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This report covers the results of seismic 
refrp..ction and resistivi ty investigations on two alter~· 
nativ:e tunnel projects for the Barron Falls Hydro-Electric 
scheme, Kuranda, Queensland, carried out at the request 
of the Co-ordinator General's Department. . 

The nature of the subsurface rocks along the 
tunnel was approximately determined by combining the avail­
able geological information with the app8rent resistivities 
and seismic velocities, as measured along the tunnel 
traverses. It is indicated that 1000 ft. of the projected 
tunnel of the scheme III may pass through, or go close 
underneath the weathered zone, whereas the projected tunnel 
of scheme X will be situated along its whole length in 
unweathered rock. 

Seven determinatiohs of both longitudinal And 
trnnsverse seismic wave velocities were made from which 
Pois!son's Ratio and Young's Modulus have been cnlcula ted. 
These showed that Poisson's Ratio in the ",eathered rocks 
(0.3P to 0.34) is higher thnn in the unweathered rocks 
(0.2'1 to 0.22). 

A very good correlation exists between Young's 
Modu;li and longitudinal seismic velocities, which may be 
used to determine Young's Moduli along the tunnel traverses. 
The empirical relp,tion between the two is given by 
log E = 2.18 log V - 2.95. 
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1. INTRODUCTION 

The existing Hydro-Electric Power Stntions on 
the B~rron and Tully Rivers are unable to meet the power 
requirements of Northern Queensland and the supply is aug­
mente~ by a thermal station at Townsville. 

The Barron Falls power station is located about 
10 mi!J.es upstret:l.m from Cairns nnd about 1 mile downstrenm 
from Kurandn (Plntes1). Here the Barron River descends 
from ~he Atherton Tableland in a series of f alls to n deep 
gorg~. The existing power station utilises 415 feet of the 
avai~able 900 ft. through which the river falls. 

The Co-ordinator-General's Office (C.O.G.) hns 
inve~, tigr2ted the possibility of constructing D. new power 
stnt ] on, and ten possible schemes have been considered, of 
whicrl two, Schemes III nnd X, have been selected for more 
det~iled investigation. Finnlly scheme X h~s been adopted. 

, In response to ~n application from the C.O.G. 
the ~ureau of Minernl Resources, Geology Qnd Geophysics, 
c~rried out ~ geophysical survey to determine the depth to 
~nd ~ature of the fresh rock nlong two tunnel lines. 
Seismic refrn.ction and resistivity (const'lnt sp~cing) 
methods were used. The survey was carried out between 
1/8/58 ~nd 10/9 / 58 by n geophysical pn.rty oomprising E.J. 
Pol1.~, pf".rty le:'.der, ':lnd P.E. M~nn, geophysicist. Field 
~ssi$t1.nts were provided by the C.O.G., who 1.1so c~rri6d 
out ~ topogrnphical survey of the tr~verse lines. 

I It is desired to ncknowledge help given by 
officers of the C.O.G. 'lt Kur':l.nd ,::1. and Koombooloomb.::1. 'lnd 
by tpe st':l.ff of the Cairns Region~l Electricity Bo~rd. 

2. GEOLOGY 

A general geological survey of the nren W1.S mnde 
by ~.K. Brooks of the Geological Survey of Queensln.nd 
(Brooks, 1957). The results of this work are shown on 
Pl:'.~e 2. A further detailed ex,nmin::ttion of the outcrops 
of rocks:tlong the two tunnel lines wns c'lrried out by 
F.J: Carter (C~rter, 1958). The result of this work forms 
the I b'lsis for correl,'lting seismic velocities with rock type 
2S $hown on Plntes 5, 6, 7, 8, 11, 121.nd 13. Six dii.mond 
dril,l-holes were put down, the sections of which are shown 
on Pl'"l.tes 4 and 10. 

The terrain is covered by rnin-forest i.nd except 
for i the Barron River and '1 few creeks, the exposure of 
rocks is limited to rO'1d rmd railwa.y cuttings (Pl~.te:2). 

The rock throughout the are.a is of Lmver P1.1-­
'2eo~oic .1.ge .'lnd is mostly metamorphosed. The princip",l 
rock-types o.re met2-greYWCtcke, qu!"..rtzite, sl[l.te 2nd phyllite. 
The :, following summi.ry is bnsed on nn,'1lyses of thin sections 
of rocks cnrried out by R.M. Tucker of the Geological Survey 
of I~ueensln.nd (Brooks, 1957). 

