere ,Ll is the shear modulus. k is the bulk modulus and p is the density of the medium. 

~ C<im~j..!,"~ --, 
p.-ave , 
~ ::;:.' • • ;... ' , I I ~ 
'¥~- , -.i-

~. . 
, , 

~r-~ , --t-t-...,- ' "Nf'"'t" '- ..,. 

__ j _ j <" '.J.J.-'-~'----'--'-~LU-L-'--L-.l...,--t-.J.-L.w.&....L..L...J.-1....J-J....L..I.,"""""'~""''''''' 
• i 
~ OiIB''''Yl!l -

.--- - - ... ----.--~ 
., 
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3.5.1.2Swaves( Secondary waves): 

[n shear waves, the particles vibrate in a direction perpendicular to the direction of 

propagati on of waves (see Figure 10). 

I ; 

-----~-.--.•.. , 
- ---- - - - - .. --.--.-------~, . 

The rroragation of S-waves in an clastic medium (modified from Robinson & 

Coruh, 1988) 

They are also called as Shear waves, transverse waves, and converted waves. For ideal 

gases and liquid 1-1=0. S-waves cannot pass through fluids (Dobrin, 1976). The velocity 

l) r S-waves is given by (using the same notation as of V p); 

Characteristics of Body Waves 

These travel with low speed through layers close to the earth's smface, as we ll 

in weathered layers. (Robinson & Coruh, C, 1988) 

Frequency of body waves in exploration vary from 15Hz to 100 Hz. (Parasnis , 

1997) 

3.5.2 Surface Waves: 

A part from body waves more complicated patterns of vibration are observed as well. 

These kinds of vibrations can be measured only at locations close to the surface. Such 

vibrations must result from waves that fo llow paths close to the earth's surface ,hence 
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~:~,) \Vn .1S SL.:<lCe \ \";l \ CS. In J bo unded elastic so lid, s urface waves can propagate al ong 

l\~ -.' boundar~ o f the s,-': icl. Frequcncy of surface waves is less than 15Hz (Parasni s. 

: l) l)]). S llrlJC ~ waves a~~ also of t\VO types; 

3.5.2.1 Lo yc \Vaves: 

., ty pe ur < :rl"ac e WU\ ;:?S ha v ing u hori zontal motion i.e . transverse to the dircct io n o f 

i ,: · , ' pag ~llioll Kearcy. ::: ')02 ). The vc loc ity of these waves depends on the density and 

1i~ ,-)d Ll lus of :-i gidi ry an': not depends upon the bulk modulus (k). The Figure 11 shows 

ll ~ ~ propag;lt il~ n of Lo,·c -wa\,es in an elastic medium. 

- - _._. _._-_._--

The propagation of Love waves in an clastic medium (modified from Rob inson 

& Coruh, 1988) 

3.5.2.2 Ragleigh \Vaves: 

. ' ~ pe 0 f sun:'1ce waves having a retrograde, elliptical motion at the free surface of a 

~ l' l id and it :5 always \crtic al p lane. Raleigh waves are principal component of ground 

\\' 11 (Kearey. 2002) . The Figure 12 shows the propagation of Ragleigh waves in an 

c ~ ast ic medium. 
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The propa gation of t he propagation of Raglei gh waves in an elas tic medium 

(modified fr om Rob inson & Co ruh , 1988) 
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3.b \Vave C onYersion: 

\\-l:cn a \' ·ave ~cache s the boundary be[\veen two substances having ve locities, it divides 

lip :nto \'·aves that reflect from the boundary or refract across the boundary. So an 

inc:Jent waw :s com·erred into reflected and refracted waves. An incident wave can be 

P-\\Jve. Sy- \\·:l\·e or Sw\\·a\·e (Robinson & Coruh. 1988) . 

• :. \\ l 1en i.nc ident \-va\e is P-wa\e then it is reflected and refracted as P-wave and 

S-wa\C (see F igure 13 a) 

.:. \\ l 1en inc ident wa\e is Sv-waye then it is reflected and refracted as P-wave and 

.:. \\ nen :ncident wa\e is Swwa\e then it is reflected and refracted as Swwave 

\Vave conversion of P-wave into various waves 
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Wave conversio n o f Sv-wave into variou s waves (modified from Robinso n & 

Coruh, 1988) 

Wave conversion of Sirwave into various waves (modified from Robinson & 

Coruh, \988) 

"\Y.fhete 

• P is the inci~ttt wa'\;;! • S is the incident \1r.l.,\;;! • S is the incident '·m:ve 

• P' is the tl'!fiecte d wa·~ • S' is the tefl:cte d '·mve • S' is the teHecte d \1r.l..,~ 

• P" is the tefta.c:te d \t.IJ.'\;;! • S" is the teli a::te d \m'\;;! • S "is the tefta.c:te d \t.IJ.~~ 

• cd incident ailg1e of P- \t.IJ.~~ • 

• 0:2 !ei"1ec1Bd ailgle ofP-'JJ4'\;;! • 

• ci) tefta.c:te d angle of P-wa,J: • 

~1 incident ailg1e ofS-'.m'\;;! 

~2 tEfl:cte d ailgl.e of S-wa'\;;! 

~3 tElia.c:te d angle of S-\1r.l..~ 
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4.1. In trduction 

The purpose of se ismic data acquisition is to record the ground motion caused by 

:1 ~ : lOwn source in :1 knc' \v n locati on. First step in seismic data acqu isition is to generate 

:1 ~ ,'i s mic pu ise with a su itable source. Second is to detect and record the seism ic wave 

pl' ,' lJag::lling thro ugh grou nd with a suitable receiver (geophone/seismometer), digital or 

:lld llg llC rorm (Kc::1 rey ct al. 2002). 

The reco rd o f gro und moti on with time is called as seismogram. It is the basic 

in r'o rmatio n (\ be used in seism ic data interpretation. During the seismic data acquisition 

ce~ ai n o per~, ; o n s are :0 be applied, such as conversion of the ground motions into 

electrical sigi.:lis. :1mpl if:cation of these signals and filtering of the signal s as well. 

4.2. Acqu isition Setup 

It :nc ludes 

>- The spread con figuration. 

>- Shoo tin g types 

r Shooti ng parameters 

T Recording parameters. 

The Spread Configuration 

For acquisition of data and as we ll as to have qua lity of data high certain field 

ol'e rations are adopted . So the first step in this practice is the choice of spread type. The 

srread is de fin ed as the layo ut on the surface of, of the detectors, which give recorded 

ou tp ut for each so urce. Spread is made up of equa l inter-receiver distance and a defined 

offset. There is certain number of spreads called as basic spreads and shown in Figure 4.1 

These spreads are 

,. End Spread. 

,. In- Li ne Offset Spread. 

r SI'i il Sprc:ld/Cc lllrc Shooling. 

r Cross Spre[ld. 

r L So rc:1d . 
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0 ************************ End Spread 

~************************ In-Line Offset Spread 

*******************'0**************** S p lit Spread 

* 
* 
* 

A* * * * ~ * * * Cross Spread 

* 
* 
* 

* * * *y L- Spread 

* 
* 
* 

Figure 4.1: The basic spreads used in seismic :lcquisition 

Along with these basic spreads, another technique called as Fan shooting can also 

be used. In this technique ,geophones are arranged in an are, fanning out in different 

directions from the source (Robinson &Coruh,1988). 

Fan shooting is used in Transmission method. Transmission method differs from 

normal refraction method in the sense that it does not involve critical incidence of waves 

over the interface. In Transmission method, source and detector are on opposite sides of 

the investigated interface. Other techniques used in transmission method in velocity 

logging(well shooting, continuous ve locity logging(CVL) and uphole survey). 

Fan shooting is used for determination of the dimensions of velocity anomalous 

structures (A I-Sadi , \980). 
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Shooting Types 

There ~1rC cI i ITe rellt types of shootings used in the field. These types are: 

,. Symill et ric shooting ( The number of channels on sides of source is same.) 

,. .,\sYll1metr ic shoot in g( The nu mber of channels on sides of source is not same .) 

,. End silO oling. (The source is 3t one end of the spread) 

,. Rol l :n/Roll out shoot in g, l In ro ll alo ng method receivers are added in the 

spread while shoo ting in the source along the spread. Roll-out shooting is one in 

whic h the recei\'crs are removed from the spread wh ile shooting out along the 

spreac .) 

Shooting Parameters 

Shooting parameters inc lude 

:r Sourcc s ize . 

., "lo. of holes. 

>- Ho le depth. 

,. Shot Jt or bet\\een the pickets. 

Recording Parameters 

The reco rding parameters include 

r Group Interval 

,.. Group Base 

,.. "l um be r of Channe ls 

,.. "l umber of Geophones in a Group 

r Geophone Array(L inea r or We ighted) 

,.. Sample Rate 

,. I{cc tl rli I ,L'nglh 

,.. Co\'c r~lge (Fold s) 

,. Ze ro o nset and Co mmon Offsets 
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Group Interval 

Group is de lined to be as co mbination of a ce rtain no of geo phones. Group 

interva l is the interva l between the mid po in ts of two consecuti ve groups. 

Group Base 

It is the to ta l length o f that co ll ectively fe ed a channel. Group base can ac t for th e 

supp ress ion of noise. 

Number of Channels 

Total number of reco rdin g units used in the survey. 

Number of Geophones in a Group 

Total number of geop hones in a group 

Gcophonc Array 

It can be linea r. we ighted or aeria l. Linear array means that all geo phones are 

~llr~l n ge d along a lin e. Weighted array means that geophones in a gro up arc arra nged in 

1(\1'111 u l' p;lrallc l li nes. In thi s :lrray sensiti vity of each geophone is made different. In 

ae rial array. geophones are laid over an area aro und the line. 

Sample Rate 

The time in d igita l record ing, during whi ch di sc rete samples are recorded. 

Record Length 

The total length offor recording one short is ca ll ed as record length. 

Coverage (Fold) 

Coverage means how many fo ld data will be obtained from the multifo ld profi lin g 

smvey (Robi nson &Co ruh , 1988). Number of fo lds from a survey can be determined as 

fo ll ows 

Where, 

Fold number = N f1x /2 f1s 

N = number of recording chan nels 

f1x = geophone interva l 

f1s = source interva l. 
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Zero -Offset and Common Offset 

len~ ' Ir'ieL dat ~l :-; eharactcl' ized when the so urce and receiver are present on the 

sa:lle loeati c:l. There is :10 move out. For a normal measurement thi s is se ldom the case. 

\\ '~ e ll the 11 '::lCS ~lrc c nl'~cc tcd lo r thc move out and are stacked then a ze ro offse t trace is 

,\11 ::',!C CS w ith ~ qual o lTseL between source and receiver. This cO llli gurati on is 

('::: n u:-;ed :',' i' s c\ · ,~ra l Si ng le ehallile l systems. Also geo radar measurements are ofte n 

c' :'~ied OUL ', \ ith a fi\:;:] offset between source and receiver. The minimum possible 

J:s:::lI1 CC bc! '.\ cen so urc~ and tirst ac ti ve chan ne l is called as near offset. The dislJnce 

1'1',' 111 the SOl:,ce to last 2ct ive channel is call ed as far offset. 

~.3. ENERGY SOURCES 

The : ~le chanic 3 j distu rbance which is at the OrI gIn of a se ismic observation is 

~c':le rated b~ J ispl3cin g moment3rily a small volume ofrock from its rest position. There 

are di ffe re III 1.V3yS o f dC' ing so that whether to app ly such an artificia l disturbance on land 

l~r in WJter. 

