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URO BLUFF, SOUTH AUSTRALIA

Report for the Quarter Ended 13th June, 1980

1 GENERAL

Exploration Licence 605 of 1631 square kilometres was granted

to Dampier Mining Company Limited on fathhﬂﬁﬂzh,l980, for twelve
months. The main objective is to follow up the sedimentary

base metal mineralisation known to occur at the base of the

Tapley Hill Formation from previous work by Australian

Selection. A re-interpretation of the geology aided by geophysics
is being used to guide a drilling program.

2. FIELD WORK
2.1 Geology

Approximately 30 core holes drilled by Australian Selection
were re-logged and then photographed. Further interpretative
cross-sections were prepared.

2.2 Geophysics

A mini sosie seismic reflection survey was completed over

750 metres of traverse on line 638000mN from 735000mE to
735750mE, A report summarizing the work is presented in
Appendix 1. The interpretation given should be considered as
preliminary only until confirmed by drilling.

Ground magnetics were read at 25 metre spacing on traverses
totalling 85 kilometres. Instruments used were the Scintrex
MP2 and the Austral PPM1 magnetometers. Drift control was

by either repeat readings or a base station magnetometer. The
results are tabulated in Appendix 2 and also illustrated as
profiles on Figure 2. The traverse locations are shown on
Figure 1 at 1:50,000 scale.

Detailed aeromagnetics were flown over a 15 x 15 km area
defined approximately by the following co-ordinates at the
corners (6372000mN746000mE) (6384500mN 739500mE) (6384000mN
724000mE) (6372000mN 731000mE). The line spacing was 400
metres and tEg flying height 80 metres. The survey was flown
by Geometri*. Results are not yet available.

2.3 Drilling

The following drill holes were completed during the
quarter.
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Field

Hole Traverse AMG Rotary Core Total
No. Location Co-ordinates (m) (m) (m)
UB1 76N 36800E 6376000N 736200E 70 91.2 161.2
UB2 77N 36475E 6377000N 736475E 78 82.3 160.3
UB3 74N 36700E 6374000N 736700E 74.5 113.5 188.0
UB4 73N 36700E 6373000N 736700E 88 . 72.85 160.85
UB5 70N 39500E 6370000N 739500E 36 36
UB6 70N 41225E 6370000N 741225E 48 48
UB7 69N 42650E 6369200N 742250E 108 108
UBR8 68N 42350E 6367900N 742250E 66 66
UB9 68N 43350E 6367900N 743200E 72 178 250
UBlO 77N 36550E 6377000N 736550E 66 ' 66

Total for Quarter 1244,.35

The hole locations are shown on Figure 1. To date the only
reasonable mineralisation found is one metre of chalcocite-
bearing shale in hole UB3 from 146.31 to I47.31 metres. No
assays are yet-available and the-core logs are not yet complete,
The other holes are disappointing, and our exploration model will
need revision.

3. EXPENDITURE
Expenditure debited to E.L. 605 to 31lst May, 1980, was

Wages and Salaries $ 8,970

Messing and Accommodation 994
Fares and Mobilisation 2,116
Drilling ‘ 11,358
Transport 1,909
Surveying/Aerial Photographs 862
Geophysics 3,627
Sample Analysis 109
Occupancy/Location Expenses 234
Tenement Fees, Licences etc. 4 20
Capital Items 74
Other Items 399

$30,672

This report is submitted to the Department
of Mines and Energy as required by
Condition 4 of Exploration Licence 605,

@t



APPENDIX 1

MINI SOSIE SEISMIC REFLECTION SURVEY

MYALL CREEK,SOUTH AUSTRALIA
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SUMMARY

A trial Mini-Sosie survey was conducted at Myall
Creek near Whyalla in South Australia over gently dipping
Proterozoic sediments and volcanics. A total of 0.75
kilometres of 6 fold profiling at 5 metre trace spacing
was completed in 1% days. The unconformity at the base
of the Proterozoic Tapley Hill formation was clearly
mapped and a potential structural low in it detected.
Reflections were also obtained from Volcanics below the
unconformity.

Further work in the area would be warranted.

