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Summary 

Metalli Pty Ltd holds 100% of EPM 26218, located on the Warrong 1:10,000 sheet of the Eddystone 
1:250,000 sheet, near the town of Roma, in the Australian State of Queensland. 

The mineral exploration project involves three interlocking EPMs and is referred to as the “Mount Owen–
Darkwater Project” or “Darkwater” project. 

Summary of geology and mineralisation 

The Mount Owen-Darkwater project is located in central Queensland, approximately 650 km northwest of 
Brisbane.  The project consists of a single Exploration Permit for Minerals (“EPM”) application of 100 
graticular blocks in area or approximately 30,973ha. The project is almost completely unexplored, but 
evidence returned by water prospecting indicates strong potential for sediment-hosted base-metal 
deposits and geophysical evidence suggests that the area is prospective for ultramafic intrusive related 
base metal deposits. 

The project covers units of the Surat Basin, which forms part of the Great Australian Basin.  Sedimentary 
rocks of the Jurassic-aged Precipice Sandstone, Evergreen Formation and Hutton Sandstone outcrop 
within the project area.  Isolated Tertiary plateau-forming flood basalts occur in west and northwest of 
the application.  In the centre of the application, the Darkwater Ultramafic unit outcrops over an area of 
approximately 400 m by 800 m.  Geophysics indicates that the Darkwater Ultramafic is a composite of a 
number of connected bodies that extend over a 10km strike. 

Water bore evidence supports the presence of sediment-hosted base metal targets within the Darkwater 
project and that a carbonate replacement model is implied.  However there is reasonable potential for 
further discoveries given the presence of known mineralisation at Mount Manganese and elsewhere.  The 
brine chimney model proposed by IBML is conceptual in nature and yet to be proven but it is robust and 
appropriate for use at Maranoa.  The concept presents a predictive model rather than procedural based 
exploration.  Importantly, if the model proves correct it may be applied to regions outside of Metalli’s 
current project area. 

Summary of exploration concept 

Subject to finalisation of access approvals and arrangements including timing with regard to the wet 
season, Metalli intends to explore the tenements using conventional geophysical, geochemical and 
mapping techniques, utilising appropriate local area contractors under the supervision of its officers. 
Preliminary target identification is to be followed by conventional drilling, to be undertaken in accordance 
with an appropriate reporting code. 

Metalli identifies two exploration concepts on its assets: 

1) Carbonate sediment replacement-style base metal mineralisation, based on the 
evidence returned by historic water bore drilling. 

2) Layered ultramafic-related base metal mineralisation, based on the presence 
and nature of the Darkwater intrusion 

 

The project is at an early stage of exploration and its prospectivity has been identified through the 
geology of the project itself, indicative exploration results from previous activity and the presence of 
mineralisation that has been commercially exploited historically within region. 



 

 

Metalli’s strategy was to firstly validate the likelihood of the presence of mineralisation historically 
identified by water prospecting activity through water bore sampling and analysis. 

The next phase will involve drilling to verify the presence of mineralisation identified in the water 
sampling and analysis and the earlier water bore drilling. 

Effort will then be directed toward identifying the potential for expenditure of capital, leading to the 
estimation of a Mineral Resource. 

Topography, elevation and vegetation 

The Darkwater project encompasses relatively flat to undulating grazing land. The Warrego and Maranoa 
Rivers run through part of the project area, with their associated floodplains. 

Access 

The project area is readily accessed by the sealed, State maintained Warrego Highway from the city of 
Ipswich and from the unsealed Carnarvon Development Road, travelling north from Roma.  Local access is 
via unsealed roads and station tracks.   

Roma is served by a railway line to the coast and a major gas pipeline runs some 50km to the west of the 
project area. 

Climate and length of operating season 

The project can be operated year round, subject to access via the Maranoa River crossings. 

Central Queensland attracts a dry, warm to hot Mediterranean climate, influenced by the Great Dividing 
Range to the east and the plains to the west. Limited rainfall occurs in the summer months, associated 
with monsoonal lows migrating south from the Tropics.  The nearest weather station is located at the 
Injune Post Office, some 40 km away. 

 

PROPERTY DESCRIPTION AND LOCATION 

EPM 26260 is an Exploration Permit for all minerals other than coal, located in the Australian state of 
Queensland, approximately 80 kilometres (km) northwest of the regional centre of Roma. 

