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89   50.5 19246.6 567.7   Silicified siltstone/sandstone within 
brecciation zone, cross cutting qz carb veins, 
qz crystal cavities, minor dissem py within 
veins which are <0.5% of veins and <0.25% of 
whole sample. 

 
90   50.6 14588.6 568.2   Silicified sandstone with crosscutting qz carb 

veins. No visible py, patchy carb/sericite? 
alteration.  

91   50.5 18837.0 569.8   Same as 90. 

 
92   50.5 6574.0 572.5   Silicified sandstone, dissem py throughout, <1-

2% of sample comp, similar to 90 without carb 
veining, py concentrated around darker cross 
cutting 'veins'/fine bands within sandstone 
bed.   

93   50.4 4675.7 576.1   Sandstone w/dissem py throughout, <3% of 
sample, minor carbonate altered patches 
present. 

 
94   50.3 13325.8 579.1   Finely laminated clayey siltstone and shale, 

very fine dissem py within shale components 
making up <0.1% of sample. 
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95   50.3 3257.3 580.5 Sharp angled 
edges, poor 
contact. * 

Marlstone, minor shale, interbedded clayey 
siltstone/volcaniclastics?, minor (<0.5%) of 
sample made up of carb stringer veins, with 
clumps of dissem py present, py makes up 
<30% of stringer comp, py overall <1% of 
sample. 

 

96   50.3 115.6 583.2   Interbedded sandstone/siltstone, blebby 
dissem py throughout, py makes up 3-4% of 
sample. Weak chl and haem alteration. 

 
97   50.3 1919.5 583.8   Interbedded shale and sandstone, very minor 

dissem py throughout lighter layers (layers 
with more sand content?), py is <0.25% of 
whole sample. 

 
98   50.3 17807.3 586.8   Silicified sandstone. Bleached zone associated 

with cross cutting stockwork fine qz carb veins, 
minor chlorite alteration along vein 
boundaries, no visible py. 

 
99   50.5 54.2 589.3 Sharp angled 

edges at ~20 
degrees, poor 
contact with SKIP 
plates.* 

Fine laminated shale and minor sandstone, 
dissem fine py throughout making up <1.5% of 
sample. 
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100   50.7 738.9 593.8 Sharp angled 
ends at ~45 
degrees with 
SKIP plates. * 

Interbedded finely laminated layers of shale 
and minor sandstone, very minor fine dissem 
py <0.25% of whole sample. 

 

101   50.3 6100.0 596.3   Interbedded shale and sandstone, minor 
dissem py present throughout, <0.5% of 
sample. 

 
102   50.4 3772.8 600.5   Silicified sandstone, no visible py. 

 
103   50.3 2529.8 612.6 ~1cm piece of 

one end broken 
off, used in 
measurements 
to get a better 
contact, not 
100% intact rock. 
* 

Interbedded sandstone, siltstone and minor 
shale, shale bands up to approx 1 cm, 
sandstone makes up most of sample in 4-5cm 
wide sequence. No visible py, graphite rich in 
shale portions. 

 

104   50.3 3844.8 617.4   Carbonate altered sandstone, no visible py, 
very fine spider carb veins across which are 
~10-15% of sample. 

 
105   50.4 2720.0 622.2   Sandstone with minor shale bands making up 

<5% of sample and forming sequences less 
than 0.3cm wide. V fine dissem py  
Throughout these layers, but <0.25% of 
sample.  
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106   50.56 1016.64 629.36   Interbedded sandstone and shale, aligned 
with measurement direction, no visible py, 
very minor <0.1cm wide qz carb stringers 
which make up <1% of sample. 

 
107   50.4 270.1 640.5   Same as 108. 

 
108   50.4 2103.4 644.9   Interbedded shales and sandstone, dissem 

blebby py throughout, <3-4% of sample. 

 
109   50.2 98.7 659.2   Interbedded sandstone and shales, ~3% of 

sandstone made up of dissem py, no visible py 
within shale material, overall py makes up 
<1.5% of sample, minor vuggy irregular 
carbonate vein, minor (<0.25%) fine dissem py 
present within vein. 

 

110   50.3 4361.0 676.1   Interbedded darker and lighter sandstone, 
minor dissem py throughout, <1% of sample. 

 
111   50.4 4595.0 687.4   Dark (minor carbonaceous) sandstone. 
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112   50.3 2676.4 696.0 one edge 
angular, broken 
away. * 

Vuggy qz carb vein within black altered 
siltstone, chlorite alteration associated with 
veining, blebby py associated with vein 
contact, py makes up ~2% of sample. 

 
113   50.4 10574.4 697.2   Interbedded siltstone and minor 

clay/volcaniclastics, very minor sporadic 
dissem py, <0.5% of sample. 

 
114   50.5 719.1 703.4   Finely laminated shale, very minor py blebs 

making up <0.5% of sample. 

 
115   50.5 15.7 704.2   Dark shale with fine cross cutting carb veins 

<0.05cm thick, blebs of py present throughout 
shale, py makes up <1% of whole sample. 

 
116   50.4 9891.2 706.2   Same as 113. 
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117   50.4 1148.8 712.2   Silicified sandstone, no visible py. 

 
118   50.4 121.3 720.5   Interbedded sandstone and shale, majority 

shale (~70-80%), minor blebby dissem py 
along bed contacts, makes up <1-2% of 
sample.  

119   50.5 351.7 726.2   Minor brecciated shale, qz carb vein makes up 
<10% of sample, dissem fine py present 
throughout shale, <0.5% of sample.  

120   50.4 8605.6 728.7   Irregular interbedded boundary between 
sandstone and shale, blebby dissem py within 
shale, <2% of shale, fine dissem py in 
sandstone, <1% of sandstone, overall py is 
<1.5% of sample.  

121   50.8 11089.6 733.1   Brecciated sandstone, 10-15% qz carb veining, 
minor sandstone/shale clasts present. No 
visible py. 

 
122   50.6 153.2 737.6   Sandstone. No visible py. 

 
123   50.6 9386.0 739.8   Sandstone, minor irregular qz veins. No visible 

py. 

 
124   50.5 19869.5 742.4   Speckled carbonaceous and potentially 

carbonate altered sandstone. No visible py. 
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125   50.5 11584.4 744.0   bleached carbonaceous and altered 
sandstone. No visible py. 

 
126   50.5 2689.0 747.5   Speckled sample carbonaceous and silicified 

sandstone. Same as 124. 

 
127   50.7 1048.5 752.9   Dark silicified sandstone, blebs of speckled 

carb alteration? No visible py. 

 
128   50.5 2391.1 770.6   Pale interbedded shale and minor sandstone. 

Minor conglomerate/breccia zone, large grey 
clasts of 4x3cm size carbonaceous shale. No 
visible py.  

129   50.5 8419.4 771.5 Minor wedge 
missing from one 
end, <1cm. * 

Same as 128. pale, silicified siltstone and 
minor sandstone. Minor qz veins present 
<0.2cm wide which are <2% of sample. 

 
130   50.8 1692.9 772.5   Laminated shale, no visible py, less alteration 

than 128/129. 
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131   50.3 7816.6 776.2   Bleached and altered interbedded sandstone 
and siltstone. Green chlorite alteration, and 
pink/red haematite alteration. 

 
132   50.5 1506.6 778.1   Laminated siltstone, red haematite alteration 

throughout, minor carb stringer veins <0.1cm 
wide with associated dissem py, py makes up 
<0.25% of sample. Laminations perpendicular 
to measurement direction. 

 

133   50.4 2610.0 781.9   Same as 132, no py in veins however, green 
and carb alteration present in fine stringers. 

 
134   50.8 2531.4 783.8   Same as 133, however, qz carb veins show no 

associated mineralisation, no visible py. 

 
135   50.4 1692.1 786.8   Intensely chlorite altered basalt, intersected 

by irregular qz carb stringer veins 
perpendicular to measurement direction. 
Haematite altered qz carb veins parallel to 
measurement direction.  

136   50.8 10842.4 790.4   Similar to 135, however vuggy qz carb vein in 
a mostly brecciated basalt, green pervasive 
chlorite alteration, patchy haematite 
alteration. V minor specks of py <0.25% of 
sample, minor shale host? 
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137   50.5 5959.3 792.8   Haematite altered basalt, minor 
sandstone/siltstone components, minor 
patches of green chlorite alteration, intense 
haematite alteration fine carb stringers 
throughout, <3% of sample, chlorite alteration 
mostly associated with carb veins, no visible 
py. 

 

138   50.5 5407.2 793.9   Same alteration as 135, patchy chlorite and 
haematite alteration of basalt, minor <0.05cm 
carb stringer with same assoc chlorite 
alteration. 

 
139   50.5 3778.3 796.7   Green chlorite altered basalt/dolerite. no 

visible py. 

 
140   50.5 3699.3 800.8   Vuggy qz carb vein within the patchy 

haematite and chlorite altered basalt. Similar 
to 135, no visible py. 

