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ABSTRACT

Results are given of two geophysical surveys carried out
by the Bureau of Mineral Resources for the proposed Great Lake Power
Develepment on behalf of the Hydro-Electric Commission of Tasmania,

In the 1957-58 survey seismic reflection, seismic
refraction, resistivity, gravity, and magnetic methods were used.
Although no reflections were recorded from the bottom of the dolerite
$i11l, the magnetic and seismic surveys provide supporting evidence
for features indicated by the interpretation of a gravity survey in
1951.

In the 1959 survey a new tunnel line was investigated with
seismic refraction, gravity, magnetic, and resistivity methods,
Estimates are made of the thickness of scree material, glacial deposits
or weathered layers. Some shear zones were located and information
was obtained on the nearly vertical subsurface boundary between sediments
and dolerite,



1. INTRODUCTION

The Hydro-Electric Commission of Tasmania is constructing
a power station near Blackwood Creek which will use water from the
Great Lake. The scheme, referred to as Great Lake Power
Development, consists of an intake tunnel, penstock lines, a vertical
pressure shaft, an underground power station, and a tail-race tunnel
(Plate 1). :

The area has been mapped geologically by the Commission
(McKellar, 1956), and test holes have been drilled, Four geophysical
surveys have now been carried out. :

The first geophysical survey consisted of gravity traverses
along the intake tunnel (Chamberlain, 1952).

On the second geophysical survey the first 5500 ft of the
intake tunnel, the penstock lines, and the tail-race tunnel were surveyed
with seismic refraction, magnetic, and resistivity methods; the gravity
data previously obtained were re-interpreted using new drilling evidence
(Wiebenga and Polak, 1957). Following this survey diamond-drill holes
DDH 5083, DDH 5084, and DDH 5086 were drilled; they proved that the
dolerite varies in thickness as suggested by the re-interpretation of
the gravity data (Plate 1).

Later the Commission asked the Bureau to make a geophysical
survey over the intake tunnel between 5500 ft and 19,300 ft; that is,
the section omitted in the second survey. This led to the third survey,
which was made between December 1957 and February 1958 by a geophysical
party consisting of E. J. Polak (party leader) and F. J. Moss,
geophysicists, The purpose of this third geophysical survey was to
determine the thickness of the dolerite and the character of the base of
the dolerite, and if possible,to locate the positions of any faults.

In 1959 the Commission chahged the route of the planned
intake tunnel. Accordingly a fourth geophysical survey was sarried out
in December 1959 to cover the first 6000 ft of the new intake tunnel,

The party on this fourth survey consisted of E.J. Polak
(party leader), M. J. Duggin, and D. J. Harwood, geophysicists.

. The present Record gives the results of the third and fourth
geophysical surveys. The traverse surveyed in 1957-58 will be referred
to as the old tunnel line, and that surveyed in 1959 as the new tunnel
line,

It is desired to acknowledge the assistance and co-operation
-of the Commission's survey and administrative staff both at Poatina and
at the Head Office in Hobart. -

NOTE: -

In the topographical survey the zero point of the old
tunnel line was arbitrarily chosen at a point in the Great Lake by the
H.E.C. Survey Branch; on the new tunnel line the zero point
(Station No. 50) was chosen on the shore of the Great Lake.
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The geology of the area (McKellar, 1956) is shown on
Plate 1, and was fully discussed by Wiebenga and Polak (1957).

2=
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Data

obtained from subsequent drilling are included in Table 1 and shown
on Plate 1,

TABLE 1 -

Drill hole Elevation of

collar in ft

Thickness of Elevation of the Elevation change

dolerite in

base of dolerite

of dolerite

£t in ft base in ft
DDH 5042 3612 104 3508 =45
DDH 5041 3646 183 3463 +81
DDH 5040 3716 172 3544, +119
DDH 5002 3835 172 3663 -10
DDH 5087 3883 230 3653 -82
DDH 5083 4340 769 3571 =512
DDH 5084 4239 1180 3059 =171
DDH 5086 3908 1020" 2888 -6
DDH 5085 3693 817" 2882 +35
DDH 5033 3495 578 2917
*

drill hele not vertical; thickness of dolerite corrected to

vertical.

