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( iii) 

Details and results are given of a seismic ' 
refraction survey made qt the requc~t of the Hydro-Electric 

'Commission of Tasmania; to investir::ate the sit0 of ',!;he 
w0stern portal of the proposed Mossy Marsh Tunn01~ The, 
tunnel is part of the No~ 2 Tarraleah Canal project to 
transport water from Lake King William to the Tarra10ah 
Power Station~ The primary obj0ct of the survey was 
to determine the thickness of till ovorlyine the dolerite. 
bedrock, and hence the contours of the beorock surface~ 

Seven traverses wore surveyed betweon July and 
December, 1951, and an additional travorse further north 
was surveyed in April; 1953. Seismic velocities in the 
till ranged from 5,000 to 8,000 fBpas" and in the 
dolerite from 12,000 to 19,000 f,p.s., The contour plan 
of the bedrock shows two important troughs where the 
bedrock is below tunnel invert level :approx~ 2,220 ft~)~ 
A broad trough, striking approxima tely E-W> extends a0ross 
the south-western part of tho surveyed area, snd a smaller, 
but deeper, N·.,S. striking trough exists in tho eastern part 
of the area c 

Depths calculated from the seismic survey were 
in close agreement witt those indicqted by drill hole logs, 
particularly where the latter were in ClOL] proximity to 
seismic geophone stations, 
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10 I1\TTR ODUCTI ON 

.. 
The survey described in this re:l)ort was made at 

the request of the Hydro-Electric Commission of Tasmania$ 
The purpose of the survey was to investigate the site of the 
western portal of· the proposed Mossy Marsh Tunne1~ The 
tunnel forms an integral part of the No. 2 Tarra1eah Canal 
project which will transport water from Lake King William to 
the Tarraleah power station~ 

The Commission's preliminary investigations of the , 
tunnel site by drilling tests and geological examination indicated 
that a tunnel portal in solid rock was not readily available and 
that a considerable length of overburden (glacial till) would have 
to be traversed either by reinforced lined portal or by open cut. 
Owing to the difficulties involved in both types of construction, 
it became necessary to obtain more detailed information on the 
subsurface rocks in order to be 'able to select the tu:.nnel route 
that would traverse a minimum length of overburden before entering 
solid rock~ The problem to beso1v8d was the determination of 
the thickness of till overlying the bedrock and hence the contours 
of the bedrock surfacc, Tho Geophysical SGction of the Bureau 
was re~uested to conduct a seismic rofraction survey to obtain 
this informationo 

The greator part of the field work was done between 
July and December 1951, 1'lith the geophysical party based on 
Butler's Gorgo construction ca~Pd Tho survcy was extended during 
April 1953 by making nn ~dditional traverse to the north of tho 
previously invostignted oroG." The 1953 w02k '-"'iotS undertaken from 
T8rrD10ah~ 

The survey party and field hEnd's were provided by the 
Commission. It is desired to Dcknowlodge the ready co-opercition 
.recei ved by the goophys ical po rty from officers of the Invest'igation 
Branch, Hobart, and from personnel of the Resident Engineer's 
Offices at Butlor.'s,Go~ge ond T~rraleaho 

2" GEOLOGY 

Geological surface mapping of' tho arca covered by 
, the geophys ienl survey has not been cal'ried out in de ta il and no 

nttempt has been m8do tOSl-10W the gcolc'gy in tho surfa,co plan 
(Plate 2)0 Howevor, data compiled from drill holes and test , 
pits show that Pleistocene glociol till forms the overburden above 
Jurassic dolerite c The till contains boulders mainly of do:erite, 
eithor fresh oJ.' partly decomposed, in c; matrix ()f small dolGrito 
grains now IBr~€ly weathe~od: to clRYo 

Drill holes put down along the No u 2 proposed, tunnel 
line (which coincides with geophysical traverse A) before tbo 
stort of the; survey show.od that the do:,critc surfoc(~ was irI'cgu19r 
8nd that consiciorClble diffc:rences in tY\O thickness of till Gxistod, 
Tho m8ximum thickness of till oncountcrud in those drill holos was 
140 feet~, 