 
141   50.5 164970.2 802.0   Chlorite carb altered basalt, carb alt 

associated with qz veining within sample, vein 
45 degrees to measurement direction, blebby 
py present along the edge and within the vein,  
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making up <2% of whole sample, V minor 
haematite alteration across sample. 

142   50.5 81833.8 808.2   Similar to 141, minor fine dissem py present, 
associated with vuggy qz vein, qz makes up 
<5% of sample, py associated with this makes 
up <1% of sample. 

 
143   50.5 21493.7 810.8   Minor segment from a sequence of 

interbedded siltstone/shale, intense 
haematite alteration, no visible py. 

 
144   50.2 4398.5 815.9   Chlorite altered dolerite. Fine qz carb vein 

present with associated blebby py, py makes 
up <1% of sample. 

 
145   50.0 4036.4 822.9 Sample has 

angular edges, 
not cut flush. * 

Same as 144, chlorite altered dolerite, <0.2cm 
qz carb vein present with associated blebby py 
and bleaching, py makes up <2% of sample. 

 
146   50.4 1640.1 823.7   Chlorite altered basalt, minor patchy 

haematite alteration, spidery very thin 
<0.05cm qz carb veins throughout, haematite 
assoc with veining, blebs of dissem py mainly 
assoc with veins, blebs of chalcopy also within 
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qz carb veins, py makes up <1% of sample, 
chalcopy makes up <1% of sample. 

147   50.6 4467.6 825.2   Boundary of sedimentary and basaltic 
sequences? Bedding textures or stromatolitic 
textures? With massive basaltic textures. 
Intense chlorite and haematite alteration. 
Minor qz carb vein, no assoc py. No visible py 
in sample.  

148   50.4 4807.1 828.3   Intense haematite alteration across siltstone. 
Brecciated with associated vuggy qz carb vein 
infill, no visible py, minor carb alteration 
associated with vein infill boundaries.  

149   50.4 21624.9 828.7   Same as 148, except majority of sample is 
made up of vuggy qz carb vein ~75% vein the 
rest of the sample is haematite altered 
siltstone.  

150   50.3 5726.4 831.1   Alteration is less intense than 148 and 149. 
Pale chlorite and haematite alteration across 
minor brecciated/irregularly interbedded 
siltstone components, dissem blebby py 
present <1% of sample. 

 
151   50.5 2645.5 834.8   Vuggy qz carb vein within intensely chlorite 

altered basalt. Fine irregular hairline qz carb 
veins. No visible py. Vuggy qz vein sub-parallel 
to measurement direction.  

152   50.4 17961.1 839.8   Intense chlorite altered basalt. Massive 
texture. 

 



APPENDIX A   

 

360 
 

153   50.4 7775.7 849.8 Angled edges ~15 
- 20 degree 
angled contacts 
with SKIP. * 

Same as 152. 

 
154   50.0 14040.7 860.1 Irregular contact, 

edges broken 
away. 
Measurement 
and contact ok. 

Vuggy qz carb vein, within intensely chlorite 
altered host, minor blebby dissem py at vein-
altered host boundaries forming <1% of 
sample comp. 

 
155   50.4 10976.3 861.1   Same as 153. However, <1% minor carb 

stringers, py present within stringers which 
are <0.5% of sample comp. 

 
156   50.5 3218.4 863.7   Similar to 151, intense chlorite altered basalt 

with minor haematite alteration, irregular 
hairline carb veining present, <2% of sample 
contains these carb veins. No visible py. 

 
157   50.3 1594.6 872.6   Similar to 155, no visible py. 
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158   50.5 2718.6 877.8   Similar to 157, however more dolerite in 
texture. Speckled appearance associated with 
plag alteration? Intense chlorite alteration 
throughout. No visible py. 

 
159   50.1 7318.8 887.5   Similar to 158, intense chlorite altered 

dolerite, black speckled pyroxenes visible, pale 
light green spider web texture of host rock, no 
visible py.  

160   50.5 4248.1 897.9   Same as 159, some patchy minor carb 
alteration, no visible py. 

 
161   50.2 166380.0 914.4   Similar to 160, however slightly finer grained 

dolerite. 

 
162   50.2 4610.0 924.5   Massive basalt/dolerite texture, plag altered 

to carb. 

 
163   50.1 4596.9 925.5   Vuggy qz carb vein within massive 

dolerite/basalt with associated intense 
chlorite alteration throughout vein, no visible 
py, minor associated carb alteration.  

164   50.3 4025.3 937.3   Massive basalt/dolerite, Specks of pyroxene 
visible - cumulate, plag altered to carbonate, 
minor pervasive chlorite alteration, minor 
pervasive carb alteration, pale brown-green 
appearance. 
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165   50.0 5675.8 944.7   Laminated siltstone/shale material, minor 
carb and chlorite alteration, laminated texture 
perpendicular to measurement direction. 

 
166   50.3 12005.0 947.6   Qz vein within volcaniclastic host, minor 

chlorite alteration on vein edges. 

 
167   50.5 2631.1 950.1   Undulating laminated fine-grained 

siltstone/shale material, minor chlorite 
alteration. Sub-perpendicular to 
measurement direction. 

 
168   50.3 7041.6 952.7   Cream-pink altered fine-grained brecciated 

and silicified sediments, minor carb veining 
present. 

 
169   50.3 10942.7 955.6   Silicified breccia, cream-pink appearance. Pale 

host? – logging notes suggest 
limestone/sandstone host; individual 
sediment grains not seen with hand lens – 
obliterated by alteration. Brecciated into 
angular clasts with infilling of quartz spider 
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veining, no py, ~10% of sample comp of veins. 
Minor haematitic alteration. 

170   50.5 8345.2 957.8   60% qz carb vein infill, brecciated and altered 
host rock-> sandstone seds? Pale grey 
silicification, qz carb vein infilling with 
bleaching associated with veining. 

 
171   50.4 4670.0 959.9   Cream, pink and grey alteration of sandstone 

seds? Appears slightly coarser grained 
compared to 165. Irregular qz carb vein infill.  

172   50.5 1258.0 963.5   Laminated siltstone, Green and cream tinge, 
minor alteration. 

 
173   50.4 2171.3 967.1   Same as 172. 

 
174   50.4 11815.2 971.7 Minor angled 

ends, ~5 degrees 
to SKIP contact.  
measurement 
and contact ok. 

Laminated shale and siltstone, haematitic 
alteration, minor chlorite alteration present 
throughout. 

 

175   50.5 6280.2 972.4   Stromatolite/evaporite within sandstone 
seds? Intense haematite alteration. 
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176   50.6 3759.1 974.2   Pink cream haematite and silica alteration of 
evaporite/stromatolite. 

 
177   50.6 4948.9 975.9   Stromatolite, undulated stromatolite textures 

and intense haematite alteration. 

 
178   50.4 4106.3 978.6   Similar to 178, more cream pink alteration, qz 

carb vein infill along strom/evap boundaries. 

 
179   50.2 9581.8 982.3   Same as 179. 

 
180   50.3 6868.5 987.8   Similar to 177, strom/evap, intense haematite 

alteration, infilled with qz along boundary 
cavities.  

181   50.4 27244.6 995.3   Evaporate, with cream and pink (haematite, 
silica) alteration, qz vein infilling cavities. 

 



A.2 LABORATORY SCIP MEASUREMENTS, LOGGING, AND PHOTOS 

 

365 
 

182   50.4 20886.3 997.8   Similar to 177, strom, qz vein infill, intense 
haematite alteration. 

 
183   50.4 13097.4 999.7   Pink and grey alteration, evaporite, qz vein 

infill. Less haematite alteration to above 
lithologies. 

 
184   50.4 22058.5 1001.4   Same as 183. 

 
185   50.2 13958.3 1002.4   Evap/strom, speckled pink and grey alteration, 

silica, haematite and carbonate alteration, 
breccia infilled with qz carb infill? 

 
186   50.2 14343.7 1005.0   Pale grey and pink alteration, irregular qz carb 

vein infill, similar to 185, but paler appearance 
– more intense silicification and less 
haematite. 

 
187   50.4 10540.9 1006.7   Same as 184, pale pink alteration - haematite 

alteration, silicified, crumbly carbonate 
alteration within a minor vein which forms 
<10% of sample.  
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188   50.3 2615.4 1009.5   Similar to 187, more carbonate alteration 
present, starting to crumble a little more, 
associated with more intense alteration 
(carbonate?), minor chlorite alteration within 
fine hairline fractures/veins associated with 
strom/evap boundaries.  

189   50.2 41351.7 1013.8   Pale grey alteration throughout evaporite, V 
fine carb stringers present throughout. Less 
haematite to shallower samples. 

