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At the requost of the Tasmanian Hydro-Electric Commission, 
a Beophys1cal survey "'~S carried out along a tum-el line at 
Trevallyn, a suburb of Laul':!ceston, North Eastern Tasrna:t:'lia. 

The excavation of the Trevallyn tunnel is part of the 
lljdro-Electric Trevallyn Power Development project to utilise the 
water of the South Esk rlvel~ for generation of electric power. The 
construction works are alrea,~y well a dvanced. A dam is beinr; built 
on the river ut the Second Be::;i. Water from the catchment will be 
diverted through a tun'1.cl two nilos long to a power station, situated 
at sea level on the Tamar River. A locality map is given in Plate 1. 

Three e.;aophysical exploration !":;,ethods" electrical, seismic 
and graVitational, were used to locate deeply weathered and fractured 
zones in the dolerite bedrock, throur)l which the tun~el is being 
driveR. 

Two geophYSicists of the Bureau of Mineral Resources, 
assisted by two Commission employees, completed the field measurements 
in ten working weeks during the summer months, November, December, 
1952, and January, 19;;3. It is desired to acknowledge the co­
operation of Dr. S. W. Carey, Geological Conoulta,0.'t to the Hydro­
Electric Commission. The discussions between Dr. Garey and officer. 
of the Bureau were particularly helpful in the planving of the survey 
and interpretation of the results. 

11. PURPOSE OF GEOPHYSICAl. SU;" VEY 

The rrevallyn tunrel will consist of two parts, one 
7,200 feet long from the Second Basin to the Ulen Dhu fault and the 
other, 3,000 fef!\t lonp" \"Ihich continues from Pitt Avenue, down to 
the power station at the V!est Tamar Road. (Locality map, Plate 1.). 

At the time tho geophysical survey was requested, the 
latter part had been excavated. From the Glen Dhu fault towards 
the Second Basin the tunr,)el 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 tun~el level were 
considerably more numerous than had been expected. This resulted 
in a slowing down of the work and also created the problom of 
providl~g additiopal materials for supports and lining in excess 
of the originally estimated requirements. 

The aim of the geophysical survey was to determine the 
location and extent of zones of fractured and weathered rock in 
the remaining 5,000 feet of the tunn.el line between the Second 
Basin and the Glen Dhu fault. If such informatioIJ could be 
provided in advsnce~ it would be v~luable 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 tunn.el would be 
l1kei1 ~o require lininPt and supports. 

Ill. GEOLOGY OF THE AREA 

For a full description of the geological history of the 
Launceston area, the reader is ref.erred to "Geological Report of 
the Launceston Quadra~gle S.E. Quarter" by S. W. Carey D.Sc. (1947). 

The followinr. is a summary of the geological events and 
processes which concern the area under Investigation. 

Th~ course of the tUnJ'"'el 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 ~any 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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tallOWGd tM intruslo11. !'be "~nJ.ltan' Lofier 1'ertlar;r peneplain 
of dolerl~. _~ with l>au1'. an« laterlh 1n _n)' pl.a.a .. waa 
v.ken \1P dvlngtM .~F1J 1!1~!1. b: Violent tault1.~. !ll t:be 
l'Aune •• ton aHa,. a.· •• .rl .. o"-lor ate.preults wlth. SPSl 
QOJ"t:b-west ~8l'tt1 • .r~ .".p raul:t • ..",.pa. whioh aMI··· •• t 
_In topoP'"apklc r .. ~.. 'ftle .. ~.yal17n Faul.' aearp 14 • na'Uftl, 
bounda17 b.'-.n TF .. 1~ .... b""'htverag. elevation 400f •• t)an4 

· ',b& Launo •• 'onelt, area ( ... laval). "'80$l1> of ,he Glen Dhu 
fault, U10b tbe twu.l 1.1nee,po8u •• at J"1811t,.ne1 .... 111 appr(rXb.i!l.tel.J 
ICO tN' Mab. 

In 8dd1'1_ to tmttae Pl"~ fault •• t ••• aN two 
p~ounOd .,.t .. ot loin's. In the 401er1te. p1"OlUtlentlJexpoaf14 
In the 3OU$h Bale S-1f;8. en41n 'ha ,'WlU!., ., ~vall,.n bridge. 

· In Olle 474$8-. tMjoltrta trtmd 1n a north-fta' d11'~ot1011 pa~all.el 
t. the _lor. tauJ.ta. and pobab17 .. l"&!'lBe 1tl _en1'l.'ldetJ"co. _" 
j01nta wlth little .. no jlf'f'e:renblal mo"em,ult tbrougb __ 11 
t.lilts wlth • tew tee' &f Mveant up to tho a1ft of '.1r1, i_ortan' 
taul'.. Almoa:t ."""l.pt ansltul to thiB II,... 1 •• n.oth.1" $)1atem 
of joint. ~ndlng l'! .. lh-.HUll. '!be Jo1nt llJat_ have bun .t;:be 
conq.olllngfaetor til the d.velopaent ot theatream pattern tIl the 
41stn •• _ flafll of' tbfJ -.lor Joint .. " tl'aced tr<* aer1al pbotograpM 

· tlH shown on a map aceoapau111ng, tbe ab&v~_ntl.oned rop~t. Two or 
... eros. the ~nel 11ne aa abown 1n Plitt. 1. It .. Yo.r,tM 
raport sutea, tbf! •• l.Atotlon or tho.e to be In~lud.ed in the _p 1& 
"the. a-J'blt.ra1"7 81n_ the ahea,. and 'oint. range 1..11 aU. from 
-Jor f:raotuna to u1._11 .paced jOint. at interval. of g crS t .. ,. 

haot1lt"'lnl and aubsequent.. IltuAthe:rlng .lon, tbe.e .fault • 
.. je1nt planas have e)tterAild to deptba r4 at lHat 300 tNt bel_ 
tile £lUf'tace ill pUc,ea. .lons the tannal 1J.;.~.aB reveal.e4 \)1 t.be 
acafttlona t.o (late. In ,_ aoutton ahown 1n Plate 2, the alladed 
poptl,ona or the ~nf~l 00. wbel"e unaound J."ook baa been .nc,$Uo."lt.red 
. ..s at .. l npport. have been requlre4. In tb ... place •• the doleriM 
in ien.ftl 1s ahattctt"ed int.o fr4tg8ni:s and ata--o..l'1£lJ .".thered an4 1n 
t_ auoh plaCea atr~ n .. or .t.fU!' _N met. In tho unabaded 
portion of" t,M tunnel •• ctl~, whore thtl rook 1s aound in the •• n ... 
... ... porta .... not "qUi-Md. the do1v10 showa lrregvl.ar 
jotnt1:na •• ltb calcite v.irA .tlUlng sou of the Joint.a. . Po~labed 
taee'ted aurtacea te11ok.,.ldoZ$). tormed -1 \ha 41fferent1al. mov4lmOn' 
of t'aultbl.ocks., WOP. Viaible at one of the abrupt cOf;ltactabet __ 
aound .an(1 u~sOUQ(\ roek. . 