I Met.'1-greYW2cke : The rock is slightly metnmor-· 
phased, cle.n.rly showing sedimentnry ch'lr.:tcteristics. It 
is ~ener~lly fine-gr'lined, the grains being subn.ngul'"lr. 
Thd rock is well-cemented, h'lrd and m"1.ssive. There are 
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two t~es of metn-greYW1.cke recognised in the nre"'. - the 
Ii thi ,c greYW"l.cke, cont:tining quartzi te, sl"'. te ~nd chert, 
.2nd tpe felspho.. tic greywncke, cont~ining pl ~.g iocl~se, 
micropline ,2nd orthocl1.se, indic:tting th'J. t it is p.1.rti1.l1y 
deriv~d from granitic rock • 

.Q.y.~. :r.tzite: Qu~rtzite forms only 'J. sm".ll p" rt 
of thi,e sediment"1.ry succession, ap,"1.. rt from 1. thick 1.1.yer 
nertr I,the Hydro sidings. This bed which is intensely 
folde:d l.nd interbedded with sl'J. te shows · l.n ".pp~rent thick­
ness ,of 1000 ft. The qU"'.rtzite is white to brown in ; 
coloUr ::md the grain size is very fine. Certnin horizons 
of q~artzite contain mangnnese. 

l Sl!lte and ppylJ.Jte : These rocks we~ther easily, 
except when thinly interbedded with other rocks. They 
nre ~ery poorly cl~oved nnd nre often silicified. Below 
the ~eathering zone the rock is strong 1.nd solid. 

" ~..idote-Chlori t~.JlQ..<;.k ~ This rock occurs only 
on t~e Cairns-Kurnndn rnilwoy near Robbs'Monument. In 
addition to epidote and chlorite, a high proportion of 
mngn$ti te is often present. The rock is h~, rd'1nd mrl.ssi ve. 

Met~~conKl~~ero..t~: This consists of pebbles 
of q~ortzite in n chlorite or phyllitic m~trix. It occurs 
in the Bnrron Gorge, where it is interbedded with greYW1.cke. 

All the ~bove mentioned rocks "'.re very hn.rd, 
tough1.nd m1.ssive when locnted below the zone of we1.thering. 
The jointing is well-developed with three mnin directions -
two vertic~l 1.nd one horizontn.l. 

, The region~. l strike is north-north-west ~.nd the 
region21 dip is 1.pproxim~tely 70 degrees west-south-west 
to v 'ertic~l. Evidence of folding is confined to the 
qU'1r~zite horizons. 

(A) S~tpm~c r~frnc~~~~ 

The seismic method of 6xplorntion depends on the 
con~ro.. st in the velocity of elnstic wnves thr ough different 
roc~ form!ltions. As reg 1. rds the physic~l l"1..wS involved, 
seiSmic phenomen~ nre comp1.r"1..ble with optic 1.1 phenomen1., in 
th'J.~ they de1.1 with a type of energy propngnted in waves. 

The seismic recording equipment used in the survey 
wns , n 12-channel reflection-refrnction seismograph mn.nuf1. c-· 
tured by the Mid-Western Geophysic ·~ l Lnbor,o..tory, Tulsn, 
Oklo.homn. "Mid-western" geophones having .'J. n.'J.tural frequency 
8 c ~ p.s. were used to detect longitudinal waves o.nd "S.I.E." 
geophones having·n nnturnl frequency 6 c.p.s. were used to 
detect trnnsverse w'J.ves. 

!, 

The seismic refr!lction method w~s used in this 
sur~ey. When an explosive charge is fired in n shallow 
hol~ the seismic waves r~di1.te in nIl directions. Geophones 
pl!lced on the ground detect these wn,ves o..nd send 1. 
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corresponding ele~tric impulse along a cable, to be 
amplified and photographically recorded by an oscillograph. 

The wayes are ident}ied by their differ'ent 
characteristics, longitudinal'and transfers~ waves alone 
being considered in this report. The fastest wave arriving 
at the geophone is the longitudinal or compre~sion&l wave 
which consists of a forward and backward movement of 
particles along the direction of propagation. The : 
transVerse or shear wave is the second to arrive at the 
geophones and consists of a movement of particles normal 
to the direction of propagation. Both waves undergo 
refraction, reflection :or: may change from cine type to 
another at the discontinuity. Transverse waves may be 
polarised. 