The last column of Table 1 shows that the eclevatien of the base
of the dolerite has considerable relief between DDH 5042 and DDH 5033.
This can be explained in two ways :-

(a) Faulting could have produced differences in elevation of the
dolerite/sediments contact; this suggests that the original
dolerite/sediments contact followed the bedding planes of

the sediments, which are nearly horizontal.

(b) Dolerite could have been injected along an irregular surface

across the bedding planes of the sediments.

A combination of (a) and (b) is possible.



3. METHODS AND EQUIPMENT

Geophysical methods used were magnetic, micro-magnetic,
resistivity, resistivity drill hole logging, seismic refraction,
seismic reflection, and gravity..

Magnetic method

Wiebenga and Polak (1957, p.4) have described the magnetic
method. Magnetic stations were spaced 50 ft apart along the traverses.,
The measurements were corrected for diurnal variation by observations
at half-hourly intervals at base stations.

Micro-maggetic method

A mlc?o-magnetlc method (Lauterbach, 1953=1954; Wiebenga,
1958) was used.: In this method magnetic measurements are made in a dense
observation grid in small sample areas or panels on rocks with a thin
‘weathered layer. Micro-magnetic features may be correlated with the
strike of jointing or shearing planes; they may indicate the original
direction of flow in plutonic rock; they may correlate features of
sediments with sedimentation; and they may reveal subsurface vertlcal
boundaries between different formations.

Two mlcro—magnetlc panels of 88 stations with a station interval
of 10 ft were made in the Great Lake area (Plate 4). A Watts vertical
variometer was used.

Registivity method

Wiebenga and Polak (1957, p. 4) have described the resistivity
method. On the resistivity traverses, two different electrode spacings
were used, 50 ft and 100 ft. The measurements were made at 50~ft
Intervals along the traverses. The results of resistivity traverses on
thick scree material were not reliable and the methed was confined to
arcas free from screc material.

Parts of three drill heles (DDH 5001, DDH 5002, and DDH 5084)
were logged with a twe-electrede assembly (Plate 2)e Heiland (1946,
Pe 826-831) describes the method used, The assembly consists of a
“current and a potential electrede 10 in. apart; this is lowered in a
drill hole which contains fluid, The other current and potential
electrodes are earthed at the surface and are connected teo the terminals
of a Megger Earth Tester (resistivity meter); an apparent resistivity
is measured in the drill hole at depth intervals eof one foot, The
variations in.apparent resistivity indicate variations in the
resistivity of the wall rock of the drill hole, If the salinity ef the
solutions in.the rock pores remains about the same over the logged
section, then variations in apparcnt resistivity indicate variations in
rock porosity, and hence in rock type. High-porosity rock has a low
"resistivity and low-porosity rock has a high resistivity.

Seismic method

The seismic method of exploration depends on the difference
in the velocity of propagation of clastic waves through different rock
formations. When an explosive charge is detonated in the ground, seismic
waves propagatc in all directions. The waves are of three types:
longitudinal, transverse, and surface (Polak and Moss, 1959). Longitudi-
nal and transverse waves are refracted or reflected after they reach the
boundary between rocks of different characteristics.
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The seismographs used were a Midwestern reflection-

refraction seismograph and a T.I.C. reflection seismograph. The geophones
were T.I.C. geophones with a natural frequency of about 20 c/s.

The seismic refraction method uses the waves which are ¢
refracted at the boundary between rock types. These waves then travel in the
lower rock layer with a higher seismic velocity and send waves to the
surface (Platc 3, Fig. 1). This method requires the lower layer to have
a higher seismic velocity than the upper layer. In the Great Lake area
it was pessible to determinc the depth of weathering, but it was
impossible to obtain refraction from the top of scdiments under dolerite
hoceuse the velocity in dolerite is 16,000 to 18,000 ft/scc, whereas in
scdiments it is only 8000 to 10,000 ft/scc (Wicbenga and Pol:k, 1957,
p.3). At the Great Leke survey the goophones were placcd along the
traverse at 50-ft intervals. The shots were fired 50 ft and 350 £t
" beyond both ends of the spread and in line with the spread. The "method

of differcnces" was used for depth calculations (Heiland, 1946, Pp.548-9).

