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ABSTRACT

A geophysical survey was carried out by the
Goophysical Section of the Bureau of Mineral Resources
to investigate the depths to rock suitable for the
foundaetions of a proposed weir across the Molonglo river
at a site near Acton, Canberra.

A detailed descripiion of “he seismic refracuion
method as used by.the Bureau for investigating Foundation
problems is given, together with a graph for determining
the Young's Modulus of rocks from the scismic velocity of
the recorded compressional waves,

The results of the survey show the weir site tc
be divided into two distinct areas by an approximate north-
south line just west of Lennox Crossing. East of this
line the depths to rock suitable for foundations appears
to be relatively shallow; the weathered bedrock which 1
generallg appears to have a Young's Modulus of 1.3 x 10" °
dynes/cm® or higher might prove adeyuate for foundations
and ranges from 12 Yo 37 feet in depth, the average depth
being 25 feet. Unweathered bedrock with a substantially
higher Youngis Modulus is from 10 to 20 feet deeper. West
of the line, the weathered layer is much thicker and may bve
unsuitable for foundations; +the depth to unweathered hed-
rock is considerably greater than to the east of the lineg,
ranging from 54 to 147 feet and averaging about 94 feet.
Also the bedrock appears to be intersected by a number of
fault zones in which the seismic velocity and Young's
Modulus are relatively low,

From considerations of depth and velocity of the
unweathered and weathered bedrock, the best prospects for
obtaining suitable.foundations appears to be near the bridge
at Lennox Crossing,.

(1ii)



INTRODUCTION

The Department of Works, Canberra, proposes con-
structing a weir across the Molonglo River as part of the
Canberra Lakes scheme. Two alternative weir sites have been
proposed, one at Acton, and the other at Yarralumla, The
present report describes a geophysical survey of the Acton
welr site which was conducted by the Geophysical Section of
the Bureau of Mineral Resources during June, 1956, in response
to a request from the Department of Works, Canberra. A
similar survey was carried out at the Yarralumla site, and is
described in a report by Hawkins and Stocklin (1957). The
Department of Works supplied the explosives for the seismic
survey and four field hands, and also repaired minor damage
caused by the shot holes during the survey.

In this report the term "overburden" is used to
signify Recent and Pleistocene deposits in which the seismic
velocity is relatively low. The term "bedrock" is used for
the rock underlying the overburden. .

Seismic refraction and resistivity methods were used
to determine the depth to unweathered and weathered bedrock at
the proposed site, From the séismic velocities estimates of
Young's Modulus have been made.

The Acton weir site is located on the Molonglo River
near Lennox Crossing and extends over part of the Royal Canberra
Golf Course, The topographic survey was done by the Department
. of the Interior, which also supplied traverse plans and
sections. The plan of the geophysical traverses is shown on
Plate 1.

The geophysical party consisted of'L.V. Hawkins;
party leader and J.P, Pigott, field assistant.

2. GEOLOGY

The geology of the Canberra City district has been
described by Opik (1?55) and is shown on the geological map of
Canberra (Opik, 1953),

The geophysical traverses, with the exception of
parts of Traverses K, G and H, are located on undifferentin
Recent to Pleistocene deposits. The parts of traverses K, G
and H not included in the above are located on the City Hill
Shale which crops out north-west of Lennox Crossing.

d

The main structural feature at the site is the Acton
Fault, which is a normal fault striking north-west across the
proposed weir site; the position of the fault is known only
approximately from the surface geology.

The downthrown side of the Acton Fault is to the
north-east, where the Lower Silurian rocks of the City Hill
Shale and the Riverside Formation are folded into the Lennox
Syncline, The axis of the Lennox Syncline trends north-north-
west and passes approximately through the centre of traverse K.

South-west of the fault, Ordovician rocks (Black
Mountain Sandstone, Pittman Formation and Acton Shale) and Lower
Silurian rocks (Camp Hill Sandstone and State Circle Shale)
crop out just off the weir site, which is covered by un-
differentiated Recent to Pleistocene deposits. The State
Circle Shale occurs within the State Circle Rift, which is
covered by Recent to Pleistocene deposits about half-a-mile
south of the weir site,
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There is no geological evidence as to which
formations underlie the undiffercntiated Recent to Plelistocene
deposits at the welr site. Shot holcs, which were dug to a
depth of 5 feet, showed the surface layers to be sandy alluvium.

The fermations to the south-west of the Acton fauli
consist of sandstones, shales and mudstones, but do not coutain
either limestonc bands or volcanic rocks, Howcver, the
formations to the north-east of the fault contain calcareous
shales with limestone bands or lenses (the City Hill shalej, or
sandstones, shales, limestone bands and lenscs; tuifs and
rhyolites (the Riverside Formation).

