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ABSTRACT

During the summer of 1984 a refraction selsmic survey
was conducted at Martinique Beach using a 12 geophone array
and seismic vrecorder with a hammer plate as the acoustic
source. Sixteen sites were occupied along the 3.5 km beach
with geophone sounding lines varying In length from 1S5 m to
S0 m Iin order to examine the stratigraphy and depth orf the
bedrock. Current theories based upon nearshore marine sejis-—
mic retflection profiles and coastal barrier coring indicate
that barrier beaches on the Eastern Shore of Nova Scotia,
such as Martinique Beach, exist at the mouth of Pleistocene
channels. These channels resulted from scouring of ¢ill and
the Meguma Group acoustic basement by glacial Ice and
meltwater. To date, no seismic measurements on beaches have

been made to extend nearshore data shoreward. The present
survey was designed to determine whether signifticant
variability 1in sediment thickness, 1Indicating a bedrock
channel, exists at Martinique Beach. From each of the

sites, the sound velocity data were analyzred to determine
depth to the boundary between unconsolidated sediments and
the acoustic basement. Quantitative results presented 1In
this thesis Indicate that from Whale Point to the mid-beach
outcrop the average bedrock depth is approximately IS5 wm.
From the midbeach outcrop to Flying Point further east,
however, results indicate a 20 m deep bedrock channel of
less than 0.5 km In width. Such a relatively narrow, deep
channel provides strong speculative evidence for
differential erosion as a result of glacial processes and is
consistent with current theories of the location of beaches
such as Martinique.



1: INTRODUCTION

1.1: Applications

Refraction seismic surveying was the fi?st geophysical
method used in o0il exploration. Advancement in reflection
seismic techniques has caused a dramatic decrease in the
general use of refraction seismics in the o0il industry.
Refraction methods have been used recently in deep crustal
profiling as well as in civil engineering to measure
overburden thicknesses. The +field techniques and data
processing are generally simple. However , meaningful
interpretations from the field data require careful
experimental design from an estimation of the site
conditions as well as a gqood understanding of the
limitations of refraction methods.

The refraction method involves the measurement of
travel times of the compressional waves at known distances
from an acoustic source. The times of arrival are measured
relative to the "zero—time" of the explosive impulse.
Commonly the energy source is a small explosive charge or a
mechanical source such as a sledge hammer striking a steel
plate. Although the acoustic pulse from a mechanical source
is generally much lower in amplitude than an explosive
source, repeated shots and stacking of data can remove this

praoblem. The arrival times and distances from the shot

point are then manipulated to calculate velocities, depths,

and slopes.






Critically refracted rays travel along the interface,
producing a wave—front with ray paths travelling upwards at
the same critical angle. The arrival times Aéaéured are a
cambination of an acoustic pulse travelling only in the
upper layer (direct wave) and a refracted pulse. The
arrival times of the direct wave depend on the velocity of
sound in the upper layer and the distance from the shot
point. The refracted wave is dependent on the critical
angle and the depth to the interface. Using graphical
techniques for manipulating the data, several values become

important (Fig.1.2).
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Figure 1.2 Simple two layer model and corresponding
time-distance curve (Redpath 1973?.



To calculate the thickness of layer 1, the formula,

derived from Snell ‘s Law is:

”~

Taz ) Va

2 COS ¢ ARCSIN ( V, / V= ) 3

I1f there are more than two layers, the derivation to
calculate thickness becomes more complicated. For a three

layer model :

COS { ARCSIN ( V, / V= ) 3
L Tas — Tu= 1 . V=
COS { ARCSIN ( V, /7 V= ) 3

2 €05 { ARCSIN ( V= / V= ) 3

where Z5 is the thickness of layer J,
Vs is the velocity in layer J,
and Ti5 is the intercept time for velocity J,

where J = 1,2,3 .



— Dipping Interface

In most real situations, interfaces paréllel to the
surface are uncomman. Therefore using the dip;ing interface
model is a maore realistic approach to processing the data

(Fig.1.3).
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Figure 1.3 Dipping Interface. Reversed line showing
diffgrent 'apparent velocities! (Redpath
1973).