Area 

The broader project comprises three Exploration Permits for Minerals – EPMs 26260, 26218, and 26323 in 
the State of Queensland.  EPM 26218 is for 100 graticular blocks, or approximately 30,973ha. 

GEOLOGICAL SETTING AND MINERALISATION 
Metalli considers that the results of previous exploration and the regional and local geology is 

favourable for the identification of economic base metal mineralisation, not least through under-

exploration in the face of what it considers to be positive geochemical results.  

Regional geology 

The Mount Owen-Darkwater project is generally hosted by rocks of the Surat Basin, part of the early 
to mid-Mesozoic Great Australian Basin (Figure 1).  



 

 

Figure 1 Darkwater regional geology 

 

Source: Metalli 

The regional geology includes Jurassic sediments of the Surat and Eromanga Basins where they 
overlap a basement feature named the Nebine Ridge (Figure 2). This is a subsurface ridge of 
older Palaeozoic rocks that extends to the north and outcrops at the Anakie Inlier. In Permian-
Triassic times, this ridge is interpreted to have formed a basement high, separating the Surat 
Basin, to the east, from the Eromanga Basin, to the west.  Faulting along this structure has 
gently warped the overlying strata into the Maranoa Anticline.  
 



 

 

Figure 2 Darkwater regional structure 

 

Source: Metalli 

Relatively thin sequences of Triassic and Permian rocks of the Bowen Basin, to the north, 
unconformably underlie the Jurassic rocks (Figure 3). The Exploration Permit application 
straddles the postulated south-western limit of the Bowen Basin in Queensland. 

The basal unit of the Surat Basin is the fine- to coarse-grained, dominantly quartzose Precipice 
Sandstone, which has been bleached, with most of its matrix cement removed, containing 
pyritic blebs. It is reported to have a maximum thickness of 150 metres in petroleum 
exploration wells in the northern Surat Basin, but averages 60-80 metres thick. Siltstone and 
shale are common in the upper parts of the formation, which grades upwards into the finer 
grained Boxvale Sandstone and Westgrove Ironstone Member of the Evergreen Formation. 

Examination of airborne radiometric data by previous explorers suggests that the contact 
between the Boxvale Sandstone and the underlying Precipice Sandstone may differ from the 
published maps. This work postulates that regionally distributed ironstone nodules represent 
the contact between these units, and that the Boxvale Sandstone in the local area is less 
extensive than indicated on published maps.  

The Westgrove Ironstone Member, as seen in drill-core, consists of a soft pisolitic rock, but weathers to a 
hard-concretionary ironstone. The Hutton Sandstone is considered to conformably overlie the Evergreen 
Formation in some localities, but is interpreted to be unconformable on the Roma Shelf, to the east of the 
project area. It caps the tableland to the south of Mt Tabor but underlies the Tertiary basalts of the 
Murphy Tableland to the east. 

The region has been intruded by numerous Tertiary basalt plugs, which were feeders to overlying flood 
basalts, most of which have been removed by extensive erosion. These intrusives occur along lineations 
evident on recent aeromagnetic surveys and the pronounced north westerly alignment of igneous bodies 
suggests a deep crustal structure controlling the intrusive flow (Figure 1). Regional aeromagnetic data 
show numerous significant (but as yet undefined) magnetic anomalies in the region, and may indicate 
other intrusions at depth. 



 

 

The regional mafic-ultramafic bodies appear to be structurally controlled. They have been emplaced 
within north- to northeast-trending anticlinal crests, especially where these are intersected by an inferred 
northwest-trending fracture zone. 

The largest of these intrusions is at Mt Yanalah where the gabbro forms a laccolith-like outcrop that is 8 
km by 6km in extent. Within the laccolith are remnants of flood basalt as well as intrusive basalt plugs. 
Other gabbro stocks and flood basalts outcrop at Mt Hopeless, Murphy Tableland and Mt Tabor (Urundoo 
Tableland).  

Figure 3 Darkwater stratigraphic sequence 

 

Source: Qld 1:250,000 Geology 

1.1 Local geology 

 

With a diameter of approximately 8 km and a height of 826 m above sea level, the Mount Owen Volcanic 
is located on the east of an interpreted major crustal fault approximately 10 km west of the Darkwater 
Intrusion outcrop. 



