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FKG 3. . Nomogram of depth conversion factor for layer of velocity V', and
underlying refractor of velocuy V

" Where a refractor of velocity V, is overlain by
" two or more layers of different velocity, the veloc-
ity term V,;/Cos 1, will vary for each layer as

the layer velocity Vin-varies. This is due to both
the different layer velocity and the different

" inclination of the ray path. Consequently, either
~ the thickness of each layer must be determined
"separately in a- manner similar to-intercept time

determinations, or a composite depth conversion
factor must be -calculated for the refractor. The
method. adopted will depend on the detail re-

" quired from the survey.

_ Where the depths to all recorded refractors are

required at all geophone stations, the time-depths
for each refractor must bé computed at each geo-
phone station. The computation then follows the

procedure of determining ihe thickness of cacl-

successive layer from the time-depth of the im-
mediately underlying refracting layer and is
identical to that for half-intercept time com-
putations. For this purpose it is assumed that the
interfaces are parallel in the region below the
geophone station.

In the general form, the equation for deters
mining the thickness of the wmth layer, Z., tm“\
the time-depth-(or half-intercept tirw) /4, t© the
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wtions, the time-depths
computed at each geo-
ation then follows the’
the thickness of cach
time-depth of the im-
acting layer and s
-'ntucept time. com-
it is assumed that the '
the region below the

¢ equation for deter- .
emth layer, Z,,, {rom
ercept -time) 4, to the
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immediatg:ly underlying nth 1ayer rcfi'actor is

zm=( Ez COSLM/V>
. a==0 -

Vm/ COS imn @

where the term,

m—1 ’ ’ )
Z Za-Cos ‘ian/ Vu)

Cam0

represents the sum of the “time-thicknesses” of
all the layers overlying the mth layer; the time-
thickness of a layer being the time delay through
that layer for the critical ray from the refractor.
Hence, the bracketed terms represent the time-
thickness of the mth layer. This is multiplied by
the simple depth conversion factor betwcen the
V.. and V, velocities to yield the thickness of the
mth layer. Equation 4 may be solved by use of the
nomogram in Figure 3 and the values of Zy,
Zy -+ + Zm1 which have been previously deter-
mined in a similar manner.

Where only the depth to a particular, im-
portant refractor is required at all geophone sta-
tions, the thicknesses of the layers overlying the
important refractor are determined mainly for
evaluating the composite depth conversion factor
for the important refractor. These thicknesses are
determined as above from the half-intercept
times of shotpoints in or near normal geophone
spreads and from special “w eathering spreads.”
The weathering spreads have a short geophone
interval and give more detailed information on

-the near surface layers.

Where such thicknesses are determined, the
composite depth conversion factor may be cal-
culated by summing the thicknesses (Z,) to ob-
tain the depth of "the important refractor and
dividing this depth by the time-depth or half-
intercept time to the important refractor ().

Thus, the composite depth conversion factor, V,

to an nth layer refractor is o
V Z Za/l ()
a=0 o . X

In this manner, the composite depth conversion
factor is determmed at regular intervals along

the traverse and mterpolated at each geophone :

\%tatlon
The depth to the 1mportant refractor at a

duces to

o Lo T Tl

Shallow Seismic Refraction' ) e “80'9 .

z,eophone statlon G Z(,', is calculated from the
equation, - ‘

Ze = tG'VG o '_‘(6)
where (g is the time-depth to the important re-

fractor (i.e. the value of 4, at G) and Vg is the
corresponding. composite depth conversion factor.