~ lose. ot.lsl'l' UOl". Dol .... 4l-111odat the positIon. 
ln41eat.-t .oIl the 'u.n1lel line !ut()tlon (p1ate 2.). abow tlla. the 
4eptm et ,,~.oomJlrilng Qf $o11a.cl.ap and weathered. 
,4ol_1 __ , ..,.1 •• ~tl.l. ftIB valD al •• ot t_flo.all 4ol.ert,. 
in tbe 4Jt111 ~ Ya1"'1ea .~ me41UBiY CO&t'1i8, GblQFl tl.Md jo11l.ta 
rmd calc1. 1t • .tnaa,.. oommo.n. In aOlllle or the holes. sou.l1d dolerlte 

· 1. conti nuoua tor ....... 1 hundred tNt to tunnel le.61. \Jut in 
Mh._ •• It;e~.te aol1d and aottpatcbea hay. been pen~trated oJ 
... 111. . 

1 '111' F!:W~'t~<1''I'V'''~ Q:'f~m _". 1"ar~·Q.~4'-*,1,- ,"..t·~fl ~'Jt~~. 

tllatllJ.! ,at .1M l!&!eiRS· 
A w14. range or .1.ct~lcal nal.'lvlt1ea 18 .Xblblted b1 

the rock. or tb& earth'. cruat. ·ftle· f1cm Qr elect.rloeUl"l"ant 
t~ non- plttallie rock. 1s Ulloa' allt1re1l lonic conduct.lon 
In thesolutlolla eo,uta1..~ln 'her-Ottk ,ore8.. fl1a eo.nductlvlq 
(anA btmc. 1" Hciproeal, ,_ re. 1a tty! '1), 18 d.pendent th.,..·f'or. 
en the puro81t7, degfJe of saturation of the rock and tho ~allnl'l 
of the .olut1~ns. Blp resl:niv1tlea are u.aual11 .ssociated wIth 
drJ 1.-. 8tlPta •• s:o.11;l. und. gra"el. liuld eJ!7Stalllne rocksl much. 
lower restst!,,!.,!.. a\U"e .t!.0W1~1n 01a18 and 8llt •• 
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In the pr •• en~ • .., ... e,. thO _thodtUH"i in llleQour1ng , 
, r&sistivitios 1a 1n prlnolp18 tbe &ta~rd 61.~~.nnor-P.oo~.7 method. 
Four ::il\tc1>l·QdclHS al". placed In the s;rQ'tlnd at Q'lual In:t.erllalD a:long a 
atr*lf;bt 1100. A, c'Ulfr.nt I 18 1,ntr04~f)e4 Into tho ground throUGh 
the two outer electrod •• and the "eault1ng potential diit.renee E 
lMtwllm \M two in."1ttr elcotl'odea 1a _a.~. In 'the ldetll ca •• 
ol & homogeneous 1sowop10 eartr. it -7 b& aboml t~t tbM earth 
realst,tv1'J_ is glvon by the u.pl"'eaalon." It • 2 7r. ' .. Mre fa t 1.8 
the eleetrQd •• ttparat1on. 1.e. the dlata!lCe lUlt."_!lIt wo adjaC4!mC 
ti.otr~" or one thiN 0'1 the 81,tparatlon between the other (CUl*rent.') 
81.&0 trod... In pract1oe. la70rs of dltf'ef'Q'I Ns1at1vlt1ea are 
\iauall, present below thetJ~tae.:f a n4 the quant;l t7 9' 7r Ii ! <ler1ved trom 
the ()b .. rva~1ona latttru4 _»apparent re81a'tlv1t7 Uta). . 

1"lle eff"'!v. d"pflll of tJhe 0 urNnt fl_ aft4 .__ ot /th.e 
"$18t1v1.lJ measUl"'eaent 18 1n~.-.1 b, 1nOH •• lng ta'. R'tnce. 
If tIle ~rtb uonal&b ot ho.ri¥Of-ital 1&,."'8 of dirr.l'ent ,. •• 1 •• 1v111 ••• 
\be pre3enoe of suee •• alvel:r 4ecpo;t" layera 18 l"eneoHd by the 
_nner 1n which fts elutnae •• 1t:h l-flcr._1ng 'a'. In general. 1t -1 
be atuttaeQ. that Ra 18 t11. ay@ .. ,. r •• 1atlvlt,. 01: the nmkti bet .. 
,he 31U"taOt) ann a depth approstmatell eq\tBl to 'a'. '!'bIt rolat1oneb1p 

, 1a approxlu.te, ~m17 •• a the etreet ve d.p'h of mGt).$lIirEUl1'tflt oan " 
iYinuelloed btl' the r _lattv •• eslet1vlt1es of thf.t difterent latera. 
owing to the t.cmdexuJ,. ror 'be tf'QI"l"ent now to _. eonce;r;tratedln 
lalers or law •• t rnlatlYlt,.. 

lUbin' a4 IP'~~d P£III9.,. 
Ebe uvren~61.cVG4.a u8d _1*.8,_\'.,ta1 spike. 

driven into thttgJ"Oldl4. fM potentIal el..etl"Odh HN J,lOPOU pota. 
tl11edw1tb. a aatu.rat~ 801u'10& of QOPP'- su1pba_. 1n whiob oopper 
.lectx-odtta Mr .. 1aaertted.. ~ use of .uoh.l.e'~.a ellt1'!1na •• 
eon'.u'l' pot.ant1ala at tho surfaco. Radlo' 'tiS- batte.l •• atlppl1e4 tbe 
OUl'M»' to ,he outer electrode.. An •• r .. alatlvlt, _t.r". d •• i.gnM 

.. anA buUtin _he B •• au. tlnehi.a ~,. 901_a ... our"1It rat.;.o to be 
measured dlr&ct17. 

The unit of' .881.'1111'J us84 1n the ol'mt-cent,1mlt"l"_. being 
t~ val~ ~. ~~ per uuble e~nt1~t~e of the rock4 

. In the Treval.lJn aurY';7 two. tU .. trWfm\ application. ot 
the methed W.1"8 vaed. vle •• tbe 1.~1viU,nl elMtt-ede" an4 '-" con..'Jtant 
*:.,..1*8\,1_" te.tm1q~ 

lllep.d&r&! Elt9!!:1!!I. JlttEJl,e 

!be apparent realat1vltJ 1a cb._ned tOJr 1"tlues or '.' 
trOll It t_t to B. J/.tlIlX~. of e ...... ral hnndrf)t\ eut 01" IIOP. dependIng 
on the depth to, b~1r'ittU!t8tigat". A 8.l1tillull el,ectrot1e •• paNU_ 
or 500 tee.. WAa uad l.tt the ?ro"allp t8.t.. Ae t. t 1s ln~reaafld. 
th'" eleatrode. r_ln .~tf"lo.ll.7 pla0e4 abou:t ube c9nfi1"al. polnt. 
or tbe .p~.ad. fI .... n ft. 1$ plotttld agawt 'faY •• ourve (retftl'"e4 
'0 in tibia •• pel •• a (l_,,'h pHfUe) 1" .ta1tt.d. ,_ twa of' 
wblo11 Jrl11hpem'1 on the ,..a1et1:v1t1ea .$1 \b1oknNS •• of the 
uftdel11ns laP". "-.. '--. ..,. 