Fig. 1 shows a sample record obtained during 
the survey~The vertical lines are timing lines at two 
millisecond intervals. The shot instant "SI" is' shown on 
trace No.6. Following the shot instant the deflections 
on the traces indicate the arrival. times of the long­
itudinal waves, which may be measured relative to the shot 
instant. The arrival time of the longitudinal wave at 
each geophone is plotted against the distance of the geophone 
from the shot-point thus giving a Time-Distance curve. 
Fig. 2a shows the time-distance curve derived from . Fig. 1. 
The slope of the curve is the reciprocal of the seismic 
wave velocity. 

Fig. 2b represents a typical four layer instance 
with· parallel. horizontal layers in which the seismic 
velocities are laterally constant. In this instance, the 
velocities indicated by the time-distance curve equal the 
true velocities through the layers. However, where the 
thickness of the layers increases away from the shot point, 
the down dip velocity on the time-distance curve is lower 
than the formation velocity and vice versa. 

An analysis of the paths of various seismic rays 
of the longitudinal wave indicates the following pattern 
for the first impulse recorded by the successive geophones 
(see fig:2a & b). 

(i) Geophones G1and~ G2 indicate the velocity 
V1 = 1600 ft/sec. The seismic wave travels from the shot­
point A to point B with velocity Vo and thence along the 
refractor with velocity V1. The position of point B is 
determ&ned by the critical angle of incidence i01 where sin 
i01 = vo As this refracted wave travels along the 

v:j. 
refractor, part of its energy is continually refracted back 
nt the critical angle i01. This wave reaches geophone G1 
through point c. 

(ii) Geophones G3 to G6 ~ indicate a velocity of 
V2 = 3200 ft/sec. The wave travels from point A to point B1 , 
with velocity Vo then to point D with velocity V1. At point 
D it is critically refracted and travels with velocity V2 
to point E, A refracted wave from point E travels to point 
C
1i 

w~th velocity V1 , and thence to geophone G3 with 
ve OClty Vo. 

(iii) Geophones G7 to G12 indicate a velocity of 15000 
ft/sec. It is a wave which penetrates still deeper and it 
is refrncted from the fourth horizon. 
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Where the bedrock is formed by rocks of different 
seismic velocity, the geometry of the paths of the seismic 
waves is more complicated than is shown on Fig. 2b. Fig. 3 
shows an instance where a bed of uniform thickness and uniform 
velocity Vo overlies strata of varying velocities with ver­
tical boundaries at which Va {V1 <,v2 <Y3. iJJhen a time­
distance curve for the seismic waves is plotted the points 
do not fallon one line. The refractor velocity indicated 
by the time-distance curve is usually corrected where the 
upper layer is not of uniform thickness. If~ as indicated 
in Fig. 3, the vertical layers (e.g. Vi & V2) are too thin 
in relation to the geophone spacing, no accurate velocity 
measurements can be made. For instance in Fig. 3, the 
velocities V2 & Vi cannot be deduced from the data recorded 
by geophones G2, G~, G4 and G~. However, V3 can be deduced 
from data recorded oy geophones G5' G6 and G7. It follows 
that for any velocity measurements applicable to one medium 
at least three points on the corrected time-distance curve 
must be located on a straight line, as for instance x, y and 
z (Fig. 3). 

The field arrangement and corresponding calcul­
ation method kno1Am as the "Method of Differences" was used. 
(Heiland, 1946 p. 548). The technique is illustrated in 
Fig. 4. A shot is fired at point A and the travel times 
are recorded at points Band C. A shot is then fired at 
point C and the travel times recorded at points A and B. 
The depth d measured to the refracting interface normally 
below point B is calculated from the formula: 

d = ~ (T AB + TCB ... T AC ) Va 

where 

TAB == time of travel of refracted wave from A to B. 

TCB == " II " II II " II C to B. 

TAC= II " " " " " II A to C. 

Va == the apparent velocity of the seismic wave within 
the overlying rocks. 