I1f the shot point were placed at both ends, calculated
values for V= would be quite different, ' resulting 1in
erroneous depth calculations. To remove this problem, the
dip of the interface must be calculated and a corrected

velocity determined. The following formulae are used :-—

DIP (1/72).0 ARCSIN ( V3 / V=pn ) — ARCSIN ( Vi / Vay )1

I

Vo = Cos « DIP )

where the velocities V, are defined in Fig.1.3. Using the

true velocity, V=, obtained above, the depths calculated
from each end of the line are now the true perpendicular
distances from the interface to each of the shot points.

1.3: Problems and Limitations

—Irregular surfaces:
The most apparent problem using refraction seismics is
the scatter of data due to irregularities in the topography

or non—linear interfaces (Fiqg.1.4).
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In this experiment, topograhpic changes are roughly zera, as
all geophones were placed at the high tide line.
Irregularities in the bedrock/sand interfacé-are inherent
and explain some isolated scatter. However, this interface
is generally quite uniform and causes little problem.

—Low Velocity Zone:

One limitation of a refraction seismic survey 1is the
detection of a Low Velocity Zone (Fig.1.3). The wave pulse,
when hitting this layer, will not be critically refracted
and will completely travel through the Low Velocity Layer.
If a higher velocity layer is encountered, a wave pulse will
return to the surface. If the thickness of this layer is
great enough, a ’shadow zone’' or data gap may occur before

subsequent first arrivals are seen.
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Figure 1.5 Effects of Low Velocity Zone (Redpath 1973),



-Thin Layer:

A second and more significant limitation to refraction
seismics is the ability to detect a thin ‘layer. This
‘blind zone’ or hidden layer is usually a medium velocity

layer with an underlying high velocity layer (Fig.1.6).
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Figure 1.6 Occurence of a thin layer and the effects
on time-distance curves (Redpath 1973).



A thickness calculated for the upper layer by standard
éechniques is a maximum, ignoring the possibility of a
hidden 1lavyer. If the velocity contrast observed is great,
and a hidden layer suspected, the following procedure may be
used to calculate the maximum thickness of this undetected
hidden lavyer.

The maximum thickness of 1layer ONE, Zi(max), is
calculated using the time—-distance plot. An assumption of
the velocity (Vz) for the hidden layer must be made. A
sound velocity value half—way between that of the upper and
lower value is a good approximation, though several values

may be tried. The following parameters are calculated.

I

A23

ARCSIN ( V=/Vs )

Aix ARCSIN ( V,/Vx )

Airz = ARCSIN ( V,/Vz )

I

S TAN ( A=z )/ TAN ( Aix )

The values of A=z, A.s and Ai= are plotted on the curves
(Fig.1.7) to obtain a value of R. From the parameters
Z; (max), Ais, A==, S, and R the maximum thickness of layer
TWO and the minimum thickness of layer ONE can be

calculated. If these values are combined, a maximum total

thickness can be obtained.

L2 {max) Zy(max) x (R x S) / (R + S)

Zy(min) = Zz(max) / R
The maximum total thickness can be much greater than the
thickness calculated +for Z,(max). This drawback can

seriously affect the reliability of a refraction seismic

survey and can only be resoclved by drilling.

10
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2: FIELD PROCEDURES

Martinique Beach is roughly 3.5 km in length from Whale
Point in the west to Flying Point in the east (Fig.2.1).
There is a minor point along the beach called the mid-beach
outcrop. Tﬁe width of the beach varies from roughly one
hundred metres to several hundred metres near Whale Point
where extensive estuarine tidal flats meet the main beach.
Basement is outcropping at each of the headlands. The 1982
field-work at Martinique Beach by Yin Wang (1983) involved
the placement of marked stakes at 100 m intervals starting
with number one at Flying Point and ending with number‘
thirty—two at Whale Point. Most of these stakes are still
in situ though some have been burned by a grass +fire.
Sixteen stations were chosen with line centers approximately
200 m apart (Fig.2.2) with the aid of these stakes, physical
measurements, and the use of air photos. Seven days of
field-work were required to complete data collection at
these stations. Due to the spacing of the stations and the
length of the 1lines, no lines were run to measure the
variations in the depth to bedrock with the beach width.
This has been found to be reasonable as variation along the
length of the beach is quite regular.