?
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1. INTRODUCTION

The Velocity Data Pty. Ltd. Mlnl-Sos1e crew carried
out three and a half days work on the Myall Creek area from
January 16 to January 19, 1980. During this period a total
of 0.75 kilometres of 6 fold reflection profiling was .
completed on one line between two boreholes using
conventional Mini-Sosie summing. A further 0.38km was completed
over the same line using the sign bit summing recording

technique. The location of the line is shown in Figure 1.

The area has a reasonable amount of drill control and the
geology is known to consist of 20 - 30 metres of Tertiary
sands and clays overlying 100 - 150 metres of Proterozoic
Tapley Hill formation comprised of 30 - 60 metres of shale -
overlying shale and dolomite. The base of the Tapley Hill
formation rests unconformably on volcanics of the Burra Group.
A cross-section is shown in Figure 2. . The objeqt of the’ |
survey was to test whether the uncohforﬁity and any topographic
relief on it could be mapped with the M1n1-8031e reflectlon '

technique.

2. FIELD TECHNIQUE

2.1 General

The Mini-Sosie seismic reflection method uses a surfacéx\‘
compactor as its energy source. This is rammed up and down \Q
at random intervals and the sequence of rams (pops or wacks) )
is monitored in the recording truck. Incoming signal from
the geophones is vertically stacked by cross-correlating
it with the ramming sequence. In this way the level of the
signal at each shot-point is built up by summing 1000 to
2000 'wacks' with the rammer. The number of wacks necessary
is dependent on the ratio of coherent signal to random seismic

noise on the records.
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The Mini-Sosie recorder is capable of recording

24 geophone stations per shot point. Twelve geophones are
used per trace spread out along the line at variable intervals.
The Velocity Data crew has two rammers which work in tandem.
These migrate along a segment of the line, centred about
each shot-point, until the required number of pops at each
shot-point is reached.

The recording instruments have a selection of low cut

(30, 60, 120 Hz) and high cut (60, 120, 240 Hz) filters to

aid in the attenuation of noise by frequency discrimination
(ground roll with low frequency filters, wind noise with
high frequency filters).

Sign bit summing is a stacking technique recently
developed and aimed at quickly improving the signal to noise
ratio when it is less than 1. It has only been recently
included on the Mini-Sosie system. An outline of the theory
behind the technique is set out in Appendlx 1 It comes from
Lindseth (1980) o o

Survey design in the field is governed by the field
conditions as far as they can be assessed on location. The
number of 'pops' required will depend on the efficiency of
energy coupling of each pop and the ambient noise conditions.
The less efficient each 'pop' and the noiser the conditions,
the more 'pops' will be required at each shot-point. The
number of pops at each shot-point is therefore a trade-off af
between what is ideally required for adequate signal to noise
ratios and the time required to record each record - The more

pops the less progress.

Field layout is determined by the depth of investigation
and the level of coherent noise, observed in the field which
must be attenuated. The shallower the depth of investigation
the shorter the spread lengths need to be. The spread of
geophones at each station laterally assists in the attenuation
of ground roll as does increasing the length of the ramming
segment. This is at the expense of resolution to some extent.
Noise may also be controlled by the selection of recording
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filters. Unfortunately often it is not until after data
processing that it becomes clear whether or not the correct
field parameters were chosen.

2.2 Myall Creek Recording Parameters

Following initial experimental work, field parameters
chosen for the Myall Creek survey were as follows :

Spread

Twelve traces either side of the centre point with the
inner traces offset 20 metres from a 20 metre ramming
segment (Figure 3). Because of the shallow,depth of

the target horizon it was necessary to use as short a
spread as possible thus 5 metre trace intervals were chosen.

12 traces Offset Ramming Offset 12 traces
55 m 20 m 20m 20 m 55 m
Figure 3 .

Recording Filters
60 Hz, 12 1b/octave low cut, 250 Hz alias filter.

Number of Pops
1500 per record.