 

 

 

Source: Google Earth 

The Darkwater intrusive lies on a gravity high which corresponds to the Nebine Ridge and is distinctly 
different to other regional gabbroic intrusions. Highly altered serpentine-rich ultramafics and gabbro 
outcrop, but the age, nature and composition of the Darkwater igneous intrusion is poorly defined, owing 
to lack of outcrop and extensive alteration. The rocks are sheared in places with asbestos and fibrous 
tremolite zones that probably attracted early prospectors. There is extensive serpentinite as well as 
abundant veins of chlorite.  
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Figure 4 Darkwater intrusion and Mount Owen Volcanic Core 

 

Source: Qld 1:125,000 geology.  The Darkwater Intrusion is located on the Nebine Ridge, adjacent to the 8 km diameter 
Mount Owen Volcanic Core (826 m above sea level). 

The rocks appear to vary in composition, with some areas of the outcrop being apparently ultramafic, 
whereas other locations clearly comprise gabbro. The mafic/ultramafic outcrop occurs within Precipice 
Sandstone (Lower Jurassic) and an iron-rich, slightly raised, slightly silicified(?) ridge of sandstone rims the 
outcrop. In the surrounding area there are numerous raised linear sandstone structures that have 
apparently been formed by silicification along faults and joints. 

In the past it has been assumed that the mafics/ultramafics at Mount Owen-Darkwater represent a 
basement high, based largely on an unpublished Lower Palaeozoic potassium/argon age from plagioclase 
performed at the Australian National University and that the overlying sediments are unconformable. 
However, the field relationships observed along the margins of the complex, with the Precipice Sandstone 
dipping shallowly away from the outcropping basics and ultramafics, imply that the igneous rocks form a 
much later intrusion into Jurassic sediments. 

A high-resolution aeromagnetic survey flown by previous explorers has defined a near-circular magnetic 
feature buried shallowly beneath the Jurassic sandstones (Figure 5).  The magnetic feature covers an area 
of approximately 10km by 10km and is interpreted to comprise a suite of mafic and ultramafic rocks 
which were considered to have potential to host nickel, PGE and chromite mineralisation. 

A small area of approximately 800m by 400m near the middle of the magnetic feature contains 
proxenites, pyroxenes peridotites, serpentised dunite/pyroxenite and gabbros exposed in trenches and 
outcrop.  This area forms as a depression in the sandstone/ mesa landscape where the dark red-brown 
soils contrast strongly with the creamy-white clayey soils developed over the surrounding Jurassic 
sandstones.   



 

 

Figure 5 Darkwater electromagnetic image 

 

Source: Metalli 

It is unclear whether the mafic-ultramafic rocks represent a single differentiated igneous body (such as a 
layered complex or an Alaskan-type intrusion) within a sequence which has been folded (hence the 
interpreted steep dips on magnetic igneous rocks) or whether they represent a series of separate 
intrusive events. 

Geological mapping has not found alteration in any outcrops in or around the magnetic features.  Rocks 
displaying possible alteration occur in the immediate vicinity of the known outcrop of mafic and 
ultramafic rocks.  Along the northwestern contact with the overlying rocks are some fine-grained skarn 
rocks with minor carbonate.  Upslope from this zone is a small outcropping knob about 20-30 metres in 
extent of white quartz sandstone, composed almost entirely of quartz grains with silica cement, probably 
authigenic quartz.  There are no remnant clays or feldspars, although there are rare, fine grains of a dark 
detrital mineral.  



 

 

Figure 6 Darkwater magnetic imagery 

 

Source: Metalli 

Magnetic modelling (Figure 6), carried out previous explorers along a line-oriented SW-NE, indicated 
multiple magnetic units of variable magnetite content, dipping steeply to the northeast.  The depth of 
burial beneath sandstone cover ranges from outcrop to a maximum of 300m (Figure 7).  Parts of the 
complex are interpreted to be close to the surface, appearing to be overlain by a thin veneer of 
sandstone.  The data suggests northwest and NNE faulting. 



 

 

Figure 7 Interpreted depth to magnetic feature 

 

Source: Qld Mines Dept. Red is interpreted at or near surface. The pink outline, near the centre of the image, indicates the 
area of outcrop of gabbros and serpentinites. The topographic map graticules are 1 km x 1 km. 

Mineralisation 

Other than a small asbestos mining operation within the Darkwater outcrop area, no old workings are 
known and very little past exploration has been undertaken in the Mount Owen-Darkwater project area.  

The area was first explored by prospectors in the early twentieth century, with pitting of an asbestos-filled 
shear within the Darkwater intrusion (Figure 8). 

