
•••-^.•-,^l^yt^nr/rt^.lJrvnr-•R/-A^iTS-^t-•••f!t:x:x.i••o•iSl,•^^^^^^ -f?^';prMi•'^<.ji^^.^^^rfK:;•>v;;;K-a:^.flV^;^^''A"•^';g^^T'.I^;^ ^sSisa 

M ' SU3J 
" ! ^ ', GPHYS 
' • % ! S e i s 

•l'-;SSR . 

^a v , i« i. 
•--it. 

^ ' ^ « ^ ' 

¥ 
. • % : • 

: -•-;?# 

• M 

m 

fetf;^^. 

808 

8 
o 

a 
UJ 
Ol 
X 

1000 

1200 

UOO 
1600 
1800 

2000 
• c 

._E 
M 
O 

^ 
>£ 

tr 
o K-

< 
u. 
2 
O 
Ul 
a: 
UJ 
> 
2 
O 

o 
X 
h-
Q. 
UJ 
O 

2500 

3000 

3500 
iOOO 
^500 
5000 

6000 

7000 

8000 
9000 

10000 

12000 

UOOO 

16000 
18000 
20000 

25000 

30000 

35000 
^0000 

t-« L.'V. Hawkins 

REFRACTOR VELOCITY V„ in FT/SEC. 
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wô  
<^^' 

u 

iOj 

^ ^ 
0 

FIG. 3. Nomogram of depth conversion factor for layer of velocity K„, and 
underlying refractor of velocity K„. 
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' Where a refractor of velocity F,, is overlain by 
two or more layers of different velocity, the veloc
ity term Km/Cos i,„n will vary for each layer as 
the layer \'elocity 7,„ varies. This is due to both 
the different layer velocity and the different 

. inclination-of the ray pa th . Consequently, either 
the thickness of each layer must be determined 
sejparately 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 a t all geophone stations, the timo-dcplh.s 
for each refractor must be computed a t each geo
phone s ta t ion. The computat ion then follows ihc 
procedure of determining the thickness of each 
successive layer from the t ime-depth of the im
mediately underlying refracting layer and i.~ 
identical to that for half-intercept time C(>ni-
puta t ions . For this purpose it is assumed that l!i!' 
interfaces are parallel in the region below iln" 
geophone s tat ion. 

In the general form, the equation for d'..'ter,-_̂ ^ 
mining the thickness of the rath layer, Z,,.,, from 
the t ime-depth-(or half-intercept tirive), l,, '̂•̂  t'''-' 

• • • • a 
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ation then follows tin-
the thickness of each 
time-depth of the im-
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-int.trcept time corn-
it is assumed that rhi; 

the region below the 

<-• equation for dekr- , 
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geophone station G, Za, is calculated from the 
equation, • 

Km/Cos im„ (4) 

where the term, 

^ Z a - C o s i a n / V a , 

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 wth layer. This is multiplied by 
the simple depth conversion factor between the 
Vm and V„ velocities to yield the thickness of the 
wth layer. Equation 4 may be solved by use of the 
nomogram in Figure 3 and the values of Zo, 
Z\ • • • Zm_i 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 "weathering spreads." 
The weathering spreads have a short geophone 
interval and give more detailed informatiori on 
the near surface layers. 

Where such thicknesses are determined, the 
composite depth conversion factor may be cal
culated by summing the thicknesses (Za) 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 ah «th layer refractor is '. 

V = ^ ^ Z a / t . . • (5 ) 

In this manner, the composite depth conversion 
factor is determined at regular intervals along 
the traverse and interpolated at each geophone 
station. 

The depth to the important refractor at a 

Z a = to-Vc (6) 

where la is the time-depth to the important re
fractor (i.e. the value of i„ at G) and Va 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 velocities 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
tered points. However, this will obscure rapid 
variations of the refractor velocity which may be 
of considerable importance, particularly in sur- • 
veys for the investigation of foundation condi
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 tlie refrac
tor is removed. 

This may be illustrated with the two-layer case 
shown in Figure 2. The corrected travel time 
from, the shotpoint 5 ' for the geophone station 
at G, t's'G, is , • , . - . '; 

IS'G = Is'G ~ to (7) 

where ISG is the recorded travel time and ta the 
time-depth. By use of segment travel times and 
the definition of the time-depth, this equation re
duces to 

ls'a = S'L/V, + LP/V, (7a) 

which is the travel time from the shotpoint 5 ' to 
the point P on the refractor from which the nor
mal to the refractor passes through the geophone 
placing at G. As before, the travel times and the 
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difficulties and is resolved in the method itself. 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 using 
two large set^squares. 

