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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 investiga~e 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 Comrnission 
of Tasmania. 

The Commission proposes to erect a dam on t:h.~E? ;I1.~:y:P:r 
Derwent above its junction with the Dee River. The Coiilm'd?$E.iidn 
requested the Bureau of Mineral Resources, Geology and GeQ,phy­
sic$ to investigate the site. The object of the survey was 
to determine the depth to the bedrock, the rock types in both 
o~erburden and bedrock and to delineate the boundary bet'N{.)( n 
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 assist~nceg~y,en 
by the geologists and Mr. Hawkes and his staff of the GoinJnHiEl~ 
ion. 

2. GEOLOGY. 

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

There is no written geological descript:i,on of t%~0 
area. The ar0a was geologically mapped by R. Mather, H.E.C~ 
geologist. The results of the mapping are shown on Plute 2. 

On the left (west) bank of the river the main 'J;\ock 
is dolerite of Jurassic age. The dolerite is coveredOn."th'G 
upper slopes of the hill with products of it s weathering!;' 
Triassic sediments are found upstream along the axisof<'th~ 
dam. 

On the right (east) bank dolerite crops out ncar 
the river on the axis of the proposed dam, but further uphill 
it is covered by Triassic sediment s. Upstream on the dam·'-s 
axis the Knocklofty Sandstone (Triassic) forms a high ridg8 
with vertical cliffs. 

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

been sunk 
drilled. 
have beon 

At tho time of the survey several test-pits had 
(see Plate 2) in the area and one borehole had:'bet~'n 
Subsequent to the geophysical survey additional h(ile~s 
drilled. 

3. METHODS AND :eQUIPMENT. 

Seismic, resistivity and magnetic methods wer.e 
.used. They arc discussed separately below. 

(a) S8ismic Method: 

The seismic method of exploration depends on the 
contrast in the velocity of propogation of elastic Waves 
through different formations. When an explosive shock is 
applied to the ground seismic waves propagate in all d.irections. 
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Both longitudinal and transverse waves are propagated through 
the ground; of th2se the longitudinal (compressional) 'vvave is 
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 shearing 
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 Diff(~renccs" 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 s~reads. These were used to obtain the seismic 
wave velocit1es 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 gii:!ophone interval was 50 ft. Ci.lld 

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-channGl 
seismograph with Mid-Vvestern vertical geophones with a 
natural frequency of 8 c.p.s. to record the longitudinal 
waves, and S. I. E. 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 cht.mg~;s 
in the rock type. In general" non-porous rocks such as . 
dolerite have a high resistivity. The resistivity of por'Ju8 
rocks such as sandstone depends on their porosity and on tl:t'c 
salinity of the water contained in the pores. 

A Megger Earth Tester with the Wenner arrangemen'e. 
of electrodes Was used. Electrode spacings, were 50 arid 1Q~f~,~ 
and the station interval \vas 50 ft. 

(9) ~agnetic Method. 

Different rock types have diff~r~nt magn~t~9 
su.se.~ptibilities and these affect the strength; of the mt1gn·,~t:$c 
field measured on the surface. . . 

A Watts vertical force variometcr was llsed and t}~e 
station interval was 50 ft. 

Table 1 gives the lengths qf traverses $urvGYGd 
W1th different geophysical methods. 



Method 

Seismic refraction 

Resistivity 

Magnetic 

- 3 -

Tabla 1. 

Length Ft. 

19,500 

6,000 

8,000 

4. RESULTS. 

(a) Seismic Survey. 

Travcrsi:::s. 

All travarses (A to S) 

D.E.I. &R. 

NI.L. & R. 

Longitudinal wave velocities uS8d for identifying 
the various rock typos at thG Cluny Damsite are shown on 
Table 2. 

Table 2. 

Rock Type. Seismic velocity in ft/sec. 

Soil 
Lake Deposits (Traverse R) 
Dolerite-scree and talus 

Dolerite - woath~red 

Dolerite - jointed 
Sandstone - woathQrad 
Sandstone unweathered 

Notes to Table 2. 

800 - 1400 

2000 

2500 - 4400 
5500 - 6500 

9000 - 19000 

4000 - 6000 

6000 11000 

1. Dolerite-scroe and talus. Velocity was measured on 
the upper slopos of the, left bank. A higher veloCity 
was indicated on the steep slopes n8ar the river th~. 
on the less sloping upper part. 