5evora141ffertlnt _th043 bav. 1'>Hn e.mploJed ~Oft tbe 
(atermnalion of tbe d~th3 to the b~'1!1on.l interrace •. trOll the 
~d.pth protlle. Ybeuthod wMoh btl. bfMmto\1M most .atutaoto'!'J' 
1$ 'baaed on thfl :fittIng of &tti;.llda~"- tbeeetlea1 CUl'"vea to the 
ob"erye(i pJ:>ofU...itande:rs4 t:vua-l.alf~r e." •• have bM:ft cu=puted. 
g1y:1nS the VUl.tton of' R. wi th ta·f t_ on. U:.'Illtorll horlzon,al 
,la,er QVer1.71ns. a..~tber of tntlnl" 'biola ..... _ ". cOll.Ple~. l"ange 
at" pOl!uJlbl. ,-.t!O$ ot the lWpe'r "861:at1,,11;:7 rl to the 10"%', 1*'21 18 
ocyere4. Th& para .. , ... uae4 1n the famll1 of' cuna. 18 ra - I"~ 

. ~~~ 

whIch f:"&tlSes between 11ldte of .. 1 anA -1. In the atanda:rd and 
observed C\U'''YEUl, logarlt~lc plotting 1a "8-$d. !his _k ... the 
shape or the ourvet! Independent of' tneunlt$ uaed, and fseilitates 
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the comparison between observed and si.andarn curves. If". satiafactorl 
.flt Is obtained, the depth of the l!1torf"ace can he simply read off 
on the electrode separation seale. 

The usefulness of the two-layer curves has bAen e xt;ended 
by a prinolple known as Hummel's substItution principle, by wh1ch a 
two-layer combInation may be replaced by a s1ngle layer for electrode 
separations lar~e In comparison wlth the combined thickness. B,­
using this principle, a depth profIle representing several layers may 
be treated by aU •• 8selve applioatlons of the two-laler curve-fItt1ng 
process. !he method of Interpl~eta t10n outl1ned above nec8ssarl17 
assumes that the layers are unlrorm, horizontal 8tld of i"rlr.lte 
extent. Clearly, lateral variatIons of resiativ1ty, or progressive 
gradual changes of resistivity wlth depth tend to reduce the 
rel'labllity of the In.terpretatlon. 

Constant Electrode separatlon Method. 

In this applicat1on. sometimes called ft res18t1vlt7 
mappinp;" the eleotrode separatIon i8 kept constant and the electrode 
arrangement aa a whole 1s moyeel alo~ the traverae 11ne. The 
observations show lateral variations of apparent resiatlvIt7 
bet.een the surface and a more or les8 constant depth approximately 
equal to the particular electrode separation used. By ahowing 
the lateral variatlor;s of reaist1vl ty. the t1ethod baa proved to be 
of CONsiderable use in the Investlrat10n of fault zonea. contacta 
of dIt£erent formations and lenticular beds ot mater1als such as 
gravel and sand occurring in clays or sllts. 

A d 1ssdvantape shared by both the expa '!'1ding elentttode and 
constant eleotrode separatlon methods Is that the Observed apparent 
resistIv1 ty values are strongly affected b y surface condl tions. 
Large variations in the resistiVity of the surrace so11 w1l1 tend to 
mask the effects of deeper ohanges in resist!'t'! ty and may 11mI t the 
application of resIs~lvlty methods in some areas. 

Applioation of Heslstlvlty Method in Treval1xn Tunnel InvestigatIons. 

1'h8 tUllj-.lllng 90 f'ar oarr1ed out has shown that ullBound 
sections ot rock 1nclude a large proportIon of weathered doler1te 
and clay. It ~ould be expected that the high porosity of these 
materials would cause any u:nsound section of dolerite to have a 
much lower resistivity than that or solid dolerite. The resist1vIty 
survey was planned on the assumption that thts differenoe in resist1vIty 
would enable zones{£ fractured or extensIvely weathered dolerlteto 
be dIff.erentiated trom the solld dolerite. 

The c.haracterl~~tic resIstIvItIes of the sol1d dole.ite. 
weathered dolerite and surtace so11 in the area were determined trom 
expanding electrode tests at three p01nts alortE' the tumlel line and 
from detailed tests alonpside a nearby road cutting. The observatlonal 
data from teae tests are shown 1n Plate 2. Figs. 2 and:5. In the 
plottInG or the depth profiles the small circles indicate the po1nts 
obtained by plottIng the apparent"resistivity 8j,alnst the electrode 
separatIon. snd the heavy curves are the theoretical two-lsyer curves 
which ptve the best f1t with the observed profiles. X Is the value 
of the'parameter 1'2 - 1'1 for the particular two-layer curve selected. 

1'2 .. r1 
The expandinp electrode tests on ,the t'UnJ~el line wl11 be 

referred to 8j."",ain 1n a subseC'luant sectIon, but it 1s approprIate 
here to discuss the :flrdin~s 88 to typical reSistiVIty values. 
In these teats. the line of the electrode spread W83 parallel to the 
tunnel line. The depth pro.f11es for the tests at pegs 8.5, 23.5 
and 60 on the tun;'el 11,.,e show three ma1n layers. '!'he top layer 1s 
surface 8011 down to a depth o:f about one foot wIth r6s1stlYIty 
between 3,000 to 30.000 o~cm. Below this there exists a la,er o~ 
lower res1ativity between 700 and 2,700 o~cm, whIch 1a assumed to 
cons1st ot allUVium, clay and weathered dolerite, 1n a saturated state. 
In two of the tests the interpretation su~gests that this layer may 
actuall), consi. t or t ,.0 sepal's te layers but It 1s not possible to 
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identify the layers with certainty. The third layer is solid 
dolerite which gives the profile the trend towarc:s high resistivity 
values for tbe larger separations. If the dolerite were homogeneous 
and its upper surfaoe a horizontal plane, the profIle would approach 
asymptotically the resistivity value of solId dolerite. But the 
observed values at the largost separations show departures from the 
theoretical curve, which are probably due to lateral variations of 
resistIvity caused by the irregular weathering of the dolerite. 
It is considered that the result will be to make the resistivity 
values for dolerite, namely 45,000, 55,000 and 60,000 o~cm., 
as deduced from the interpretation with standard curve:.." somewhat 
too low. furthermore, the results (discussed in detail later) 
from the constant separation observations near the south~western 
end of the tunnel line where solid doler1te is knOl"m to be very 
close to the surfaoe, suggest the the resistivity 0.2 fresh dolerite 
is of the order of 70,000 o~cm. It is considered that the true 
res1stivity of fresh dolerite is probably between 60,000 and 80,000 
ohm-cm. 

The results of tests near the road cutting are given in 
3A and 3B of Plate 2. The section exposed by the 20 feet cutting 
consisted of rounded dolerite boulders two to three teet in diameter 
wi th weathered. skins but tresh cores in a mEl trix ot moist reddIsh­
brown sandy clay. Nine I:rlches of hard bleached topsoil covered the 
clay. 

~ 

The depth profile 31, taken to "ximum ta' of 64 teet, 
shows three layers. The first, wIth resistivity 3,000 o~cm and 
one foot in thickness, corresponds to the topsoIl. The materIal 
with1n the second layer, resistIvity 400 ohm-cm., was predom1nantly 
clay with a few small dolerite boulders. In the third layer, 
resistivity 2,000 o~cm., the dolerite boulders were larger and 
more numerous. 

