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ABSTRACT A ‘

Seismic data were collécted along a 1l.5km long aettion

. 1 :

near Squires Pond Park. These data along with Shell data for

the area ‘provided refraction and reflection {nformation on
’ |

. / ’
the subsurface structure of the area.

Computer - programmes were devsloped, and implemented to
- + /\

procgss the refraction and reflection data and the data were\\_\;///

Interpreteé in terms  of lggologic structure. An ideal .
é?nthetlc seismogram was coﬁstructediand cpmﬁsred with the
stacked section, and @ good corrglation v;s obtained.

Two shallow reflectors and refract;rs at a;erage depfhs

about 75m and 175m were det;cted. The seismic interpretation

agrees with the local geology and with the avallable gravity s

" and magnetics interpretation.
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1 INTRODUCTION

The  present work is concerned with a sefsmic study of the.

Deer Lake Basin of west central Newfoundland. The quln 18

R ¢

approximately bounded by latitudes 49°00°N and 49°30'N and
longitudes 56’50'H and 57030'H. Economic In;erest‘ in the

basin arises from the discovery of oil phalés and coal

(Hatch,1919), natural gas . (Werner,1955), ~and  urantum

assdciated “ with goli{d =~ hydrocarbons (Hyde,1979;

0'Sullivan,1979) in the basin.

a8

1.1 Objective

The main aim of the present 'study was to' process the

seismic data and te Interpret the‘finii seismic sections in

terms of geologic structure. As a major part of this work,

<

‘comuter programmes were developed to process the selsmic
.data because of nonavailablity of sauch programmes at
.Mémorial University. The developed programmes were used in

dat\a processing in ordér to gét-the final seismic sections

\

for * interpﬁgsation. A wmajor objective of the pteﬂent
investigation was to- find thevattitgde; éeometry and depth
of ‘thev shallow refleﬁtorg and reffact;rs below the Squires
Park lineé which travérees part of the Humber ‘S}ncliné
(Hydé}l979)(?ié.l.l)..' The segsmié }ﬁtérbrefaffbn of the
‘Squires ?ark 1ﬁne will be éor;elaté& with the locgi geology

and with .the recently published gravity and 'magnetic

‘interpretation of the area (Miller and Wright, 1984).

[y
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Fig. 1.1 Geology of Deer Lake Basin (After Hyde, 1979} .
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1.2 Geology

Thg~ Deer Lake Basin 1is a narrgd elliptically shaped
norfheasterly trending basin Iin west <central Newfoﬁndland.
- The basin extends north to White Bay and 1is connected with
the Bay St. George Basin to the south iFig.l.2).  Th; basin’
contfins Carboniferous : rocks (Hyde,1979; Haworth é;d
Sanford,1976; Hawqrth et al.;1976) and is bounded on the
northwest by the crystélline rocks of the Long Range Complex
and on the east by the lower Paleozoic ocganic rocks of the
Dunnage Zone (Williamé,l97§)(Fig.l.l) "
The sgratigraphic and stuctural development of the Deer 
Laie Basin has been recently‘studied by Hyde(1979,1983) and
‘Knight(l98§). Within fﬁé larger basinal framework, smaller
sub-basins developed -during different time intervals. ‘For
this reason, Carboniferous strata  of variable age
_gunconformaily overlie pre-Carboniferous basement rocks from

place to place 'in the basin. The age of the strata within

-

"the Deer Lake Bagin can not be estimated with certainty, but

=

most if not all, strata were deboéited during the time span

Tournaisian-Westphalian A (Hyde,1983). .

. )
. Our main interest was the geology of the Humber Syncline
- - N . . -

’ .
in the Deer Lake Basin as the seismic line traverses this
area and is described in.detail.
The major part of.;he Deer 'Lake Basin 1is occupied by

H .
Carboniferous rocks which can be divided into two main parts

based on the structure of the basin(Fig.l.l1)(Hyde,1983). In

the western half of the basin 1s the ma jor northeast
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trending Humber Syncline of the Deer Lake group rocks
composed of North Brook, Rocky Brook, and Humber Falls
Formations. In the eastern part of the basin the Deer Lake
Group 1is represented by "Howley Beds" (Hacquebard et
al.,’l960).\'.1'he Humber Syncline is fault bounded on the.east
by the Birchy Ridge Fault (Hyde,1983). Small anticlinal and
syncli_ﬁal structutes are found ‘in the major syncline
especially 1in the northern side of the Humber Falls
formation. The Squires Park seismic line passes over this
area(Fig.1.1) ‘

North Brook FKormation: The oldest unit in the Humber

! L 4

Syncline 1is the North Brook Formation which unconformably
overlies Lower Paleozolc metasedimentary —strata in the
western part of the basin. The stratigraphic thickness of
this formation varies from a feather edge to possibily about
2000m elsewhere in the basin (Fig.l.l)(Hyde,i983). The NoFth
Brook forma.tion 1s characterfzed by reddish, and to a lesser
extent grey, sandstones, conglomerates and siitatones. This
formation has all the characteristics of fluvial deposition.

éocky Brook Formation: The Rocky Brook Formation is Visean
in age (Hyde,1979) and 1is conformable with thc.:Norl:h Brook
Formation in such a way that the lower part of the Rocky
Brook 1s interpreted to be Intertonguing with and the facies
equivalent to the uppﬁr portion of the North Brook
Formation. The Rocky Brook Formation f{s about 1000m thick as

.
a maximum, but 500-600m 1s more usual.

Hyde (1983) suggested that the Rocky Brook Formation can be




internally subdivided into a lower wenmber(not ~shown in
Fig.l.l) which contains mainly red, calcareous siltstones,
grey to green siltstones and mudstones, and intercalated
calcareous dolostones and dolomiric 1imestones. The  upper
member contrasts with the lower member in that it lacks red
strata and 1s dominated by grey, green and black mudstones,
and grey to green siltstones. Pyrite, o¢il shale an& fossil
fish are much more abundant in the upper member than ’in the
lover member.

Humber Falls Formation: This formation having a maximum
thickness of about 2E;Om sharply overlies the Rocky Brook
Formation in the western part of the Deer Lake Basin. The
Humber Falls Formation is of Visean age and is composed of

light grey to light green, pink, red, and crange, arkosic
sandstor:eé, pebble conglomerates, and red to grey siltstones
and mudstones, Sedimentary features are &resent in this
formation. The Humber Falls formation is thought to be the
product of fluvial deposition.

Hyde(1983) definmed a new unit known as "Little Pond Brook

Formation”", which was previously considered to be the

younger Howley Formation(Belt,1969; Hyde and Ware,198l). The

age of this formation is 1in between Visean- to Namurian,

vhich is quite distinct from the Westphalian A assemblage of
the Howley Formation. The Little Pond Brook Formatian
gradationally overlies the lower member of the Rocky Brook

Formation at Grand Lake(not ghown 1in Fig.l.1), but also

’

appears along the eastern side of the Grand Lake, Although




t he Humber Fails Formation overlies Vthe Rocky Brook
Formation, the Little, Pond Brook Formation has énough
lithologic difference to remain as separate unit. It has the
more ~abundant organic matter and greater lithologic
heterogeneity that  distinguishes the Little Pond Brook
Formation from. the Humber Falls Formation.

The Little Pond Brook Formation is about 750m thick and
consists of sandstones, pebble to boulder conglomerates avnd
siltstones. Its formation | is dAnterpreted to » be another
fluvial . deposit 1In the Deer Lake Basin writh drainage
predominantly from the east. )

Nor.thvest of the Deer Lake Basir"n are the Precambrian rocks

of the Long Range Complex consisting of metagabbro, gabbroic
dikes, granitic gnefss and individual granitic plutons: and
southvest of the basin are - the Late Precambrian-Middle
Ordovician rocks predominantly carbonates | variably
recrystallized dolostone, dolostone breccia (including
tremolit-eA-phlogopdte nai’ble), linestone,‘quartzite, quaftz-
mica schist and mica schist (Hyde,1983).
V Southeast and northeast of the Deert Lake Basin are ‘the
pre-Carboﬁfferous rocks. The rocks to the Poutheast cons‘ist
of the Devonian &olcanic rockél, reddish éonglom&rate and
sandstone, whereas to the northeast are ;he Devonian éull
Lake intrusive and Wild Cove Pond‘ intrusive suit.e t hat
conslists wmainly of granite but al.so granodiorite, diorite
and gabbro (Hyde.l‘983). =

The Howley Formation which Hyde considers the Younpgest

P




étratigraphic -unit ?n the basin 1s Westphalian A age. It
lies east of the Cabot Fault, west of the ' Topsails Igneous
suite and south of the Wild Cove Pond Tgneocus suite. It is
not considered par.t of the Deer Lake Group b-ecause of ;:hé
age difference (Deer Lake Groyp mainly Vriséan). Hyde(197%)
suggests a maximum total stratigrapl;lc thickness of 3100m {f

~there has beéen no repetition by faulting or folding in an

area if fntermittent exposure. Nealé and Na—sh(1963)
considered the thick.nfess to be .2440m based wupon thelir
stratigraphic interpretétion; _ Miller and Wright(ll‘)Bh)
interpret the thicknesslto be ll500m based on gravity and

. *
magnetics.

The Howley Formation consists of .greyl to rer;lj pebble
conglomerates, and " gandetone that are ‘int.erjbedded with
siltstone- and mudstonesa. Thin deams of bituminous ¢oal are
also present In thé Howley Formation. - This formatfon is
interpreted to be a fluvvlal deposit (Hyde,1983).

According .to Hyde{(1979) the history of ‘the Deer Lake Basin
cén. not - Abe i‘ﬁterpre'ted in terms of a single basin
deposi-tion._ﬂe suggested that the whole is ; pull-apart
bagin fnto which sedimentk were deposited from the

surrounding positive topographic features. The Humber

Syn ne as Interpreted 1in  this f‘qshion but the Howley

Formation genesis is poorly understood.

>




1.3 Previous Geophysical Work

In the past, several éeological surveys héd been cﬁnducted
in :thé Deer Lake Basin-buq o regional geophysical work had
'been done -in that ar%a.-’lntenée exploration geopﬁysical
surveys were conducted in limited aréas; Recent ly, exte;sivé
gra&ity surveys were conductéd (Mi1ller and Wright ,1984) and
paleomagnetig studies were done by Strong and Irving(1983).
1.3.1 Gravity and Magnetics _ ‘ 2

. -

In.fhe mid 19608 a gravity survey was conducted by éhe
Dominion obserwvatory with a méan statloﬁ spacing Qf l3km
(Weaver,1967). From Weaver's s;rvby a.high p;sltive gravjty
anomaly was Qbserved in the Adies Pond area which correlates
with gabbro and/or diorite mappéd by'.Baird(1§60).v Weaver's
‘survey “also showed a pronounced eastward trending gravity
low ;ver the Howley Formation which was‘ interpreted to be
“Skm thick compared- with the geological est;mate of 2440m

from Neale and Nash(1963).

In 1981 and 1982 gravity data were collected extensively

by a Memorial Universityvteam (Miller and Wright,1984) in

the Deer Lake Basin., The Bouguer anonaiy map shows that
there are ,étrong positive anomalies in the northeast and
southeast pirt of the basin which correlate with the wild
Cove Pénd and Topsails igneous suit‘ﬁ respecéively. Miller
and Hright(lQhA) 2also showed a positive anomaly In }he
northwest part of the basin which agrees with the mapping qf
Héaverﬂs .Adles Pond High and coincides with the location of

the oldest érystalline‘rocks in the area.
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A prominant northeast trend and the presence of egst~west
trend in Ehe eastern po?ﬁ{on of the ' Deer Lake Basin are,
observed 1n the regional trend map. -

The features close to the,surf#ce were prominent aon the
residual anomalx map which shows sl{ghgly negative gravity
features 1n the Humber Syncline éoinclding ditﬁ the geolbgy'
of that area. -

-

Miller and Wright(l984) also discussed the reduced

magnet ic data for the bésin. They shoved that the major

magnet ic anomalies were observed in the north of - the basin:
.which is dominatéd by an eas;—west~trend1ng high téﬁar&s the.
northwest extension of‘the basin and found that'Fhé trend o%
‘this anomaly pattern is orthogonal to thac fothe ma jor
syncline area. Another positive magnetic anomaly having va
north-south trend accurs fin the central portion of the
northern edge of the bgsin. They pointed out> that both of
thése‘ high magnetic anomalies términate—over-ﬁumber'Fills'
rockg and both have ‘urnniuI occurences nappe{ on their
flanks on Smyth and Martineau's . map ‘ (Smyth ’ and
Mart;neau,i982). -
Miller aﬁd Hright(l986) used nunefiéal ,two-dl;ensjonal
gravity ané magnet ic modelling techﬁiques to establish the

: . s
thickness of various features of the Humber Syncline and the

1

Howley. Formation. They computed the gf&vity and magnetic
results for the various geological models which evolved from

Hyde's{19?9) interpretatiog.