While doing such a survey, one was faced with the
problem of wusing a suitable geophone spread for each
station. To be able to substantiate internal detail within
the sediment column, a high density of data is needed. This

results in the necessity of a closely spaced line. From

12
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eafly lines, it was found that the sediment column is too
homogeneous with respect to velocity characteristics to
measure internal detail. Thus the primary field objective
was to accurately determine the depth to bedrock yet still
use a small geophone spread to retain high density data.
Assuming that there were no great variations in depth to
bedrock over short lateral distances, 1line lengths were
shorter near the headlands and increased towards the center
of the beach.

Two styles of data acquisition were used. Each has its
own merit. The first procedure takes longer and the
resulting data, although useful as a control, was of
unnecessary detail for the required results.

2.1: Frocedure 1

The geophones were placed at a 4 m to 6 m spacing.
Shat points were located at both ends, wusually at S m and
15 m. This allowed for the measurement of the gross
sediment velocity as well as the basement velocity. Then
the geophone spacing was changed to 1 m and shot points were
at .3 m at both ends. This allowed for accurate
determination of velocities within the upper few metres of
sediment. However, only three unique velocity layers were
measureable: a low velocity layer; a medium velocity layer
(occupying the bulk of the sediment column); and the
acoustic basement. From early trials, itvwas found that the
upper low velocity layer was uniform in terms of velocity
and thickness. As continuous measurement of this layer

served no purpose, a second procedure was proposed.

15



2.2: Procedure 2

One 1line was used with a geophone spread varying from
3 mto & m. Shot points were placed at S mto 15 m from
each end and a third shot point was placed in the middle of
the line. This mid-line shot point allowed control over the
velocity determination of the medium velocity layer. This
is essential for such a refraction survey, as the accuracy
of the wupper layer velocities will control the accurate

determination of the bedrock depth.

2.3: Eguipment and Data Acquisition

All data were measured with an EG&G Geometrics Nimbus
ES—-1210F multichannel signal enhancement seismograph. This
is a 12-channel digital seismograph which stacks successive
shots until readable output has been obtained. The sound
source used was a 15 pound sledge hammer hitting a steel
plate. Several soundings had to be made for each trial.
The data were recorded on a hard—copy printout after visual
inspection of the video display.

Noise 1levels on the beach were quite high: waves,
wind,and people being responsible for most of this. As the
selsmograph has variable gain for each channel, a null-noise
level was obtained while still increasing the gain with
distance from the shot point.

Seismic velocities vary with frequency. A standard of
100 Hz was used for all measurements (in the range of 30 Hz
to 300 Hz ). This frequency was originally recommended and

was continued for consistency of the data.

16



A second factor in recording was the ‘mode’. The
seismograph has five ‘modes’ : high pass, low pass, band
pass, all pass, and band reject. These all have a corner
frequency (as set by the frequency dial) and different
acceptance ‘windows’. For this experiment, a high pass mode

was used, as there appeared to be an excess of low frequency

noise (Fig.2.3).

Corner
Frequency Frequency
A
Band pass

Low pass High pass

~

Band reject Band reject

Amplitude

Figure 2.3 Amplitude of accepted signal as
set by Mode and Corner Frequency.
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3: DATA AND DATA PROCESSING

3.1: Defining of Points Picked from Printouts

During each trial a video display was uéed to monitor
the quality of the data. Once first arrivals were apparent,
a hard-copy of the data was produced. The hard-copy showed
a poor resolution whereas the resoclution of the display is
significantly better. The printouts were marked, showing
the first arrivals with aid of the video display.

In most trials, a 200 ms sweep time was used and
printed on an extended printout. The values used for
processing were visually picked from the printouts. The
error in reading is roughly 0.5 ms.

Accurate reading of the printouts 1is critical for
meaningful results. Generally, first arrival times are
chosen, as they represent the arrival of the refracted wave
front. Unfortunately, due to the physical characteristics
of the signal wave, the first arrival is often quite low in
amplitude and hard to pick out. Because of this, second
arrivals or first rarefaction peaks may be used 1€
accurately converted to first arrival times.

