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REFRACTION SEISMIC SURVEY OVER THE
LOCK COAL DEPOSIT
ABSTRACT
A refraction seismic survey was carried out

in the vicinity of the Lock coal prospect in order

to delineate the general shape of the deposit

and to test for a possible westerly extension.

Difficulties caused by near surface calcrete,

and 50 Hz pick up when operating near a 60 KV

power line, made the quality of records poor.

However, with the aid of logs of holes previous-

ly drilled, it was possible to interpret a base-

ment depression in which the coal is confined.

The depression increases in depth west of

the drilled area : further drilling to test for

coal in the deeper area is recommended, along

with suggestions which will improve the seismic

interpretation of the area if more refraction

seismic work is required.
INTRODUCTION

‘A refraction seismic survey was carried out in late
1977 in the vicinity of the Lock coal deposit in central
Eyre Peninsula (Fig. 1). The aim of the survey was to
delineate the 1limits of the deposit and find whether it
is structurally controlled.

An initial survey was undertaken to test whether rel-
iable results could be obtained, as it was considered that
near surface calcrete over most of the area could cause
secondary energy sources from membrane-type reverberations
(Milton, 1974), making the timing of first breaks on the
seismic records very difficult. The calcrete could also

cause a velocity inversion, due to its high velocity,

resulting in large errors in the interpretation of the



time-distance curves. To reduce these effects the explosives
were detonated in shot holes below the calcrete layer.

The initial work was interpreted and the results com-
pared with information from drill holes in the area. It |
appeared that the interface befween two refractors coincided,
within acceptable 1limits, with the base of the bed contain-
ing the carbonaceous material. Further work was therefore
carried out over a suspected westerly extension of the
deposit so that the seismic results could be used to guide
the location of further drill sites.

METHOD USED

Approximately 25 km of seismic traverse along five
lines, as shown in Fig. 2, were surveyed during two one-
week periods.

The seismic lines were cleared by a private contractor
using a water-filled roller towed by a tractor, then the
fallen scrub was cleared with an agricultural rake. Sur-
veyors from ETSA supervised the clearing, then chained and
levelled the shot points at 732 m intervals along the lines.
Shot holes were drilled to kelly depth (approximately 7 m)
by Department of Mines and Energy drillers using a Mayhew
1000 drill.

Seismic spreads consisted of 24 geophones spaced 60.9
'm apart, i.e. a total spread length of 1 463 m, with shots
detonated in shot holes which were approximately 30.5 m
away from each end of the spread. After acceptable seismic
records were obtained from these shots, half the spread,
i.e. two 366 m seismic cables and 12 geophones, was picked
up and placed at the other end of the spréad, such that the

new position of the 1 463 m spread was 732 m further along



the line. After seismic records from shots at each end
were obtained, the spread was moved on again thus providing
seismic records with an overlap of 732 m.

The seismic equipment consisted of a 24 channel SIE PT100
seismic amplifier bank feeding an SIE ERC6 electrostatic
oscillograph.

In order to obtain a better control of the near surface
velocities and thicknesses, '"weathering spreads' were shot
at most shotpoints along the lines. These consisted of 24
geophones placed at 10 m intervals with a shot detonated
at a depth of approximately 1 m below the surface at the
centre of the spread.

All seismic records were timed for the first detectable
arrival of energy at each geophone position, and results
were then plotted as time-distance curves. Conventional
seisﬁic refraction interpretation techniques were used to
determine velocities and thicknesses of the various ref—
racting layers. Reciprocal analysis as reviewed by Hawkins
(1961) was used where possible to obtain bedrock velocities.

RESULTS

Up-hole times were not recorded. Corrections for shot
depth were obtained by superimposing the weathering shot
time-distance curves on the time-distance curves of the
larger spreads, and measuring the time displacements be-
tween coincident parts of the different time-distance curves

with similar velocities.



Generally record quality was poor. This could possibly
be due to the high attenuation of energy in the sand layers
below the near surface calcrete layer. On some records,
timing of first energy arrivals at the geophones furthest
from the shot was difficult and second or third arrivals
were timed instead.

Refraction spreads along the 66 KV power line traverse
were affected by 50 Hz pick up from the power line. The
pick up was so great that it could not be fully attenuated
by the "hum bucking'" devices and the high-cut filter sett-
ings available in the amplifier banks.