3. METHODS AND EQUIPMENT

Seismic refraction and electrical resistivity methods
were used during the survey. '

A, SEISMIC REFRACTION METHOD,

(i) General,

As this is the principal report on geophysical surveys
of weir, bridge and building sites in the City of Canberra, the
seismic refraction method and computing techniques as used by the
Bureau in shallow seismic refraction surveys, are described in
detail, _ ' ' '

The seismic refraction method depends on the contrast
Pretween the seismic velocities of different zones of rock. The
seismic velocity of a rock depends on its elastic properties and
density; the velocity increases with increase in the elasticity,
but decreasecs with increase in density. In practice, an increase
in density of a rock is generally accompanied by a greater
increase in elasticity and, hence, an increase in seismic
velocity. Elastic waves propagated through the ground are
reflected and/or refracted at velocity discontinuities, The
waves which are refracted at the critical angle, travel aiong the
discontinuity and are refracted back to the surface, are used
in the seismic refraction method. Elastic waves can be re-
fracted at the critical angle only when they pass from a lower
to a higher velocity at a discontinuity; hence only those layers
for which the seismic velocity is higher than that of the over-
lying rock can be investigated by the refraction method,

The principles on which the understanding of the propagation
of elastic waves is bhased are:- ‘

(i) Huygen's Principle, which states that each
point on a wave front acts as the source cf
new spherical waves, and

(ii) Fermat's Principle, which states that the
recorded ray takes the path of minimum travel
time, '

Also from either of these principles we nave

'(1ii) Snell's Law, which states that the angles of
incidence, i, and refraction, r, when travelling
from a medium of velocity V¢ %o a medium of
velocity Vo is controlled by the relation

Sin i _ V1
Sin r - —
2
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At the critical angle, Sin i, = ¥

Vo

_ An explosive charge is used as the source of the elastic
waves., In the normal refraction method the charge is in line
with a series of detectors (geophones) spaced at equal intervals
on the surface of the ground and known as a '"spread". The first
arrival times of the elastic waves are recorded at each geophone.
A graph of the first arrival times against the distance from the
shot point is called a time-distance curve. The velocity of
elastic waves in the'refracting layer is determined directly
from the slope of this curve if the layers are horizontal.

Referring to Figure 1, A is a shot point at one end of
a spread about B, and the time distance ourve for shot A is
shown above the line AB. ILayers 1 and 2 have velocities V4 and
Vo respectively, The time Ti is known as the intercept time
for layer 2. ' ' ’

Now Ti equals the Travel Time T - AB

AB 7

2

=AX + XY + YB = AB

PR R

=AX + YB - PX - YZ

V4 Vi . TN

or for horizontal layers

| n -2
V1 V5)

As the vertical depth (D) is required, use is made of the
following relations:~-

AX = D

cos Ic
PX = D Tan 10
Sin ic = V,

7

and consequently Cos i, =

to give Ti = 2D v v
5= 2 2 1
1 A
: 2
or D = T v : V...-............(1)
_ % L 2 . 1 ‘
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where 5

7 2\% may be considered as a "“correction
(Y -  V,7)*

1)
factor" for the inclined travel path through layer 1.

Equation (1) may be written as D = Ti . V1 o in
2 ’

which V1 > Trepresents V. and is known as the
? =9

2 2%
(V2 -~V )
"depth conversion factor". A nomogram showing the depth conver-
gsion factor for different values of V, and V2 is used to shorten

computations. 1

Equation (1) is also true for uniformly dipping .
layers if the depths are plotted on the normal to the refractor
which passes through the shot point.

A technique known as the "method of differences"
was introduced by Edge and ILaby (1931, P.339). Referring again
to Figure 1, a "reciprocal" geophone is placed at point C with
the shot point at A and the geophones spread about B, The shot
point and "reciprocal" geophones are then reversed. The
"reciprocal time" TAC is equal to TCA‘

The time-depth, T, at B is defined as:-

B

= X '
TB - o (TAB + TCB TAC) .000"..0'..0.'00.-.(2)

which for horizontal or uniformly dipping layers

Z .-o-.cc~0l|00'0000‘(3)

= EX — Y
Vs

Vi
This is similar to the expression for an intercept
time for horizontal or uniformly dipping layers if a shot were
placed at B; the time-depth TB is equal to half the intercept
time for a shot at B. '
It may be shown by a reduction similar to that above

_ 2 _ 2
V2V1

that

Y5

or D = T, 5 > .V
13.\/v2--v1 1

which as before may be written as TB . V1'2
’

By this method the depths to the refractor (plotted
along the normal to the refractor) may be found at each geophone
station, ,
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(ii) 7eloeity in the refractor,

In horizontal beds, the elagtic wave velocity in the
refractor is equal to the reciprccal of the slope of the time-
iistance curve. For very irregular or dippirg layers the
velocity in the refracior may be accurately determined if a
correction for the time of travel in the layers above the
refractor is applied,

In the two-layer case (Fig,i), if the time-depth Ty is
subtracted from the total travel time TAB(or TCB) at each
geophone station, then, using equation (3, we have:=-

TAB"' TB = TAB —S_Y + %_Z_ 09.05!.!’000!0(4‘)
1 2
Prom Figure 1, T, = AX + XY + BY PPN £
R A A

and substituting equation (5) in equation (4), we have:=

v1 v, 'V_é' v1_ v,
= TAZ poqro-vc.otcc_oo.coooo-cn..o-oc9-000-10000(6)

which is the travel time from the shot point A to the point Z
which is the point on the refractor at which the normal from the
refractor passes through the geophone placing at B.