 
190   50.1 1135.5 1014.4   Pale white and grey silicified evaporite, qz carb 

vein infill, minor carb alteration, however not 
as crumbly as 188, similar to 187. 
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A.2.2 TDH01 

 

B.2.2  Frere Formation 

 Yelma Formation 

 Clayey siltstone and sandstone 
 Interbedded GIF, siltstone and chert, variably haematitic 
 Micaceous sandstone and interbedded siltstone 
 Silicified stromatolite, dolomite, evaporite and breccia 
 Silicified sandstone/arenite and interbedded sandstone, siltstone and dolomite with varying degrees 

of silicification and alteration 
 Brown - green, very fine grained and finely banded silicified siltstone with minor sandstone. 

 

Scale: diameter=height of image 

* Poor measurements not included in statistical analysis 
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ID #   Diameter 
(mm) 

Resistivity 
(Ωm) 

Depth 
(m) 

Sampling comments Rock texture comments Photo 

1 

  

61.0 78.7 31.8   

Sandy-clayey conglomerate. Clasts of v fine-grained light-
coloured clays/mudstones/calcrete? Up to ~2cm in size. 
Irregular layer boundaries between bands of sandstone and 
claystone which form the 'matrix'. No visible py.  

2A 

  

63.0 324.9 33.8 

V minor angled 
contacts due to 
breakage along 
layers, contact with 
SKIP plates still ok. 

Banded claystone, white and red bands; Fe component 
makes up red claystone. Sample not magnetic, fine bands of 
sandy black and white grains.  

2 

  

62.0 329.8 34.1 

Small chip on one 
contact due to 
breakage along the 
layers in the rock, 
however contacts 
with SKIP and area 
calculation still ok. 

Banded interbedded orange/red claystone and v fine grained 
white calcrete. Similar to 2A, interbedded clay with black and 
white coarse-grained sand layers.  
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3 

  

62.0 1881.1 40.3   

Oxidised Fe rich clay/mudstone. Deep orange/red colour, V 
fine grained. Conglomerate like features, i.e. Some banded 
clasts within matrix of similar comp, some gaps and holes 
('vesicles') present where sediment has been dissolved. Fine 
fractures and cracks infilled with V fine grained black 
material.  

4 

  

63.0 1438.3 54.1   

V fine grained Fe rich mud/claystone cement. Rock 
composed of Fe pisoliths. Very porous/many 'vesicles' 
associated with dissolved sediment/pisoliths.  

5A 

  

63.0 2731.9 58.0 

Angled contacts due 
to breakage along 
bedding, contact 
with plates could be 
better. * 

Similar to sample 4. Fe rich pisoliths make up grains, 
cemented together with Fe rich cement. Very red. Minor 
silica or carbonate? material (V fine grained) making up 
cement, however this is <2% of the cement comp.   

5 

  

60.0 10.0 77.4   

Granular sandstone, yellow, coarse grains in yellow cement. 
Cement is V fine. Fine qz infill veins present, which make up 
<1% of the sample comp.  
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6 

  

60.0 12.4 86.8 

V minor small chip 
missing from along 
one edge, sample 
contact and area 
calculation still ok. 

Coarse grained yellow/orange sandstone similar to sample 5. 
Made up of course yellow grains with minor dark specs, 
pisoliths? (<2% of sample comp), cement V fine. Fine 
layers/bedding can be distinguished.  

7 

  

60.0 14.8 99.0 

small chip missing 
from curved side of 
core, contact and 
area calculation still 
ok. 

Coarse grained sandstone, similar texture too, but paler than 
samples 5 and 6. Some white specs of carbonate? which 
make up <2% of the grain comp. Cement V fine, pale grey. 
Very soft sample, similar to samples 5 and 6, however 5 and 
6 have coarser grain sizes, and increased % of silica? grains.  

8 

  

61.0 11.3 102.7   

Orange coarse-grained sandstone, minor 3-4% comp of 
carbonate grains? (and mica specks?), slight increase in these 
pale grains compared to 5, 6, and 7. Well sorted, similarly to 
5, 6 and 7, however darker orange than 7. V soft like previous 
altered sandstones.  

9 

  

60.0 2568.2 126.1   
silica rich, pale grey very fine-grained host rock, 
stromatolite/evaporite? textures.  



A.2 LABORATORY SCIP MEASUREMENTS, LOGGING, AND PHOTOS 

 

371 
 

10 

  

60.0 2421.0 131.0   

Stromatolite/evaporite within granular sandstone? Silica 
rich, grey, some bands of V fine grained material within 
stromatolite layers. V fine dark black material is also found 
on the edge of these features; filling cavities? Py bands are 
present these black layers, following contours of the 
stromatolite bands; syn/post formation? Py is blebby and 
interconnected in a direction perpendicular to length of core 
and SKIP measurement, follows banding in the sample. Band 
of blebby py, makes up <3% of sample. 

 

11A 

  

58.0 1751.9 138.5 

Irregular contacts, 
not flush with SKIP. 
* 

Silica rich grey stromatolite/evaporite, fine irregular black 
bands make up <2% of sample comp. In some, not all, of the 
bands are minor specs of py <0.5% of sample comp. No 
visible interconnectivity of py. Minor qz carb veining, veins 
~1-2mm in size, makes up 3% of sample comp. 

 

11 

  

60.0 2719.9 139.8   

Pink grey stromatolite/evaporite, granular sandstone 
pisolith host; minor pisolith still visible? No visible py, 
irregular qz rich bands ~2mm in size forming along 
stromatolite boundaries.  

12   50.0 3115.0 143.5   Similar to sample 11, pink grey strom/evap, no visible py. Photo missing. 

13 

  

50.0 1654.7 146.1   

Grey silica rich/altered granular sandstone, with some minor 
pisoliths <1%, and carbonate <3% of grain comp. Distal 
alteration zone associated with silicified evaporite unit? No 
py.  

14A 

  

49.0 6570.1 149.6 
Irregular contacts, 
not flush. * 

Similar to 13, finer grained sandstone host within a 
stromatolite/evaporite-‘stone’? No visible py. Silica rich grey 
alteration, qz and minor carbonate grains? Carbonate makes 
up <1% of grains, qz-like components make up majority of 
grains.  

14 

  

49.0 1927.1 151.9   Same as 14A.  



APPENDIX A   

 

372 
 

15 

  

50.0 1201.8 156.3   

Dark grey strom/evap, irregular blebby appearance, silica/qz 
infilling rounded cavities, minor black V fine grained specks 
within very fine bands. No visible py present in sample. 
Blebby/bubbly appearance, qz carb cavity infill.  

16 

  

49.0 1161.1 158.0   
Same as 15, minor dissem py specs present within 
'groundmass' material. Py makes up <1% of sample comp.  

17 

  

49.0 2843.2 158.9   

Dark grey, pink strom/evap, hosted within fine mudstone? 
Fine grained 'matrix' material and blebby grey white material 
<3mm in size.  
<1% of sample made up of very fine silvery specs - potentially 
very fine dissem py - not convincing, likely scratches from 
core cutting blade and drill bit.  

18 

  

50.0 3402.6 161.0   

Similar textures as 17. Contact between fine grained grey 
mudstone and blebby strom/evap unit. V fine lines of V fine 
grained black grains in parts, not all, of the strom/evap unit.  

19 

  

49.0 1438.4 165.1   

Silica altered mudstone/claystone. Fine bands of black 
material <2% of sample comp. No visible py. Very fine-
grained grey/brown material form the banded layers of the 
unit.  
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20 

  

50.0 2499.2 169.6 

V minor chips from 
core ends, sample 
measurement and 
contact still ok. 

Cross bedded mudstone/claystone, fine sandstone and silica 
altered sandstone and minor siltstone layers. In the darker 
grey sandstone/siltstone material minor specs <0.5% of 
sample appear to be py? Green/brown mudstone with no 
visible py. Layers are perpendicular to measurement 
direction. Similar layer comp to 19, however, thicker 
sequences. Cross-cutting qz veins <1mm wide.  

21A 

  

51.0 1358.4 172.2 

Irregular angled 
contact due to 
banding. * 

Same as 20, however higher % of mudstone, ~60% of sample. 
Not convinced specs of py exist in either mud or sandstone 
layers. Minor flame structures in mudstone layer?  

21 

  

49.0 3293.2 174.0   

Silicified sandstone host, pink (silica/Fe?) and pale pastel 
green (chl?) alteration present. Silicified sandstone with 
varying alteration. Irregular banding/contacts. Appears to be 
well sorted but this could be perceived due to pervasive 
alteration, no visible py.  

22 

  

51.0 4695.4 174.6 
Irregular contacts, 
not flush. * Same as 21. Some pale white banded material present.  
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22R 

  

50.0 3821.3 174.7   
Same as 22. However, dominated by pervasive orange/red 
alteration (Fe?).  

23A 

  

51.0 2225.3 179.4 

Contacts not flush 
due to banding in 
sample.  

Finely banded, V fine grained, hard silicified red mudstone. 
Fe alteration/haematite alteration throughout, no visible py.  

23 

  

50.0 2774.4 184.1   Same as 23A.  