ANALYSIS OF VELOCITIES IN REFRACTORS

-The slope of the time-distance curve beyond
the critical distance determines the apparent
velocity of seismic waves in the refractor in the
direction of shooting along the traverse. In the

classical method the apparent velocitiés from -

opposite directions are used to determine the
true velocity in the refractor. Where the refractor
depth and/or the velocity distribution in the
material overlying the refractor are irregular, the
plotted time-distance curve will scatter about the
line of the apparent velocity of the refractor.
Here, the apparent velocities may still be de-
termined by drawing lines of best fit to the scat-
téred points. - However, this will obscure rapid
variations of the refra”ct,or velocity which may be

of considerable importance, particularly in sur- .

veys for the 1nvest1gat10n of foundanon cond1~
tions. :

Use of the Time-depth )
.By the simple procedure of subtracting the

time-depths from the recorded travel times at

geophone stations, the effect of any irregularities
both in the refractor depth and in the velocity
distribution in the material overlying the refra.c—
tor is removed. :

This may be illustrated w1th the two-layer case
shown in Figure 2. The corrected travel time
from. the :hotpomt S’ for the geophone statlon
at G, t's G 1 is

l:vc?ls'a»'—tai. ‘ (7).

where {5 is the recorded travel time and #g the

-time-depth. By use of segment travel times and

the definition of the time- depth thm equatlon re-

foa = S’L/V0 + LP/V,

which i$ the travel time from the shotpoint S to

the point P on the refractor from. which the nor- °

“mal to the refractor passes through the geophone

placivng at G. As before, the travel times-and the

: (75) '
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layered' problem. However, if a (\iﬁetéﬂtiul dis- % .
) placement of some of the travel time irrcgu\a\ritits ‘
is appaient with reverst shooting, b My L
distinguish petween yariations in the
{ surface and i_ntermcdiatc fayers and
dard correctionfproceduré for the
This follows from considerations of
f the ray paths and the horizontal

s must’ be irom the same cefractors

ected travel times refer 1o points
com which the normals pass
“the corrected possible t0

after the depth thickness ©
a stan

" . time-depth
. Gince the cOfF
-.oon the: refractor {
" ‘through the geophone placings,
time-distance curves are plotted
" profile of the refractor has been constructed- The appPly
“slope of thc.corrected curves should be the same surface layer. .
for both directions of shooting and the trué the inclination © ‘i
' v_elocities in the refractor may be determined di- d'\sp\acement petween the recording geophowe L
Vrec'tly from the slope of the curves. ' - and the points at which the recorded rays feave 2
lel to the te. the refractor: ’ ' o 2

;

§

!
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The velocities aré measured para
hd in the direction of the ‘ ‘
: : ROUTINE SURVEY PROCEDURE

fracting interface 2
of course, may vary with direction X _

In most problems for investigation, it is pus-
sible to select from the refractors presexit one
important refractor- This reiractor‘is gencra\\y :
veral layers of differing seismic . 3§

- traverse and,
for anisotropic. rocks. Also, @ small ¢ransition -

~zone will occur above & velocity change in the
refractor due @ differences i’ the inclination ©

the ray paths above the refractor. The width of overlain by s€
- the transition zoné will depend on the horizontal velocity. Such investigat’mns are suitable for a ; :
basic Of routine survey procedure in which use i .

petween the recording geophone

: disp\acements
and the points at which the recorded rays leave made of composite velocity terms but-which may ;
© the refractor- 4 ‘ be modified as required. !
-For the overlying less. important refractors for ‘ . . %
which time-depths have not been calculated, the Ambiguities Concerming the Important {Zejrqctar B
i '_velocities in the refractors may be determ'med mn The routing survey procedure must vield time- 2
the classical manner, using the apparent velocities depths to the important refractor at all geophone § [
from reverse chooting. A sufficiently close ap- stations. Hence, the travel times used in the time
proxima‘tion' to these yelocities may gsually be depth calculation must be shown to be of critical i
obtained from the cquation, A rays from the important cefractor. This &y e %
Lo o done by resolving ambiguities in the tume-dis- i
i L Vo =2V . . tance curve prior to commencing computations: :
o ] Ve /(Vm' + Vorr) (approximate\v), (8) The ambiguities which must be resolved occut :
: - 1‘ o ' S ) when there is a change in slope of the time-dis- i
SR (Heiland, 1940, p. 323) in which Ve is the true tance curve chowing ‘an Increase in appareit '
) velocity and vV, and Ve the apparent velocities velocity with an increase in distance from the H
5 " in the refractor from re’versé shooting. shotpoint. Such a change in slope may he caused 71
. E - " either by 2 change in the dip and/or the velocity )
- CORRECTIONS in the same refractor, of by the recording of 1 i
s required since & surface to deeper, higher velocity refractor. !

