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Executive Summary 

Prior to this investigation, Noonamah Ridge Estate, (NRE), had never been drilled for water and the 

hydrogeology was unknown. A groundwater investigation was undertaken in May-June 2015 to 

establish a baseline data set with which to characterise the hydrogeology of the site. This assessment 

is the basis for predicting whether the NRE proposed development would alter or impact the 

groundwater environment in any way.  

Examination of existing literature, broad scale hydrogeological, geological and topographical 

mapping, and geophysical imagery interpretation were used to design a field program. Six new 

investigation bores were drilled in strategic locations with the aim of investigating groundwater 

conditions across the site whilst being representative of the range of predicted geologies. These 

bores were geologically logged and groundwater samples analysed. Offsite bores on adjacent 

properties were also sampled. 

Bore information from surrounding properties provided some information but extrapolation of this 

information to the NRE was limited due to the inherent geological complexity in this area. 

The major geological feature of this site relevant to groundwater is the Noonamah Fault. This fault is 

aligned north-west through the centre of NRE. The fractured quartzite ridges (Acacia Gap Quartzite) 

associated with the fault zone form a distinctive surface feature of the NRE. Investigation bores were 

located to attempt to intersect this feature and the potential preferential groundwater pathways that 

may occur at its margins. Other bores were located in the central part of the northern and southern 

areas of the NRE to collect groundwater information in these areas.  

The drilling results indicate that at least three types of aquifer underlie the NRE. A porous, high-

yielding sandstone aquifer was identified adjacent to the major fault zone. This aquifer appears to be 

relatively limited in extent. More commonly, north and south of the Noonamah Fault zone, aquifers 

occur in fractured fresh and weathered shales and siltstones, and in the Acacia Gap Quartzite and it’s 

phyllitic interbeds.  The Acacia Gap Quartzite ridges, are likely to be sites of enhanced recharge, 

given their outcrop and steep dip.  

Due to the steeply dipping and folded beds and major interruptions by faultlines, aquifers are variable 

in yield (0.5 -15 L/s) and limited in extent, forming localised aquifers which may extend offsite in some 

locations.  

Groundwater flow directions appear to be complex, with flows radiating outward in all directions from 

topographic highs. Fault zones would provide preferential pathways for groundwater flow but may 

also represent aquifer boundaries. Connectivity between aquifers is not clear. 

Two potential groundwater dependent ecosystems (GDE’s) were identified; one off-site and one on-

site. The most significant spring is outside the south-eastern boundary of NRE but is downgradient, 

presumably receiving groundwater from aquifers in the south-east corner of NRE. A small permanent 

water feature in a central part of the site appears to be a small perched water feature, based on the 

occurrence of underlying clays and likely depth to the aquifer.  

Groundwater quality is potable with low salinity (<50 uS/cm except in the shale aquifer in the north-

west where the EC measured 160 and 360 uS/cm in NR02 and NR-06 respectively). Slightly elevated 

calcium and magnesium in places suggest the presence of dolomitic lithologies. The low salinity and 

low variability of water quality parameters across the site probably reflects the timing of the sampling 

at the end of the wet season, when the water tables are high and the groundwater system freshly 

recharged.  

There are potentially a number of threats to the groundwater systems posed by the proposed 

development. These potential impacts include: contamination of aquifers by septics and fuel storage 
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facilities, reduction of groundwater recharge by increased hardstand areas, removal of vegetation, 

and/or capture of water in stormwater retention facilities, lowering of water tables by unsustainable 

water extraction both on and offsite, adversely affecting GDE’s and affecting other groundwater users.  

All of these threats can be eliminated or reduced by a range of measures described in this report. 
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1 Background 

The subject of this study is the proposed Noonamah Ridge Estate (‘NRE’), located within a 2800 ha 

section of land in Darwin’s rural area. An EIS is required due to the scale of the project and the 

undisturbed nature of the proposed site.  Groundwater resources and related values such as 

groundwater-dependent ecosystem (GDE’s) must be considered as part of the EIS Terms of 

Reference.  As nothing was known of the hydrogeology of the NRE, a comprehensive desk and field 

investigation was required to obtain baseline groundwater information on which to base an impact 

assessment. This document reports on the methodology, results and interpretation of this work. 