Limited exploration has been undertaken for hydrothermal and Alaskan-type platinum and gold deposits 
associated with the Darkwater intrusion. An occurrence of cobalt bearing manganese oxide at Mt 
Manganese (outside of the permit area), north of Mt Tabor homestead, has received some attention. 

Alluvial gold is historically reported at Murphy Tableland. Previous explorers completed a program of 
stream sediment sampling and some pitting to assess the alluvial gold concentrations, but no systematic 
follow-up work was undertaken. 



  

Figure 8 Darkwater topography and past explorers’ trenches 

 

Source: Qld Mines Dept 

“Copper Pyrites” 

Metalli considers has identified what it considers to be a material (and hitherto overlooked) report of a 
significant intersection of apparent sulphides in an historical waterbore drilled in 1989.  This was drilled 
on the edge of the Darkwater complex.  Metalli’s view is that most experienced drillers should be capable 
of distinguishing limestone from sulphide mineralisation. This limestone is apparently of limited extent 
and is mapped by the Queensland Geological Survey as being (unknown) Pre-Jurassic (refer Section 1.1 
above).  

The drill log (Figure 9), held in the Queensland Government Groundwater Database1 records the 
intersection of both limestone layers and “copper pyrites”.  The waterbore is situated near a northwest 
trending fault identified by geophysics and was logged by the driller as returning 14m of “copper pyrites” 
and 9m of “hard copper pyrites” at 54m and 84m depth, respectively.  

Government records indicate that waterbore 58374 was drilled on 22 November 1989 by driller, A. 

Pointon, at co-ordinates latitude 25°21’39” and longitude 147°39’04”. 

 

 
1 https://data.qld.gov.au/dataset/groundwater-database-queensland 



 

 

Figure 9 Drillers' log 

 

Geologists do not accompany such rigs and this log remains unsubstantiated.  

It is considered that a skarn or similar carbonate replacement model is a strong possibility, related to the 
intrusion of the ultramafics. Examination of watercourses in the vicinity should consider this and note the 
presence of unusual quantities of coarse magnetite, garnet, pyroxene, tourmaline, cock’s-comb quartz or 
other potential skarn minerals. 

A regional interpreted west-northwest trending lineament passes through the Darkwater complex (Figure 
1). This lineament is interpreted to be 300km long and previous explorers2 consider these regional 
lineaments to represent the edges of crustal blocks which may be the focus of magmatic activity and a 
possible conduit for base metal mineralisation.  

The 20 km long structure observed in the detailed magnetics appears (Figure 10) likely to be related to 
the interpreted major structural feature. High levels of background nickel sampled by previous explorers 
from within the Darkwater complex suggest that nickel mineralisation could be present within structures 
adjacent to the ultramafic complex. 

 

 

 

 
2 Derrick, 1988 

58374 1 0 1 SANDY LOAM 1

58374 2 1 12 HARD SANDSTONE 11

58374 3 12 22 DARK GREY SHALE 10

58374 4 22 25 WHITE SANDSTONE 3

58374 5 25 27 RED SSTONE - SOAK (SWL -25.8 M) 2

58374 6 27 28 YELLOW CLAY 1

58374 7 28 43 GREY SHALE DARK 15

58374 8 43 54 LIGHT GREY LIMESTONE (VERY HARD) 11

58374 9 54 68 COPPER PYRITIES (HARD BANDS) 14

58374 10 68 75 LIGHT GREY LIMESTONE 7

58374 11 75 79 SHALE ROCK 4

58374 12 79 84 LIGHT GREY LIMESTONE 5

58374 13 84 93 HARD COPPER PYRITIES 9

58374 14 93 94 PEBBLE STONE SANDSTONE - WATER 1

58374 15 DISAPPEARED 0

58374 16 94 96 GREY SHALE 2

58374 17 96 122 WATER BEARING SANDSTONE 26

58374 18 DRILLER:  A POINTON     (FOR) 0

58374 19           A P HYDRO DRILLING CO. 0

58374 902 22/11/1989 SWL -95.25 M     TEMP " 0

58374 903 22/11/1989 DISCH 117.9 M3/D DRILLER 0

58374 910 96 122 QUALITY DESCRIP/CONDUCT:    POTABLE 26



 

 

Figure 10 Darkwater magnetics and interpreted structure 

 

Snowden strongly recommends that Metalli commission a field inspection to examine 

the geology of the vicinity of the waterbore and that further decisions should await the 

results of this excursion.   