which s pecessary [rom

s not resolve this am-
d

Reverse shooting,

A shot correction i
he reciprocal time) 18 used
{ C derations, doe

surface subtractor (t

-in the calculation of the time-depth. The shot other consi
correction in effect places the shot at the surface biguity when the change in slope 0€curs in
of the ground and 18 approximately equal to the  similar position from both directions of shooting

ratio Do/ Vs where Ds is.the distance of the ghot  Howevel from considerations of critical distancy
" from the surface and v, is the velocity in the ma- this may be simply resolved byArecording from
terial between the shot and the surface. The cot- twoshotpoint-to—sprcad distances fof each direc
- rection 15 positive for buried shots, negative tion. The point of change of slope in the times
for air shots, and is, applied during the reading of distance curve will be displaced towards the mote
.the records. ’ : o - distant shotpoint if 2 deeper, higher velocity T
ng corrections aré gen- fractor has been recorded; but no disp\uccmcm
- velocity in the
petween & dip -

: i Elevation and weatherl

Coan . S i o erally unnecessary’ since the topographic surface will oceut with a chang® of dip @

L o : i taken 59 the datum and the weathered o SUT~ qame refractor: The differentiation
i change in the refracto? presents B

fa’cc-\ajzg:r is treated as 2 layer in the multi- "or2 velocity
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difficulties and is resolved in.the method itseif. A
comparison between the slopes of the time-dis-
tance curves for the shots from the same direc-
tion is rapidly effected with a parallel rule usmg
two large set-squares.

By this procedure it is readily apparent which
geophones-have recorded the critical rays from
the important- refractor. To show that the
reciprocal time is also of a critical ray from the
same refractor, this travel time is checked against
continuous travel time profiles which are obtained
by tying adjacent spreads by means of one or two

- common geophones. The time-depths to the im-
. portant refractor are then calculated from the

travel times of the more distant shotpoints and
are checked against those calculated from the
closer shotpoints where the important refractor
has been recorded. This serves as a further check
on the reciprocal txmes as well as the individual
travel times.

In most shallow im{estigations the important '

refractor has a relatively high velocity and can
be recorded over the distance of the spread and
the reciprocal geophone without difficulty. How-
ever, if the refractor can be recorded over only

part of this distance, additional shotpoints will

have to be used. If necessary, the reciproca[ times

can be determined from the continuous travel

tlme profiles.

The Camposzte Depth Conuerszon Faclor

_ The velocities and half-intercept times or time-
depths of the near surface and intermediate
layers are obtained at the special-weathering
spreads which are recorded at the alternate
junctions "of normal spreads on a continuous
traverse. Further, without losing the above
resultion of ambiguities in the time-distance

_curves of the normal spreads, it is usually possible

‘to record from the intermediate layers with the
first few geophones near the closer shotpoints.

"Thus, intercept -times and apparent velocities
for the intermediate layers are obtained near the
_ends of the normal spreads. Additional values
- are obtained from a fifth shotpoint placed at the

cefiter of the normal spreads.
. Hence, the composite depth conversion factor is

. calculated at the locations of thé weathering.

spreads. The lateral variation of this factor is
-controlled by similar calculations for the shot-

points near the ends and within the normal
spreads. The depth to.the important refractor at .

oo 8n

each gébphoné station is computed by multiply-
ing the calculated time-depth by the correspond-

ing composite depth convérsion factor.

Field Practice v '
For continuous profiling, the recording equip-
ment is placed near the junction of two normal

- spreads which are tied by one or two common

geophones. Each normal spread is recorded using
the above five-shot pattern unless more shot-.
points are required to record fully the important
refractor. A weathering spread is also' recorded.
The equipment is then moved two spread lengths
along the traverse, and the procedure repeated.