S Quth of tr:\ vers u A; dr ill ine: D long the or iginolly 
proposed tunnel route (which follows t.ln E,·W line through H.E.Co 
survey station 40 and-drill hole NO G 4026) revealed n deeply 
woathered basalt flow and indicated that there must be 0. buried 
scarp of dolerite striking approximately GDSt betweon this lino 
and travorso A, with tho bnsalt extending up to, and tbnding to 
concoal, tho ",c.:.1:':'r'c;· ',) North of t1"10 scarp other tunnel routes 
corresponding to thu geophysical travers os A, Bond H ware considered 
os' offering possibi'lities of siting the tunnul entirely or moinly 
in solid dolerite c Howevor, positioning of thu tunnel depended . 
Inrgoly on finding 0 suitab16 site for the western po~tal and this 

\ 
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required fuller knowledge of the confi~uration of the dolerite 
bedrock in t~G area shown in the surface plan (Plate l)c 

3 0 SEISMIC REFRj~CTION.J-:TET1!.0D 

. Seismic methods of subsurface explora tion de~)end on 
the contrrst in velocities of wave propagation thrOllCh differont 
kinds of rocks in the earth's crust" ·The properties of a rock which 
determine the velocity of wave proparation within it are its' 
elastic moduli and densityo The seismic waves undergo reflection 
and refraction at any interface between two different types of 
rocks characterised by different velocities of propaca~ion? 

The seismic rofraction m0thori is used where shallow 
depth determinations are required~ The essential condition for 
use of the method is that each successively deeper layer should 
have a velocity hifher than the layer above it, An explosive 
charge is set off in the ~round and the times taken by the seismic 
energy to reach each of a series of ceophones ore measured.~ Only 
the first arrivals of the seismic disturoance are used. For the 
geophones nearest the shot point, the first arrivals will be due to 
waves which have travelled directly through the first layer of low 
velodityo For more distant geophones (at distances greater than 
the II critical distance" ) the first arrivals will be waves which 
have travelled down throur,h the first layer, boen refracted along 
the interface of the first 5nd second layer with ·the velocity of 
the second layer and re~urned to the surfa"e~ Geophones still 
further away will receive their first arrivals from waves refracted 
from deeper interfaces with hi~her velocities. The time-distance 
graph obtained by plottin~ the travel times arainst the peophone -

~ shot point distance rives the velocities of the different layers 
and allows calculation of the depths to the refracting horizons. 

.... (b) Applicatioq of.._!I!ethQQ in 1!9._s.1UL~,1DlZsh a !:~L?." 
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The problerr:. of determining the thickness of r:.::.cial 
till overlyinr dolerite bedrock was considered to be capab:Le of 
solution by the refraction method' because it could be safely 
assumed that the unconsolidated till would have a much lower 
velocity than the dolerite. This alJllsumption was borne out by 
tho results of the survey~ The velocity of seismic waves in till 
foll within the range 5,000 - 8,000 fcp~s~ and in dolerite within 
the range 12,000 - 19,000 fop~s~ 

I twas expec ted tha t:,! in general;, the moleri te surface 
would be irregular and at a relatively shallow depth (probubly less 
than 200 feet), and it was therefore considered that the rofraction 
technique known as the" method of differences" would bo suitable 
for the investigationc- 'I'his techni4ue; which is dElscribed by 
Heiland (1946r;., 1)0 548) and Edge and Laby (1931) p:- 339) has the 
advantage of riving a depth determination below o~0h gcophone 
station and, with suitably choseg ~eophone separations along a 
traverse, enables a detailed bedrock profile to be obtainod c 

( c ) ~ui'pmo!Lt.2..nd fJ.~J-_cL9.pe!-,a.~.t9..ll~.~ 

The equipment used in this survey was manufactured by 
ADEM, a Bwedish Company, a nel cons i s ted of 8 six .·':'1annel rec ordor 1 

i7eophones DnrJ nm}')lifiers and shot control box: 

The i:1stant of detonation of tho crurr:;c and the. time 
of arrival of the W8.ve dis~urbancc:s rC[lchinr 8ach ;cophonc.: nrc 
photopraphicnlly recorded: Timo marks derived from an electrically 
driven tunin(~ fO:'k arc superimposed on i.;~'1C photocrui.)hic recoH~ and 
cnoble travel times to bo mcnsur8d to an ncuurt.lcy of ono milli­
second" 



