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ABSTRACT

The purpose of this geophysical survey was to investigate
foundation conditions at a proposed dam slte.

The seismic refraction method was used to determine the
depth to bedrock along seven traverses. The results of this survey
revealed that the depth toabedrock exceeds 150 ft over a large
aros where there is a Thick layer of decomposed and highly weathered
bedrock. Depths determined by the seismic method are compared with
drilling results. Elastic constants for the rocks were determined.

Maximum depth to bedrock along the proposed diversion tunnel line
(Traverse H) was calculated as 77 ft.

The gravity method was tested on Traverses A and B. The
residual gravity profiles obtained show a remarkable similarity
to the bedrock profiles obtained by the seismic refraction method,

The magnetic method was employed on Traverses A and B, and
the results suggest the possible existence of a dyke along Traverse F,

unweathered)




1. INTRODUCTION

The State Rivers and Water Supply Commission of Victoria
proposes to build a dam on the Buffalo River as part of the Murray
Valley Irrigation Project. The purpose of the dam is to store
water during the rainy season and release it at a controlled rate
during the dry season to support irrigation in the Ovens and Murray
valleys.,

The proposed Buffalo River No., 1 dam site 1s located
immediately down stream from McGuffies Bridge (Plate 2), about
8 miles south of the township of Myrtleford (Plate 1).  The
approximate co-ordinates of the site are: lat. 36°39'S, long.
146°41'E referring to the Wangaratta 4-mile map,

In response to an application from the Commission, the
Bureau of Mineral Resources, Geology and Geophysics made a geophysical
investigation of the site. The Commission's geologist, N, Harding,
provided some geological notes. As the Commission contemplates
establishing a geophysical organisation of its own, the geophysical
survey served at the same time to demonstrate to the Commission
various geophysical methods and techniques which may be applied.

The Bureau's geophysical party consisted of E.C.E. Sedmik,
(party leader), M. Kirton (geophysicist), and J. Pigott, (geophysical
assistant). The Commission provided four field assistants and did
the topographical surveying.

W.A, Wiebenga, senior geophysicigt of the Bureau, stayed with
the party during the greater part of the survey. - The field work was
done between 28th June and 17th July 1961.

2, GEOLOGY

The Commission made a brief geological examination of the area
and provided a preliminary geological report (Harding, 1960) from
which the following notes are obtained.

The Buffalo River flows in a wide valley flanked by steep
mountainous country. This valley narrows down considerably at the
No, 1 site where & spur from the Mount Buffalo grandiorite block on
the right* bank approaches a spur from Buttress Hill on the left bank.

In this Record the terms "overburden" and "bedrock" are used.
By "overburden'" is meant soil and unconsolidated material- on the
lower flanks of the valley, old terrace formations, recent river
deposits (sandy soil, sand, gravel) and weathered rock; by "bedrock"
is meant fresh, umnweathered rock which may include jointed rock,

‘ The bedrock consists of Ordovician sandstone and shale, in
contact with Devonian granodiorite, The sediments along the granodiorite
contact are markedly metamorphosed, forming hornfels, quartzite,
spotted slate, and schist.

¥  looking down stream
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3. METHODS AND EQUIPMENT

Seigmic, refrection meth:

The seismic method of exploratlon depends on the contrast
between the.velocities at which elagtic Waves travel through different
rock formations, Seismic phenomena are similar to optical phenomena
in that both deal with a type of energy propagated in waves which
undergo reflection and refraction at interfaces.

The seismic equipment used during this survey was an S.I.E.
12~channel refraction seismograph. T.I.C, geophones having a natural
frequency of 20 cycles per second were used to detect longitudinal
waves, and "Hall-Sears" 3-component vibration detectors to record
both longitudinal and trangverse waves.

In the seismic refraction method an explosive charge is fired
in a shallow hole, and measurements are taken of the time of arrival
of different seismic waves at a series of geophones placed on the
ground.  Generally, the charge and geophones are set up in a straight
line with geophones equally spaced, but this arrangement may be varied
to suit a particular survey. From data obtained by timing the first
arrival of seismic waves, a time-distance curve is obtained. This
indicates the velocity of propagation of the seismic waves through the
different media encountered. Fig. 1a (opposite) shows the ray paths
and time-distance curve for a "three-layer case".