Se ismic source on land 

• Impact: S : ~dge h al11 r~e r. Drop \\e ight, Accelerated weight 

• Impulsive : DynJ mi rc'. deto natin g co rd, A ir gun, Shotgun , Borehole sparker 

• \'ibrator: Vibroseis \ibrato r plate , Ray lei gh wave generator 

Se ismic source in water 

• Impulsin: Air gun. Gas gun. Sleeve gun. water gun , Steam gun , Pinger, Boomer, 

Spa rker 

• \'ibrator: vlu lrip ul se. GeoC hi rp 

·U.l. Ex pl os ivefI mpuisive Sources 

Im puls ive sources are capable of liberating broad band signal (energy) In a very 

, ', l rL Li mc . \ Iaurice & Sen.:e l, 1997) inc lude mechani ca l techniq ues to ge nerate seismic 

" · .. I\' \..' S . /)r. :h lrL lll l ,k C(l ll lllll 11 :ls hec n a pionee r in the arr li cat ion of this principle to 

~ci s l11ic pre ~p eeting. T:le first, hi sto ri ca ll y speaking, (and still the most frequ ent ly used 

l~' r land opc;ati ons) is Jy nam ite shooting. A charge is exploded, generatin g a shock wave 

Jnd pushi l g the surroundin g medium away from its original pos ition. Basically, two 

2-D Seismic Reflection Data Interpretation Of L ine 985-QPR-04 4 1 



Chapter No 4 Seismic Data Acquisition 

types of explosives have been used principally: ge latin dynamite and ammonium nitrate 

(Telford et aI. , (990) . The ve locity of detonation is higher for the explosives used in 

seismic work, around 6000-7000 m/sec; consequently, the seismic pulses generated have 

very steep fronts in comparison with other energy sources (Telford et aI. , 1990). 

Dynamite shooting is seldom used anymore for off-shore exploration because of the 

hazards involved in can-ying big quantities of exp losive materials in a survey boat. On 

land, the charge is exploded at the bottom of a hole drilled for the purpose, at the surface 

of the ground, or in the air above the surface. Shot-hole shooting is the technique used 

most in which the seismic energy so generated can be varied over a wide range by 

selecting the size of charge best adapted to local conditions (Maurice and SetTel, 1997). 

The drawback of shot-hole shooting is the necessity to drill holes. In spite of that, 

dri lling may prove a heavy burden under some tenain conditions. It is to obviate that 

burden that surface shooting or air shooting are used sometimes. Pari of the energy is lost 

in the air instead of being imparted to the ground, and these teclmiques require more 

explosive than buried shooting, but the cost of the additional explosives may be far less 

than the cost of drilling shot-holes. 

4.3.2. Non-Impulsive Sources 

4.3.2a Weight Dropping 

Historically, the first means of creating a seIsmIC disturbance has been a 

mechanical device: weight dropping. A heavy weight dropped from a few meters 

generates an elastic wave in the ground. The amount of energy can be increased within 

reasonable limits by increasing the mass of the weight or the height from which it is 

dropped. In all cases, the potential energy is far less than that of a common explosive 

charge but very little of it is lost in pennanent deformations of the ground, and the 

seismic results are far better than what the mere consideration of potential energy might 

lead us to think. Weight dropping is not much used nowadays because, it develops a large 

amount of surface noise and this noise must be minimized before reflections can be 

interpreted (Maurice and Sercel, 1997). 
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4.3.2 b V ibrators 

On land . the main competitor of dynamite is the vibrator. Vibrators offer means of 

controlling the wa\'e generation that the other sources cannot provide. The bas ic principle 

to generate a long duratio n signal instead of an impulse as shown in fig. 4.1, explained 

by Crawford et al. 1960. Although the seismic wave attenuation results during 

propagation thro ugh eanh but id doesn ' t modify the sweep signal duration (Maurice and 

SerTel, 1997) . It is let to the objectives that the sweep signal length is estimated as a 

function of frequency and time (Maurice and Sercel , 1997). When the frequencies are 

swept from the lo\\'er to higher one, the signal is said to be up sweep and down sweep, 

when from frequencies are swept from higher to lower one (OOTI manuals 1988, 

Maurice and Sercel. 199-). 

The Vi brator has an advantage over impulsive sources because of safety, low cost, 

fix ed band of frequency generation so that the earth does not severely attenuate and the 

same penetration can be reached with far less energy at the origin. Also cross correlation 

is a powerful fil ter which retains only those components common to both functions . This 

is an additional ad\'antage when the survey is to be carried in densely inl1abited districts 

where cultural noise is impotent (after Maurice and Sercel, 1997). 

Among other things, the instantaneous amplitude can be reduced to avoid 

destructive effects when operating in a built-up area and this loss of intensity can be 

compensated for by a longer duration of the pulse, Vibrators and weight dropping have 

been used offshore but they present practical difficulties of operation in the water and 

thus are essentially restricted to land operations. 

4.3.3. Marine Sources 

Water shooting or Implosion, is a special case of underwater explosions. The hot 

gases liberated by the explosion (Air Gun) expand, repelling the water away and creating 

a ca\ 'ity which increases in size as the pressure decreases (Maurice and Sercel , 1997, 

Kearey and Brooks, 2002) . When the hydrostatic pressure is reached, the bubble (Kearey 

and Brooks, 2002) is still expanding and, due to the ineriia of the water moving outwards, 

the volume of 

2-D Seismic Reflection Data Interpretation Of Line 985-QPR-04 43 



Chapter No 4 Seismic Data Acquisition 

... - --- .---------------,-----------------.------. I 
~---------- I 

hll lJ dowil :nass 

.. ~.~.~---
.-.... - DlsiOn 

(a) (b) 

I.-------------------------------------~----------------------------------~ 
F i~ . -L I The b:ls ic Ixinciple of vibrator (a), and the vibrator Truck M- \ 0/60 \ Mertz No mad Vib r:ltor Mertz 
InL·. I.ld. l'one:1 Cit y) . 

R 

Fig. 4.2 Rad ius R of the bubb le as a fun cti on of tim e T. 
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(J " ity kClT ' l) n i I1 crc ::!si ng \\hcrc~s the pressure decreases be low th e hydrost lt ic pl'cssure 

th us gCllc r.:li llg thc in \'crsc pressure rorce at the sur race or bubble which slows the 

l' \ P~1Il S i()11 ':c) WIl :1I1U ~ lO p S it. Thc bubble shrinks, and again hydrostatic pressure builds 

'.I C' . so it tr::! :lsmi ts the ~nergy down by bub ble effec t. The osc ill ations are not symmetric 

,: ig, -+'::2 ) : :: lC minimuill is ve ry sharp. Such bub bles are repe~ted sevc r~1 tim es so 

:·\.' co rcl in g .l'~ cvent se\e ra l t imes. co m p li c~tin g the interp retat ion. Thi s can be avo ideu by 

:' ,: placiI1g ~: c c:\ I~ lll s ic ' ll b) illlpl usioll (Wate r Gun ) which is a co llapse (Mauri ce and 

:-: c'I'ce I. Il) l: - l. 

The ~I ect ri ca i seis mi c sou rces const itute the last category worth li stin g. The spa rk 

\'1 ' an ~ rc :'~ I e~se s cne :-gy which can be coupled to the surrounding medium . Elect ri ca l 

~\.) Llrce s ~ re Ilot 'mu ch used and they are almost exc lusively restricted to offshore 

c' Ller,Hi ons ',\ here water provi des a good coup ling. studied to determine the nature of the 

(,l ilere l1l e\ ents on the record s. Once there is an indication of noise fo und we can des ign 

L' ur array 2 ~d fie ld la; 0ut so that it can be attenuated . 

.tA. DETECTORS 

·L-i.I. Geophone 

The capto rs us ed on land to detect seismic ground motion (Kearey and Brooks , 

2002) are :"::lown as seismometers or geophones. Such a motion sensit ive instrument, if 

l' oerLlted in the \\'ater. will te rm as pressure sensitive geophone or (Maurice and Serce l, 

i 997). Most of the geophones are based on the principle of a moving co il (Kearey and 

8 l'l)oks. 201)2) as in the fig . 4.6. The cy lindri ca l co il is suspended in a magnet ic fi eld by a 

lear-sp rin g, The passage of a se ismic wave at the surface causes a ph ys ical di sp lacement 

(,r the ground whic h moves the geophone case and magnet in sympathy with the ground 

L'ut re lati \'e!y to the co il because of its inertia. This relative movement of magnet with 

r..: spect to :11C co il re sults in a sl11all vo ltage being generated across th e term in al s of the 

_ ' il in pre' : " !'l ion to th e relat ive ve loci ty of the two co mponents. Geop hones thus respond 

:,1 the raI l' L)r movement of the ground (i ,e. parti cle ve loc ity) not to the amount 01' 

I11U VL:l11en l e' l' ui splaccme nt. 
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Problem: The sys tem is all osci ll atory system with a reso nant freq uency dependin g upo n 

the mass 01' the spring and the st iffness of the suspension. It osci ll ates stron gly at the 

reso nance freq uency. Thi s can be prevented by dampi ng after Mauri ce and Sercel, 1997. 

• Unde r critica l Damping (h< I ): Dampin g is too less, the geophone is not ready fo r the 

an'ival of the next event. 

• Criti ca l Damping (h=I): minimum amount required which wi ll stop any osc ill ation of 

the sys tem from occurri ng. 

• Ove r criti c::11 Dampin g (h> I ): Signal has a large damping and is not sensitive enough for 

a measurement. 

Aim: 

• Res ponse in frequency domain shou ld be flat (above natural freq uency). 

• Respo nse in frequenc y domain should not have any phase differences. 

\ l(ls l geo ph ones ~ lre slightl y und er damped , ty pi ca ll y around 0.6<h<0.66. Thi s da mpin g 

can be chan ged by the add ition of a shunt res istor across the co il te rminals . 

,., "., ,~ 
~I' ~ 

I I ' • 

\ {r\..~ 
" , I" 

\'1 

(:I) 

• tot,oInt: 
la ," l oJol 

r. 
ItJ.Jf .,.p rtnQ .~----""0..4~:.:r-:':-=;-::::"'i1 t:n ll ..... 1pul ,., .. " l~c, b1~ - -,;.r-' ~:"::',::;-, 

I tl . ;". '5 II 
• • to -t .... . _ '. ;." ,more" t 

J ' ;' - ,.' - ~ . .~ -..I'ln Q~ 
':01 " :1" :'~. " ~ ~ 

j .•. ' .- ~ U ,' . 
. j .. ~ .;~ ~ .. :: ~ ..... ~-::.: ~~:~. 

" .,"', .. ' . ,,' ~ .;{' .... ....... ... ~ :... :r' " './' ... ~ ' .'/ ...... :.: •..•.. 

(b) 

rig . 4.6 Rasic geoph one des ign used in fields (a), and typ ica l geo phone construction (b) (a fter Mauri ce and 

Scree l, 1<)07). 

-t..t .2. Hydrophon es 

Hydrophones are LI se to detect the se ismiC waves propagating In water . It is 

co mposed of ceramic piezoe lectr ic elements (see fi g. 4.7) wh ich produce an output 

vo ltage propo rtio nal to the press ure variations assoc iated with the passage ot' a 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 46 



Chapter N 0 ~l Seismic Data Acquisition 

(t)mrressiona l seismic WJve through water. The sensit ivity is typica lly 0.1 mY Pa·1 

(k e:II'l:Y :llld 13r()l'~s , : 1.l() 2 ) . 1701' Illu lt ic hannel seism ic survey in g in sea, large numhe rs of' 

illd ividu:l1 ilydrorhone :, are made ur into hydrophone streamers by distributing thelll 

:1 1\'11g :In o il-fil led plastic tube . 