The geophones were spaced at 50 ft" intervals so that 
~ each spreadoi' five r,cophones covered 200 ft. of trsverse. The 

"m8thod of diff~renc8s" required shots to be fired in tho line of 
the traverse first beyond one end of the spread and then at corres­
pondlng positions '[It the other end., In €?lernl, the shots were ot 
distances of 50 ft., 400 ft. and 600 ftft from the nearest geophone. 
The shortest shot dlsta~~e was required to give information on the 
low velocity surface lsyer. This layer is nG8rly always observed 
in seismic exploration and has been referr0d to DS the ~weDthered" 
or "aerote~1 iayer, but it doe~ not necessarily conform to geological 
wentheringo Because of its charncteristic low velocity, it i~ 
important to take account of the "weathered la~Ter" in calcul8.ting 

,-. 

the depths to bedrock from the verticsl travel times given by the 
"me thocl of d if ferGnces" , The longes t shot dis tnnco we, s us ed to 
give sufficient depth D~netratiom to ensure that refraction from 
bedrock would bo recorded os first Rrriv81s~ 

, The seismic survey consisted of oipht travers~s totalling 
19,450 ft. The traverses encompass an oreD 0"1" nearly '4' square 
mile. Traverses A and B follow lines of twa early alternative 
tunnel routes. Traverse H was survoyed in 1953 to investigate a 
tunnel route further to tho north. The short cross-traverse C was 
surveyed to obtain 8. r'\cpthdctermin8tion at bore holo No. 4051. 
Traverses D, E, Fand G, commenced at surfac,·: contour 2260 and 
provided covc~age of the ground west of tra~8rse A. 

4 • RES ULTS 01" 3 DR \lEY 

(a) Bedrock Depths. 

The depths of the bedrock below the surface have been 
calculated from the observed seismic dcta, and the r~sultinr: bedrock 
profiles alonr traverses A, B, C, D, Ey F and G are shown in Plate 2, 
and 810n~ H in plato 3. A bedrock contour plan (Plate 4) with a 
contour interval of 20 foot h8s been drnwn on the basis of these 
profiles. It will be clear that) owinr. to the necessary interpol­
ation between the traverses, tho contours for the most pert will 
not sive tho ~epths os accurately as do the profiles. 

Tho seismic results provido bedrock contour information 
required in doturmininr the best tunnel routo. It. is not pro)osed 
horri to make bny recommondation with rcrord to tho tunnel posit10n, 
as clearly this would raise 8nrineerin[ considerations outside .the 
scope of this report. However, it is useful to,rofGr to some of 
the more important bedrock foa tures rov(;[!l(·d by the survey. 

Assuminp thct th~ invert l~vcl of tho tunnel portol will 
be [l)proximo.tcly 13,220 feet, it,will be seen that the bodrock 
contour plan shows two -importo.nt trour;hs where the bodrock is below 
invert l~vel. A broa~, and for the [ro8te~ p8rt shcllow, trough 
extonds from troverse G eJstw~Jrc1s to troverse A nncl will have to bo 
considered in selecting tho portol site. The othor trOUGh is 
immediately east of traverse C nnd strikes north.. This trough 
would be encountererl on both ,tunnel routes A and B but it is clear 
from the bedrock contours thn t the trour:h becumes shnllower towards 
the north ond would be avoided by 8 tunnel along traverse Ho 

(b) Seismic Vclocities o 

The lew-veloci ty, s urfa co 'or "weD thered" 
toh8ve Cl veloci.ty of approximately 1,300 f,p~s" 
in thickness from 0 to 15 feet~ 

layer was found 
The layer ~anGed 

The velocities in till ond c.ole:-ite cuch had n consider­
able ranre throuchout the orca, 5,000 - 8 5 000 fop~s. for till and 

,~ 12,000 - 19,000 f~p.s~ for d~lerite~ The ranGe of the velOCity 
~ in the till is considered to bo in part eluato differences in the 

a.. 
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water content, 8S there 1s 8 broad corre18t10n between marshy 
c0ndltions and the hiGher velocities, and in port to differences 
in the degree of consolidatinn of the till~ 

Over most of the orea s the velocity in dolerite was 
within tho range, 15,000 to 19,000 f.p.s~, which is probably 
characteristic of solid dolerite, tb~ variations within the range 
being ottributo.ble to normal small chnngEs in both chemical 8nd 
physical 'composition of the rock ond perhaps to slight weothcring~ 
Howriver, in some pIsces, much lower velocities; rancing from 12,000 
to 15,000 f.PQs~ were observed~ The low velocities occurred in 
fairly definite zones, which have been outlined in Plate 40 
Where the traverses cross thE' boupderies of those zones, larGe 
changes in the velocity were observed britwcen odjnccnt geophone 
spreads, sugrestinG 0 fairly abrupt transition from normnl to low 
velocity dolerite? 