The following types of spreads were shot : 

(a) Weathering,_~t-~~fts: These were used to obtain the 
thickness and seismic velocity of the soil and sur­
face layero Geophones were spaced 10 ft. apart 
and shots were fired 5 and 100 ft. from each end 
of the spread and in line with it. 

(b) NQIffia.~~£r~~~ : Geophones were spaced 25 or 50 
ft. apart. Shots were fired 25 ft. and 250 ft. 
or more from each end of the spread and in line 
with it .. 

In engineering seismic investigations the velocities 
of longitudinal and transverse waves can frequently be 
correlated with and used to identify or indicate different 
rock-types, degree of weathering jointing or shearing near 
the surface .. 

Theoretically, the velocity of longitudinal and 
transverse waves in elastic media is given by the followiLg 
formulae (Leet, 1950 PFe 1+5/46. 
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v - 1 Jf 1 -0 L - 1"2" (r+~-~;) 11 - 2~ 

Vt = 1 j~ 1 
12 2(1 + ()y 

where , 

VL = longitudinal velocity is ft/sec. 

Vt = transverse velocity in ft/sec. 

E = Young's Modulus in Ib/sq.in 

() = Poisson's Ratio. 

~ = density lb sec2 in- 1 

in3 

It ~s therefore possible to calculate from the longitudinal 
and l transverse velocities all the dynamical properties 
of the rock. 

G = Modulus of rigidity (shear modulus) in lb/sq.in. 
B = Bulk modulus (incompressibility) 'in lb/sq.in. 

E 
G = 2 rr + crT 

B = E 
3 (1 - 2 (f-, ) 

B Drill-hole velocity logs 

Seismic velocities were recorded in two drill­
holes on Traverse X. A small explosive charge was 
detonated at several depths in the drill hole and the 
resqlting waves were detected by geophones at the ground 
surface adjacent to the drill-hole. Longitudinal and 
transverse waves were recorded and from the travel times 
and lthe depth of the shot vertical velocities were calculated. 
The~e velocities are measured in a direction approximately 
nor~al to the directiori in which velocities are measured in 
sei~mic refraction work. Where the vertical veloeity differs, 
in some cases, from the velocities obtained from weathering 
and ~normal spreads, the differences may be accounted for by 
anisotropy of the rock, associated with depositional planes, 
folding, faulting and jointing. 

!, 
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(C) ResistivitX. 

Differences in the structure and composition of 
rocks !produce variations in their electrical resistivity. 
Hard non-porous and unweathered rocks as a rule he.ve a 
high ~esistivity. Shearing and fracturing result in 
localtsed weathered zones which in turn usually give rise 
to a r.elatively high salinity in the contained water and 
thus produce a corresponding relatively low resistivity. 
In general, it may be said that the resistivity of a rock 
is inversely proportional to the product of its porosity 
and the salt content of the solution in the pores. 

1 

, The equipment used was the Megger Earth Resistivity 
Tester manufactured by Evershed and Vignoles Ltd., London. 

The Wenner arrangement of electrodes was used for 
measuring resistivity. This is illustrated in Fig. 5. 
Four electrodes are equally spaced along a straight line. 
An alternating current is introduced into the ground through 
the c~rrent electrodes, C1 and C2 , and the difference in 
potential is measured acro~s the potential electrodes, P1 
and P2. The depth of penetration of the current is 
controlled by the distance "a" between the electrodes. 
The technique used in this survey is known as resistivity 
traversing (Heiland 1946 page 644 et seq.). The four 
electrodes are moved as a unit along a traverse, centred on 
conseputive stations where readings are taken. In the 
interpretation, absolute values of resistivity are not so 
important as sudden changes, which usually indicate a chRnge 
in rock type, such as a change from unweathered rock to 
sheared or fractured and weathered rock or a change from 
sandstone to shale. 

In this survey two constant electrode spacings 
namely 50'.and 100' were used. 

(D) Magnetic method. 

In the Barron Falls area short magnetic tests 
were carried out on proposed schemes III and X. 

The measured magnetic intensity at any point on 
the e'arth I s surface may be expressed as a vector. As such, 
it iSI mainly the resultant of two vectors, an induced 
magne1itic intensity vector in the direction of the earth's 
magne:tic field and a remanent magnetic intensity vector 
inher':ent to the rock, which may lie in any direction. 
Magne:tic measurements may indicate, in certain areas, such 
features as faults and boundaries between near-surface 
form~:tions and it is sometimes also possible to obtain 
rough depth estimates from these measurements. 