.. L5. RECORDI:\G SYSTEMS 

·L5.1. Ana log Recordin g Sys tem: 

For the fi rst hirt;.: years or so of se IsmIc exploration , the outputs or the 

:llllp liti ers \\ere recorded direc tl y on photographic paper by means ofa camerJ. However. 

aL~o Llt 1952 i'ecord ing on magnetic tape began. Today few seis mic crews Jre not equipped 

ro r magnet ic tape rec Jrd ing. The fea ture which ori ginally led to w ides pread use of 

IllJgnet ic recordi ng \\as the ab ility to record in the field with a minimum of filterin g, 

automat ic gai n control. mixing etc., and then introduces the optimum Jmounts of these on 

play back . . ..l" nal og magnet ic tape recorders usuall y have heads for recording 26 to 50 

channels in pa rall e l (Telfo rd et a l. 1990). 

AnJlog systems are systems for which the input and output are ana log signa ls i.e. 

continuo us ampl itude signa l (Oppenhe im , 2002). For an ana log se ismogram is a 

continuous record of ground motions as a function of t ime (fig. 4.12a) . The analog 

I'ccording system is made up of an electric un it normall y housed in recordin g station. 

Ik lo re the signal is reco rded by analog system, it can be electron ica ll y ampl di ed and 

filte red. The amp lifier is used to increase the strength of weak geophone signals. So me of 

the signals may be removed by means of electronic filtering before record ing the signal s. 

: \11 analog se ismi c recording system is equi pped with a separate amplifier, filter ci rcuit 

:lnd a magnet ic tape for eac h geophone. These components make up one channel of the 

reco rd i ng S) stem . 

-1.5.2. Digital Recordin g Sys tem: 

One or the most significant deve lopments in se ismic tech nology has been introduct ion or 

tile di gi( :ti rec llI'Lii ng ill (li e lie ltl lirst int rodu ced into seismi c wo rk earl y in Lhe I <)() () s. 

l)ig il:1 1 record in g rerrescnts the signal by a series of numbers whi ch de note va lues of the 

outp ut of rhe geo ph one (fi g. 4.12 b) measured at regular interva l, USUJ ll y 2 or 4 

mil liseconds. A dig itJ I 
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acce leration 

v 

L ._ ....... _ _ _ ___ --' 

acccle ratillll 

r ig. 4.7. !\ schematic cross-sect ion o f a pi ezometri c hydrophone 

Fi g. -l.8 A type of Ro ll Along Switch: RLX 240 M (afte r Mauri ce and Serce l, 1997) . 
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recorue r makes use 01' binary numbers to store the measuring of geo phone signal stren gth . 

In a Illultichann el sys tem , eaeh geop hone signal is first amplifi ed and fi lte red by analogue 

to di g it ~ li con verters ( /\ / D Converter) and a procedure is accompli shed by mean o f a high 

SP L' L'tJ switc h ca ll ed a Multipl exer . One of' the most important advantages o f digita l 

seis illi c I"(cordin g syste m is the large increase in dynamic range (i, e. 100 DB) over 

:lll a loguc systc ill (Robi nso n & Co ruh , 1988) . 

The digital reco rd er makes use of binary numbers to store the measurement of 

geo phone s ignal strength and has a significant advantage fo r the purpose of comp uter 

processing. The di gita l data recorded on a tape is in the form of binary numbers. Each 

digit of bin ary num ber on the tape is ca ll ed "bit". If the record ing head magneti ze this bit 

then it indicates ,; I" otherwise "O".Digital recordi ng system contains various units 

includin g Mul tiplexe r, AID converter, Formatter, amplifi ers , fi lters etc. 

4.5.3. Registration unit 

Co mponents of a registration unit, include: 

• Signal from geophone 

• Preamp li fi er 

• Filter 

• (M ulti plexer) 

• A-D (anal og to di gita l)-co nverter 

• Sav ing o f the res ult 

/\ signa l I'ro m the mechanica l shake of the gro und is be ing sensed by the 

geo pi1 one ~lS an analog co ntinuous s ignal , and a se ismogram is co nstructed show ing how 

the amp l itude o f thi s signal varies with time. It goes from cab le to Roll-along sw itch (see 

lig 4.S.). lirst which has man y in put se ismic channels and outputs the se ismi c data 

recording system. 

·I.:' .. b. I'n:-:llllplifier 

It is a li :-:ed ga in amp lilier possib ly a front end (fig. 4.9) o f the se ismiC data 

acquis ition (Mauri ce and Serce l, 1997), consistin g o f' var ious number 01' preamplifier­

Il lters equed to the number of se ismic channe ls. The preamp lifiers are followed by a 
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Illultip k\c r \\ here the input signa ls Jre chopped into short time s li ces whi ch are 

illlC mli ll ~ lcd J ild qu cLied thrl) ugh a s ingle output channe l. At this time, samp les can be 

ta ke n allci held in a samp le-and-ho ld amp li fier. Each sample is ra ised to a proper vo ltage 

1'01' acc ur~1te reco rding. 

: ." ------ -.~ . 

_ ·~ d . 

~ - --- --

~------ ------ I 
~-- - - - - - -- --- I 

l 1<,]-"-C:i:=.J·· j 
------ I 

- -- -- ---- - _ .. ! 
I 

... • i11fli "' ~: .ll .! '., ;. , I 

.". t: :II ;" I : : l1 :.:.t · 'I0!- , ., ~: i d, ~· r 

'.I ;,:,,-oj " rnplo (l c' r 

to dd,.I:rrl iJlh.: : 

~ , ,,";;- 1,,1 AC;'C 

] ~ r:.\'A (,~Jlr\"!.'rlJ..:r 

13 :lem" It;I~e.1l!'r 

I ..:. 11(l I L~ ,H'I ~ ll r i ~ ~ ;In .! il":1f,k" I df :.: ' 

L=' ; ~·!. I .. I\;ti.:L I. It n'l 

I : i ~ . .j') . \ cO lllplete re.:o rd ing L1ni t with preamplifier unit labe led 1 and other parts. It shows how ot her 
units do "re co nnected [0 pass their output to recorder and playback filters . 

- ---- _ ..... _------, 

0 11 1 

~--------------, 

~ (>-0 - . -'--1. -.... -l .. j =-------j~ 
1- ' _d .-.. " .. .. .. .... . .... _ _ 

11 ·1 0-0 -~--t--f-··m- ; --~ J-
11 O~---:--~-,-- - , . 

I 1 , 
_ .. . ______ _ ..--l ] '· 1 

_ m ... __________ --' 

~\ .. Ia.1tiplexer 

Fig. 4.10 Bas ic principle and procedure of a multiplexer. 
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-L5.J h. Vlultiplcxc ,-

.\ l11u ltiplexel' is ,t kin J 0 1' selecto r sw itch connect ing severa l in puts success ivel y 

tu ,t s ingle outp ut (/\ / 0 Co nverter, after Te lford et ai, 1990). It acts li ke the distri butor o r 

an interna l co mbustio n engine but in a reverse manner: the multi ple inputs rep lace the 

connections to the spark plugs and the single output stands for the conn ect ion to the co il 

( Ii:..:. ·1. 1 OJ Til e s li d: ll g co nt:lct D. turnin g at a constant speed, co nnects inputs I . 2, 3. 

etc . . . nne ,trter th e other and in thi s orde r to the outpu t. Alte r the las t in put, n. input 

number I is co nn ecteJ aga in to the output and the sequence re peats. Fo r the processi ng 

all chann els mu st be sorted out whi ch is ca ll ed demultiplex in g. 

4.5.3c. AD -Co Il ve rter 

It is Illuch easier to ap pl y mathemati ca l operati ons on di gital da ta than on ana log 

data . The re fore an an alog s ignal has to be converted into a di gital s igna l. Eve ry Bit (0 or 

I) co rresponds to a ce rtain vo ltage that each time di ffers with a factor two. The AlD­

Co nverter co mpares the analog signal with the different vo ltage steps and adds these in 

such a way that the small est erro r between the analog and di gita l signal occ urs. It is clea r, 

that it is im poss ible to measure a signal which amp li tude is larger than the sum of all 

separate steps or sma ll er than the sma lls step. For a measurement, the ga in must be set 

such that the ampl itucie or the measured data li es in the ra nge of the AD co nverter (see 

lig.3.1 2) . 

We speak o r 8- bit , 16-bit, 20-bit und 24-bit sampling: 

Exam ple: 

• 8-bit: I m V -256 m V 

·24-bit : I ~lV- 1 6 V 

4.6. SAMPLING 

By measurements usin g a di gita l system, the data is not continuous ly measured. 

hut at a spec i fi c time interval measured and transported to the AD-converter. 

4.7 ALIASING 

It is a ph enomenon durin g samplin g usuall y occurs if hi gher frequenc ies nrc 

ro lded back into the Nyquest interval. Sampling frequency is the number of samplin g 

po in ts in unit time or uni t di stance. Thus if a waveform is sampled eve ry two 
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l11i l l i s~CO ll ds ( sampl i n~ inte rv al : -"'t=0.002). the samp ling freq uency is 500 samp les per 

~c:(o nd (or 500 Hz). SJ:T1 plin g at this rate will preserve al l freq uencies Li p to 25 0 Hz ill the 

:<l mpled function (fig. J.13a.b). Th is frequency of half the samp ling frequency is known 

,'~ he "iyqu :s t frequenc: (t~) and the Nyquist interva l is the freq uency range from ze ro up 

~ l'\ I, 

\ 1.) inform:1 ion is los! 2S long as the freq uency of sampling is at least tw ice as hi gh as the 

:' ;:::hes[ l 're q~l ~ nc : co,,~::,o n ent in the sampled data . Seismi c measuremen t system s ha ve 

': ':( 11 :1 11 all 2 ~ og .\ n ti-.·\I ias-F il tcr. which suppresses all Frequencies above the Nyq uisl-

-+ .8 Seismic Noise 

Ai: type of .=;s tu rba nces created and interfe rence with the signal of interest IS 

~ .d IcJ a 11 0 i~ (. 

Coherent .:\foise 

Cohel'cnt no ise J isp lays some regular patterns on a se ismogram. Often it co nsists 

l) ( I'ecognizab le waves suc h as surface waves. refracted waves and mul tip les that are 

~' rod llccd b: the so urc e. By examin ing the patterns of coherent noise, we can dev ise field 

~'I'oced ure s to reduce it. There are some sources of coherent noise: 

,. r-vlultip le refl ect ion 

,. Refrac ted events 

r Di:Tracti on e .. ents 

r Gro und ro ll 

>- Direct \-vaves 
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I ncoherent Noise 

Inco herent noise di splays no systematic pattern on se ismogram, Th ere are so me 

S(l llI"CCS or random noise, which are: 

r Wa lel' !l ow noise 

r Small movements with in the earth 

r Loca l noise( people , Traftic etc) 

r Wind noise 

r Short wave length propagati on noi se 

";.- Short wave length propagation noi se 

Noise Control ' 

The basic too ls ava il ab le for cont ro lling noise in the field include: 

:r So urce size 

, So urce depth 

r Electronic filterin g 

, Rece iver arrays 

, Electroni c mi xing 

2-0 Seismic Reflection Data Interpretation Of Line 985-0PR-04 53 



ChapterNo ~ Seismic Data Processing 

Se ismic Data Processing: 

0::::1 pro ce~~ : lg is sequence of operation. whi ch are carried out, according to a 

;)redefinc: pl"Og rJm :.' extrJct uset'ul informat ion from a raw data set (A I-Sad i, 1980), Indeed 

the \\ hole set of se isJ:l ic data processing is to message, se ismic data recorded in the til ed in to 

a cohe rell t cl"Oss-sec: ;on, ind icJting significJnt geo lo gical horizons into the earth subsurface, 

!'e lated to ;lydrocarh:- n detection and seismic strat igraphy ( Hatton et aI. , 1986, Dobrin and 

Sav it 19S5), The pcrpose of data process ing is to produce a perfect se ismic sect ion by 

JPpl: ing::: sequenc e _'r' correcti ons so that it is interpretab le. 

