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ABSTRACT

The geophysical exploration of the Dee Tunnel,
which is part of the Lﬁke Echo power development scheme,
was made in September and October, 1954, at the requegt
6f the Tasmanian Hydro-Electric Commission.

Electrical resistivity, seismic.refraction and
magnetic methods were used, and rcsults from the three
methods were in fairly good agreement with each other.
Zones of probable shearing and/or weathering at tunnel
level are indicated.

The magnetic survey disclosed a high, sharp

anomaly for which no definite explanation is apparent.

(ii1)
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1. INTRODUCTION

The Dee Tunnel is part of the Tasmanian Hydro-
Electric Commission's Lzke Lcho power development scheme. -
It is aporoximately two miles in length and will connect
Dee Lagoon and Brady's Lake (Plate 1).

A geophysical survey was made at the request of the
Commission (after tunnelling operations had already commenced)
to investigate possible variations in rock type and to locate
zones of shearing or weathering which might extend down to
tunnel level and thereby cause difficult tunnelling conditions.

The geophysical methods used were : -
(i) Resistivity.
(ii) Seismic refraction.
.(iii) Magnetic.

Resistivity and magnetic methods were used along
the funnel line (traverse A), which runs approximately
N112"E, and along a parallel line 500 feet to the north-east
(traverse B)., The seismic refraction survey was limited to
the major part of traverse A,

Diamond dérilling has been done by the Commission on
traverse A necar the two portals and also south of traverse A
(see Plate 1).

The field work was carried out in September and
October, 1954, The geophysical »narty consisted of D.F. Dyson,
party leader, L.V. Hawkins, geophysicist, and six field
assistants provided by the Commission.

It is desired to acknowledge the ready co-operation
of the »nersonncl of the Resident Enginecr's offices at Bronte
Park .and Wayatinah, and the Investigations Branch of the
Commission at Hobart.

2., GEOLOGY

- The tunnel, connecting the Dee Lagoon (inlet) and
Brady's Lake (outlets, is being driven through a flat-topped
hill. Marshy conditions exist between stations 44984 and
71984, i.e. along about one-quarter of the length of Traverse

The following rock types are present:
(a) Dolerite

This is amcdium=~-graincd to fine-grained crystalline

"rock which crops out on thc hill ncar the flanks. The hill

slopes arc covered with dolerite scree, and boulders fre-
quently occur within the soil of thc marsh arca. Evidence
from drill cores and tunnclling shows that jointing is a
common featurc of the dolcerite.

The dolerite is intrusive into sandstone, Drill
holes DH7002, 7003, 7004, 7005 and 7006 (Platc 1) show that
along the tunncl linc dolerite may be expected at tunnel
level.



(b) Sandstone

The sandstonc is considered to be of Triassic age
and is proesent at both inlct and outlet portals and also in
Drill Hole 7014,

‘A hizh anglc sandstone-doleritc contact occurs
within the tunnel at the Brady's Lake cnd. In Drill Hole

7014 ncar the »orval at Dece Lagoon, sandstone occurs above
the dolerite.,

3, METHODS
(a) General
| The exploration of the airca through which the
proposcd tunncl is to be driven was »rimarily conccrned
withs

(i) The location of any shcarcd and/or wcatherced zoncs
cxtending down to tunncl level,

(ii) The rock types through which the tunnel is to be
driven. :

(b) Resistivity

The resistivity method is frequently uscd in deter="
mining shcar zones, formation boundarics and horizontal dis-
continuitics at depth, :

In this survey the Wenncr configuration was uscd for
all resistivity work. IElcctrode spacings of 100 feet and
200 feot were usced for continuous »rofiling, rcadings being
taken cvery 50 fceet and 100 fcet respectively. The depth
nenctration of the mcasurcd resistivities is approximately
ecqual to the electrode swnacing in the Wenncr configuration,

"Depth probing", using cxpanding clectrode spacings,
was donc in threc places for comparison with scismic results,

A Mcegger Zarth Tester, which yiclds specdy and
rcliable results, was uscd for continuous profiling. A more
accurate rcsistivity metcr, designed and built by the Burcau
of Mincral Resources,; was usced for the cxpanding clectrode
method,

(¢) Seismic rcfraction

The "method of differcnces" was uscd in this survey.
For a gcneral description of the mcthod and its application,
sce Heiland (1946, p. 548) and Zdge and Laby (1931, p.339).

A geophone interval of 50 fcecet was used for normal
gecophone sprcads, giving a sprcad covecrage of 500 feet., Shot
distances of 50 fecot and 200 feet from both cnds of the
spread werce uscd., "Weathering sorcads", with gcophones at
intervals of 10 fect, were shot cvery 1,000 fect to give the
velocity of the weathercd laycrs and the thickness of the soil
cover,

The scismic refraction mcthod cenables a quantitative
estimate to be made of the depth to a high velocity medium
which corrcsponds to unwcath.rcd rock, It also gives the
velocity of a scismic wave in the rock through which it
travels, thcereby c¢nabling an cstimate to be madce of the rock
type and the degrec of weathering. Over broad shcar zones
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in wnweathcered dolurite for cxample, the scismic velocity
is lowcr than normally obscrved over that rock.

