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Introduction and Objectives

The Goonumbla district near Parkes, central NSW, is a Palaeozoic circular volcanic zone with
porphyry intrusions that have a significant exploration potential for copper-gold deposits
(Perkins et al., 1990; Heithersay et al., 1990; Clarke and Sherwin, 1990; Hooper et al., 1996).
Aeromagnetic and gravity surveying map a large number of isolated, circular features within
this district which are associated with porphyry domes. However, the general geological
tectonic structure within which those porphyry domes were formed is still quite unknown.
Seismic profiling between some of the main porphyry locations could help constrain the
geometrical relation of those domes and map the monzonite basement structure and any fault
zones.

In an attempt to resolve the structural relationship between porphyry domes and interbedded
monzonite and volcanoclastic complexes, a location for a 2-D seismic reflection line was
chosen in the area of the Northparkes Mine site on top of and between the Endeavour 438
(E48) and Endeavour 31 (E31) prospects (Fig. 1). The mineralisation at E48, and the nearby
E22, 26 and 27 deposits, is associated with complex monzodiorite to quartz-monzonite
porphyries and associated zones of hydrothermal alteration (Hooper et al, 1996). The
intrusives are typically near-vertical pipe-like bodies with diameters of up to several hundreds
of metres and vertical extents of up to 1 km. Geochemistry from borehole samples suggests a
close compositional relation between stocks E48 and E31. If the monzonitic porphyry material
extends laterally between the stocks, this connection might be observed seismically.
Unfortunately, intense rain made continued profiling toward E31 impossible. Also, the planned
acquisition of additional 3-D refraction lines (3-D tomography) over an area with the prospect
E31 in its centre could not be performed due to the same reason. The refraction lines would
have provided necessary information on the velocity structure of the local subsurface.

Seismic Data Acquisition

The seismic reflection data were acquired from 16th to 18th March 1999. They were recorded
with a Geometrics Strataview® R48 seismograph of Macquarie University in roll-along mode.
The Australian Geological Survey Organisation (AGSO) provided an IVI Mini-Vibrator truck
through the Australian National Seismic Imaging Resource (ANSIR) facility as a seismic
energy source. The acquisition parameters are listed in the following table:

Number of seismic channels: 48 (with vibrator reference signal written into ch. 1)
Number of geophone per group: 4

Type of geophoﬁes: GS 40-Hz

Vibrator point (VP) spacing: 4m

Geophone group spacing: 4m
Shot geometry: symmetric split-spread
Nominal fold: 24
Vibrator sweeps: 5 linear upsweeps of 40-300 Hz each,
stacked before cross-correlation ,;fo”,:;\cAL St
Sampling interval: 0.5 ms S usrary
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Recording length: ls
Acquisition filter: 10 Hz low-cut, 50 Hz Notch

A total of 383 stacked VP records were recorded over a total profile length of about 1500 m
(shot no. 1001-1383; CDP no. 1-785). The seismic survey followed a line through untracked
low-density forest and grassland with one conveyor belt and one road crossing. The seismic
line grid was surveyed by NORTH staff using DGPS.

Seismic Data Processing and Results

The field data were reformatted from Strataview format (SEG-2) into SEG-Y format and
subsequently processed using GLOBE Claritas® interactive seismic processing software on a
SUN Ultra-1 computer at Macquarie University. In addition, the shot records were given to
AGSO (Dr Leonie Jones, Dr Barry Drummond) for processing on their FOCUS® processing
system.

The seismic processing sequence at Macquarie University included the following steps:
1) Definition of source and receiver geometry; writing geometry into trace headers
2) Correction for spherical divergence
3) Trace balaﬁcing
4) Sorting from shot gathers into CDP gathers
5) Band-pass filter (various filter settings)

6) Spectral balancing
7) [Deconvolution filters (various filter settings)]
8) Velocity analysis
' 9) Normal move-out (NMO) correction with muting
10) Stacking
11) Band-pass filter (various filter settings)
12) Automatic gain control (AGC)
13) Display and plotting of stack section

The initial display of shot gathers revealed a high level of coherent and incoherent noise
throughout the profile (Fig. 2). Reflection signals appear to be of very low amplitude. After
detailed spectral analyses, we tried several band-pass filter settings in an attempt to isolate the
noise from coherent reflection signals. A large proportion of the noise below 100 Hz is related
to vibrator truck and compressor engine noise. Other low-frequency noise stems probably
from crusher operations on the mine sites 800-1500 m distant from the seismic profile. We
therefore chose band-pass filters ranging from 100-300 Hz to 200-400 Hz. Although this
higher frequency range seems to eliminate most of the cultural and vibrator truck noise, only
few shot records show identifiable reflection hyperbolae.
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In a lateral variation, a proportion of the shot gathers shows some “ringing” before and parallel
to the first arrivals which is an indication for persistent vibrator-generated noise in combination
with cross-correlation noise. This correlation noise occurs in vibrator generated data acquired
in highly attenuating near-surface conditions. The lateral variations of this “ringing” indicates a
change of near-surface ground coupling and near-source conditions along the profile.

The first P-wave arrival itself exhibits a large variety in signal quality. Between shot points
1050 and 1170, the first arrival is not clearly identifiable, an indication for acoustically highly
attenuating ground conditions. A reason for these difficult ground conditions is probably the
large water content in the weathering zone after extraordinary rainfalls in the weeks prior to
this survey.

The lack of continuous reflectors in the shot records did not allow standard velocity analysis
on identifiable reflection hyperbolae. In the hope to extract useful reflection information under
optimised stack conditions, we generated a range of constant-velocity stacks, each with a
variety of band-pass filter settings. Constant stacking velocities ranged from 600 to 3200 m/s.
However, only very few and inconsistent reflection events could be made visible.