Coverage
600% common depth point cover. .
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]i 2.2 Data Quality

T The reflectors were at shallow depths and it was

» difficult to observe the reflections on the field monitors
“r~ - because of their interference with first arrival refractions
i and ground roll. Signal to random noise was excellent and
y enabled the coherent noise (refractions and ground roll) to

be successfully removed in data processing by velocity filtering.
The quality of the final section is excellent with reflections
having dominant frequencies of 90 - 100 Hz.

F——

e 3:',{‘

2.4 Data Reduction

A1l stations were corrected for elevation to a datum.
- Static shifts related to variations in weathering thickness
: and velocity were ignored.

3. DATA PROCESSING e

Both the conventional summing section and the sign bit

= summing sections were processed with the same parameters.
j These were )
x - pre-filter 45-50-300-350 Hz
’ - velocity filter to operate on first arrivals

- sort and application of elevation statics ‘

- deconvolution before stack with a 50 millisecond spi£é<‘
: - filter 35-45-180-200 Hz ﬁk
' - application of normal moveout corrections

- 2 passes of surface consistent residual statics
TR ' - 1 pass of CDP aligned residual statics
- 6 fold stack
~ coherency filter to enhance coherent events
- - deconvolution after stack with a 30 millisecond spike
. - filter 35-45-180-200 Hz
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4. INTERPRETATION

4.1 Seismic Section

The interpreted final sections are enclosed as Plates
1 and 2. Data quality is excellent with the most prominant
event, indicated in mauve, on the uncoﬁformity at the base of
the Tapley Hill formation. This dips from 0.06 secs at
station 151 to 0.08 milliseconds at station 1. Reflections

within the Tapley Hill formation on-lap onto the unconformity
 and are marked in blue. This effect is clearly seen at

SP 65-60. The Tapley Hill reflections are not flat lying and
there is a suggestion that they dip gently to the west. ‘

Reflections beneath the unconformity are semi-continuous
and generally dip gently to the east. Between SP 100 and 90
the reflection marked in green, in particular, swings up
monoclinally to form a local high-in the unconformity. West
of this high there is a 7 millisecond low between SP 100 and
140. Reflections above conform with this low suggesting it
existed at the time of deposition of the Tapley Hill formation.

Faults are tentatively interpreted in the volcanics
beneath the unconformity at SP 140 and SP 120.

The event marked in light green at approximately
0.2 - 0.3 seconds is possibly from the base of the Tertiary.

A
‘-

4,2 Velocities

The velocities on the top of the seismic section are
only stacking velocities used to correct for normal moveout
on the reflections. Because of the significant thickness of
low velocity (1700 metres per second) Tertiary material above
the Proterozoic rocks the stacking velocities are much lower
than the true velocities in the Proterozoic sediments. These
are more likély to be of the order of 5000 metres per second.

-t



For example, if the light green event represents the base of

the Tertiary, théﬁ the thickness of the Tapley Hill formation

in time at bore SAU 20 is 0.05 seconds. The thickness in

metres at this bore is 132 metres. This results in a formation
interval velocity of 5200 metres/second. A similar figure

can be calculated at bore SAU 19. Thus the stacking velocities H
are not representative of the true average formation velocities.!!

At a velocity of 5000 metres/second the depth of the

-7 millisecond low in the unconformity is approximately 20 metres.

4.2 Comparison Between Normal Section and Sign Bit Section

By comparison between the two sections, it can be seen that
they are very similar and both have the same reflections. Any
difference in geological interpretation would be subtle.

However the conventional section does have slightly more

character and reflections are more'prominant particularly below
the unconformity. Slightly dlfferent process1ng parameters _
on the sign bit section would possibly remove thls dlfference.;'

As both sets of data were recorded on fine, calm days,
it is likely that background noise was fafrly low. Sign bit
summing probably has no advantage over conventional summing
under these conditions. |

5. CONCLUSIONS N

The Mini-Sosie technique worked well in the Myall Creek
area. The unconformity at the base of the Tapley Hill formation
was clearly mapped over the length of the line surveyed. A
topographic low was detected in the unconformity and the method
clearly is capable of locating these features. Unfortunately
because of the shallow depth to the unconformity it is necessary
to use short trace spacings thereby limiting the amount of
production possible in any one day to between 0.5 and 1 kilometre.
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However, with careful plamning, further seismic profiling
could be a useful adjunct to any future exploration
programme.