Their modelling results show thart the main Humber Syncline

-~




has .a -maximum thickness of 12q0m. It 1is underlain/ﬁn the
west by a mafic/ ultramafic body and the east by matertal of
higher than average density having a low magnetic
susceptibility, Another ves;]t from the ﬁodelllné is the
'coﬁstraint on the Eotal vertical thlcknessf of the Howley
Formation. A good estimate of tge Howley sediments thickneee
was made from the gravity and magnetic modelling and a
mgiimum thickness of sediment was suggestéd to Be' 1500m
(Miller -‘and Wright ,1984) which dlsagreés with ghe escinatés

of Weaver(1967), Neale and Nash(1963)‘and Hyde (1979).
1.3.2 Paleomagnetism

Strong and Itving(1983) conducted paleomagnetic studies of

the Deer Lake Basin. dequence, and thereby obtained some

indication of movements relative to other Carboniferous

rocks of' Newfoundland. They studied the samples of
Carboniferous St.'LavrencevGranite and thevSpanisﬁ Room and
;efrenceville .Formations  of, the Burin Peninsula{Avalon
Tectonic ;onei of eastern Newfoundland, 1In additien to
samples from Deer Lake Carboniferous Basin. Their dsta from
f;ur formations of the Deer Lake group all' yield a
conaisfent palgolatitude of about 20 }egrees.:south, 1ﬁv
agreement with the vaiuee‘ detgriined frdm tﬁe ea?ly
Carboniferous (Tournafuiaﬁ) Tertenqeﬁille < Fotmaf!on of
eastern Newfoundland on the eéa;ern side of the Appalachian

orogen. From the good agreement of the results, Strong and

Irving suggested that there is no paleomagnetjic evidence for




previously proposed -2009}m displacement of the northern
Appalachians from the séuth relative to cratonic North
America duping the Carboniferous ( Kent and Opdyke, 19;9),
altﬁopgh it could have occurred earlier or 'it conld have

.

‘been smaller than could be detectable paleomagnetically.
1.4 Present Survey

Ahe present seismic survey was éonducted‘during August .
4 K ) y .
1981 by members of the Earth Sciences départment of Memorial

hnivgrsity.,Seismic déta were collected on a profile Ss!
‘along the road jﬁ the Sq;irea Park area, ;orth of Miller &

Wr{gﬁk‘s (1984) gravity profilé AB; (Fig.1.1). “Botﬁ the
'_refiaction and reflect}on data were obtained on the same
records uslqg,shots congisting of lkg of dynamite buried at
depthsffroh:1—3m. Thq hgar—ofiset of the geophone wes 25m. A

singlg geophone was placed every 50m along\tﬁe line using 24

geophoné -locat fons per spread with the total spréad length

of ' 1175a from the shot to the last geophone. ‘Fourteen shots

vere .detonated at every second geophone location, that 1is,
at an interval o} £00m éiving a fota]i coverage qf
approximﬁtely l.6km. "Out of these I&lehots, shot number' 2
and 12 were noise shots.-The'&sta were digitally (ecordéd
using a DA;. recordiqg systen viLh,a‘sample every 1&3. The
elevations of the_ahots an§ the geophones wgre‘meaaured vith
respect .to the elevation of the ‘'gravity station 4003

(Fig.1.1).

In this thesfs, the refraction data (Chapter 2), and the

"




v

reflection data {(Chapter 3) are discussed. The processed

~ . - ‘ . : ’
data are interpreted geologically ‘and compared with the

N » - - .
available gravity and magneric results {Chapter 4). -
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2 REFRACTION

2,1 Purpose of the Rgfraction Studies

The purpose of the preliminary seismic refraction study
wag to <determine the representative velocities of the
differeht formations in the Deer Lake Carboniferous basin

from Shell seismic data (Westfleld Minerals Ltd, 1981). The

main objective of the refraction study along the Squires

Park'ling which traverses part of the Humber Syncline was to
datermine the dep£h of the basement f;om the first break
information and hence to find the internal ;tructufé of the
beds.

2.2 Prelimirary Velocity Determination

N

. v
- -

In the preliminary refraction study, the yelocit; of the
different formations in the Deer Lake Chrboniferoué'pasin
was determined from Shell séismic‘data. The data collection,
the processing of these data and finally, the results
obtained from the déta which give thé veloeity ‘of different

formations in the Deer Lake basin are discussed below.
2.2.1 Collection of Data

In May 1981, seismic refractlon tests were conducted by
Shell (Westfield Minerals Ltd, 1981) at twelve locations in
the Deer Lake bdbasin (Fig.2.1). Two ehots, one at each end of

the spread were recorded in each location except at location

l. Five single shots were recorded 1in 1location 1. One

»




0 } gkm

. Stale

O Shot point location

Fig. 2.} Shot point location map (After Vestfield Minerals Ltd,, 1981),




Akilogram of dynamite was used in each shot. The offset to
the nearest geophone was 25m and .single geophones were
spaced every 25m along the 11ine -using 12 geophone locations

in each spread. The data were digitally recorded with

sampling every 1lms and the record length for each shot was

lsec. The average gain of each trace was 60db. There was no

fnstrumental delay in recording and no filters were used.
2.2.2 Procesaing of Shell Data

The Shellvseismic refraction data were prycessed from the
plots. of the data. The first refraction arrival was marked
on the field?glot of the réfraccion data for each shot in
every location of the Deér Lake basin and the time-distance
curve was drawn through the first arrivals. Ne corrections
were madb’for elevatdion differences since no elevafio; data
was ;vailabie. The velocity: of _ the uﬁper layer - was
determined from ‘the {nverse slope of the time-distance
curve. The average velocity and the range of tﬁe velocity of
different forﬁations were computed. Their values vere

tabulated in Table-2.1.
"2.2.3 Results from Shell Data

The results of Shell Befsmic refraction data which show

the range and the average velocity of the =~ different
.
Format ions of the Deer Lake basin avre given below

(Table~2.1).




Shot Point Average
Location nos. Velocity(m/s) Velocity(m/s)
Humber Falls 2800-3200
Rocky Brook 3200-4650
North Brook 4400-4650
Precambrian 6600-7140
Devonian 4500-5400

Howley 4160
Anguille Croup

Table~2.1 Average velocity from Shell seismic regractioh
data. ! : :

Our main interest was to .consider the‘;elocity of the
"Humber Falls, Rockj Brook and North Brook Eornations because
the Squirés Park line traQerse; this area.- The velocit; of
t hese form;tionér was found to be significantly different
from each other (Table-2.1). Tbgse ve}ocities play an

important role -4in both of our refraction and reflection
studies. ~
The average velocity of the Humber Falls Formation was

'3000m/s which overlies the Rocky Brook Formation of higher.

GeLocity of approximately 4000m/s. The sverage velocity of

the North Brook Formation-is about 4500m/s. On the basis of

the;e velocity contrasts, the velocity contours were cﬁosen
to determine the layering in seismic refraction studies.
There are various implications of the velacity of Humber
Falls, Rocky Brook and North Brook Formations in reflection
studies. Firstly, the upper layer'év;rage velocity 3bOOm/s_
was used In determining the static correction in both

refraction and reflection data. Secondly, these velocities

played an inportanf role in estimating- the astacking veloci;y'
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for the Normal Moveout correction. And finally, they were
used to calculate the reflection coefficient for the
synthetic modelling in reflection Iinterpretation.

»
The velocity of the other formations gave an idea of

0 ‘/
geology of the entire Deer Lake Basin.’ The velocity of the

Howley Formation was 4160m/s. It was less than the velocity
of the Devonian intrusive and Anguille Group Format ions

whose values were 4950m/8 and 4880m/s respectively. These

results were consistent with Hyde's dinterpretation which"

PO
Py

considered the Hoﬁley Formation as the youngest unit (Hyde,
1983). The Precambrian rocks of Long Range Complex had the
maximum velocity 1n the range of 6660-7140m/s. The higher
velocity in Precambriamn rocks was reasonable as it consists
of compact high density metamorphic rocks such as quartzite,

mica schists etc. (Hyde, 1983).
2.3 Squires Park line

The Squires Park 1line traverses part of the Humber
Syncline. The refraction and reflection data of the présent
study were collected together along that line. The
refraction data were ©processed and dinterpreted and are

discussed in this chapter.

o




2.3.1 Collection of Data

In August 1981, seismic refraction data were collected by

a team from Memorial University along the Squires Park line.

The offset of the nearest geophone was 25m and single
geophone was placed every 50m along the 1line using 24
geophone locations per spread. Fourteen shots were detonated
at eve(ry second geophone location with an interval of 100m
gliving a tota.l coverage of about .4 km. Shot number 2 and
12 were misfires and all the shots consist of lkg of
dyn_am'i'te buried 7at l to 3m depth. The data were digitally
recorded with sampliné' every lms. The shot and ﬁhe geophone
elevations were measured “vith respect to the elevation of

the gr'avity station 4003 (Fig.l.1l.) ‘and their values were

tabulated (Appendix-1).

2.3.2 Processing of Data

- N -
ey

A_r.. first, ch\2 selsmic refraction data were ~stavt::l.c
corrected 1n-the data proc'essing__. 'fhe put;pose of the a‘tatic
correction was rto eliminate the effeét of differing surface
elevation. ~ :

The technique for static correction was .to correct the
data to ‘a "datum el.evatlon;' (datum plane) by removing the
calculated travel times from the source to the datum and
.fr_om the geophone to ’the datum.’

The statie correction is

i

At = At + At
0 s g
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-

Es - Ed oL
where AtS = —v—— , 1s the source correction
' ’ av
~ EG - Ed ,
and Atg =y , 1s the geophone correction.
av )

E‘s and Eg are the elevation of source and geop_ho'ne and Edls
.the datum elevation which was chosen 40m below. the -gravity
station 4003 1in 'order to be below the lolweét élevation
geophone. The average veloclity to the <'ia»tum, V; 3900m/a used
for the statie correction which mw-as obta;ined from
preliminary refraction survey of Shell (Hestfield Minerals
Ltd, 1981)(Section 2.2.3). .

Since for each shot 24 traces -were' recordeld, ‘the shot
correction was common’ to every trace .in.the record and the
1nd1v1dua\l geophone correction -was computed for each ' El;ace._
For - tﬁe “l4 'sh.og in Squireafark line, \Evj_ie total number of
traces was 336 and each of them was statige corrected.

Th'e corrected data were plotted as- travel times _versus
offéet d;s‘taﬁce of the geophones. These time-distance_ curves
" are ‘shown in figutés'2.2 to 2,13, The velocity of each layer
was " determined from the} inverse é;irope), of the static
corrected first break data for all shots. .Their valueé were
" tabulated in Table-2.2. _ '.