Two short traverses, one with electrode separatIon ot 
5 feet and the other 10 feet, were made over the same area. The 
two p~ofiles a~e shown in Fig. 38. For a separation of 5 teet. the 
res1stiv1ties range from 600 to 1,500 o~cm.; ~or 10 teet separatIon, 
they range from 400 to 2,000 ohm-cm. As in 3A, the greatest 
resist1vity values are obtained at the deeper penetration. 

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

SummarIsing the foregoing discussion, it may b e stated 
that the resistivIty of fresh dolerIte is about 70,000 o~cm., 
and that of the weathered materials (excluding surface topsbil) 
about 2;000 o~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 w~athered dolerite 
may range within wide limits, dependIng on the extent to wh1ch 
the weathering has progressed, so that a seotion of rock actually 
unsound for tunnelling may have a resistivity cOl~iderahly higher 
than the value adopted for the weathered materials. 

The resistIVity survey of the Trevallyn tunnel line 
consisted mainly of constant separat10n observations, ae it nas 
considered that the recording of lateral changes of apparent 
resist1vity along the tunnel lil1e would be of most value. Only a 
limited number of expanding electrode tests were made, and these 
were maI~y for the purpose of finding out the typ1cal variations 
of resistivity with depth through the section from the sur~ace to 
the aolld dolerite. As wIll be outlined in the report, ambiguities 
which are common 10 resistiv1t~ linterpr~tation were reduced by the 
use of two other independent geophys ical methods, viz., seismic 
and gravity methods. 
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Const.a;lt Elect1.1 otie deparatlon Hesults. 

lleasurements of' apparent resistivIty Wft1"8 lll8de at i'l'"!t8rvals 
of 'CiO feet ulo:1g the tUrl, e1 11:18. Blectroue separations of 50 teet. 
lOl. feet Q,1d 200 feet were used, givIng thereby profilos for tihlr .. 
CUr.rel1 ent effective depths of ,uleasureLdent. The proi'tlos are shown 
in Plate Ho. 2. 'fi'lg. 1. 

As the hif.';il raaistivity (iolarlte is ovarIal,1 b'Y Ilrt overburden 
or much lower resIstivity. the pI'of1les will show hit h values where 
tha overburden 18 thin anu vlee vot's.a.provided the depth to the 
uolerite remains within the depth ranga of reslst1vi ty measure!~nt 
for the particular electrode sepkratlon used. Hence the profiles 
may be l'nterpreted In tt:lrms uf the relative thlcy.nes's of the over. 
burden materl.a1. Partioular attention must be piven to steep 
crudtc~ts in the pro.fl1c. because they may be due to abrupt lateral 
changes of rosistivity assocIated with deeply westhered zones or 
fau11.s crossing the tun' el line. It is ohvlous that the ""'ethod 
w11l he limited in its ahility to detect very narrow ZonAS of low 
resistIvIty wlthh.! thE. dolerlte as t- fit voltage- ourren~ ratios 
necessarl;ly indIcate 8Vt:rap-6 valu:s over. the distance between the 
potentlal elec~rode8. 

l'he resistIvity profiles from the berlnnlnr of the traverse 
at pe~ 0 to peg 23 c!tn be cOMllftred v.1th the known rock co ,dltioos in 
the part of tun'el .lready excavQted. 

Bet_een pei!. 14 and per. 16. the drop on all three profiles 
lr,d1cates & (eeply weathered zone exterioln!' to a ceptll gr'cn tel' than 
200 feet. rhe effect of' the hlf'her resistivlty (iulel'lte on elther 
slde will tend to mak~ the value of the resistivity mInimum s~m •• hat 
h1r,'her than the true vslue at the centre of the zone, t)Elriilcularly 
,for '& t • 200 feet. In the tun. ,el, uusound rock Yeas encountered 
in a positIon which coIncides exactly \I'lth the l ' esistlvlty lrd1cation. 

The comparar.ively hlr;h values 01" resl~t1vlty betwee~ pegs 
10 and 14 and between pe~. 1'1 and 20 are attributable to a decrea •• 
in thicknes8 of the olJ81'burden 01'1 either side of the oeeply 'Weathered 
zone rererred to above. 

Particular attention 1s drawl'} to the gradient in 'theprot11e 
between,1egs 8 to 10. and to the steeper gra61ent in the vicl '~1t7 
of peg 20.5. In both j')laces the grad1ents correspond to narrow 
zones of unsound rock 1n the tUrl'181. Those shat~ered Zones are 
helieved to be the fracture Z0f!88 between adjacent fault hlocks, 
the chanp,e in t~cknesa of the overburden from o~e hlo~k to another 
batnp. reflected as a prud1ent in the resistivity urofile. It has 
been rncntioned 'tha t m1nor- faults fjror:ably exist piiI'allel to the 
muin fault system. 8.,(1 1n support of. t~"ls there is evlde,i)ce of 
diff'Arential movement observed 1n the tUl1;r,el at Or'lt;t of t.he I1hrupt 
contacts lletween sound and u!)souno .('ock. 

Drom this exam1nutIo!1 of' th(~ rsslSli1vlty results oval" the 
~"1'1o\ln sec;;1on ot: the tUrtLel. It;, is cC)l1s1dered that:-

1. J:dajor zones of deep. eathtring are !r1dlcatied b, 
well-markeu minima, and 

2. Steep gradients are l>l'obably i~,dl,catloi1fi of faults. 
aad therefol"e nay serve to lonate frac;tut'c zones 
extending down to twnle~ lovel. 

The results on the l'emtti.l(ier of the tll'fl':Cel line will 
{ no ... be dlccussed. 

~ ttrom f:H to JO, the drop 1'1'l the rei11at;lvity value~1 ;,:03'1; 
.market. 011 the 'a' = 200 feet prof'lle, sur', :osts t}1c pr'('ssncf! oJ' a 
t~au~t. The vel1tlcal drill hole Uo. 2U44 jlrovides no de1'1rrtt.9 
evlucnne of: a f'uult. However it .fihows that there are fa1z1.;; thick 
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weathered sections of rock at 1nterva19 down to 365 reet. 111e 
penfttl'atlo1'l of weathering: processes du'm tu thl!:; dopth 'Woulo }l8ve 
been uBRlnted hy ~m~ fl'«Ct11l"iLg &sscc:lu te(~ ... 1 th 6. raul t. 

T't.a low valuefJ of I'es:tstivit~ between 32 arIa 34 i rdlcftte 
a zone (;f deep weatherirrr which .. from COIllpar180tl with the valups 
over the known acctlon 14 to lD. is cO~',s1dered llkel) to ext-end to 
tu.:nfel levtll ~nd produce peor I'OOk. condltioflJ for & le:rj.'tll of at 
least 200 teet. 

Betwee:'l 3;:; and {6. the so11d doler1te is probably not 
deeper than lOti teet from the surtace. Between 39.5 Ql',('j 41.b 
there 1s apparer1tly a hlr;:her block or dolerite 0:· either side o~ 
.hIen thfire is the poss.tbility of narrow fault zonea. 