It is recommended that the interpreted>low in the
unconformity be tested by drilling.

6. REFERENCE

Lindseth, R.0. (1980) Digital Processing of Geophysical Data -
' A Review.

Course Notes - The Earth Resources
Foundation, The Unlver31ty of Sydney,
February 1980.
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STACKING

O0f all the advances in the reflection seismic technique, surely none is more im-
portant nor has had greater impact than the invention of common-depth-point coverage,
or simply, stacking.

In concept, the procedure is very simple. The distance between seismic source and
rece1ver is varied symetrically to survey the same subsurface point several times. The
observations, corrected for geometrical distortion, are then summed to obtain the aver-
age.

The reason for its outstanding success is that it provides the only known method
for separating noise from signals of the same frequency. With one exception, all other
seismic processes either eliminate both signal and the noise, or merely modify the amp-
litude without changing the proportion. The exception is multichannel filtering, which
is also able to separate signal from noise of the same frequency, but it is effective
only in areas of relatively homogeneous dip and is of little value in areas of complex
structure.

Under proper conditions, stacking will remove several types of noise, but it is
most effective against random noise. Any signal, be it useful information or noise,
can be analyzed by the Fourier transform into its component frequency elements. The
contribution of each frequency can be expressed in terms of a vector having a length

_equal to the amplitude, directed to the angle of phase. Random white noise has a un1-

form amplitude for all frequencies, but the phase is totally random. . Seismic traces
represent the sum of signal and noise. Each frequency component is the vector sum of
a random noise component and a signal component. For a twelve-fold stack if all cor-
rections have been properly applied, all twelve signal components of each frequency
can be considered vectors having the same amplitude and phase. The twelve noise vec-
tors will also all have the same amplitude, perhaps greater than the signal vectors,
but the phase distribution will be random. (Fig 4.1).

_

Random Noise Vectors \ / .

Vi
. /

4.1~
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If the ratio of signal-to-noisc is 1:4 the signal vectors would sum with the noise

-as in Fig 4.2 to yield the results indicated by the hcavy line.

In the stacking process, the resultant vector of each trace is summed in turn by
vector addition to produce the total resultant. In the addition, random noise compon-
ents tend to sum to zero, while the signal components sum in phase to produce a result-
ant nearly twelve times the individual signal amplitude component and direct approximately
to the signal phase angle. (Fig 4.3). S

The method uses the power of statistics to produce relatively noise free output.
Naturally, if the noise has coherent components these too will sum in phase and be pre-
sent in the output.

The assurance that the normal moveout corrections and static corrections have been
applied in an optimum manner is essential, otherwise the signal components will sum
out of phase. Seismic field supervisors have long recognized the damage that one poorly
planted geophone can do to the total array response. In the same manner, experienced
data processors recognize the disproportionate damage a single bad trace can cause to
a stack, and use their experience to mute or discard poor traces in the gather group.
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This effect can also be demonstrated by vector summation. Assume one trace of the
twelve has a moderate noise burst, say 2.5 times the normal noise amplitude. This seems
like a small addition to the total noise present on the twelve traces, an increase of
about 12% (Fig 4.4). Now compare the result of the stack which includes the noise burst
to the previous stack with random noise. (Fig 4.5). The phase angle of the signal is
distorted substantially and the amplitude is reduced to about 60% of the level obtained
when the noise was purely random. This also suggests the reason why the number of stack-
ing elements must be increased by a large number to gain a noticeable improvement in
quality of the output.

4.3~



"

0D
tm’\

e

Noise Burst

g Signal + Noise
1: 4
o ' - FIGURE 4.4

hey B h
¢
i .
»
)
Ny
A7
: 3
B ] -
;
1

.....

FIGURE 4.5

Norma! Stack

4 4




"

Sign Bit Recording

Over the years stacking has increased from 3 fold to the current 24 and 48 fold.
Probably still greater coverage would be used if it were possible to readily increase
the number of recording channels, which in turn is limited by the data rate to be re-
corded. One solution which is used is to simply record the sign bit only. Reducing

in the number of bits per sample from the current 16 or 32 to a single bit allows the
number of data channels to increasc from 48 to 768 or 1536.