The test in the Barron Falls area indicated thRt 
no useful inf'orl:1ation could be obtained by the use of this 
method, since apparently the difference in the mngnetic 
susceptibility of the various rocks in the arerr is not 
suff~cient to differentiate between them. 

I. 

A Watts . vertical force variometer, manufactured 
by Hilgar and Watts Ltd., London, was used. 
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Table 1 shows the total length of traverses 
cover~d with each geophysical method -

I 

__________ ._ .. ____ ___ .. ~_r_ .. '_"_.,_-._·-y_ .· .. _._~ __ '_',-_ . 
: 

Scheme III Scheme X Total 
; 

.....-.,.------------~~---.-~.~.- .. --- ----i! 
7000 ft. 7450 ft. 14450 ft., refraction 

hole logging 

Magnetic 

9300 ft 0 

1500 ft. 

197ft. 197ft. 
2 holes 2 holes 

5350 ft. 14650 ft. 

~--~-----------------------

1200 ft. 2700 ft., 
--- ---.-. ~ ... ~--~.---~-"-.- . 

4. S@J;.t1E III 

(A) ~a~out. (Plate:3). 

It is proposed in this scheme to divert water 
from 'the Barron River at a point near Fairyland through 
9500 ft. of tunnel driven under the Macalister Range and 
then~e through penstock pipes down to a power-station 
loca~~d on Deep Creek. The gross-head would vary with the 
height of the proposed weir, but would be at least 918 fe~t. 

(B) -Geology. 

The geological information along the tunnel 
lines is very scarce. A few outcrops have been examined 
by F.J. Carter .~nd the results of this examina tion are shown 
on Plates 5 to 8. A general prediction of rock types along 
the ~unnel line (Brooks, 1957) is as follows ~ 

Stations 0 to 40 

Stations 40 to 120 

Sthtions120 to 140 
t: 

Sthtions 140 to 195 

-

Meta-greywacke
i 

fine to medium 
gr~ined with s ate bands. 

Slate, phyllite and interbedded 
greywacke. Three drill-holes 
have been drilled along this 
section and indicate that the 
tunnel would be driven in fresh 
rock, below the we a thered zone 
(see Plate~4). 

Quartzite contnining beds of slate 
and phyllite. 

Meta-greywacke with bands of 
quartzite and slate. 

The beds dip steeply between 70 and 90 degrees, 
and :the strike is nearly at right angles to the direction 
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of the traverse . . 

(e) Results. 

Seismic refraction method was used on Scheme III 
between stations 0 to 140. Further north the proposed 
tunnel of Scheme III goes deep into the rocks, so that there 
is nO ldanger of the tunnel being in weathered rocks. The 
results of the seismic work are shown on Plates 5 to 7. The 
results of the constant electrode spacing resistivity survey 
are sh,own on Plates 5 to 8. The whole length of the pro­
posed ;tunnel of Scheme III was surveyed using resistivity 
methoql. 

The results of the seismic survey were interpreted 
as a four-layer structure as illustrated by Figure 2b. 

J_QlLla~~. This is interpreted as soil with a velocity 
of arrund 1000 ft/sec. The layer seems to be thin on 
sections where it was measured. The maximum thickness of 
10 ft '~ was found near station 14, but close to stations 85 
and 132 the top layer appears either to be absent altogether 
or to i be too thin to be recorded. 

2nd layer. This is interpreted as completely decomposed 
to highly weathered rock with seismic velocities of from 
1400 ft/sec. to 2800ft/sec. This layer reaches (where 
measur ed) a maximum depth of 50 ft. on the section between 
stations Nos. 40 and 50. 

3rd 1~.1:. This is interpreted as a weathered r 'ock, 
with ~eismic velocities from 3200 ft/sec. to 5800 ft/sec. 
The maximum estimate of depth to its base is 98 ft. at 
stati:ons Nos. 54 and 56. 

4th_l~~I. This is interpreted as fresh rock with a 
seismIc velocity of from 10000 ft/sec. to 20000 ft/sec. 

