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DEPARTIENT OF MINES
SCUTH AUSTRALIA

Rept.Bk.No. 75/69
G.Se No. 5603
DJH. No. 1047/74
E.L, NOQ 485/1

Geophysical Investigations in E.L. 185
Cunmins area - Lower Eyre Peninsula

Client: Uranerz (Aust.) Pty. Ltd.

ABSTRACT

Seismic refraction appears to have been success-
ful in delineating the irregular floor of the Tertiary
basin which underlies Cummins on Eyre Peninsula.
Velocities of the Tertiory sands, silts, clays, peats
and lignites are predominated by that of the water
which saturates them (c. 1670 m/s), since the water
thlkle -is very shallow. The floor of the basin
consibts of metasediments of the Flinders and .
Hutchison Groups whose velocities vary from 4200 m/s
to 6500 m/s. o

Several deep channels have been delineated.
One is a gajor feature, stretching from Cummins to
possibly as far south as Avoid Bay and out to sea.
This channel has links, most likely through rock
type and tectonic structure, to a major gravity
high on the LINCCLN 1:250 000 gravity map.

Two traverses indicate that the gravity mcthod
may be an efficient and economical way of outlining
basement relief, provided stations are close encugh
together, and that there is adequate information on

basenment depths at intervals sufficiently close to
define the regional effect.

INTRODUCTION
E.L. 185 is situated in southern Eyre Peninsula
* Yhere it covers part of a shallow Tertiary basin bounded on
the east and west by Proterozoic basement outcrops. The
ﬁorthern and southern limits of this basin are as yet ill-

defined. The basin is considered to be prospective for
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sedimentary uranium deposits because it contains lignites,
sands and peat beds within the Tertiary sequence, and because
the basement rocks surrounding it may have scrved as good
gsources for the uraniun. |

Uranerz (Aust.) Pty. Ltd. who are the lessees,
asked the Geophysical Services Section of the South Aus%ralian
Mines Department to carry out a programme of geophysical
investigatvions to outline the basement paleo-surface in order
to detect sub-surface channels prospective for uranium.
Originally an experimental traverse was to have been made to
test three methods, which were seismic refraction, gravity
and seismic reflection (using a Bison 1570B signal enhance-
ment seismograph). However, in view of the tight scheduié
- imposed by drilling rig availability it was decided to
concentrate mnainly on seismic refraction because useable

results could be computed more quickly.

GECLOGY
The gencral geology of the area is shown in Plan
No. 811494, The table below gives an outline of the regional
geology: a detailed description may be found in Johns (1961).
For more detailed descriptions of_the local geology refer to
the réports (on open file) for 8,11.L.s 483 and 642 (Wixon,
1971; Carrie, 1971) for Endeavour Hinerals N.L. ' |
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Period System Formation - Lithology
Quaterﬁary Recent Undifferentiated Sand dunes, aeolianite,
Pleistocene talcrete, laterite.
Tertiary Locene to Undifferentiated Clays, sands, lignites,
Pliocene gravels, peats.
Proterozoic Hutchison Group Iica schists,

Amphibolites, haematite
guartzites, dolomites,
gneisses, graphitic
rocks.

Flinders Group Gneisses, quhrtzites,
dolomites, schists,
amphibolites.

Basenent in the area consists of rocks of'the
Flinders and Hutchison Groups (Johns, ibid.). These are.
sediments which have undergone different grades of metamorphism.
The Flinders Group contains a higher proportion of gneissic
rocks and granulites, while in the Hutchison Group schistoge
rocks tend to predominate. Both conbvain quartzites and
aolomites. The type section on the LINCOLN 1:253,440 geolbgical
sheet (Commonwealth Geological lap Series - Sheet 1, 53/11)
shows a broad synclinorium of Hutchison Group rocks underlain
by Flinders Group rocks forming the floor of the Cumming
Basin. Yhe rocks are tightly folded with north-south trends,
and the pattern of basement ridges controls the present
relief of the basin floor. DBasement rocks are weathered to
depths of at least 15 metres (Nixon, 1971).