Assum‘iné horizontal layering, the depth td' the interfaces

were calculated by gsing the relations ('Appenrd:l-x-Z)'
' . . .
1

4 .
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TABLE 2.2 Offset distance, intercept time, velocity, depth and crossover distance of different
shots in Squires Park line.
SHOT OFFSET INTERCEPT VELOCITIES THICKNESS CROSSOVER
PCINT DISTANCE TIME(S) IN SEC IN M/SLC IN METERS DISTANCE
~0. IN METERS IN METERS
: T. \Y% i
| DFF 1 x££ 2 Til i2 0 Vl V2 ZO Zl computation |graph
h
1 148 - .052 - 3388 4546 - 132 - 695 700
3 151 | - 041 | - 3304 | 4167 | - 116 | - 654 625
4 101 266 .028 .060 3100 3846 | 4464 74 97 450 465
5 97 - .044 - 2961 4118 - 94 - 464 450
6 96 - .046 - 3012 4231 - 95 - 481 500
7 94 171 .028 .094 3036 3894 | 6372 75 | 124 428 435
8 127 258 .022 .086 3209 3611 | 5263 65 | 139 545 475
9 86 - .051 - 3014 4643 - 101 - 438 425
10 116 - .048 - 3268 4552 - 113 - 556 550
11 86 - .048 - 3146 4762 - 101 - 445 475
13 79 .038 - 3125 4508 - 82 - 387 400
14 57 .030 - 2959 4327 - 61 - 280 290

€£e



2= E'} levoz 1/é f( (2.2
(vy )
(Two layer case)
(v2 - v‘?)l/2 v,V
zlzé(Tiz'“o ~2vv0 ) 212 I (2.3)
2°0 (V2 - Vl)

(Three layer case)

where T, and T,zare . the intercept times.obtained from the
-1 i2 .

time—distance_- curves for the two-layer. and three~layer
cases. - ‘ A

It was “ne‘cessary to compute thg of fset distance for each
shot to locate the exact horizontai stition from which the
refraction s.tarts. .,These distahces were computed
(Appendix-3) byvu‘sing the relation

Xoff = Z0 tan ic . . C(2.4)

wherer Zois'the depth -o.f the interface and 1C- Si-r;l(v0 ‘/Vl )
the critical angle af refraction and their values were
tabulated (Tvable—'2.2).

The velocity contrast at the boundary of the layers ‘was

C 4

plotted against the shot numbers taking care of depth and
offset distance (Fig.2.14). From this plot it was clearly’
6bserved 'vtha't two dist.inctl layers were present at about

3000m/s and 4000m/s velocity contrasts.- At these velocities,

two contours were drawn and were interpreted 1in the next

section.
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2.3.3 Refraction Interpretation

- 3

The results  of the refractiqn data of Squires Park line
are shown 1n Fig.2.14. From the velocity contours ;)f, this
.plot, it was observed that the average depth to the
interface between the "fir-st and second layers was about 90m
and the average depth to the h'nerface.‘between the second
and third layers was 170m. It was also observed that there
.was an anticlinal shaped Interface with the f:lrst//layer
interface cresting at shot 6 and tw; sharp cHanges of
velocity‘ near shot" 7 and Iin between shotsrlo and l1. The:
4000m/s velocity contour interfaaqe roug’hly followed .the
first layer exceptA, in between shot 6 and 10 i;here a
distinct change was observed.

The nadture of the velocity 'contours of the section
(F‘ig.zv.llo) indicate that two wmajor featu’re's are evident .-
Firstly, theretis an anticline cresting at shot 6 and a
gentle westward dip of the Degr Lake Cfoup rocks. The

formation beneath the anticline .is Humber Falls which
ov,eriies the Rocky Brook of higher v?elocity; Secondly, there
are faults at shot 7 and {n .betvee? sho_'ts 10 and 11 with a
gentle.synncline in beﬁveen the fauits. The velocity contours
observed in betveen the two faults were 1nterpre;ed to wmean
that the layers of this part were uplifted. The formation
beneath this sec;ion was Humber Falls overlying the Rocky
Brook. ' |

A change 1rir'veloc1tyi,gta‘d'1ent was observed from shot 11 to

14 fndica®ing the presence of a co;pact,\\high denéilty

- .
. . ~







formation. The velocity beneath that ﬁart vas highef'than

the velocity of the other part. It was interpreted that the
& - - i

formation beneath this section was North Brook with a gentle

dip towdrds the fault 1line which agfeea with the local

geology (Hyde,1981).

A4

a3




3 REPLECTION .
3.1 Objective

fhe main obJeétive of the seismic reflection study was to
interpret the stacked section for the determination of d;pth
and dttituée of reflectors and go delineate ,the
configuration and internal structure dof «the part of the
Humber Syncline basin‘ over which the Squires Park line
traversgﬁ. Computer prgogrammes were developed for the data
procesging sequence (Séction‘3.3) and impl;mented to obtain
the final .stacked section. In order to obtain the stacked
sectiog, the reflecti d;ta wvere processed to enhance the
signal to noisae rgpjo. In order to achieve the éoal of the
reflection st;dy, high resolution (1 msec sample) data were

collected which could precisely determine the configuration

and geometry of the reflectors.

3.2 Reflection Data Collection

On the Squimres Park line, the reflection and refraction

data were collected together. The 'reflect;&rféaté vere
recorded {n Commonfd;pth-point(CDP) gather with the coverage
of 600X or 6;fold (Mayne,1962). The reflector was assumed to
be horizontal and thg subsurface coverage was half of the
surface coverage. First, .shot-‘l ;as AetonatEﬂ and the
seismic signal was recorded by the gedphonebgropps 1 to °24.

The subsurface coverage extended below geophone 1 to 12.

Secondly, shot 2 was detonated and the geophone groups 3 to




26 recorded the s;Lsmic signal with fhe sgbsurface covérage
below geophone 3 to 14. The ghange of the geophone group was
done by moving the seisnic cable. Thirdly, shot 3 w;s
detonsated gnd the sefsmic signal was recorded by the
geaphone groups § go 28 with the subsurface cove?age below
geophone 5 to 16 and, so on. The data were recorded with
high time. resolution, that ‘15, sampled every 1 msec using a

DAS recording systému

3.3 Data Processing

[

The objJective of the seismic reflect;on data processing
was cé improve the quality of the data and to present the
data in a fofm " that wvas convenient for geologic
1nterqretation, The data recorded in the fleld were 1in a
multiplexed fo}mat. At first, the data were demultiplexed»in‘
order'to change the traée.order and after démulpiplexing tﬁe
traces were in \;ecb{d> order, thatljg, the traces of ,each
record Qefe- :ogethér. The demultiplexing was don; by
Sefel(Calgaryj; The demu}tible;ed data were normaliéed..The
normalizﬁtion-was done by dividing'edch ;amplevof the data
by the largesf absolute value of the san?1e for each trace;
The normalized dats vere‘plotteq (Pig.~ 3.1). Sinc; there
vere two misfires having shot number 2 and 12, tﬁe traces of
these shors were . not furtﬁer'péécessgd. Tﬁeae-traces ;ere

: / , : :
'elininuted,by zeroing out b#fore. NMO correction. All the

/

other demultiplexed datﬁ were procegsed following the

} . / S
sequence of proceseing as given below.

;
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F
SEQUENCE. OF PROCESSING .
- DEMULTIPLEXED DATA({
- : /i — Normalization B
(\ _ . STATIC CORRECTION
) : " MUTE '
< Normalization
Y . .
1 I o FILTER -
Notech i Band Pass -
\ : ‘ Normalization \
. . T’ ) .
’ : " CDP GATHER
‘ ' . r < ﬁelocity Analysis
N . + - +
: - . NMO = : . 3 D
- _ o CORRECTION
STACK

"FINAL SECTION

t

The programmes for thié processling sequence were ¢
developed and are presented in Section 7. '

.




3.3.1 Static dorrection

The first step of our procésslﬁg.was to apply a static

correction to the ' normalized demultiplexed data, This

corr;ction was done only for the difference {n surface
'Flevation since Fhere was no weathered layer (Low velocity
Layer) in the Squires Park:afeaﬁ

The basic technique+for static correction was t;;¢orrect
the data tq datum elevation (datum plahé) b; removing the
‘calculated .travel times from the source to éhe3datum and .
from the geoéhone to the datum, The détaiLed ltechnique of
statie cérrection has be;n discussed 1in Sectionl2.3,2. This
correction wasg done.férﬂall'the 24 traces with each of 1;

shots, that is, for all the 336 traces. The static corrected

traces are showﬁ in Fig. 3.,2.

3.3.2 Mute

. - - : . .
It was observed 1in the plots of the data (Fig.3.2) rthat

’

there were other eventa besides the primary reflections on
the. *record. The amplitude of thése events was higher than
that of the primary reflectiofns. It was necessary to remove

these events from the record as our interest was to consider

the primary reflections only. ' .

The most bp:omiﬁent other. events were‘the refracted waves
whosez amplitude was larger than -that of our primary
reflections. Thg_refrdcted waves were eliminated froﬁ the
records by muting the traces, that is, by zeroing out thgse

portions of each f:ace that ¢ontalned refracted waves. The




-

data also ébntdined "gir waves”™. This was the energy that

. 4 .

“had traveled from the source to the i:gceivers through the
air at the velocity of éound in thé atir (about'350m/s). The
air. waves were;alsélmuted ou{ from the rfcordm lThen' the
myted 'daté lwefé renormalized and the traces were plotted

'v(Fig.3.3).'As can be seen from these traces the reflection
. o : e
events are  now prominent. Note for example the events

- e .

anumbered A & B. ) “

3.3.3 Pilter

.
o

The purpdse of the filtexing in seismic reflection work is

to remove nolse, in other words, s8ignal with undesirable

freduencigs from the record, leaving the primary reflections

,havigﬁ geological meanlng.lnefore the filters were cmpsen,

an average power spectrum for each shot was calculated and
plotted. A e#nple plot for shot 1 is shown in figure 3.4.
Froa thise figure 1t 1s'c1ear that there was an interference
effect with the power line frequency at 60Hz. To eliminate
this effect, the 60H?. baad rgjectién‘ filter (éi‘ notch
filter) ias used. To exclude the nofse which was«mainly.due
to surface waves (ground roll), 8 band pass Butterwo;fh
- filter ~was used vikh a cut of low frequency 20Kz and high
frequency 1208z, o
l:tch Filter

The notth filter (Truxal,1955) was designed to feject 60Hz

interference in data. To design this filter, - a Z-diagram

-{(Kanasewich, p.249) was considered on which 60Hz frequency -




AVERAGE POWER SPECTRUM

SHOT NUMBER 1

0. 30

s8]
=
L@
Wi
=
o
a

0. 20

~ 80.00 160.00  240.00  320.080  400.00  480.00  560. 00
S FREQUENCY (HZ)

" FI16.3.4 PLOT OF POWER SPECTRUM BEFORE FILTER



was plotted around the unit circle (Appendix~4). The

. \ ‘

frequency corresponding to an angle of * on the unit c¢ircle
. \

was

9 =+2%.180=+ 21.6°

N

where fN- 1/2AT = 500Hz 1is the Nyquist frequency, since the
sampiing interval AT=1lmsec. This frequency plays an important

role 1an designing .filter because the power spectrum above

this frequency is folded back which 18 known as alfiasing

(Kanasewich, p.110-114).

Two ©poles just outside the unit circle were considered so

. :
that the signal spectrum was not affected away from 60Hz.

The Z-transfrom of the impulse response function was glven

by (Appendix—4)

0.9899_(22 - 1.8596z + 1)

1 - 1.8406z + 0.98002°

where Y(z) 1s the output and X(z) is the input series.

The recursive relation for the output becomes

v

Yn = 0:9899 Xn + 1.8408'Xn_1 + 0.9899 Xn;Z

“

+ 1'8406.Yn—1 - 0.9800 Yn-2

Using the above recursive relation(3.3), the filtered




dutput vag obtain;d but with d‘phase shift. To get rid of
this prqblem, that 18, to get a zero phase shift rejection
filter, the output from this process was reversed and passed
tﬂrough the s;me filter again. Then ihe output ;ectot was
reversed to obtain the desired zero phase shift data.

-Band-pauss Butte;vor£h filter

AThe purpose. of chosing the / band - pass- filter was to
eliminate the surface waves from the data.-The low cut
frequency was cho;en a8 20Hz for the elimination of suffaée
waves and© the high cut frequency was chosen 120Hz,
considering the significant contribution in  the average
p&uer spectrum up to that.freqyency. . |

There are lnumber of techniques available {or désigning
band-pass recursion filters (Kaiser,1963; Whittlesey,1964;

Robertson,1965; Holtz and Leondes,1966). The most quitable:

ftechnique for designing a «class of filters known | as

Butterworth band-pass _was chosen (Guillemin, 1957,

p.585-591). This filter has 8 poles in the S-plane and was
"‘applied 1In forward and reverse directions to have a zero
phase filter.