EXPLORATION 

Metalli has access to the results of various exploration programmes completed by previous explorers 
under previous Exploration Permits. Snowden has examined public-domain statutory reports and 
material privately held by Metalli and considers that, although sparse, the exploration that has been 
effected has been competently undertaken. Snowden considers the information contained in the 
statutory Annual Reports to be accurately and reasonably presented. 

Previous explorers of the Darkwater complex have been attracted by its ultramafic geology and have 
compared it to the Noril’sk district of Arctic Russia, basing this comparison on:  

• Both areas consist of basic intrusive bodies, especially gabbro; 

• Both areas are aligned along a major crustal structure, in the case of Darkwater, this is the 
major north-westerly oriented lineament and the Nebline Ridge (refer Section 1.1 above); 

• In both cases, intrusive bodies are feeders to thick plateau-type basalts. In the case of the 
Darkwater area, these have largely been removed by erosion, while there appears to be a 
relationship between these and other intrusives along the major north-westerly lineament; 

• Elevated nickel-copper concentrations 

Snowden comments that this is a reasonable analogy to make for an exploration model, given the known 
geology of the area and considers that, in the event, the operators of the previous Exploration Permits 
completed too little exploration at Darkwater to test this model one way or the other. 



 

 

Snowden considers that the probable copper mineralisation identified in the waterbore introduces a 
skarn or similar replacement mineralisation model. This mineralisation is ostensibly associated with the 
ultramafic intrusion, although it is rare for skarns to be associated with such rocks, introducing the 
possibility that the poorly understood complex may include yet-unidentified porphyry.  

Irrespective of ultramafic, porphyry or replacement model, informs Snowden’s conjectural Exploration 
Target is informed by an igneous-carbonate replacement model, based on other such occurrences in 
Queensland. These occurrences include the Red Cap, Mungana and Red Dome deposits3, which may be 
similar in age to the Darkwater intrusion, depending on whether it is ultimately identified as being Lower 
Palaeozoic (Queensland 1:250,0000) or Mesozoic (refer Section 1.1 above). 

Given the major NE-SW structural feature, and the location of the Mount Owen Volcanic Core and the 
Darkwater Intrusive complex, there is potential for a number of different mineralisation styles and targets 
within the project area.  Such mineralisation models include 

• Intrusion-volcano models; 

• Carbonate-hosted massive sulphide deposits; 

• Sediment–hosted base metals; 

• Iron Oxide Copper Gold (IOCG) associated with conductive plumes and the deep crustal 
feature. 

 

  

 
3 http://researchonline.jcu.edu.au/29094/1/29094_Lehrmann_2012_thesis.pdf 



 

 

 

Work Completed 27 February 2017 to 26 February 2018 

Other than a site visit that included certain representatives of the Geological Survey of Queensland, 
exploration activities during the period were severely limited by the access and approvals. 

Protracted legal negotiations in relation to both the landholder compensation and access and and Native 
Title arrangements were ongoing during the reporting period.  The initial site visit was conducted with 
permission of the landholder and was hosted by the Manager of Mount Owen Station. 

As mentioned, Metalli conducted a field trip during the reporting period with members of the Geological 
Survey of Queensland to the recorded waterbore location to search for remnant drill chips at the collar.  
Unfortunately, after 28 years and significant activities around the water bore and dam, there were no 
signs of the remaining drill chips. 

Metalli took the opportunity to interview the Station Manager and take multiple samples of the water 
from the water bore (Mountain Camp) and surrounding water bores for metals testing. 

Seven (7) samples were taken from four (4) water bores in the region, with descriptions as follows: 

 

Mineral (green/blue) staining was also noted on the ceramic basins a the Mount Owen Homestead and 
the Station Manager mentioned that the pipes on bores were continuously caking green/blue-coloured 
calcification.  The GSQ team members inspected some of these areas for evidence of mineral calcification 
and staining. 

Water testing was undertaken by ALS Environmental Services Stafford, and CSIRO Mineral Resources 
(Minerals and Water) in Kensington, Western Australia.  

 

Bore Water Analysis 
Sampling details are provided in Table 1. According to the protocol organised between Metalli and 

ALS Analytical Laboratories, unfiltered samples were added directly to a red-lidded plastic bottle, 

with nitric acid, for later analysis by ICP-OES and ICP-MS. Unfiltered waters were also added to 

green-lidded bottles for pH and anion determinations. To avoid any confusion with the bottle 

Sample 
No. 