2. Dolerite-weathered, jointed, and unweathc:red. As th(~r~ 
are no outcrops of dolerite on the traverses surv~ybd at 
Cluny, th(; VGlociti(;s were allotted to the various groups 
of dolori to according to the findings on the upstrL;o,m 
damsitcs on the River Derwent. (Le. Lower and Upp·,..;r 
Re)ulsc, Black Bobs, etc.) 

3. Sandstone ~ no~thered and unweathered. The upper 
layers of th0 sandstone showed lower velocity 
(4000-6000 ft/sec) than the rost of the sandstone b(]low. 
The lower vc.:locity sandstone is referred to as "w(;ath-::rcd" 
in this rGport, but the lower velocity may indicate thnt 
there is a larger proportion of clays and mudstones than 

. in the section showing higher Velocity. 

The interpretation of the: results from the seismic 
surveying is shown on Plates 3-6 and it will be discussod 
fully later. 
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In some earli~r reports on the geophysical 
inve:stigations of H.E.C. Damsites the Young's .i"Iodulus was 
calculated from longitudinal wave velocities after Poisson's 
Ratio and thv density of the rocks had been assumed. At 
the Cluny Damsite the transverse wave volocitios WiJre r,-,corded 
on some nreas confined mostly to tho right bank of the riv~r. 

Fig.1. shows a copy of a fi8ld record taken on a 
w~athering spre8.d on TravGrsG 1 (stations 1200-1210). Th\:::' 
vertical g8ophonos were pla..;ed 10 ft. apart o,long the tr~"""(TI.;r8'\ 
and a shot was fired 5 ft. from No.1 geophone (No.1 geoph(,YlG 
is connected to the second trace from the top). The timing 
lines aro at two millisecond intGrvnls. The record shows 
the shot instc.:mt (SM) and timGs of 8.rrival of the longitudinnl 
wava at successive geophones. 

Fig.2. shows ~ copy of a field record taken at tho 
sarno pl~ce using horizontal geophones. All the conditio~s 
were th8 snme except for the shot, which w~s plCl.cud 10 ft. 
from No.1 geophone to avoid ground shattered by the first shot. 

From the data from the above two records the time­
distcmcG curves h,1ve been plotted and are shown on Fig.3. 
Tho slopGS of thG curves giv,:; the values of longitudin~"l :"./ . .1 
transverse: wave velocities. 

If the density of the rocks is known, or c.an be­
estimated, it is possible to detGrminc values of all th8 
81astic constants from the following aquations (Heiland 19';·6 
p.p.443-449) or (18et, 1950 p.p.45-46)., -

2 (u-1 )/(o-!) (V' ./V .) = p s 

E = (12Vp)2 $ 
1+(2 0-2 )/(1-~-2 (f2) 

G = E/2 (1 + () 

B = E/3( 1-2<l ) 

B = bulk modulus, or modulus of incompressibility (lbs/in2."). 

E :.s Young's Modulus (lbs/in2 ). 

G = Modulus of Rigidity (lbs/in2 ). 
~s Poisson's Ratio. 

v~= longitudinal wave velocity (ft/sec). 

Vs= transverse wave velocity (ft/sec). 

8 = density (lbs/in3). 

(Note: lbs in B, E & G is a force, not a mc.ss) • 

Table 3 shows the valu0s of longitudinal and 
tr2.nSV8rSe veloc it ies where th'JY WGro recorded togGth,;r ,'in 
Cluny Damsi te. The dcmsi tics shown were detorminGd by th0 
H.B.C. on cores of sandstone col10ctGd from drillholes put 
down nec.r the place where: velociti~s were determined. Th~re 
is no drillhole near Traverses D and I; therefore thG density 
was assumed. An error in assumed density of 0.1 would l~~~ 
to an error of 4% in the cn.lculnted value of Young's r.1odulu's. 
Values of clastic constants shown have been calculntcd from 
the corresponding velocity and density data. 
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FIG.I. SAMPLE OF SEISMIC RECORD OBTAINED DURING THE SURVEY (VERTICAL GEOPHONES) 
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FIG.2.SAMPLE OF SEISMIC RECORD OBTAINED DURING THE. SURVEY (HORIZONTAL GEOPHONES) , 
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TABLE 3. 