A ﬁilinea{‘z—tranaforu_vas used In designing the filter to
prevent sliasing problems. (Golden and 'Kaiser,1964). The
_Z-trangform of the’ impulse response has the fo?m

(Appendix-ﬁ)




Flz) = (1-2°)%/(8, (2)B, (2)B (2) B, (z))-

et
S

LN
=1 - Dlj—lZ+D2jz‘“ ‘

i=1,2,3,4

"

el
and the <coefficients D2j_landlﬁjuere determined by the

low and high pass cut-off frequenclies. The Impulse response

of the filter (equation(3.4)) was equivalent to the cascaded

product of four filters

}"‘\
MERRN

F(z) = Fl(Z)Fz(Z)F3(z)F4(z)

‘where terms +like %_hqve the form

F,(2) = (l-zz)ﬂzﬂfozzz)' * (3.6)
Since ;hé ftlter was cascaded four times’ in sutcesgsion to
produce the Z-transform routput, recursgive éduations for
progremming were deQeloped and used (Ap;endix-S). A Fortran
sﬁbroutine for the zéro ;hase shift Butterworth filter which

was given by Ganly (Kanasewich, p.274-227) was used 1iIn the

-

programming for filteriﬁg ‘the data. an? the output 'is
8

1

normalized and plotted (Fig.3.5). The averfige power spectrum

of filtered data was .calculated and 6ne of thenm is
shown(Fi1g.3.6). From Fig.3.6, it vas evident - that both of

our chosen filters worked properly since the 60Hz ‘- peak and

the frequencies below 20Hz and above léOHz are attenuated on
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this spectrum compared with the amplitude on the previous

spectrun(Fig.3.4).
3.3.4 CDP Gather

The purpose of the "CDP Cather” was to rearrange’ the
traces from shot point order to depth poilnt order. The
traces of the‘lSquirea quk line were sorted or gathered into
depth poi-nt’ order before stacki'ng. All the traces of the
'first> depth point  were .fol]oved T;by> all the ;:races of the
second depth point and so on,

Since the shots were at an interval of‘ two geophones ar;;j a
24-geophone g(i'oup was ugsed, a maximum coverage of 6-fold was
possible. The number of fold covetrage increases the éi.gnal
to .noise ratio by n, where n 18 the number of fold
coverage. In oréer to achieve subsurfacéy coverage up to

below the shot 4,_ eagt * of which there 18 an anticline

structure(Section 2.3.3),. 4~fold and 5-fold coverage were

.
.

also consi‘deted;’ and a total number of 44 reflection points
throughtout the lin‘e' of survey >w;s .obt‘ai’ned.‘ ‘ ‘F‘.Iinally‘, cDP
gather wt;‘s obtained with | the help ' of L stackin;g . chart
(Fig-3.7) (Mayne, 1962) a!)d ' im:lividuél >, traces were

plotted(Fig.3.8).

1)
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< 3.3.5 Velocity Analysis

/The* main objective of e \ velocity analysis was to

determine the velocity function which will yield the best

.

normal moveout correction and the auxillary objective of the
velocity analysis. was to identify lltho'logy.
It was observed- that the reflection seismic record for

each shot looks like a hyperbola(Fig.3.8)(Telford et al., 1976
p.261) . o :
2 ’

2,.2 ‘
o * *¥/Vins ~ (3.7)

where T, = ZD/VrmS'is‘~ the vertical two-way travel time and D

and Vrmsare the depth and rtms velocity to the reflector

respectiveiy.
The relation(3.7) gives a straight line if T. is plofted
against X and the veloc‘ity“can be determined froin the slope
QYA S R
The normal moveout (NMO) 1is thg dif ference between the

reflection time at an offset X and the reflection time zero

offset and 1s given by

AT =T - T, ' (3.8)

Substituting the value of T from equation(3.8) 1in equation

' (3.7')~an'd si;np‘lify'ing (Appendix-é) A |

’ a y2 2
'..AT X /zvrms TO
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It i’s evident from the above relation that for a particular

‘ o offset,at"‘he‘normal moveout time depends on velocity(V, . ).
Qur aim was té determine this velocity, known as stacking
.velocity, by measuring the N;IO-

To determine ,the stackindwelocity of the first reflector,
the 1least squate,s method (Kossack et al.,. p-399-401) was
applied.- For each CDP refleérion, the arrival times far
different offset X was known fronl‘the cpp ggl:er\’section
(P:lg.3.8)d. Using the different values of offset X and the
' corresponding values of arrival time T in equation(3.9), the
vertical two-way travel time T and the \}bélocit‘y V were
determined f.or the first tef-lector. It was found that the
velocity was almost constant for each CDP and its value was
equal to 3000200 m/s. This velocity agrees with the
velocity of the  upper layer Humber Syncline which was +
obtained from Shell seismic refraction results. .

To estimate .the sntacking velocity . for the second .
reflector, the vertfical two-way trsvel time T was taken to
be 112ms which was estimsted fr‘om refraction(?ig.z.ik). This
val‘ue of T was used in equation(3.9) for different offset.
The different values of V ranging from 3700m/s to 4300m/s
with an interval of 100a/s were!consid.ergd bar‘ld the moveouf

time was calculated. This amoveout time was applied to the

traces to get the best alignment of the traces. The same

'

procedure vas repeated for all the common depth points. 6

W\Different velocities were found (Table=3.1) to be best fo

. - . /
the different CDP. These different velocities are caused by
- " N ’/




52

local changes in the lithology and geometry of the

reflector.

Stacking Stacking
CDP Nos. Velocity(m/s) CDP Nos. Velocity(m/s)
1 4000 23 3700
2 3900 24 3800
3 4100 25 3700
4 4000 26 3900
5 4000 27 3800
6 3700 28 3700
7 3700 29 3800
8 3900 30 4300
9 4300 31 4300
10 3800 32 4300
11 3700 33 3800
12 4000 34 4200
13 4000 35 4000
14 4200 36 3800
15 3700 37 4000
16 3900 38 4200
17 4000 39 4100
18 4000 40 4300
19 3700 41 4100
20 3800 42 4000
21 4000 43 4300
22 3700 44 4100

Table-3.1 Stacking velocity for the second reflector
at different CDP.

3.3.6 Normal Moveout Correction

The normal moveout correction was done before stacking the
traces. It was noticed that the reflection event on the
seismic record is curved. This occurs because the ray-path
from the source to the geophone with some offset is longer
than that with no offset. The difference in the arrival time
for a reflection on a zero—-offset trace and an offset trace

is called normal moveout (NMO).



The NMO corrgction ‘was goyp;ted by using the s;acklhg
veiocity (diacussed in seﬁtjon 5}3.5) ip: equafion(3f9) for -
each trace. This Kcorreétion was done by shifting the

»refleétion up b; that amount and the traces were fo@nd to be
aligned for each reflec;fonlﬁpoigx.' The data after NMO

f L)
correction is shown in Fig.3.9.

3.3.7 Stack.

-

After the necessary corrections of the traces, all that

remained was, to stack the data, that 18, to sum all the

£ .
‘ ! ' O . ! -
.traces for‘\each common depth point, resulting 1in a single

stacked trace being output ‘for- each 'deptﬁ point.- E;ch
1nd1v1dqh1 trace in the atacked line is actually the sum of
all the tracea's; ] depgh.poiﬁtL‘ Be;uuse of the different
fold cove;age, nof all depth points coﬁtaln the same number
of traces. Tb:conpenéa;g‘fét_this and .to 1nsufe that _511
stacked traces Lave the same overall 'level, each stacked
trace is scaled according to fhe nul&er, of traces iﬁA the
‘depth ﬁoiﬂt. F;r the firat four depth‘pointi, each gathered
trace cohslsting‘of d'tgatéé vas wmultiplied by-. 1/4 vhen
stacked. For ghq next four deptﬁ po;nta, each stacked pgrce
consisting of 5 ;racei vaavmultiplied(by 1/5 whep ,8tacked.

The remaining 36. depth points, that is depth point number 9

to 44, each poipt consisting of 6§ traces was Bultiplied by
. . ) & ’

1/6 when stacked. After stacking, the final section was

]

plotted (Pig.3..10') and this section was interpreted 1inmn theg

next chapter.

.

' L
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4 INTERPRETATION C _ ' [,

_— N : ‘
The second purpose of this thesis was to Interpret the

" ‘ . seismic déta, that 1s the-‘tranafo:ﬁation of the.’seismig
&éformatiou dinto geologicai térﬁs.for t he Squifes Park line'
which tr?veréeg Ba;t of tﬁe Humber Syncline of ;he Deer Lake
Basln;lThé.interpretatidn of both selsmic reflection and.
tefrqgtipn data “;a discussed iﬁ this chapter. The
1ntgrpretatibn of the ée?gmic data 1s 'cot[elated‘ witﬁ the’
interpretation " of geolégy‘ (Hydé,1979; 1983) and with. the

: interpretation of the gravity and magnet ics data (Miller and .

wright, 1984). - | . ST .
4.1 Reflection ) : ,’ A PP

A‘ two~dimensional geological‘ interpretation ~ of the
reflection seismic data of‘the Squires Park line v;s dope v +
thdm tﬁe final(stackea) sect}éy'(?fg.3;10). The reflec;ion
events' aving the higheat-amplitude troughs (or.peﬁks) are
easily identiffed 1n this»-sectidp. The troughs..of the
teflection \eventé of Zth€ different. traces wefe'found to

. . J -
> follow each other except at two places, where an abrupt

/

. . ) /
-change was observed. The trough to trough of the reflection

¢

. events  were .joinéd and {t was clear that tﬁére vere two

shallow reflectors along the seismic 1line. // The average
' /
' / - .
depths of the reflectors were estimated to be about 75m and
. ./ -
s/
iéconq reflectors

1750 essuming velocity of the firet and

/
/

3000m/s and - 4000m/s respectively (Séc;&on 2.3 based on “

the refraction velocities and’ ltacking ﬁelocit for the




.layers. TQd major structures are evident froum the stacked
section (Fig.J.IO)H Pirstly, an anticiinal structure -
cresting at shot‘ 6 was Qbserved. Secondly, two faults at

f . I3 . .

about shot 7 and 11 are evident where there {3 an abr%pt

discontinuity in the reflection eveats. The beds, east of

shot .7 and'wesf of ahot 11 ﬁ&e upliﬁted.vThere vere verfical.u
throws of about 70m ;nd'lzom in both the faults of éhe fifst
and_segoﬁd Feflectoré'which show Fhat the faults appear to

.'be. growing ‘rapidly with depth. There was no diffraction

. pattein:ih the stacked section (Fig.3.10), since the faults’

' ar; at shallow‘depthm'lt‘vas'obgpfved that the uplifted bed
has ﬁ gengle synclinai‘strucéute gpd the refléc%ors below
shot 11 to 14 have a gentie updiprlndicating'higﬁer'veloclty
at lover;depfh towards the end of the prbfile.' ) .

To interp{ef‘the sﬁacked section (Fi1g .3.10) geqlogicaliy.
a_éynthetig stacked section was generated assumiﬂg a simple‘ .
geologiec .hodel; This modal was Sased on the local geology
and ;the refractioﬁ Ihfqruﬁtion. Tﬁe synthetic stacked
gection was generated assuming a tv?ffeflectof.model at an

average depth of 75m and 175m with the presence of the two

v

ma jor structures discussed earlier.

i To generate -synthetic stacked-section means to generaéé

{syntheticlseiamogransA(Peteraon et al. 1955) which are

rartificial feflection Trecords de by convolutiocn of the

reflectivity function with a sourle pulse. The two-way zero

offgset ' timesa from the source to the reflectors -were
. : . ! : g
»

calculated for'egch shot by agsumiéng the velocity 3000m/s
. ' - ey _ P




and 4000m/s .for the first and second reflector and a locally

horizontal feflecting surface. The travel time was digitized

"with 1ms inferval which is same as the sampling interval of

our field data. Since Fhe reflectors are ét shallow depth
and the change.hof velocity from the first' to the second:

laye;'is large, the travel tiﬁe of the ‘second refleétor is
iower. than twice the E;avel time of the first refléctor and
hence, multiples were hqt included 1in gen;rating thé

synthetic stacked section. The reflectivity was calculated

(Appendix-7) at' the two layér boundaries at 75m _and 175m

depth assuming velocities 3000m/s, 4000m/s and 5000m/s with

'}hg correspondipg densities 2.5 gp/c.c, 2.54 gm/c.cland 2.7

we

gm/c.c respectively. A 50-Hz "Ricker wavelet instead of
minfaum phaée‘ubvelet was ghoaen Qs‘the source pulse because
good Ricker wavelet Q#a ebserved im the plot of the data
after fl]terinngig.S.S). ‘TH; ”chosen‘ 50-Hz frequency fs
within the ﬁaual seismic range and is consistent with the
frequency b;nd used 'innreflection data p;ocessiﬁé(Section
3.3.3).