!-)etwee"l 48 a~d DI.5. ~he low valueaoi1 the 1>1"0£11e8 
ird1t)Bto another deeply wQuthere,:!. z01e. 'Which I4ust extend down to 
tU'1 r,el level. It is ao~'sldGred that the tun:-el will be in poor 
rOCK here over a le,gth of at least 350 teet. ~h1s 1s the ~ost 
important f6ature revealed by the reslatlvlt;,r survey and 1& 00.,,­
rlrmed by both gravity and seismic results. 

Between 54- a:>1.d 66. very hIgh values of resistivity were 
observed and oan be attrIbuted to the closeness or the dolerite 
to the surface, as 1s alao shown by the seismic work anG the dr1ll 
holes No. 20:56 and 2037. The &l.Jparont resist1vity ap~roaches the 
true resist1vity of the solid dolerite. The t~~ §teep t~ougba 
centred at 57 and 61. shown very strwilely on. t~e fa f = 200 feet 
profile. are 1:1dleatlve of narrow zones of low resIstivity. and 
could i~dlc.te rractured zones with weathering extendlrg down to 
'tUJIDel level. 

E~0andln~ electrode Tests. 
111 

The Interpretat10r of the depth proflle8 shown in Flg. 2. 
Plate 2 gives the resisttvities of the d1rrarent layers, which have 
been referred to 1n some detail earlier 111 the re ,Jori;. n.!1d the depths 
to the t~tertaces. 

Some ad:iltlo~al relT'Jlrks regarding the depths to solid 
dolerite are required. 

Teat 'No. 1 (PositIon. 'per; 60) , The to,P of tho so11d dolerlte at a 
depth of 7 teet 1s 1n l~ocd agrn e:1t1'l'lt witll the log of the drill hole 
Po. 2037. which sho'.1r. a depth of 0 :reet. 1:l~d in f'a1rly good agreement 
"lth the calculated se1.snlc depth (J1: 12 feet • 

.... e.t NOs. 2, (Posttlo1l,& peg 23,5). In order to achieve a ,rn8sonable 
"1:, wit the sta>xlsrd curves. lt has be~~ll neCessB17 to assume that 
the sectlon between the su~race so11 and the dolerite comprises 
two separate layera. The estimated depth to dolerite is 32 teet. 
No bore data 18 ava1lable. but the cJ:tlculated seismIc depth is 
50 teet. 

~est No. 3 (Position. peg O.fit. The observea depth profile shows 
the presence or tour separate layers, but the irregularities in the 
prof1le. due probab17 to lateral variations in resistivity withIn 
the electrode spread. make 1t impossible to ach1eve ver1 satisfactory 
tlts with the two-layer curves. The estimated depth to solld 
dole!'lte (37 teet) 1s theref.ore not regarded as &I re11able deter-
mination. It 1s conslctel'ably 169s than the calculated se18mic 
depth. (77 teet). 

'rile main purpose served 'by the expanding electro r1e tests 
bas beer; to ahow the variatIon of res1stlv1ty with the d(ipth from the 
surface down to the solid dolerite and to e.-labla quantitatIve estimates 
to be made o:f the typical reslst1vi,t1es of weathered and solid 
dolerite. 

The diffIculty 1n obtaining reliable interface depths from 
the depth protiles, as experienced in the Itterpretatlon of tests 



a. 
· I anCl3. 1 ... aleb· is . ~".!lt.17 ltnCOtmterod 1n the u. or 
.,.naln~ -.le.tnde ldJlJbtd .. 1. the _1ltnaaon wh)' tbareh'a.'lGft 
_talc _tllott u p....u,. P"t~ wlan 4ept.b8 \0 bedrock aM 
nqulHd. 

v snsmc amm -. ,$i' II~".,.I'~·' 

... trJ.u~Jal:e it tlU! "!lada 
~a.1a_o _tbD4 ot6xplOlMtlon 1. balJe4 on tbe tae' 

,_, the ".loelt7 of ...... p~.'1on4!.rr.%"'a p"e~t171u different 
kln41 of POoks. In lUil •• itt 6.xp1oratlon. the on1,. velocities t.at«m 
L"!tio aoeoull' aN'~. or t~ faat(si5t _vea. nuel:r ihe longlttldtnal 
.. e~.~Ul:lon waves. Orr. taU!!}. roeb hay. veloeltl •• 1n tbe 
l"ange ot 10.000 1;0 ati.OOO f.p.s •• ~."d .t.,u._l1t&r,. ~oeka 6.000 
'e 1&,,000 r.p.e •• ul1,conaellda,.d eeau.rdi. 1,,500 to $ .• 000 f.p.s., 
. .-nd aupt'«o$ Go118 SOO to 9,C-oO :t.p.a. Wave valoc1tJ Ibro\l.lh a 
"ok 1. d.,.ndent em 1ts ela.tic pr~».1tl ••• 1fJUcb aM att$.t.~ })J 
--1 taot .... nob as 'extUMt. co~et.ion. • .aolature. \'014 spa •• aa4 
",ntatlon. 

kbsd.e _~o are reneete4 and retrAc~ at an 1nt_rota .. 
"'t1feOn two ~. ot l'OOk heyLl'lg ".l:tt$Mnl •• 1oclt1 •• of propap.fil_. 
lrt " _mer fU1a1agoua to that oE 11gbt liaves at the· bQun~..apl • .a of 
_tioal .01&. The abler ObJeot1". _ ael.a.«; WOJfk 14 t.o deterJdne 
U. cu'st.no" 'b6twHn the Mll"'th'. aurraGe and reh-aot1ns a:n4ren •• '1q . ~.OmJ b81011. !fbe 1nterpretau.on is DUM on. oo'QlNlte11 .. a __ 
Dave1, t!.-. ,or the •• I_Ide _ft_. . 

.,)a191~ tM .•• 1a1do _thod Ioaha11 •• depth 4ea.rda-
· _"._ ,be Htno'101l t;~hnl._ Sa u~ !he .o1Hd.c Myetl are 
~tle1!d b7~a_ll e.xp1ulye obarge at a ~'b or a lew tee' be1_ , * gl"w."ld 8urfa~.. OeopbGi'lea. (deteeiora. MUlti .. to eat-'b 
.l'bntlona) Nt on tbegrOU!:ld at .... UJ!la4 d1atance~ ~long a 
."llb' 11,. :troa the eho' po1nt aM electrloall;r OCnMote4 

· ~ -_11fte" to pbOto81"aph1ca.ll,- HCording galvano.tol'a • 
.. ab.t 1'I'NJtantand 'he at*rIval ot 'he ttrat ••• dlet'W"banoe at 
__ ~ophGne are r8eOl"d$d end. an acowato •• ,,\ire_ntis tMrey 
•• lned or t~ travjIll time of t~ seia:m.o .96$ btU'1IGBf1 the abo' 
peint 8nd ... h ot t~ geophones. 