P ~ c' cessil1g se;smic data consists of JPplying a sequence of computer pl"Ograms, each 

jesigned :0 achieve 2ne step along the path fro m field tape to record section. The processing 

.;eql:CIlCC -:o nsist in ,; of co rrectio ns and adjustments wh ich increases the signa l-to-no ise 

'~ l l i " Il. L" \.' :'~ect the ~2la fo r vari ous phys ical processes, that obscure the des ired geo logical 

illll ' rl ll ,ll i" !l 0 1' :-; eis l1 ,; c dal,\ allJ reducc tile vo lumc or data ( Dobrin & Sav it I <)XK , Yilm ,1/ 

198 7. Ke:1ry & 8 1'00;':5 1991, AI -Sad i 1980. OGTI Man ual 1989) (see fig, 5, 1). 

5.1. Data Reduction: 

5.1.1. Demultiplexing: 

Demu ltip lex i:lg in the geophys ical sense is the unscrambling of multiplexed field data 

to trace seq uential form (fig. 5.2). The demultiplexed data results in a separate trace for eac h 

shot poin t. sam pled Jt what ever interval has been used during record in g (often 4ms) 

(Badley, 1985 ). Acco rd in g to Hatton (1986), mathematically demultiplexing data is seen as 

tran sposi ng a big m:mix so that the co lumns of the resulting matrix can be read as se ismic 

trace. recorded at di t:erent offsets, with common shot point. Actually the multiplexed data is 

in time sequential fe rmat and dem ultiplexed data is in trace sequential format which is a 

COI1\ 'eni eIH fo rmat th :1t is used thro ughout process ing. The principle of multiplying in fi eld is 

adopted \\ he n the cJpac ities of the AD converter are not sufficient to digitize and save all 

channel s Jt the same time. Th is is common in older measurement systems or for 

measure me nts w ith J large time window and a lot of channels per shot. The separate va lues 

\ )1" a ll ch,lllll els arc sl' ,ted by samp les and not by channels: 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 54 



ChapterNo 5 Seismic Data Processing 

I· }s} I! ,')} I T/,} I··· --. j L3 '): Il }s, II,s: f -- ... jTosj -----·11:1'),111 
It = -=-~J~e L Sj = Sal:J.p:e ; 

It is ditTicu lt to process the data in thi s form . It is more convenient and illustrative when the 

data is so rted by traces i.e. de multiplexed : 

1 T 1 S I 1- .... ·1 T I So 1 T, S · 1 .. - - . ·1 T 250 f .... -·1 T:lS I f - . -. -·1 Tn S!lll 

5.1.2. Vibrosies Correlation: 

The signal so obtained by non impul sive source IS ca ll ed sweep which may be e ither 

upsweep or downsweep.Vibroseis corre lation enab les us to extract from each of the long 

ove rlapp ing sweep signal s a ShOli wavelet much li ke those obtained with impulsive sources 

(Robinson and Coruh , 1988), because all reflected and refracted si gnals in a vibrose is 

se ismogram . over lap and another extensively wh ich is not readable. Another, computer 

process ing is needed to obta in a recogni zable record . To make vibroseis record , useable, we 

"co mpress" the reflection in to short wave lets. This procedure is ca ll ed "vibroscis 

corre lation". Thi s is done by cross co rre lating the data with original input sweep (fig. 5.3) so 

that eac h reflection is compressed to a wave let which can be used directl y to examine 

subs Llr i'ace structure (Badley. 1985). 

5. 1.3. Editing and Summing: 

5.1.3.:1 I':ditill~: 

Data editin g is the process of remov ing or correcti ng any trace whi ch may cause a 

detcri orati on or the stacie Individual traces may be affected by po larity reversals or by noise. 

Entire reco rds may be contaminated by coherent noise or rendered unusable by misfires or 

auto fires (OGT! manual s, 1988). Several forms of ed iting are categor ized throughout data 

process ing: 
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a. Edi tin g du rin g -i emult iple:\ ing 

Ed iting dur ing demu lt i:::dexing is do n' t to reject the traces which contain too many sync errors 

,) 1' rare too short (OG TI manual s. 1988) which may be rejected either automatically or use r 

:,l' lected. 

\ lu ting is C2 scful to remove usel ess information from the processing stream in a 

\\~l y that ! ~i' S t iden ti;ics the info rmation to be removed and then blan ked. Muting is 

(~1tegorized JS inilia ! " ' lIling, to re move first arrivals ; usually done later in processing, and 

\/lrgico/lI1 llli l7g, to re ;~lO ve a ir \\ aves or ground rol l energies. 

:'. 1.3b Summing: 

It i ~ Jnolhcr ' !)l IO Il that is avai lable on most demultip lex program to add seve ral 

records l'rol11 the saill e source together to produce a single record of better quality (OGT I 

manuals, 10 89) . 

:'. IAc Amp litude Adjustment: 

Ampl itudes of :he seismic wavelet is adjusted because it dies out as the input wave 

tra vels do\\ n to the e3rth and losses it energy due to the spatial spreading of the wave or 

abso rption. Besides, spherical spreading and energy dissipation in earth , there are other 

reaso ns for the obsenab le decay in seismic amplitude with time. Under the knowledge of 

suc h reasons amp litude of the seismi c wavelet is adjusted: 

a. Trace No rmali zati on 

b. Trace Balancin g 

a. Trace No rmalization: 

Trace normalizat ion IS an amplitude adjustment applied to the entire trace. It is 

directly ap pl icable to the case of a weak shot or a poor geophone plant. All absolute va lues of 
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; 1 II'dl l ;Ire SLllllllled ;lIld cOlllpa red with a n.:{'ercnce va lue . ;\ scaling f~lcto r is dctermined {'mill 

the di fTe rence bet\vccn the summatio n and the reference va lue, whic h is used to multi ply ;ill 

::bta \\ith. Other poss ibiliti es o f trace norma lization could be Average value (arithmet ic or 

RMS ). Medi an, Maxi mum Va lue to compensate the difference in amplitude which occurs 

due to the increas ing d istance between the source and receiver and the lateral differences in 

amp li tudes. But the loss of amp litude with increasi ng depth is not take n into accoLlnt. 

Fig. 5.1 Detailed process ing sequence flow chart. 

Loading of the Data/Conversion 

Oemultip lexen 

f,,'leasurements/ 
Navigation 

I Geometry 1 ........ ------------' 

I Editing 1 

1·A.mplituctencorrection 

Frequencyfl lter I 

I Deconvolut ion I 
I Cr· ... 1P-Sorting I 

Velocity ana lyse 

~r-, l O-Correction 

Stacking 

r'v'l l 9 ra t i on 

PrestJck 

PoststClck 

Prln tltl g/stor .Jge Print ing/storage 
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Raw \,-wroseis data cross c orrelated willi input sw eep signal 

; ",.',:. 
.-. 

" 
'- ..;:.. ~ .. - -. 

LJ '. • ~ ...... , 

Fig. ::i.J Raw shot g:l ther from Tubbergen data set, cross-colTelated with the sweep 
(M aurice and Sercel, 1997). 

b. Trace Balancing-AGe: 

The ,-\GC functio n does not employ a gain to the whole trace, but emp loys a gam to a 

certain time sample wi th in a time gate. First the mean absolute value of trace amplitudes is 

computed \\ ithin a s;Jecifi ed time gate. Second, the ratio of the desired rms level to thi s mean 

\'al ue is ass igned as the value of the ga in function. This ga in function is then app li ed to any 

des ired tim e sample within the time gate; say the nth sample of the trace. The next step is to 

move the ti me gate one sample down the trace and compute the value of the gain functi on for 

the (n+ I yh ti me sa mp le Cl nd so on (fig. 5.4). The time gate is very important. Very small time 

g:ltes CCl n C:lUse a signifi cClnt loss of signal character by boosting zones that contain smal l 

am pli tudes. In the other extreme, if a large time gate is se lected, then the effectiven ess of the 

:\ GC process is lessened. 256- to I 024-ms AGC time gates are commonly chosen . 
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A disadvantage is that when the AGC gain is applied, it is not poss ible to reco nstruct the 

original signal again. Therefore, the AGC is only used for disp lay and printing purposes . 

5.1.5. Display: 

The data so processed is generally displayed in various modes (fig. 5.5) to summarize 

the infonnation gathered. 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. CUlTently, the data provided by OGDCL is the 

variable area with wiggles plot. 

5.2. Geometric Correction 

5.2.1. Trace Gathering (Cdp Sort): 

There are different possibilities to sort the data: 

• Common shot - all traces that belong to the same shot 

• Common midpoint (CMP) - all traces with the same midpoint 

• Conunon receiver - all traces, recorded with the same geophone 

• Common offset - all traces with the same offset between shot and geophone 

For a horizontal layered earth the reflection point lies between source and receiver 

(midpoint).Using more shots with different positions of the source and receivers several 

combinations of source and receivers exist which have the same midpoint. When a horizontal 

layering is present the reflection then also comes from an equal point in the subsurface 

(Conunon depth point- CDP). For an inclined layer the point of reflection for traces with the 

same midpoint are not equal anymore. The nomenclature CDP is not valid anymore. 

However, several processing programs still use the word CDP in stead ofCMP. 

Zero offset: 

Zero offset data is characterized when the source and receiver are present on the same 

location. For a n01l11al measurement this is seldom the case. When the traces are cOlTected for 

the move out and are stacked then a zero offse t trace is obtained. 
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Common offset: 

All trac;:s \vith equal offset between source and receiver. This configuration is often 

used fo r sever::l single channel systems. Also Georadar measurements are often carried out 

with a fixed otTset betwe;:n source and receiver. 

Fold: 

The fo lj indicates he number of traces per CDP. This is often the number of traces in 

a C\lJl . 

The theoretical :ormula fo r the fold is given by: 

:-old 
= "\"umberof Geophones . Dl r, t~l1lCe JtnVetll Geophones 

.2 . Dlst311ce bern'ee:: <:ors 

The number of :races which are measured at a certain geophone position is called "surface 

fold" . 

5.2.2. Static Correction: 

According to Maurice and Sercel (199 7) . Static Correction is a time-correction, which 

is constant for m entire trace and meant for the compensation of weathering and elevation 

time offset. Two main sources of irregularities are: 

a. Elevation difference between individual shots and detectors . 

b. The presence of a weathered layer which is a heterogeneous surface layer, a few 

meters to several ten meters thick, of abnormally low seismic velocity which causes 

a disproportionalliry (fig. 5. 7) and variable time-delay in the arrival of the desired 

deeper reflectors . They affect reflection continuity, resolution, the accuracy of 

velocity :malysis and struchlral form. 
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Amplitude 

I~UNIr.l t, 

~. tlno" 

Seismic Data Processing 

... .. n 

Fig 5.4 AGC window showing how it works 

·h~1tl %: ~l f t" 

""'& .. , 
'/~ .-tAl 
Jt:t· ~.t, 

Fig. 5.5 Common display types for seismic trace. 