(b) Reflcetion

In the scismic rcfloction method (Heiland, 1946, pp. 549-579),
the rocorded waves from an oxplosion are reflected from a subsurfacc
layer., The geophones arc usually placed in linc with and not far from
the shot-point; the geophonc intcrval is kept rclatively small compared
with the depth of the reflecting horizon (Plate 3, Fig. 2). Dircet waves
and shallow refraction waves arrive at the geophones early and with
- relatively large phase diffcerences. Reflected waves arrive at the
geophoncs lator end with anly small phase differences because the
diffcrences in the paths travelled are relatively small. This makes it
possiblc to recognise reflcctiéns on the rccords oven if the traces arc
disturbed by other cvents.

To decercase the background noise of the traces and to make
the reflections stand out as clear cvents, several techniques were used:-

(1) Pattern shooting, with four, ninc, and sixtecn shots in &
pattern (Parr and Mayne, 1955).

(2) Air shooting, with shots placed six feet above the ground;
the air acts as an additional layer with filtcring propertics
(Poulter, 1550). .

(3) Mixing of tho goophone traccs with geophoncs spaced at 16,25,
and 50 £t (Parr and Mayne, 1955),

(4) A gcophone pattorn with 6 geophones per tracc; the goophencs
were up to 32 ft apart (Parr and Mayme, 1955).
try to
In the 1957-58 survey the scismic reflection technique was

uscd toydetcrmine the thickness of the dolerite between stations
5500 ft and 9500 ft, and between stations 12,500 £t and 17,500 ft.
- Despite the use of the techniques mentioned above, no rcadable roflections
woerc reccorded to indicate the thickness of the dolerite layer; hence the
scismic reflection technique yiclded no results.
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_Several coxplanations for the failure to obtain reflcctions
can be suggested.

(a) The Midwestcrn scismograph had a frequency range of 75 to
400 ¢/s, and the T.I.C. seismograph had a frequency range of
5 to 45 ¢/s. Rcflections possibly occurred in the frequency
range 45 to 75 c/s, but as this range is outside the filter
sctting ranges of both scismographs these reflections would
not bc recorded. A ground roll with a velocity of about
9000 ft/sce and a frequency of 60 to 65 ¢/s was rccorded
on refraction scttings, and probably would have overshadowcd
the reflection cvents in the 45 to 75-c¢/s range even if this
filter range had been available.

(b) The dolcritc is probably laycred and fractured. Possibly
, the scismic cnergy was completely dispersed within the dolerite.

 Qravitz method

Heiland (1946 pp. 67-70) describes the gravity method. In the
‘present survey o Worden gravity meter was used. Stations wore spaced
along the traverses at 50-ft intervals; the clevations were determined
with an accuracy of # 0.1 ft,

4. ROCK PROPERTIES
Magnetie provertics
Cores from DDH 5001 give high but variable values of magnetic
suscoptibility for delerite (Jacger and Joplin, 1955):- .

Magnetic susceptibility : 0.55 x 10~ to 3.0 x 10> Co e SeCollal,
-3

Remanent magnetism s 0.24 x 107 to 4.0 x 10-3 C.gySeColU,

Faults, shears, or fractures may be indicated on the magnetic
prefilc by o decreasc in vertical mognctic intensity because weathering
~causes demagnctisation of the magnetibe in the dolerite. This cvidence,
and evidcnce from gravity, resistivity, and seismic date,were uscd to
interpret thc magnetic profiles. Decercasc in the magnetic intensity mey
‘also be caused by variations in magnetic susceptibility or by variations
in the dircctinn of the remancnt magnetisation vector; but past experience
-of surveys on dolcritc has shown that these factors play only a minor
 part in the interpretation of magnetic data.

