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ABSTRACT.

Details and results are given of seismic
refraction, resistivity and magnetic surveys which
were made in response to a request from the Hydro-
Electric Commission of Tasmania, to investigate a
proposed site for a dam on the River Derwent., The
dam will be part of the Derwent-Dee Power Development
Scheme,

The purpose of the survey was to determine
the depth to bedrock, the rock types in the overburden
and bedrock, and to delineate the boundary between
dolerite and Triassic sediments. The overburden con-
sists of scree, talus, weathered dolerite and weathered
sandstone. The bedrock consists of jointed and unweath-
ered dolerite or sandstone.

) It is considered that the errors in
- estimated thicknesses of the strata is no more ‘than
+ 15% of the thicknesses.

(ii)
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1., INTRODUCTION.

The Cluny Power Station is a part of the Derwent-
Dee Power Development Scheme of the Hydro-Electric Commission
of Tasmania.

The Commission proposes to erect a dam on the River
Derwent above its junction with the Dee River. The Commlss1on
requested the Bureau of Mineral Resources, Geology and Geophy-
sics to investigate the site., The object of the survey was
to determine the depth to the bedrock, the rock types in both
overburden and bedrock and to delineate the boundary betwocn
dolerite and Triassic sandstone.

The survey was carried out in November 1957 by a
geophysical party consisting of E.J. Polak (party leader)
and F. J. Moss, geophysicists., The Commission provided
additional assistants and carried out the topographical surveys.

It is desired to acknowledge the assistance given
by the geologists and Mr. Hawkes and his staff of the Commlss-
ion.

2. GEOLOGY.

The dam site is located on a 'U' bend of the rivér
in a narrow valley (Plate 1). The power station will be
erected below the spur dividing both arms of the 'U' bend
and the tail-racce open cut will take the water across the
river flats to the lower arm of the river,

There is no written geological description of thc
arca. The arca was geologically mapped by R. Mather, H.E.C,
geologist., The results of the mapping are shown on Plate 2,

On the left (west) bank of the river the main gock
is dolerite of Jurassic age. The dolerite is covered on’ the
upper slopes of the hill with products of its weatherlng,
TIriassic sediments are found upstream along the axis of the
dam.

On the right (east) bank dolerite crops out necar
the river on the axis of the proposed dam, but further uphill
it is covered by Triassic sediments. Upstream on the dam's
axis the Knocklofty Sandstone (Triassic) forms a high ridge
with vertical cliffs.

The tail~race area is covered with river gravels,
which overlie lake deposits,

At the time of the survey several test-pits had
becen sunk (see Plate 2) in the area and one boreholec had be@n
drilled, Subsequent to the geophysical survey additional holes
have been drilled.

3. M&THODS AND EQUIPMENT.

Seismic, resistivity and magnetic methods were

.used. They are discussed separately below,

(a) Seismic Method:

The seismic method of exploration depends on the
contrast in the velocity of propogation of elastic waves
through different formations. ‘hen an explosive shock is
applied to the ground seismic waves propagate in all directions.
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Both longitudinal and transverse waves are propagated through
the ground; of these the longitudinal (compre331onal) wave 1is
the faster and also the more important for surveying.

Hard, unweathered rocks have higher longitudinal
wave velocities than their weathered counterparts. The
velocity in soil and scree is considerably lower than in the
weathered and fractured rock.

The transverse (shear) wave advances by shecaring
displacement. With knowledge of the density of the rock and
its shear and compressional wave velocities, it is possible
to evaluate all the elastic properties of the rock. An
attempt was made to measure the velocities of both types of
waves.,

- The seismic refraction "Method of Differences" was
used (Heiland, 1946, p.548) and some fourteen reflection shots
were fired, but no reflections were recorded.

The following types of spreads were used for the
refraction survey:-

(i) Weathering spreads. These were used to obtain the seismic
wave velocltles and the thickness of the soil and near
surface layers. Geophone interval was 10ft. and shot-
points were at distances of 5 and 50 ft. from both ends
of the spread.

