COMMONWEALTH OF AUSTRALIA
DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES,
GEOLOGY AND GEOPHYSICS

RECORDS 1953, No- 59

GEOPHYSICAL SURVEY OF THE

TREVALLYN TUNNEL LINE,
LAUNCESTON, TASMANIA

[P g
L

=TT

o by
' ' A J.H. QUILTY




>-f-_:‘:
kY

i

o I

wi

COMMONWEALTH OF AUSTRALIA .
DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES.
GEOLOGY AND GEOPHYSICS

RECORDS 1953, N©- 59

GEOPHYSICAL SURVEY OF THE

TREVALLYN TUNNEL LINE,
LAUNCESTON, TASMANIA

by
J.H. QUILTY



BEGCRDS 1953, Fo. 59
OROPIYLICAYL SURVEY OF THE
THEVALLYF TONHEL LIHE,
LATUNCESTON, TASHANIA
by

Je He QUILTY

CONTENTS

PAGE

1 1ETRODUCTICN 1
11 PURPCSE OF THE CEOPHYSICAL SURVEY i
111 OEZOLOGY OF THE AREA 1
IV RE3ISTIVITY SURVEY 2
¥  SEISKIC SURVEY 8

¥i GRAVITY STRMVEY 10
YIT SUMEARY ARD COYCLUSICHS

B

Plate }. ILooality mep.

Plate 2. Hesulis of resistivity, grevity and
-gelsaic surveys alang tunnel line, .



-

1, I7DEODRUCTICN

At the requost of the Tasmanian Hydro-Electric Commission,
a geophysical survey was carried out along a tunrel line at
Trevallyn, & suburb of Launceston, North Eastern Tasmaria,

The excavation of the Trevallyn tunnel is part of the
Hydro-Electric Trevallyn Power Development project to utilise the
water of the South Esk river for generatior of electric power, The
construction works are alreacy well advanced, A dam 1s being bullt
on the river at the Sccond Bazi . Jater from the catchment will be
diverted through a tunnel two rilles long to a power station, situated
at sea level on the Tamar Rilver, A locallity map is given in Plate 1,

Three geophysical exploration methods, electrical, seismic
and gravitational, were used to locate deeply weathered and fractured
zones in the dolerite bedrock, through which the tunrel is being
driven. ~

Two geophyslicists of the Bureau of Mineral Resouxrces,
assisted by two Commission employees, completed the fleld measurements
in ten working weeks during the summer months, November, December,
1952, and January, 19:3. It 1s desired to acknowledge the co-
operaticn of Dr, S, W. Carey, Geological Consultanrt to the Hydro-
Electric Commission. The discussions between Dr, Carey and officers
of the Bureau were particularly helpful in the plannring of the survey
and interpretation of the results,

11, PURPOSE OF GEOPHYLICAL SU VEY

The Trevallyn tunrel will consist of two parts, one
7,200 feet long from the Second Basin to the Glen Dhu fault and the
other, 3,000 feet long, which continues from Pitt Avenue, down to
the power statlion at the West Tamar Road, (Locality map, Plate 1l.).

At the time the geophysical survey was requested, the
latter part had been excavated, From the Glen Dhu fault towards
the Second Basin the tunrel had been driven for about 2,500 feet,
but difficulties were being encountered owing to the fact that the
zones of fractured and weathered rock at the tunrel level were
considerably more numerous than had been expected. This resulted
in a slowing down of the work and also created the problem of
providing additioral materisls for supports and lining 1in excess
of the originally estimated requirements,

The aim of the geophysical survey was to determine the
locaticn and extent of zones of fractured and weathered rock in
the remalning 5,000 feet of the tunzel line between the Second
Basin and the Glen Dhu fault, If such informatior could be
provided in advance, 1t would be vuluable in predicting where bad
rock would be encountered and would enable a better estimate to be
made of what proportion of the remainder of the tunnel would be
likely Yo require lining and supports.

11l. GEOLOGY OF THE AREA

For a full description of the geological history of the
Launceston area, the reader 1is referred to "Geological Report of
the Launceston (uadrangle S.,E, Quarter” by S. W, Carey D.Sc. (1947).

The followin; 1s a summary of the geological cvents and
processes which concern the area under investigation,

The course of the tunrel lies through dolerite, a medium
to coarse-grained basic igneous rock intruded as sills of great
thickness into Permian sediments during the Jurassic period, and
now exposed in wmany parts of the state of Tasmania, The roof
rocks of the dolerite sills and much of the dolerite itself were

stripped off in a long period of weathering and denudation which
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followed the intrusion. The resultant Lower Tertlary peneplein

of dolerite, enpped with bauxite snd laterite in many places, was
broken up during the esrly Mlocene by violent feulting. In the
lsunceston area, & series of major step fsults with & ganersl
north-west tramé formed steep Tault secarps, which arq/ sent

‘main toaagraphia features. The Trevallyn Feult scarp is & natural
boundary between Trevallyn submeh“{average elevation 400 Teet) and
the Leunceston elty ares (sea level). The scarp of the Glen Dbu
fault, which the tunmnel line ercsses &t right angles, ls spproximately
300 fout highe