~ Intet-pret.t1on or the obae~d 'rfnrel.tlaG de ttf. ..,. 
'M expla ltl~ b700ihld.der1nSlll nil""'" of boriaontal la:rel*s, where ./ 
... b suoeeaalv.l,-4eeperla,_ has • bJ.ghes- veloelt'y .. n the 1.,.1'" 
emrft 1t,;. !be tire' ...... to reach thf.t geophones near tbe.hot 
,.lnl -Ill be tboa •• hlch travel d1reetlJ' ~,h tbe tire' 1.,. 
fit low v.loclt,.. At tlCutrtflln 41atanee r~ the .hot polnt,the 
fl.-at at"'.r1 .. 1e at 't;he geopl'.u:mC\t. wUl be tbo •• wavea 1Ihloh ,"val. 
4f.t.w1 tbr:wg'h tM fir.' lil,O,.. undw"o r.tr ... lon .~ ,be 1n~_ . 
., _. fl.-at and .• econd lapr and tMvel. along thta inter! ... wlth 
a. ftl_1~J'ot ,be .ec0n4 la,,_, an4 rl.na11J retvn to the surta ... 
GnpbOnfJ$ -'111 turlho .. --7 1IIill reGAlly. theutiNt arrivU. ,... _ft_ Aha ... at .eper int_ta .. a .1~ hipr "el_lil •• and 80 .. . 

~ ~vc1 ttae. ot the _ve. ue plotte4 aga1nlJt eli_tan_ 
er thep;eopbon •• t'Poa.tbe .bot po~nt. to &1", ••. t!l.ae-dlatanoe 
.. ph eueh •• t~ sb.rlrln In Plaia No. I. Plg. 1.Froa the .~ 
«tat.B_ p.ph. !t 1a paaa1ble. 1n 8&1'lC'al.. to obta..1!k,the v.looS'I •• 
flttbe 187ft" andtc,) calculat. tbe deptbe to tM 1nte:rt'ae... he. 
_o~Ud _tnd.e Gag. it 18Jmo'iln 1fibat tD. of' .tiv1al. 1. 11k.17 
.. fh.,~pon4 t., • paptloular veloeltJ. for .... 1.., the aol1.d 
401_.1' •• 1" '?sa_nla exhibit» a veloe1t,of app)tolf;1_t.171!l~O 
I.p.s •• overburden cl-,-_ "''14 weatnared dol.:rlt~ ,.000 to &.000 
t.p •••• and .urreae 8011, approxl_tel,. 1.000 t.p.8. 
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IIalRl!'!' Jatl .r.Wd ltsedHtt, 
A .ot. of SQ41ell A.IS.E.a. s-oba~"".1 portal>le reoording 

$1PJlfm.t and d.'.otea .~ WIled int_ mi • .,., ot tbe '1revallrn 
t.Dt1 11tte. 1!e41l8\1l'814ent.along the· ~ _re MClein a _.1.. '.' j ~<! 
., ,""e,.. •• a. Mob .tum.. ll000.ftMt; In l.f~~ SbO' polnta .... J ~ .. ~! 
lout4td •• both .na. tit the-.t# ........... ~ tray.l ,,1_a tMtre ~fJ!.-~ 
l'e"wdmt rop ayes .,if> .... U1na s.n bo;:b dt.eot.1OQ(I. . fill ••• lm1"., .~ 
...... ~ _tIaod'''r .. l~ td.Ma, U ._41184 .. giv. the .,. 
., __ to ~rt-actlna s\l:rtaeti. below O&Oh.~ pe;intt. 

bm!!· 
P'laM~IO.2. 'Pig. ~ •• ~'he e.y&l '1._ plottM 

apinst 41at.n~tfa f'l"0lI ~. shot ;»olnt fCfl! _011 ot tme ttilayeraeo 
~I! the tunMl lIne. ~~. l.a,.l"a aH .Yld.iilnt 1n aoat ot the 
tftiy$l"u.. tf1w r1rst.l.a~. v.l.GC.1t7. 1.1.)00 r.p •••• eOlT'3aponda 
to t'b.o .UJlr8C~ waat:Mre4 l..:l.~.. ~ aecond 18,., ".1001t1 4,000 
,. 5.000 r.p_.e, u that fJft. u.uc(lc:~olldiLt;a4 OY81'b~ m-t;.ps.al • 
•• 11"18t111g of' 4la7$ lind _tberod do1Grlta. R.tNe1floliG r.- the· 
.-f'a.a or .~ .olld dolerite aPe lndloat.d \)7 'boa. pel'tlona at tt. 
,,1Jae...,d18tanoe owve. 1n .blob the ~Qlppooal of th~ _lope i • 
• ppf'oxl_ 'ta;l.l 16.000 r .p.a. 

'The d&pt~ to ii·be aurface ot ~ aQl1(1 4oler1t. ftre 
calcul,s. ted. _n.dth~ r.lnl.lt1;~ a.i.mit: 'bGdroCk pr-o.fl1e 1"ahom. 
'!be aoc\tr'Gel or the calculated d.pt:ba ov., tdl.o 'tunnol Une wUl. 
mdeubt«U.7 'be l~UCed ,~. the ab'g,~rreeot a ella»}> boun&ll'7 bet-..n 
_'i~ l'Oek and aoU. rock. :In tbe tcllow1ng tab],$', a.ieldc, 
ftlfUlt., are o('~jr,>arM wlt.b 'b._ holl@ 4ata. 

COMf~!&2li, £11''' ~lJ;,'UAG ita'!ittiP AlP, Bali i9.lt1.Ri:~A 

Bwe Role z,r o. Solid Po1l1J"1'. 
L~ inSW'Q 

CalculAted 5.!aId.o Depth 
fio Sol1d DolariM _La.... 1 -1 ~-$ "'1nr' 1 • •• _. ... t!: dj( • oj it d _n. (' lR .• r 

2tl$6 at - gee' 
203' 8- 350 

i'103a (lne11nac!l) 151... 'BVV' 
335 ... 338 

2059 (lno11ne4) VI - " 
124 -160 
1.,0- 201 
208 ... ,350 

2048 15 - 286 

2043 

9044 

2045 

18 ... ale 
219-8. 
90. _ 
M- "14 
9.1. -:u.l 

14' - 1"" 
18 .. R32 
#40 ... $11 
"-34:9 
aSQ - 395 

25 - 30 
40 - 363 

367 - 369 
383 - 390 

'~ 

~f 

12 

> 150 {"'\O retract.loa 
t'rQm dolerite) 

70 

'15 

1,0 

55 

69 
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t'Jlapa 1 .... taauaa. .... _ 
uta at bot"e hol.es'Boa. 101&. S03"l. 

" .... , 

'!£1 bore 11"l68 ... 80$ .... 2044, ,,. altePMte ••• '!.oM 
fit .0114 an4 Matl"'.-ed 4olui_ b .. 4nll ... 1nd1oate tbe 
""gu1a~ natberlq fit .. ~k at. ..... po1ft'8. I' J. 
41tticndt io dec1_ tr ..... ~ 1_ .. , ngee .~ be taX-
.,.. the deptba wa.114 h1_1'. trw' eGllP81'lnn wltib the .e!_to 
... uJ:C.. • •• 1 ........ _ Sa ,,'-'1'117 • '-ttera l.nt.llcatton or 
... a.ef'ilge depth 1ft U.S •• lIIe4late .. l,olnl'J' ''han 1. gl.en 'Ol tbl ._log. 