The travel times TAZ and TCZ are plotted as new time-
distance curves thereby giving true refractor velocities,

This method is particularly valuable for determining
changes of velocity in the refractor, and also for determining
the velocity in the refractor where the thickness and/or ve1001ty
of the overlying material is very irregular,

The errors involved in the determination of the
réfractor velocity are due mainly to timing errors and partly to
small variations in travel paths, etc, Determinations of
refractor velocity over horizontal distances greater than 150
feet are estimated to have a maximum error of % 10 per cent.

(iii) Solution for Multiple Layers.

To determine the depth conversion factor to a refractor
with more than one overlying layer the thickness of individual
layers must be determined. The thickness of individual layers
may best be determined from the correspcnding intercept times at
a shot point since under normal operating conditicns only the
first arrival energy waves are recorded,

The following discussion applies to a three-layer
problem, and may be expanded to include problems involving more
than three layers,

Figure 2 shows the ray paths and the time-distance curve
for three horizontal layers of velocities V,, V and V
(V3 v, V, ). The thickness of the upper 1ay$ , 18 d2termined
as for two layers. The thickness of the mlddle layer, 22 y is

determined from the intercept time Tip, which is the intercept
time of the layer with wvelocity V3
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- ABl nccoc.ooooooc-oaonc'coon--oooo-no(7)
AB v3- '

and the total travel time from A to B, T,p may be shown to be

Now, Ti2 =T

TAB = AB + 221 + 222

v —
3 Vi3 Vo

wahd & ERwEand s gass out )

" where V1 3 is the depth conversion factor between V, and V3 and

1
V2 3 the depth conversion factor between V2 and V3 Both are

determined from the nomogram., Solving equations (7) and (8) for;
ZZ’ we have :

Z = 1 Ti - 2Z V . . V s o6 P00 0000 e o ...........(9)
2. F § 2 1 1’3; 23 (Dobrln 1952, p224)

In the general case of (n+1) layers, the thickness of
the nth layer, Zn , becomes:-

zn=%[min_'zz1 .2, . vi_Tzn_r-Ilﬂv:ann......(m)
L V1,n+1 V2’n+1 n ‘e ,

This can be solved using the nomogram previously
referred to.

To convert the time-depths alon§ the spread to actual
depths, the former are multiplied by 5 7n in which Ti, is

i

the intercept time of the lowest refractor cons1dered (i.e. the
(n+1) th layer), Zn is computed as shown above,

The conversion factor can be determined at shot points
and applied to the time-depths at geophone stations. The solution
is also mathematically correct for uniformly dipping layers if
the computed depths are plotted normal to the refracting surface,
instead of vertically below the geophone stations.

(iv) Source and Magnitude of Errors in Seismic Depth
Determinations,

Seismic depth determinations are a function of time
(time~-depth) and velocity (depth conversion factor), hence the
sources of error are:-

Sag timing errors, and
b) velocity errors.

Timing errors are introduced in instrumentation and
in record reading., Both these errors are small and the total
error due to timing under average operating condltions is
estimated at X 5 per cent. _

Errors in the velocity determinations of the near
surface layers may be introduced by the following:-

(1) Lack of precise information on the velocity and thickness
of the near surface layers which are not determined by weathering
spreads at every geophone station used for depth determinations



Te

but only at discrete intervals along the traverses. The
information obtained from the weathering spreads is augmented
by that obtained at the ends of normal geophone spreads from a
"close" or "short" shot and from the vicinity of any shot
position within the spread (a centre shot is commonly used).
Lateral variations in the velocity of the near surface layers
may not be precisely delineated by this method, Average values
of velocity and thickness are used and local departures from
these averages will cause errors in determining the depths to
the deeper refractors, '

(1i) Undetected vertical inhomogeneity within each
layer identified. This may be caused by:-

(a) Low velocity layers underlying layers with
a higher velocity. As explained earlier
refracted energy on which the measurement
of velocities is based only returns to the
surface if the elastic wave is refracted
at a critical angle when passing downwards
from one medium to another of higher
velocity.

(b) Layers may exist which for technical reasons
are too thin to give refracted energy that
can be recognised in the time-distance curves
even though their velocity is higher than in
the layers above,

The minimum thickness for a subsurface
layer which can be detected decreases as the
velocity contrast with the overlying material
increases, and increases as the depth to the
layer increases and the velocity contrast
with the next deeper indicated layer in-
creases (Leet. 1938, pp.145-149).

(¢) Continuous changes of velocity with depth:
This results in curved ray paths through the
layer and is indicated by a curved segment
on the time-distance curve. However, as
points on the time-distance curve are only
determined at geophone stations this curvature
may not be apparent on the plotted time- -
distance curve.

(iii) Anisotropic velocities in the individual layers.
Only "horizontal" seismic velocities are recorded and these are
used in making vertical depth determinations. Almost invariably,
a "horizontal" velocity will differ from the "vertical"
velocity in the same material.