.. a'~ ~ 
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Fig. 5.7 Effect of topography showing that reflections are not perfect hyperbola after static correction the 
rel1ections appears as if source and receiyers had been positioned to datum level 

Aim of static corrections is to adjust the seismic traces in such a way that the sources and 

recei\'ers are present at one horizontal level. To achieve this, the travel times of the separate 

traces are cOlTeered. The \\-hole trace is COlTecred with the same time shift. 

It is better to app ly it before stack because if there is a low ve locity weathering layer delaying 

the far offset tr.1ce and nor the near offset traces. then the NMO cOlTection will not accurately 

align rhe reflec::on. The correction is calculated on the assumption that the reflection ray path 

is effec tiYely \'ertical immediately beneath :my shot or detector. Calculation of static 

cOlTection req uires knowledge of the velocity and thickness of the weathered layer. To 

determine it, up-hole and refraction infolTl1ation are used . Generally, the elevation cOlTection 

is done at the same time as weathering correction (Dobrin and Savit 1985. Kearey and 

Brooks, 2002). 
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5.2.3. Dynamic Correction: 

The principle of dynamic correction is explained in fig . 5.8. The first step in the CDP 

gather is the normal moveout adjustment (Robinson and Coruh, 1988).For a single constant­

velocity horizontal layer, the travel time curve as a function of offset is a hyperbola (fig. 5.9 

a). The time difference between travel time at a given offset and at zero offset is called 

Normal Moveout (NMO) or dynamic correction. 

The velocity required to correct for n0l111al moveout is called the no l111a I moveout 

velocity (Yi lmaz, 1987). The travel time curve of the reflections for different offset between 

source and receiver is calculated by using fo llowing relationship (Yilmaz, 1987). By using, 

.. 
t - = (o --~-

,. 
, ~: J ck 

From this fOlmula the NMO-correction can be derived and is given by: 

,nth 
i ~ x-

i(X) = ,' tc "- -~-
:./ \ ;::-.~~; 

Where, 
V 2stack= stacking velocity computed by velocity analysis. 

The Moveout 6t is the difference in travel time for a receiver at a distance x from the source 

and the travel time to for zero-offset distance. The NMO-Correction depends on the offset 

and the velocity. In contrast to the static correction, the correction along the trace can differ. 
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ChapterNo 5 Seismic Data Processing 

5.3. Data Analysis And Parameter Optimizations: 

5.3.1. Filters: 

Fil tering IS an operation by which the amplitude and/or phase spectrum of a time 

signal are altered. Purpose of a fi lter is to enhance prim ary re fl ect ions by atten uating ambient 

and source-generated noise whose frequency spectra are separated in tow ways are ide nti cal 

mat hemat ica ll y (OGTI manual s, 1989). In general the aim of filtering is to improve signa l to 

noise rat io (Ke:1rey :.1I1d Brooks, 2002). There are two basic methods of filterin g: 

a. FI'eq uency Domain Method 

b. Ti me Domain Method 

Other spec ial designed fi lters are based on one pa rame ter as a bas is of filtering e.g. ve locity 

tilters. fk-filters, and T-P filters , dip filters etc (Kearey and Brooks 2002; Yilmaz 1987). The 

typ ica l app li cation of these filters IS given in table 5.1. For various types of filters see fig. 

5. 10. 

Table 5.1 

Type offilter Application 
,. 

" 
Sup pression of noise signals with specific slopes (Interface waves) , 

Fk - filters multiple reflections and Elimination of Artifacts in stacked Sections 

(post-stack) 

:\li:"lilln Removes those freq uencies which are above Nyqui st frequc ncy. 

I 

I 
i , , 

I 
- ---- -_.- ·------1 

1 L lilli p"ss I:il lers Passes 0 11 speeilicd ba l1d or rrequcncy , 
-
Low pass and hi gh pass fi Iters Passes specific frequency either low or hi gh 

No tch Fi Iters To analog before digiti zing, removes specified narrow notch 

frequency e.g. of power lines 60 Hz. 
0_' _ ___ 

Tau Fillers tim e-dependent ve loc ity fi lter; Suppression of Illultiples, 

interpolation between traces, analysis of Guided Waves 

Ve loc ity Fi I ters/fan fi lters/pie sli ce Remove coherent noi se event on the bas is of particu lar angle at 

fi ltering which the event dips (March & Bailey 1983). 
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5 . .3.2. Deconvolution or Inverse Filter: 

Decl':lVo lution .~ 3 process that improves the temporal resolution of se ismi c data by 

c l~ ll1 prcss in g the bas ic scismic da ta by compress ing the bas ic se ismic wave let (Yi lm az, 

I Q87). The Ji m of de c21l volut ion is reco nstruct ion of the reflectivity functi on theo reti cally 

:1I1d practica ll y, sho rti l.g of s igna l. suppression of noise and multiples. From fig . 5. 11 after 

Yi l ll1~l/ ( 10R-) is d i\ ic ed into t\\ O sec tioll s be fore and after deconvo luti on show in g how 

Gecon\ 'ol uti on compres s 3nd reso h'es the input s ignal so that reflect ions are prominent afte r 

lhe suppress io n of noises and multip les bet\\ een 1 and 2 seconds. Acco rdin g to Dobrin and 

S:1V it. 1988. ;nverse ti ;lc r is designed to deconvolve seism ic traces by removing the adverse 

fil le ri ng c lTects assoc :, tcd w ith th e propagat ion of the se ismic pulse through the layered 

~!,( ll ill d ()I' Ihr\l Ll gh ~ l l'l''': , ~ I'cJing sy ~l c m. T hey onl y reverll those reflectio ns that stem from rea l 

l·l'lkclo r. T \\l) ll1 ::1i n l\ C'eS o r decon vo luti on are: 

::1. DCle :':1l in is tic J cco l1\'o lu l! on 

b. Predi ct ive Dec L~ nvolutio n 

Determ inistic decom'olution is capab le of producin g a pulse of any designed shape with 

an appropriate band width. 

Predicti \ e deco nvo lut ion attempts to predict event shapes , obtained by stat ist ica l studies 

of the seismic traces (Badley. 1985). 

5.3.3. Velocity Ana lysis: 

The J im o f the velocity Jnal ys is is to find the ve loc ity that flatten s a reflection 

hyperbo la. \\ hich returns the best result when stacking is applied . This ve locity is not a lways 

the real R IS velocit\. Therefo re. J distincti on is made between: 

• Vstac k : the \c locity that returns the best stacking result. 

• vrl11s : the ac tual RMS- \ e loci ty ofJ laye r. 

Fo r a hori zontal layer Jnd small offsets, both ve loc iti es are s imilar. When the reflectors are 

Ji pping th en VSt3C is not equa l to he actual velocity, but equa l to the velocity that results in a 

similar reflection hyperbo la. 

There are dirferent \\ 3:S to determi ne the veloc ity: 
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a. (f-xC)-Analysis. 

b. Constant velocity panels (CVP). 

c. Constant velocity stacks (CVS). 

d. Analysis of velocity spectra. 

For all methods, selected CMP gathers are used. Example of one method is given in fig.5.1 2 

CVP - "Constant velocity panels" 

The NMO-colTection is applied for a CMP using different constant velocities. The results of 

the different velocities are compared and the veloci ty that results in a flattening of the 

hyperbolas is the v~locity for a certain reflector. 

CVS - "Constant velocity stacks" 

Similar to the CVP-method the data is NMO-corrected. This is calTied aLIt for several CMP 

gathers and the NMO-colTected data is stacked and displayed as a panel for each different 

stacking velocity. Stacking velocities are picked directly from the constant velocity stack 

panel by choosing the velocity that yields the best stack response at a se lected event. CVP 

and CVS both have the disadvantage that the velocity is approximated as good as the 

distance between two test velocities. Both methods can be used for quality control and for 

analysis of noisy data. 

Velocity-Spectrum: 

The velocity spectmm is obtained when the stacking results for a range of velocities are 

plotted in a panel for each velocity side by side on a plane of velocity versus two-way travel­

time. This can be plotted as traces or as iso-amplitudes. This method is commonly used by 

interactive software to detelmine the velocities. 
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-- l.~ 

Nv[chfil :i:r 

Fig. 5.10 Example of yarious types of filters 

Fig 5.1 1 An example of deconvolution shows how reflected signals are improved and resolved from those 
,-iewed above and as a result of deconvolution below. 
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s 

2 4 6 8 
x: {km;} 

Fig 5.13 Effect of migration moves the ret1ector back to its true position. 

5.4. Data Refinement 

5.4.1 Stacking: 

Stacking is simply a method to improve signal-to-noise ratio, by adding reflections 

together in phase and adding noise, out of phase, so that it cancels. According to Badley 

1985 , stacking discriminates against mUltiples provided that the velocity of the multiples is 

such that during stacking, it has a normal-move-out significantly different from primaries 

arriving at the same time (Badley, 1985). Stacking is perfonned by summation of the NMO­

corrected data. The result is an approximation of a zero-offset section, where the reflections 

come from below the eMP position. 

Several methods can be used to combine the different NMO-corrected traces. The most 

important are: 
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nOISe. Thi s type of stack in g is ofte n used to suppress multiples by we ighting the large-o ffset 

data mo re he:l\ ily than ~ he sho rt-offset traces. because the difference in NMO between 

p ri l11~1I' ic s and : ~ :u lti ples isa l'ger fo r larger offsets. A wei ght factor a is introduced, 

SA .2 Rcsidua l statics: 

The process of res idual stati cs consists of shifting the separate traces in such a way 

that th e optim a! re fl ect ions are obtained. To make sure that the traces of a si ngle eMP are not 

shi l·tcd rall d OIl ~ : \ . the shil': is d iv id ed in a value for the source ("source stat ic") and a va lu e 

lo r tile rece ive : (" receive: stati c"). Fo r each so urce and rece iver a va lue is determined. All 

traces with a cCi"l,iill source em: corrected with the value for that source. Similarl y all traces 

wit h :1 certa in l".:' 'e ive r are ,::o rrec ted wi th the value for that receiver. The res ulting shift (static 

cOl'rectio n) of ,1 trace consists of the correction value of the source and receiver of the 

cO ITespo ll d in g :,t1 ce . Th is process ing sti ll ass umes that the static shifts are caused by the 

interface . There ro re. thi s process in g is also call ed surface consistent static correction. 

S.4A. Migration: 

Mi grat ion may be J efin ed as a process wh ich corrects the distortions of the geo logica l 

stru ct ure in heren t in the seis mic section (Mauri ce and Serce l, 1997). As shown in fig 5. 13, it 

maps the image back to its true location. 

a. Wavefront Common Envelope :Yligration: 

Th e diL'o in g re fle cro r is according to the reflection laws; perpendicular to the 

refl ec tion rays ;s model of source-receiver common position. This means that the reflector is 

defined by the tangent-surface (or common enve lop) to all the wavefronts drawn for all the 

in ci de nt sei smic rays , Hence mi gration processing is carried out by placing each trace samp le 

on all points of: he co rrespo ndin g wave front (A I-S ad i, 1980). 

b. Diffraction Hyperbola .VIigration: 

Thi s method is based on the assumpti on that the reflector is made LIp of a packed 

sc ries oi' d im-act ion poi nts or scatters . According to thi s model a reflection arriva l may be 

CUll :' iJcred as :J rcs ul tant si gna I fro III the interference (constrLl cti ve and destructi ve) processes 
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whi ch take place along the d i ffracted waves from these po ints (A I-Sadi, 1980) .Adopting the 

lallowing processing seq uence, the processed seismic section is obtained . 