- The synthetic‘ sfacked section 18 plotted(Fig.4.1) and

¢compared with the original stacked sectifon(Fig.3.10). The
. . , . 7

"nature of the two plots was slmost identical. Prom these it

v

was evident that there are two teflectors with an average

depth of about 75m and 175a with tﬁe.presence of two mgjor

structures. . Firstly, an anticline eresting at shot 6 with
LY

the slanting surface of about 25 and secondly,Atvo vertical

faulte near shot 7 and 11 with an uplift of bed in between




® ]
" the faults having fﬁ:lt throws about 70m-and 120m of the

first and second reflector, respectively.
4.2 Refraction

The seismic refraction data - were interpreted from the
velocity <contours(Fig.2.14). The refraction interpretation

has been discuassed in detailed 1in section 2.3.3. It was
. ~ ’ '

-

interpreted from the velocity contours that there are two

interface of the layers at average depths 90m and 170m and

that of the other two major gtructures, discussed in the

‘reflectidon interpretation, are present. A discrePency of 15m

B

is ,observed in the first layer depth(Seciion 4.1), Dbecause

the velocity cohtrast was drawn at dfscrete shot point
locat%ons-which give;.éetfain' eﬁ:?r in .interpolating the
velécity contourr for depth calculation, Horgover. depth
calculation by ,refraction tine:distance curve givesv an
approximate idea . about thé depth of different iayers sincé
here we used thé Qsaumption of.horizontal layering but t@;
data 1ndicéte dibping layers. The two ma jor st;uctures which
are present: an anticline creéfing;at ghot 6 ardd faults at
shot 7Iand in betv;en shots 10 ;nd 11 with a gentle.syﬁcliné
in between the faults. The formation beneath the anticline
is Humber Falls which overlign the higher velocity Rocky

“—y
Brook. These formations are fdentified on tHe basis of their

v

velocities 3000m/s and 4000m/s rlspectively (section 2.2.3).

The layers in between the faults are uplifted and the

formation beneath this area 18 alao Humber Falls overlying




the Rocky Brook on the bagsis of their velocities. There

an updip gradual change in velocity from shot 11 to shot 14.
Thd formaLion beneath this'p;rt is NorGh Brook, which has
higher ‘ detdsity and velqcity‘ thap . the‘ other two
formations(Section 2.3.3), with a gentle dip towards the

-fault line agreéing vith the local geology as explained by

Hyde(1983),
4.3 Correlatfon with Geology, Gravity and Hagﬁetics

The seismic data for both reflection and refraction were

correlated with the local geology (Hyde, 1979; 1983) and

with the gravity and magnetfcs data (Mfller and Wrighrt,
1983). According to Hyde, the ;art of the Humber Syﬂcline
Basin which ohr séi?mic line traverses 1B composed of three
rock groups, namely, North'Bioqk, Rocky Brook anq Humber
Falls formations. From reflectfon as well as refrac;io&
interpretation it was evident that theréils a fault 48 the
vicinity of oumr shot 11 and gast 6£ the fault, from shot 11
to 14 there .18 updip slope ‘of th; North' Brook fo;mat;on

\ho%e density I8 higher than that of the other formations.

This interpretation correlates with the géology of that area

\

"

(Hyde, 1983).

Hyde's(1983) geo;ggy also suggests that there are
synclinal 6 and gptidllnab utrugtures ;n the major Hﬁmber
Syncline with the Humber Falls fofmafion overljing the

higher density Rocky Brook formation. An anticline cresting

at shot 6 was observed om .the seismic  data from the




interprefation of both reflection and refraction data and

there are two layers with velocity 3000m/s and 4000m/s

‘beneath this'structure which agrees with the velocity of tﬂe
.corr:spdnding layer of the Humber Falls and Rocky Brook
format}ons(Section 2.2.3) and also agrees with the iocal
geology(Hyde, 1983).
It {8 . interpretated from botﬁ reflection and refraction
data that there is another fault near shot 7 ;nd the bed {n
AUbtweena‘the two _faults at shot 5 and 11 {s uplifted.'From
refraction interpretation, it was clear that there {s a
i}ntle synclinal stucture in the uplifted bed agreeing with
the Miller and Hrlght:s(1984) residual anomaly map ;hich
'shqus slightly négatlve gravity features in' the -Humber
Syncline coinciding wlth\ the Humber Falls overlying the
vhigher density Rocky Brook forﬁation in that area.
.fIt is clear from the present seismic interpfetation that
all the seismic data of éhe Squires Park 1line are “in
égreement with the interpretation of the local geology(Hyde,

1983) and with the gravity and magnetics data'(Hillgr and

Wright, 1984).




5 SUMMARY AND CONCLUSIONS
5.1 Summary and Conclusions

“WhA seismic study of the Deer Lake Basin of Newfoundland was

undertaken. High resolution data (lmsec) were acquired along

the Squires Park }\ne In the Hgﬁber Syncline by using f-fold

CDP technique.

~

A preliminary refraction study was done from Shell seismic

data ahd the representative veiocity of the different
. i

formatrions of the Humber Synclifne was used in . data

processing and interpretat{gn.

L3

Prior to reflection igterpretation, refraction data were
processed and lnterpreéed in order to estimate the geologic
structure in the Squires Park line area.

" In the reflection study, pfogramnes wvere developed and
]
implemented to use the conventfonal data processing sequence

in order to get the final stacked section for
interpretation. An ideal synt hetic seismogram was
constructed based on the available geological and

geophyaical dinformation. A comparison was made between the

synthetic and the orfginal  stacked sectddons and a ' good
correlation was observed. On the basis of the refraction as

well as the reflection inabrpretacion, t he following

’
conclusions were drawvn:

-

1. There are two reflectors at average depths of about 75m
and 17 5m. ’ ’
b .
2. There 18 an anticline cresting at shot 6.




3+

{

3. The formation beneath the anticline is Huwber Falls

overlyi‘ng' the higher velocity Rocky Brook.
4, Two vertical faults are present at shot 7 and 11 with

Pa—

an uplift of beds In between the faults having fault throws

o

about 70m and 120m of the first and second ref lector,

v

respectively.

5. A gentle synclinal structure is present in the uplifted
bed and the formation beneath this structure 15; Humber Falls
overlying the Rocky Brook,

6. ﬁ[’h‘e\.g‘e are gentle updip reflectors below shot 11 to 1%
with the presence of compact and high demnsity North Brook
formation beneath this area. B

"I‘he above conslusions lare in agreement with the 1local
geology and with e interpretation of the available gravity

and maénetics data.

5.2 Limitations §nd Suggestions for Further Work

These are the following limitations of the present work:

1. A 'two'-d‘imensional seismic in_te-rpretation is domne since
the data were available in a single line.

2, The quality of data in some traces was not good, x;o t.Be
noise could not be reduced to the optimum level,

3 Higratio'n ~technique was not ap;;liéd'to the data and,

therefore, 'accuratg position and shape of theranticli,ne and
. ' .e- .
faults was not possible to determine.

It is ‘suggested that quality selsmic data should be

acquited in different, lines fof cthree-dimensional seismic

..

-




interpretation of the -entire Humber Syncline. It is also

“ suggested that the migracion ‘technique should be applied

before 1Interpretation for the accurate determination of the

srtructure,

A




6 APPENDIXES

1 Appendix-1 \

Shot elevation from survey data.

Shot Elevation Shot Shot Elevation
Numbers (meters) Numbers E (meters)

Géophone .Geophone Geophéne Geeophone
Locations Elev. .E(m) - Locations Elev. E(m)

26 +=20.76
27 - -21.41
28 -21.91
29 . ~22.52
- 30 - -23.23 .
.31 -24.08
32 -25.09
33 -25.65
34 ~25.77
35 -26.90
36 - =26.61"
37 - -26.93
g . . =27.04
39 -27.51
40 -28.32
~-28.54
-28.17
-27.613
‘-26-94
-26.47 .
~-26.23
-26.06
<25.97 .
-26.82 "
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Appendix-2

1. Two-Media Case(After Dobrin, 1976)

Consider two-media with respective velocities-of Voand Vl,

separated by a horizontal discontinuity at depth-z.

T
-

slope = l/V1

v

19

Thé' direct wave travels from shot to‘det‘ector near ti\e

earth’s surface at a velocity of Vj, so thét T= x/Vo . This

is represented ‘on the plot of T versus x as a straight line

uhjiqh passes ;h:ough the origin and has a slope of l/VO. The

vave .refr‘acted along thev'interface at d?pth '_z, follows Vthe

pith ABCD making a crifical angle 1i_with the horizontal.
The tot_al eige along che refraction pat:h ABCD 1is

T=TAB+TBC+T.

vhich can be written as




r

T = z/vo cos ic + (x - 2z tan iu)/v1 + z/VO Ccos ic
, . .o L -yl 2 1/2
where sin i = VO/Vl' cos i, (1 VO/vl)
. 2 2,1/2
and tan lc = VOZ(Vl Vo)

Afrer simplificarion, the time-distance relation'finally

becomes

2,1/2

_ 2
T = x/V1 + Zz(V1 - VO)

ViV

‘On a plot T versus x, this is the equation of a straight

line which has a slope of 1/V and which intercept the

T axis(x=0) at a time

- 2 _ 2,172 :
Ty = 22V = v v

-

Tiia known as the intercept time.

From the above relation the depth z becomes

- 2 _ 2,172
z = (T3/2) VoV,/ (V] = V)

4
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Three—-Media Case(After Dobrin, 1976)

Consider three-media with velocities V0 , V. , and V2(V2>V1>V

1 0
). Then the ray corresponding to the least travel time takes
-1
an angle il= Sin (VO/V2) with the vertical in the uppermost
-1

layer and an angle i, =Sin (Vl/V2) with the vertical in the

2

second layer.

The total travel time from A to F is

AB BC CD DE EF
Since T = T =z /V. cos i, = (z./V)/[1 - (V,/V )211/2
AB EF 0 0 1 0 0 0 2
_ _ . ~ 2.1/2
Toe = Tpg = zl/Vl cos i, = (zl/Vl)/[l (Vl/V2) ]

The total travel time becomes



67

- 2.1/2 * : 2 1/2
T.= (22y/Vg) /11 = (Vy/V,) 7] + (22, /V))/[1 = Vv /V,)
+ CD/V,
wbere CD = x'= '220 tan il‘ - ?zl tan i2
— v o w2 _ y2 172 2 _ 20
x 2;0 (v2 v>y) /V2V0 + 2zl(v2 vl)/v v

21 . \

Rearranging terms, wé get

- _ 2 _,2%/2
T = x/v2 + 2z0(v2 vo) /V.V

2 _ 1/2
Vo * 220V = vH 2 v,v,
‘The intercept time(at x=0)
_ 2 1/2 2 1/2
TiZ ZZO(V2 /V V + 221 v

5 = /V V

Solving for zl, we get

z, = 1/2'[Ti2 - zzo(v -V )l/z/yzvol v2v1/<v§ - V3 )1/2

The depth to the -lower interface is the sum of gland zo;
where»zoia conputed by two-media base; "

‘
-
g s




Appendix-3

Cro--qver Distance

The crossover dlstance.is the distance at whlcﬂ the direct
wave and ‘the refracted .wave meet each other, Aé distance
less thaﬁ this, the direct wave traveling along the top of -

the % layer reaches +the . detector first., At greater

distances, the wave refracted by the 1interface .arrives

before the direct wave.
" Therefore, the time distance relation of the direct Qave,

b
% - x/%]and'the refracted wave,

= 2
Ty = %/V; + 2z(V]

y2:1/2
1 Vo)

/VlVO

are equal at x .«
- Tros

Hen V., = X :
ence, xcros/ 0 “cros

and z = V.V, x (1/Vy = 1/v))/2(v3 - v3)1/2

: 2, 2
/Ny * 22 (V] - VeIV

1Yo
0'1 “cros 0
{
N
Siﬁpllfying and solving for x , we obtain

1/2

='22(V1 + VO)

1/2
/vy - Vo)

-




Offset ‘Distance(After Dobrin, 1976)

I .
| Constder

s

two-media with ve‘locit':le:h Y and V) separated by a
horizontal discontinuicy at depth zL/ ‘

. _ "
o AxoeeB : 5 2 !
/,\
‘J/ - *
v i, /# sin (Vo/Vi‘) o
¢ 0 /
i - /
Vl : C / : .
f
) /
v/
// - PN
. ! : . ’ /s .
The ’offset distance, xoftis/ given by o “ .
) . / | ' - o R “ o
Yoff = g tamio [ . '
wherel 1‘:13 the critical angle of: r_;e-fra;ction. and Sin‘/,i“cl; "Volvl' rv
) e . / ( T . NS - i b : .
« The value of / B ‘ !
. 7 5 ‘4 ‘. / RS ! 7' } . Tyl . R >
. s S 2 o2y 1/2 T
. tan 1c‘ sin /C/cos' i = VO/.(vl. J VO) »
Therefore, » ' / “ -
I w2 _ w2172 K
Xotg T ZpVof V1T Vo) T _ . | \
; - . 1 : .