If drill holes are available errors in the near surface
velocities may be reduced considerably by - :

(a) Measuring the vertical velocities by uphole
or downhole shooting in the drill holes.
This method may give misleading results if
the velocity in the individual layers have
beeg)affected by the drilling (Dix, 1952,
p.98).
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(b) By correlating the geology as indicated by the
drill hole with the sepismiec results. For
example, a drill hole may indicate clearly the
depth to a hard unweathered bedrock which is
the undoubted source of a high velocity refraction
observed in seismic tests over the site. A
vertical velocity based on the measured travel
times and the known depth to the refraction is
used in interpreting the seismic results in nearby
areas.,

Under normal conditions and in the absence of
drilling, the maximum error in depth determingtion due to in-
correct velocity assumptions is estimated at = 10 to 15 per
cent.

Hence the maximum total error under normal operating
onditions and without drilling information is estimated at
= 15 to 20 per cent. Velocity information from drill holes
may substantially reduce this figure.

In general field practiee, shots are fired at a short
distance from either end of the spread, in addition to longer
shot distances which are used to record events from the deeper
refractors, The short shot distances give intercepts and
velocities of the intermediate layers and also remove some
ambiguities in the interpretation of the time-distance curve,
"Weathering" spreads, with geophone intervals much closer than
those used for normal spreads, are used to obtain further in-
formation on intermediate and near-surface layers. A geophone
interval of 40 feet was used for normal spreads and 10 feet for
weathering spreads in this survey.

When geophones are placed near previous shot points,
care should be taken to plant geophones away from the.disturbed
zone of a shot point, It is advisable to locate the shot point
a little to one side of the traverse and the geophone to the
opposite side,

(v) Young's Modulus of rock from velocity of seismic
compressional waves.

The glastic moduli of rocks are related to their

seismic compreSsional and transverse wave velocities by several
standard equations (Dobrin, 1952, p.p. 180-182). In the seismic
refraction method it is usual to record only compressional wave
velocities, and the equation relating Young's Modulus (E) to the -
compressional wave velocity (V) is:=- ,

E =V2p(1 i 20‘) (1 ‘l"U/Z 'nl0000'000'l!loocooc.(11).,
| {1 =-v) 1
where p is the rock density and o the Poisson's ratio, Both of
these must be estimated or measured, or ¢ can be computed from
compressional and transverse wave velocities,

The party was not equipped to measure transverse wave
velocities for the computing of Poisson's ratio,

Brown and Robertshaw (1953) presented a graphical
relation between E and V from data obtained by Reioh %1930).
This relation is shown on Figure 3 and the formula derived from
this figure ist~
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E V2'34X1O_3 1bS/inCh2 .....a.....-...........(12)

1

or E 6809 v2‘34 dyneS/Cm2 .......................(12&)

in which V is the velocity of the compressional wave in ft/sec,
Evison (1956) shows that Reich's data are of questionable
origin. However, a test of formula (12), using data from
Birch, Schairer and Spicer (1942) and Heiland (1946) gives
reasonable values cf E for a fair range of V, with an estimated
accuracy of © 30 per cent. For this reason, formula (12) is -
used to estimate Young's Modulus from compressional velocities
until such time as more accurate data can be obtained.

The data from which this relation was derived were
‘from competent rocks and the reliability of the relationship
with respect to incompetent materials, such as overburden and
incompetent weathered rock, is questionable.

: The Young's Modulus of elasticity is defined as the
ratio of longitudinal stress to strain. This is not a linear
function and different Young's Moduli are defined which
correspond to different parts of the stress-strain curves.
Figure 4 shows the stress-~strain curve for a brittle material

in which the following types of Young's Moduli are illustrated:-

a i — g = initial tangent modulus
/
R EE AT /; = modulus for a given stresg b;

rif £ ¢ = secant modulus at stress, o

SEress &
-
i
1
-
~ \‘
<
~
~
'N
L-—- 3
oy

A . E=tnO:F

J‘t,—.';;n 6 S

FIG. 4. The stress-strain curve of a brittle material. Various
moduli of elasticity. (After Wuerker, 1953).

a
b
c

The "apparent modulus" is also sometimes used and
corresponds to the straight line part of the stress-strain curve.

the "initial tangent modulus", .
the modulus for a given stress, and
the "secant modulus" at a given stress.

The Young's Modulus determined by seismic wave
velocities is the same as that determined by the sonic method
and is always the "initial tangent modulus" (a in Figure 4),
According to Wuerker (1953), it is always higher than the value
obtainable by static testing.
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Purther in the refraction method the seismic velocity
in a horizontal direction is determined and thus the estimated
Young's Modulus will correspond only to this direction. Due

to the anisotropic character of most rock types the value of
the Young's Modulus in a vertical direction will be different.

(vi) Seismic Equipment.

: Equipment used on this survey was a Century Geophysical
Corporation 1l2-channel, portable refraction seismograph with
T.,I.C, geophones of natural frequency 20 c,p.Se.