Processing Sequence: 

I. Editing / DemuItiplexing 

• Process ing Samp le Interva l 

Preprocessor 

• Geometry definitio n 

• Fie ld stat ics 

• Bad traces are de leted 

3. Datum Statics Correction 

• Datum plane 

• Datum ve locity 

4. Geometrical spreading 

5. Notch filter (50 hz) 

6. Zo ne anomaly process (zap) 

7. Fk dip mter 

150 amsl 

1600 m/sec 

S. Surface Consistent Deconvolution 

• Surface consistent 

• Operator le ngth 200 msec 

2 msec 

• Pred iction di st:lnce 2 msec 

• TI'ace ba lance 

9. Band pass fileter (12/24-80/48 hz/db) 

10. Velocity analysis (cvs) 

I I . Normal moveout 

12. Regiona l statics (miser) 

13. Mute 

14. Stack 

15. Spectra l whitening 

16. Finite diference migration 
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1- . Random noise atte nu ation 

I ~ . Shallow Ferageing (500 msec window) 

10 Band pass filter 

T ill1 ~ Low Cut High Cut 

( sec) (hz/db) (hzJdb) 

0 .00 I ~ ' 13 65/38 

5.00 1: .' 18 65/36 

""'1 ( 1 Peak Gain 

:1 111 pi : : '. ! l ie 2000 ms 

Scales 

H C ~ 20 Il t::li : '0 traces = I kilometer 

Vc:<cal : 10 centimeter per second 

Deplay Parameters 

D:splayamplitude 12 

D:.'po larily : normal 
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6.1. Introduction 

Ve locity is defined as the rate of increase of dis tance traversed by body or wavc in a 

particular direction. Seism ic Ve locities are the most impol1ant parameter in Se ism ic 

technique for interpretation and processing. We routinely use ve locities to stack seismic 

da ta, to migrate se ismic data, and to convert time-recorded seismic. sections to depth 

sec ti ons and time maps to depth maps. We also use ve locity in more sophisticated ways, 

such as in attempts to predict poros ity, geo logical age, lithology, fracturing, fluid content 

and geo pressure. 

Sc:: ismi c ve locit ies va ry large ly in sedimentary rocks as compared to igneous and 

metamorphic rocks . Metamorphic and igneous rocks have little or no porosity, and , the 

seismic wave ve loc ity depend upon the elastic properties of the material making up the 

roc k mate rial itse lf. In terms of lithology, whenever there is a change in grain size and 

mineral og ica l compos ition 01' the rock, ve loc ity behavior changes. An increase in grain size 

will result in the increase in veloc ity. [n many areas, seismic ve locity data can be used to 

ident iry lithology in di screte rormations within the geo logic section (Dobrin , 1976). 

Ve loc ity. as a se ismic parameter plays an important ro le in seism ic process ing. The 

acc urncy of data red uct ion, process ing and interpretati on of se ismi c data depend mainl y on 

the co rrec tness o r ve loc ity measurements. Borehole velocity meas urements offer more 

11I"L'l: is illil 111 ;111 SlIrl '; lc e ha sed IllC;ISLIrellle lll s (!\ I-Sadi 10RO). 

Whene ver cnergy is produced by the source, it generates "P" and "S" waves , which 

enter into the eat1h. Commonl y, the P-wave ve locity is considered to be the most important 

pmamcte ,' in se ismic data processing and interpretation. Together with dens ity velocity 

va ri ati on across an interface decides the efficiency of reflection or transmission at 

inte rt~\ ces. 

6.2. Factors Affecting Seismic Velocities 

The se ismic ve locities in rocks are affected by several factors. These are li sted 

below: 

.., Density and Elasticity o rthe rock 

, Poros ity of rock 
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,. Geo log i(3 1 structure 

,. Overb urJen pressure or depth of burial 

,. Lithology or mineralogical composition of the rock 

,. Fluid ceme nt in the pore 

Density And E lasticity Of Rock 

The relatiom i1i p of density and elasticity with the se ismic velocity is given as: 

(V c1ocity) 2 = Effective elasticity / Density 

From [I; is relation. the ve loci ty is direct ly proportional to e last icity and 

inve rse" ~ l"Oport' i ol :11 to de nsity. So it is expected that the denser rocks wo ul d have low 

ve loc ity. ;lO weve r ti:c reserve is true in nature. The reason is that as the materia l becom es 

more c OI ~lpact its e::!stici ty increases in such a way that it red uces the effect introduced 

by increased dens it ~ 

Porosity Of Rock 

In the case of poros ity higher wi ll be the velocity and vice versa. The re lationship 

between po rosity C:.: ) and ve locity (V) is given by the following expression , 

Where. 

Geological Structure 

IN= 0 /Vr + (l+O)/Vm 

Vr= Velocity of the Pore Fluid 

VI1l= Ve locity in Rock Matrix 

V = Veloc ity in satu rated rock 

G= Fractional poros ity 

Discussing :he effect of geo logic:l1 structure, it is noticed that in an isotropic 

med iulll . the recordecl ve loc ity is generally high, when measured along the strike or 

stl·uc turc. This eli ITere nce may be ot' the order of 5- 1 5%. 

2- D Se ismic Reflection Data Interpretation Of L ine 985-0PR-04 74 



Chapter No 6 Seismic Velocities 

Depth of Burial 

r\ quantitative re lationship between ve loc ity, depth and age of the rock lor the 

shale and sa nds tone sect ion, whi ch is given as: 

Where. 

V=K (ZT) 116 

v = Velocity in feet per second 

Z = Depth in feet 

T = Age in years 

K = Constant 

Lithological And Mineralogical Composition Of Rock 

Lithological and minera l co mpos iti on of rocks also affects ve loc ity of se ismic 

wavcs. As desc ribed ea rl ier. that ave rage ve loc iti es for igneous rocks is hi gher than that 

I'm other types and they show a narrower range of variation than sedimentary and 

nH.:lalllorphic rocks. Minera logy of rock sure ly causes variations in seismic ve locities. For 

C\:~lIll PIc the ve locity of a same wave wi ll be different for sands, si lts and clays etc. 

Fluid Content In The Pores 

In actual rocks the pores spaces are filled with a fluid. This f"luid may be in form 

01- ail' 01" any other gas or different liquid so lutions. These fluids can affect the seis mi c 

velocities. Se ismic ve loc ities will be low in case of gases and different sol uti ons present 

in the po re spaces of rock. 

Age of Rock 

An older rock might be expected to have a hi gher ve loc ity, have been subjected 

fo r a long time to pressures, cementation, and other factors , which might increase its 

ve locity. 
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6.3. Seismic Velocities of Earth Materials 

The P and S \\ .lve velocities of various earth materials are shown below: 

\'1ateri:l 1 P wave Ve loci ty (m/s) S wave Velocity (m/s) 
--
,\ir "-, 

-' -" -
- - -
\\': ltl'I' I-WO-1500 

Petro It".1 m 1300-1400 

Steel 6100 3500 

Conc r~ :e 3600 2000 
--
Gra ni c .5500-5900 2800-3000 

Basal t 6-+00 3200 

Sa nd slc~ ne 1-+00-4300 700-2800 

LimesIo ne 5900-6 I 00 2800-3000 

SGnd I ~' nsaturat~d) 200-1000 80-400 

Sand i Satll rGtee 800-2200 320-880 

Clay 1000-2500 400-1000 

6A Variations in seismic velocities 

There are t\h' types of', Cl riations in se ism ic velocities; 

I, LaterCll vGriati cn in seismic veloc ity 

2, Vert ical variati cn in se ismic ve locity 

latera l va riations in seismic velocities 

These \ ari:nioll' Jre supposed because of slo\\' changes in density and elastic 

l'I\ )pcnics dl1e to c han ::~s in lithology or physical properties, Lateral variations make cvcnts 

ap pcar to IlW\' C up or L! L1wn on time sect ions (Robinson & Coruh , 1988)_ 
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Vertical variations in seismic velocities 

These variations are due to lithological changes of layering and increasing pressure 

due to increasing depth. Normally seismic velocities increase with the increase in depth 

(Robinson & Corub, 1988). Vertical variation in velocity cause differences in the two way 

travel times of layers of equal thickness 

6.5 Types of velocities used in seismic exploration 

The diffe rent types of velocities used in seismic exploration are; 

6.5.1 Average Velocity 

6.5.2 Interval Velocity 

6.5.3 Root-Mean-Square Velocity 

6.5.4 Normal-Move out Velocity 

6.5.5 Instantaneous velocity 

6.5.1 Average Velocity 

Average velocity is simply the total distance traveled divided by the total time 

traveled. The average seismic velocity is the distance traveled by a seismic wave from the 

source location to some point on or within the eaJ.ih divided by the recorded travel time (AI. 

Sadi, 1980). The Figure 22 shows a two-layer case by which the average velocity is 

calculated. 

I~ x ~ 

~/ 
t/f v, 

/ 
i 

I 
I 

\\ 
/ 

/ 

\ t ~ 
Z. Te, \(' v. 

1 1 
Figure 22: A two-layer case by which the average velocity is calculated (Dobrin, 1988) 
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If cL' ncell1ed '.'. :th the di s J, l1ce and time from the surface of the earth to a po int at 

Jepth. then :he one-\\ .:.:; di stance :md ti me is used (Dobrin, 1988) . The average ve locity in 

:his case is 5imply; 

; ,1 ;1 

-') -, )' l·.t: 
~ .- ' . 

T ~, ;'=1 t=_ 
i ,' n 

It: I L 
;'=1 1=1 

Ne\ m heless. :r considering wi th the distance from the surface of the earth to a 

;Jo int at depth and bac:..:: to the surface, then two-way distance and travel time is Llsed, and 

.l\'erage veloci ty equal5 2Z/T (Dobrin, 1988). So, average velocity can be expressed as 

'j -... - 'j-... -
2t T 

\\ nere, t is one-way trJ\'el time, and T is the two-way travel time. 

6.5.2 Interval Velocity 

Inten'al veloci ty. V, is defined as the thickness of a particular layer divided by the 

time it takes to travel from the top of the layer to its base (Dobrin, 1988). The interval 

\'elocity is -.lZ (the thickness of a stratigraphic layer) divid~d by 6 t (the time it takes to 

trJ.vel from the top of tile layer to its base) . The equation for interval velocity is : 

Zm - Z11 
\ l =---

I 

Zm - Z11 

tm - tn T 

The thickness -.lZ = Zm -Zn is also equal to the isopach value of the interval. A 

t:pical inten'al-velocit:-versus-time curve compared to the average velocity is shown in 

Figure 23. Tne discrete boundaries in the interval-velocity curve indicate stratigraphic and 

\'elocity differences between two contiguous layers (Yilmaz, 2001). The average velocity 

CJ.l1 be detem1ined by a\eraging the weighted summation of the interval velocities. 
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If we Slll11 the interval ve locities for a series of rock layers, and weigh t them acco rding to 

the two-way travel time within each layer, ;:., T. the average value would be equal to the 

average velocity ('r ilmaz, 2001). The equation for average velocity, V A, in terms of 

interval velocity is: 

V a 

Where 0,Z is the interval thickness or isopach thickness. 

6.5.3 Root-Mean-Square (RMS) Velocity 

The root-mean-square (RMS) velocity is a weighted average. It is Llsed as weighting 

process where the amount of weighting is detennined by the value of the interval velocities . 

The weighting is accomplished by squating the interval velocity values (Robinson & 

Coruh, 1988). So, in this approach, greater weight is given to the greater interval velocities. 