The best results that may contain any useful information were a stack with a band-pass filter of
70-300 Hz and stacking velocities vertically increasing from 1500 m/s on top and 4000 nv/s at
400 ms time-depth (Fig. 3), and a stack produced by AGSO with similar parameters but with
the addition of a designed deconvolution operator (Fig. 4). There are three zones with seismic
signals of possible interest in both stacks:

(1) An east-dipping reflector exists between CDP 400 and 600 at 150-300 ms (about 200-
500 m depth). This is consistent with the general dip trend of the volcanoclastic-monzonite
contact in this area. No other reflection can be observed at this depth along the seismic
section.

(2) A large-amplitude band of signals stretch from CDP 100 to 400 between 50 and 140 ms
(about 50-180 m depth) in the area of E48 which appears as a depressional feature.
However, this band of signals has to be regarded with great caution, because neither clear
first arrivals nor continuous reflection hyberbolae are observed in the shot records from this
line segment. This might well be a result of stacked first refraction arrivals due to stacking
velocities chosen to be to high in this shallow part of the profile.

(3) The eastern half of the profile (CDP 400-785) reveals a low-amplitude reflector horizon
at very shallow depth (40-70 ms, about 30-70 m) which might indicate the top of basement
under the weathered and transported overburden.

Apart from those observations, more interpretative information cannot be extracted from the
seismic profile at this stage unfortunately. It is, however, encouraging that despite the low
signal-to-noise ratio, a few isolated reflection events down to 500 m depth are observable.
This suggests that seismic reflection profiling can provide useful information on structural
relationships in a complex geological setting such as in the Northparkes district if the noise
level is reduced and source-receiver ground coupling can be improved.

Implications for Future Work

With the experience gathered from this. project of high-resolution seismics in a porphyry
environment, we can make the following recommendations for future seismic work in
Northparkes:
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(1) If a vibrator source is used again, then it is necessary to prepare a track of cleared
ground or use gravel tracks/roads if possible. It seems critical that high-frequency
responses can only be obtained without major attenuation if source and receiver ground
coupling is at its optimum. This also required a ground that is not water saturated from
rain. If ground clearing is impossible, then the use of explosive sources is the only
alternative.

(2) To solve the ‘mystery’ of the seismic arrivals on top of E48, a refraction profile with
densely spaced geophones and a few explosive shots over the western half of the reflection
profile could provide useful constraints on the velocity distribution and on lithological
contacts at shallow (<100 m) level.
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Figures

Fig. 1. Airphoto map of Northparkes Mine with location of seismic reflection line.
Fig. 2. -Example of shot gathers.

Fig. 3. Stacked CDP section, processed at Macquarie University.

Fig. 4. Stacked CDP section, processed at AGSO.
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Fig. 1. Airphoto of Northparkes Mine with location of seismic
reflection survey from March 1999. Numbers along line
indicate CDP numbers corresponding to the line geometry.
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Fig. 2. Examples of shot records from seismic reflection line. These records are BP filtered

with 100-300 Hz and spectrally balanced.
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Appendix

CDP line locations:
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Note: The correct Northing coordinates start with 6356731.31 !

Northparkes 1999

CDP information
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598664.38
598666.12
598667.81
598669.56
598671.25
598673.00
598674.75
598676.50
598678.25
598680.00
598681.75
598683.44
598685.19
598686. 94
598688.62
598690. 38
598692.12
598693.88
598695.56
598697.31
598699.00
598700.75
598702.50
598704.25
598705.94
598707.69
598709.50
598711.12
598712.88
598714.62
598716.38
598718.12
598719.88
598721.62
598723.31
598725.06
598726.81
598728.56
598730.25
598732.00
598733.75
598735.50
598737.25
598738.94
598740.69
598742.44
598744.19
598745.88
598747.69
598749.38
598751.12
598752.88
598754.56
598756.31
598758.06
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655915.69
655914.69
655913.69
655912.69
655911.69
655910.69
655909.75
655908.81
6559807.75
655906.69
655905.75
655904.81
655903.69
655902.75
655901.75
655900.75
655899.75
655898.81
655897.81
655896.69
655885.75
655894.75
655893.69
655892.75
655891.75
655890.81
655889.75
655888.75
655887.75
655886.81
655885.81
655884.81
655883.81
655882.75
655881.81
655880.81
655879.81
655878.75
655877.81
655876.88
655875.88
655874.75
655873.81
655872.94
655871.88
655870.81
655869. 94
655868.94
655867.94
655866.94
655865. 94
655864.94
655863.88
655863.00
655861.94
655861.00
655860.00
655859.00
655858.00
655857.06
655855. 94
655855.06
655854.12
655853.12
655852.12
655851.12
655850.12
655849.12
655848.19
655847.12
655846.19
655845.25

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00

0.00

HFENNWWsSES:OOLOOANNNONJY

leNoNoNoNoRoNoNoNeNoNoRoNoRo oo NoRoNeRoReNoRoNoNoo NoRoNo o NeNoNo e e Na No o Neo Ne i« Ne e o e e Ne oo No No o N lo e NoNo Neo o oo e jle oo oo o ol e)

[eNoRoNeNeoloNolloNoloNooRolloReNoNaNoNoRoNoNoloNeNoReNoRoNeNeNo o NoNeRoNe RoNe oo No o NN oo R RoRe Nolo Ne oo oo oo oo Bo oo Jo lojo e ool Nallo]

19



	Front Cover

	Introduction and Objectives
	Seismic Data Acquisition
	Seismic Data Processing and Results
	Implications for Future Work
	References
	Field Crew
	Acknowledgments
	Figures
	Figure 1

	Figure 2

	Figure 3

	Figure 4


	Appendix