[y
——
.
~—
~
o pho
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Appendix-4

Notch Filter

A notch filter can be §ebigqed directly with the héip,of a -

Z-diagram on which frequencies are plotted égound the unit

circle. The objective was to design a filter for rejecting

60Hz frequency by locating zeroes of the filter at the -

points on the Z-plane unit circle 'corresponding to that
frequencys. To reject _60Hz with data of lms fintervala, ‘the

Z- plane polints which correspond to that frequency occur on
\ '

the unit circle%at angles + @, determined as follows:

2 = £(60/£)180 = +21.6°.

where gq- 500Hz is the Nyquilist frequency.
I . i'
4k .

500Hz 21.6°

Unit Circle
The location of , the zeroes in the i—plane are‘denoted by{

aland a2'

cos 21.6°

[

+
-

ay sin 21.6°

Ik

cos 21.6° - j sin 21.6“

b

Chepagieat ]
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"OX,

i

0.9288 + j 0.3685 ©

R
I

, = 0.9288 —j 0.3685 -

' H
. R R
In order not to disturb the signal spectrum away from 60Hz,

" two poles Just outside the unit‘éircle (say g-l.dl and @ =
o N . ’ N ’
+21.6) and «close. to the two zeroes are located. Then the

- poles are located at

w
1l

L = 1.01 (cos 21.6° + j‘§in 21.6%) ..
By-= 1.01 (cos 21.6° - j sin 21.6°) ™

or

™
it

j = 0.9391 + 3 0.3722 S

4

B, = 0.9391 - j 0.3722 - = *

The Z-transform of thefinﬁulsg response functioﬁi Qith a

- statié gain G, to inBure a gain oﬁ'upity at the Nyquist -

freduen;y is

‘ L. W@ = Gl(z-ap) (z-ay))/[2-8)) (z-B )1 -

]

Rearranging an&.separating real and imaginary partq;yield:
) - ; ' \
, . . . ) ;

-~




- (al + az)z + “1“2]

: ) 2
1 - (B + 8,)2/88, +2°/88,

[1 + (B, + B, + 1)/8,8.]
where G = 1 2 - 12

2 + (G.l +a2)

.

oo
* >

bl

"Substituting the valugg of o’s and s in the above equations,

the impulse response becomes

: 2
w(z) = Y(Z)/X(z) = 00989.9(2 - 1.8596Z +21)
1 - 1.8406z +.0.9800z

.

W

where Y(z) and X(z) are the output and input series.

"The "tecusive relation for the output is

i

= 0.9899 (X, - 1.8596% _; + X _,) - o’.gaooyn_2 + 1.8408y

oxn + aan_l + * blYn-l + b2Yn-2

\

wl

w.here o - 0.9899, a,= 1-.8408,;32- 0.9899, bl- 1.8406 and bz-v

-0.9800 . N

ThJe “iﬁi;ti:al value of the output Yowasl detetnin;d from the
.'>llnk‘1!~:ia‘l vélue‘ of the input data XO » that 18 at n-Q, YO- a XD
and the all other terms are zero. when(d=1, H~aghtoa Xt

. . "'J .
) 1:1 Yo, and the other terms are zeros and, 50 on.

LY




Appendix—3

Band-pass filter
The recugsion filtering (Golden and Ka;ger, 1964; Shanks,
1967) involves a feedback loop using the polynomfal of the

Z-transform of the impuse response of recurasive filtej is

of the type . . .
4 ‘ ¢
. s
’ " N_+ N,z +-& z‘2 + o+ N_z"
_ N(z) _ "o 1 27 n
F2) = 5y = 2
- "1+ Dz +D2°+ .., +0D 2"
1 2 m
. 7 where N and'D:s are the coefficients. y
. A
) Since F(z)= Y(z)/X(z), where Y(z) and.X(z) are the output
and: input series, the'fecursive relation of the output is
/- '
’ by} m
Yn = I Nan_i = I D Yn
¢ i=0 j=1 1 73

The‘ band~pass Butterworth filter having lower and upper
cutoff frequencies of 20Hz and 120Hz, respectively and
vhaving 8 poles in the Z-plane was chosen. The filter was

applied in forward and reverse directions so as to have zero

phaée.

This filrer has four S-plane zeroes at 5=0, and eight

S-plane poles at

- . U VR




-36.60 * j 123,97
-134.44 *+ j 98.90
-218.28 * j 739.30"

—480.89 * j 353.80

and the transfer function is of the form

4
g%

7

&

+ es *+gS + 94

where g’s are constants.

Using bilinear Z-transform (Golden and Kaiser, 1964).

‘ <

where AT=1ms, sampling interval; the transfer function of the

fllter becomes
t

Flz) = (1 - 2% (8, (a)B,(2)8,(2)B, (2))




1 -.1.91361z + 0.929662°
"1 - 1.74003z. + 0.76443z°%
1 -'1.24588z + 0.68060z°

1 -'1.16038z + 0.387392°

’

The transfer function F(z) may be written as a cascaded

product of four filters

., \F(z) = Fl(z)r‘z(‘z)AF_,'(z)l.“4 (_rz) »
t;here termsﬁ like Fl (z) have the form

F(z) =+(1 - z°)/(1 - Dyz + D,z°)
| -
whére D's are ct;efficieuté. )
s The fg‘iter 18 cascaded four times (Kanasewich, 1981,

P 243-_244)' odn suéceaaion produces a Z-t.ra‘hsﬁfotn output and
the recursi{re equatibdns for-pt:dgranming are
x{n_z 0 1.91361 Ch-1 0 929665 c,

-2
Ch-2 + 1.74003 dn-l 0.76443 dn—

2

n-2

€n_p + 1.16038 ¥, ; - 0.38739 Y,

a,_ 5+ 1424588 ep-1 = 0.68060 e




Ap_pendix-ﬁ

Normal moveout 1in horizontal reflector(After Telford

et al., 1976).

Consider a horlzontal reflector AB at a depth D below the
shot povin.t. S. Eﬁergy leaving § along the direction SC will,
be ref\lec'ted ti,‘n "such a direlction that thé angle of
refiection ;quals the anéle of incidence.

T

’ Iy

Denoting the average velocity by Y:m's the travel time T for
the reflected wave 1s (SC + CR)/‘;.‘H\'B However, SC=CI so that
IR 1s equal to the 1length of' the actual path, SCR.:

Thg'ret'qre, T '-‘Il/“ and in terms of offset X, we can write

.




The travel times for a feophone at the shot f.e. at X=0 , we

obtain . ) T !

S

4p? = 72 2
o rms

To = ZD/Vrm

: . 2 o
Substituting the \ivalue cf 4D” in the above equation and
®© . o R
dividing all throughout by \F , we get

rms

T2 - T2 + xz/vz
“rm

o} S

To obtain Normal Moveout (NMO) AT, we substitute T = Ty

2 _ .2 2,.2
(Ty + o1 = T + X/v o

After simplifying

. 2 2
AT £ X7/2 N T




n .
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Appendix-7

To calculate the r_eflectivity' at the interfaces of the
i . R . -4
ilayers below the Squires Park line in Humber Syncline, the

3

dénsity and velocity of differen't formations lﬁust be used.
There are tﬁree layers, ,ﬁ’umber Falls, kocky Brook and North
Brook .f-orma't;-ion's in that ar.ea. Their den_sities are 2.5
én/c.c, 2;15# gn/c.c and 2'.7“’gm/c.c respectively with the
corresponding velocities | 300(;m/s. 4000m /s anvd 5000my s

respe'ctively. The Areflecc_ivil:y or the reflection coefficient

of the interface of the layers (Waters,1981, p.26)

Py = 2.5 gm/c.c, v, = 3000 n/s ,
Rl- :
’ P, = 2.54 gm/c.c, V2 = 4000 m/s
R
2 .
Py = 2.7 gm/c,c,. V3 = 5000 m/s
. ¥ " )
R =

£7 i Viey 7 P39/ 00540 V50 + V)

’

., a - 7 .
where 'piand Videnoce the density and velocity.
. h ]

< Using the values of and V's in the above equation, Rl-
; a .
’

0.51 and Rz-. 0.141 are determjmed. ' .

—

v b a5,
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7 COMPUTER PROGRAMMES

14

PROGRAM FOR STATIC CORRECTION

STATIC CORRECTION OF THE DEER LAKE DATA
DIMENS FON™IRAHD(336) ,4(336),X(1000) ,Y(1000)

INTEGER*2 HEAD(200)

OPEN(UNIT=4,FILE="'HMFAO:' ,RECL=121 ,BLOCKSIZE=12100,
* STATUS='OLD',RECORDTYPE='FIXED' ,READONLY)

READ(3,115) HEAD(1),HEAD{2),HEAD(3)
WRITE(6,105) HEAD(1),HEAD(2),HEAD(3)
FORMAT(1X,I16,I5,16)

FORMAT(1X, "REEL NO ',16,10X,"NC OF TRACES '
*,14,10X, 'DEL TIM',I6) ‘

A\

READ(2,109) (M(I1),1I=1,336)
WRITE(6,109)(M(11),1I=1,336)
FORMAT(1615)

X=361

IIsl

READ(3,117) IRAHD(1),IRAKD(3),IRAHD({4}
WRITE(6,107) IRAHD(1),IRAHD(3), IRAHD(4)
FORMAT(1X,16,15,16) ' ‘
FORMAT(1X, 'TRA NO ',I5,10X,'FIELD REC NO °
*,15, 'FIELD TRA NO',15)

READ(8)({X(I),I=1,1000)
IKK=M(II)+1

N=0

DO 90 JM=1KK,1000
N=N+1 , )
Y{N)=X(IM)
J=1000-M(31)
WRITE(S)(¥(I),1=1,J)

£

II=II+1

K=K+l

IF(K.LT.697) GO TO 1
STOP

END




80

i<}

PROGRAM FOR MUTING THE DATA

e e e " B = - -

c MUTING THE STATIC CORRECTED NORMALIZED DATA
DIMENSION IRAHD(336),M{336),X{1000), GD(24),
*v({14),DELT(14) ;¥(1000)
INTEGER*2 HEAD(200)-

READ(3,115) HEAD(1),HEAD{2) ,HEAD(3)
WRITE(6,105) HEAD(1),HEAD(2),HEAD(3)
, ‘115  FORMAT(1X,I16,I15,16) - .
105  FORMAT(1X, 'REEL NO ',16,10X,'NO OF TRACES '
; *,14,10X, ,DEL TIM °,16) ‘
e - READ(2,109)(M(I1),13=1,336)
109  FORMAT(1615)
READ(S,104) (GD(J),J=1, 24)
104  FORMAT(10F8.1)° :
READ(S,106)(V(I),I=1,14)
. T 106  FORMAT{10F8.3)
, o READ(S,102)(DELT(1),I=1,14)
102 FORMAT(1OFS. 1)
T K=361
I1=1
' AIRV=1,35

DO 6D I1=1,14
DO 60 J=1,24
T1=(GD(J)/V(11))+DELT(I1)
T2=GD(J)/AIRV

| ) LTi=T1

1T2=T2 .
READ(3,117) IRAHD{1),IRAHD(3),IRAHD(4)
WRITE{6,107). IRAHD(1), IRAHD(J) , IRAHD(4)

. . 117 = FORMAT(1X,16,15,16)

_— 107 - FORMAT(1X, TRA NO °,I5,10X,'FIELD REC NO '~

: ' -~ %,15,"F1IELD TRA NO',IS)

=1000-M(II) .
C ) - .
, READ(8)}(X(1),I=1,N)

c
DO 40 13=1,N )
Y(I1J)=X(1J) ‘

‘ 40 CONTINUE
c

DO 50 1K=1,LT1
‘ ¥(1K)=0.0
SO CONTINUE




70

60

115
10S

109 .