24 

  

51.0 1535.6 195.8 

Angled contacts due 
to breakage along 
banding of the 
mudstone. * Same as 23A.  
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25 

  

50.0 1125.1 205.7 

Angled contacts due 
to breakage along 
banding of the 
mudstone. * Same as 23A.  

26A 

  

51.0 2276.1 213.0 

Very angled 
contacts, 
measurement could 
be better. * 

Same as 23A, minor coarse-grained ~4mm grey sandstone 
clast present.  

26 

  

50.0 3552.8 225.9 

Minor angled edges 
due to banding of 
the unit. Contact 
with skip and 
measurement ok. 

V fine grained, finely layered brown green 
mudstone/claystone, silicified, very fine black specs <2% of 
sample comp.  

27A 

  

51.0 1299.1 233.3 
Angled contacts due 
to bedding. * 

V fine grained, finely layered black shale, silicified, very fine 
~0.5mm bands of fine dissem py, <1% of sample comp, py 
bands perpendicular to measurement direction.  
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27 

  

51.0 1269.4 237.6 

Angle contacts due 
breakage along 
bedding. * 

Similar to 27B, very fine grained, finely bedded green brown 
silicified mud/claystone. Small coarse <0.5cm bleb of py 
present. Very fine dissem py present within mudstone 
matrix? This is <0.5% of sample; difficult to see. Coarse sandy 
layer present <1cm in width, makes up <3% of sample.  

27B 

  

51.0 1296.0 237.8 

Angle contacts due 
breakage along 
bedding. * 

V fine grained green brown clay/mudstone, silicified, very 
fine <0.5mm bands of black coarse sandy material present 
<3% of sample, very fine, <0.5mm bands of blebby py present 
<1% of sample. Bedding and py bands perpendicular to 
measurement direction.  

28 

  

50.0 10372.2 242.1   

Finely banded V fine grained grey silicified mudstone, 
interbedded with coarse grained <1cm layers of grey sandy 
qz carbonate grains. No visible py, sandy material makes up 
~4% of sample. Appears to be silicified/silica ‘alteration halo’ 
around the sandy layers.  

29 

  

50.0 1571.1 246.0   

Finely bedded, V fine grained green brown mud/claystone, 
silicified. Minor interbedded coarse grey yellow sandy bands 
<0.5cm in size, <4% of sample comp. Fine blebs of py present 
within muddy layers, <0.5% of sample composition, py specs 
are <0.5mm, very fine, difficult to see with a hand lens, finely 
dissem.  

30 

  

50.0 3178.1 249.5   
Dark grey silicified strom/evap unit with qz carb infill in 
cavities. V fine dissem py visible, <0.5% of sample.  
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31A 

  

49.0 1117.9 249.9   

Coarse sand matrix, grains contain high % of qz. Silicified 
conglomerate with V fine grained siltstone clasts ~1cm in 
size. Dissem blebby py present throughout matrix, large 
blebby patches of fine dissem py also present, large 
3cmx1cm patch of py perpendicular to measurement 
direction. Blebby and dissem py makes up ~10% of sample.  

31B 

  

50.0 810.2 250.5 

V minor angled 
edges, however, 
measurements and 
contact ok. 

Similar to 31A, large proportion of sample containing very 
blebby/clumpy py. patches ~20% of sample, fine grained. Py 
found within matrix material of sample. Large 3cmx4cm 
clasts of silicified mudstone, py filling in boundaries of these 
clasts with sandy coarse matrix. Sub rounded clasts of 
siltstone 0.5cm - 1cm in size also present. Matrix is qz rich 
and sandy with py. 

 

31C 

  

50.0 3824.2 259.9 

V minor angled 
contact however 
measurement and 
contact ok. 

Similar to sample 30, evap/strom. Dark grey with fine dissem 
py present along fine fractures within the sample, subparallel 
to measurement direction, py makes up 3% of sample, qz 
carb vein infill present with py, and within cavities of the 
evap sample.  

31D 

  

50.0 2943.3 260.8 

Minor angled 
contact however 
measurement and 
contact ok. 

Similar to 31C, dark grey strom/evap. Up to 1cm sized qz carb 
veins throughout, makes up ~7% of sample, very fine dissem 
py visible along boundaries of these veins, makes up <0.5% 
of sample, veins irregularly crosscut sample.  

31 

  

50.0 2652.7 270.1 
Minor angled 
contact. * 

strom/evap dark grey, with qz carb cavity infill, silicified, very 
fine dissem py present along irregular boundaries of the 
stromatolite “layers’, <2% of sample, present mostly where 
there are fine hairline fractures.  
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32 

  

50.0 1813.9 260.1   dark grey strom/evap with qz carb cavity infill. No visible py.  

33 

  

50.0 1724.0 269.2   
Same as 32, presence of some fine-grained mudstone 
material within evap/strom host. No visible py.  

34 

  

50.0 1148.8 278.0   

Similar to 33, however higher % of qz carb cavity fill, ~15-20% 
of sample comp of this infill - qz cave type features also 
present.  

35 

  

50.0 2247.9 280.2   

Similar to 30, less qz carb infill than 34. V fine banded 
appearance compared to the blebby collapse textures in 
sample 31 or 31C. V fine dissem py present, <0.5% of sample.  

36 

  

51.0 22468.8 297.0   
Similar to 34, blebby appearance of the strom/evap textures, 
no visible py.  

37 

  

51.0 7899.8 309.9   

Reduced blebby appearance of strom/evap textures, sample 
contains greater comp of granular sandstone host, silicified, 
transition from an area with fewer strom/evap? or a larger 
collapsed sedimentary unit? Minor fine irregular qz carb 
veining throughout, no visible py.  
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38 

  

50.0 4433.3 311.8   

Large blebby quartz patches/blebs with silicified opaque qz 
carb infill. V patchy appearance. Strom/evap unit. No visible 
py. Black to light grey sedimentary material also form patchy 
components of sample; associated with silicification or 
permeation of fluids in unit.  

39A 

  

51.0 2150.4 323.8 

One edge with a 
minor angled 
contact, however, 
no issues with 
measurements. 

Similar to 36, however textures are closer to a conglomerate, 
rather than irregular strom features. Angular ‘clasts’ 
appearance, clasts contain a V fine edge of black material, 
however where qz veining increases, this is less obvious.  

39 

  

50.0 1957.5 330.4   

Patchy, silicified, increase in mudstone host? Similar to 38, 
no visible py, strom/evap unit, more evap components? - a 
collapse of evaporites and sediments? 

Photo missing. 

40 

  

50.0 1758.6 346.1   

Strom/evap, high % of sample comp of mud/clay stone host? 
No visible py. Irregular broken clasts of strom unit within 
mud/clay? Highly silicified.  

41 

  

50.0 32178.2 357.7   

Similar to 40, increase in collapsed evaporitic features, i.e. 
angular broken pieces of host within a clay or V fine grained 
'matrix'/silicified material, no visible py. 

Photo missing. 

42 

  

50.0 1369.0 367.8   

Dark grey silicified medium to coarse grained sandstone in 
contact with fine grained mudstone? Minor thin bands of 
sandy material seen in mudstone. No visible py. Silicified. 
Zone with increased sediments and fewer strom/evaporite 
material.  

43 

  

50.0 1884.5 373.8   

Similar to 33 and 34, qz cave infill in cavities, strom/evap. 
Very minor py present in fine hairline fracture however much 
less than 0.5% of sample comp.  
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44 

  

50.0 3373.3 377.8   

Dark grey strom/evap? Few cavities, minor irregular hairline 
fractures containing V fine dissem py, <2% of rock comp. V 
fine py. Potentially very minor chalcopy, but difficult to 
distinguish with hand lens.  

45 

  

51.0 1998.2 389.3 

Large wedge 
missing from one 
sample end, not as 
accurate as could 
have been. * 

V similar to 39. Strom/evap, grey, patchy silicified qz carb 
regions. No visible py present.  

46A 

  

51.0 1990.9 395.5 

Minor angled edges, 
no measurement 
issues. 

Strom/evap, angular strom/evap similar to 43/44, no visible 
py.  

46 

  

51.0 1228.8 396.6   
Strom/evap unit, finer grained host, mudstone?, no visible 
py, minor qz carb cavity infill.  

47 

  

51.0 960.0 410.7   
Similar to 40, not quite as patchy or pale - less silica 
alteration? No visible py.  

48 

  

50.0 2311.2 418.2   Similar to 33 and 34, cavities not as large, no visible py.  