For the weathering spreads, a geophone inter-
val of 10 ft is used with shotpoints recorded from .’
distances of 10 ft and successively increasing
distances which give an adequate shotpoint-to--
geophone overlap. Usually, a total of six or eight
shotpoints .are .required. A separate geophone
cable with the appropriate takeouts is used.

The geophone interval used for the normal
spreads will depend on the detail required by the

_problem, but for-most problems an interval of

about 40 or 50 ft has been-found suitable. With

an interval of 40 ft, conventional equipment of

twelve channels (of which one is used for the
reciprocal geophone) yields a spread length of four

hundred feet. Weathering spreads occur every

eight hundred feet along the traverse and close

shotpoints every two hundred feet.

The shots are usually placed in auger holes at a
‘depth of a few feet, but may be placed deeper in
well populated areas. The cables used as shot

 firing lines are also used to transmit the signal

from the reciprical geophone. When geophones
.are placed near previous shotpoints, care is taken
to plant the geophone away from the disturbed
zone of the shot. In general the shotpoint is
“located a little to one side of the traverse and the
. geophone to the opp051te side.

Reduction Procedure

The recorded travel times of each spread are

. Dlotted as time-distance curves, and the lines of
best fit drawn for the apparent velocities. A com-

parisbn"of the time-distance curves for the re-
verse directions and a direct comparison for the
“two shotpoint-to-spread distances for each direc-
tion are made. The reciprocal time is checked
against the extended travel time profile. The
time-depths to the important refractor are then
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computed on tabulated result sheets, and the re-

‘corded travel times corrected by the subtraction
of the corresponding time-depths.
The composite depth conversion factor is

“evaluated along the traverse and the depths to
" the important refractor computed. The depths
‘are plotted on vertical sections along traverse

lines by striking arcs of scaled radius beneath
each geophone station, and the refractor profile
is drawn in. The new time-distance curves are
then plotted, the-true refractor velocities de-
termined and indicated on the section. The
known thicknesses and velocities of the overlying
layers are also indicated. It is important to note
that initial reductions should be carried out.dur-
ing the time of the field survey to ensure that
satisfactory results are obtained in the field.

ERRORS
e . .
Errors in Depth Determinalions

The results of a survey should be accompanied
by a statement of the expected errors in the depth
determinations. Where sufficient empirical con-
trol is available from the results of check drilling,
the expected errors may be calculated by estab-

lishing .a direct correlation between the seismic

and drilling results. The mean error in the seismic

depth determinations may-.be taken as an es-

timate of any bias in the seismic results and the

" standard deviation from the mean taken as the

equivalent random error in the seismic results.
By way of example, the six drill-holes shown in
Table t for the Commonwealth Avenue bridge
site are all within 20 ft of geophone stations.
The calculation of errors reveals a zero mean
error indicating the results are without bias. The

" L. V. Hawkins

_equivalent random error indicated by the stand-
ard deviation from the mean is plus or minus nine
percent. This represents a typical example of (i
errors obtained for check drilled surveys,

If empirical control is absent or insufficien,
a qualified statement on the errors expected]
under similar survey conditions may be given
as a guide to those reading the survey report,

The error estimate will be based on expericnce -

and on considerations of the sources of possilile
error in both the time term and the velocity
term of the depth computation. ’
~“Errors in the time term may result from red-

ing errors and from a smoothing of the profile of .

an irregular refractor which is inherent in bhoth
the recorded travel times and in the calculation
of the time:depth. Further errors may result from
the recorded rays following minimum time wnd
. not necessarily critical ray paths. This lcads t.
- errors from variations in the travel paths througl
the refracting layer for the rays recorded by the
various spread and the reciprocal geophones. The
variations in travel paths result from either an
increase in refractor velocity with depth or o
raised irregularity in-the refractor profile under

~a spread geophone.