Inaddition to these prismary faults, there are two

pronounced systems of joints in the dolerite, promirently exposed

in the South Esk gorge, and in the quarry at Trevallyn bridge,
_In one system, the jolnts trend in a north-vest direstion parallel
to the major faults, and probably range in magnitude from mere

oints with little or no differential movenment through smsll

sults with & few feet of movement up Lo the sise of falirly isportant
faults., Almpst at right sangles to this sytem 1ls another system

of joinis trending northessat. The Jolnt systems have been ithe
gontrolling factor 4in the development of the atreanm pattern in the
district. JMany of the major jointas, traced from aerial photogrsphs
- fre shcewn on & map sccompanylng the abavﬁ@nnkicneﬁ reporte Two of
them cross the tunrel line &s shown in Plate 1., However, the

report states, the selection of those to be included In the map la
rather arblitrary since the sheers sznd joints range in size from
mejor fractures to closely spsced Jolnts at intervals of 2 or 3 feet,

Practuring and subsegquent weathering slong these faults
and joint plsnes have extended to depths of &t least 300 feet below
the surface in places s&long the tunnel line, as revealed by the
excavations to date, In the section shown in Plste 2, the shaded
portions of the Sunrel sbhow wherse unsound rock bas been encounterad
and ateel supports have been required. In trese places, the dolerite
in general is shattered inte fragments and strongly weathered and In
two such places sirong fiows of water were net, In the unshadsd
portion of the tunnel seciion, where thse rook is sound in the sense
that supporis were not required, the dolerite shows irregzulsr
Josnting, with caleite vains filling some of the Jeinis. Pollished
facetted surfaces (slickensides), formed by the differentlial movement
of fault blocks, were visible &t one of the s&brupt contscis between
sound and unaaﬁﬁd rock.

The logs of eight bore holes, drilled &t the poasitions
irdicated on the tunnel line section Ky&ﬁaa 2.), show that the
depth of overburden, sonsisting of solls, aclays and westhered
dolerite, varles greatly. The graln size of the fresh dolerite

in the drill coren varies from medium to coarse; ohloritized jJeints
and caleite velins are gcommon, In scme of the holes, sound dolerite
. 4s contirnucus for seversl hundred feet to tunrel level, but in
gggng;, alternate solld and solft patohes have been penetrated by

- 111.

RESISTIVITY &f&yﬁia'

A wide raenpge of electrical reslistiviiies is exhiblited by
the rocks of the earth's crust. The flow of slectrie current
hrough non-mitallio rocks Is alnost entirely ilonle conduction
in the solutions conteinsd in the rock porss. The conductivity
{and hence its reciprocal, the resistivity), is dependent therefore
on the poroslty, degree of saturailon of the roek and the salinity
of the solutions., |High resistivities are usually assoclated with
dry loose surface solls, sand, gravel and crystalline rocks; much
leseg resistivities are sncounterad in clays and silts.
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in the presen. survey, the meithod aaaﬁ in zessuring

-pesistivities 1s in prineciple the standavrd Glah-Wenrer-Hooney method,.
Four ziecirvodes are pleced in the ground &%t equal Iintervels a&long 8
straight 1ine, & currsnt I is irtroducsd into the ground through
the two outer slectrodes and fthe resulting patanziaz difference B
between the two inner slscirodes ls messured, In the idesl anse

of & homppenecus isotrople eartr, it mey be shown that the earth
resistivity R 1z pgiven by the expression, E = 27a 7, where 'a' is
the electrode separabion, 1.0. the disiance batween't wo adjacent
slecirodes or one third of ihe geparation between the other {current)
alectrodes, in practice, layers of different realativities are
wsuslly preasnt below the surface, and the guantity 278 & derived from

the observations is termed the apparent rasistiwity'{ﬁaﬁ.

The effective depth of the surrent flow aﬂd henace of the

resistivity measurement ls Incressed hy increasing | at, Hence,

if the warth consists of horizontal layers of aifferenrt reaistiw;tiws,
the presence of successively deaper lavers ls reflecied Ly the

manner 1n which Ba changes with Incrsesing "a's In general it may
‘be essused that Ra iz the ﬁverage:‘aaiaﬁivitg off the rocks betwaen

the swisee 8nd & depth epproximstely equal to 'a', 'The relationship
- 18 approximsie. only, 88 the effective depih of meusurement ean be
irfluenced by the relsiive resistivities of the different layers,
owirg to the tendeney for the current flow Lo be goncentrated in
laysrs of lowest resistivity.

ine current slectrodes used wers stout metal splkes
driven inte the grouhd. The potenbtial elecirodes were porous pois,
filled with & saturated solution of copper sulphate, in whioch copper
eleciroiss were iammersed, The use of such slscircdes elicinetes
eontact potantials &% the surfagse., FRedio "3 Detteries supplled the
ecurrent o the outer elecirodss, 4 new reaistivity meter, designed
~&nd buils In the Buresu, enabled the volbage-current ratlo to be
meagured ﬁirsatly. _

: The unit of resistivity used In the ohm-centlimetre, baing
the value 10 .bms per cuble centimetre of the rocle.