(ii) Normal spreads. The geophone interval was 50 ft. and
shot points were at distances 25 and 50 ft. and 200 ft.
or more (up to 600 ft.) from both ends of the spread, the
distances depending on the depth to the refractor and the
seismic velocity contrast between it and its overburden.
The geophysical equipment in the survey consisted of a
Mid-Western shallow reflection-refraction twelve-channcl
seismograph with Mid-Western vertical geophones with a
natural fruquency of 8 c.p.s. to record the longitudinal
waves, and S.I.ZE. horizontal geophones, with a natural
frequency of 6 c.p.s. to record the transverse waves.

(b) Resistivity method.

The variations in apparent resistivity show changus
in the rock type. In general, non-porous rocks such as
dolerite have a high resistivity. The resistivity of porous
rocks such as sandstone depends on their porosity and on the
salinity of the water contained in the pores.

A Megger Earth Tester with the Wenner arrangement
of electrodes was used., EIlectrode spacings were 50 and 100f%t,
and the station interval was 50 ft,

(¢) Magnetic Method.

Different rock types have differcnt magnetic
suseeptibilitics and these affect the strength of the magagtic
fteld measured on the surface.

A Watts vertical force variometcr was used ahd the
station interval was 50 ft.

Table 1 gives the lengths of traverses surveyced
with different geophysical methods.
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Table 1.

Method Length Ft. Traverses.
Seismic refraction 19,500 All traverses (A to 8)
Resistivity 6,000 D.E.I. & R.

Magnetic 8,000 M.L. & R.
4, RSULTS.

(a2) Seismic Survey.

Longitudinal wave veclocities used for identifying
the various rock types at the Cluny Damsite are shown on

Table 2.

Rock Typec.

Soil

Table 2.

Seismic velocity in ft/sec.

Lake Deposits (Traverse R)

Dolerite-screce and talus

Dolerite -~ weathered

Dolerite - jointed

Sandstone - weathcred

Sandstone - unweathered

Notes to Table 2.

1. Dolerite-screc and talus.

800

2000
2500
5500
9000
4000
6000

the upper slopcs of the left bank.
was indicated on the steep slopes necar the river than
on the less sloping upper part.

2. Doleritc-weathered,

- 1400

- 4400
- 6500
- 19000
- 6000
- 11000

Velocity was measured on

A higher velocity

jointed, and unweathcred. As there

arc no outcrops of dolerite on the traversecs surveyed at
Cluny, th¢ velocities were allotted to the various groups
of dolerite according to the findings on the upstrcom
damsites on the River Derwent., (i.e. Lower and Uppur
Renulse, Black Bobs, etc.)

3. Sandstone % weathered and unweathered. The upper
layers of the sandstone showed lower velocity
(4000-6000 ft/sec) than the rest of the sandstone below,
The lower vclocity sandstone is referred to as "weathered"
in this rcport, but the lower velocity may indicate that
- there is a larger proportion of clays and mudstones than
"in the scection showing higher velocity.

The interpretation of the results from the scismic
surveying is shown on Plates 3-6 and it will be discussed

fully later.
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In somc earlier reports on the geophysical
investigations of H.E.C. Damsites the Young's Kodulus was
calculated from longitudinal wave velocities after Poisson's
Ratio and the density of the rocks had been assumed. At
the Cluny Damsitc the transversc wave velocities were recorded
on some arcas confined mostly to the right bank of the river.

Fig.1. shows a copy of a ficld rccord taken on a
weathering spread on Traverse L (stations L200-L210). The
vertical geophones were placed 10 ft. apart along the tre~urss
and a shot was fired 5 ft. from No.1 geophonc (No.1 geophrnc
is conneccted to the second trace from the top). The timing
lines arc at two millisecond intervals. The rccord shows
the shot instant (SM) and timcs of arrival of the longitudinal
wave at succcssive geophonecs.

Pig.2. shows & copy of a ficld rccord taken at the
samc place using horizontal geophones. All the conditions
were the same except for the shot, which was placed 10 £4,
from No.1 geophone to avcoid ground shottered by the first shot.