By this procedure it is readily apparent which 
geophones have recorded the critical rays from 
the impor tant refractor. To show tha t 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 t ime-depths to the im-

. por tan t refractor are then calculated from the 
travel times of the more dis tant shotpoints and 
are checked against those calculated from the 
closer shotpoints where the impor tant refractor 
has been recorded. This serves as a further check 
on the reciprocal times as well as the individual 
travel times. . 

In most shallow investigations the impor tan t 
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 
pa r t of this distance, addit ional shotpoints will 
have to be used. If necessary, the reciprocal times 
can be determined from the continuous travel 
time profiles. 

The Composite Depth Conversion Factor 

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 a t the a l ternate 
junctions of normal spreads on a continuous 
traverse. Fur ther , 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 a t the 
ceiiter of the normal spreads. 

. Hence, the composite dep th conversion factor is 
• calculated a t the locations of the weathering 

spreads. The lateral variat ion of this factor is 

- controlled by similar calculations for the shot-
points near the ends and within the normal 
spreads. The depth to the impor tan t refractor a t 

each geophone stat ion is computed by multiply
ing the calculated t ime-depth by the correspond
ing composite depth conversion factor. 

Field Practice 

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 pat tern unless more shot- . 
points are required to record fully the impor tant 
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, bu t 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 a t a 
depth of a few feet, but ma) ' be placed deeper in 
well populated areas. The cables used as shot 

. firing lines are also used to t ransmit 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 opposite side. 

Reduction Procedure 

The recorded travel times of each spread are 
plotted as t ime-distance curves, and the lines of 
best fit d rawn for the apparent velocities. A com
parison 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 hiade. The reciprocal time is checked 
against the extended travel time profile. The 
t ime-depths to the impor tant 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. 

E R R O R S 

Errors in Depth Determinations 

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-
tiiriate 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 1 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 

eqi^ivalent random error indicated by the sland-
ard deviation from the mean is plus or minus nine 
percent. This represents a typical example of ihe 
errors obtained for check drilled surveys. 

If empirical control is absent or insuflicieni 
a qualified statement on the errors cxpecied 
under similar survey conditions may be gi\en 
as a guide to those reading the survey repijri. 
The error estimate will be based on experience 
and on considerations of the sources of possible 
error in both the time term and the veluciiv 
term of the depth computation. 
' Errors in the time term may result from read
ing errors and from a smoothing of the profile di 
an irregular refractor which is inherent in bnih 
the recorded travel times and in the calculalidn 
of the time-depth. Further errors may result from 
the recorded rays following minimum time and 
not necessarily critical ray paths. This leads lu 
errors from variations in the travel paths thr<iuj;h 
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 a 
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 hnih 
the time-distance curve and the calculated veluc-
ity term along the traverse. In the case of the sur
face velocity continuously increasing with dcplh. 
the velocity distribution is approximated with a 
number of discrete velocity layers. Further error.-
may result from the inability of the rcfraciici:'. 
method to detect velocity inversions, layering: 
within a blind-zone above a refractor, or veloci
ties in directions other than parallel to a refraci-

Table I. Comparison of Measured Seismic Velocities with the Type and 
Condition of the Bedrock Refractor 

Drill-hole 

5 
1 

3 

6 
, 2 

4 . . . 

Dept in ft 

188 
80 

90 

82 
75 • 

60 

Location 

10 ft from stn. A840 
Stn. A160 

Stn. A640 

Stn. COO (not shown) 
Stn. A400 

20 ft from stns. A760 
and A720 

. Type and Condition 
of Bedrock . 

Soft decomposed shale or muclstone. 
Weathered mudstone with pockets 

.• of soft decomposed mudstone. 
Weathered mudstone (less weath

ered than in hole 1) with pockets 
of soft decomposed mudstone. 

•Broken, partly weathered siltstcne. 
Partly weathered mudstone with 

appreciable strength. 
. Partly weathered mudstone with 

appreciable strength. : 

Seismic .Velocity 
in ft/sec 

6,.i0() 
6,5f)0 

7,200 

8,(XKI . 
9,.5(MI 

.9,,i0() 
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i refractor, ĉ r vr[,<-;. 
fMrtUiel !,, a .'.-tr.,.-!. 

'>.y>i 

'J.Vti 

'< VO 

ing interface. Such errors may readily introduce a 

bias into the calculated depths . 