117
107

 N=1000-M(II)
. Lo

81

1IF(LT2.LE.N) GO TO 3
GO TO 70

DO 70 IM=LTZ,N
Y(IM)=0.0
CONTINUE

HRITE(9)(Y(I)AI =1,N)
I1=X]+1
K=K+1
EONTINUVE
STOFP
END

PROGRAM FOR NOTCH FILTER(BO HZ REJECTION)

. e e s ot v et e - o - — ————————

‘.

60 HZ REJECTION USING NOTCH'FILTEﬁ IN TIME DOMAIN.

DIMENSION IRAHD(338), H('ass)"y( -1: 1000),?,(—1&1000)'
*,¥Y(~1:1000),Z(~-1:1000), Zz(.woo)
INTEGER*2 HEAD(200)

READ(3,115) HEAD(1) ,HEAD(2) | HE)ﬁacs) ‘ .
WRITE(6,10%) HEAD(1), HEAD(2) II{EAD(3) » e
FORMAT(1X,16,15,16) :
FORMAT(1X, 'REEL NO ' ,m,xox.'uo OF TRACES * ..
*,14,10X, 'DEL TIM',I16) -
READ({2,109)(M{II),I1=1,336)

FORMAT(1615)

‘L=361

11=1

READ(3,117) IRAHD(1), mmn(s) mmn(a)

- HRITE(6,107) JRAHD(1),IRAHD{3.),IRAHD(4)

FORMAT(1X,16,15,16) , S
FORMAT(1X, 'TRA XO ',I5,10X,'FIELD REC NO' '’
*,15,'FIELD TRA NO',1S)

READ(8)(X{ :)".,rzl‘,u)

— - g —~ -

S i B b W

SRR

i e e

3
A

e




A1=D.9899
A2s-1.8408
A3=0.9899
B2=1,8406
B3=-D.98

DO 20 I=1,N
;J=l'j-.l
IF(J.GE.1) GO
X(J)=0.0
Y(J3)=0.0
CONTINUE
K=1-2 °
IF(K.GE.1) ‘GO TO. 40
X(K)=0.0 ‘

. Y(K)=0.0

'courluus

r

Y(t) (Alﬁx(x)) (Aztr(J))+(A3*xQ5))+(82rr(J))

%+ (BIAY(K)) |
20 CONTINUE T

PASSING THE IN REVERSE ORDER

' po S0 1J=1,N
YY(IJ)=Y(N-1J+1}
CONTINUE

DO 60 IK=1,N

IL=1K-1+ ,
1IF(1L.GE.1) GO TO 70
YY{IL)=0.0

Z{IL)=0.0

CONTINUE

IM=IK-2

IF(IM,GE.1) GO TO 80
YY(IM)=0.0
~Z(IM)=0,0 -

CONTINUE
Z(IK)=(ALRYY(IK) )+ (AZ*YY(IL))'(Aa*YY(IH))
tO(BZlZ(IL))*(BJ*Z(IH))
CONTINUE

REVERSING THE DATA AGAIN

b TE i g K e g, MR, SIS 8 b KT o

DO 90 IN=1,N.
ZZ(IN)=Z(H-INr1)
CONT1RUE

'nnrr£(9)(zz(1) I=1, H)
TI1I=1141 .

L=L+1

I1E(L. LT. 597) G0 TO 1 -

STOP




.

-

- TO CACULATE nousn SPECTRUH BY usxns FEFT.
DIMENSION IRAHD(336) n(33s) V(1Q24),X(1024)
* ,PORER(1024) .
" INTEGERX2 HEAD(200)
COMPLEX X. i
READ(3 115) HEAD( 1) uEAD(z) HEAD(3‘
"WRITE(6,105) HEAD{1) HEAD(2), HLAD(B)
FORMAT(1X,16,15,16) .
' FORHAT(IX 'REEL NO ',16,10X,'NO OF TRACFS y
-%,14,10X, 'DEL TIM® 16)
. READ(2 109) (M({I1},8I=1, 336)
"FORMAT(1615)
K=361
11=1
R=10 ' -
: sxcn:i LI o

READ(3 7)) IRAHD(l),IRAHD’J) 1IRAHD(4&) (’A\\‘ff
. WRITE(6,107) IRAHD(1), IRAHD{3), ]RAHD(A) -
" FORMAT(1X,16,15,16)

FORMAT(1X, 'TRA NO ' IS,lOI,'F}ELD Rgc uo "
x,15,'FIELD TRA NO',I5) ' )
NN=1000-M(XI) )

READ(B)(V(I),I=1.NN)

DO S5 IJ=1,NN
Cx(13)= cqrnx(vfo) ,0. 0)

L=NN+1 ..
Do 2 J=L,1024
" X(J)=CMPLX(0.0,0.0)
' CONTINUE
CALL NLOGN(N,X, sxeu)'
Do '3 1r1,1024
A=REAL(X(1))
B=AIMAG(X(I)Y
ANP= son{Lﬁttz+a**2)
. POMER(I)Z (AMP)*%2
. WRITE(9)(POWER(I), 11,1024}
FI=II+1 ’
‘K=Kel o
_IF{K.LT.697) GO TO 1

STOP
END




- HOLD=X(J)

84

SUBROUTIHE NLOGN(N,X,SIGN) o N
NMAX=LARGEST VALUE OF N T0O BE Pnocssssn !
uoununmr DIMENSION H(NMaX) /
DIMENSION M(1024) - o /
DIMENSION X{2%*N) . I .
DIMENSION X{2). !
COMPLEX ¥ ,HWK,HOLD,Q. ‘ -
LX=2%%N _ ‘ !
DO 1 I=1,N . o .
M(I)=2x#(N-1) /

DO 4 L=1,N f
NBLOCK=2**(L-1) . -
LBLOCK=LX/NBLOCK
LBHALF=LBLOCK/2 ' / y
K=0 !

DO..4 IBLOCK=1,NBLOCK ‘ - o
FK=K

FLX=LX L /
V=S IGN*6.2831853%xFK/FLX /
HK=CMPLX(COS(V).,SIN(V)) , C
ISTART‘LBLOCK*(IBLOCK—l)

DO 2 I=1,LBHALF ;
J=ISTART+J . !
JH=J+LBHALF :
Q=X (JH) *HK . !
X(JH)=X(J)-Q

X(J3)=X(J)+Q

CONTINUE

Do 3 I=2,N .

11=1 S
IF (K.LT.M{1)) GO TO &’ .
K=K-M(FD : /
K=K+H{11)
K=0 .
Do 7 J=1,LX 4 / A
IF (K.LT.J) GOTO S /

x{J)=x({Ke1)

X(K+1)=HOLD -
DO 6 I=1,N : i /
=1 , /
IF (K.LT.M(I)) GOTO 7 i
K=K-M(1)

K=K+M(Il)

IF( SIGN.LT.0.0) RETURN
DO 8 1=1,LX
X(L)=X(I)/FLX

‘RETURN

END
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PROGRAM FOR AVERAGING THE POWER SPECTRUM

o - - o - " - > B " - - he - . . - — -

AVERAGE POWER SPECTRUM
DIMENSION IRAHD(336),V(512,24), sun(512) AVPH(S12)

INTEGER*2 HEAD(200)

READ(3,115) HEAD(1l),HEAD(2),HEAD(3)
WRITE{6,105) HEAD(1),HEAD(2),HEAD(3)

__FORMAT(1X,16,15,16)

FORMAT(1X, 'REEL NO ',16,10X,'NO OF TRACES '

*,14,10X, DEL TIM',kI6)

DO BL IX=1,14

READ(4,210) ISPNO : .

WRITE(6,220) ISPNO ‘
FORMAT(IS) T - ‘ -
FORMAT(20%, 'SHOT NUMBER',15)

DO B8O IY=1,24

READ(B)(V(I,1Y),[+1,512)

CONTINUE ‘

DO 12 J=1,512

SUM(J)=0.0 s
DO 12 I=1,24 - , 4 i
SUM(J)=SUM(I}+V(J3,1) ) ' i
CONTINUE ) , ‘ :
DO 13 K=1,512

AVPH(K)=SUN(K)/24.

CONTINUE

HRITE(9) (AVPN(I),I=1,512} %
CONTINUE : :

STOP . oo ‘ ’
END - : -

s b
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"PROGRAM FOR THE BAND PASS FILTER

{

I R .

‘ . . e ——— v o e e
|

C BUTTERWOHTH BAND PASS FILTER(20 HZ TO 120'HZ)
, ¢ DIMENSION IRAHD(336).M(336),X{1000),D(8)
' : *,XC(3),XD(3),XE(3)
INTEGER*2 HEAD(200)

COMPLEX P(4),S(8),21,22 -
. c
READ{3,115) HEAD(l);;ﬁAD(z),HEAD(3)
HRITE(6,10S) HEAD(1),HEAD(2),HEAD{3)
115 FORMAT(1X,I6,I5,16) A , o ’
105 FORMAT(1X,'REEL NO',16,10X,'NO OF TRACES ' ’ ‘
*,14,10X, 'DEL TIM',16) .

READ(2,109)(M{II),I11=1,336).
109 FORMAT(16I5) -

L=361

I11=1

F1=20.0 .
F2=120.0 \ v
DELT=1.0

Sy

THOPIG . 2831853 . ‘

DI=DELT/1000.0
TDT=2.0/DT
FDT=4.0/DT
ISH=1
P(L)=CHMPLX(~-.3826834,.9238795)
P{(2)=CHPLX(~.3826834,~-.923B795)
P(3)=CMPLX(-.9238795,.3626834) -
L P{4)=CHMPLX(-.9238795,-.3826834
. HL=THOPI*F1
H2=THOPI2F2
H1=TDT&*TAN(WL/TDT)
—. - H2=TUT*TAN(W2/TDT)
: ' HWID=(W2-HW1)/2.0
HH=HL*H2

DO 19 I=1,4
Z1=P(I)*HWID
° ‘ Z2=21*Z1-Hi
22=CSQRT(Z2)
S(1)=Z1+2Z2
19  S(Ie4)=Z1-22




, .
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G=,S/HWID
G=G*G

G=6G*G .
DO 29 1=1,7,2 .

 B=~2.0#REAL(S(1))

41=s{I)*s(1+1)
C=REAL(Z1)
A=TDT+B+C/TDT
G=G%A )
D(1)=(C*DT-FDT)/A
D(XI+1)=(A-2.0%B)/A
G=G*G

READ(3,117) IRAHD(1),IRAHD{3),IRAHD{4)
WRITE(6,107) IRAHD(1),IRAHD{3),IRAHD(4)
FORMAT(1X,16,15,16)

FORMAT(1X,'TRA NO',I5,10¥%, 'FIELD REC NO'
* IS, 'FIELD TRA NO',bIS)

N=1000-M(1f) ‘
READ(B)(X(I),I=1,N)

CALL FILTER({X,N,D,G,IG)
HRITE(9)(%(I),I=1, h)

[I=1I+1-

L=L+l

IF(L.LT.697) GO TO 111

STOP

END

FILTER IN FORWARD DIRECTI1ON
SUBROUTINE FILTER{X,N,D,G,IG}

DIMENSION x(;ooo,,D(B) ¥C(3),2D(33,XE{3)
XM2=X(1)

XM1=X(2)

XM=X(3) T

XC(1)=XM2

XC(2)=XML-D{1)*XC(1)}

XC{3)7XM-XM2-D( 1) *¥XC{2)-D(2)*XC{1)
xD{1)=Xc(1)

XD(2)=XC{2)~D(3)*xXD(1)

XD{3)=XC{3)-XC{1) -D{(3)rXD(2)-D{4)*XD(1}
XE(1)=¥D(1)

fE{2)=xD(2)- D(S)*XE(l)
XE(3)=YD(3)-XD(1)-D(S)*XE(2)-D{6)*xYE( 1]
X(1)=XE(1)

X(2)=XE(2)-D(7)xx{1)
X(3)=XE(3)-XE(L)-D(7)*X{2)-D{8)2xX(1)




DO 39 [=4,N

XM2=XM1

XM1=XM

XM=X(1)

K=1-((I-1)/3)%3

GO TO(34,35,36).K

M=1

M1=23

H2=2

GO TO 37 ;

M=2 (:j\‘”“”*‘\
Mi=1 - ’ .
M2=3 N

‘GO TO 37

M=3

M1=2
M2s1
XC(M)=XM-XM2-D(1)*XC(M1)~ D(2)*XC(H2)
XD(M)=XC(M)-XC(M2)~D(3) *XD{M1)~ D(4)*¥D{M2)
XE(M)=XD({K)-XD(M2)-D(5)*XE(M1)-D(6)*XE(M2)
X(1)=XE(M)-YE(M2)-D(7 )#%(1-1)-D(8)*X(I-2)

[N

FILTER IN REVERSE DIRECTION

KM2=X%(N)

©OXMis=X(N-1)

XM=X(N-2)

XC(1)=XM2

_XC{2)=XM1-B({1)*XC(1)
XC{3)=XM-XM2-D{1)*rXC{2)- D’2‘*)C’1)
xp(1)=xc(1)

XD(2)=XC{2)-D(3)#%D(1)
XD(3)=XC(3)-XC(1)-D{3)x¥D{2)-D(4)*XD{1)
XE(1)=XD(1)

XE(2)=XD(2)-D{5)*XE{1)
XE(3)=XD{3)-XD{1)- D(5)*XE(2) ~-D(6)*XE{1}
X(H)=XE(1)

X{N-1)=XE(2)-D(7)*x(1)
X(N-2)=YE(3)-XE(L)-D(7)2X{2)-D{8)*¥(1)

DO 49 I=4, N
XM2=XNL

XM1=XM

J=N-I+1

XM=X(J)
K=I-((I-1)/3)x3
GO TO (44,45,46),K
M=1

ML=3 .