B. RESISTIVITY METHOD.,

The resistivity method is described in detail in a
report on a survey at Mugga Mugga Quarry, Canberra (Hawkins,
1956).

The Wenner configuration of electrodes was used for
the three expanding electrode "depth probes", and for the
resistivity traversing with electrode separations of 40 and 120
fecet, which was done on traverses F,K,L and M,

A resistivity meter, desighed and built by the Bureau,
and a Megger earth tester were used in the resistivity survey.

4, RESULTS
A. SEISMIC RESULTS. i

In general the seismic results showed a succession
of layers with increasing velocity in depth. The surface layer
composed mostly of alluvium or clay derived from weathering of
the rocks has an average velocity of 1200 feet/sec. Underlying
this is a layer with a velocity of approximately 5,000 feet/gec.
which is probably also alluvium, gravel or clay with a higher
moisture content and a greater degree of compaction than the
surface material, For the purpose of this report these are
considered as a single layer and called the "overburden" and an
average velocity which ranges between 1350 and 1900 feet per sec,
agsigned to it. It varies between 12 and 47 feet in thickness
but is mostly between 15 and 30 feet thick. Beneath the
"overburden" is a layer which ranges in velocity between 5500
and 9500 feet per sec. Its thickness varies considerably
throughout the area. To the east of a line between stations 440
on Traverse K and 1080 on traverse M, shown as line "A" on plate
1 it has been detected at only a limited number of places where
it is from 10 to 20 feet thick but it is believed that it exists
as a thin layer even where for technical reasons it could not be
detected. To the west of line "A" it is much thicker ranging
from 39 to 115 feet and averaging 73 feet,

It invariably overlies a layer of indeterminate thick-
ness which has a higher velocity than the layer above and which
is assumed ‘to be unweathered (or only slightly weathercd) bed-
rock and is referred to as unweathered bedrock, Consideration
of the regional geology suggests the presence in the area surveyed
of the City Hill Shale (calcarcous shales with limestone bands
or lenses) or the Riverside Formation (sandstones, shales, lime-
stone bands and lenses, tuffs and rhyolites). From the
geological descriptions it appears that the high velocity
refractors in the bedrock (13,000 to 20,000 ft/sec) may
represent limestone lenses or rhyolite flows, which may be
relatively thin. However, since these high velocities belong
to the range of relatively unweathered rocks, it is reasonable
to assume that any underlying interbedded sediments, though
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having a lower velocity and Young's Modulus, are also relatively
unweathered; also, that the layer between the "unweathered" bed-
rock and the overburden is rock weathered in situ to a variable
degree and for the purposes of this report is referred to as the
tweathered. layer' or weathered bedrock, Bedrock is therefore the
upper surface of this layer.

The velocity in the 'unweathered' bedrock varies
between 8000 to 20,000 feet per second, It is reasonable to
assume that the velocities are related to the rock type and its
degree of fracturing and possible minor weathering. -~ The known
rocks in the area are hard and compact and in an unfractured and
unweathered state might be expected to have velocities of the
order of 12,000 to 20,000 feet per second. It is known from the
results of surveys in the dolerite areas of Tasmania (Wiebenga,
et al, 1956) and from work in other areas (Dysonand O'Connor,1956)
that the velocity in what is normally a high velocity medium,
such as massive dolerite, is lowered substantially by fracturing
in fault and shear zones. The low velocities, from 8,000 to
9,000 feet per second, recorded in 'unweathered' bedrock are most
likely due to fracturing of the bedrock and faulting is postulated
as the cause, '

It is of interest to note that in general the weathered
bedrock overlying these fractured zones has a lower velocity than -
the average for weathered rock, from which it may be inferred that
weathering is more advanced in such places,

(i) General.

The location of the seismic traverses and the surface
and 'unweathered' bedrock contours are shown on Plate 1, and.
profiles showing the thickness of the overburden. The depth to
the 'unweathered'! bedrock are shown on Plate 2,

The most striking feature in the results is the sub-
stantial difference in average thickness of the 'weathered'
layer east and west of line TA', The results on the individual
traverses will be discussed in relation to this line of
demarkation.

(ii) West of Line A,

To the west of line A, the 'weathered! layer is
relatively thick and the depth to 'unweathered! bedrock is
correspondingly large (between 54 and 147 feet at stations 1120
aﬁd 560, respectively, on traverse K, with an average depth of
94 feet, ,

The overburden has an average vertical seismic
velocity of 1350 ft/sec. and a thickness of between 14 feet
(station 1200, traverse K) and 47 feet (station 440, traverse K).

The weathered layer has a seismic velocity between
5,500 £t/sec. and 7,800 ft/sec., except between stations 1560 and
1680 on traverse M, wheére the velocity is 12,000 ft/sec. The
thickness of the weathered layer ranges between 39_fecet (station
1200, traverse K) and 115 feet (station 600, traverse K),

- The velocity in unweathered bedrock ranges from 8,000
ft/sec, to 20,000 ft/sec, and is less than 9000 ft/sec. between
stations 1560 and 1240 on traverse M, between stations 520 and 680
on traverse L and between stations 1160 and 1000 on traverse K.