From considerations of the magni tude of possi
ble errors in the depth' computat ion, it appears 
that the greatest uncertainties are present m the 
determination of the velocity through the ma
terial overlying the refractor. However, the avail
ability of drillholes a t 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 " n o r m a l " conditions and 
without drilling control, the errors usually ex
pected may reasonably be s ta ted as having an 
equivalent ' random error within ± 1 0 to IS per; 
cent with a possible bias within 10 percent of the 
calculated depths . This est imate would be applied 
to the example survey, of the Acton weir site. 

. Errors in Velocity Determinations 

Errors in ' the measured velocities are due to the 
time errors and to distance errors which occur in 
the plotting of the corrected time-distance curvc;s. 
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 stat ions, the measured vel
ocity should be determined with good accuracy. 

COMMENTS 

Seismic refraction methods which aim to ex
t rac t detailed information on the refractor profile 
are the graphical methods of Thornburgh (1930, 
p 1-85-200) and others , and the analytical meth
ods based on isolating time terms a t geophone 
stations.- The graphical methods of Thornburgh 
involve less assumptions than the analytical 
methods a n d should therefore obtain a higher 
accuracy. However, the main uncertainties still 
remain in the determinat ion of the velocity dis
tribution in the material overlying the refractor. 
In view of the addi t ional- t ime involved in the, 
construction of wave-front diagrams, it is only m 
the exceptional cases where the analytical ap-^ 
proximations are 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 a t geophone stat ions are based on the con

cept of either the t ime-depth or the delay-time. 

The assumptions and procedures used differ in 

each case, bu t the accuracy of the results ob- ; 

tained, appear comparable. 

For the t ime-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 

t ime-depths from opposite directions of shooting. 

N o addit ional assumptions are made for the 

dip of or the velocity in the refractor. Critical 

ray pa ths are assumed for both the t ime-depth 

and the delay-t ime. 
For the delay-t ime, the refractor is assumed to 

be horizontal a t the points where the recorded 
rays leave the refractor. Also, the velocity in the.. . . 
refractor is kssumed to be constant . However, if 
changes in the refractor velocity extend over a 
considerable distance, they are readily corrected 
in the calculation of the delay-time differences. 

In the determinat ion of the delay-time dif
ferences, the delay-time curves are migrated 
towards their respective shotpoints by the ap
proximate horizontal displacement between the 
recording geophone and the points a t which the 
critical rays leave the refractor. This procedure 
reduces the errors from the slight smoothing in
herent in the calculation of the t ime-depth. How-
ever^ addi t ional errors introduced due to varia
tions in elevation and surface conditions between 
the recording a n d the migrated position offset 
the advantage from this procedure. 

In the reduction of results, the . t ime-depths • 
have the. advan tage of involving only simple 
numerical computat ion and yield the absolute 
depth profile of the refractor directly. Delay-t ime 
analysis usually involves a somewhat more 
lengthy procedure with a number of graphical 
steps. This yields a relative delay-time profile 
which may be tied to half-intercept times to ob
tain the absolute depth profile of the refractor. 

The use of the t ime-depth in the analysis of 
the refractor velocity is related to a method 
sometimes used in seismic reflection surveys as 
a 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 s ta t ions which record from shotpoints 5 ' 
and 5 " on respective ends of the geophone spread, 
the recorded tra.vel times are grouped as 
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(/s'O"—'s'C') and (/s"0' — fe"G")-The Mean of the 
Sum of these groups yields the approximate 
triavel time in the refractor between the geophone 
stations. The Mean of the Difference of the groups 
yields the delay-time difference between the two 
stations. 

Finally, the Plus-Minus method of Hagedoorn. 
(1959, p. 158-182) may be seen to be basically 
similar to the Reciprocal Method. Hagedoorn's 
Plus values are identical to the time-depths, and 
his Minus values give a refractor velocity analy
sis 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 

' • velocity- analysis for a; seismic traverse of the 
Commonwealth Avenue- bridge site, Canberra, 
chosen because of subsequent check drilling of the 
i-efractor velocities. 
- Both surveys were carried out in June, 1956, for 

the Department of Works, Canberra, by a geo
physical party of the Bureau of Mineral • Re
sources, Melbourne, 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 daiti, weir, bridge, building, aiid 
quarry sites carried but between May and August, 
1956. 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 ft to reduce noise and damage. 

Example of a Completed Survey-
Weir Site 

-the Acton. 