In the Trevallym surv. 'Yy two differenty applicatlions of
the method were used, viz,, the
seperation” technigues

expunding electrofe” and "conshant

The gpparsnt resistlvity is cbhserved for veluss of ’a’
from 13 foet to a8 meximum of severel hurdred feet or more depending
en the depth to bs iﬂﬁ%&@ifﬂt#ﬁ. 4 maximusm elsﬁtve&a separation
of 500 feet was used in the Trevallyn tesiz, 48 'a' iz Increussd,
the electrodes remalin sgmm@zraaally plaeed sbout the central point
ef the spread, When Ra iz plottesd sgalnst fa', a curve (referred
$o in this reperi as s depth profile) is chtaiaad, the form of
- which will depend on the resistivities end thickresses of the
underlying Rhayers. —

S~
e

Several d4ifferent methods have besn smployed Tor the
determination of the depths to the horizontal interfsces from the
éagth profile. The method which has been found most satisfactory

ia pased on the Fittlng of standard theoretieal curves o the
observed profiles. Standerd twe-lsyer curves have been computed,
giving the varistion of Ka with 'a' for one unifors borizontal
,layer overlylng snother of infinite thickness. The complete raags
'of possible ratios of the upper rasistivity ry to the lawar,
covered., The parameter used in the family a§ curves 1s T2 = @i

which ranges between limits of 4l and -1ls In the st&ﬁdard and
observed curves, logarithmic plotting is used, This makes the
shape of the surves irdependent of the unlits used, and facilitates



4,

the comparison between ohserved and siandard curves. If a satisfactory
it 1s obtained, the depth of the interface can be simply read off
on the electrode separation scale,

The usefulness of the two-layer curves has been e xtended
by & principle known as Hummel's substitution principle, by which a
two=layer combination mey be replaced by & single layer for electrode
separations large in comparison with the combined thickness, By
using this prineciple, a tepth profile representing several layers may
be treated by suweessive applications of the two-layer curve-fitting
process. The method of interpretation outlined sbove necessarily
assumes that the layers are uniform, horizontal and of irfirite
extLent. Clearly, lateral varistions of resistivity, or progressive
gradual changes of resistivity with depth tend to reduce the
relishility of the interpretation,

Constant Electrode Separation Method,

In this application, sometimes called "resistivity
mapping” the electrode separation is kept constant and the electrodes
arrangement as & whole 1s moved along the traverse line, The
observations show latersl varistions of apparent resistivity
between the surface and & more or less conztant depth approximately
equal to the particular electrode separation used., By showing
thé lateral varistions of resistivity, the riethod has proved to be
of corsiderable use in the investiration of fault zones, contacts
of different formatlions and lenticular beds of msterials such as
gravel and sand occurring in clays or silts,

A disadvantage shared by hoth the exparding electrode and
constant electrode separation methods i1s that the abserved apparent
resistivity values sre strongly &ffected by surface conditions,
Large variations in the resistivity of the surface soll will tend to
mask the effects of deeper changes in resistivity and may limit the
anplication of resistivity methods in some areas.

_Application of fHesistivity Method 1n Trevallyn Tunnel Investipations,

The tunrelling so far carried out has shown that unsound
sections of rock include a large proportion of wesathered dolerite
and claye. It would be expected that the high porosity of theas
meterials would cause any urnsound section of dolerite to have a
much lower resistivity than that of solid dolerite, The resistivity
survey was planned on the assumption that this difference in resistivity
would enable zones I fractured or extensively weasthered dolerite to
be differentisted from the solid dolerite.

The characteri:tic resistivities of the solid dolerits,
weathered dolerite and surface soll in the area were determined from
expending electrode tests at three pnoints slong the tunnel line and
from detailed tests alongzside a nearby road cutting. The observational
data from t ese tests are shown in Plate 2, Figg, 2 and 3, In the
plotting of the depth profiles the small circles irdicate the points
obtained by plotting the apparent resistivity a; ainst the electrode
geparation, and the heavy curves are %the theoretical two-layer curves
which give the best fit with the cbssrved profiles, K 1s the value
of the parameter Y2 - Tl fcr the particular two-layer curve selected.

el

The expanding electrode tests on the tunrel line will be
referred to apain in a subsequant section, but it 1s sppropriate
here to discuss the firdings 8s to typlcal resistivity values,.

In these tests, the line of the electrode spread was pesrallel to the
tunrel 1line. The depth profiles for the tests at peps B.5, 23.H

and 60 on the tunrel 1ine show three main layers. The top layer 1is
surface s oil down to & depth of about one foot with reslstivity
between 3,000 to 30,000 ohme=cme Below this there exists a layer of
lower resistivity between 700 and 2,700 ohm~-cm, which is assumed to
consist of alluvium, clay and weathered dolerite, in a saturated state,
In two of the tests the interpretation suppests that this layer may
actuslly consist of t.o separate layers but 1t is not possible to
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identify the layers with certainty. The third layer 1s solid
dolerite which gives the profile the trend towarcs high resistivity
values for the larger separations. If the dolerite were homogeneous
and 1ts upper surface a horlzontal plane, the profile would approach
asymptotically the resistivity value of solid dolerite. But the
observed values at the largest separations show departures from the
theoretical curve, which are probably due to lateral variations of
resistivity caused by the irregular weathering of the @olerite,

It 1s considered that the result will be to make the reslistivity
values for dolerite, namely 45,000, 55,000 and 60,000 ohm~cm.,

as deduced from the interpretation with standard curve:., somewhat
too low, Ffurthermore, the results (discussed in detail later)

from the constant separation observations near the south-western

end of the tunnel line where solid dolerite is knowmn to be wery
close to the surface, sugpest the the resistivity o fresh dolerite
is of the order of 70,000 ohm-cie It is cons idered that the true
regslstivity of fresh dolerite 1s probably between 60,000 and 80,000
ohm=-cme

The results of tests near the road cutting are given in
3A and 3B of Plate 2, The sectlon exposed by the 20 feet cutting
consisted of rounded dolerite boulders two to three feet 1In diameter
with weathered skins but fresh cores in a matrix of moist reddishe
brown sandy clay. Nine inches of hard bleached topsoil covered the
claye.