As mentioned above, these relative low velocities are most likely
due to fracturing in rock which normally has a higher velocity and
faulting is postulated as the cause, The positions where these
low velocities occur on traverses M,L and K are in a line striking
north-north-west and indicate a possible fault zone (Plate 1).



12.

The velocity in 'unweethered! bedrock is also less than 9000

ft/sec., west from station 1680 on traverse I,

obtained from the graph on Fig.3.

_ Table 1 showc the approximate value of Youngis
Modulus corresponding tc the scismic velocities in the weathcred
and unweathered bedrocck west of iine A.

The values were

The ¢stimeted maximun error

of the Young's Modulus values is® 30 per cent for the coupetent

rocks,
TABLT 1.
VELOCITY OF SEISMIC YOUNG 'S MODULUS
ROCK TYPE COMPRESSIONAL WAVE - - : .
(ft/sec,) 1bs/sq.in.| dynes/sq.cm,
. Overburden Overburden 1350 0.02 x 108 0.01 = 1017
'Weathered! } 5500 0.6 x 10% 0.4 x 10!
Bedrock 'Bedrock! 6500 0.9 x 109 0.6 x 1011
7500 1.2 x 108 0.8 x 10!
7800 ! 1.3 x10% 0.9 x 10'1
% 8000 1.4 x 10% 1.0 x 1071
Bedrock 'Unweathered %* 8500 to 8700 1.6 x 106 1.1 x 1011
' bedrock! te 6 to 11
1.7 x 10711.2 x 10
9700 to 11000 2.4 x 10°/1.7 x 1011
to 6 to 11
3,0 x <0®2.1 10
16000 to 20000| 7.0 x 10%/4.8 x 1ol
to 6 to 11
12.0 x 10°18.3 x 10

# Probably fractured.

(iii) East of Line A.

layer ra

East of line A, the depth to the top of the weathered
nges between 12 feet at station 680 on fraverse G and

37 fcet at station 400 on traverse K, the average depth being
25 feet.

The overburden is generally the undifferentiated Recent

to Pleistocene deposits which have an estimated average vertical
seismic velocity of 1,700 ft/sec. west of the Molonglo River at
Lennox Crossing, and 1,900 ft/sec. east of the river., The
seismic results show this surface layer of Recent to

Pleistocene deposits to consist of two parts, namely a top

layer with a velocity of 1200 ft/sec., which was shown by the
shot holes (dug by a hand auger to a depth of about 5 feet and
occasionally 10 feet) to be sandy alluvium, and an underlying
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layer with a velocity of about 5000 ft/sec. which ranges up

to 10 feet in thickness. On the southern ead of traverse G

and near line A on traverse K the geophone stations are possibly
located on the soil covered City Hill Shale. Here the average
seismic velocity of the overburden is approximately 1350 ft/sec.
The overburden is shown on Plate 2 as a single layer with an
average vertical velocity.

The velocity in 'unweathered' bedrock recorded from
normal spreads (40-foot geophone interval) ranges from 13,000 to
20,000 ft/sec. However, a thin ‘weathered' layer of velocity
about 9,000 ft/sec., was recorded from weathering.spreads, near
the shot points of some normal spreads and, also, as later
arrivals ?after the 13,000 to 20,000 ft/sec. velocity waves) on
some normal spreads. The technique employed in the survey was
not sufficiently precise (i.e. continuous recording of later
energy arrivals{ to determine the thiclkness of the 9,000 ft/sec.
layer where it is thin (about 10 to 20 feet) because it is then
less than the minimum thickness for this layer to be recorded
on the first arrival tire-distance curve. (see earlier).

It seems reasonably certain, however, that a weathered layer with
a velocity approximately 9,000 feet per second is present '
throughout the area east of line A, but its thickness was not
determined with any certainty except near the southern end of
traverse G where it is between 20 and 50 feet thick and the layer
has a velocity of 8,000 feet per second, and at the southern end
of traverse F where it is 30 feet thick, Such evidence as there,
is suggests that in general its thickness ranges from 10 to 20
feet. This is in strong contrast to the area west of line A in
which the average thickness is 73 feet.

In two places evidence was obtained of layering within
the 'unweathered' bedrock, These are between 320 and 440 on
traverse K and between 360 and 560 on traverse G. On traverse X
the velocity in 'unweathered'! bedrock increases at depths of from
90 to 120 feet from 14,000 feet per second to 17,000 feet per
second, On traverse G it increases from 14,000 to 18,000 feet
per second at a depth of approximately 60 feet,

(iv) Possible fault zones indicated by the seismic results.