Different types of seismic wave generally have different
propagation velocities (Leet, 1950). The first wave arriving at the
geophone is the longitudinal wave. This is the one most commonly
used in calculations, but later events also can be useful if recorded.

The field arrangement and corresponding calculation method
known as the "Method of Differences" was used (Heiland, 1946; p. 548).
The technique is illustrated in Fig, 1b. A shot is fired at A and the
travel times are recorded at B and C, A shot is then fired at C and
the travel times recorded at A and B. The depth d measured to the
refracting interface normally below point B is calculated from the
formula

= X -
d 2[TAB * Iop TAC] Va

where

<
®
t

the apparent velocity of the seismic
wave within the overlying rocks.

In engineering seismic investigations the velocities of
longitudinal and transverse waves can frequently be correlated with
and used to identify different rock-types, and degree of weathering,
Jjointing, or shearing near the surface. They provide data from which
the elastic constants of the rocks may be determined (Ieet, 1950;



The following types of spread were shot:

(a) Weathering gpreads : These were used to obtain the thickness
and seismic velocity of soil and surface layers. Geophones were spaced
10 £t apart and shots were fired at 10, 50, and 100 ft beyond each end
of the spread, and in line with it, '

(b) Normal spreads : Geophones were spaced 50 ft apart. Shots
were fired at 50 ft and 200 ft or more beyond each end of the spread,
and in line with it.

" Gravity method

The gravity method depends on the detection of variations,
in the Earth's gravitational field, due to uneven distribution of rocks
of different densities in the subsurface.

‘ Before being useful as a possible indication of sub-surface
conditions, the observed gravity values must be corrected for latitude,
elevation (Bouguer correction), and sometimes for terrain effects.

The gravity method can be used to estimate the thickness of
overburden over deep valleys if certain favourable conditions such as
flat topography, homogeneous bedrock, and marked density contrast
between bedrock and overburden exist. Under these conditions, gravity
profiles show a negative anomaly whose general shape is very similar
to the selsmic bedrock profile. However, gravity work does not give
the same quantitative information as seismic work, such as accurate
depth to bedrock and elastic properties of bedrock, and therefore
it should be used in recomnaissance work only, :

Gravity observations were made with Worden No, 61 gravity meter
which is a quartz-suspension meter capable of measuring differences of
gravity of about 0.01 milligal. The scale factor of the meter was
0.09015 milligals per dial division.

Magnetic method

The magnetic method depends on the detection of variations,in
the Earth's magnetic field, due to uneven distribution of rocks of
different magnetic susceptibility. Usually the vertical or horizontal
variations in magnetic intensity are measured, and not the total field,
Magnetic anomalies, in certain areas, can indicate features such as
faults, dykes, and boundaries between near-surface formations. In areas
covered with sediments, magnetic measurements can sometimes be used
to obtain rough depth estimates to the basement.,

The variations of the vertical component of the magnetic field
were measured using an Askania variometer (No, 521633).

Table 1 shows the total length of traverse surveyed with cach
geophysical method,

TABIE 1
Method Iotal length of traverses
Seismic refraction 9350 ft
Gravity 5350 ft

Magnetic : 2700 £t
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Seigmic velocitieg

Seismic velocities as measured by the seismic refraction
method are characteristic of certain rock types. Hence, if a limited
amount of geological control 1s available, these velocities may be
used to identify rocks in geological terms. Table 2 shows an
interpretation of measured velocities in geological terms.

IABLE 2 -
Longitudinal wave velocity Rock type
(ft/sec)
800 to 1200 Soil
2000 to 3000 Scree material, valley flank
deposits, not water-saturated.
3000 to 4500 Alluvium, predominantly clay,
water-saturated,
4500 to 6000 Alluvium, predominantly .sand and
gravel, water-saturated,
6000 to 11,000 Weathered bedrock
11,000 to 15,500 Slightly weathered bedrock, more or
less fractured or sheared,
15,500 to 20,000 Unweathered bedrock,

The identification of rock types, however, can be ambiguous;
©+g, & measured seismic velocity of 6000 ft/sec could represent either
weathered bedrock or compact, water-saturated alluviel sediments,

Plate 2 shows the seismic velocities of the bedrock. It may
be observed that these velocities vary considerably, which may be
explained by variations in fracturing, weathering, or rock type. For
instance, the velocities measured near the intersections of Traverse F
with Traverses A and B are high compared with the neighbouring
velocities between A4O and A46, and B162 and B173.. It is likely that
the lower velocities belong to the sediments, whereas the higher
velocities may belong to granodiorite (See Table 3).