Errors in the velocity term may result from
the discrete and not continuous sampling of hoth
the time-distance curve and the calculated velac-
ity term along the traverse. In the case of the sur-
face velocity. continuously increasing with depth.
the velocity distribution is approximated with x
number of discrete velocity layers. Further crror-
may result from the inability of the refraction
method to detect velocity inversions, layering

" within a blind-zone above a refractor, or veloci-
ties in directions other than parallel to a refruct-

Table I Companson of Measured Seismic Velocities- with the Type and
: Coandition of the Bedrock Refractor

. Type and Condition Seismic Velocity

Drill-hole Dept inft Location of Bedrock in ft/sec
5 - 188 10 ft from stn. A840  Soft decomposed shale or mudstone 6,500
1 . 80 Stn. A160. Weathered mudstone with pockets 6,500
S : ‘ of soft decomposed mudstone. .
-3 90 Stn. A640 Weathered mudstone (less weath- 7,200
. . : ered than in hole 1) with pockets :
g g . _ of soft decomposed mudstone.
6 . 82 Stn. COO (not shown) -Broken, partly weathered siltstone. 8,000
L2 75 Stn. A400 . Partly "weathered mudstone with - 9,500
o : A appreciable strength. : o
4 60 20 ft fromstns. A760  Partly weathered mudstone with =~ 9,300

and A720(

appreciable strength.
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ing interface. Such errors may readily introduce a ~

bias into the calculated depths.

From considerations of the magnitude of possi-
ble errors in the depth computation, it appears
that the greatest uncertainties are present in the
determination of the velocity through the ma-
terial overlying the refractor. However, the avail-
ability of driliholes at the time of the survey for
both vertical velocity measurements and direct
correlation will minimize the possible errors from

the deficiencies in the refraction method.

For surveys under s#normal” conditions and
without drilling control, the errors usually ex-
pected may reasonably be stated as having an
equivalent random .error within +10 to 15 per-
cent with a possible bias within 10 percent of the

" calculated depths. This estimate would be applied

to the example survey of the Acton weir site.

" Errors in Velocity Delerminations

Errors in'the measured velocities are due to the
time errots and to distance errors which occur in
the plotting of the corrected time-distance curves.
The transition zones in the velocity profile, which

- occur above velocity changes in the refractor,

must also be considered. However, where the

* velocity in the refractor is constant over more

than three geophone stations, the measured. vel-
ocity should be determined with good accuracy.

v

COMMENTS

Seismic refraction methods which aim to ex-
tract detailed information on the refractor profile

_are the graphical methods of Thornburgh (1930,

p. 185-200) and others, and the analytical meth-
ods based on isolating time terms at geophone
stations.- The graphical methods of Thornburgh

involve less assumptions than the analytical |

methods and should therefore obtain a higher
accuracy. However, the main uncertainties still
remain in the determination of the velocity dis-
tribution in the material overlying the refractor.

In view of the additional-time involved in the

construction of wave-front diagrams, it is only in

the exceptional cases where. the analytical ap--
- proximations ate unacceptable that the graphical

methods may be used with real advantage. Such
cases arise where deep, irregular refractors with
steep .dips and low velocity contrasts with the
overlying material are present. ‘ :

- The analytical methods of isolating the time

"term at geophone stationis are based on the con-

Shalléw Seismic Refractiond ST Lo 813

cept of either the time-depth or _the'de[ay-time.
The assumptions and procedures used differ in

each case, but ‘the accuracy of the results ob- °

tained, appear comparable.

For the tire-depth, the refractor is assumed to
be plane in the limited region below the geo-
phone station between the points from which
the recorded rays leave the refractor. This follows
from the calculation of the mean value of the
time-depths from opposite directions of shooting.
No additional assumptions are made for the
dip of or the velocity in the refractor. Critical
ray paths are assumed for both the time-depth
and the delay-time. o o

. For the delay-time, the refractor is assumed to

" be horizontal at the points where the recorded
rays leave the refractor. Also, the velocity in the..

refractor is assumed to be constant. However, if
changes in the refractor velocity extend over a
considerable distance, they are readily cotrected
i the calculation of the delay-time differences.