The depth profile 3A, taken in maximum 'a' of 64 feet,
shows three layers, The first, with resistivity 3,000 ohm-cm and
one foot in thickness, corresponds to the topsoil. The material
within the second layer, resistivity 400 ohm-cm,, was predominantly
clay with a few small dolerite boulders, In the third layer,
resistivity 2,000 ohm-cm., the dolerite boulders were larger and
more nurerous.

Two short traverses, one with electrode separation of
5 feet and the other 10 feet, were made over the same aresa, The
two profiles are shown in Fig. 3B. For a separation of & feet, the
resistivities range from 600 to 1,500 ohm-cme.; for 10 feet separation,
they range from 400 to 2,000 ohm-cm, As in 3A, the greatest
resistivity values are obtalned at the deeper penetration.

The results of the tests 3A and 3B indicate that the
resistivities of the weathered materials range from 400 to 2,000
ohm-cm, at moderate depths, and are dependent on the extent of
decomposition of the dolerite.

Summarising the foregoing discussion, it maybe stated
that the resistivity of fresh dolerite is sbout 70,000 ohm~cm.,
and that of the weathered materials (excluding surface topsdil)
about 2,000 ohm-cm. or less,

It should be noted, however, that as the weathering of
dolerite commonly takes place along fault and joint planes, the
average resistivity of a volume of partially weathered dolerite
may range within wide limits, d epending on the extent to which
the weathering has progressed, so that a seotion of rock actually
unsound for tunnelling may have a resistivity considerabhly higher
than the value adopted for the weathered materials,

The resistivity survey of the Trevallyn tunnel line
consisted mainly of constant separation observations, as 1t was
considered that the recording of lateral changes of apparent
resistivity along the tunnel line would be of most value, Only &
limited number of expanding electrode tests were made, and these
were maindy for the purpose of finding out the typical variations
of resistivity with depth through the section from the surface to
the a0lid dolerite. As will be outlined In the report, ambigulties
which are common in resistivity interpretation were reduced by the
use of two other independent geophysical methods, viz.,, seismic
and gravity methods.
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Constant Electrode Heparatlon Lesulis.

Measurements of apparent reslstivity were mede &t intervals
of 50 feet ulonp the tunrel line, Electiroie separations of 50 feet,
100 feet a.d 200 feet were used, glving ithereby profiles for three
ail'lerent effective depths of uesasureament, The profiles are shown
in Plate Ko, 2, Fi?{o le

As the niph resistivity dolerite is overlaln by &an overburden
of much lower resistivity, the proflles will show hi;h values where
the overburden is thin &nd vice versa, provided the depth to the
delerite remains within the depth range of resistivity measurenent
for the particular electrode sepuration used, Hence the profiles
may be interpreted in turms of tie relative thickness of the overe
hurden msaterial. Particular attention must be piven to steep
grudients in the profile, beeuuse they may be due to abrupt lateral
changes of rasistivity associated with deeply westhered zones or
faults crossing the tun el liine, It i1s cbivious that the ~ethod
wlll be limlied in iis abllity to detect very nsrrow zones of low
resistivity withln the dolerite &s ¢ e voltape- currenc ratlos
necegssarily indleate averape valu: s over the Gistance between the
pohential elecurodes,

The resistivity profiles from the berlmling of the traverse
at peg O to peg 23 cun be compared with the known rock co-ditions in
the part of tun el already excavatied,

Between pey 14 and pep 16, the drop on all three profiles
indlcates & Cesply weathered zone extesdin: tu a deptb yrester than
200 feet, The efiect o the hirher resistivity woulerite on either
side wlll tenC to make the value of bLhe reslstivity minimum somewhat
hiszher than the true vslue at the centre of the zone, partlicularly
for 'at! = 200 feet, In the tun. el, unsound rock was seacouniered
in u position which colucides exactly with the resistivity irdieation,

The comparasively hipgh valuves of resistivity betvween pegs
10 and 14 and between pegs 17 and 20 are attributable to & decrease
in thickness of the owerburden on eischer side of the Geeply weathered
zone referrad to shove,

Particular attention 1is drawn to the gradient in tvhe profile
hetween ocegs 8 to 10, und to the steeper graclent in the viclinity
of nag 2045. In both places the gradients correspond to narrow
zonas of unsound rock in the tua»el. These shattered zones ere
nellieved to be the fracture zores between sdjacent fault hlocks,
the change in thickness of the overburden from ocne bhlonk tou another
belnpg reilected zs a pgraudlent in the reslistivity vrofile, 1% has
been mentloned that minor faults pronably exist psrallel to the
maln fault system, and in support of t':1s there 1is evideice of
differential movement observed in the tunrel at one of the ubrunt
contacts beitween sound and ussound procke

PFrom this exaninution of the resisstivity results over the
tnown secilon of the tuniel, 1& is counsidersd that:e

1. g jor zones of deep westhering are indicated by
well-markeu minima, &nd

Ce Steep pradients are probably isdications of faulus,
and thersfore nay serve to locate fracture zones
extending dowa to tutrel level,

The resulis on the remuinder of the tun—el iine will
now he tiscussel,

from £8 Lo 40, the drop in the resistivity values, osé
markec on the 'a'! = 200 feet proflle, su;. ¢sts the prezence of @
fauli. The vertlcal Grill hole Lo. 2044 provides no dsfinite
evlidenre of & fuult. However 10 shows that thore sre faixl, thick
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weathered scctlons of rock at intervalas down to 365 feet. The
penetration of weatherings proecesses down to this dopth woulu have
been ursiaterd by any fracturing asscciubet with & Jaulte.