Preliminary cross sections showed discontinuities in
some layers which were considered to be continuous. The
requirements of the refraction method needed to estimate the
depth and thickness of a separate layer of measureable
velocity are (a) the velocities must increase with depth and
(b) the layer thickness must exceed a minimum value béfore
it can be distinguished on the time-distance curves. It
was therefore considered that there was a continuity of the
‘layers throughout the cross sections, but in some cases the
layers were too thin to be '"seen" on the time-distance
curves. However, the maximum depth and thickness of a "blind"
zone which would not be detected on the time-distance plots,
were calculated for each shot point by the method described
by Hawkins and Maggs (1961). The use of this technique
allowed continuation of layers of similar velocity through-
out the seismic section. Support for the existence of such
blind zones has been obtained from the drill logs since

utilisation of the hidden layer techniques gives a much closer



approximation to results obtained by drilling than does the
use of the data without allowance for the presence of blind
zones.

Positions of seismic lines, shot points and drill sites,
along with contours of interpreted depths below A.H.D. to
the interface between the 1 890 m/s to 2 100 m/s layer and
the 2 200 m/s to 2 600 m/s layer, which is considered to
be the base of the coal sequence of Jurassic age, are shown
on Fig. 2. Seismic cross sections of the lines surveyed
along with drill information are shown on Figs 3 and 4.
The interpreted seismic sections show up to seven layers
increasing in velocity with depth.

Velocities within the range 1 800 m/s to 2 100 m/s
are in the main associated with Jurassic coal formations
(Figs 3 and 4). The boundary of material of this velocity
with the formation below is considered to be the maximum
depth at which coal may be found. Where the coal forﬁations
ére nearer the surface as at the eastern end of the power
line traverse then less compacted formations of the same
material may have somewhat lower velocities, e.g. 1 580 m/s
at SP.O.

The material underlying the coal formations is thought
to be basement, with velocities ranging from 2 500 m/s to
3 500 m/s depending on the degree of weathering. Material
with these higher velocity ranges has not yet been encount-
ered in any of the drill holes so its exact nature is not

known.



The seismic sections from the north-south lines show
a depression which has the greatest thickness of both Ter-
tiary and Jurassic sediments on Line 50E. It was considered
that the interface between the 1 890 m/s to 2 100 m/s and
2 200 to 2 600 m/s layers was the depth 1limit below which
coal would not be discovered. The depth to this interface
below A.H.D. was plotted at the shot point locations on the
plan and contoured at 10 m intervals as shown on Fig. 2 to
give the general shape of the depression. There is insuff-
icient seismic information to confidently interpret the
slope of the northern side of the depression, as the tra-
verses did not extend far enough in that direction to enable
a reciprocal=-method interpretation.

CONCLUSIONS AND RECOMMENDATIONS

Although the quality of the seismic data was poor, £he
general shape of a depression containing Jurassic and Ter-
tiary sediments has been interpreted with the aid of ﬁrevious
drill hole information. It is relatively shallow in the
eastern third but becomes much deeper below line 50E then
tends to become less deep but wider with a shelf in the
southern part of the survey area at the western end.

There are insufficient seismic data in the northern
part of the area investigated, and there are insufficient
north-south lines within the area of interest to confidently
interpret in detail the shape of the depression. However,
there are sufficient data to show the general trend, which
should be useful in the preparation of a furthér drilling

programme.



It is recommended that the drill hole P64, sited on
line 50E be deepened, as it appears from a comparison of
seismic velocities that the carbonaceous section intersect-
ed is of Tertiary age, and that there could be coal of Jur-
assic age below it. If there is insufficient coal in the
deeper part of the depression to enable economical mining,
it is recommended that a drill hole be sited to intersect
the Jurassic sediments on a '"shelf" between SP4 and SP5
on line 47E, where the Jurassic coal-bearing sediments
are interpreted as being shallower. \

If a more detailed seismic interpretation is required,
it is suggested that the existing north-south lines be ex-
tended to the north by at least one seismic spread length,
and that additional north-south seismic lines at 1 km inter-
vals between the existing ones be traversed.

A high resolution reflection seismic survey may be of

use to obtain information about the actual coal seams.

BJT:JS B.J. TAYLOR,
21st June, 1978. SUPERVISING TECHNICAL OFFICER




REFERENCES
Hawkins, L.V., 1961. The reciprocal method of routine

shallow refraction investigations. Geophysics, 26,

806-819.

Hawkins, L.V. and Maggs, D., 1961. Nomograms for determin-
ing maximum errors and limiting conditions in seismic
refraction survey with a blind-zone problem. Geophys.

Prospecting, 9, 528-532.

Milton, B.E., 1974. Seismic experiments in the northern

Eucla Basin, S.A. Quart. geol. Notes, geol. Surv. S.

Aust., 51.