The low velocities recorded in fresh bedrock west of
line A on traverses K, I and M indicate a possible fault with a
north-north-westerly trend; this may correspond to the Acton
Fault, which is shovm on the geological map of Canberra (Opik,
1953) to have a north-westerly trend. -

The sharp contrast in the average thickness of the
weathered layer on either side of line A may be the result of
faulting approximately along this line. ‘However, the boundaries
of this possible fault zone are uncertain. The increase in the
depth of weathering west of line A appears to indicate that the
supposed 'fault' closely follows line A, but the velocities in
unweathered bedrock indicate that on traverse M the eastern
limit of the 'fault' zone is at station 1240 (160 feet west of
line A), where the velocity changes from 20,000 to 8,500 ft/sec.
The eastern limit of the possible 'fault' zone is shown on Plate 1
as following line A. The width of the 'fault' zone is indefinite
because the whole area west of line A is deeply weathered and
crossed by another fault described earlier, The width appears
to be about 200 feet on traverse K. Correlation of the supposed
fault which follows line A with the known geology is not definitej
but it may possibly be a northward extension of the eastern fault
of the State Circle Rift (see Section 2 of this report).
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However, it is not known whether the State Circle Rift
iextends_under the Recent to Pleistocene deposits at the weir
;site, and the supposed 'fault' could possibly be a separate fault
"truncated to the south by the Acton Fault

Explenations other than faulting are possible for the
observed difference in bedrock conditions on either side of line
A. In general, the increased depth of weathering to the west
of line A may be due to one or more of the following: (i)
general and widespread fracturing of the rock to the west of
line A with consequent increase in intensity and depth of
weathering; (ii) different rock types on either side of the
line 'A'; those to the west being more susceptible to
weathering than those to the east of the line. Such a difference
could result from a variety of geological causes other than
faulting, for example a pronounced difference in dip east and
west of line 'A', The seismic¢ results show a more or less
uniform bedrock velocity east of the line suggesting flatly lying
sediments. To the west of the line bedrock velocity changes at
relatively short intervals along the traverses and this could be
due to the traverse crossing the truncated surface of a succession
of relatively steeply dipping beds,

It was shown in an earlier section that the seismic
velocity in a rock is related to its elasticity. Table 2 shows
the approximate values of Young's Modulus corresponding to the
seismic velocities in the overburden a2nd hedrock east of line A,
The values are obtained from the gragh on Fig.,3. =~ The estimated
maximum error in Young's Modulus is = 30 per cent, for the
competent rocks,

TABLE 2,
VELOCITY OF
ROCK TYPE SEISMIC YOUNG 'S MODULUS
co
'WAgggE%gisgég) 1lbs/sq.in, | dynes/sq.cm.
Top layer 1200 0.02 x 10°| 0,01 x 10!
Overburden| Bottom layer 5000 0.48 x 10°| 0,3 x 10'"
Average 1700 0,04 x 10° | 0,03 x 10!
1900 0.05 x 10° | 0.03 x 10'7
Weathered 8000 1.4 x 10°| 1.0 x 10!
and/or z 7
Fractured 9000 1.8 x 10 1.3 x 10
Bedrock 1 13000 to 4.8 x 10° 3.3 x 10']
- } to 6 to 11
Unweathered 14500 5.6 x 10~ 13.9 10
15700 to 6.7 x 10° | 4.6 x 10!
to 5 to 11
20000 12,0 x 10° {8.3 x 10
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(v) Discussion of Results,

For the purpose of descrlptlon, the results of the
seismic survey have been considered as a three layer section
with 'overburden' ranging in average velocity from 1350 to
1900 feet per sec., a weathered layer, considered to be
weathered bedrock, ranging with one exception in velocity from
55C0 to 9500 feet per second and unweathered bedrock ranging
in velocity from 8000 to 20,000 feet per second,

- As the seismic refraction method can only detect
layers with successively higher velocities in depth it is
possible that intermediate layers with velocities lower than
those above and below it may exist and have not been detected,
This, however, is improbable and even if present would not sub-
stantially alter the relative depths to the various layers from
place to place within the area although the absolute values of
the depths might be in error through this cause,

There 'are substantial lateral changes in the veloc1ty
in 'unweathered' bedrock throughout the traverses and in two
places vertical changes were detected. These changes are no
doubt related to the types of rock within the basement but the
geology of the area is not known in sufficient detail to attempt
any direct correlation.

Low velocities (8000-9000 feet/sec.) within the
'unweathered'! bedrock are attributed to fracturing resulting
through faulting and on this basis a fault zone striking north-
north-west through traverses M, L and K is postulated,

There is a rough correlation between the veloeity in
the 'weathered! layer and that in the 'unweatherced! bedrock
immediately beneath it - the velocity in the weathered layer
being relatively low or high over unweathered bedrock in which
the ve1001ty 1s respectively low or high. The reduection in
velocity in the weathered layer is due mainly to a recduction in
the elasticity brought about by weathering which varies with rock
type and degree of fracturing, However, the geology is
evidently complex in this area and the degree of weathering is
necessarily very variable,

0f particular note are =

(1) the weathered layer between 1560 and 1640 on
traverse M which has a velocity of 12,000 feet
per second and overlies unweathered bedrock with
a velocity of 16,000 ft/sec. and

(2) between 1000 and 1160 on traverse K where the
weathered layer has a velocity of 5500 feet/secc.
overlging unweathered bedrock with a velocity of
only 3500 feet per second,

In example (1) bedrock is evidently of a type that
weathers little or in which weathorlng produces a rclatively
small decrease in elastlclty.