49 

  

50.5 1510.4 428.9   
Silica rich, paler grey then 48, increased silica alteration than 
48, slightly less qz carb cavity infill than 48.  
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50 

  

51.0 3443.8 441.5   
Same as 48, qz carb small cavity infill, no visible py. 
Secondary orange alteration/weathering.  
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A.2.3 TDH26 

 

 Frere Formation 

 Yelma Formation 

 Interbedded GIF, siltstone and chert, variably haematitic 
 Micaceous sandstone and interbedded siltstone 
 Interbedded carbonaceous siltstone/minor GIF/silicified breccia 
 Silicified stromatolite, dolomite, evaporite and breccia 
 Silicified sandstone/arenite and interbedded sandstone, siltstone and dolomite with varying degrees 

of silicification and alteration 
 Interbedded sandstone/dolomite, with V minor stromatolitic textures. 

 

Scale: diameter=height of image 

* Poor measurements not included in statistical analysis 
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ID #   Diameter 
(mm) 

Resistivity 
(Ωm) 

Depth 
(m) 

Sampling 
comments 

Rock texture comments Photo 

51     63.0 2959.2 148.8   

Fe rich, red conglomerate, large 5-6cm clasts of granular 
sandy red grains in a white matrix sandstone, sample 'matrix' 
made of V fine grained red, and green brown mudstone. 
Minor hairline fracture infilled with qz. 50/50 sandstone and 
mudstone comp. Single speck of py present in sandstone 
components.  

52     63.0 1360.1 153.2   
Interbedded red, medium-grained sandstone and fine-
grained green silt/mudstone, no visible py.  

53     63.0 288.2 158.5   

Interbedded sandstone and siltstone. Granular medium to 
coarse grained red and grey sandstone, interbedded with 
fine red mudstone/siltstone. Fine fractures at contacts 
between units and additional fractures perpendicular to 
bedding infilled with carbonate? 50/50ish composition of 
sandstone/siltstone.  

54     63.0 339.8 169.0   

Same as 52, interbedded red coarse sandstone and green 
siltstone, haematite alteration throughout sample? No 
visible py.  
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55     63.0 1695.4 173.6   Same as 54.  

56     63.0 722.8 182.5 

Irregular chunk 
missing along edge 
of sample due to 
breakage along 
bedding. * 

Finely layered grey sandstone, fine- to medium-grained, fine 
hairline fractures along bedding which are perpendicular to 
measurement direction. No visible py.  

57A     63.0 1832.0 184.9 
Minor angular 
contact. * 

Same as 56, medium to fine grain size. Bedding is fine, well 
sorted unit, no visible py.  

57     63.0 657.6 189.5 

Angled wedges 
missing from 
sample, contacts 
good, area 
calculation poor. * 

Fine to medium sandstone, massive texture, no bedding, no 
visible py.  
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58     63.0 4931.4 194.2   
Interbedded light grey siltstone/mudstone, V fine grained, 
finely interbedded/cross bedded.  

59     63.0 2347.9 200.2   
Same as 58, fewer cross-bed features, bedding is ‘flat lying’, 
fine to medium grain size, fine layers.  

60A     63.0 6459.0 206.2   

Same as sample 58, interbedded fine-grained grey and grey 
brown siltstone/mudstone. Minor flame structures present 
in darker mudstone material? No visible py.  

60     63.0 1337.5 215.7   
VV fine grained grey siltstone, hard, somewhat silicified? VV 
fine layers. No visible py.  
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61     63.0 2134.7 222.0   

Granular coarse-grained red sandstone moderately well 
sorted to poorly sorted, <5% of sample includes a dark grey 
fine-grained siltstone interbedded within the red sandstone. 
A minor white quartz carbonate clast is present and what 
appears to be minor carbonate alteration throughout the red 
sandstone. Fe/haematite dominate alteration.  

62     63.0 4959.0 224.8   Same as 61.  

63     50.0 1335.7 231.3 

Small wedges 
missing from both 
ends, measurement 
ok, area calculation 
moderate quality. * 

V finely laminated medium grained pale grey and white 
(carb?, quartz?) grains of sandstone and grey V fine grained 
siltstone, 15% sandstone, 85% siltstone.  

64     51.0 1363.1 232.4   Finely laminated grey and black siltstone, hard, silicified?  

65     51.0 9784.9 245.9   

Coarse grained sandstone, carbonate cement, grains are sub-
rounded to sub-angular and made up of black and red specs. 
Patches of deep red Fe/haematite alteration, with associated 
specular haematite alteration, minor qz carb hairline  
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fractures present <1% of sample, in direction of 
measurement. 

66     51.0 12332.0 251.1   
Fine to medium sandstone/siltstone, massive texture, no 
visible beds. Dark grey in comp.  

67     51.0 12810.1 254.4   

Same as 62, varying degrees of haematite/Fe alteration 
throughout coarse-grained sandstone -> similar to 65, minor 
V fine siltstone band, <5% of sample.  

68     51.0 11428.5 260.6   

Same as 67 and 65, however patchy deep red Fe/haematite 
alteration not as pervasive, more a deep brown alteration 
throughout sample. Carbonate and haematite alteration of 
sandstone/siltstone material.  

69     51.0 3431.6 280.2   

Coarse grained grey sandstone, grains are sub-rounded to 
sub-angular, within a grey cement. Patchy carbonate 
alteration associated with boundaries of V fine black siltstone 
layers. No visible haematite Fe alteration, no visible py.  

70     51.0 293.9 288.9 

V minor 
angled/irregular 
contacts, 
measurement and 
contact still ok. 

Finely laminated black shale, minor fine dissem py present in 
some layers <1% of sample. These bands are up to ~1cm 
thick.  
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71     50.0 5020.4 295.9   

Coarse grained sandstone/siltstone material, grains are black 
and angular, cemented with v fine grained pale grey cement. 
Minor patchy carb alteration associated with hairline 
fractures.  

72     51.0 1974.6 309.1   Finely laminated grey and dark grey siltstone, no visible py.  

73     51.0 3935.8 310.8 

Very small wedges 
dislodge from 
corner, not a 
significant issue. Same as 72.  

74     51.0 1874.6 315.9   

Similar to 68 and 71, V minor patchy red haematite 
alteration. Brown and white alteration variations across host 
rock, coarse grained grey layers with coarse grained white 
cemented layers, which look like clasts, however probably 
more dissolution textures associated with alteration? Grains 
are sub-angular, with pale white-grey cement. Patchy red 
alteration present in paler portions of the cemented 
sandstone material, minor fine dissem py present in grey 
cemented sandstone material, py makes up <0.5% of sample. 

 

75     50.0 2262.4 320.7   

Granular pale cemented sandstone similar to 74, in contact 
with interbedded fine black and green-brown siltstone unit. 
Silicified pale red haematitic alteration in patches within the 
siltstone unit, patchy carb alteration within sandstone, and 
at boundary with siltstone, patchy weathered/altered py 
within siltstone? (difficult to see). Boundary between GIF unit 
and underlying siltstone unit. 
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76     50.0 13836.4 327.3   

Interbedded sandstone and siltstone. V fine grained black 
siltstone, and medium to fine grained, brownish, sandstone 
layers.  

77     50.0 4526.5 332.6   Same as 76.  

78     50.0 5611.6 337.8   

Interbedded granular white/brown cemented and silicified 
sandstone, reddish brown mudstone, and silicified 
mudstones. Patchy brown carb alteration throughout 
sandstones and on boundaries with siltstones.  

79A     50.0 1573.4 338.5   Fine green interbedded siltstone and minor sandstone.  

79     50.0 2265.1 338.8   

Interbedded green siltstone with black siltstone, minor fine 
beds of sandstone <3% of sample. Majority of sample finely 
laminated green and black siltstone, no visible py.  

80A     50.0 810.7 339.7 

Angular contacts, 
not flush with SKIP. 
* 

Pale cemented sandstone, heavily fractured and infilled with 
qz and carb. Interbedded minor siltstone at one end, blebby 
py infilling fractures at this contact making up to 3% of 
sample and forming perpendicular to measurement 
direction. V fine dissem py also present throughout 
sandstone, making up 0.5% of sandstone component. In a 
parallel vein to measurement direction minor galena? 
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making up <0.5% of sample. Appears to also be patchy 
carbonate alteration associated with veining or 
altered/weathered py?? Carbonate cement within 
sandstone, appears to be 'washed out' with later carbonate 
alteration. 

80     50.0 4316.3 341.0   
Same as 78, fine dissem py present throughout sandstone 
unit, make up 1-2% of sample,  

81     50.0 24.4 345.2   

Interbedded V fine black siltstone and medium to fine 
brownish grey sandstone. Finely laminated. Carbonaceous 
siltstone and sandstone.  

82     50.0 11.9 345.6   Same as 81.  

83     49.0 2708.2 350.1   

Granular grey sandstone, coarse sub-rounded grains, cement 
weathered/altered to brown carbonate, ankerite? Where 
sample is freshly cut, cement is a pale grey colour, too fine to 
see grains. Sandstone grains made up of black material and 
grey (qz) grains.  

84     51.0 5374.0 357.8   

Similar to 83, sparkly red appearance. Most grains seem to 
be pale grey and white in composition. Heavy Fe weathering 
and carbonate alteration, ankerite present. Fe alteration is 
haematitic? Cement of sandstone component includes 
massive white material, too fine to see any grains.  
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85     50.0 4940.2 362.4   
White fine-grained silicified sandstone, minor chlorite 
infilling hairline fractures, mostly qz comp.  