The error in depth determination is considered 
to be less than .:.20 per centum of the true depth. This 
estimate is based on experience of results in other areas 
where', comparable geological conditions exist. Although 
the error in absolute depth may be fairly large the error 
in r~lative depth of fresh rock from station to station 
along the., traverse is likely to be much smaller and the 
profile shown for the surface of the fresh rock is expected 
to b~ quite accurate. 

(ti) The character of the fresh rock~ 

The detailed interpretation of the rock types 
below the weathered zone is shown on Plates 5 to 7. 

, Table 2 shows the interpretation rules used to 
deduce the nature of the fresh rock from the apparent 
resistivity nnd the seismic velocity in the lowest refractor. 

I 
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The rules were obtained by reviewing the geophysical data 
with the known geological data . 

----,-.~---.~----~----------~-

ock type Resistivity 
in ohm/cm. 

Seismic velocity 
in ft/sec. 

~------~-- -------------~-, . .-.-. . -.-.• --.-... --.-
late 

eta-greywacke 

Quartzite 

below 20000 

20000 to 60000 

over 60000 

below 14000 

over 14000 

over 14000 
"---------.. -----.~. "-'--'._. -. _._ ,-------

The interpretation rules shown on Table 2 must be 
used cautiously for the following reasons:-

(a) In the low lying parts of the traverse, meta··grey­
wacke may have been mis-named as slate because the increased 
moistpre content of the near surface layers may have lowered 
the apparent resistivity to below the 20000 ohm/cm limit. 

(b) Narrow, low resistivity sections, which are 
interpreted as slates, may represent a shear zone, through 
which; water penetrates deeper into the strata. 

(c) The position of the boundary between rock types 
is approximate, as can be understood from the sections on 
seismic and resistivity methods • 

Plate 8 shows a geophysical interpretation based 
on resistivity traversing Rnd reconnaissance geological 
mapping only •. 

As an important result, the survey indicates that, 
between stations 20 and 30, and between stations 67 to 79 
(plates 5 and 6) the proposed tunnel may pass through 
weathered rock, or may pass close to it. 

(A) Lay~uto (Plate:9). 

In scheme X it is proposed to direct water from 
the Barron River at the existing pondage weir through 
5350 ft. of tunnel, thence through a pressure tunnel down 
to an underground power station at the bottom of the gorge 
near Surprise Creek. The gross-head would be at least 
933 ift. 

(B) .~Leolollo 

A few rock outcrops have been e~amined by F.J. 
Carter and the rllsults of this examination are shown on 
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PIa te s 11 to 1 3 • 

A general prediction of rock types along the 
tunnel-line is as follows (Brooks, 1957) :-

Stations a to 24 

Stations 24 to 66 

Stations 66 to 107 ~ 

Slate and phyllite with inter­
bedded greywacke and quartzite. 

White and brown quartzite with some 
slate and phyllite bands. 

~ine grained meta-greywacke with 
interbedded slate and quartzite. 
Massive epidote-chlorite rock to 
be encountered near the outlet of 
the tunnel in the -Robb's Monument 
area. 

The beds dip between 70 to 90 degrees and the strike 
is nearly north-south, thus cutting the proposed tunnel-line 
at a slight angle (see Plate 2). 

(C) Results. 

The results of the seismic work are shown on 
Plates 11 to 13. The results of constant electrode spacing 
resistivity survey are shown on Plates 11 and 120 

(1) 
, j , 

Depth determInations. 

The following layers with different velocities 
were recognised along the traverse (see Fig. 2b). 

Top layer. Soil with a seismic velocity of about 1000 
ft/selc. This layer seems to be thin (where measured) and 
on some sections completely missing. Vertical sections 
of this layer exposed in the railway cutting show non-uniform 
thickness merging gradually with the next layer. 

arui".l.u,e..r,. Highly weathered rock containing some pieces 
of the original rock. This latter has a seismic velocity 
of from 1400 to 3100 ft/sec. 

lrUas-er. "Partly weathered rock with a seismic velocity 
of up to 000 ft/sec. 

~th layer. Fresh rock with a seismic velocity of from 
15000 to 20000 ft/sec. 