Bore Bole .o. .... ~ ..u4 401el'. t'rOSI$5 r .. , ~ 
I. t .. , aQ:4 .'1'. a. ln41eatilon ., lbe so •• f ~ ,..k _~ ...... 
iJa. the t~l. 'b.1ew 1'. It» ulnl." .. 1..,. 4fJptll.' peS 10 01_ 

,·,.the hol!!1i 18 V5 " .... 

ftJe looatlonset .. _~ scm. or .... ,bePed _telal 
_ount .. ",Gd 1n thO ~1 .eN ,not de~.bl. !n isM anal-y.1s of 
•.• _u.s.c ~C8!'4. 

" . . B$'*-. pep 14 a. 16. tbe velocltrof _fta In. e1tbel" 
f;lro.ct1lU.'J. 1a a;;pPOX1_hl,. 1rl,.0G0 1:., ••• , ~h __ than tM wan 
.. loef.t7 1ft .0114 do1wlte (1.,-000 t.p._.'. fbe bedroek $urhoe 's. at sucb a 4epth, ,bat eM fint .y. 418"ba~ to reach the 
..,Mu .• &.1'6 tlloH "fit .... r... • .-.u... la.JU' 1d.bh 1 __ .ete1',,, belie"" h be _n1a1lr .. , ....... ol.n'.. . Beea._ 
.. ftfraot1 ...... ;ltN ..... f"Na t;bfJ .0114 491_1'., no ctt.ptb 
_ctala'i_ .-ot4(l be _48 .. t;be Hl1. 401_1t8 .. t beat 1 .... , 
Ut '0'200 teet __ in fdd.. pan or VH hl.u~.l lon.. I' .111 ~ 

l ~ ,bat u,..Wld r'ook - •• nOO'W'it~ ....... t\l~ 1 ••• 1# and 
~_, a prORf.lUnOHree1.'lYlt,. '1.' ....... 84 Oft t1l8 t;br .. cona"" 
..,.,.tl_ p"'l1 .. ·• 

Slatl.al" •• 1"1'1 ...... rMoN" "t ... P"P 48.5 an4 
~ta_, . 1. 18 aatl_,*, .that; the .. ep~. •• '0 ...... _t be ali 1 ••• '.' 
UV to 2:00 1M.. ...,,1.'1.,.1 and eleo"1oa1 rnlet1v1tr. ~ •. ure­_an baY. cor.t1nlad tM e&1aw._ of • t5eep ttJ"OUp,h of we. ",heftd. 
.t .. 1~1. ln, this part of ta. 'Wlnel 11ne. 

. TM . tl.~1crt 111 tbo c.lculat;ed •• IMit: bMl"'OCkpPOtU. 
_~eupoga ~'l and U.5 c4)lno1cl&. wlt;h mtn1Jfl Qn the reslstlv1tl 
,...,tiles and a __ U rtept1vo an~l.J' on the pay!", ppotl1e and. 

. II o.&nf!lldeJ*e4 to be duct to .. M~ acmo ot deep _.tbering wlltoh 
'1,ebab17 ,goea dowrtto _un};.l l.Mel. Anotb.er narrow wt'!"ll'th.r~u.i 
......... -17 aeG018lu t_ 'tbe .. U dttprua10n botwoen pep 67 
aa4 58. . 'fb& ro.d .. '1vl.y prot'U •• giyfS atJiOft£ ot;>rt'1r1ifllt1on ot 
"",-, and $. alight t":regatlva .. ·~l,. 1s (let"table on the #&vl'J' 
:prot!le. " I, a pca1bls ~bftl".to.r. that between pega 5'1 a1'ld ~ 
u.dolerlWt at tbtt h,.~.l 1.".1 18 traotu:re4 arid fit'ttb$H4. 

J.l~ $1"':'OW tN4mPe QllfJli. ..aul'lng t:rom tl.1rrerent1al 
... *.ntl 1n ta\llt1n&. _rel'tOt dewetable .. #uh in the •• 18lde 
,..filA. the, .'S be lntel".P.ct trOll elgnt.f"1ont _hanges in 1lle 
.. ~ Uvttl... A fboctp or 50 , .. '111 a. bedroOk level be'''' 
,.. 20 and 21.5 nmeidGn' 1fltl.h grad1ellH In , •••• 18t1.1t7 pJ'orll ... 
...... ,. the .Uaw~ • .,. .. tault. fJMt 17a.,ure ..... ~ en$cunteH4 
... ft_ 'W11"Al 'belew peg eo .... _0 oonn... w.. InterpH_tlon. 

VI. iY.!11t slUtJ!U,. 

!dM1RJ.! It,." 1t!1IIA. 
In 1dda ._tb04. ftl"la'lOM in ~ two. of Inn.,. ..... b 

.... are ~ with a M.l'l ... 1.~' caU- • g.1!'evl __ .-.. 

"- tlw graYltatl~ .1ivaof:1on oft .Q\)s~ __ twlal 
...... _ ito dell.1~. anJ .ubau.!'~.t.~'~a _ .. 1l'S.S lAteral, 
~l"l .. b ;he __ 1t,. d18trU.tl_ wU1 prc4uoe variattolla .,. 
__ 11 .. 1n U. pavl •• 1oMl t: __ •• _8'UN4.' the avta ... 
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An In1lerent dlfflculty in the interpretatIon of y~avit:; observationa 
resulta from the tact that any g1ven gravity anomaly can be produced 
by 8 number of dIfferent mass distributions. AdditIonal control 
by geolo~lcal mappInp" drl11in~ or by usIng other reophysical methods 
1s therefore required, tOl!ether with a knowledp:e or the oeneities 
of the subaurrsce rocks • 

. In the problem of deterr,l1n1nr; the thIckness or I'P.ls.tlvelr 
light se r:lments overlylnp; r.enaer basement rock, it 1s considered 
that any :perional trends in the gravIty values can be l"elTlovEtd on 
the assumption that they arlse Iro. deep lrrer;ularitles below the 
basement. It the denslty dItference between the sedlme nts and 
baser!'ent rock 1s known, the remu.1nlq~ gravity anomalies may be 
interpreted 1n terms of variatior's 1n the thickness or the nedimenta. 

'l.'he unit of gravitational attraction used in this \vork Is 
tha ml111gal. which 1s approximately one millionth of the eorth t • 

gravitatIonal field. !he Atla8 grav1meter, used 1n this 8111'''81. 
enal>les relat1ve gravIty values to be determined with an .cl~uracl 
or t 0.02 mll11sal. 

AI!pllcablllty of Gravitational llethod in Treva11m fum!el I~tlve8tls;ati.ona. 

r-he denslty ot solid doler1te Is approx1matel} 2.8 gm. per cc. 
whereaa th~ average density or otJerburden _tar1al, 18 estl:rnatec1 to be 
approximatel,. 2.2 to 2.3 gm. per cc. With an assumed denaity contra.t 
between solld dolerite and overburden n.terlal, the ano~11es me1 be 
interpreted in terms of the variations in the depth of the dolerite 
below the sur~ace. The anomalies interpreted in this way are 
consIdered to be purely local anomali.s. The dolerite overlles a 
ba.ement ot Pel'Dllan sediment. and rocks of older age. Aa the 
dolerite 1a probably denaell than the Permian sed1ments J the gravl t7 
value. will probably show the influenoe of any changes in level or 
the ba.e ot the dolerite, .uch 8.8 would be caused b,. block faulting. 
It Is conslderer. however that the interpretations or this deeper 
structure would require a more extens1ve survey givIng control of 
regional gradIents, and would slso requIre the application of terrain 
corrections to allow .for the effects of· the South Eak gorge and 
other topograp~c reatureB. 