On the evidence of holes 4033 ond 4070, drilled in the 
low volocity zones, the low velocities nppear to occur in closely 
jointed Qnd partially weathered dolaite Q The w8nthering occurs 
chiefly slonr the joints but in ploces is exte~sive enough to 
result in zones of completely weatherod dolerite, In the light 
of these findings, it becomes "pporent that in the zones of low 
velobity, the bGdrock is lik~ly to be in 0 condition that would 
make tunnellinG difficult~ Hence, the position ond extent of 
th., zones of low vel oc i ty bedrock w ill grUB tly nff ec t th0 s elec t ion 
of tho most favourablo tunnel route. 

5. COMPARISON OF' SEISMIC RESUTJTS vVITH DRILLING DATA 

Before the start of the peophysical survey, the 
C ommiss ion had mnde drillinG tes ts in ports of the Mos sy M8 rsh 
orea; 8uditionol drill holes were put down durinr, the survey~ 
It is rlesiro.ble, PS far as possible, to c.heck the reli8bility of 
the method by reference to tho drillinc dn to ~ In t he table below, 
the depths to the dolerite bedrock from th~ seismic survey and from 
tho drill holo logs oro set out for cloven drill holes u 

Two sources of uncertninty nffoct tho usefulness of 
the da to. shown.; Firs tly; as there is cons ideroble reI ief in 

,the dolerite ~urface, the fir-ures ore strictly compsrable only 
where the drill hole coincidos in position with [l geophone 
stution 8nc1 this is so fr'!, less thon h[11f tho holes listed; , 
secondly~ in most bore holes the uppor llmit of the solid dolerite 
is not well defined owin~ to weatherinc and jointinc in the 
dolerite; so that it is not always possib~e to pick a definite 
c1epth for solid dolerite taus e in c omporis.on with the seismic 
depth.;> 

• • 0 5/ 
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Drill 
Hole 

NOe 

4041 
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COMPARISON OF SEISMIC RESULTS WIrrH DRILL HOLE DATA 
~_ ... _.. .. _.r-",_ .. __ .... _ .. _ .• __ ... ______ .. , .. _ .. , ........ , .. ~ ............ _ ....... ~ .. _ ... 

Location 

On trav~ A, 
Stno 656 / 

j Depth tODo~e~-it:· I - -I' 
~I ____ ~~~B~e.~d~rock lr~~t) Remarks Ii 

! Seismic r Drill Hole 
I De t e rmin at i 0::1 !~0B..-_______ . __ .. ,-.1 

-j 
·46 40 

------~-----------------~-----------------.~~--------------4-------------------
4039 On trav" A, 

Stno 664 
135 >117 Hole stopped 

at 117' 
before reach­
ing dolerite 

---------~-----------------~------------------+------·-------~---------------i 
4048 On trav. B, 

Stnn 264 
73 77 Hole s topped I 

at 77 I; las t 
few feet hard 

. probably 
.. dolerite. ~

. to drill and 

-------r-----.-----------+------------------~.----~---. , ---------
4051 On tra v" C: 129 127 i 
_______ -t ____ S_t_n_._G ______ ~i---------.---I-__ --.----I:~---,--, 
4070 On trav, H, 

Stn,; 48 
81 

, 
85 

I 
I -----"------------'-------------- ---- •. ---~--..:.-------.. --. 