86     50.0 3957.2 363.7   
Coarse grained sandstone. Silicified and carb altered 
sandstone, grey, with patchy ankerite? Altered throughout.  

87     51.0 9559.6 367.0   
Same as 86, but patchy red haematite alteration present near 
ends.  

88     50.0 2720.2 369.1   

Silicified sandstone, minor patchy carbonate alteration and 
minor patchy red haematite alteration, minor dissem blebby 
py present, <1% of sample comp.  
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89     50.0 14090.6 370.9   

Silica altered evap/strom zone. Fine fractures infilled with 
chlorite, minor patchy red haematite. Some sandstone 
material present. Evaporite with associated qz carb infill and 
chlorite and haematite alteration within 'layers'.  

90     50.0 4053.8 375.6   

Bedded V fine grained green brown siltstone and coarse-
grained sandstone. Red haematite alteration throughout, 
more pervasive throughout sandstone units. Very fine speck 
of py present in siltstone? Difficult to distinguish if these 
specs associated with py or drill cutting 'residue' <<0.5% of 
sample, minor qz carb infill within sandstone unit and at 
boundaries of the siltstone layers. 

 

91     50.0 3811.8 376.7   

Same as 90, interbedded siltstone and sandstone, alteration 
varies throughout beds, haematite alteration most pervasive, 
fractures in the direction of measurement infilled with qz and 
carb.  

92     50.0 5874.4 385.2   
Same as 91, hairline qz carb infilled fractures in line with 
measurement direction.  

93     51.0 8675.1 388.9   

Silicified sandstone appears to contain recrystallised rounded 
grains? where spaces/cavities are infilled with silica. Distal 
margins of evap/strom zone?  
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94     51.0 7280.2 388.2   

Similar to 93, however finer grained, portions of silica/carb 
infilling spaces, approx 4% of sample is silica carb altered, 
also contains very fine-grained black layers (clasts?) of 
silicified siltstone??   

95     50.0 3275.1 394.1   

Brown silicified sandstone, carbonate alteration throughout? 
Massive texture, no obvious bedding or laminations, well 
sorted, grains are fine grained. V fine speck of what may be 
py dissem throughout, however, may only be associated with 
blade cutting, <<0.5% of sample.  

96     50.0 5040.4 405.3   

Grey silicified strom. Can identify growth of strom, minor 
carb alteration present within some qz infilled cavities along 
strom boundaries which are perpendicular to measurement 
direction, otherwise radial hairline fractures perpendicular to 
measurement direction, strom infilled with qz and carb.  

97     50.0 6884.2 416.5   

Similar to 96, pale grey strom, V fine dissem py present 
throughout qz carb boundary growths, <1% of sample is py, 
blebby strom growths with silica and carb cavity infill.  

98     50.0 3701.3 430.9   

Pale white to pink strom, cavities infilled with chlorite and 
blebby py. Grey material within hairline stockwork fractures. 
Carb alteration also present around boundary of main 
fractures. Main fractures perpendicular-ish to measurement 
direction, py 5-6% of sample.  

99     50.0 4804.5 432.6   

Pale white strom, blebs of dissem py present throughout, 
<2% of sample, fine hairline cavities infilled with chlorite 
alteration, py proximal to areas with chlorite alt.  
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100     50.0 1398.5 441.8   

Pale strom with significant py mineralisation. Cavities infilled 
with blebby py and chlorite and carb alteration. Py 
perpendicular and somewhat parallel to measurement 
direction, see photos. Py makes up ~15% of sample.  

101     50.0 6578.7 444.6   

Pale white strom. Fine hairline cavities along strom growth 
features (perpendicular to measurement direction) infilled 
with chlorite and carb, large ~1cm cavity infilled with carb 
chlorite qz and specs of galena parallel to measurement 
direction. No visible py, galena <2% of sample.  

102     50.0 99058.5 476.5   

Mineralised strom, pale grey, cavities infilled with chlorite 
and blebby py. Qz carb vein ~1cm perpendicular to 
measurement direction, no assoc mz. Infilled cavities with chl 
and py along strom boundaries, ~45 degrees to 
measurement direction. Py makes up ~10% of sample, small 
blebs of galena present <0.5% of sample which are found 
within py chl cavities. 

 

103     50.0 5019.6 488.5   

Evap/strom, ~40% of sample appears to be hosted in a 
medium to coarse grained sandstone, grey, silica altered. 
One end appears to be highly silicified, forming a boundary 
with strom unit. Fine perpendicular hairline fracture present 
infilled with chlorite and minor blebby dissem py <1.5% of 
whole sample. Within a perpendicular fracture, galena is 
present, galena 2.5% of sample. 

 

104     50.0 5777.8 493.3   

Silicified medium grained sandstone, evap unit? Dissolution 
of cement and grains. High qz comp of sample, parallel to 
measurement qz carb 1cm vein present, no visible py.  



A.2 LABORATORY SCIP MEASUREMENTS, LOGGING, AND PHOTOS 

 

395 
 

105     50.0 6185.4 495.1   
Same as 104, silicified, medium to coarse grained sandstone, 
alteration not as intense as 104.  

106     51.0 3257.5 496.4   
Medium to fine grey brown sandstone, well sorted, finely 
bedded with grey and dark grains, no visible py.  

107     50.0 7986.5 499.0   Grey strom, chlorite altered strom boundaries, no visible py.  

108     51.0 3883.7 504.0   

Dark grey evap/strom, intense chl alteration within 
stockwork hairline fractures? within strom layers. No visible 
py.  

109     51.0 4385.0 510.1   
Fine grained interbedded grey brown mudstone and 
siltstone, no visible py.  
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110     51.0 5785.0 515.4   

Coarse grained sandstone, red pale haematite alteration 
present, minor carb alteration also present throughout. 
Parallel to measurement, qz carb veins, 0.5cm wide, <5% of 
sample. Minor patch silicified ‘clasts’ ~2cm long (silicified 
siltstone layers?).  

111     51.0 7525.0 516.1   

Interbedded fine grained green and brown siltstone and 
mudstone, no visible py, grading of beds from fine to medium 
to fine, between brown 'sandier' material to fine mudstone 
material.  
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A.3 Underlying resistivity data for Chapter 3 

A.3.1 DeGrussa mineralised region 

Regolith 
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Alteration 
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Sulphide textures 
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A.3.2 Abra mineralised region 

Lithology 
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Alteration 
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A.3.3 Collier Basin 
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A.3.4 Earaheedy and Yerrida Basins 
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Appendix B 

B.1 Limitations of 1D AEM inversions 

 

Table B.1 Summary of 1D inversion limitations based on a limiting score calculated from the RMS error between 

the actual model and inverted solutions for each of the parameters listed. The depth of investigation parameters 

shown here were guided by the extent to which a TEMPEST AEM system can detect a conductor beneath cover, 

directed by results shown Figure 5.3. 
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B.2 Supplementary interpretations  

B.2.1 DeGrussa 

Geology 

Line 1009001 intersects the stratigraphic units of the Yerrida and Bryah Basins along the north-eastern 

Bryah Basin-Marymia Inlier boundary (Figure B.1). Conductors along this transect are associated with 

the Johnson Cairn Formation in the north, and the interbedded shales and siltstones of the Karalundi 

Formation located south of the Robinson Range Fault. Resistive units are associated with the Juderina 

Formation, minor sediments and mafic lithologies of the Narracoota Formation, sandstones of the 

Karalundi Formation, and the sediments of the Doolgunna Formation. The large-scale faults including 

the Goodin Fault and Jenkin Fault are expected to have resistivity contrasts within the AEM inversions 

along this DeGrussa transect (Figure B.1). Also, the sediments of the Karalundi Formation deformed 

by the 10 m-100 metre-scale folds associated with the Robinson Range Syncline may be resolved as 

dipping conductors within the inversion (Figure B.1). 

 

The inverted DeGrussa transect is shown in Figure B.2(d) with the accompanying observed AEM survey 

responses and calculated AEM responses from the inversion (Figure B.2(b)-(c)) and misfit (Figure 

B.2(a)). The inversion resolves the subsurface in terms of a mostly moderately conductive layer 

overlying a resistor (Figure B.2(d)). The northern end of the transect resolves a deep and highly 

conductive unit (D) (Figure B.2(d)). Along the inverted transect the available drill holes containing 

down hole resistivity and geological logging information are shown in the insets at E (Figure B.2(d)). 