The Tertiary sequence consists of horizontally

bedded clays and sand and gravel beds with occasional peatb

and lignite beds extending to depths of at least 150 metres.
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Palynoldgicdl studies have revealed an Eocene flora which
indicates a paralic depositional enviromment (interbedded
marine and fresh water sediments).
TQuaternary sediments are represented by Pleistocene
‘aeolianite dep&sits in the south and west of the leased area
and by Recent sands, clays and alluvial and swamp deposits

elseéewhere,

Erevious Geophysical Work

Seedsman and Harris (1956) report on an airborne
scintillometer survey made in 1954 over eastern Eyre Peninsula
which revealed a collection of minor anomalies t@p_or four
times background west 'and east of Cummins. AnAaﬁomaly
greater than four times background over Marble Range was
found after field checks to be in gneissic rocks with no
evidence of mineralization. .

In 1955 Adastra Hunting Geophysics Pty. Ltd., on
behalf of the South Australian Department of lMines, conducted
an éeromagngtic gurvey on a regional basis over this part of
Lyre Peniﬁ;aia. Flying hétight was 500 metres above HaS.La
with a nominal flight line spacing of 800 metres. The
results are available on a series of maps published by the
Department of Illines at scales of 1§63 560 and 1i253 440, See
also Plan No. 75-504, An interpretation of these data was
nade by Wébb-(497ﬂ) in an attempt to obtain basement subsurface
contours but he con¢luded that the high level of flying
combined with low sensitivity made it difficult to produce
reliable results. Certain basement trends are however

discernible on inspection of the maps.
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S A gravity survey conducted in 1971 resulted in the
compilation of a Bouguer anomaly map of the LINCOLY 41:250 000
sheet (Ramakrishna, 1972). The average density of stations
(1 per 41 kmg) is insufficient'to reveal small near-surface
features such ags buried channels. However the nmap does
prévide sone insight into the geological structure. Refer to
Plan No. 75-505. A gravity high of 30 to 40 mllllGQlS,
trending north~northca t dominates the lower part of southern
Eyre Peninsula, Thc hipgh has stcep flanlks, and the castern
flank appear to ¢orrespond to the Lincoln fault scarp which
extends along the east coast from Port Lincoln to beyond
Lipson. 7"he western flank corresponds fai¥*ly closely tb the
western boundary between Flinders Group and Hutchison Group
sediments (Johns, ibid, figs. 27 and 42) where the Hutchison
Group metasediments form the core of a synclinorium whose
axis cbincides with the positive gravity anomaly axis. If
the situation is approxinated by the nodel shown below then
it can be shown that a density contrasi of 0.24 gms/ce
between the Ilinders and Hutchison Group metasediments weould

be sufficient %o produce a maximum gravity anomaly of 30

milligals.
t‘P—zquS—’w
: S
.Densﬁy/o\ | f;ﬁ;&uﬁ;/ T
L=Sum
e l
Bp 7 Py
= 4
g maex. = D GW A/’ (T4RtnR)

R?
where G = 6:67 x 107® MKS units -~ . 7~
and R’={ﬁw
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Thié is a plausible explanation because
(a) Johns (ibid., p.17) states that Eutchison Group
rocks may attain a maximum thickness of 6 000
metres.
and (b) rocks of the Flinders Group are predominately
granitic in characﬁer and so méy be less demse
than the argillite-derived Hutchison metasediments.
Vithin the zrea covered by E.L. 185 itself, about
78 kms of seismic reflection traversing was done by L. J. Starkey
and Associates for Endeavour linerals N.L. The instrument
used wos a single channel Bison 1570B signal enhancement
seismograph which sums and stores signals from hammer blows.
The method adépte& was to sum signals from hammer points
between 1.5 metres and 9.2 metres from the geophone at stations
30 metres apart: by doing this, refraction events were
cancelled, while reflcction evenis were enhanced. The method
proved satisfactory in being able to mark the top of basement
to depths of 150 metres. Howvever, a limited seismic
refraction progracme had algso to be carried out in order .to
measure the velocitices of the sedimenivs overlying basement
so that reflection times could be converted to depths. The

refraction survey showed the following distribution of

velocities:
Velocity range Rock type
c.1830 metres/sec. Superficial patches of calcrete

S40 - 1130 metres/sec. Tertiary sediments
17402820 metres/sec. Jeathered basement
4540-5680 netres/sec. Unweathered basement
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Using a crew of an operator and‘two field assistants plus a
geophysicist to interpret results the survey averaged 2.8 km/day
in both reflection and refraction at an average cost of $310

per line kn.