Results. 

GravIty ob.ervations .ere made at 100 teet lnt.rv~lls along 
the tun! •• l l1ne. "rhe obaerved values. to which corrections for 
elevation and latItude bave been applied. are ahown as a pI'ofile 
1n Fig. 1, Plate No.2. 

SignIficant de~a.lona in the profUe (neEatlve Elnomalle.) 
indicate greater th1cbe •••• ot' overburden in some places i:iban 1n 
other •• 

A quantitative Inve8tI~atlon ot the negatlve anortJ~jll 
between pegs 4e and tl5 has been made by comparinp It wlththe theoretical 
anomalies due to dIfferent hypothetical troughs 11'1 the dolerIte. Tne 
densIty difference bet.een dolerIte and overburden material \Vaa 
assumed to be 0.6 g,m. par cc. A cloae approx1utlon to the observed 
enomal, would be P' oduced by a trough rectangular 1n section (except 
for broadening nesr the surface to coincide with the selsmic proflles), 
400 feet wIde (between 47.5 and 51.D) and extending to a depth of at 
least 500 feet below the surface. !he trouph Is aasumed to crOS8 the 
tUYlr 1el lIne at right.angles. ThIs result shows the probable dimensioYls 
of the body of low desaltl material requIred to account for the observed 
enomal),. 1'he tun,.,el level Is 300 teet below the surt'ace and it i8 
theretore considered that unsound rock wIll be encountered in most of 
the tunnel between pegs 47.5 and 51.5, as 8uBrested bl' other r:eoph~81cal 
methods of investigation. In the inclined bore hole No. 20~a. solId 
dolerIte lias cored trom 151 to 277 f'eet along the bore. then 1tJef;.thered 
dolerite to 335 feet. where solId doler1te waa avain struck and 
contInued to the end of the hole at 338 teet, 
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The negative anomaly extendinE; from peg 13 to 18 was 
analysed in a similar manner. With the same assumed dens1.ty differ­
ence, a r'ectangular trough, 200 feet wide (between leGS 14 and 16) 
and 300 feet deep would produce a anomaly of approximately the same 
magn1tude as that observed. The 200 feet length of unsour!d rock 
in the tun~el 300 teet deep indicates the probable existence of a 
trough similar to that postulated, and tends to confirm the validity 
of the 1nterpretation method and of the assumed ctensity difference 
of 0.6 gm. per cc. 

!'he small negative anomaly of 0.4 milligal between !l' gs 
31 and 35 is coincident with very low values of resistivity and a 
depression in the seismic bedrock prof11e. The gravity ar.lomaly is 
not tully accounted for by the thickness of the overburden material 
as calculated from seismic measurements. It is considered that 
irregularly weathered zones, undetected by the seismic method. may 
extend to the tunnel level in this sect1on, a result which agrees 
with the interpretation of the resistivity profiles. 

VII. SUMMARY AND CONCLUSIONS. 

Three geophysical methods of exploration, electrical 
seismic and graVitational, were used in • survey ot the Trevall,n 
tunnel line to locate deeply weathered and fractured zones in the 
dolerite through which the tunnel is being excavated. 

The principles of the methods, their app11cation to this 
survey, and the 1nterpretations of the results have been discussed 
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 ~onditions of the dolerite 1n the length of tunnel already 
excavated. 

_ Along the tunnel 11ne between peg 48 and 5.15, resist1vity 
seismic and gravity measurements have confirmed the existence or 
a deep trough ot weathered material extending to tunnel level. It 
is considered that ai leaat 300 teet of unsound rock w111 be encount­
ered in excavating this part ot the tunnel. 

From peg 32 to 34, low resistivity values comparable 
with those over the known zones of unsound rock, a negative gravity 
anomaly and a depression 1n the seismic bedrock protile indicate 
deep weathering ot the dolerite and it i8 oonsidered that 150 to 
200 teet of unsound rock i8 likely to be encountered at tunnel 1 •• e1. 

Harrow zones of fracturing and weathering, believed to be 
associated with jointing or small scale faulting are indicated by 
significant gradients in the resistivity profiles at pegs 29, 39, 
42 and 64, and by the sharp resistivity '10w8' centred at 57 and 61. 
Sl1ght depressions 1n the gravity profile coincide with the resistivity 
1nd1cat10ns at pegs 19, 42, 57 and 64. It is considered 11ke1~ that 
all these narr;)'I' zones go down deep enough. to affect the ccmdition 
of the rock at tunnel level but the results do not provide any reliable 
estimate of the actual length of unsound rock at tunnel le",el, 
associated with each zone. 

Tbe results of this survey have exemplified the Eldvantages 
of using several different geophysical methods in the investigation 
of one area. Each method needed supplementation by at least one of 
the others for a complete interpretation of the anomalies. Though 
the seinmlc method was the most direct method of measuring the depth 
to the dolerite bedrock, the jointing and Irregular weathel-lng ot 
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 trom solid dolerite. 

\ 



• i1'he 11mltatlolls of the Alectrical r eslat';.v1ty rnothod or 
1't'1vest1Rat1on Mve neel'l t;tenttonel1 in the text. lIo.Jcvor, its 
applina tlon, pl.ll'tloul.erly wl th 1,he eo:"St;a1'lt electT'one scpu(latlun 
techr'llque ha3 'Proved Ancces~f.ul in the ;>res811t fJ.urvey. 

The r;ttavlt.y nethor: neec1:{ cOI'.:trol data, sUi.)i~lt6d by <lr1111'1g 
or other '1.8ophysloal mfttho<.lc:f, fo]" a quant1tat1ve tl:'lalys1s of the 
observed anomalies; Its ptt'rposewu.s monh usefully sel'veti in the 
11"'1vestlgat1o>"! ot' the two oeep troughs of weathered _ter1al. where 
the normal retract10ns from solid dolerite were ~ot recorded. 

The completed axcllvatl0'''' of tIle tu'''''el will l'eVC81lihe 
den-Ete ot ae~uracy of the geophysical 1 ·tarpretu t Ion. The "slue 
of the survey w111 be r.rea tly 8T!hnnced 1t' eV8ntwally 1& COlnpEtl~lson 
1s made between the r(~sult~ of the F;eophyaical measul'ements!i,nd the 
actual. rock c01"ld:t tiona ancounterad ovep the "hole leni!th oj' i.hEt 
tUl'lr-lftl. Rej":arded f).S a test of the applicability of the resistivity. 
seismic al10 grs,vlty l"'ethods to the problerl1 of tvn;-el ~ I'lvest1gatlon. 
the TrevallJn R60phys1cal s;rvey should be a useful guide for other 
tun'-el invf'st1r;atlona whlch may be required by the l'asms.r~lan Hydro­
Blectr1c Commission. 

( J. H. f,,:,UILlY) 
Geophysioist. 

- Melbourne._ 

• 
October 1953 • 

Dlatrlbut1cn: 

Hydro-'Electr10 Commission, '1'usma~"1a. 
Chier G.olo~ist. Canberra. 
Ueophys1cal L~brary. Melbourne. 
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