In the determination of the delay-time dif-
ferences, the delay-time curves are migrated
towards their tespective shotpoints by the ap-
proximate horizontal displacement between the

recording geophone and the points at which the )

critical rays leave the refractor. This procedure
reduces the errors-ffom the slight smoothing in-

herent in the calculation of the time-depth. How-

ever, additional errors introduced due to varia-
tions in elevation and surface conditions between
the recording and the migrated position offset
the advantage from this procedure.

In the reduction of results, the. time-depths

have the. advantage of involving only simple
numerical computation and yield the absolute
depth profile of the refractor directly. Delay-time
analysis usually involves a someivhat more
lengthy procedure with a number of graphical
steps. This yields a relative delay-time profile
which miay be tied to half-intercept times to ob-
tain the absolute-depth profile of the refractor.

The use of the time-depth in the analysis of
the refractor velocity is- related to a method
sometimes used in seismic reflection surveys as
a2 check on the geophone placing and on serious
‘errors in the measured subweathering velocity
along the geophone spread (Vale, 1957). In this
method, if G’ and G'' are two successive geo-
phone stations which record from shotpoints '
and §" on respective ends of the geophone spread,

" the recorded . travel times are grouped  as




it

. Sum of these groups yields the a,pproxlmate
}r'a.vel time in the refractor between the geophone
stations. The Mean of the Difference of the groups

yields the delay time dlﬁcrence bctwaen the two‘

stations.
Finally, the Plus- Mmus method ot Hagedoorn.
(1959, p. 158-182) may be seen to-be basically
" similar to the Reciprocal Method. Hagedoorn’s
* Plus values are identical to the’ tirme- depths, and
his Minus values give a refractor velocity analy-
51_s in a similar manner to.the Mean Sum method.

EXAMPLES

Two examples are included. The ﬁrst is an ex-
ample of a completed survey of a weir site at

' Acton, Canberra, Australia. The second is a
specific example illustrating the technique of

-Commonwealth Avenue bridge site, Canberra,
chosen because of subsequent check drilling of the
refractor velocities.
- Both surveys were carried out in June, 1936 for
- the Department of Works, Canberra, by a geo-
physical party of the Bureau of Mineral -Re-
‘sources, Melbourfie, Australia. The geophysical
party consisted of - the author as party leader-
geophysicist, an observer-shooter, and an assist-
ing geophysicist for some of the time. Two to
“ four field hands were supplied by the Department
- of Works. The surveys were two of a group of nine
surveys of dar, weir, bridge, “building, and
quarry sites carried out between May and August,
'1936. As both surveys were conducted in. partly
populated areas which had considerable traffic,
shots were placed in auger holes at a depth-of 5
to 10 {t to reduce noise and damage.

l Examj)le o_f a Completed ?ztrvey——llze Acton.
' Weir Site

- abandoned for a more favorable alternative site,

formed part of the Canberra Lakes Scheme. The

. site extended over much of the Royal Canberra

,« "golf course and lies across the \/Io\onglo River at
°- Acton, Canberra. .

Gealogy —The geology of the site'is rather com-

" plexand i is covered by undifferentiated Recent to
. Pleistocene . deposits almost entirely. The main
“structural feature of the-area is the Acton fault

{ which was known to occur somewhere on or near
_the site. The Acton fault i ‘1s¢ra miajor normal fault

(ls'a"—'ls'c ) and (lswaf —tsnrw) The MLan of theb_

. velocity- analysis “for a’ seismic traverse of the'

-3 The ‘Acton weir site, which has since been

Wthh stnkes north- west and separates folded -

Ordov1c1an 'sandstones and shales to the south-

"west from folded Silurian calcareous shales with
limestone bands, shales, sandstones, tuffs, an
rhyolites to the north-east (Opik, 1953).