Registivity

The weathered layer in a shear zone is usually thicker than
it is outside the shear zone, becausc sheared rock provides better access
to surface solutions than fresh solid rock; also, the porosity of
weathered rock is higher than that of unweathered rock, and the salinity
“of the pore selutions in weathered rock is highcr than the salinity
usually found in ground water. Therefore, shear zones are indicated as
lowwresistivity zones, Low resistivity however, docs not ncccssarily
indicate a shear zone; for instance, small pockets of clay ncar the
potential electrodes may causc low resistivity. The resistivity of
the solid dolerite is very highe
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The resistivity log of DDH 5002 (Plate 2) shows that the
resistivity of dolerite is not uniform and that occasional beds of very:
high resistivity occur (up to 250,000 ohm cm). The averege value is
about 80,000 ohm cm., Lower resistivity values probably indicate the
positions of weathered joints; the high valucs indicate unweathered
“dolerite. The resistivity of the underlying Newton Coal Measures is only
8000 ohm cm,

Seismic velocitics

. Seismic velocities recorded in the Great Lake area have been
discussed by Wicbenga and Polak (1957). Table 2 lists the velocities
used in the interpretation of the results.

| TABIE 2

Rock type Seignic velocity in ft/scc

Soil 1000 to 2000

Scree moterial and
completely weathercd :
dolerite ' 2000 to 5000

Glacial deposits. 5000 to 6000

Weathercd to jointed
dolcrite 5000 to 11,000

Jointed to unweathercd
dolerite 11,000 to 18,000 ]

Specific gravity

In the intcrpretation of the gravity data the specific
gravity for unweathered dolerite was taken as 2.95 (Jaeger and Joplin,
1955); for the underlying sediments the specific gravity was token as
betweon 2.5 and 2,6, For the computation of Bouguer and terrain
corrections the specific gravity of dolerite (2,95) was uscd.

5. RESULLS

Plate 4 rshows twe micro-magnetic panels at Stations 3850 ft
and 15,900 ft. Following Lauterbach's procedure (Wiebengs, 1958) a
frequency analysis of the direction of the contours at each station
was made; the results arc plotted in histograms (Plate 4) and are
sunmarised in Table 3.
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TABLE 3
Station Range of Frequency Range of Frequency.
predominant  as percentage  predominant ©  as percentage
D tege
strikes of total strikes of total
25° 4o 55° 28 35% 4o 407 S
3850 £t 270%0 275° g 270° to 275° 8
355%0 10° 26 355° to  10° 26
45° to  70° m 45° to  50° 25
15,900 £t 270° to 275° 6 270° to 275° 6
315° to0 330° 27 315° o 330° 27
335° to 10° . 17 355° to 360° 13

Both histograms suggest the presence:of faults or fractures
with northerly, north~casterly, and westerly strikes. Trends with a
. north-westerly strike, strongly represented at Station 15,900 ft, are
missing at Station 3850 ft. On the other hand the three trends mentioned
for Station 3850 ft are somcwhat overshadowed by other trends which
. possibly represcnt cooling joints. This would indicate that the dolerite
in this locality is close to the contact; this is confirmed by Jaeger
-and Green (1958,.pp. 34=36) and by the discovery of Permian rocks close
to Station 2000 £t (Clothier, 1960).

Plates 5 and 6 show the results along the old and new tunncl
lincs., The two tunnel lines are between zero and 500 £t apart and so
somne important features found on one tunnel line are also found on the
ather, Plates 7 dnd 8 show in more detail the data on Plate 6, Plate 9
illustratcs the conclusions rcached from the combined cvidence of all
the surveys carried out.

One of thc impertant results of these surveys ig the location
of faults and shear zones and thc determination of their strikes, A
fault with a smoll vertical threw is characterised by a small negative
local gravity anomaly, by & low apparent resistivity, by a small ncgative
nagnetic anomaly, and from seismic methods by o lecally thlck weathered
layer, Considercd scporately nonc ef this evidence is very conclusive
‘that a fault or shecar zone exists, but considered together the evidence is
strong.

014 tunnel line (Plate 5)

The steep gravity gradicent shown betwcen Stations 5500 ft and
8000 ft indicates a sudden decrease in doloritc thickness. F1 is the
position where a fault was indicated in a previous survey (Wiebenga and
Polak, 1957).. The position of the foult has now been shifted to Station
8300 ft from seismic, gravity, and magnctic cvidence.

The negative gravity and magnctic anomaly at Station 10,200 ft
is interprected as a local thickening of scree materiol at the side of
dolerite cliffs and is possibly associated with a fault., Dolerite cliffs
crop out at Station 10,700 ft where a stecep risc to the cast in vertical
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magnetic intensity is covident., F2 is the p031t10n of a fault as
indicated by Wicbenga and -Pelak (1957). The present ovidence indicates
F2 to be between Stations 14,000 ft and 14,200 ft.