The low values of resistivity betwean 32 arnd 34 irdicate
a zone «f deep weatherlirp whieh, from comparison with the values
over the known section 14 to 16, is corsidered llkely to exiend to
tunrel level and produce peor rock conditiors for e ler:th of at
least 200 feet,

Betweea 3& and 48, the sclld dolerite 1s probably not
deeper than 10U feet from the surface, Beiween 39.5 ard 41l.5
there is spparently a highser blcck of dolerite o:. elther side of
which there 1s the possibllity of narrow fault zones,

Hetween 48 a=d Gl.5, She low values on the proflles
irdisate another daeeply woathere! zo01e, whicii must extend down to
tunrel level, It is corsldered that the tunrel will be in poor
rock here over a lenpgbth of at leasi 350 feet, This is the most
important feature revealed by the resistivity survey and is cone-
firmed by both gravity and selsmic results,

Betwaen 54 and 66, very hilgh values of resistiviiy were
observed and oar bhe atiributed to the closeness of the dolerite
to the surface, as 1s alsc shown by the seismic work anc the drill
holes Mo, 2036 and 2037. The ayuparent resistivity aporoaches the
true resiastivity of the sclid dolerite. The tw. gteep troughs
centred at 57 and 61, shown very sitrpoigly on the 'a' 2 200 feet
profile, are irdicative of narrow zones of low resistivity, and
could lirdicete “ractured zones with weathering sxtendlrg down to
tunnel level.

Expandine electrode Tests,

The interpretaticr of the depth profiles shown in ¥Fig, 2,
Plate 2 glves the resistivities of the different layers, which have
been referred to in some detall earlier in the re.ort, and the idepths
to the 1irterfaces.

Some ad-iitioral remarks regarding the depths to solild
dolerite are reaquired,

Test No., 1 (Position, oer 60), The top of the solid dolerite at a
depth of 7 feet 18 in goocid agroement wiihh the log of the drill hole
Fo. 2037, which shows a depth of 8 feet, und in fairly pood agreement
with the calculated seisnic denth of 12 feet.

"ast No, 2, (Positicn, peg 23.,t)s In order to achieve a .rcasonsble
1. with the standard curves, 1t has been necessary to &ssuwe that
the section between the surface so0il and the dolerite comprises

two separate layers, The estimated depth to dolerite is 32 feet,
No 2ore date 1s avalleble, but the culculated selsuic depth 1s

50 feet,

Test No, 3 (Position, peg B.5). The cbservea depth profile shows
the presence of four separate layers, but the Ilrregularities in the
profile, due probably to lsteral variations in resistivity within

the electrode spread, make 1t impossible to achleve very satisfactory
£its with the two-layer curves, The estimated depth to solid
dolerite (37 feet) 1s therefore not regarded as & reliable deter-
mination, It 1s considerably less than the calculated selsmic

depth (77 feet). :

The main purpose served by the expanding elesctrole tests
has been to show the varlation of resistivity with the depth from the
surface down to the solld dolerite and Yo enable quantitative estimutes
to be rade of the typlecal resistivities of weathered and solid
dolerite, '

The CAifficulty ia obtalnlng reliable irterface depihs from
the depth profiles, as experienced in the 1: terpretation of tests
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"S and 3, 1z one which is fregently sncountersd :s,n the use of

- expending electrode methed and is the msin reason why the refracgkion
uimmﬁmﬁw i generally g@ﬂrm xamz depths ¢ bedrock are
reaguired, :

The selamic method of dxploretion 18 based on the faet
thet the velocity of weve propszstlion differs grestly in 4ifferent
kinds of rooks, In selsmic sxploration, the only valocities taken
into mccount sre those of the Past-st waves, namely the longlsudinsl
-op compression waves. Crysialline rocks have velooclitles in the
pange of 10,000 fo0 20,000 f.pes., oompRotsd sedimentary rocks 6,000
o 15,000 f.pa.ga, xmwnmlaﬁgkaﬁ pediments 1,500 $0 6,000 fuDeBoey

and sm*fam s0ils BOU S50 2,000 f.pess Vave valonity through a
- yook is deparndent on its ﬁ.&aﬁia proparities, which are afrsem by
gany factors, such ss %exture, compacilion, molisture, voild space and
mﬁgﬁ@‘i%t

, Selsmic waves sre reflected and refracted at an inmm“
batwesn two types of rook having different velocitles of propagatien,
in a meaner anelsgous to that of light waves at the boundaries of
optical medin, The chilef @M%ﬁv@ in selismic work 1s to determine
the distance between the earth’s surface and refracting &nd reflecting
horizgons below. The Interpretation is based on accoupately measured
Sravel tims of the selsmic vaves,

4 In cepplying the seismic method Lo shallow depth dstermine
ations the refraciion tschnique 1s used, The selsmic waves are
produced by emell explesive charge at a depth of a few feel below

- the ground surface, Oeophones, {detectors, sensitive to esrih
vibrations) aet on the ground at measured diatances slong s
strajight 1line Tfrom the shot point are olesotrloelly sormected

- through smplifiers to photographicelly recording galvanometers,
The abot Instant and the srrival of the firs: weve disturbance at
sugly geophone are recorded and an socursate messurement is theﬂuhz
cbtained of the fravel tisme of the selsmic waves betwesn the sho
point and eash of the geophorgs,.