These drill holes include: DGDD234 and DGDD244 190 m east, DGDD239 220 m west, and DGDD199, 

DGDD226, DGDD232, DGDD218, and DGDD208 400 m west of Line 1009001 (Figure B.1). At A, the 

inversion recovers the moderately conductive surface layer with a northern dip direction. In B, C, D 

and E, deep conductive bodies beneath less conductive surface layers are resolved. At B, this deep 

body is seen as a smooth moderately conductive zone, while at C and D, the deep conductor is 

recovered as a highly conductive sub-horizontal to sub-vertical layer, and at E a discrete vertical 

conductor is resolved. Below we discuss the difference between this available drilling and the inverted 

solution at E. This is followed by a discussion about the depth of the deep conductors seen at E and B. 

Lastly the geometries of conductors C, D and A are discussed. 
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Figure B.1 Intersected geology based on Adamides (1995) and Occhipinti et al. (2017) for the section of AEM 

Line 1009001 inverted and interpreted in Figure B.2. The interpreted dips and structures made from the 

inversion in Figure B.2 have been annotated in purple on the map. 
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Figure B.2 For AEM Line 1009001, the (a) calculated inversion 𝚽𝐃 misfit, (b) Capricorn TEMPEST survey response (grey), and calculated inversion response (purple) for the 

x-component and, (c) z-component and, (d) GA-LEI results with dipping features and deep conductors highlighted (dashed lines and boxed regions, respectively). The 

measured dips and strikes closest to the AEM line and interpreted regional-scale fold axes have been annotated above the inversion.
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Deep conductors 

As shown by the synthetic model scenarios, regolith resistivity is often overestimated by a 1D AEM 

inversion where it is underlain by a deep conductor (Appendix B.1, regolith resistivity column). Where 

geological and down hole measurements are available this information can be compared with 

modelled conductors beneath cover. For example, a discrete 1 Ωm conductor is resolved at E (Figure 

B.2(d)), proximal to the Karalundi Formation and thrusted Formations of the Yerrida Basin (Figure B.1, 

and Figure B.2(d)-(E)). Down hole resistivities and geology logging are available at E to compare with 

this inverted solution (Figure B.2, see inset at E). The down hole resistivities record a 150 m thick 

10 Ωm surface layer associated with the regolith and siltstones in the region. The geological logging, 

however, only records these conductive surface lithologies (regolith and siltstones) with a thickness 

of up to 70 m, which lies within the regolith thickness range for the region (30 m-100 m) (Hawke et 

al., 2015; Noble et al., 2016). The apparent increase in cover thickness ‘seen’ by the down hole 

resistivities compared to the geological logs may be a product of the down hole method recording a 

smoothed region of resistivity above and below each measured depth interval. In addition, the 

inversion differs from both the geology and down hole resistivities by modelling the near surface as a 

200 m-300 m thick moderately resistive zone. The AEM response above conductor E (Figure B.2(b)-

(c)-(E)) has an average fit between the measured and inverted AEM responses, suggesting the chosen 

reference model was acceptable for producing a reliable and interpretable inversion. The measured 

down hole resistivity of the regolith (10 Ωm), however, is likely to be more accurate than the thick 

moderately resistive region modelled by the inversion since surface resistivities are often 

overestimated in 1D inversions where regolith overlies a deep conductor (Appendix B.1, regolith 

resistivity column). 

 

A depth to top estimate of E can be made since there is available thickness and resistivity information 

about the regolith from down hole logging. For 70 m thick cover of approximately 10 Ωm a 1D AEM 

algorithm can resolve an underlying conductor between 50 m-100 m of its actual depth where it is 

located approximately 200 m below the surface (Appendix B.1, 50 m cover, rows 150 m below cover 

examples). The AEM inversion in Figure B.2(d) recovers the depth to top of conductor E at 

approximately 250 m below the surface; consistent with the inversion correctly modelling the 

response from a conductor located approximately 200 m±50 m below the surface. 

 

While the down hole resistivities contain regolith information the overlying cover at E, they do not 

show a deep or thick conductive layer identical to conductor E (Figure B.2, see inset with down hole 
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resistivities). The resistivities from drill holes DGDD218 and DGDD226 show a very thin conductive 

zone greater than 400 m below the surface where the geological logging records volcanic intrusives 

and turbidite sequences consistent with sediments of the Karalundi Formation (Figure B.2(d)(E), see 

inset with logging). The turbidites are likely to be the cause of this conductive measurement at this 

location. Feature E may be associated with a shallow extension of this very minor conductor 

intersected by DGDD218 and DGDD226. However, there is no drilling directly along the AEM transect 

to confirm this, therefore it is equally likely that this conductor’s response is associated with the 

presence of conductive Karalundi Formation shale or siltstone in the region, located up to 200 m±50 m 

below the surface. The discrete nature of E located within an intensely deformed and faulted region 

could also suggest that E is associated with a minor offset of the conductive Karalundi Formation 

sediments linked to a potential fault splay off the Jenkin or Robinson Range Faults (Figure B.1, Figure 

B.2(d), and (E)). 

 

Where drilling information is unavailable, the robustness of an inverted solution can be assessed from 

the fit between the measured and calculated AEM responses, and the expected depth of detection 

limits of a TEMPEST AEM system. A second conductive region is resolved at B (Figure B.2(d)), which 

decreases in resistivity from approximately 300 Ωm at the surface to 10 Ωm at 400 m below the 

surface. The TEMPEST AEM response from this scenario, a 10 Ωm conductor below a 300 Ωm region, 

can be approximated by the responses over thick (300 m) and moderately resistive (100 Ωm) cover 

scenarios (Figure 5.3(s)). In this example (Figure 5.3(s)), a 400 m deep conductor can be detected at 

mid-times with a TEMPEST AEM system (Figure 5.3(s)) conductor 100 m below 300 m thick cover). In 

addition, the overall trend of the calculated responses resembles the measured responses at B (Figure 

B.2(b)-(c)-(B)) given a reasonable reference model, suggesting the conductor B is a real geological 

feature. Conductor B may be a conductive zone between the Narracoota Formation and more 

conductive underlying sediments of the Karalundi Formation (Figure B.1, Figure B.2(d) (B)). The 

reliability of the inverted depth to top of this unit can be approximated by a conductive lithology 

located 400 m below the surface, underneath thick and moderately resistive cover; previously 

presented synthetic model scenarios suggest a conductive unit at this depth can be resolved to within 

50 m-100 m of its actual depth (Appendix B.1, 100 Ωm resistive and 300 m thick cover, row 100 m). 

 

The conductor at B is shallow enough that a response is recorded by the TEMPEST survey (Figure 

B.2(b)-(c), slow decays). Directly north and south of B, the lithologies of the Narracoota, Karalundi, 

and Doolgunna Formations do not have large resistivity contrasts, even within regions where these 



APPENDIX B   

 

428 
 

stratigraphic units have been folded (Figure B.2(d), see annotations south of C), or faulted (Figure 

B.2(d), Goodin and Jenkin Faults south of C). Neither do the faults show a notable variation within the 

measured data nor resistivity contrasts in the inversion (Figure B.2(d), e.g. Goodin and Jenkin Faults). 

It is likely that conductive sediments of the Karalundi Formation which are similar to B are present 

south of C but are located at depths beyond the DOI of the TEMPEST system. This is an explanation as 

to why the detectable and resistively similar lithologies of the interbedded Karalundi and Narracoota 

Formations, and the Doolgunna Formation do not have significant resistivity contrasts, even where 

they are deformed or offset by faults. The lack of conductive features associated with the Goodin or 

Jenkin faults also suggests these structures are unlikely to contain conductive mineral phases or 

ground water in this region. 

 

Dipping features 

The apparent dips of steeply dipping resistor-conductor contacts are underestimated and typically 

modelled with non-uniform boundaries in 1D AEM inversions. At C and D, an antiformal feature is 

resolved with a moderately resistive layer overlying a conductor (Figure B.2(d), (C)-(D)). The 

conductive layer is associated with the pyritic shales and siltstones, and the resistors are associated 

with the sandstones of the Karalundi Formation, both of which have been mapped in this region 

(Adamides, 1995). At D, the resistor-conductor contact is modelled with a non-uniform boundary 

similar to the steep synthetic model scenarios presented previously. Contact D dips between 

approximately 08oN near the surface to 50oN at depth. This approximate 50o dip angle is larger than 

the estimates previously made from simple synthetic model scenarios because the inversion is 

resolving a more complex geological scenario where the interbedded siltstone and sandstone 

sequences are not only dipping, but have also been faulted and deformed. With depth, the inverted 

solution for the steeper dipping parts of the conductive siltstones approaches a DOI scenario where a 

deep conductor underlies a resistor, appearing in the inversion as a steep apparent dip angle. Despite 

this slightly steeper dip, the main outcomes from the previously presented geometry modelling still 

hold: the apparent dip angle at D along the survey line is underestimated by the 1D algorithm, the dip 

direction is correctly modelled, and the feature must be steep due to the non-uniform resistor-

conductor boundary (Figure B.2(d)). 