The equation for RMS velocity is given below 

v 
""IS 

I I 

Volocity. V (rtl~-c to: '0(0) 

- Inte;r.,faJ V&IOchy. v . 
- A .... orA$iJtIO VOIOO1'y. v. 

s 

Figure 23: A typical interval-velocity-versus-time curve compared to the average 

velocity (Yilmaz, 2001) 
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By comparing :: ~ ~ equations it is c lear that the IUvfS ve loc ity is a lways greater than 

the average \elocity. R.\ [S \'e loc ity is strictly a mathematical weighted average and has no 

intri nsic meaning (Robinson & Comh, 1988). F igure 24 shows a graphical comparison 

between the root mean square velocity and the average velocity. 
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Figure 24: A graphical comparison between the root mean square velocity and the 

average velocity (Yilmaz, 2001) 
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6.5.4 Normal-Move out Velocity 

The nOlmal-move out (NMO) ve loci ty, or stacking velocity, Vllmo, has a hori zontal 

component (X). Therefore, it is dependent on the offset, depth, and spread length. Seismic 

records with source-to-receiver distances will yield different NMO velocity values. The 

NMO velocity increases as the value of X increases (Re lun an , 1989). The equation for 

NMO velocity is: 

Where, X = the offset distance from source to receiver, T x = the two-way travel 

time of a seismic wave reflected off a particular interface and recorded at the receiver 

location, and To = ' the two-way travel time of the seismic wave reflected off the particular 

interface at the zero-offset location. 

We can calculate the NMO cOlTection, 6Tllmo, from the average velocity (by 

Figure 22). From the Pythagorean Theorem, we know that 

d2 _ A'72 (X)2 
- 1.:L. + -

2 

If we know the nomlal-movement velocity, it can be re lated to the average 

velocity using the equation T = To + 6Tnmo (Telford, 2004) . Then approximate the NMO 

correction as a function of average velocity: 

LiTruno 

'I 
X"" 

+~-TO 
II .!. a 

The NMO cOlTection can also be approximated from the RMS velocity. In tillS case, 
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"\T .I.-l. run o N ., 

~'T TT ..::. ..::. 0 ,,' nns 

6.S .5 Instan ta neous veloc ity 

I" 'he \el(lc i" V,ll' ics cn lltil1 l1o usl:, with depth , its valuc at a particular de pth 7 is 

nbu illc -,: : '1"O1ll intcn . J I vclocil ) by co ntract ing the in te rval ZI-Z2 to an infinites imall y thin 

layel' II:. '. ing J th ;c: !, ness dZ (Telfo rd , 2004) . The interva l ve locity then becomes the 

deriv~ll i \ ~ of Z w i t l ~ ~espect to "f', which is the instantaneous ve locity, defin ed as fo ll ows: 

_ d: 
\ : 1ll ~ t =-

elf 

6.6 Co rrelatio n between velocity types 

I : ~ seism ic prospecting we are dea ling with a med ium which is made up of a 

seq uen c~ of layers of different velocities. In dea ling with thi s kind of situati on , it is 

necess2::. to speci f:. the kind of ve loc ity we are using. When ve locity is measured for a 

detined '::epth inten 31. it is c::li led as interva l veloci ty and when it is determined fo r several 

layers it :s ca ll ed as 3verage veloc ity (A I-Sadi , 1980). 

:Zc la tionshir betwee n interva l ve loc ity, root mean square veloc ity and ave rage 

velocit; is given b; "Dix Formul a" (Al-Sadi , 1980). Ifroot mean square velocities (V rl11s) is 

given ll:cn interva l veloc iti es (Vinl) can be determine by using the followin g form of Di x 

for mu la. 

V:':Jr = 
t il - Tn-1 

-

:( on the (' ther hand .if given the average ve locity (Va), interval ve locity(V illt ) can 

he dCiL""ll ill Cd hy ;IIlP[hcr for m 01' Dix- for mula (A I-Sat/i , 19RO). 
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T/ :.:l!= rf~, 11 " T!l - V'a .l:-1 + rl;-1 

til - { i1-1 

\Jow, if we are gIven with interval ve loc ities (Yint) and we have to determine 

avera ge ve loc iti es (Va), (A I-Sadi , 1980). then Dix formula attains the form as given below 

V 7,.II = ( [Iim,!, '
l T,,-Tn -1) + ( Va. II - 1 * Tn -1) 

Til 

So if we are given with any of the interval , root mean square velocity or average 

ve loc ity. the rema inin g two by us ing the corresponding form ofDix-formula. 
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INTERPRET ATION 

7.1. Introduction 

In terp retation is the transformation of se ism ic data into structural and strati graphic 

pi Cllll"e lhroLl~ h a scric :-; o r different steps. Th us threading together all the ava il able 

gel'il1g ical and geo phys ical info rmation including the se ismic and then integrating them 

:111 in a s ingle J icture can onl y g ive a picture closer to the rea li ty, 

The IllJ in purpose o r se ismic renect ion survey is to reveal as clea rl y as poss ible , 

the structures Jnd stratigrap hy of the subsurface, The geo logical meanings of seismic 

re llec lion are simply indication s of different boundaries where there is a change in 

acous tic impedance . These o bsen'ed co ntrasts are associated with different geo logical 

structu res are strati graphic contacts. 

To d istingui sh different formations by means of se ism ic renect ion 

is In importc1l!t ques ti on in inte rpl'et in g se ismic reflection data. For thi s purpose the data 

is co rrelated \\ith the \\e ll data and geo logy of the area under observat ion , which is 

already kno\o\n (previous literature). The well data provides links between lithology and 

seismic reflec tions. The reflector identification is the next stage by which the actual 

in terp retation starts and it establishes a stratigraphic frame block for the main 

in terp retat ion . 

Extractin g fro m seismic data the geo logical structures, such as 

fol di ngs and faultin gs are referred as structu ral interpretation (Dobrin & Savit 1988). On 

the other h ~lI1 J , extracti ng non-structural information from se ismic data is ca ll ed. 

"Seis mi c Fac ies Ana lys is". 

There are two ma in approaches for the interpretation of seism ic section: 

, Stratigraphic Ana lys is 

., Structu ral Ana lvs is 
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Stratigraphi c Ana lys is 

Stratigraphic ana lysis in vo lves the subdivision of se ismic sections into sequences 

or retlections that are interpreted as the seismic expression of genetica ll y related 

sedimentary seq uences. Unconformities can be mapped from the divergence pattern of 

renections on a se ismic section . The presence of unconformable contacts on a se ismic 

sect ion prov ides important informati on about the depositional and eros ional hi sto ry of the 

area and on the environment ex isting during the time, when the movements took place . 

The success of se ismic renection method in find ing stratigraphic traps varies with the 

type of trap in vo lved. Most such entrapment features are reefs , unconformity, 

c1i sco nform ity, facie s changes, pinch-outs and other eros ional truncations . Some of the 

parameters used i~ se ismic stratigraphic interpretation are 

,. Retlection configuration 

r Reflect ion Continuity 

r Re fl ection Amplitude 

r Rdlcction Frequency 

,. In tcrv;l l Ve locity 

r Exte rn;:J1 Fo rlll 

Structural Analys is 

It is the stud y o r reflector geo metry on the bas is of reflection time. In structura l 

anal ysis , the main objective is to search out traps containin g hydrocarbons. The most 

CO Illmon structural features assoc iated with the oil , are antic lines and faults. In Qadirpur 

area, fa ults assoc iated with the extensional regime, resulted in the formation of norm al 

bults and series of horst and graben structures (more detailed exaggeration is prese nted 

in chapter 2,o f geo logy of the area). 

7.2. Seismic Time Section 

A time sec tion is actuall y a reproduction of an interpreted se IsmIc sec tion. It 

consists of two sca les; hori zo ntal scale consists of SPs whi le the vertica l sca le consists of 

two-way time in seconds . The time for each retlector is marked from the se ismic section 

2-D Seismic Reflection Data Interpretation Of Line 985-0PR-04 85 



Ch ([pter.Yo 7 Interpretation 

an J plotteu ag~l in s t the short points. S ince the tota l ti me acquired for the sect ion is 5 

seconds but :he reflec: ,-' rs tend to be only at a depth of 2.4 seconds app rox imate ly, 

the:do re th e depth take:l for the display of the time section and the depth sect ion is 2.4 

sc.,: ,l nd ('ather than 5 seconds . Each reflector depth according to time is read and 

ill t,:q)('l.:ted ill te rm s oj ' \ c loci ty anu derth. The tota l CD P po ints of the se ismic lin e 9R 5-

QrR -OR were I'rom SP-210 to SP-690, out of whi ch SP-400 to SP-700 are interpreted. 

T~ere \\ ere ~3 seismi c '.e locity windows prov ided in the se ism ic section; onl y thirteen 

(S? # -+00 to S.P. :f. 70('. 

7.3. Steps in Interpretation 

l\ brk ing of horizon 

The ti rs t step \\ hen startin g the interpretation process is to j udge the reflections 

,1I,d unc ontonn ities, if :::resent, on the se ismi c time section. Those reflectors are selected 

\\ ilic h are re31. show geod characte r and cont inuity, and can be followed throughout the 

are~l (Bade l;- . 1985) . 

On he time sect ion hori zo ns are marked by picking the continuous tra in of 

\\ :1\'elets running across the section. Confusion arise in marking the continui ty because 

the wave le ts or the traces tend to mix up or the sequence mi ght break due to subsurface 

structura l changes or ab rupt I ithological changes or the most common problem faced is 

the presence of di fferent types of noises, such noises causes the distortion of the s ignal. 

The refore , in ord er to decide that whether the sequence cont inues towards the upper 

hQr izo n or the lo wer, a J roader view of the interpreter, know ledge about the area and the 

cons iderabl e ex perienc e wo uld help in marking a correct pick. 

Seven horizon s were picked on Line # 985-QPR-04 of Qad irpur area. These 

Iw:izons were marked through the same steps and not much of difficulty was faced 

hC_'~llI se of sim ple stru c: ure the area . The reflectors were strong enough to be picked due 

tt' \ ari,ltion in acousti c :mpcdance that is eventuall y caused by changes in li thology. 
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Construction of Iso-velocity Contour Map 

Ca lculate the Dix Average Ve locity and these varies fro ml 500m/s to 5000m/s for 5 

sec data and have been used to construct a ve locity contour map at an interval of 200m /s . 

Th is contour map not only gives the vertica l variation of ve locity, but a lso the lateral 

variati on in the ve loc ities. The vertica l variation is due to the lithological changes , depth 

buria l, poros ity, temperature , pressure, and density. When lateral variations in velocity 

ove rl ying our objective leve l causes a distortion in the time structure to be significant ly 

di ffe rent fro m the real. 

.Y To ca lcu late accurate reservoir vo lumes for reserve est imates. 

';- In preparing the well prognosis - when it is necessary to know the anticipated 

depths of interpreted reflections etc . 

.Y Depth information can be crucia l for the locations of casing points, co ring or 

know in g at what depth we are likely to encounter drilling hazards, wh ich ma y 

ha ve been identified from regional know ledge or, in favorable c ircumsta nces , 

direct ly fro m the se ismic . 