In example (2) the low velocity in 'unweathered'
bedrock is interpreted as being due to fracturing. The
weathering of such a rock would be more complete than in un-
fractured rock and this is the probable cause of the very low
velocity in the overlying weathered rock,



16.
B, RESISTIVITY RESULTS.

The results of the resistivity traversing showed the
area east of line A to have a higher apparent resistivity than
that west of line A. This confirms the seismic results, which
indicate less weathering and shallower unweathered bedrock east
of line A. The resistivity results did not yield any
additional information, due to the thick weathered layer of low-
resistivity west of line A, The resistivity profiles are not
reproduced in this report as they add nothing to the 1nformatlon
given by the seismic results. .

Resistivity depth probes were taken at pegs 400 on
traverse M and 800 on traverse F to the east of line A, and at
peg 1280 on traverse K to the west of line A,

The results of these depth probes are shown in Figure
5 as histograms of the vertical distribution of specifie
resistance and seismic velocity, and illustrate the difference
between the areas to the ecast and west of line A, The layer of
minimum specific resistance in each histogram may be due to a
layer of alluvium with more than average clay content. The
resistivity and seismic methods measure different rock properties
and correlation between the two is not apparent from the three
'probes' done (see Figure 5),

5. CONCLUSIONS

The object of the survey was to determine the depth
to rocks suitable for the foundations of a proposed dam at Acton
on the Molonglo River. This 1nvolved -

(a) The determination of the thickness and physical
properties of the overburden which consists of
alluvial and elluvial material,

(b) The depth and extent of weathering in the bedrock
and an estimation of the elasticity of the
weathered rock.

(c) An estimation of the elasticity of the unweathered
bedrock,

These objects were in the main achieved. The over-
burden has a low seismic velocity and a corresponding low Young's:
Modulus. It is reasonable to assume therefore that it would be
unsuitable for a dam foundation and would have to be excavated.
Its thickness is in most places between 15 and 30 feet. At the
gouthern end of traverse F it is 30 feet thick and at one place
near Lennox Crossing on traverse K it is 47 feet thick. The
latter could possibly coincide with a former channel of the
river, No measurements were made over the present river .
channel at Lennox Crossing on traverse H and it is possible that
the overburden may thicken beneath the river.

Whether or not the weathered bedrock would be suitable
for foundations may only be determined by testing, but in this
regard it has been found by experience that its seismic velocity
and values of Young's Modulus calculated from them can be
accepted as a satisfactory guide. The velocity in the weathered
layer ranged in general from 5,500 feet/sec. to 9,000 feet/sec.
and Young's Modulus from O, 6 to 2,0 x 10 lbs/square inch.

At one place the_velocity was 12,000 feet/sec. with Young's
Modulus 3,5 x 106 lbs/square 1nch.
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It is reasonable to assume that weathered rock with
a velocity as low as 5,500 feet/sec. would be unsuitable for
the foundations of a dam whereas weathered rock with a velocity
of 12,000 feet per second would probably be suitable.

The velocity on the unweathered bedrock is in most
parts of the area high and it can be assumed that bedrock with
relatively high velocity and Young's Modulus would be suitable
for foundations. At some places however, the velocity is
between 8,000 and 9,000 feet per second due, it is believed, to
fracturing in the rock; at such places even the 'unweathered'
bedrock might be unsuitable for dam foundations.

A limited amount of testing might establish a satis-
factory relationship between the seismic velocities and the
foundation quality of the weathered and unweathered bedrock and
thus permit the seismic results to be used for a rough assess-
ment of the amount of excavation necessary,

If it is supposed that bedrock with a velocity of
9,000 feet per second or higher is suitable for foundations and
rock with a velocity of 7,800 feet/second or less unsuitable,
then the area east of line "A" is more favourable than the area
to the west of this line, :

It is possible that the velocity and hence Young's
Modulus within the weathered layer increases progressively in
depth within the layer and that the velocities recorded relate
to the upper section only. This could result in rock suitable
for foundations being encountered at a shallower depth than the
depth to '"unweathered! bedrock in places where the velocity of
the weathered layer is low but high in the underlying
unweathered! bedrock,

‘This however would not affect the relative merits of
the areas to the east and west respectively of line "A".
East of line "A" the overburden ranges from 12 to 37 feet and
averages 25 feet in thickness and overlies weathered and un-
weathered bedrock with a velocity of 9,000 feet per second or.
greater, The thickness of the weathered layer has been
determined at only a few places but it is evidently thin and
probably does not exceed 20 feet in most places,- The velocity
in the unweathered bedrock is everywhere in excess of 13,000
feet per second and the average depth to unweathered bedrock is
probably not greater than 43 feet. Rock suitable for dam
foundations may be expected to occur at an average depth not
greater than 43 feet and possibly at an average of only 25 feet.

West of line "A" the average thickness of overburden
is approximately the same as east of the line but the bedrock is
deeply weathered and the velocity in the weathered layer
relatively low, The average depth to unweathered bedrock is
94 feet and deep excavations would be needed if the low velocity
weathered rock proves unsuitable for foundations.
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