The interpretstion of the cbaerved travel time dats may

. be explained by sonsidering & nusber of horigontal lsyers, where

sach suscsasively desper layer has s higber veloeity than the laysr

sbove 1t. The Tirst weves to reach the geophones pear the shot

point will be those which travel direcily ahrmgh the firss i&gﬂr

of low veloclity, At & osrtaln distence frowm the shot point,

first srrivals st the geophores will be those waves whish fravel

~ @Gewn through the first layer, underge refraction &t the interfaoe
of the first end secend layer and travel along this interfsce with

the velonity of the second layer, and finslly return to the surface.

Geophores atill further eway will receive their first arrivals from

waves refracted at deeper irterfaces with higher veloeiilies and so

oMe

Phe trevel timez of the waves ars pletted sgainst distance

of the peophores from the shob point, to give & tlme-distance
?npk such as those shown In Plate Ho. £, Plg. 1. From the Sime-

istanee graph, 1t 1s possible, Iin general, to obtain the veloclties
of the layers an'! to celeulste the depths to the irterfaces. Prom
sscumulated selamlc dsta, It is known whal type of mmterial is likely
to correspond to 8 particuler velocity. For example, the golid
delerite of Maammnls exhlbits a vala&i%:y of approximetely 16,000
fopeBa, overbvurdsn sléys &nd westhered dolerits 4,00V to 5,000
LuPste, 27d guwrfoce solls approximetely 1,000 fepes.
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_ A got of Swedizh A.B.E.H. Sechanssl portable recording

equipnment snd detectors were used in the survey of the Irevallyn

tunrel line, Heasurexents along the line were made in & series - ;.
of traverses, each about 13000 feet in length. Shot poinis were , 7
located at both ends of the Ipavesess, and travel Limes were Qcof trehd |
recorded for wives travelling in both directions. This teshnigue,
known &z the mathod of reciprosal times, is deaigned to give the W
depths to pefracting surflaces below sash pgeophons point,

m&&t

Plate Yo. 2. Plg. 1, shows ihe travel times plotted
sgainat diatances Trom the shot polnt Tor each of the {raverses
along the sunnel 1ire. Thres layers are evident in most of the
traverses, The flrst layer, velooliy, 1,500 fepese, corresponds
o the surface weathered lsjyer. The second layer, veloclty 4,000
$0 5,000 fupefie, s that of the uncorsollidated overburden mmterial,
eonvisting of ¢laye and weaihered dolerlite. Refractions from the
surface of the solid dolesrite are indicsted by those pertions of the
time-distance ocurve, io which the reciprocal of the slope is
spproximetely 18,000 [.pate

The deptha to the surface of ke s0lld doleriie were
saleulated, end the resulilig selsmlc boedrock proflle 1ls shown.
he scouracy of the caltulated depiha over ithe tunnel line will
undoubtedly he reduced by the absermmce of & sharp boundary belwsen
weathered rock and sclid rock. In ths following table, selsmin
results are compayed with bore hole data.

Borse Hole Ko, Solidé Dolerite Ualoulated Seismie Depth
Logzed in Dores 0 Solid Yolerite

2036 8! . gage e
2087 8 - 350 12

2038 (inclined) 151 - 277 | y 150 {10 refraction
: 353 « 338 Trom doleriie)

2089 {inolined) 5 - 98 70
124 - 160
170 - 201
208 « 350

2042 ' 35 - 288 78

219 - 38§ T

2044 20 « 33 &5

B4 « Y4
91 =121

147 - 277

198 . 238

240 « 3186

324 - 349

365 - JVE

30 69
363
369
390

2045 25
40

367
383
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ﬁaam is substantisal sgreement betwesn the two meis of
date st bore holes Nosm. 2036, 2037, 2U3A and 2043,

In bore holes Noa. 2000 and 2084, the slternate zocilons
of 801ld and westherad dolerite in the drill sore indicate the
frregulayr wsathering of the bedrosck at these pointsa, Xt is
difficvit %o decide from these bore logs what figure should be taken
for the depihe %o solld dolerite for comparison with the a&ismia
repulia,. The selsmic depth is probedbly 8 better i-dliesation of
. ;&& averaize depth in the lasediate wioinity then is given by the

ore log.

Bore Hole Ho. 2042, showed golid dolerite from 3% feet Lo ,
285 feet and gave no irdieation of the zome of unsound rook encountered
4n the tunrel below 1. The saloulased seismic depth et peg 10 slose
- %a the hole is 75 feet,

The looesticnsof the rarroe goies of weathered materis)
ﬂmmgﬁrw in the tumel were not deotectable In the aml**szm of
the melgmic record.