A proposal to record only a single bit, which has a maximum dynamic range of 6db,
seems totally incompatible with the cnormous industry effort made to achieve wide dy-
namic range. Nevertheless, modelling confirms the proposal to be totally feasible. 1In
addition to the mechanical and instrumental advantages important improvements in signal
quality can be obtained provided the basic assumptions used for the model are met in
the field. The model used to demonstrate stacking summed the resultant vectors from
the sum of signal and noise. .

The phase of a given frequency component determines the position on the time axis
of all the zero crossings of a given frequency. Clipping the amplitude vector to the

Bit Vectors =~ v - oo

AN

Signal + Noise
1:4

FIGURE 4.6
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sign bit preserves the zero crossing and hence preserves the phase. The clipping re-
moves any amplitude variation of the components, leaving all vectors with the same
unit amplitude. The bit-vectors corresponding to the stacking example of Fig 4.2 are
now included in Fig 4.6. The phase of each bit vector remains the same as its full
amplitude counterpart, therefore both the single bit and the full amplitude vectors
carry the same proportion of amplitude and phase components. Hence, when the bit vec-
tors are stacked, as in Fig 4.7, the resultant is a vector having the proper direction
of the signal component. : ' ‘

In the single bit process, the relative amplitude contribution of signal and noise

SN

Bit Stack

FIGUWRE 4,7 \

\
to each component is effectively converted to a phase angle. Fig 4.8 illustrates
another component of the same model. This time the amplitude of the signal is twice
the previous example, but by definition the amplitude of the noise remains the same.
In this case, the resultant of the vector sum of Signal and noise is weighted slightly

more heavily by the signal, with the result that the bit vectors, although substantially

similar to the preceding example, are directed to a slightly different angle. Summa-
tion of these vectors, in Fig 4.7b, produces a resultant which is almost twice the
previous amplitude, very nearly maintaining the correct amplitude relationships in the

output. Effectively, under the conditions of the model, the amplitude component is con-

verted to phase.

4.6~
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Now return to the example of the noise burst, resulting in the bit vectors of Fig
4.9. The result of stack of these is very nearly the same as before, with only, a small
deflection of phase and slightly diminished amplitude. (Fig 4.10) . y

The system is well adapted to the Vibroseis signal source. Fig 4.11 illustrates
a computer model of the process. A number of Vibroseis sweeps of varying amplitudes
are combined to produce a noise free signal. Random‘noise, including some large bursts,
is generated, scaled to substantially greater amplitude .than the signal, and the two
are summed. The model of the single bit trace preserves the zero crossings only. The
process was repeated, each time with random noise, to simulate the several traces of
a trace gather group.

The results compare the conventional and the single bit recordings to the noise
free signal for increasing numbers of composites. Notice that with only four composxtes,

-4.7-
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the one bit recordings have a superibr signal-to-noise ratio. The difference is main-
tained through all comparisons up to 32 composites and clearly, the relative amplitudes

have been preserved reasonably well.

With the obvious superiority of these results, it may be wondered why the method
is not used universally. One of the
tice may not necessarily be random. Also, if there is no noise the system will fail
to maintain proper amplitude relationships. It is once again a matter of a trade-off
of improvement in one area for possible deterioration in others. For this systeﬁtto
work, random white noise must be present, but, if necessary it can be generated ahd
deliberately added to the field signal in a noise free area.

reasons is the nature of the noise, which in prac-

It will be.intefesting to observe future developments of the one-bit system. The
ability to increase channel caﬁacity makes other potential improvements possible. One
of these is to record very close trace spacings, in effect recording each geophone posij"
tion rather than each group position. This greatly increases the potential for applicé-
tion of multichannel filters, perhaps the next most powerful tool after stacking for
removing noise of the same frequency as the signal. It also may provide the solution
to obtaining the large number of channels required for three-dimensional work, which
has the potential for greatly improved reliability of information in complex structural
areas. ‘
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