The velocities listed above were determined on 
weathering and normal spreads along a direction corres­
pondIng roughly with the direction of the strike of the 
rocks. The velocity of the longitudinal wave was measured 
in two drill-holes, the results of these measurements are 
shown on Table 3. 
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The seismic velocity is different when measured 
verticaily Clnd horizontally in sedimentary rocks. The 
vertical ~elocity in fresh rock determin~d on ndrmal 
spreads exceeds that in borehole No.9. This may be because 
the ~orizontal velocity was measured along the strike of the 
strata, while the vertical velocity was measured across the 
stratification planes. In sedimentary rocks the seismic 
velocity generally has the highest value parallel to the 
bedding planes of the rock. 

To calculate the depth to fresh rock an apparent 
velocity obtained from weathering and normal spreads was 
used. The locations where an apparent velocity was obtained 
are indicated on the cross-section (Plates 11 and 12) ns 
'sub~divisions of the overburden. The apparent velocity 
compares well with the velocity obtained in drill-holes. 

The error of the determination of the depth to 
fresh rock is expected to be within ~ 15 per centum. This 
estimate is based on the results of other surveys where 
similar geological conditions exist. However, the accuracy 
may be substantially lower on the section from st,,_tion 85 
to station 101. Over this section shots were fired only 
on one side of the spread so as to avoid firing too close 
to Kllrnnda-Cairns rQilway line. When shots are fired from 
one direction only it is necessary to assume the seismic 
velocity of the rock to c~lculate the thickness of over­
burden. A sm~ll error in the nssumed value of the velocity 
can produce large errors in finnl results. 

The survey shows thQt over its whole length the 
tunnel in Scheme X will be well below the weathered zone. 

Table 4 comp~res drilling datn ~nd seismic dnt~ 
in three drill-holes ~long the traverse line of scheme X • 
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Drill-Hole 
No. 

6 

9 

7 

... 12 

U B L]:~o 

Depth in feet 
to discontinuity 

seismic dril~ing 

37 40 

62 64 

110 114 

Ch~rncter of the rock 
below discontinuity 
hfter F. J. :Cn.rter) 

Solid fresh rock, some 
iron-stnined joints 
(Pelitic Phyllite, 
Green-schists) 

Moderntely to slightly 
wenthered sl~tes"nd 
phyllites with met~­
greywacke ~t 69-70'. 
Mnngnnese st~ined joints 
nnd qu~rtz stringers. 

Phyllite (fresh) .... nd 
sl~te with joints. 

The interpret~tion of the probable rock types 
below the we .... thered zone is shown on Pln.tes 11 to 13. The 
method of interpretation of geophysical data as described 
for scheme No. III was used here and the values of seismic 
veloctty and resistivity, as listed on Plate 2, served as 
the basis for this interpretation. Since the ~trike of the 
rocks is more parallel with the traverse, the limiting 
velocity of 15000 ft/sec. for meta-greywacke and quartzite 
was accepted. All the other limitations apply here as well. 

The interpretation of rock types on the pressure 
tunnel line (Plate:13) is based on seismic velocities and 
the projection of geological boundaries noted in the 
railway cutting and Barron River Gorge. 

Table 5 shows the values of the dynamic pro­
perties of the rocks, calculated from the longitudinal and 
transverse wave velocities obtained in drill-holes and 
on normal spreads. The formulae used were given earlier 
in the report (pprt 3A). 

Many rocks show velocity anisotropy. The velocity 
measured for a rock will depend on the direction in which 
the velocity is measured relative to the bedding or 
stratification planes. Hence it may be expected that the 
dynamic elastic constants of the rock vary in the same way. 
This means that the dynamic constants given in T.s.ble 5 for 
D.D.H.,No.6 and D.D.H.No.9 are only valid for a direction 
paral]el to the axis of the borehole • 
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TABLE 5. 

~ . , i 

• ; ! Longi tuginal Transversel Interval 
Location !Dep-\ .'. I ' Velociti.~ 

! 

, E i .. B 1 G 

Drill­
Hole 
No.9 

: th : Time ;Ve]o- : Time :Velo- : Long.[1rans. 
; l in lcity : in ICity ! in 1 in () 1 106lbs~~011l106lbsi 1011 1 106lb~ 1011 

I . I I , • 

; Mill~ft/sec : Millift/sec t/Beo~t/sec 
i secs.i ~ secs.i I 

j 

; . ! 