'Iraverse Station Longit-ITrans-IDensity Poisson's Young's Bulk Rigidity 

D 

-
I 

L , 
L 

M 

R 

j 

No. udinal iverse ,lbs/ Ratio Modulus Modulus Modulus 
Veloc- : Veloo,,:,,: eu tt E B G 

! ity I ity ! Dc106lb~ x1CPJbs/ x10 6ns/ 
\ Vp . .Vs : in2 in2 in2 
I ! tt/soo ! t tt/soo i I 
! 60-70 14400 :2200 160.0 0.33 0.44 0.43 0.165 Weathered Doler-, , 

ite (TALUS) ; i 

0-10 14200 
I 

2600 148.0 . 0.192 0.52 0.28 0.214 Sandstone 

130-145!2500 1400 152.1 0.28 0.16 0.12 0.062 Mudstone 
I 

200-21013200 1700 160.1 0.305 0.25 0.215 0.096 Claystone 

35-50 11400 630 140.0 0.362 0.025 0.030 0.009 Gravels 

100-110 5400 .3200 148.2 0.24 0.77 0.49 0.35 Sandstone 

. diil:J:- 5800 13000 148.2 0.315 0.76 0.69 0.29 Sandstone 
Ihole I l 

b) Rusistivity Survey. 

The r0sults of thl' resistivity survey 8.r0 shown (In 
Plates 6 ::'cnd 7. High apparent rGsistivity vc.lues indic~).,tG 
thc;' 8.rc8. wh0re dolerite is concl;.J.lGd under scrGG ,'1nd talus. 
Low 3.ppn.rent resistivity values indic~t~ the 8.re3. of sCLnd­
stone. 

Th0 r(;sistivity const::tnt spacing results i.l.long 
Traverse R (Plate 6)' show compar8.tivoly low rmd uniform 
vnluu s, indicc:.ting th;i,t thcr0 is no abrupt chr'unge in COr..lpOG­

i tion of the nCCLr surfacG rocks along the tr::.,vc;rs~. 

c) l\hgnctic Rcsul ts. 

The r0sul ts of tho magnetic survc:y r:.rc plott\~l 
on Plate 3 (Traverse 11) and Pln.te: 6 (Tr:,\vcrse R).' The high 
magnetic v~lues (gre~ter than 900 g8.mm~s) indic0te whore; th0 
dolerite may be expected to be nenr to th~ surfac~ or rol~t­
ively thick. 

5. INTZRPR~TATION OF RZSULTS. 

(a) Left (West) bank of the rivar (Plates 3, 4 
nnd 7). 

The geophysical results indicate that th~ 
following tr~vGrscs appear to be locat2d over dolerite. 

A,B,F and G - along their full length 
D betwoen 0 and 80 
E betwoen 0 and 85 

The overburden along these sections consists of 
scree, talus and we~thered dolerite; the b0drock consists of 
jointed or fresh dolerite. 

Resistivity constant spacing traVGrses (Plate 7) 
indicn.te th:::.t sandst,)nc exists under th.:.; overburden in the 
south0rn p.'::.rt of the left bank o.re£1.. The following trGvers<..;;s 
appear to be locnted over sQndstone. 

D, between 80 and 150 
E, betwcGn 85 and 140 
C, 1. and K, along their full length. 



II 

- 6 -

(b) Right (East) bank o'f the river' (Platus 3,5,6) 

On thi:? axis of the proposed dam, nGar the river, 
dolerite was proved in test pit No.5 (Plate 2). Seismic 
results along Traverse M indicate that dolerite extGnds to 
somewhere b~tw(;Gn Tro..verse 0 and Traverse: t (from th8 gcoluZ­
ical mapping it would appear to underlie the s3.hdston,e along 
a portion of tb,E.; traverse)'. It 'the'n either terminates or is 
displaced dowpWtirds more or less abrupt],.y., The volacity of 
10,000 ft/sGQ', fu~ther east which underlies 7,100 ft/sec. 
material suggests thnt the doleri to may continue at thu 18vi0r 
le~el. ' 