Difference in velocities measured on two traverses at their
intersection is named "velocity anisotropy", which may be explained by
assuming that the velocity along the joint or fracture planes is larger
than the velocity across these planes,
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Plate 2 shows the traverse layout. Plates 3 to 5 show the
results of the seismic refraction work,

The depth to unweathered bedrock exceeds 150 ft between
A20 and A32, between B155 and B169, and along almost the whole length
of Traverses D and E. Maximum depth of 252 ft is at E247. The
maximm thickness of overburden along the proposed diversion tunnel
(Traverse H) 1is calculated as 77 £t at H339,

Table 3 shows a comparison between drilling data and seismic
data in three drill-holes close to Traverse A, The locations of the
drill-holes are shown on Plate 2,

TABIE 3

é Drili-hole | Depth to discontimuity in £t Character of rock !
3 : ; below discontinuity :
| No. Selgmic Drilling (ai’ter N. Hardlngs
B 1 % 46 : 41 i Fim to moderately.ﬂééé”?
: : i weathered sandstone, !
B4 é 178 to 188% 187 é Fresh hard granodiorite ?
"B 6 : 119 : Discontimed | Decomposed granodiorite !

E at 70 : from 57 ft. No solid

et eaaas e easeveseiierrie e '. ...... bedrock reached. P
The error in depth determination with the seismic work is
considered to be less than -~ 15 percent of the true depth., This
estimate is based on experience from other surveys carried out in areas
with similar geological conditions.

agt erti of rock

Table 4 shows the dynamic values of the elastic properties of
rocks, and the date from which they were calculated. Two "Hall-Sears"
3-component vibration detectors were used to determine the longitudinal
and transverse velocities.,

TABLE
Traverse Nature of Approx. Refractor veloc Poisson's Young!s
refractor depth to n ft/sec ratio Mod: u
refractor Iongitudinal Transverse 1b

C Un~ 8 ft 16,200 2900 0,29 7.40 x 106
weathered
grano-
diorite
hedrock

D Grey 41 £t 7800 3550 0.37  1.03 x 10°
gravel &
sand over—
burden

E Grey 35 ft 6700 4200 0.18 1.25 x 106
gravel &
sand over—

burden
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It will be seen that Young's modulus for the unweathered
granodiorite is very much higher than for the overburden of gravel and
sand. For comparison, Table 5 gives a few laboratory determinations of
Young's modulus on cores from Drill-hole No. 1. Experience shows that
lower seismic velocities correspond to lower rock strengths in terms
of a compression test.,

TABLE 5

Sample Depth where Dengity Velocities (ft/sec) Young's Poisson'sg
No.  sample taken lb/cu,ft. Along Acress dulu ratie
gample gsample b .

96! - 976" 167,7 18,600 16,300 9.6 x 10°  0.19

BRV,
15,740
BRV, 396" - 40! 120 2930 2.6 x 10°
4350
BRV, 253" - 2519" 122 5850 7.2 x 10°
se0
BRV4 LY~ 416" 144 ) 4700 6.1 x 1o6
5420

Sample BRV, is very hard, fresh sandstone. The other samples are
weathered ° sandstone.

When the elastic properties are determined dynamically
(esg. by seismic survey), higher values are found than when they are
determined in static tests such as those on which Table 5 was baged
(U.S. Department of Interior, 1953).

Gravity results
Only Traverses A and B were surveyed by this method, All
gravity readings were referred to a base station near B52, and the

surveying procedure adopted was such as to give a check on instrument
drift and on the accuracy of the measurements.

A latitude correction of 1.252 milligals per mile was used,
Elevation corrections(combining the Bouguer and free-air corrections) were
applied to a reference level R.L. 730.0 ft. A density of 2.6 g/c.c. was
used for Bouguer corrections,

The results of the gravity survey, after correction for
instrument drift, latitude, and elevation, are presented on Plates 3 and 4.
The Bouguer gravity profiles show a strong regional effect, the gravity
values decreasing sharply from west to east. This regional effect, cauged
by deep-seated changes in subsurface conditions, dominates the general
picture and obscures the presence of a much smaller effect caused oy |
changes of overburden thickness. Hence, the removel of the regional
effect from the Bouguer gravity profiles facilitates the recognition and
interpretation of the small negative gravity effect caused by local
thickening of overburden., This removal has been done by assuming a
linear regional gradient, as shown on the Plates; the plotted residual
gravity profile was obtained by subtracting the regional gravity values
from the corresponding Bouguer gravity values.
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The residuel gravity profiles show a remarkable gimilarity
to the corresponding seismic profiles, although they do not give the
same quantitative information such as accurate depth to bedrock
and elastic properties of bedrock.