The magnetic and secismic cvidence suggests the possibility of
a foult at 15,400 £t and at 16,000 £t (F3).

The thickening of the weathered layer and the negative
nognetic anonaly at Station 17,000 ft may represent a fault., All the
featurcs mentioned above are indicated by the letter A on Plates 5 and 9.

An estimatc of the density contrast can be made from the gravity
stations neor DDH 5083 and DDH 5084 at the centre of the ridge. Correcting
for the weathercd layer, the gravity difference between the two stations is
1.21 + 0.14 = 1,35 mgal, The clevation difference of the lower dolerite
contact is 512 ft. The density contrast is obtained from the formula
derived from Dobrin (1960, p. 175).

Ag = 12778 L. /1000

in which Ag is gravity differcnce, L the thickness of a layer in feet,
and A the density contrast. The density contrast is 0,21 and is
cbout half the density contrast originally used in interpreting the gravity
survey; hcnce variations in dolerite thickness may be up to twice the
anount originclly computed fron the gravity results.

The dolorlto is more than 400 ft thick at DDH 5073, about 104 ft
thick at DDH 5042, and thins abruptly closc to Station 5600 ft. The
Bouguer gravity intcrval between Stations 400 ft and 6400 ft is about
12 ngal, If the original value of 0,4 is assumed for the density centrast
then the dolerite thickness west of Station 5600 ft is about 2300 ft;
but if o density contrast of 0,2 is assumed, then the dolcrite thickness is
about, 4600 ft. These two estinates can be used as linmits,

New tunne ne ate _6)

The dato on the traverses aleng the ncw tunnel line were
interpreted in the sane way as the data on the old tunnel line, The
posltions of faults or shears are indicated diagrammatically underneath-
the resistivity profiles on Plate 6,

The gravity profile of thc new tunnel line closcly rescmbles
that of the old tunnel line. A comparison suggests that the delerite thins
abruptly near Statien 140 (4500 ft). Also, o Bouguer gravity interval
of 12 ngal between Stations 60 and 160 1ndlcﬁtcs a thickness of delerite
at the wostcrn end of the tunnel line of between 2300 and 4600 ft; this is
the same as the thickness estimated for thc old tunnel line.

Conparigson between old and new tunnel lines

A tracing of the gravity profile of the old tunnel line was
superimposed on thc gravity profile of the new tunnel line. When
corresponding features werc plotted along the old and new tunnel lines, the
strike of thesec fecaturecs appearcd to be about 96 and to cut the tunncl
line at an acute angle of about 25° (Plate 9).
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It follows that the edge of the zone where the dolerite
thins abruptly also has a strike of 960, and that the faults or shears
located on the new tunnel line near Station 135 and at Stations 154,
175, and 204 arc also parallcl to the edge of this zone, and also have
a strike of 96°. The strike of thesc featurcs coincides with o najor
trend shown by the histograns of the micro-nagnetic panels (Plate 4).

6. CONCLUSIONS

The carlier gravity work along the old tunnel linc was
supplenented by additional magnetic and scisnic refraction work. Most
of the features indicated by the ecarlier work (Wicbenga and Polak, 1957)
were confirmed, Sone of the faults were shifted slightly and sone
additional faults, shears, or fractures werec found, On Plates 5 and 9
these features are indicated by the letter A, The strikes of the
features arc not known but they probably coincide with the najor troends
indiecated bg the histogranm of the micro-nagnetic pancl at Station 15,900

£t (Plate 4

Along the new tunnel line (Plates 6 and 9) the gravity,
seismic refraction, magnetic, and resistivity data indicate the
boundary between thick and thin doleritc; the data also indicate the

positions of many faults or shears,

A conmparison bctween the data of.

the old and the new tunncl lines shows a great similarity botween the

'

data, and indicates that the cdge between thick and thin dolegito is
parallel to the faults or shears and has a strike of about 96°.  This

strike is also indicated as a trend on the histograns of the micro-
nmagnetic panels on Stations 3850 £t and 15,900 ft of the old tunnel line

(Plate 4).

It is concluded from the gravity data that the dolerite sill
at the western cnd of the tunncl lincs at the lake shore is between

2300 and 4600 ft thick.
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