- Seismic . Results —The location of the scismic
traverses together with the topographic and “un."
weathered bedrock” contours, zones .ol low
seisntic velocity in the bedrock, and possible fauly
zones are shown in Figure 4. Cross-sections alony
traverse lines showing the depth profiles oi the
“weathered bedrock” and the “unweathcred
. bédrock,” the measured seismic velocities in the
bedrock, and average velocities throu"h thc over-

- burden are shown in Figure 3.
“In the presentation of the seismic rcsulta, & sur-
face layer of 1,200 ft/sec velocity and an underiy-

.ing layer of 5,000 ft/sec velocity have been

grouped together as overburden, and an average

. velocity. calculated for it which ranges between

1,350 and 1,900 ft/sec. This layer ranges between
‘12'and 47 ft in thickness and is compesed mainly
of alluvial deposits. . '

Beneath the overburden is a lay er which range:
in velocity from 3,500 to 9,300 ft/sec except at
one’ place on ‘traverse M where the velocity is

“about 12,000 ft/sec. The thickness of this layer

varies considerably throughout the area. On the
western half of the site the thickness is between
39 dnd 1135 ft, averaging 73 ft. On the eastern
half of the site it is much thinner and has been
detected at only a limited number of places where
it is between 10 and 50-ft in thickness and has a

_velocity of about 9,000 it/sec. The general term,

“weathered bedrock,” is used to denote thislayer.

Underlying the “weathered bedrock™ layer is -
refractor of increased velocity which ranges {rom
8,000 to.20,000 ft/sec. The low velocities from
8,000 to 9,000 ft/sec are interpreted as occurtiny

. inzones of fracturing and partial weatherimy.
‘Faulting is postulated as the cause. Thesce zones

correspond with relatively lower velocitics in the
overlying weathered bedrock” Iayer The re-
maining velocities are in the range of relativ cly un-
weathered sedimentary rocks, and this refrictor is

denoted in general terms as the “unweathered

‘bedrock.” The tse of the above general terms is

considered justified because the implications ax 1o

 the state of the rock is in general correct, although

some exceptions occur. . -
From considerations of the geology it appears

that the higher .velocities in the “unwcathered -
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4 ould be relatively thin. However, it is reasonable
10 assume that underlying interbedded sediments,
slthough they may hiavé a somewhat lower ve:
jocity, would also be relatively unweathered
and have considerable strength. Two cases of
higher velocity léyers within the “unweathered
hedrock” were recorded on traverses K and G.
Two possible fault zones are marked on Figurc
4. The first strikés almost north-south across the
middle of the proposed site and is indicated in the
seismic results by a substantial increase in the

EXER I8 oIt A

3 : ‘2 in the “weathered bedrock” layer to the west of
' the line shown on Figure 4. This line marks the
eastern limit of the supposed fault zone, but the
width of the zone is indefinite because the whole
area to the west is deeply weathered and crossed

’: - % s indicated by low seismic velocities on traverses

E‘_ R K, L, and M. This supposed fault has a north-

’ o northwesterly trend and is correlated by geolo-
. gists with the Acton Fauit.

A point of interest in the seismic results is the

. plotting of a thin continuous “weathered bed-

. rock” layer extending over-the eastern half of the

’ site. Here, the velocity in the “unweathered bed-

rock” is between 13,000 and 20,000 ft/sec. The

thin overlying layer was recorded only at some

" weathering spreads and at shotpoints near normal

spreads at the southern ends of traverses F and &

v

I

—tae ¢

& PRTeY .
et At e e e iy
SRS ST ——

e T ey e ST

indicated by later arrivals on some normal and
weathering spread records from traverse F. This
- occurred where the first arrivals (of 15,700 ft/sec
velocity) were of high frequency but of relatively
small amplitude, possibly due to refraction along
~ thin limestone lenses. Where' recorded, -the layer
is generally of the order of 10 to 20 ft thick and
may represent partly weathered interbedded sedi-
ments overlying the higher velocity beds or lenses.
The evidence suggests that the layer may be
continuous across this area but that it is masked
_by the higher velocity “unweathered bedrock.”
“In the interpretation, the layer was assumed

——— Y —a

I

&

to be continuous, and the depth profiles of both .
the “weathered” and “unweathered"” bedrock -

MRUTe W ey g

were plotted. The time-depths to the top of the

Tarioey

' “weathered bedrock” were obtained by sub-
o tracting ‘the approximate time-thickness of this
‘ 4 .. layer from the calculated time-depths of the “un-
z S weathered bedrock.” Since the composite depth

. Shallow Seismic Refraction -

pedrock” may be from lAcnSQs' of limestorie which

thickness of and decrease in the seismic velocities’

by the second supposed fault. The second fault

] - where the layer is thicker. The layer was also

" geophone stations.