METHODS AND EQUIPMENT USED

In this survey the seismic refraction work was doﬁe
using a 24~-channel Texas Instrument Cos 7000B recording
sceismograph interfaced with a Geospace R1801 electro static
Gamera. AGeophones were set out at 61 metre intervals along
the spread and the shotpoint was placed at épreaﬁ centre.
After the shot was fired one quarter of the spread (ie. 6
geophones) was moved to the other side of the spread and a
shot was bthen fired at the new spread centre. The survey
proceeded in this manner for each “raverse. By using this
method continuous overlapping forward and reverse refractions
fron Basement were obtained feor each geophone station as well
as control of upper layer velocities every 366 metres.

Where the depfh to basement was Yoo great is became necessary
to fire shots at the ends of each spread rather than at the
centre in order to'maintain‘continuitj of reciprocal basement
refractions at cach station.

Shothhles were drilled using a small Halco rotary
persussion rig’driven by a Holman compressor. The average
cherge used consisted of two.1.5 kg sticks of ANGO blasting
gelignite at a depth generally of 3 metres.
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o Each traverse was pegged as the survey proceeded.
1 metre stakes were placed every 366 metres (1 200 feet), and
smaller pegs every 122 metres (400 feet)., These were numbered
~ from the start of each traverse, increasing with increasing
chainage in the direction of traversing.

Some problems were caused by:

(1) Wet weather. In particular electrical cross-feed
problems were caused by leakage between wires
in the seisnic cables due to moisture in them.
It was also found that on particularly humid
days the charger wire voltage intensity on the
electrostatic camera required regular adjustment.
Mirrors and 1eﬁées in the optical system also
tended to fog.

(2) Difficult drilling. Calcrete presented no
drilling problems when a downhole hammer was
used, but stiff clays pften presented severe
problems, mostly due té clogging of the air
circulation: In some cases it took up to 2
hours to drill a shothole, although on the
‘average the time per shothole was about 35
minutes. This governs the time taken to set
up each spread and take a record of the shot:
under good conditions this should be aboﬁt 20

“minutes.

For the gravity traverses a Sharpe CG-2 Prospector

gravity meter (serial No. 201) was used. The calibration

factor for this was 0.0999(7) milligals dial division on 12.2.75.
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A sequence of tie stations alohg each traverse cenabled the
data to be corrected for intrumental drift and diurnal
variations. The data were tied in to isogal station 71I16.0404

at Cummins for which the following values have been established:

accepted gravity = 979687.62 milligals
latitude = 34°15 48"

longitude = 135300
elevation ' = 66.099 metres

G.T. Galbraith (field assistant) made the gravity readingS@

INTERPRETATION OF RESULTS

Seismic

Seismic records were timed for the first arrival
of energy at each geophone. For each traverse these travel
times were plotted against distance from the shotpoint for
every spread to give a composite record of time-distance graphs.
The basement refraction events from forward and-reverse shots
were identified and marked on this record. These data were
then subjected to reciprocal.analysis (refer to Plan No. 511495)
to give a set of time-depths for geophone>stations on each
traverse. .

The ﬁime—depth of a refractor as defined in Plan
Nos 511496 is essentially the everage of the times for a ray
travelling from the refractor surface to reach the geophone
station as a first event from both forward and reverse shots.
If the refractor surface is reasonably plane within the
vicinity of the geophone, tben this average time can be con-
verted to an actual depth by applying an appropriate conversion

factor.
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From examination of the time-distance graphs it is
apparent that there are at least three refracting horizons of

interest in the area.