3.2: Guality of Data

—Repeatability:

Once problems of noise had been eliminated, the
repeatability was very good. Compared data from repeated
trials shows an error of roughly 0.1 ms (Fig.3.1). The

error 1in picking the dataApoints is higher than this, thus

possible errors in repeatability are ignored.

18
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—Equipment Error:
Calibration of the seismograph using an éxternal time

source shows a sweep—time error of S5.6%L (Fig.3.2) (values in

Appendix 1). This time—error has been applied to the data
set.
1050.4
- 3
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600.¢4
. -
- -
> -
~ 450.4
b -
3 -
(%)
g -
300.¢
- *42
150.4
- 4
- 24
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Figure 3.2 Plot of calibration data and output from
regression program showing sweep error.
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3.3: Data Faormatting

Digital values taken from the printouts were converted

to a standard format:

16 1 10.0 4.0 24.0 0.0123 2

: ; : : ; : iayer
; : : : : éime

; ; ; ; élstance

; : : ;pread

; ; ;hot point distance

; ;osition (east—west)

;tation

Using this format, all data are stored in one file for
processing (Appendix 2).

3.4: Data Processing

The data were processed using MINITAB on the Dalhousie
CYBER. Plots of the data were produced for visual
inspection (Appendix 3) and the slopes and the intercepts
were calcul ated using regression. With calculated
velocities and intercepts (Table 1) for each station, a

program was written to calculate depths to interfaces (Table

2).

21



Station

uy
O VB NOGUD MW

[P
(S, BN SN )

-
o

Station

LS ONOU D)=

V2

1482.
1686.
1553,
1623,
1553.
1614.
1685.
1507.
1484,
1707.
1776.
1680.
1454.

Table 1

V3w

3068. 3925.
3727, 4348.
4078. 2136.
4907. 4616.
5173. 4686.
2778. 3486.
4409. 6839.
2862. S5089.
2. 4615,
3125. §750.
6154, 3609.
S263. 5627,
4677, 3125,

T1E

+ 00591
+ 00855
«01755
+01694
+01107
.01393
. 00927
.00851
. 00801
+ 00496
00522
. 00894
. 00875

Table 2

v3

3438,
4011.
2741,
4757,
4917.
3085,
5348,
3634.
4959,
4011,
4522,
5439,
3733,

where :

=EHNH<
wonononon

N
. M
w M
N
. =
v E

[P N Sl A
o NN O RN D= R

[
* & e o
-
* & & o
O 90 =GN DR

velocity
intercept
thickness
East

West

1w -

+00733
+00964
.01782
+01782
.01118
.01320

.00881-

+01069
00851
.00472
+00733
. 00854
.00759

12

01033
«02517
+03349
« 02649
+ 02637
+02270
+02103
.01730
01989
+01034
.02328
+ 02552

«03142

I12W

.00978
+03349
+02104
+02435
+02489
« 02967
02539
+02177
.01788
01662
01755
. 02890
+02019



4: RESULTS

4.1: Velocity Model

Two dominant interfaces result in the measurement of
three distinct velocity fayers. This threellayer model is
consistent throughout the length of Martinique Beach.

-Layer 1, the upper unit, 1is characterized by a
velocity of 247 m/s determined using the combined data of
all trials where a shaort (1 to 2m spacing) spread was used
(Fig.4.1). From the combined data of all the relevent
trials this velocity was determined with minimal error.
Within a velocity table this velocity lies within the region
of loose dry soils. The beach surface, several centimeters
of loose dry sand, may be acoustically similar to that of
dry soil, and would explain this velocity layer.
Calculations of the thickness of this layer do not give a
true representation of a uniform slab with this velocity,
and only truly represents the depth to the next strong
acoustic interface.

—Layer 2 is bounded on its upper surface by the tidal
water 1level and is characterized by velocities ranging from
1300 m/s to 1700 m/s and falls within the range of water
saturated sediments. This layer constitutes the bulk‘nf the
sediment thickness of the beach profile ahd is generally
considered to have a uniform velocity throughout. It is

between this 1layer and the acoustic basement that the

presence of a hidden layer may be found.