Bore 
Name 

Description of Sampling Circumstances 

MO 001 Mountain 
Camp 

Water bore not pumping for two weeks prior to sampling.  Sample was 
taken after five minutes of pumping. 

MO 002 Mountain 
Camp 

As above for Mo 001, but sample taken after 20 minutes of pumping.  

MO 003 Mountain 
Camp 

As above for Mo 001, but sample taken after 45 minutes of pumping. 

MO 004 Mountain 
Camp 

As above for Mo 001, but sample taken after 3 hours of pumping. 

MO 005 Homestead Water bore is pumping on a daily basis, as it is the primary water source 
for the homestead.  Sample taken at 8AM. 

MO 006 Dundee Water bore had been pumping the day prior to sampling.  Sample taken 
at 8:15AM after 30 seconds of pumping. 

MO 007 Barker’s Water bore had been pumping the day prior to sampling.  Sample taken 
at 8:30AM after 20 seconds of pumping. 



 

 

labelling, the original sample was also sent to CSIRO Perth where it was filtered then analysed for 

anions, then acidified and analysed for ICP-OES/MS. 

 

Table 1: Water Bore Details 

Sample 

No. 

Co-ordinates Elevation Bore Name Description of Sampling Circumstances 

MO 001 S 25°23.237’ 

E 147°38.340’ 

571m Mountain 

Camp 

18/10/16: Water bore not pumping for two 

weeks prior to sampling. Sample was taken 

after five minutes of pumping. 

MO 002 S 25°23.237’ 

E 147°38.340’ 

571m Mountain 

Camp 

18/10/16: As for MO 001, but sample taken 

after 20 minutes of pumping.  

MO 003 S 25°23.237’ 

E 147°38.340’ 

571m Mountain 

Camp 

18/10/16: As for MO 001, but sample taken 

after 45 minutes of pumping. 

MO 004 S 25°23.237’ 

E 147°38.340’ 

571m Mountain 

Camp 

18/10/16:  As for MO 001, but sample 

taken after 3 hours of pumping. 

MO 005 S25°30.818’ 

E 147°34.370’ 

563m Homestead 19/10/16:  Water bore is pumping on a 

daily basis, as it is the primary water source 

for the homestead. Sample taken at 8AM. 

MO 006 S25°27.109’ 

E 147°36.101’ 

572m Dundee 19/10/16:  Water bore had been pumping 

the day prior to sampling. Sample taken at 

8:15AM after 30 seconds of pumping. 

MO 007 S 25°32.255’ 

E 147°34.331’ 

502m Barker’s 19/10/16:  Water bore had been pumping 

the day prior to sampling. Sample taken at 

8:30AM after 20 seconds of pumping. 

 

The green-lidded sample, and the original, MO_001 showed very low pH, which at ~1.9 is below 

virtually any other environmental measurement. If natural, this effect might be expected to be due 

to acidification due to sulfide oxidation, essentially a release of sulfuric acid. However, this sample 

shows little evidence of any higher concentration of sulfate, and minimal Fe and elements released 

in acid groundwaters such as Al. This sample showed extremely high nitrate concentration, in both 

the green lidded sample and the original, which could suggest the presence of nitric acid being 

added.   

In comparison, the red-lidded MO_005 had very low nitrate concentration, which is incompatible 

with nitric acid having been mixed. 

It is therefore probable that these are due to a bottling mix-up. The green-lidded MO_001 sample 

did have nitric acid mixed in, and the low pH should be discounted. Conversely, the MO_005 red 



 

 

lidded sample was not acidified and, as will be discussed, lower metal concentrations compared with 

the other samples are an artefact.  

Analytical Accuracy 
Sampling issues notwithstanding, ensuring that analytical error is low compared to the threshold 

used in the interpretation is critical. As shall be shown, evidence suggests that any analytical 

variations are well below the sample variability and not an issue in interpretation. 

Red lidded bottles were analysed by ALS laboratories for As, Cd, Cr, Cu, Pb, Ni and Zn within a week 

of sampling (Appendix 1). ALS QC results indicate errors generally less than 1 % on measured 

concentrations. 