From the data from the above two rccords the time-
distancc curves have been plotted and are shown on Fig. 3.
The slopes of the curves give the values of longitudinal nl
transverse wave velocities,

If the density of the rocks is known, or can be
cstimated, it is possible to detcrmine valucs of all the
clastic constants from the following cquations (Heiland 1946
P.p.443-449) or (Leet, 1950 p.p.45-46)., -

2

(V5/7) c-1)/(5-3)
E = (12Vp)%8
1+(2 62)/(1-6-2 6'2)

G = E/2(1+G)
B = E/3(1-207)

B = bulk modulus, or modulus of incompressibility (lbs/in23,
E = Young's Modulus (1lbs/in?),

G = Modulus of Rigidity (1bs/in2).

0 =~ Poisson's Ratio.

Vg= longitudinal wave velocity (ft/sec).

Vg= transverse wave velocity (ft/sce).
d = density (1bs/in3).

(Note: 1bs in B, E & G is a forcc, not a mass).

Table 3 shows the valucs of longitudinal and
transverse velocitics where they were recorded together nn
Cluny Damsite. The dc¢nsitics shown werc determined by the
H.E.C. on cores of sandstone collected from drillholes put
down near the placc wherc velocitics were determined. There
is no drillhole near Traverses D and I; therefore the density
was assumed. An error in assumcd density of 0.1 would lead
to an error of 4% in the calculated valuec of Young's Modulus.
Values of clastic constants shown have been calculated from
the corresponding velocity and density data.
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TABLE 3.
Travarse{Station| Longit- Trans- |Density| Poisson's| Young's| Bulk Rigidit
No. udinal !verse flbs/ Ratio | Modulus]Modulus]lodulus
Veloc- :Veloo-: ey Tt E B G
| ity ity | Fdoélbg/ xiPbs/ |x106Is/
b Vp Vs in2 in2 in2
ft/sec gft/sec
D | 60~70 {4400 52200 - 160.,0 | 0.33 0.44 10.43 0.165 Weathered Doler-
_ ; © lite (TALUS)
I 0-10 14200 2600 148.0 | 0.192 0.52 |0.28 0.214 Sandstone
. L 130—145i2500 1400 152.1 0.28 0.16 |0.12 0.062 liudstone
L 200-21013200 1700 160.1 | 0.305 0.25 |0.,215 10,096 Claystone
M 35-50 11400 630 140.0 | 0.362 0.025 {0.030 10.009 Gravels
R 100-110{5400 13200 148.2 | 0.24 0.77 10.49 0.35 Sandstone
farilt- [5800  [3000 | 148.2 | 0,315 0.76 10.69  [0.29 Sandstone
thole
b) Resistivity Survey.
The results of the resistivity survey arc shown on
Plates 6 and 7. High apparent resistivity values indicnte
the arca where dolerite is concealed under screc and talus.
Low apparent resistivity valucs indicate the area of sand-
stone.
: The resistivity constant spacing results along
-, Traverse R (Plate 6) show comparatively low and uniforin
. valucs, indiecating that there is no abrupt change in compos-
‘] ition of the ncar surface rocks along the traversc.
c) Magnctic Results.

The rcsults of the magnetic survey are plett.d
on Plate 3 (Traverse M) and Plate 6 (Traverse R). The high
magnetic vnlues (greater than 900 gammas) indicate where the
dolerite may be cxpected to be near to the surface or rolat-
ively thick.

5. INTERPRATATION OF RESULTS.
(a)

Left (West) bank of the river (Plates 3, 4
and 7).

The geophysical results indicate that the
following traversces appear to be located over dolerite.

A,B,F and G - along thuir full length
D between O and 80
E between O and 85

The overburden along these scctions consists of
scree, talus and weathered dolerite; the bedrock consists of
jointed or fresh dolerite.

Resistivity constant spacing traverses (Plate 7)
indicate that sandstone exists under the overburden in the
southern part of the left bank area. The follewing traverscs
appear to be located over sandstone.