: The Acton weir site, which has since been 
•- 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 Molonglo River at 
'Ac ton , Canberra. -

Geology.—The geology of the site is rather com-
' plex and is covered by undifferentiated Recent to 
• Pleistocene deposits almost entirely. The main 
structural feature of the area is.theActon fault 

i which was known to occur somewhere on or near 
the site, .The, Acton fault is a riiajor normal fault 

which strikes north-west and separates folded 
Grdovician sandstones and shales to the south
west from folded Silurian calcareous shales with 
limestone bands, shales, sandstones, tuffs, and 
rhyolites to the north-east (Opik, 1953). 

Seismic .Results.—The location of the seismic 
traverses together with the topographic and "uii-
weathered bedrock" contours, zones • of low-
seismic velocity in the bedrock, and possible fault 
zones are shtswn in Figure 4. Cross-sections uluni; 
traverse lines showing the depth profiles of the 
"weathered bedrock',' and the "unwealhered 

, bedrock," the measured seismic velocities in the 
bedrock,,and average velocities through the over
burden are shown in Figure 5. 

In the presentation of the seismic results, a sur
face layer of 1,200 ft/sec velocity and an underK-

. ing, layer of 5,000 ft/sec velocity have been 
grouped together'as overburden, and an av-erai.;e 

. 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 composed mainly 
of alluvial deposits. -

Beneath the overburden is a layer which ranges 
in velocity from.-5,500 to 9,500 ft/sec except at 
one'place on traverse M where the velocity is 

• about 12,000 ft/sec. The thickness of this laver 
varies considerably throughout the area. On tlie 
western half of the site the thickness is between 
39 and 115 ft, averaging 73 ft. On the eastern 
half of the site it is much thinner arid has been 
detected at only a liinited number of places whcri: 
it- is between 10 and 50-ft in thickness and has a 

, velocity of about 9,000 ft/sec. The general term, 
"weathered bedrock," is used to denote this layer. 

Underlying the "weathered bedrock" layer is a 
refractor of increased velocity which ranges frnni 
8,000 to. 20,000 ft/sec. The low velocities from 
8,000 to 9,000 ft/sec are interpreted as occurrin,:; 

, in zones of fracturing and partial weathcrin'.L;. 
Faulting is postulated as the cause. These ZDHCS 
correspond with relatively lower velocities in the 
overlying "weathered bedrock" layer. The re
maining velocities are in the range of relatively tin-
weathered sedimentary rocks, and this refractor is 
denoted in general terms as the "unweathcred 
bedrock." The tise of the above general terms i.s 
considered justified because the implications as to 

. the state of the rock is in general correct, altliDu.u'ii 
some exceptions occur. 

From considerations of the geology it appears 
that the higher velocities in the "unwcathered 

»'.• 
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1160 BEDROCK CONTOURS IJNWtHHSBEW. 
Ian) SURFACE CONTOURS ^ • 

, \ S S N , \ p o s s m u FAULT 
m i i m l H BEDROCK WITH t o w 

SEISMIC V E I O C I T * 

, R O A D : 
" ' I ' l i i i t i RIVER , ' 

• 01 DRILL MOLE 

SCALE IN FEET 

100 0 100 200 l o l l 

FIG. 4. Traverse plan of survey of Acton Vveir site showing unweathered bedrock contours and possible fault zones 
indicated by seismic results, surface contours, and drill locations. 

Ul 

O 
i 
(/I 

2. 
•3 

o ' 

re 

00 

o> 



\Jl I 

'•'4; 

t> 

. A 
- -̂ î  " r - - * 

• • y 
?^ s«4 

• ' ^ K | M 

816 , - ; L . V . Hawkins 

H 1(40 I 

sancs Mt: . . . u : . . . • ^ - ; • : • - - • : - : - : - : - ; • : • • • - : - T - - . v : . , 3 5 0 , . , . : . ; . ; . : . - . : i 5 i ; i ; . : J ^ V ; „ - „ V - - .muo . ; • : • : • • : • : • ; • : • : • : • ; • :,-:i9on 
• 7 - » 5 o o j ; ^ ; ^ L ^ o o _ o ? j ^ - - ; - : . . ; ^ ^ : - : . - - ^ - - j S a i l -• - ^ ^ — ^ f f j r ' f i i ' ' ' ' " ' " ' • r T r m t T r T I T r r T r T T - r y r r J - } } 

r i r r r 
_X I3000^>f_ 

TRAVERSE M 

''•"•'--t4- • 
-; •- 'i-.-^-.A ./.;,. :.,;';-1| 

m 

'A. 
••' .'.'.'.ft' 