The residual gravity profile of Traverse B (Plate 4) shows a
minimum of mimus 0,60 milligals, indicating the maximum depth of
overburden at B164, the same peg at which the seismic results show
a meximum depth., The residual gravity profile of Traverse A (Plate 3)
shows a minimum of minus 0.75 milligals at A26, suggesting that the
maximum thickness of overburden is at this point, This is slightly
different from the information obtained from seismic results, which
show AR8 as the point having the maximum depth to bedrock.

No accurate terrain corrections could be applied to the
gravity data because no suitable topographic map of the surrounding
country (with accurate levels) was available. However, the influence
of the steep country in the immediate vieinity of the surveyed area and
the distant influence of Mt. Buffalo and Buttress Hill must be quite
considerable. Hence, the gravity profiles produced without application
of terrain corrections may be subject to serious errors.

A rough calculation of terrain correction can be made by
using a simplified method of terrain corrections described by
Hubbert (1948). ‘

The surface topography of Traverses A and B shows a relatively
flat middle section flanked by sections showing nearly constant slopes
of 20 degrees at both ends. The sloped section becomes flat at an
elevation about 300 ft above the river level. Using these values, a
simplified terrain correction was made according to a nomogram by
Hubbert (1948, Fig, 7).

The terrain-corrected gravity profiles are shown on Plates 3
and 4. They show a more pronounced relief than the profiles without
terrain corrections.

An approximate depth estimate may be obtained from the

formula :
Az = 2T & ad
in which
Ag = gravity anomaly in milligals, caused by an
infinite slab h ft thick
G = gravitational constant
ALAd = density contrast between bedrock and overburden

h = thickness of overburden

Co For d=0.4and Ag = 1.3 milligals, as obtained at

B164 after application of simplified terrain corrections, the
calculated thickness of overburden is 236ft; this figure is 13 percent
more than the depth obtained from seismic work, '



Magnetic regults

The magnetic method was tested on Traverses A and B and the
results of the magnetic survey are presented on Plates 3 and 4 for easy
comparison with results obtained by other methods. Only variations of
the vertical component of the magnetic force were measured. All
magnetic observations were referred to a base at A10,

. The results show slightly higher vertical magnetic intensity
over the portions of traverse where the overburden is thicker, This
may be due to concentration of minerals of higher magnetic susceptibility,
for instance magnetite, in the alluvium of the valley.

The well-defined positive anomalies of 188 gammas half way
between A46 and A7, and 161 gammas at B179, suggest the existence of
a nearly vertical dyke whose strike roughly follows Traverse F, The
small negative anomalies on either side of the main positive anomalies
~indicate that the dyke must be very close to the surface. More
evidence of the presence of a dyke is given by the seismic results, which
show that along Traverse F the bedrock is shallow and that seismic
velocities are greater than are usually found in sediments,

5. GONCLUSIONS

The geophysical survey provided information on the thickness and
character of alluvial deposits, and the depth to&dnature of the bedrock.

The depth to unweathered bedrock is greater than 150 ft over a
wide zone close to the contact between granodiorite and consolidated
or metamorphosed sedimentary rocks. However, the depth to weathered
bedrock or semi-consolidated material of seismic velocity 6500 to
7500 ft/sec is about 57 ft on Traverse A and about 28 £t on Traverse B,
The elastic properties of this layer, calculated from longitudinal
and transverse wave velocities, suggest that this layer is not a
suitable foundation rock for a dam (see Table 4).

Meximum thickness of overburden above the proposed diversion
tunnel (Traverse H) is 77 ft at H339., The overburden there is scree
material and weathered bedrock.

The results on Traverses A and B show a remarkable resemblance
between the general shape of the residual gravity and seismic profiles,
However, the seismic results give more detailed and accurate information °
about the bedrock than the gravity results.

The magnetic results suggest the existence of a nearly
vertical dyke roughly following Traverse F,

Testing of the geophysical results by drilling is
recommended. Test drilling is suggested at A28,
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