4040 

i 
I .. I .' --··-----·-·----·----.----··-----1 

On trav. A, 122 )·95 HolE' stopped I 
between at D5 1 ·beforell 
Stns~ reaohing I 
659-660 I doleriter. I 

:~-3-3--4-I--~-~-t-!-~-:~' A, I 9;--- T---~lO-- --I i~~;,~~li~--'l 
Stns \' I i I pari'ialJ_y i 
688-669 i wea th~red I 

_____ -1-_.______ I... --.. -J-... --.... , .. _ ... -.. ~-J- d~~_~.~~J~,~~_o --. ...l 
I I I i 

4045 I' On trav" A; 150, 115 II Ii 
~etween 

I ~~~~249', : 1 1 

:;25 t"-O;f~Hjt -~Ol-' '-;- 30 ·-·--l··--·--····-;:--'T------~~ 
I LN of Stn.. i;: 

! i ; 

404;-i
l
· :::;:~r:~-:~_t-- 153--;-----·~;-;;----+-----~-~ 
, N of S t.1 'I ! , I 
I; 259;, TrLv: A i. ~ , f 

___ I . __ ~ •. ___ ... ~_ ... .t. 
4037 -I~ff-S-~~·--;·~-;··-· .. --~-~---.. - 12~-'--'''''-'- --'r'''" -".~~~-~.-.. "'T-" I 

.;; I N of S\tr..,.; .i , ! 

. i 263, Trav , Ai; ..... ..l ___ ... " .~_ .. _ .. _'"_,_ .. l fA ~.-.-.. --.. - .. ----.. -.. -",,-.-.... -.. "'-- ... -- .. -.. ------.. -.. -'.'-' .---' -".. . , .... 
b \ 
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The most relia0le checks ore given by the holes listed 
~ in part (i)' of the table as these holes practically coincide with 

reophone stations. It is noted that there is clo~e agreement 
between the seismic depths an~ the drill hole dat20 

The comparisons shown in part (ii) must be given less 
weiGht as the drill holes do not coincide with r.eophone points. 
Where thn drill holes ar0 situated on traverse lines) (Nos~ 4040, 
4033 and 4045) the seismic depth is obtained by interpolation 
between the results at the two adjacent goophone points 50 feet 
apart. Where the holes are offset from traverse lines (Nos o 4025, 
4042 and 4037) the seismic depth is estimated by using the calcul­
ated depth at the nearest geophone point and the assumed trend of . 
the bedrock contours, Large di~crepancles ?ccur at ~rill holes !.~' 
Nos ~ 4045 and 4042 but these are not cons idered to be very s 19n- ., 
ificant because at both places the bedrock dlps steeply and the 
estimation of th6 seismic depths by interpolation is subject to 
considerable uncertaintyo 

The table does not contain sufficient data to enable 
the probable error of tho seismic depth determine t ions to be 
obtained, but it is considered that it shows avery satisfactory 
agreement between the seismic and drill hole depths .. 

6~ SUWNLARY AND CONCLUSI0l§. 

The refraction s·eismic method has been used successfully 
in the Mossy Marsh 9rea ~o determine the contours of the dolerite 
bedrock beneath an o\7erburden of ,§!.,lacial t:.ll of maximum thiclmess 
about 280 feet. The seismic velocities in till and dolerite were 
found to bb within the ranges 5,ObO -.8,000 f.p.so and 12,000-. 
19,000 fop.so respectively. 

The survey has provided bedrock -informa tion which should 
be valuable to the' Hydro-Electric Commission in desieninG 'the . 
Mossy Marsh Tunnel and in particular in deciding on the most 
suitable portal site a.t the westel'n end of the tunnel 0 The use 
of the seismic method has obviated the ne~essi~y for detailed 
drilling of the entire area of interest", . The survey has shown 
numerous small irregular featu~es in the bedrock topography as 
well as two large trough features whe~e the bedrock is below the 
tunnel invert level e 

The survey has also shown that the seismic method may 
provide informatirn' not only on the depth of the bedrock but also 
on the condition of .the bedrocko The seismic results have out­
linecJ zones of low veloci ty bedrock and~ from 'che evidence of two 
drill holes in such zones, it appears that the low velocity' can 
be attributed to closely jointed and partially weathered dolerite a 

Where the test drilling provides a check or. the seismic 
results, the depths to bedrock determined by the seismic method 
arG found 'GO be in close aereement wit~ the depths 3,lldioa ted by 
the drill hole logsr The Mossy Marsh survey. is a typical example 
of the use of the refraction seismic mothod in connection with 
engineering problems requirinr, informat~on on the depth of bedrock 
below the surface~ 
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