The scismic survey was made along Traversc A as a
check on the intcrapretation of the resistivity results. A
Century l2-channcl portablce refraction unit, model 506, was
uscd.

(d) Magnctic

This survcy consisted of measuring the change in
the vertical component of the earth's magnetic field from
point to point,

For a dgscription of the mcthol and its application
the reader is roferred to any of the standard geophysical
text books (Jakosky, 1940, pp 111-131).

Variations in magnetic intcnsity arc caused largely
by differcences in the megnctite content of the rocks. Such
changzces may be due to:-

(i) Change of rock tyne, e.g., at a sandstone/dolerite
contact,

(ii) Differcential weathering. - Magnetite and most other
magnctic mincrals lose their megncetic propertics
when weathered, and variations in the thickness of
weathering over a magnetic body »nroduce changes in -
the magnctic 1ntun81ty.

(iii) Concentrations of magnctic mincrals as in some
‘ orc bodics and mincralised shcars.

(iv) Primary difference in magnctite content,

Readings were taken at 50-foot intervals on
traverses A and B and on thce detailed traverscs shown on
Pla‘te 4.

The instrument used was a 7atts vertical force
variometer with a se n51t1v1ty of 42 gammas per scale division,

4, RZSULTS
(a) General

Good agreement exists between the results of the
three methods along the tunnel line (Traverse A) (See Plate
2). Zones of shearing and deep weathering on the seismic
profile correspond to minima on the apparent resistivity and
magnectic )roflles. The excention is a »rominent magnetic
maximum over part of traverse A (See Plates 2 and 4§n
The cause of this mogn.tic maximum is not reflected in either
the seismic or resistivity results, :

Places where shearced or weathered rock ig Phought to
extend to the tunnel level are shown on Plate 2, Fig, L.

~ i

The orescnce of scndstone was not indicated along
the tunncl linc at the nurLaco. The Grilling results indicete
that dolerite extonds to tunnel lovel (sec "Geologzy")e The
masnevic and rosistivity srofiles aLon; traverse B over the
ugnuuuonc/uolb;lub contacth showed a shary contrast betwoecn
the mognoetic intensity and rosistivity of the two formations

Seca Plate 3).
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(b) Resistivity

(1) Continuous profiling

The resistivity of a rock depends mainly on its
porosity, the degree of saturation and the salinity of the
solutions., Loose dry gravel or soil and fresh crystalline
.rocks have a high resistivity. Ioist, weathered zones have
a low resistivity.

The marsh shows up as an area of low resistivity.
This is due to the ground being saturated with water and
the probable presence of weak organic acids, High resistivity
values occur over the dolerite out-crops near the flanks of
the hill, where fresh rock is shallower and drainage is good.
These conditions control the general pattern of the resisvivity
profile.

Sheared and/or weathered zones are indicated by marked
minima on the resistivity profile, superimposed on the general
pattern,

Traverse A’ (see Plate 2, Fig.2)

The sharp rise in the profiles necar station 103984
indicates a steeply dinpinz transition from weathered dolerite
on the Dee portal side to fresh dolerite. This corresponds
to the conditions found in the tunnel, where a transition
to fresh jointed dolerite caused partial flooding of the tunnel.

The drop in the profiles near station 8498A is not as
sharp, It represents deeper general weathering and indicates
a probable transition into more weathered rock at tunnel level.

Marked minima occur near stations 229384, 3198A 34984~
37984, 40984, 44984, 5398A, T198A (edze of march), 75984,
7898A, 8698A and 10498A (See Plate 2, Fig. 2).

The profile of unweathered dolerite obtained from the
seismic survey shows that, in general, a thickening of
weathered dolerite corresponds to a resistivity minimum,
Corresponding magnetic minima could also confirm doeper '
weathering.

Traverse B (See Plate 3)

On the re81stlv1tJ profile of traverse B, the contact
between sandstone and dolerite is shown by the abruot change
in resistivity values necar 698B. The :position of the contact
is confirmed by an abrupt change in the magnetic profile,

Between 698B and 2698B the high resistivity values
indicate that unweathered dolerite is very close to the
surface.

In the central portion of the traverse the marsh pro-
duces rclatively low resistivity values and tends to mask
the variations of resistivity within the dolerite,

The fairly broad minimum between 9098B and 10898B and
scveral sharper minima elsewhere along the traverse indicate
deeply weathered shear zones. It is not possible to establish
a satisfactory corrclation between the resisiivity minima on
the two traverses A and B, or to determine the strike of the
shear zonecs from the resistivity profilecs,
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(ii) Depth probins (Plate 2, Fig. 3)

Depth determinations by the cexpanding electrode
tecchnique were made at stations 56984, 63984, and 77484, giving
depths to the hizh resistivity layer of 54 fect, 14 fect and
33 fecet respectively., The corrusponding values found by the
scismic method were 55 feet, 33 fect and 45 feet respectively.