23



—Layer 3, the acoustic basement, 1is a high velocity
layer characterized by a large range of velocities (2300 m/s
to 6000 m/s). Although this is a high range, the variation
can be explained by the lack of data in some trials and by
irregularities in the bedrock topography. The beach pro{ile
shows three bedrock highs, where Meguma Group bedrock 1is
outcropping at each Point and the mid-beach outcrop.
Between Whale Point and the mid-beach outcrop, the sediment
thickness is about 12-15 m. Between the mid-beach outcrop
and Flying Point, there is a deeper bedrock depression with

approximately 20m of overburden (Fig. 4.2).

4.2: Reliability

As described in section 1, two potential sources of
error 1in interpreting refraction seismic data are the
presence of a low velocity zone or a hidden lavyer. For
Martinique Beach, described by the above three layer model,
these two effects are shown to cause little error.

A low velocity zone, found within this profile might be
accounted for by lagoonal material buried as coastal
regression occurred. This layer would likely be found
within the layer of the refraction model but not be thick
enough to produce any noticeable effects. A thickness of 1-
2 meters is a reasonable estimate of such a layer, and would
not introduce a substantial error in the calculated sediment

thickness.
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A hidden layer may be postulated to exist between the
wet sediment and the bedrock. The composition of this unit
would 1likely be water saturated glacial till which would
have an acoustic velocity (1800 m/s) only slightly greater
than that of sand. From the procedure described in chapter
one, an estimated thickness of this unit can be calculated.
Using layer 2 having a velocity of 15300 m/s and a thickness
of 12 m, and layer 3 having a velocity of 4000 m/s, the
maximum possible thickness of this layer is 10 m , vyielding
a minimum thickness for layer 2 as 6.3 m and increasing the
total sediment column by 1.5 m. The inability to measure
detail is unfortunate, yet for this model results in minimal
error in calculating the depth to bedrock.

4.3: Profiles

Four marine reflection seismic lines have been run
close to Martinique Beach (Fig. 4.3). Frofiles from these
lines (Fig 4.4a & 4.4b) show the bedrock topography and the
sediment overburden. The sediment overburden in this area
is ablation till, estuarine sediment, and reworked coastal
sand. The sediment cover thins seaward and is found

primarily within bedrock ‘lows ‘. The gross bathymetry is

strongly controlled by the bedrock topography.
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S: DISCUSSION

S.1: Environmental Setting

The Eastern Shore of Nova Scotia ié a glacially
influenced coastline presently experiencing a sealevel
transgression. A six stage model (Fig.5.1) has been
proposed to describe the genesis and evolution of the
beaches found along the Eastern Shore (Boyd et. al. 1984).

—-Stage 1 Several phases of glacial advance and retreat
occurred during the Wisconsinan Period. The advancement of
this ice sheet resulted in extensive scouring of bedrock due
to localized differential erosion. Along the Eastern Shore
of Nova Scotia, the bedrock is Meguma Group metasedimentary
rock. The scour features are preferentially elongated
Southeast parallel to the direction of ice movement. These
features, generally one to five kilometers in width, have
smaller internal topographic variations ( scour channels)
which are also parallel to the direction of i1ce movement.

During periodic glacial retreat, sheets of till were
deposited as well as large fields of drumlins. These
deposits were reworked by ice during periods of advancement
and by meltwaters during periods of retreat.

The regional effect of this glacial ice mass was
dramatic. It caused the depression of the continental crust
under the ice and the production of a peripheral bulge. The
effects of the migration'of this glacial forebulge have been
an important mechanism in the evolution of coastal

processes.
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2.SEA LEVEL RISE AND ESTUARY FORMATION
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Figure 5.1 Six stage model describing the genesis and evolution
of Barrier Beaches such as Martinique Beach (boyd et.

al. in print).



—-Stage 2 The removal of the ice mass caused the
continental crust to rebound isostatically. The glacial
forebulge moved shoreward causing an inifial drop of
relative sea level (RSL) followed by a rising RSL as the

forebulge moved past the coastal area.

-Stage 3 The stability of these barrier beaches

depends on the rate of sediment supplied compared to the

rate of rising RSL and coastal wave energy. These
conditions have changed over the last five thousand years
causing repeated stages of barrier retreat, destruction,

and re—-establishment.