?ﬁ%ﬁem wg& 14 and 18, the veloclty of mavesz In slther
directlon iz approximately U,000 f.pes., much lese thar the wave
miwf’*y m solid colerite {16,6% f.peSe)e The dedrock surface
‘18 2% such & depth, that the {lrst ssve disturbance to resch Lhe
- geopbones are Lthose refrscted from e shallower layer wibh lower

valoclsy, belleved to be parbtially decompeossd dolerite, Because

no refractions were recorded from the solid dolerite, no ﬁcpth
galeulation eould be made and the solld dolerite must be at least

150 to 200 feet desp in this part of the tunrel lone, It will be
neted that vnsound rook wing encountered bhare st tunrsl) level, and
“that 8 sroncunced resistivity 'lowm! was observed on the thres constant
stparation profiles.

Similar velociiles were regurded beiween peps 46,5 and
end it is estimated thet the depih to bedrock must be at least
1345 to ROU fest., Oravitatioral and slectriesl realstivity scasure-
ments Imve confirmed the existence of a deep trough of weathered
meterial in this part of itbe tunrel line,

, The deprdssion in the sslouvlated gelzmic bedrock profile
betwoon pogs 53 and 34.5 colineides with sinime on the reslssivity
profilos and 8 smsll negastive snomaly on the grevily profile and
18 considered to be due to & rerrow gons of desp wmtmsrm;& which
prebably goes down to tunnel levels Another rerrow weathered
sone probably secounts for the swmall dspression between pegs 7
andl SBe - The resistivity profiles pive strong corfirmetion of
thie and & slight negitive snomaly is detecteble on the ;zfmvity

profiles, It 18 gposaible %1;&:@?@:@ thet between pegs 57 and 582
the dolerite st the tunrel Jevel is fractured and westhered,

Lithough rarrov freéciure zores, resuliing from differential
mevenent iIn fﬁﬁth@, sre nolt detectsble mg sush in the gelsmle
pTile, they mey be inferred from significant chanpes in the
drook levels, A ﬁ.mp of 50 fast in the bedrosk level between
w ;@G #nd 21.0 colncident with pradients in the resistivity profiles,
pugrests the exlstencs of & fault. The fracturs mens encountered
in ﬁha tunrel below peg 20 seems to confirm this interprstation.

in this mﬁm, wariantions in the foroe of gravity over sn
fres are measured with 8 senslitive irstrument called a gravimetor.

Az the gravitational attraction of subsurface material
depends on iis denalty, any subsurface siructurea csusing lateral
Inequalities in the density dlstributlion will produce variations or
saomaliss in the gravitatiomal force as messured st the surfasce.
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An inherent difficulty in the Interpretation of gravity observations

results from the fact that any giver gravity anomaly can be produced

by 8 number of different mass distributions., Additional cortrol

by geologlical mapping, drilling or by uving other peophysical methods
is therefore required, together with a knowledge of the densitles

of the subsurface rocks, :

-In ths problem of determining the thickness of relatively
l1ight se’iments overlyling denaer basement rock, it 1s considered
thaet any replonsl trends in the gravity values can be removed on
the assumption that they arise 8rom deep irrepularitlies helow the
basement. If the tensity difference hetween the sediments and
baserent rock i1s known, the remulnirg gravity anomalies may be
irterpreted in terms of variatiors in the thickness of the sediments,

The unit of gravitational attraction used in this work 1s
the milligal, which is approximately one millionth of the earth's
gravitational fleld. The Atlas gravimeter, used in this survey,
enables relative gravity velues to be determined with an accuracy
of £ 0,02 milligsal.

Applicability of Oravitational Method in Trevalliyn Xumnel Iavestirations,

The density of so0lid dolerite 1is spproximetely 2.8 gm. per cce
vwhereas the aversge density of owerburden mamterial, is estimated to be
anpproximately 2.2 to 2.5 gme per cc, With an assumed density contrast
between solid dolerite and overburden materisl, the anomuliss may be
interpreted in terms of the varlationa in the depth of the dolerite
below the surface. The snomalles interpreted in this way sre
considered to be purely loecal snomalies, The dolerite overlies a
hasement of Permian secdiments and rocks of older apge, As the
dolerite 1s prohably denser than the Permian sediments, the gravity
values will probably show the influence of any changes In level of
the base of the dolerite, such &s would be caused by block faulting,

It is considered however that the interpretationa of this deeper
structure would require a more extensive survey gilving control of
regional gradients, and would &lso require the application of terrain
corrections to allow for the effects of the South Esk gorge and

other topographic features,

Results.

Gravity observatlons were made at 100 feet intervuls along
the tunrel line, The observed velues, to which corrections for
elevation and latitude have been applled, are shown &3 & profile
in Flge. 1, Plate No, 2.