M2=2

GO TO 47

M=2




46

47

49

59

HMi=1 1
M2=3 . - ’

GO TO 47

M=3

M1=2 _

M2=1 « Lt .
XC{M)=XM~-XM2-D(1)*XC{ML)-D{2)*IC M)

XD{(M)=XC(H)-XC(M2) -D{3)*XD(ML)-D{4)*XD(M2)
XE(H)=XD(M)~XD(M2)~D(S)*XE(ML)-D6)*XE(M2) . ]
X(JI)=XE(MI~XE(M2)~D(7)*X(J+1)-D(8)+X({JI+2)

IF(1G.NE.1) RETURN S

DO 59 I=1,N . ’ . ’

X(1)=x(1)/G N

RETURN { . \

END i \

PROGRAM FOR CDP GATHER(6-FOLD)

CDP GATHER{6-FOLD)

DIMENSION CDPNO{36), M.336), ¥{1C00) ,
INTEGER CDPNO {
IA=20 :

1B=4Q
1c=60 *©
1D=80
IE=100
I[F=120

READ(1,15) CDPNO{J)
FORMAT(IS)
WRITE(6,19) CDPNO{J)

READ(2,25) (M(I1),IT=1,336).
FORMAT{L6[5)

K=1

11=1

N=1000-H(II)
READ(E)(X{I),I%1,N)

gy B




TAA=IA+LL+L
IBB=IB+LL+L
ICC=IC+LL+L
IDD=ID+LL+L
IEE=IE+LI.+L
IFF=IF+LI.+L

IF(K.EQ.1AA) GO TO
IF(K.EQ.IBB) GO TO
IF(K.EQ.ICC) GO TO
IF(X.EQ.IDD) GO TO
IF(K.EQ.IEE) GO TO
IF{K.EQ.IFF) GO TO

GO TO 200

CONTINUE
NN=N+1

DO 50 I=NN, 1000
Xx(1)=0.0 -
WRITE(S)(X(1),I=1,1000)
HWRITE(6,89) M{II)

II=11I+1
K=K+1
IF(K.LT.337) GO TO 1

REWIND 8

REWIND 2

J=J+1

L=L+1

ITF(L.LT.S) GO TO 2

LL=1L+24

IF(LL.LT.193) 6O TO 3

FORHAT(.'LOX,'C.OHHON DEPTH POINT NO',I5)

FORMAT(IS)
FORMAT(SF16.5)

sTOP

END

PROGRAM FOR THE ELIMINATION OF NOISE TRACES

TO ELIMINATE THE TRACES OF NOISE SHOT AFTER NMO
DIMENSION X(1000), NUMBER({20)
OPEN(UNIT=2,FILE="'NSTEL.DAT' ,TYPE="NEW')

DATA (NUMBER(I),I=1,20)/2,8,14,20,25,31,37,43,

*150,156,162,168,173,179,185,191,196,202,208,214/
K=1




\ S
; . .
. 91 . . .
[ ]
R T READ(B)(Y(I) 1=1,1000)
© IFLAG=0 .
DO 20 I=1,20 . N
- . IF(K.EQ. NUHBER\I)) IFLAG=1
‘ _ 20 CONTINUE i L
" IF(IFLAG.EQ.1) GO TO 30 L .
GO TO S0 ‘
30 CONTINUE
- ‘lc - .
’ DO 40 J=1,3000
X(J)=0.0
40 CONTINUE i
c - -
c50 WRITE(2,19)(X(1),1=1,1000)
50 HRITE(9)(X(I),I=1,1000)
. : K=K+1 )
' IF(K.LT.217) GO TO 1 - e .
¢ CLOSE (UNIT=2,STATUS='SAVE') , .
C19 FORMAT(BFL0.5) ' ’ , o
: STOP -, - : ' :
"END
{
o
’ . a PROGRAM FOR THE DETERMINATICN OF VELOCITY BY L.S. METHOD ’ #
' e ——— e ——— e ——————— gomm———————————
. M o 1
c THE VELOCITY - AND TWT AT ZERO OFF-SET :
C BY LEAST‘ SQUARE HETHOD. ‘
c
DIHENbION OFFSET(S) Y(6), X(6)
DATA{OFFSET(T)’1:1,6)/25.,225.,425. §625.,825.,1025./
H=500. , ' LT
v=3000.
: N=6 : R
DO 30 I=1,6 ' ¥ v . .
r . Y(I)=(ax(Hs*x2)+ (OFFSET\I)*tZ))/(V**Z) , ) «
. X(I)=OFFSET(I)¥**@ o .
. _ . 30 CONTINUE b L \ :
c . ‘ ]
SUMX=0".0 '
. ' suMy=0.0. . ; )
~ " SUMXY=0.0 ST
. SUMXX=0.0 '
’ c . )
ﬁ ] -
. . '
A . ’ . -’ ‘ . , N - X P




v

S50
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* DATA(TO{J),J=1, 7)/60.,66.,72.,78. ,84.,90 ,96 . /

DO 40 I=1,N
SUMX=SUMX+X( 1)
SUMY=SUMY+Y(T) .
SUHXY=SUMXY* (X{ 1) *Y(T)) '
SUMXX=SUMXX+{X (1) *%2)

CONTINUE

B=(SUMXY- (sunx*suut)/n)/(sumv (sum.t*z)/u) -
A=(SUMY/N)-B* (SUMX/N) ~

VELZSQRT(ABS(1./B)) . )

THT=SQRT(A)
WRITE(6,50) VEL, TWT ‘ . . '
. FORMAT(10X, 'VELOCITY=',F5.0,'M/S" ,10X, ' VERTICAL . .
* TWT=',FE@.3,'SEC") °~ . o :

STOP : . S : . . .

END ‘ . - e

"\ . 3 ' e

Ke;

SAMPLE 'PROGRAM FOR THE VELOCITY SCAK

WELOCITY SCAN FOR FIRST  CDP:TRACES

DIMENSION X(6),TO(7),IDELTIM(6,7) . M(6),¥/ mou), Z{1000)"
OPEN(UNIT=1,FI1LE="VLST{. AT’ TYPE='NEW'

v=3.0 .
DATA_(_X(I),I=1,6_)/1025. ,825.,625.,425.,225. ,25./

"DATA(M(II),11=1,6)/18,18.18, 18,19, 13/

Do 30 J=1,7 , -
DO 30 1=1,6 )

IDELTIM(I, J)-\()\J)ttz)/(zaroa) S(vx$2))) *
H-((X(I)*24) /(8% (TO*#3)* tvmm))) o : : .
PRINT *, IDELTIM(I,J} ) .
conﬂuux-.‘ o '

IIF‘

J
1

~ ),

.

N=1 ooo M(IL)
READ({8)(Y(I),I=1,N) ,
LKK~ IDELTIM(II,J)+1 \ ) N
NN=0 ..
DO 90 JM=LKK,N. . X
NN=NN+1 oo . - . S
UZ(NN)fy(JH) ’ :




-

L=N-IDELTIM(I1I,J3)
WRITE(1,18) L
WRITE(9)(Z(1)},I=1,L)
II=[I+1..
IF(I1.LT.7) GO TO 3
REWIND 8 .
J=J+l
IF(J.LT.8) GO TO 2
CLOSE(UNIT=1,STATUS="SAVE") "’
f .
FORMAT(1615)'
FORMAT(6F10.5)
- STOP
END

‘.

<

PROGRAM FOR NMO

DIMENSION X(216),T0O(216), IDELTIH’216) ¥(1000), z(looo)
v=3.0
READ(3,15)(X(1},1=1,216)
FORMAT(6F8.0)

4

READ(4,17)(TO(I),1=1,216)
FORMAT (12FS,0)

-

‘DO 30 I=1,216 '
IDELTIM(I)= (!(I‘)\**Z)/(2*TO(I)*(VHZ))
CONTINUE
5
” Hmrz(e LB)\IDELTIH(I) 1=1, 216) o
romm'r(euz)




I=1
N=1000
READ(8)(Y(II),II=1,N)
LKK=IDELTIM{i)+1
NN=0O
DO 90 JM=LKK,N

"NN=NN+1
Z(NN)=Y(IM)

-y

L=N-IDELTIM(I)+1

DO SO0-IK=L,N

2(1K)=0.0

WRITE(9)(Z(J),J=1,1000)
I=I+1 )
IF(I.LT.217) GO TO 3
FORMAT(6IS) '
FORMAT(SF10.5)

STOP )

END

PROGRAM FOR STACKING THE DATA

STACKING PROGRAM

DIMENSION X(6,1000), SUM(L1000)
OPEN(UNIT=8,FILE="NSTEL.DAT" , TYPE="0LD' }
DO 30 K=1, 36
READ(8,15){(X(1,J),J=1,1000),1=1,6) °

DO 40 J=1,1000
SUM(J)=0.0 <
DO S0 1=1,6
SUM(J)=SUM(J)+X(1,J)
CONTINUE
SUM{J)=SUM(J)/6.0
CONTINUE

FRINT &, 'HEADING’

HRITE(9)(5UM{J),J=1,1000)
CONTINUE

FORMAT(9F10. %)

sTOP
- END

~

0




50
C

51

PLOTTING OF DEMULTIPLEX NORHN,IZED DATA OF DEER LAKE

ted

DinEHSIOu'x(looz),Y(1ooz)

CALL
CALL
CALL
CALL
CALL

_PLOTS(0,0,6) « - -
CALL

FACTOR(1.0)
PLOT(2.0,2.0,-3) . .-
SCALE( ) . .
AX1S(0.0,0.0, 1SHTIME .IN SECONDS,15,4.0,90.,1.000,-0.25)
AXIS( . ) '
SYMBOL(12.5,4.7,0.21, 18HDEMULTIPLEXED DATA,0.0,18)

CALL SYMBOL((CF.0,~0.5,0.14,34HFIG.3.1 PLUT OF DEMULTIPLEXED DATA, !

3 49.0,34)

DO S0 I#1,14

XL=1.92¥(I-1}

CALL SYMBOL(YL,4.2,0.14, 7HS$P=
YAL=] - .
CALL NUMBER(XL+0.5,4.2,0.14,VAL,0.0,~1)
CONTINUE - .

. :0.0,7}

X{1)=1.000 : .

DO S1 1=2,1000 . _— ‘ ' : »
X(1)=x{1~1)~0, 001 T . .

CALL SCALE(X,8.0,1000,1) B
X(1001)=0.000 *

X(1002)=0.25 - , .
Y(i001)=-1.00 . , :
¥(1002)=12.5

K=361"

11=1 . s
N=1000 . .
READ(8) (Y(F),I=1,N; L a

. CALL LINE(Y,X,1000,1,0,2) .. .
CALL PLOT(0.0€,0.0,-3) ' x
I1=1T+1
K=K+1
IF(X.LT.697) GO TO 1 _
CALL PLOT(12.0,0.0,999) E =
STOP * )

END

A
\
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