Soam

convérsio_n' factor in the calculation of the depth'. .
to the ““weathered bedrock” is small, the calcu-
lated depth is relatively insensitive to the value ~

adopted for the time-thickness of the, “weathered”

‘layer. Hence, in this interpretation, the upper sur-

face of the bedrock is estimated fairly closely
even in places where the assumcd v»eathcrtd -

" layer may be absent.

Conclusions from lthe Seismic Resulls.—It is ap-
parent that the area.to the west of the first
possible fault is unfavorable for weir Toundations.
Although the thickness of the overburden here is
only slightly greater than'to the east, the bed-
rock appears deeply and extensively weathered
and is crossed by two possible faults, one of which
is correlated with a major fault between the
Ordovician and Silurian strata. ‘

In the area to the east of the first fault much

more favorable conditions are present, and the

most promising site is in the notthern part of the
area approximately along traverse H. In this
area the overburden ranges from 12 to 27 ft and

. averages 25 ft in thickness. The underlying bed-

rock appears to consist of a thin “weatheréd”
layer of about 9,000 ft/sec velocity (which prob-
ably does not exceed 20 ft i in thickness and may-
be absent), underlain by the ‘“anweathered
bedrock” in which the velocity is between 13,000
and 20,000 f{t/sec. The velocities in the ‘“‘un-
weathered ‘bedrock” are. indicative of strong
foundation rock even though they may result
from lenses of higher velocity rock overlying as-

" sociated sediments. The “weathered bedrock” -

layer, if present, may also prove suitable founda-
tion rock. '

Subsequent Drzllmg ——Dlamond drllhng of the
site was carried out in 1958, and the locations of
the two-drillholes on the site of the survey are
shown on Figure 4. The driilholes. were located a
little away from the geophysical stations, ap-

. proximately along traverse H and near the

centerline of the proposed weir. Both holes
entered hard calcareous, little weathered mud-
stone, siltstone, and sandstone immediately be-
low the sandy alluvium. The depths at which this
bedrock were intersected were about 17 and 23 ft
and are similar to. the seismic estimates to the
top of the “weathered bedrock” at the closest’
No appreciable change in
weathering was apparent from the drilling, shosw-

~'ing that the assumed “weathered bedrock” layer®

is absent in this particular area,
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1wo remaining holes "were located in the river
ped away from the seismic traverses. The results
of the drilling are recorded in an unpublished
Record of the Bureau of Mineral Resources
(Gardner, 1957). ‘ '

“The holes were drilled to check areas of bedrock
in which the seismic velocity was in the lower
range of 6,500 to 9,500 ft/sec. The bedrock in
these areas was shown to be Silurian mudstones
and siltstones in which the fracturing and degree
of weathering show a direct correlation with the
measured seismic velocities. A comparison be-’
tween the seismic velocities and the type and con-
dition of the bedrock for the six relevant drill-
holes is shown in Table 1. It is interesting to note
that hole No. 4 was drilled into bedrock in which
the recorded velocity of 9,500 ft/sec extends ap-
proximately 80 ft over only two geophone sta-
tions. Holes Nos. 3and 5 were drilled one hundred
jeet on each side of hole No. 4 into the lower
velocity, more decomposed rock and show that
variations of the seismic velocity are delineated
{airly precisely within the limits of the geophone
spacing used. i _

The bedrock in which the seismic velocity 1s
16,000 to 18,000 ft/sec was not checked by drill-
ing on this site. However, the area in which it oc-
curs is just to-the northeast of the Acton weir
site. It appears probable that the highly cal-
careous sediments with limestone beds and
lenses persist here. - B

. Shallow Seismic Refraction
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