D, between 80 and 150
I, between 85 and 140
C, I. and K, along the¢ir full length.
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(v) Right (Bast) bank of the river (Plates 3,5,6)

On the axis of the proposed dam, ncar the river,
dolerite was proved in test pit No.5 (Plate 2). Seismic
results along Traverse M indicate that doleritc extends to
somewhere between Traverse O and Traverse L (from the geolog-
ical mapping it would appear to underlie the sandstone aloxg
a portion of the traverse), It then either terminates or is
displaced downwards more or less abruptly. The velocity of
10,000 ft/sec. further east which underlies 7,100'ft/suc.
material suggests that the dolerite may continue at the lower
level. ' '

_ - The magnetie curve supports the suggestion of the
vertical displacement of the dolerite, but indicates that
the displacement is not so abrupt, Another steep buricd bank
is suggested by the magnetic results cast of M140. I% is
outside the arca investigated seismically. Because of the
relatively low magnctic reading the bed with velocity 8,500
ft/sec. ecast of peg M110 is considered to be sandstone.

- A drillhole 8986 just completed at M50 proved
231 ft. of sediments above dolerite %as against 215 ft.
obtained from scismic¢) but it indic¢ated a 20 ft. bed of
dolerite (between 152 and 172 ft.). This bed of doleritec is
apparently too thin for it to have been recorded by the scismic
method, but its .xistance may cxplain certain differences
betwecen conclusions drawn from scismic and maghetic results
(stcepness of the buried bank mentioned already).

The displacement in the dolerite indicated on
traverse M (near peg M50) appears to continue under traverse
0, where it is Pecorded between 030 and 040. (sce plate 5).
The assumcd dolerite at the lower level shows 10,000 ft/sgc.
velocity as against 16,000 ft/seec. at the higher levels
Further south nlong traverse 0 a velocity of 10,500 ft/sce.
is recorded. This bed continues south to traversec R ond 1t
is interpreted there as sandstone (sce below).

~ On Traverse L the high velocity rock (16,000 -
18,000 ft/secﬁ) on the north-west end of the traverse was
proved to be dolcrite. Further south-east the velocity of
10,000 ft/scc¢.: is recorded. This is assumced 4o be from tac
same formation which, on traverse O and R, was interpreted
as sandstonc. ' -

On Traverse P the bedrock is dolerite with very
high veloéity of 18,000 ft/scc.

On Traverse N the change in velocity at the Souths
eastérn chd of the traverse may indicate a change from dolerite
to sandstone. If so, this change probably takes place ncar.
station N65. S

The results of interpretation of the seismic,
magnetic and rcsistivity data on Traverse R, the proposed
tail-racc open cut, arc shown on Plate 6. A drill hole near
the western end of the traverse showed that dolerite dous not
exist within a depth of 300 ft; therefore, the 11,000 ft/sce.
bed must be sandstone. On the magnetic traverse there is a
large drop in the magnetic anomaly indicated ncar R85, it is
suggested that it corrclates with the similar drop on Trovoerse
M east of M140 (Plate 3). The structure along Traverse R from
R85 to R235 is uniform; east of R235 thc¢ dolerite rises
slowly as indicatcd on the mognetic curve. It appears to be
too deep here to be reccorded on seismic traverses but it is
indicated by a velocity of 19,000 ft/secc. east of peg R285.
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The determination of the thickness of scree and
weathered dolerite from the seismic work on the left bank of
the river is considered to have an error of about +10%. The
error in calculation of the thickness of overburden on the
Triassic deposits may be higher but is not expected to exceed
+15%. 4s already mentioned the calculated thickness of
sandstone at M50 was 7% smaller than that proved by drillhole
8986. Thin beds of high velocity embedded in low velocity
layers are often not detected in seismic work.

6. CONCLUSIONS

The geophysical survey provided information on tlhie
depth to bedrock, on the degree of weathering and fracturing
of the strata and on their elastic constants.

The main features of the area, as indicated by the
geophysical survey are:-

a) On the left (west) bank of the river the bedrock
consists of dolerite downstream, but of sandstone
upstream from D80 and 285. The boundary has been
determined by the resistivity method.

b) On the right (East) bank the dolerite extends
undernecath sandstone and the seismic and magnetic
surveys indicate that it drops down steeply in
the form of two steps at 400 ft. and 1,500 ft.
from the river along Traverse M.

¢) On the tail-race open-cut the rocks appear to be
relatively uniform along the whole length.

The error in determination of thickness is
expected to be not more than +15%.

Heiland: C.A., 1946. Geophysical Prospecting.,
Prentice Hall Inc. New York.

Leet: L.D., 1950. Barth waves.,
Harvard University Press.
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