 

At C and A, dip measurements from outcrop have been collected (Adamides, 1995) and have been 

used to validate the apparent dip angle of the dipping conductors resolved in the DeGrussa inversion 

(Figure B.2(d)). A dipping resistor-conductor contact between the sandstones and shales of the 



B.2 SUPPLEMENTARY INTERPRETATIONS 

 

429 
 

Karalundi Formation is resolved at C (Figure B.2). The apparent dip of this inverted boundary is close 

to 10oS-35oS, much less than the 70oSE and 88oSE actual measured dips (Figure B.2). However, the dip 

direction is correctly resolved by the inversion (Figure B.2). A shallower moderately conductive north 

dipping feature within the Doolgunna Formation is resolved at A. The inverted apparent dip recovers 

an approximately 20oN angle between a 100 Ωm-1000 Ωm contact. A 20o apparent dip angle resolved 

by a 1D inversion falls within the range of angles where the inversion either accurately resolves the 

contact or underestimates a steeper dip. Given the available outcrop measurement is 46oN, we know 

this is an example where the apparent dip of the Doolgunna Formation sediments is underestimated.  

 

B.2.2 Ilgarari 

Geology 

Line 1009501 intersects the sediments of the Ilgarari Formation of the Collier Basin, and the east-

north-east trending and steeply south-dipping normal Bujundunna Fault and Ilgarari Shear zone 

(Marston, 1979) (Figure B.3). The Ilgarari Shear zone hosts the Ilgarari Cu-deposit 180 m west of the 

survey line (Marston, 1979) (Figure B.3). There are no available resistivity measurements from the 

Ilgarari Formation, however, the sedimentary successions contain lithologies similar to sediments of 

the Calyie and Backdoor Formations of the Collier Basin (Martin and Thorne, 2004) (Figure 5.2). The 

Ilgarari Formation is therefore likely to measure moderate resistivities similar to the Calyie and 

Backdoor sediments in addition to lower resistivities associated with the presence of pyritic siltstones. 

The Ilgarari Formation in this region has also been intruded by thick dolerite sills which have allowed 

the formation of vuggy Cu-mineralisation along shale-dolerite shear contacts and the emplacement of 

thin intrusive dolerite dykes (Marston, 1979; Martin and Thorne, 2004) (Figure B.3). These mafic 

volcanic and intrusive lithologies will have greater overall resistivities than the surrounding Ilgarari 

sediments. 
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Figure B.3 Intersected geology based on Marston (1979) and Blay and Thorne (2016) for the section of AEM 

Line 1009501 inverted and interpreted in Figure B.4. The interpreted dips and structures made from the 

inversion in Figure B.4 have been annotated in purple on the map. The measured dips and strikes closest to 

the AEM line and interpreted regional-scale fold axes have been annotated above the inversion. 

 

The inversion along 1009501 is shown in Figure B.4. The southern end of this inversion resolves a 

moderately conductive surface layer, a sub-horizontal and resistive central layer, and moderately 

conductive basement layer (Figure B.4(d), 7301000 m-7302500 m). The most resistive layer is 

associated with the presence of dolerite sills, while the conductive surface and basal layers are 

associated with the regolith and Ilgarari sediments, respectively. This is consistent with the 

approximate depths of the lithologies which have been logged along drill hole RC_DD14IL013A, 

located 800 m west of Line 1009501 (Figure B.4(d), 7301000 m-7302500 m). This drill hole is shown 

on Figure B.4 and coloured by each lithology. 
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North of the Ilgarari drill hole, the Ilgarari inversion recovers more complex resistivity contrasts (Figure 

B.4(d)). A moderately conductive sub-horizontal surface layer is resolved with an undulating dip, and 

at A and C this undulating layer dips shallowly to the south. Beneath this moderately conductive 

surface layer steeper dipping conductors and resistors are resolved at B and C. In the following 

sections the contrasting regions of resistivity are discussed in the context of the known geology. This 

is followed by a discussion of the dipping features seen in A, B and C. 

 

Resistivity contrasts 

The TEMPEST AEM survey records a mostly uniform response across Line 1009501 even where 

structures have been mapped (Figure B.4(b)-(c)). The Bujundunna Fault and Ilgarari Shear Zones are 

not associated with discrete, or highly conductive responses in the observed data (Figure B.4(b)-(c)). 

In addition, the lithologies offset by the Bujundunna Fault in particular, are not recovered with a region 

of contrasting resistivities by the inversion (Figure B.4(d)). This may be because the current 

interpretations of the location of the Bujundunna Fault are inaccurate. Alternatively, the fault does 

not contain conductive mineral phases associated with deformation or ground water, and remain 

resistive in AEM inversions. 

 

In contrast to the uniform resistivity variations resolved across the Bujundunna Fault, the Ilgarari Shear 

zone (Figure B.4(d) (B)) is modelled as a region of south dipping moderately resistive to highly resistive 

features. These resistivity variations are seen at C (Figure B.4(d)), however C is not coincident with any 

known structures (Blay and Thorne, 2016). At C, the similarities between the resistivity variations with 

depth to the Ilgarari Shear may suggest the presence of a concealed en-echelon shear associated with 

the Ilgarari Shear zone (Figure B.3, Figure B.4(d))Error! Reference source not found.. The resolved 

resistivity contrasts at the Ilgarari and ‘C’ shear zones are associated with dolerite-sediment contacts. 

The south dipping resistors are related to dolerite dykes which have intruded along south dipping 

fractures and are in contact with less resistive shales and siltstones of the Ilgarari Formation. Large 

conductivities associated with the Ilgarari pyritic shales are not resolved, either because they form 

minor constituents of the Ilgarari Formation in this region, or because the interfingering of resistive 

dolerite with less resistive sediments have an overall reduced AEM response which are resolved as 

moderate resistors in the 1D AEM inversion. 
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Figure B.4 For AEM Line 1009501, the (a) calculated inversion 𝚽𝐃 misfit, (b) Capricorn TEMPEST survey response (grey), and calculated inversion response (purple) for the 

x-component and, (c) z-component and, (d) GA-LEI results with dipping features and deep conductors highlighted (dashed lines and boxed regions, respectively).
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It is also worth considering the proximity of the Ilgarari Cu-deposit when interpreting the resistivity 

contrasts along the Ilgarari Shear (Figure B.4(d), B, and C). The Ilgarari Cu-mine is 180 m directly west of 

the inverted line, and with considerations for the TEMPEST AEM footprint (Ley-Cooper et al., 2010), it is 

reasonable to suggest that Cu-mineralisation at depths of 50-70 m below the surface, although not 

directly crossed by the closest AEM survey point, could be detected. The known Ilgarari mineralisation is 

shallower than and reaches a maximum depth of approximately 38 m, with only sparse and very weak 

minor alteration reaching 130 m below the surface (Marston, 1979). At this shallow depth the main 

conductive mineralisation lies outside the AEM foot print of the TEMPEST system (Ley-Cooper et al., 2010) 

and therefore remains undetected along Line 1009501. However, it is worth noting that any extension of 

Ilgarari-style Cu-mineralisation along the Ilgarari or ‘C’ shear zones would have a slow AEM decay, and 

conductive modelled units associated with the presence of chalcocite, chalcopyrite and native copper 

(Marston, 1979). Given the absence of such measured AEM responses and subsequently modelled 

conductors, the AEM data suggest that the shear zone does not host additional conductive Ilgarari-style 

Cu-mineralisation along and proximal to Line 1009501. 

 

Dipping features 

The steep apparent dip angle of the dolerite-shale contacts at the Ilgarari Shear (B and C) are 

underestimated in the 1D AEM inversion (Figure B.4(d)). In contrast, the apparent dip angles of the sub-

horizontal surface lithologies at A and C are accurately resolved (Figure B.4(d)). The south dipping 

moderate resistors of the Ilgarari Shear are inverted with an approximately 20oS apparent dip angle at B 

and C (Figure B.4(d)), while the surface lithologies of the Ilgarari Formation have been modelled with a 

2oS-3oS degree apparent dip angle at A and C (Figure B.4(d)). Dip measurements have not been acquired 

along the Ilgarari Shear but geological descriptions suggest the south dipping en-echelon shears are very 

steep (Marston, 1979). The modelled 20oS apparent dip angle at B and C falls within the range of dip angles 

which either resolve an accurate dip or underestimated dip in the synthetic scenarios. While the southerly 

dip direction of the Ilgarari Shear is accurately modelled, the 20o apparent dip angle is inconsistent with 

geological descriptions of the steep sub-vertical shear (Figure B.4(d)). The apparent dip angle of the sub-

horizontal layers in A and C, however, are consistent with synthetic model scenarios which accurately 

resolve shallow dipping contacts; validated but the 4oS outcrop measurement at A. 
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Appendix C 

C.1 Bryah Basin 

C.1.1 Bryah Basin MT survey data 
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C.1.2 Bryah Basin MT data and inversion output 
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C.2 Yerrida Basin 

C.2.1 Thaduna MT survey data 
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C.2.2 Thaduna MT data and inversion output 
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