Laver JVelocity Thickness . Remarks
0 Vo Ho Zone of aeration: soil _
and sediments above water table,
1 Vq Hq Uater-séiturated sedinents.
2 : V2 'Hé Basement refractor: b

metasediments of great uhlckness.
It is acknowledged that weathered basement may prov1de a fourith
horizon, but, partly due to its thickness in relation to its
depth and velocity, and partly due to the large geophone
spacing used, it cannot be identified positivel; on the ﬁime-
‘distance graphs. Ue can assume a velocity for it and calculate
© the maximum thickness it may attain before it could influence
the graphs, but its true velocity and thickness remain

unknovmn. The assumption therefore must be that its thickness
remains‘relatively'constant and that variations in the
paleo-surface are reflectved in variations in unweathered
bascment.

Tor a given geophone station let To be the time-
depth for the water table and Tq be the time-depth for the
basement. The total depth to basement neglecting the effect
of weathered basement is given by

% = Ho + H, ~(1)

Now (refer to Plan No. S11497)

Ho = ToVo sec 101 -(2)
and Hy = (T, - Ho cos iOQ/Vo)'(v1 sec i,5)y =(3)
where i4 = arcsin (VO/V1) '

iba = arcsin (VO/V2)
and 1o = arcsin (Vq/Vz).
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Since there was insufficient time to do "weathering"
spreads to determine Vo accurately we shall assume a constant
value of 200 m/s for it. Values of V1 are derived from the
inverse slopes of the initial segments on the time-distance
fraphs, and values of V2 were determined from the corrected
travel times in the reciprocal analysis.

Taking typical values of 1 530 m/s for Vo and 5 500
n/s for V, it can be seen thatl |

~ cos ioﬂ = 0,98 and cos i02 = 0,99

so that to a good approximation we can write

el ] = [s) 3 = 1
S5€ec 101 co 1 .

o2
Thus, the formula which gives an ecstimate of the
total depth is
%

| OﬂBT + (T,l - To) (V1 sec 142), ~(4)
where % is in metres |

| T0, T, are in milliseconds W
and Vs V, are in kn/s.
To values are measured from reciprocal analysis (where
applicable) or by interpolating the half-intercept times

from shotpoint to shotpoint.

Sources of error

(1) Zrrors in measuring V., will not greatly affect

depth c¢alculations

€5e. Y, *Iq Io Z4 2
5500 1530 > 80 121
4600 1530 5 80 123
ie. a 16% error in basement velocity results only in a 2%

orror in &.



“hese may bo due to: .
(a) amisetrgpy due $o thz loyering of the scdimonts,
+ interbedded conds and clays
(b) welocity invercions, duo %o, for exenple, clayo
everiying vhiock beds of noat, or coleretos

overlying lovor weolocity scdimenits.

€g. » Yo ¥, pile} L, &
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0 be conctont ovoer relotivoly wide oweas uwnexe surfaco
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This is very much a function of distance from the shot and of
basement depth as both affect the sharpness of the breaks
(although amplifier gain settings compensate somewhat for
these). The error therefore is likely to be a constant
percentage of basement depth and is not likely Ho exceed S%.

(5) Errors due to basement irremulapitics of high relief

These undermine the basic assumption in calculating
the time-depths that the refractdr-is planar immediately
below each geophone station over a distance subtended by
Ywice the crivical angle of refraction (in thié case, Say,
over % 60 n)., Included in these are cases where the refractor
slopes at an angle to the horizontal greater than the critical
angle, for then no rays can be returned to the surface from
this zone. ®Such errors are intrinsic to the process and
cannot be estimated; smoothing of the datea is probably the
best treatment, |
Gravity

After correcting the data for intrumental drift and
tidal effects, they were convorted to gravity differences (in
milligals) with respect to the isogal station at Cummins
(7116.0404), Latitude, clevation and Bouguer (assuming a
surface density of 2.67 gms/cc) corrections were then applied
to give the Bouguer gravity in milligals for each station.