TRAVERSE K 

s 

1 ' : 
1120 

^ ' i . ' - ' ^ j ° ' - • - ' ' j - ' - ' ' i ' L ; ' - ' : i ' j - ' c , ; . - ll'in-

i'----—-r-_-r-_-_-_-_ -̂_ 
7iiffr^fn>F¥=rrrmt^,:nii 

TRAVERSE L 

1 ^ - ^ ' -
L 9J0 

TRAVERSE E 

^ng" ' . - : i7o i :• 

III 
TTtr: 

• H 1040 

^—11000 

''7-g^^^toM??Vr-^ty^,-^rTYJffi^ rtw: 
• 18000 » 

TRAVERSE 8 

- : : - r - - - - - - - « 5 0 K ^ 
— X IJ500 

TRAVERSE H 

FI560 

wsm-
_ ' F 3 ? 0 

Tz^r/r/Wm7fn:rfimmin^^ 
TRAVERSE F . 

SCALE IN FEET 

|y^ y y ?yo 3yo <o° 
LE6EN0 

* - - ~ - ' l WEATHERED BEDROCK • 

t l 1 1 1 1 ^ UNWEATHERED BEDROCK 

9000 SEISMIC VELOCITV IN FT/SEC 
0 40 

' OEOPHONE STATIONS 

FIG. 5. Cross-sections along traverses showing seismic determinations of weather 
and unweathered bedrock and measured seismic velocities. 

iP^^^PfH^Sf^^S '^^W^^^^^W^^^^^^^^^tWWW^WW^^W^^^^- . - ^ 

'•C^'i$l^^4''''^i-i'':Q\:^-



— t ^ 

Shallow Seismic Refraction 817 

- i - t t a 

^'-^-v;rnV;:/r 

t t t ) 

' > , - 3 

••.-an 

' • : < , l 

I bedrock" may be from lenses of limestone which 
,' could be relatively thin. However, it is reasonable 
i 10assume that underlying interbedded sediments, 
i although they may. have a somewhat lower" ver 
I locity, would also be relatively unweathered 
; and have considerable strength. Two cases of 

higher velocity layers within the "unweathered 
bedrock" were recorded on traverses K and G. 

Two possible fault zones are marked on Figure 
4. The first strikes almost north-south across the 
middle of the proposed site and is indicated in the 
seismic results by a substantia! increase in the 
thickness of and decrease in the seismic velocities 
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 
by the second supposed fault. The second fault 
is indicated by low seismic velocities on traverses 
A', L, and M. This supposed fault has a north-
northwesterly trend and is correlated by geolo
gists with the Acton Fault. 

A point of interest in the seismic results is the 
plotting of a thin continuous "weathered bed
rock" layer extending overthe eastern half of the 
site.. Here, the velocity in the "un-weathered 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 G 
where the layer is thicker. The layer was also 
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 
to be continuous, and the depth profiles of both 
the "weathered" and "unweathered" bedrock 
were plotted. .The time-depths to the top of the 
"weathered bedrock" were obtained by sub
tracting the approximate time-thickness of this 
layer from the caiciilated time-depths of the "un
weathered bedrock." Since the composite depth 

conversion factor in the calculation of the depth 
to the "weathered bedrock" is small, the calcu-" 
latcd 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 assumed weathered 
layer may be absent. ' • 

Conclusions from Ihe Seismic Results.—It is ap
parent that the area to the west of the first 
possible fault is unfavorable for weir foundations. 
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 northern 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 "weathered" 
layer of about 9,000 ft/sec velocity (which prob
ably does not exceed 20 ft in thickness and may 
be absent), underlain by the "unweathered 
bedrock" in which the velocity is between 13,000 
and 20,000 ft/sec. The velocities in the "un
weathered bedrock" are. indicative of strong 
fo.undatidn 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 Drilling.—Diamond drilling 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 drillholes 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' 
geophone stations. No appreciable change in 
weathering was apparent from the drilling, show
ing that the assumed "weathered bedrock" layer' 
is absent in this particular area. 
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two remaining holes were located in the river 
bed 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. 3 and 5 were drilled one hundred 
feet on each side of hole No. 4 into the lower 
velocity, more decomposed rock and show that 
variations of the seism.ic velocity are delineated 
fairly precisely within the limits of the geophone 

spacing used. 
The bedrock in which the seismic velocity is 

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. 
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