! 147 ! 35 14200 . 65 2250 I i 

! ___ ~ ____ 1_._~ ... _L. _.--t-_,_-111 000 67 00 .,: .21 
\ I ;! I 

! 80 : 29 : 2750 : 55 11560 : 
! t . 
!- .- l 

i 

9300 : 5600 : .22 
! 52 i 26 ~ 2000 . 50 : 1080 i I . 

I-----r-.--.r-... -.--:-- .--i---------! 2650 ; 1240 ; . 34 
j 36 I 20 : 1800 ; 37 . 970 ~ 

II in~ I dYl12 1 I in2 ! dyne i I i n2 r dyrl~ 
I ! em i em2 • i em 

i 
! i 

3.5 2.4 : 2.,05 I 1.4 . 1.46 ~ 1.0 I i I 
i 1 

2.5 1.72: 1.6 \ 1.1 : 1.02 } 0.7 
I 
i i 
i 

i , 
0.15 

, 
0.1 10•14 0.09 'i 0.05 0.04 I 

I , 

• ' , i : I 
------~--~----~--------~--~----~---r--~i----~--~----~---~----~---

Drill­
Hole 
No.6 

Intake 
Tunnel 

X 

Near 1 
Collin's : 
Br~dge 

.' 

50 . 17 
, 

[2950 ' 35 

;7700 
I 
I 

; 

;3600 
I 

, 
j 

i I : . 

:.325 \ 0.18 : 0.12:0.17 
, ' 

I 
I 

I : . . 
:.325 ; 1. 34 i 0.92 !1.28 
i . 

i 
! 

: 0.11 : o. 07 0.05 

I . 
--.;.--

: 0.88 0.51 :0.35 

; 

!6500 
,8300 

~ 3500 
14300 
! 

1·30 
\.31 

i 
! 1.02 
! 1.67 
I 

: 0.7 iO. 85 
: 1 • 14 : 1 . 46 , . 

:0.58 0.39 ' 0.27 
;1.00 ; 0.63 0.43 

I 
I 

. ! 

Table 5 shows that Poisson's Ratio in weathered 
rocks tends to be higher than in unweathered rocks (0.21 and 
0.22 in unweathered, 0.30 to 0.33 in weathered rocks). In 
Fig. 6 Young's Nodulus ~ is plotted against Poisson's Ratio 
for E between 0.15 x 10 and 3.5 x 10 lb/sq.inch. The 
figure clearly indicates the higher Poisson's Ratio corres­
ponds with the lower Young's Modulus and vice versa. The 
relation may be represented by the 6empirical formuh, in the 
range of E between 0.15 c: 3.5 x 10 Ib/sq.inch by ~-

a- = -0.05E + 0.36 ~ 0.02 

On Fig. 7 the values of Young1s Modulus are 
plotted against the longitudinal velocity. Curve A was 
derived from data scattered in the literature in 1956. 
Curve B, which is compiled from the data of this survey, 
is similar to curve A. 

Curve B can be used to evaluate Young's Modulus 
of the rock from the seismic velocities of longitudinal waves 
recorded on the traverse and shown on Plates 5, 6, 7, 11, 12 
and 13. 

The empirical formula representing curve B is :-

-~----
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E = 0.00113V2•18 

or log E = 2.18 log V - 2.95 

in which E is in Ib/sq. inch and V in ft/sec. 

The geophysical survey provided information on 
the depth to the bedrock along the tunnel lines of the 
alternative , schemes. The overburden consists of soil) 
decom~osed and highly-weathered, to less-weathered rock, The 
bedrock is of fresh but jointed rock. 

Sections of the proposed tunnel line of scheme III 
will be situated within the weathered zone while the 
propo~ed tunnel line of scheme X is situated well below the 
weathered zone. 

An attempt W[tS m:lde to deduce the cho.racter of 
fresh rock from seismic velocities and nppnrent resistivity 
values. 

The dynnmic elastic properties of the rocks hnve 
been calculated from longitudinnl nnd tr~nsverse v ~ locitics. 
It wns shown th:1. t Poisson IS Ratio for the unwe'":.thered rocks 
in the area is about 0.21 to 0.22, o.nd for we~thered rocks 
between 0.30 rmd 0.33. 

Fig. 7 shows n relntion between Young's Modulus 
and seismic longitudin~ l w~ve velocity, which cnn be used 
to derive the v'!.lue of Young's Hodulus for the rock ~long 
both tunnel lines. 
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