Depth determinations obtaincd by the resistivity
mcethod are not as accurate as those obtained by the scismic
method and should bc considerced as qualitative only.

(c) Seismic refraction

' The scismic survey extcended along traverse A from
station 2898A to station 88484 (Plate 2, Fig. 1).

The observed scismic velocitices in the weathered
dolerite range from 3,000 ft/scc. toward Dee Lagoon portal and
4,500 ft/sce. over the marsh to 7,500 ft/sce. towards Brady's
Lake portal. The 7,500 ft/scc. vclocity probably represcnts
Jointed dolerite, cxtensively weathcecred along the joints,

The unweathered dolerite has a velocity of 17,000 to
18,000 ft/sce, A velocity of 15,900 ft/scc. ncar station 5798A
may rcprescent a shear, It is near the centre of a large,
positive magnetic anomaly (see below).

Indications of wgathered zones from the seismic and
resistivity results arc in good agrcement.

(d) Magnetic
The magnetic survey was made along traversces A and B
and also alongz somc detailed traverses shown on Platc 4.

Minima on the magnctic profiles may indicate deeper
wecathcring, and in the prescnt survey such indications arc in
agreement with those obtained by the other methods,

A prominent, positive magnetic anomaly with a maximum
value of morc than 4000 gammas cxists between stations 49984
and 6498A (see Plate 2, Fig., 2 and thc contour map on Platc 4).
The anomaly takes the form of a double-pcaked curve with the
sharper gradicnt and highest valucs on the north-western side.
The strike is approximately N250E, The ccntre of the anomaly
corrcsponds aporoximatcly with a lower scismic velocity of the
unweatherced rock of 15,900 ft/scc., and with two resistivity
minima at stations 539éA and 5698A.

The anomaly may be due to a conccntration of magnctic
mincrals in a body striking approximatcly betwcen N25°E and
north and dipping fairly stceccply to the east.

The stecpness of the magnetic gradicents indicates that
the causc of the anomaly is probably close to the surface.
The above-mentioned lower scismic velocity indicates a broad
zone of shcaring., The two closc resistivity minima and the
double-pcaked magnctic profilc may indicate two main shcars
within thc gnceral shear zone. On the basis of this interpre-
tation it was predicted that difficult tunncelling conditions
could be cncountercd betweon stations 51984 and 58984,

The position of zoncs of shcaring and/or weathering
dcduced from the above results is shown on Fig, 1 of Plate 2.

Aftcr the tunncl had cntcered the zone indicated by
the magncetic anomaly it was noted that the dolerite was of a
diffcrent type. This change was very sudden along a planc
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"with strike as mentioncd above and dipping approximately 50°
cast,

A hand spccimen from the tunnel below the area
indicatcd by the magnetic anomaly showed coarse pyroxcnes
and fine-graincd dark mincrals which nay be magnetite and
pyrrhotitec. A crude test with a hand magnct showed that the
spcecimen was cxtremely magnetic, whereas the adjoining dolerite
(which c¢xhibits frec cuartz) showcd no magnetic reaction in
a similar test,.

5. DRILLING RISULTS

The rcsults obtaincd from diamond drilling on a linec
offsct to the south of traversc A (sce Plate 1) and prior 'itec the
geophysical survey yiclded insurfficient information to make
rcliable »nredictions concerning the nature of the rock,

The results of the drilling appcarcd to indicatc a
fairly steady incrcasc in depth to unweathered dolerite from
Brady's Lake to Dec Lagoon portals. This is not in agrecmcnt
with the gcophysical rcsults. '

6. ACCURACY

The accuracy of the gquantitative rcesults, such as the
depth to unweathercd rock, is rclatively unimportant, as the
proposed tunncl is considerably deepcr than the unweathercd
rock profile. . .

n The accuracy of the scismic depth determinations is
‘about = 15 pcr cent.
The error in magnetic readings is cstimated as less
than 10 gammas. This is insignificant whcen compared with the
magnitude of the anomalices obscrved.

Poor clectrode/carth contacts in dry rocky ground
tend to.give cerratic values of apnarcnt resistivity. This will
have affccted only the valucs obtained over the outcronping
dolerite ncar the flanks of the hill. The results arc qualita-
tive and errors involved are small comparcd with the lateral
variation,

7. CONCLUSIONS

The gcophysical rcesults indicatc that the unweathered
rock along the tunncl linc (cexcept for the portals) consists
of dolcrite and not of sandstone,

In gencral, the bottom of the weathcrcd zone does:

not extend to tunncl level but some shear zones (Fig. 1,
Plate 2), with attendant decep weathering, may do so,
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PLATE 2
FIG.3 ” . .
o EXPANDING ELECTRODE PROFILES,
LEGEND WENNER CONFIGURATION
(/8000) Seismic Velocity in feel per second GRAPHICAL INTERPRETATION.
=l Probable zone of sheared or '
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