While RSL was rising, drumlins and ablation till were
being quickly eroded by coastal processes. Large quantities
of sediment were being deposited in the glacial estuaries
where they were reworked by tidal, wave and wind action to
form barrier beaches. When the rate of sediment input
exceeds the effects of erosion, the barrier beaches prograde
seaward producing advancing dunes or several dune ridges.
Commonly the ends of the barrier beaches are anchored to
drumlins, a local sediment source, or bedrock ‘highs’ which

may once have been drumlins.

—Stage 4 When the rate of sediment input drops and is
unable to sustain the beach, landward migration will occur
as the beach is eroded, infilling the estuary with floodtide

delta, tidal channels, and marsh sediments.
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—Stage 5 The RSL continues to rise increasing the rate
of barrier retreat.The large scale retreat of the barrier
beach eventually leads to the destruction of fhe beach.

—Stage & The remnant beach, seen as intertidal shoals
will stabilize further inland when drumlins or bedrock
outcrop can anchor a new beach. The completion of the
evolutionary cycle of the beach is reached as new sediment
supplies combine with reworked remnants of the previous
barrier system to produce a new beach.

S5.2: Site Conditions

Martinique Beach has been used as a type example in
describing barrier beaches. It is a double barrier beach
anchored by Whale Foint, the mid-beach outcrop, and Flying
Point. The Musquodobit Harbour, one of the larger estuaries
on the Eastern Shore, skirts the beach, running between
Flying Point and Jeddore Head as bedrock outcrops at each of
the headlands and several locations behind the beach within
the marsh area. These bedrock outcrops can also be used to
map bedrock topography and extrapolate its distribution from
lines off shore to the beach praofile (Fig.5.2). These trends
show 1local variation of glacial scouring and eventually
define the position of the barrier beach and the most stable
position for drainage through the remnant glacial estuary.

There are three bedrock ‘highs’ extending seaward from
Martinique Beach: one from Flying Point, another from the

mid—beach outcrop, and a third from Whale Point. These
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Figure 5.2 Regional bedrock topography showing bedrock
thighs'and scour channel.



‘highs’ can also be recognized from the bathymetry, as
ridges which extend seaward from Whale Point and Flying
Point. There are two bathymetric mauﬁds seen as
recognizable extensions of the mid-beach outcrop. The
regional low between Whale Point and the mid-beach outcrop
is a relatively uniform bedrock platform with only minimal
scour features observed. Running parallel to the bedrock
lineation +from Flying Point, is a deeper scour feature,
which cuts sharply through the beach profile and broadens as
it is extended seaward.

S5.3: The stability of Martinique Beach

Martinique Beach is presently in a stage of retreat
placing it between Stage 4 and Stage S5 of the model.
Washover features can be seen between the mid—-beach outcrop
and Flying FPoint where the dune has been breached. The
position of the scour channel coincides with the position of
the washover features. This thicker region of sediment may
be less rigid and may partially explain the breaching of the
dunes in this location.

As the RSL continues to rise the beach will be
destroyed and a new beach will form further up the estuary.
The formation of a new barrier beach is likely to occur
within the same channels as the present beach and anchored
to shoreward extensions of the same topographic "highs’

(Fig.5.3).
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Figure 5.3 The evolution of Martinique Beach.




&6: CONCLUSIONS

* This survey has produced an accurate profile of
Martinique Beach using refraction seismic methods. This is
the first such profile to be produced for barrier beaches
found in Nova Scotia.

* The topographic bedrock ‘highs’ seen in the beach

profile correlate well to the trends seen in the marine

reflection seismic lines and positions of outcropping
bedrock.

* A scour channel is seen between the mid-beach
outcrop and Flying Point. This channel can be extended

seaward with the aid of the marine profiles and bathymetric
trends.

* The breaching of the beach system is located at the
same position as the scour channel. The presence of this
channel may affect the stability of overlying sediments.