These bottles were then sent to CSIRO in Perth and then analysed by ICP-OES and ICP-MS by CSIRO 

Land and Water, Adelaide. A duplicate analysis was also conducted on MO_006. As well as repeat 

samples of a groundwater from Paynes Find (PF001) used as a standard. For the few examples where 

analytical data was available for ICP-OEs and ICP-MS, notably Cu (Figure 11) and Zn (Figure 12), 

comparisons were good. The MO_006 duplicates showed little or no measurable variation. 

 

Figure 11:  Copper analysed by ICP-MS vs. ICP-OES for Darkwater samples, with line of 
equality shown 
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Figure 12:  Zinc analysed by ICP-MS vs. ICP-OES for Darkwater samples, with line of 
equality shown 

 

Metal Concentration vs. Time 
There were major differences between the metal concentrations as measured by ALS (within a week 

of sampling) and CSIRO (within a few months). The later sampling showed much higher values for Cu 

and Pb, and moderately higher values for Zn. Effects for Ni were much weaker, with little change 

observed for Cr, As and Cd, although these were closer to detection making interpretation more 

difficult. These effects match previous research (Gray, 2016) indicating that similar water treatments 

to that followed for this testing (i.e., acid added to unfiltered waters) had problematic results for Cu, 

Pb and Zn, due to reactions with iron and aluminium oxides and oxyhydroxides. 
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Table 2:  ALS and CSIRO ICP-MS results (µg/L) for Ni, Cu and Zn 

Sample Ni Ni Cu Cu Zn Zn 

 ALS CSIRO ALS CSIRO ALS CSIRO 

MO_001 120 135 101 229 2140 3410 

MO_002 24 25 16 18 158 241 

MO_003 18 37 9 95 136 751 

MO_004 18 18 11 11 158 191 

MO_005 12 19 70 49 67 242 

MO_006 7 4 <1 11 20 21 

MO_007 5 6 <1 17 11 39 

 

These results are all strongly consistent with release of metals from suspended material due to the 

added acid.   

The other element of importance that was not analysed by ALS that is anomalous in these samples is 

Co. Samples MO001-MO005 are all elevated in Co, MO005 is a regional sample taken from the 

homestead so there is potential that this sample has Co contamination from piping, however if the 

concentration is real then this is higher than the 99th percentile for what we have seen in the north 

Yilgarn. MO004 has been pumping for 3 hours, so this should be as close to representing a regional 

sample as possible and that still has 8.5 µg/L Co which is highly elevated for a neutral water sample. 

The only caveat to this is that we do not have an estimate on how much solids are in the sample. 

Either way, there is elevated metals in all samples from Mountain Camp. 

Zinc in MO_001 
The most marked effect is the high Zn in water for MO_001. This sample had been collected after 5 

minutes pumping and could still contain suspended material. After mixing with acid and analysis at 

ALS within a week, this water measured 2140 µg/L, which increased to 3410 µg/L in the later CSIRO 

analyses. 

This is consistent with a Zn-rich solid (not necessarily a sulphide since SO4 is low) been present in the 

fine materials around the bore. This solid phase has less influence on the results with extended 

periods of pumping, this indicates that the solid phase is in contact with the water stagnant in the 

bore but not in contact with the aquifer. This solid phase is also elevated in Cu, Ni, Co and Pb, but 

not Fe and S, which may point to a weathered sulphide, but sampling of chips or core would confirm 

this. 

However, more testing, including proper water sampling (i.e., filtering and parallel measurements of 

pH and other parameters on site) is required to make any definitive conclusions on the original 

waters. 

 

Potential for Groundwater Fingerprinting 
Unambiguous interpretation of the results from this testing are complicated by the methods used. 

However, there are results suggesting potential for this methodology, particularly when combined 

with “standard” water testing and sampling techniques. 



 

 

Planned Activities for 2018 to 2019 
Metalli plans to drill two boreholes in the next period (subject to wet season and access), each 

planned for up to approximately 100 metres, to acquire chip samples for multi-element analysis to 

verify whether the metals seen in the water bore samples might be present in mineralisation at 

Mountain Camp Bore, with a second borehole to acquire samples from the Darkwater Outcrop area 

for analysis.   

Work Completed 27 February 2018 to 26 February 2019 
No work has been conducted in the reporting period due to landholder constraints and a decision to 

surrender the permit was made. 

 



 

 

A.1  ALS Analytical Results 

 

 

 



 

 

 

 

 



 

 

A.2 ALS QC Results 

 

 

 

 

 

 