129 131 133 135 37

| .

| NORTHERN __TERRITORY | OUEENSLAND

\
” “—-‘:';‘ ';s ﬁ%- A | }

@ Frnabella i
\

;
!
|
i
l

L i‘ |
10 > \i ‘ 1 H “Grantte Dovwns”
\ L0 T
. ~8 L ;
= \\{ S : Oadnadatta
- AN
-T \ ‘
e BT I
Ep 1
P AN - } :
= e wE—— \_>___> Fmu | i
- . i St EESES Sst se = ! : i
~___\ D
a TS Conber Ped
1 i
" = 1 : :
= ; ) ;
| i x i ’ e
o T
) ‘~~ : T 7 ‘\’
" u ‘ll ‘
= Watsens  Ooldea ; y

GAIRDNER
\_T o

]

&
& <
SCALE IN KILOMETRES Pr. L&nmln’ ‘-‘S\ :
100 0 100 200 j» % S

| S T T S T b3 1 L

LOCK COAL

DEPOSIT @3

Augusta
/ W h\.u. \
LG Ay

\_—\z QP e/ X
SOUTH . | i ;
AUSTRALIA — ¢ .
|

139 14t

Oany
E Yunta

Morgan o
River o W

Murray
-

ADELAIDE
'

e g0

Y
|
VICTORIA

M. Gambuer @
R

FIG.|

DEPARTMENT OF MINES —— SOUTH AUSTRALIA

o 53 Tofor LOCK COAL DEPOSITS

— 1= LOCALITY PLAN

Date:  April 78

Drg. No.

S13348

£5 b FreiT taa




A7E 48E 49E - BOE SIE 52E 53E

/

\ f . -s3isPi
OFFSET SP .

89N - \\ ' — — R
20 T SPI B \ e DN \\\

\?‘WQ 7.
8 8N T~ g
87N ’ |

86N

. | FIG2
Contours of Depth in - __ e ‘ , , I ,
T s e A e [SESMCTRAVERSE | DEPARTMENT OF MINES AND ENERGY— SOUTH AUSTRALIA |
~_—-0—— Contours of Tentative '-l_.g =re o R - LOCK COAL DE POS'TS
- Interpretation e R et | o o - - '
86N  Metric G Seiemie Retractersescboe | L OCATION OF SEISMIC TRAVERSES & DRILL HOLES
| - CONTOURS OF EST. DEPTH TO BASE OF JURASSIC COAL DEPOSIT
. KlLOMlETRES ) ' SGEE:\izzggécl;TmN COMPILED:B.J.dyIr: DRN JW. ;SCALE: 125000 PLAN NUMBER
TS W S S VA S SR R | | CKD AF | { DATE April 78 78-335
DIRECTOR GEMERAL | |

SO30 -~V



LINE 47E
00 - BE":N 616N ' B'IIN B8N 89N
|
| SP7 SF6
SPS
30BMm/a 308 me 2 SP.
L L _ OO me SP4 LS 370 /s, EP2 SPI
1400 /= HOO rmys e e—|———— S— L .
W20 ms
—_ 1650 m|s
= o — ————— ISOO mM/s 18O mfs 1500 /s
f— O i : |
g 2010 my/s 1880 mis 18I0 rm/s
8 ” 1820 mi=sy
=2 2200 m/s e— PIOm/s /’2250 mMiis
C 2200 m /= R3O0 Mms
o \-'-“"\-
| g *l00 Zone 2200 m)s /
| | 7 — TN~ —
- Correlation T~
2730 m[a\
50 -
- ; | | : ' LINE 50E
100 - SN | OeN SN | 8N | - 89N
. sggs - S% ‘ P5
(o) oo MR S 6P4- \ SP
% —— 1208 misy , P50 305 mys 200 P64 sSP2 SPl
: T —7 = S — . rys CALCRETED CLaY A
2 1870 rrja TP 12Oms 140 rmys | e e Wore o aome
g | SEomie | eemis CARBONACEOUS |
£ » | SAND | SANDS ,CLAYS
o A SILTS
2130 rm 1740
% O o , Rlaomis o k 1830 rrfs 1770 mfs mis
= — CARBONACEOUS CLAY 7o m/e
s : 2700 mjs GRAVEL
| -_f_—? 1 210 COAL & CARBONACEOUS
i ' 0O mis -~
T
, — Possible
: <100 Correlation
LINE S2E
100 - o BS'N B?N : B'TN B?N |
: P52 &P p SPO
. <ba e P2 P53 PGS PQ-Z _ 224 vws CACRETE P34 l__h__‘::‘_m-z-,o - <P
% 14 EE s CACRETE L Seo s —§lom(s [SANDSTONE ::D;Noz—zznf\ :A:TD * SANDSTO;',E‘O s \T}P\——’
2 870m/s YOG E|  7Ome s —7— v Rl — —— = e
8 CARBON#CEg'JLgCLA ] 1720 rmjs eoome 2:;VFLr;Aceous CLAY [LIGNITE 1480 mja WO S e
Co 2000 m/s R000mis  [SiTY) —_— P
%. 6 - T — — —_— l"m"?; R w0mie _° —
= - - e /
2400mi= — 2400mis ~ COAL —
(CJ —_— - ?N RS0 mle\ 2040 rmjs lSAND ? ' :
-4 i \ .
'B 30 Mmjs ~ ~ f / . /
> e — -
- /
E—GJ . \ ) ~— - /T, | 2400 m /s n / . /
e : _ : '
? : SO e | | g — / |
0 / . . ' J q.
— Possibie \ Biind Zone / /
Correalation — ey
~_ FIG.3
;:;o s | DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
LOCK COAL DEPOSITS
HORIZONTAL SCALE | SEISMIC SECTIONS -LINES 47E ,S5CF 8 52t
Metres - _ | |
? l?o 2?0 3?0 “1)0 5?0 6?0 7010 8400 990 I.’;OO GEOPHYHCAL COMPILED R ] Tarylor [scnr ::,.,_‘1?000 PLAN NUMBFA