*# Upon destruction of the present beach, a new barrier
beach 1s 1likely to be formed within the same channels

anchored to shoreward extensions of the topographic ‘highs’.
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APPENDIX 1

Calibration Data

Format :

2 500.0 100.0 108.0

; ; ; ﬁeasured Time
: : Control Time

: Sweep Time

Channel



PIPI PRI PRI R MO PRI PRI RINI I PO PO P R bt b bt bt bk b bt ek bt et et b bk b e

NN NN N NNNN

50.0
100.0
100.0
200.0
200.0
200.0
500.0
500.0
500.0
500.0

1000.0
1000.0
1000.0
2000.0
2000.0
2000.0

50.0
100.0
100.0
200.0
200.0
200.0
500.0
500.0
500.0

1000.0
1000.0
1000.0
2000.0
2000.0
2000.0

50.0
100.0
100.0
100.0
200.0
200.0
200.0
500.0
500.0
500.0
900.0

1000.0
1000.0
2000.0
2000.0
100.0
200.0
200.0
500.0
500.0
1000.,0
1000.0
2000.0
2000.0

10.0
10.0
30.0
10.0
50.0
100.0
50.0
100.0
200.,0
200.0
50.0
100.0
200.0
100.0
200.0
1000.0

10.0

10.0
50.0
10.0
50.0
100.0
50.0
100.0
200.0
50.0
100.0
200.0
100.0
200.0
1000.0
10.0
10.0
20.0

10.0 .

50.0
100.0
100.0

350.0
100.,0
200.0
200.0
100.0
200.0
200.0

1000.0

50.0

50.0
100.0
100.0
200.0
100.0
200.0
200.0

1000.0

10.0
10.0
55.0
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53.0
105.0
213.0
210.0
55.0
110.0
220.0
105.0
210.0
1060.0
10.0
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956.0
10.0
S54.0
106.0
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108.0
213.0
350.0
105.0
210.0
105.0
210.0
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10.0
10.0
96.0
10.0
94.0
106.0
106.0
0.0
105.0
213.0
210.0
110.0
200.0
210.0
1060.0
35.0
53.0
105.0
105.0
212,0
110.0
220.0
210.0
1060.0



APPENDIX 2

Data Listing

. standard format:

position (east—west)

16 1 10.0 4.0 24.0 0.0123 2

. s s : s : layer
: : : : ;istance

: : : ;pread

: : ;hot point distance

station
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APPENDIX 3

Time-Distance
Plots of Data

Title Reference:

3L, 06 E
: : Position(East)
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APPENDIX 4

Program Listing

Purpose;
Used to calculate the true velocities, the

dip

of the interface, and the thickness of

each layer.

Input:
Table 1.

Qutput:
Table 2.

Qpperations:

-A line of data is read from table 2.

-The

and
~The
-The

and
-The
-The
-The

dip of the firstinterface is calculated
the true value for V2 is determined.
thickness of layer ONE is calculated.

dip of the second interface is calculated
the true value for V5 is determined.
thickness of layer.TWO is calculated.
calculated values are output to tapec.

procedure 1s repeated.
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FROGRAM XPROGXCINFUT-QUTFDT TAFE T TAFEDD

INTEGER STN.DIKR

FEAL UZE U2W U2 U220 01« ZEE v Z1W T2E  T2W

FEAL UIE YRy UZ 2 VXL e VXD 020 Z2FE y Z2W e Xy TEE » T3

FORMAT (122 IXeFS. 000X eFS 0vlXsFE0eIXyFH. 01 XoFA G 1X

TyFA Gy LXeFE B IX e FAHL D

FORMAT (T2 X FS 0 X FE. 0 IXeFaA LI XyFa Ll XoFa, 1 1¥

BN SO R R S B I I A A

U1=247.4
FEADCL e L e END=a)  GTN o URE » U2 UXE w UL o T2 T20 e TEE » T3
TFOEOFCLY NE.O) (0 T 4
TF T U2WY THEN
V2U=U2E
U202
SETF CURE LT VWY THEN

D= CASTNCYL AU -AG TN UL AUy Y 732
dm DY AU YT
VEAGSTNCUT AU Y S

Z1 DERUL K

T1W AV e ¢

TF (URE.GT VALY THEN

LU= URE

nr
FLSE TF CURE LT VS THEN
U=

V=t
DLR=1
END TF

2= CASIN U2 /030 -5 TN VU3 ) /72

HCOSCASINIVZAUVEY )
COGTASBTINIV2AVI)Y)
2 LT R

WRITE (22
GOTO 3
STOF

FoNT







	undefined: 
	undefined_2: 