To compute the gravity effect due to variations in
basement topography alone, it is necessary to remove from the
Bouguer gravity profile the gravity effects from all other

sources., Iffects from density changes in materials at the
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ground surface are likely to be sharp and of small magnitude,

and these are best removed by smoothing the Bouguer gravity

profile to remove very small wavelength variations. On the

other band, intra-basement effects (the so-called regional
gravity effect) may be of large magnitude but with very long

wavelengths (if the profiles are regarded as being represented

by a Pourier series expansion), and removal of thesec depends

on a knowlege of bedrock depths at intervals along the
profile. At these points the residual gravity due © depth

of burial of basement ﬁay beAestimated‘and hence a point

on the regiocnal gravity profile can be established. A smooth
curve passing through 2ll such points is téken as the

regional gravity profiles Depth estimates at points in
between the cdntrol stations can Then be derived from the
residual gravitj (smoothed Bouguer gravity minus regional
gravity). Obviouslj the bettér the regional gravity profile
can be estimated, the betber the depth estimates will be.

The régional gravity fér Linc 1 is derived from the seismic
depth estimates alone. On Line 9, depth estimates from
drillholes which intersected'baseﬁent have been uscd, together
with seisnmic depths.frOm Line 10 on the castern end and Linc 1

on the western cnd (sce Plen No. 75-5035).

RUSULTS
(1) Line 1 |

Soismic (see,Plan,No. 75-400)

This traverse extended over a distance of 21.5 km.
Values of V, (water-saturated sediments) were fairly uniform
and ranged from 1 400 n/s to 1 680 m/s, cxcept over basement

highs where they tended to be slightly lower.
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Note in particular major channels indicated
(a) between 5 and 6 km from 00;
(b). between 7 and 11 km from 00;
(¢) Dbétween 14 and 17 km from 00;
and (d) between 18.5 and 21 km from 003
Note élso major vasement topographic highs at 1.2 km
from 00 and between 14 and 14 km from 00. (These correspond
to murface topographic highs).

Gravity (see Plan No. 811492)

The regional gravity for the short gravity traverse
made on line 1 is estimated from secismic depths at three
points, onec at each end and one at the middle., The residual
gravity agrecs well with the detailed scismic profile,
indicating a basement high along this section. Of necessity
the pravity profile gives a smoothed picture of the basenent
profile and this is further compounded by using the Bouguer
slab formula to estimate basement depths. “Yhus, the minor
sharp deopressions which appear at 0.8 km and 1.8 km
respectively on the seismic profile arce represented only by
inflections on the profile derived from the gravity. (By
using an iterative scheme such as {reshi and Iiula (1971), these
inflections éould probably be resolved into depressions).
Nevertheless, it secms that, with proper control, the gravity
mcthod is capable of resolving important fecatures (greater

than 200 m in 7idth) such as the basement high already noted.
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(2) Line 2
Seismic (see Plan Nos 75-491)

Upper layer (Vq) velocities measured along this
section adjoining Lake Greénly are relatively high (2 000 to
2 800 m/s), higher in fact than gne would expect from water-
saturated sediments: There are two possible explanations
for this: |

(a) the section abeove basement consists entirely
of fairly consolidated rock which could even be weathered
basement. If this is éox%pen maximum basement depths are at
least 100 m below groundlsurface, ies there could be up to
100 m of weathering;

(b) a velocity inversion occurs (a high velocity
layer overlying a lower velocity layer) due to; for example,
a well-developed but thin limestone overlying water-saturated
sands« In this case a lower average velocity should be
assumed, and calculated depths will be correspondingly lower.

Basement profiles under both these assumptions are
shown in Plan No. 75-494, where the average -V, velocity (1 530
n/s) for Line 1 is used for case (b). The drilling informatinn
. apparently supports case (b). In any case there seem to be
two major depressions, one between O.4 and 1.7 km from 00,
and one between 3.2 and 4.3 km,

(3) Line 3 (see Plan Wo. 75-492)

Although irregular, the basement profile along this
section is fairly shallow, with only 6ne major depression
between 6 and 8 km from 00. Velocities in the upper (Vq)
layer range from 1600 to 2070 m/s; in keeping with those on

‘Line 1 and, in fact, with most water-saturated sediments.
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(4) Line 7 (ssce Plan Ko. S11493%)

This short traverse was situated at the eastern foot
of the Marble Range. Upper layer velocities are of the same
order ag on Line 2 (Plan No. 75-491), so that a similar
situation may occur here. If there is in fact a velocity
inversion then the depression centred 71 km from Q0 assumes
some imporfance and may be worthy of investigation. Basemeont
at the northoern end of the line is, however, too shallow.