Significant depréssions in the profile (nesgative anomalies)
indicate greater thicknesses o overburden in some places than In
others,

A quantitative investigation of the nepative snomaly
between pegs 4L and L5 has heen made by comparing it{ with the theoretical
anomalies due to different hypothetleal troughs in the dolerite, The
denslty difference hetween dolerite and overburden material was
assumed to be 0.6 gm, per cce. A close approximation to the cbserved
anomaly would be p  oduced by & trough rectangular in section (except
for broadening nesr the surface to colnecide with the seismic profiles),
400 feet wide (between 47.5 and 5l.5) and extending to a depth of at
least 500 feet below the surface. The trough is assumed to cross the
tunrel line at right-angles. This result shows the probsble dimensions
of the body of low Gemsity material reguired to account for the chserved
anomalye. The tunrel level 1s 300 feet below the surface and it 1is
therefore corsidered that unsound rock will be encountered in most of
the tunnel between pegs 47.5 and 5.5, as supgrested by other reophysical
methods of investigation. 1In the incllned bore hole No., 2038, solid
dolerite was cored from 151 to 277 fest slong the hore, then westhered
dolerite to 335 feet, where solid dolerite was 2;;aln struck and
continued to the end of the hole at 338 feet/
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The megative anomaly extending from peg 13 to 18 was
analysed in a similar manner. W1lth the same assumed denslty differ-
ence, a rectangular trough, 200 feet wide (between legs 14 and 16)
and 300 feet deep would produce a anomaly of approximately the same
magnitude as that observed. The 200 feet length of unsound rock
in the tunrel 300 feet deep indlicates the probable exiatence of a
trough similar to that postulated, and tends to confirm the validity
of the interpretation method and of the assumed cdensity difference
of 0.6 gme, per cc,

The small negative anomaly of 0.4 milligal between ps gs
31 and 35 1s coincident with very low values of resistivity and a
depreasion in the seismic bedrock profile, The gravity arnomaly 1s
not fully accounted for by the thickness of the overburden materilal
as calculated from selsmic messurements, 1t is conslderec that
irregularly weathered zones, undetected by the seismic method, may
extend to the tunnel level in this section, & result which agrees
with the interpretation of the resistivity proflles,

VIiI. = SUMMARY AND CONCLUSIONS.

Three geophysical methods of exploration, electrical
seismic and gravitational, were used in a survey of the Trevallyn
tunnel line to locate deeply weathered and fractured zones in the
dolerite through which the tunnel 1s belnpg excavated,

The principles of the methods, their application to this
survey, and the interpretations of the results have been dlscussed
in the text. Predictions of the zones of unsound rock likely to
be encountered in the excavation of the tunnel from peg 23 to peg 67
are supported by the comparison of the geophysical results with
known :conditions of the dolerite in the length of tunnel already
excavated,

Along the tunnel line between peg 48 and 5,15, resistivity
seismic and gravity measurements have confirmed the existence of
a deep trough of weathered material extending to tunnel level. It
is considered that aX least 300 feet of unsound rock will be encount-
ered in excavating this part of the tunnel.

From peg 32 to 34, low resistivity values comparsable
with those over the known zones of unsound rock, &8 negative gravity
snomsly and a depression in the selsmic bedrock profile incdicate
deep weathering of the dolerite and 1t is oconsidered that 150 to
200 feet of unsound rock is likely to be encountered at tunnel lewel,

Narrow zones of fracturing and weathering, believed to be
associated with jointing or small scale faulting are indicated by
significant gradlents in the resistivity profiles at pegs 29, 39,

42 and 64, ard by the sharp resistivity 'lows' centred at 57 and 61,
Slight depressions in the gravity profile coincide with the resistivity
indications at pegs 89, 42, 57 and 64, It is considered likely that
all thesc narrow zones go down deep enough to affect the condition

of the rock at tunnel level but the results do not provide any reliable
estimate of the actual length of unsound rock at tunnel level,
assoclated with each zonse.

The results of this survey have exemplified the advantages
of using several different geophysical methods in the investigation
of one area, Each method needed supplementation by at least one of
the others for & complete interpretation of the anomalles. Though
the selsmic method was the most direct method of measuring the depth
to the dolerite bedrock, the jointing and lrregular weathering of
the dolerite tended to reduce the accuracy of the seismic results,
In two places along the tunnel line, exceptionally deep weathering
was indicated by the absence of refractions from solid dolerite,
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The 1imitatlons of the slectricsal reslistivity methoi of
invastiration huve heen mentloned in the text., Houwevar, liis
epplication, purticulsrly with the co-shani elecirode scpuratlon
tachnigue haa nroved successful in the present surveye

The rraviiy nethoil needs control data, supplied by drillling
or other gzesophyaical methods, for a vuantitatlive unalysis of the
ohserved anomallies; 3its purpose wus most usefully served in the
investipation of the iwo desp troughs of weathered mmteriasl, where
the normal refractions from solid dolerite were not recorded.

The corpletec excavetlo~ of the turr-el will revesl the
derree of acruracy of the jeophysical 1 terpretation, The value
of the survey will be prestly erhsnced if eventually & cocuperison
is made between the rcsults of the geophyslcal messurements snd the
actua). rock conditions encountered over the whole lenpgth of ihe
tunrel, Heyarded us a test of the applicabllity of the resistivity,
selamic and grevity rethods to the problem of turniel Investigation,
the Trevallyn geophysical s:rvey should be & useful guide for other
tunrel investirstions which may be required by the Tasnsrian Hydro-
kleciric Commisaion,

(J. He LUILTY)
Geophyslcist,

#delbourne,
October 1953.

Distribution:

1. Hydro-tlectric Commission, Tasmanla,
Ze Chief Geologlst, Canberra,

Se GGOphygical Lihgary, Mblbgurne.
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