SERVICES SECTION.

e Aped '8 78"336

MARECTOR GENERAL

a0 -1V



POWER LINE TRAVERSE

47E 4A8E 49t B5OE. BIE 52E 53FE
. : | | l | | | 1
SP4 8p2 SPO
: P50 A pﬁm RETE SP3 " —Z3 SIP l -
— SP5 CALICHE. 750 reis = . = $30mis Claa ,
0 SP6 . L — s SANDSTONE 070m|s
T 5P9 400my/s SP8 5P7 400 ";‘1!5 1 - \W/ 930 m/=s
z ™ j{ \ 1 o — CiLAY — __'oms CLAY /
Bandt 1290 m/s
g 1800 s RBONACEOUS ‘430 ™M= e
N | | - — 1580 m/s
5 i o 3"________ SANDS & GRAVELS S8 mis ‘
EC 0 - B30 m/s 770 MIS /\ T — PYRITIC CONGLOM 2060 m/a ¥A90 m!ﬁ — ’
o /A . COAL 000 coAL Xk / — .
8 1780 rr{s - 1920 rjs GRAVEL 2 - -‘::fs CARBONACEOUS CLAY _—
: 4 e
| -E B3O /s . e CLAY £ COAL \ GRAVEL & SAND " I
| 2 | T E— — _—
N . 2000 m/s | ——
e /
) m/s - 2400 mis —
2100m|s 2050 /s R440mis  Bhind Zone
o0 _ — smzoms
// 2400 m/je // /
—_— , 2480 mjs 2300 /
| — T | | m/s
2306 m/s
3060 m|s
| . - 3000 m/s |
o LINE 86 N
0o + - 49E o | ~ BOE | SIE | . BRE
' | | SPI
SP7 SEG 8PS | SP4 SP3 SP2 ;
: b | _ : 1 1305 s
l = (320m/e - oome 140 mjs 1370 mis iRIGm/a oo 120 mis
L —_—
< . 1I900ms . 1730imys —
770 rmjs | 740 m/a 0 mis OO0 r /s,
g ' — 2400m —_— VA0 mis 2000 m/a Blind 2 2000 m/=,
Ko f — " 2400m/s —— o T —_ 2000 m/s " ona =
p .‘ e, - — — — — ~ S
- —_ Blirv:il Z ne/f_ = — 2400 m/s gssomis Pome —_— e
= | M — | 2800 rrie ~= s e —
9 ) A #7850 rmja ——m= 2740 mfs Blind Zore 2700 s
0 : - ) R640m/s T e
2 '. T -
0 1 2230 m/e
Ll | 3190m/s 5 | 8080 mMm's IO M=,
T~ 3140 mis | 3150 mis
200 FIG.4
3500 /= ! DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
HORIZONTAL SCALE LOCK COAL DEPOSITS
Metres ‘ - 6N 8 POWER LINE TRAVER
. o o w0 w0 105 0o w0 0 o0 SEISMIC SECTIONS - LINE 8
’ Possible
Correlation SEOPHYSICAL | comeieD g jrangr] 07 JW SCALE "'_%%“'1“2&"30 PLAN NUMBER
KD AF DATE Apml M 78"337
S — T —— a— —— B— — D:AECTOR GENERAY

SO0 -V




	Report Book 78/66 - Refraction Seismic Survey over the Lock Coal Deposit - 21 June 1978
	Contents
	Figures