Thcm.'lgnetic cu::rve supports the sllggestion of the 
v8rti,cal d.isplacement of tho uolE;rite, but i~dii.cates that 
the dispiacemc,nt is not so abr1,lpt. ,A.nother steep buriGd ;9~:rUC 
is ,su,ggestGd by thIJ mngnetic results east o.f Fil140. It is ' 
outsIde the ar(;a invG'si;igated seismically. Because of the 
reIn ti vely low magnetic reading the b8d with veJ..oc:Lty 8" 5.Q,~} 
ft/sec. east of peg M110 i~ consi,dered to be sanqstohe.· 

A drilihole 8986 jUstcomp~eted at M50 proved 
231 ft. of sediments above d.oler'ite (as against ~15 ft. 
obtained from seismic) but it indicnted' a 20ft. bed of 
doleri t e Coutween 15? and 1,72 ft.)-. This bed of dolErritc is 
apparen,tlytoo thin for it to h,:ive been reoo::rded b,;Y t~hG s(:isl1).ic 
method ,but i t.s ",xi stance may Gxplo..irt cc;rtain diffe~enc0s 
between conclusions drawn from scdsmic and maghet'i'c results 
(stcopness of the buried bank .mentioned already). 

TilL! displact;munt in thu dolerite indicnt,:~d on 
traverse 1111 (n,,,,C1.F pug r,15'O)' apPGnrs to continuo under tray(;';rse 
0, whore it is recorded between 030 and 040. (S08 plat0'?)'. 
The assumed doloritl: at the lower ;Level shows 10,OOO:f:tls¢:~;. 
'velocity as against '16,000 ft/soc. at tho highG::r leve+i." , 
Further south :~long tr~verse 0 a VGlocity of 10,500 '::f,t/S0C. 
is recorded. This bed continues south to traverse; R c .. nd it 
is int erprotcd t:th;re as san,dstone (seebQlow). ' 

. ,On TravursG L the higl1 vOlocity :rock (16,OO(} .... 
18 ,000 It/SOC.), on th.Jnorth-WGst enq, ofth8 tro.'Vc;rsoW'8 .. s 
proved, to be dOlerite. FUrther south .... east the VGlocity of 
10,000 ftl SGO.. is rJcordou. This is assu.m:".:)(,l·~o b8 from t~l(; 
same Iorm.':1.tion which, on travorse 0 and R, was interpr-.:tGd 
as sandstone.' ," 

On Tro.vGrse P the bedrock is dolerito with very 
high velocity of 18,000 ft/sec. 

On Tro.ver,se N the change in v81.oCtty at the 'sout~p,.,. 
eastern Gild of thG tr~werse may indicate a cl1angc frorp: qolerito 
to sandstone. If so, this change probably takes piac.'3 :p,GfJir. 
stationN65. 

The;; results of interpretatioll of the seismic, 
magnetic and rqiistivi ty data on Traverse It, the proposed 
tail-race open, cut'" nrl3 shown on PIa t'G 6. A drill. hole Hear 
the western end of thc::traverse showed that dolldrite d('iuS not, 
exist within CI. depth,of 300 ft; therefore, th·c; 11-.,000 ft/s(~¢. 
bed must be sandstone. Oh the magnetic trn.verse 't,be~(;; is a 
large drop in the mCi.gm;tic anomaly indicated noarR85 ; it is 
suggested that it cbrrelatcs with th~ similar drop On Tr~v~rse 
M east of M140 (Plato 3). Th(; structure along Tr-J .. vGrse R from 
R85 to R235 is uniform; east of R235 the: dolerite rises 
slowly ns indicated on the mQgnetic curve. It appears to bo 
too deep here to be rocorded on seismic tr[l.versc~ but it is 
indicated by n velocity of 19,000 ft/sec. 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 thiclmess of overburden on the 
Triassic deposits may be higher but is not expected to exceed 
+15%. As 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 the 
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 ("v'/est) bank of the river the bedrock 
consists of dolerite downstream, but of sandstone 
upstream from D80 and ~85. The boundary has been 
determined by the resistivity method. 

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

c) On the tail-race open-cut the rocks appear to be 
relatively unifo~m along the whole length. 

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