Depth Section 

(;e lll:r~t1l y the depth section gives the co nfiguration of reflectors in the same way 

as the time section. Remove the kinks for the horizons as much as possible in order to 

obtain the smoother horizons. To determine the depth of the marked reflectors on the 

se ism ic sect ion , the formula emp loyed is : 

Where , 

S = V * T/2 

S = Depth of the reflector 

V = Average velocity 

T = Two-way time of the reflector read from the 

se ismic section 
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7.4. Estimation of horizon depth 

An accurate measurement of the se ismic ve locities IS an important step In the 

sei ~llli e inte rpretation an d processing. Two different methods were adopted in order to 

e() l1~ rue t the dep th secti O!l : 

r \lleall :\ vcragc \ 'e loei ty Li ne Method 

r [) i :-.; ,' \ vcr:lge C) lllou r iY1:lr iY1ethod 

Mc:m Average Velociry Line ~lethod 

\tlean ave rage ve locity graph is formed by plotting the two-way times and the V~\\'e 

gl\ en in the \'eloc ity p:ll1els at different COPs of the se ismic sect ion. The times are 

pk' tled on the x-a:xis an-:: the V ave is plotted on the y-axis . An average or best-fit line is 

dr3wn through the plots of the se ismic velocity panels given. This is the Average 

Velocity line of the se is mic sectio n. These ve locities are then used to convert the two­

\\3y times of the re tl ec to rs into depth , for the fo rmation of the depth secti on. The picked 

times and the average \'elocities of the reflectors were used to construct the depth section. 

Dix Average Contour Map Method (Iso-Velocity Map) 

In thi s method. the ve locities used for the determination of the depth of every 

retlec tor are est imated \vith the help of Average ve locity contour map (Iso-velocity map). 

The different ave rage \e locities under the SPs were plotted along their respective times. 

Dix average ve loc ity varies form 1500 mls to 5000 mls for 5sec data and has been used to 

construct the Iso-veloci ty map at interval of 200 m/s. The time of the reflectors were read 

by over l3 yillg the lso-\'eloci ty map and the se ismic time section. The velocities were then 

used in calcu lating the depth of the horizons first by co nverting the two-way tim e in to 

one-way time. the mult ipl yin g it with the velocity obtained. 

Results of Line Imerpratation 

Reflector 1 (Rl) 

The re llccto r R 1 va ri es between at the time ran ge of 0.68 sec (680 1l1sec) to 

l U ll) see (()l) () Illsec ) ill the lime section. 
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l3 y lI s ing mean average ve loc ity method, the ve locity ranges from 1950 m/sec to 2000 

m/sec ancithe depth ranges from 663m to 690m. 

RcOcctor :2 (R:2) 

The reflector R2 varies between SP 200 to SP 450 at the time ran ge 01'0. 79 sec 

(790 msec) to 0.80 sec (8 00 msec) in the time section. 

Whereas in mean ave rage velocity method, the velocity ranges from 2060 m/sec to 2075 

Ill/sec and the depth ranges from 814 m to 830 m. 

Reflector 3 (R3) 

Th ~ reflector R4 varies between SP 200 to SP 450 at the time range of 1.09 

sec (1090 msec) to 1. 16sec ( 11 60msec) in the time section. 

Whereas in average ve loci ty method, the ve locity ranges from 2240 m/sec to 23 15 m/sec 

~ln cJ the cJepth ranges from 122 1 m to 1343 m. 

Rcllector 4 (R4) 

The relleetor R5 va ri es between SP 200 to SP 450 at the time range or IA 

sec (1400msec) to 1 .43sec ( 1430sec) in the time section. 

Whereas in average ve locity method, the ve locity ranges from 2430 m/sec to 2500 m/sec 

anci the depth ranges from 170 I m to 1800 m. 

Reflector 5 (RS) 

The reflector R6 vari es between SP 200 to SP 450 at the time range of 2.37 

sec (23 70msec) to 2.4 1 sec (241 Omsec) in the time section. 

Whereas in average velocity method, the ve locity ranges from 30 15m/sec to 3060 m/sec 

and the depth ranges from 3600 m to 3687 m. 

Reflector 6 eR6) 

The refl ecto r R6 varies between SP 200 to SP 450 at the time range of 2.64 

sec (2640msec) to 2.7 sec (2700msec) in the time section. 

Whereas in ave rage velocity method , the ve loc ity ranges from 3 140 m/sec to 3200 m/sec 

and the depth ranges from 4 145 m to 4320 m. 
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vVhcreas in 3\crage veloci ty method, the ve locity ranges from 3140 m/sec to 3200 m/sec 

and the depth ranges from 41-1-5 111 to 4320 m. 

Retlector 7(R 7) 

The reflec tor R 6 varies between SP 200 to SP 450 at the ti me range of 2.84 

sec ~ 2840msec J to 2.89 sec (2890msec) in the time section. Whereas in average velocity 

method, the \'e!oci ty ranges from 3330 m/sec to 3390 m/sec and the depth ranges from 

4723 m to 4893 m. 

Depth section based on the Average Ve locity method represents the true picture 

of the area, \\ hich is \'ery similar to the time section of the area. Also the shape and 

di mensions of the refl ectors resemble the reflectors marked on the provided seismic 

sec tion. 

7.5. Conclusion 

After inrerpreting of the given seismic section, following conclusions are made: 

r The data qllality is 110t so good it1 the given section and can be attributed to poor 

quali ty of migration. 

r Observed reflec tors are nearly horizontal showing very slight undulations. 

,. As the seismic line is along the dip so there was great chance of a structural 

trap. The seismic section shows a thick sedimentary deposit in the Central 

Indus Basin. 

r The interpretation is mainly done based on reflection of different interfaces 

and stratigraphy of the area and the sUlTounding well. 

r The stratigraphic correlation indicated that reflector R 1 is of Miocene age, 

reflector R2 is of M iddle Eocene age, reflector R3 is of Middle Eocene age, 

and reflector R-1- is Lower Eocene age, R5 is of Paleocene age , R6 is of Upper 

Cretaceous and R7 also is of Upper Cretaceous. 

>- F3 normal faul t present in refl ectors R5,R6 and R7 

>- F l and F2 normal faults present in R6 and R7, also F2 which f01111 Horst and 

Graben structure combinally with R3. 
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, Horst and graban structure are formed because of normal fa ulting. 

, This ex tensional regime sati sfy the regional tectonics of the area. 
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Time S.P s.P s.P s.P s.P s.P s.P s.P S.p s.P 
msec 225 250 275 300 325 350 375 400 425 450 

0 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
200 1638 1614 1652 1621 1614 1639 1652 1621 1574 1627 
400 1784 1763 1783 1747 1754 1764 1764 1779 1779 1762 
600 1975 1917 1933 1910 1897 1917 1925 1945 1896 1900 
800 2142 2034 2089 2059 2031 2012 2042 2077 2178 20:06 
1000 2273 2142 2250 2202 2180 2165 2215 2205 2230 2238 
1200 2322 2244 2341 2314 2314 2287 2332 2333 2320 2357 
1400 2371 2347 2421 2415 2425 2458 2460 2473 2472 2498 
1600 2466 2475 2522 2504 2546 2571 2595 2641 2615 2654 
1800 2577 2622 2615 2598 2669 2676 2704 2781 2752 2782 
2000 2688 2740 2672 2692 2811 2796 2798 2868 2945 2911 
2200 2821 2840 2729 2773 2976 2996 2947 3068 3112 3044 
2400 2965 2961 2843 2936 3126 3082 3090 3183 3208 3175 
2600 3109 3077 3002 3136 3209 3178 3147 3302 3280 3248 
2800 3253 3162 3057 3242 3335 3285 3275 3404 3375 3314 
3000 3397 3242 3189 3347 3482 3441 3400 3509 3474 · 3386 
3200 3541 3343 3314 3478 3602 3574 3475 3635 3593 3514 
3400 3668 3458 3435 3609 3747 3696 3549 3760 3711 3662 
3600 3786 3588 3564 3741 3905 3815 3624 3885 3835 3811 
3800 3904 3725 3694 3873 4061 3.957 3699 4007 3962 3957 
4000 4022 3863 3832 4006 4170 4066 3819 4128 4082 4058 
4200 4140 4001 3972 4138 4279 4193 3943 4249 4216 4197 
4400 4258 4139 4112 4271 4388 4320 4066 4370 4343 4336 
4600 4376 4277 4251 4403 4497 4448 4189 4492 4469 4474 
4800 4494 4415 4391 4515 4607 4575 4313 4613 4596 4614 
5000 4612 4553 4531 4628 4715 4702 4436 4728 4723 4753 

Table 1.1: Table for the Average Velocities of the line 985-QPR-04 
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Iso velocity graph oCthe line 9~<;-() I'H -O ' 1 



Shot Points Rl R2 R3 R4 R5 F3 R6 Fl. .. F2 R7 
S.P msec msec msec msec msec msec mse) msec msec 

200 680 800 11 60 1430 2390 2690 2840 
210 680 800 1140 1440 2400 2700 3050 2860 
220 690 810 1140 1430 2410 2690 2750 2850 

230 690 800 1140 1420 2410 2690 2480 2850 

240 680 795 1140 1410 2390 2680 2850 

250 680 790 1140 1430 2390 2680 2850 

260 685 800 1140 1430 2390 2680 2860 

270 690 810 1150 1430 2400 2680 2850 

280 690 800 1140 1430 2390 2680 2880 

290 690 800 1120 1430 2390 2680 2880 

300 68~ 800 1130 1430 2390 2680 2880 

310 680 800 11 20 1420 2400 2680 2880 

320 680 800 1120 1420 2400 2680 2880 

330 680 800 1120 1410 2400 2680 2880 

340 680 800 1120 1420 2390 2680 2880 

350 680 800 1120 1420 2380 2670 2880 

360 680 800 11 10 1420 2370 2670 2560 2870 

370 680 800 1120 1420 2390 2640 2730 2870 

380 685 800 1110 1410 2390 2640 2930 2870 

390 685 800 1110 1410 2390 2640 3080 2880 
400 680 800 1110 1400 2390 2650 3280 2890 

410 680 800 1100 1410 2390 2650 2890 
420 680 800 1090 1400 2390 2650 2890 
430 680 800 1090 1400 2390 2940 2650 2890 
440 680 795 1100 1400 2380 2480 2640 2890 
450 680 800 11 00 1400 2380 2190 2640 2890 

Table 1.3: Table for the Time Section of the line 985-QPR-04 
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TIME SECTION FOR TilE LINE 9R5-QPR-04 



s.p Rl (m) R2(m) R3(m) R4(m) R5(m) F3(m) R6 Ft ....... F2 (m ) R7 
200 663 830 1343 1780 3633 4291 4729 

210 663 830 1305 1800 3660 4320 · 5261 4791 

220 690 851 1305 1780 3687 4291 4496 4760 

230 690 830 1305 1757 3687 4291 3844 4760 

240 663 823 1305 1727 3633 4261 4760 

250 663 814 1305 1780 3633 4261 4760 

260 676 830 1305 1780 3633 4261 4791 

270 690 851 1323 1780 3660 4261 4760 

280 690 830 1305 1780 3633 4261 4860 

290 690 830 1271 1780 3633 4261 4860 

300 676 830 1288 1780 3633 4261 4860 

310 663 830 1271 1757 3660 4261 4860 

320 663 830 1271 1757 3660 4261 4860 

330 663 830 1271 1727 3660 4261 4860 

340 663 830 1271 1757 3633 4261 4860 

350 663 830 1271 1757 3600 4225 4860 

360 663 830 1254 1757 3573 4225 4013 4829 

370 663 830 1271 1757 3633 4145 4416 4829 

380 676 830 1254 1727 3633 4145 5003 4829 

390 . 676 830 1254 1727 3633 4145 5352 4860 

400 663 830 1254 1701 3633 4H4 5830 4899 

410 663 830 1238 1727 3633 4174 4899 

420 663 830 1221 1701 3633 4174 4899 

430 663 830 1221 1701 3633 5035 4174 4899 

440 663 823 1238 1701 3600 3844 4145 4899 

450 663 830 1238 1701 3600 3148 4145 4899 

1.4 Table For the Depth Section of the line 985-QPR-04 
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