(5) Lincs 4. 5, 6 and 8 (see Plan Hos. 75-493, 75-4C4,

75-494 and 75-496)

"hese lines are noteworthy because they cover the

most important fecature in the area, a deep chamnel extending
from north of Cummins and possibly reaching the s2a throush
Avoid Bay. %hic channel is remarkable in that its course
almost exactly parallels the contours on the western flank
of the gravity high. This agsociation is probably because
the channel follows the trace of some casily eroded menber of
the bosement rocks near the contact of the Flinders and
Hutchigcn Groups.

The seismic traverses across this chonnel tend to
shbw o deep cchtral chammel with characteristically steep
sides wizsh cubuidiary troughs on its wesbtern and eastern cdics.
There are indications that the sides of the main channcl
nay slopec alt angles to the horizontal greater than the critical
angle of refruction (greater than say 200); in fact the

western edge nay be fault-controlled.
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Line 8 is the seismic line furthest south, along
the Flinders Highway. However, an extension of the channel
to the sea through ivoid Bay may be inferred from the
aeronagnetic nap. Aot its decpest part'the channel is almost
certainly well below sea level., If it does extend out to
sea the fresh water springs which should resultsat sea from
such a situation may be a possible cxplanation for the
coastal bitumen strandings so often reported in this area
(Sprigg, 1661). '

(6) Line ¢ (sce Flan No. 75-497)

Gravity 6nly was measured on Linc 9, which ran
through Cummins. The regional gravity was obtained from the
~ sparsc drillhole and seisnic information aveilable. Better
control is desirable in order to obtain a more accurate
representation of basecment depths,; particularly on the castern
cnd, vwhere the seismic depths from Line 10 are very doubtful.

Nevertheless, the typical picturc of an irregular
basencnt floor does emarge from the residual gravity profile.
Two points are worth noting:

(a) the trough underneath Cumnins itself which the

"school bore penetrated seems to consain two
channels separated by a minor bascment high;

(&) at the westecrn end there is a pronounced bacse-

ment hich which ccrresponds to a surface

topographic highe
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(7) Line 10 |

Seismic records on Line 10 were extremely poor due
to the very windy conditions encountered on the last day of
shooting and more particularly to a steel pipeline along the
edge of the track wiich gave appafently an echeloning effect
to the records. Decause of this, no profile has beeu
calculated for this line, and only one doubtful depth cstimate

was made in order %o fix the regional gravity for Line 9.

CONCLULIONS

The basement floor within the area of E.L. 185 is
irregular and contains many channels. The use of the secisuic
refraoction nethod appcars to have been successful in delineating
most of these channels. In particular a deep chénnel maich
passes under Cummins has becn charted nearly to the sca.

This chennel has an indircct associabtion with
contours defining a ;ravity high on the LIIICOLIN 1:250 000
gravity sheet: but is of insufficient depth and width to
pfoduce a direcet offect on this map because of the wide
cravity station spacing. Its association lies rather in that
the course of the channel may follow en easily eroded member
of a metamorphic.basement structure which itself gives rise

to tho gravity kuigh.
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Nevertheless, traverses euploying closely spaced
.(122 n) gravity stations have shown that if adeguate control
of the regional gravityceffecf can be obtained from
knowledge of basement depths at intervals along each traverse,
a reasonably good estimate of the finer basement profile
should results. The basement depths for control purposes
could come from either seismic or drilling data and should
preferably be at intervals of 3-4 km: Surface levelling is
necessary, but only one operator is required for the gravity

mneasurements.

.'/
% NELSON
O PHYSTOTST

GEOFIYOSICAL SERVICES SECTION.

21st lay, 1975
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TIME DEPTH

Te = time delay in

_ Gx _ Px
Vo Vi

Z, Cos ig,
= v

(1) Determine reciprocal time Tgig»

(2) Add recorded travel times from

shooting each way

(3) Subtract Tg.g+ and divide by 2

(4) Calculate depth 2g

travelling between
refractor and surface
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SEISMIC REFRACTION— 3-layer case
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