Objectives 

The objective of this study is two-fold:  

1. To obtain enough data to enable an adequate understanding of the hydrogeology and 

groundwater resources of the Noonamah Ridge Estate; and 

2. To identify and describe the potential impacts of the proposed development on groundwater 

resources and associated ecosystems.  

1.1 Study area 

The topography of the site is dominated by low northerly and NW trending ridges, formed by resistant 

quartzite rock. Beyond the quartzite ridges there are low plains that drain into the Elizabeth River to 

the west and the Adelaide river catchment to the East.  

In the lower reaches of the drainage systems of the plains, there are communities of paperbarks that 

are seasonally inundated, and may have some degree of dependence on groundwater flow toward 

the end of the dry season.  

1.2 Geology 

The basement rocks of the region consist of Palaeoproterozoic rocks of the Pine Creek Complex. The 

geology features highly folded bedding, metamorphosis to Greenschist facies, and subsequent 

faulting, with some of the faults being intruded by dolerite. These basement rocks were deposited 

more than 2000Ma ago, with the final faulting and volcanic intrusions occurring around 1600Ma ago. 

Since then the region has been peneplaned to the complex and generally steeply dipping surface 

observed today (Fell-Smith, Sumner, 2011). 

The geology underlying NRE consists of Palaeoproterozoic rock formations including: the resistant 

Acacia Gap Quartzite (AGQ), undifferentiated Partridge Group metamorphics, and the Whites 

Formation. Quartzite’s of the AGQ outcrop as low ridges. The other formations are generally highly 

weathered and underlie the lower relief, lower elevation parts of the site such as the south-east.  

Clays and silts are the predominant weathering products of these geologies (Yin Foo, 2011).  

To the west of NRE there is a broad belt of dolostone that parallels the north-south axis of NRE (S 

Tickell, pers. comm.).  Dolostones located adjacent to NRE, which are highly prospective for 

groundwater, are found to a limited extent in Corpus Rd in the already-developed estate in the 

northwest and in bores 1 km to the west of the lower western boundary of NRE. There is an area of 

dolostone to the east of NRE that has been recently re-mapped as a southerly extension lobe of the 

Koolpinyah Dolomite (S Tickell, pers. comm.). 

Evidence immediately to the north of NRE, in the area dominated by the Koolpinyah dolomite, 

indicates a pre-Cretaceous land surface of largely Palaeoproterozoic rocks that had been eroded 
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down over the 1500 million years since the last major activity (Doyle 2001; Fell-Smith and Sumner 

2011). This surface showed weak to moderate relief with some fluvial channels. 

The competent quartzites that dominate the area covered by the NRE would have provided strong 

relief in the pre -Cretaceous landscape with active erosion in the less competent lithologies and along 

structural weaknesses such as faults. 

The broad scale geology of the site and surrounding areas is shown in Figure 1. 

In this study, reference is made to the lithology, rather than attempting to assign formations, as all the 

local formations include black siltstone/shales in their definitions. 

Relevant geophysical data is limited to broad scale magnetic data. This shows much of the area 

occupied by the AGQ as magnetically positive. This is evident in Figure 2. It is noted that the north-

south trending quartzite-dominated ridges to the south of the mapped Noonamah Fault do not have 

the same signature, which may indicate a different mineralogy, due to them being rafted in. The 

magnetic high in the SW corner of NRE may be due to the presence of dolerite. 

The anomalously high magnetic response in the central part of the site (Figure 3) may be attributed to 

such factors as injected dolerite or other intrusives, or locally high concentrations of minerals such as 

maghemite. 
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Figure 1.  Map of the surface geology of NRE and surrounds 
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Figure 2.  Vertical derivative magnetic image  

NRE outlined, fault axis in yellow (source NR Maps) 

 

Figure 3.  TMI Image showing the anomalous magnetic high 

Noonamah fault axis in orange. The dashed line is Alverly Rd (source NR Maps) 
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1.3 Regional hydrogeology 

The groundwater systems of the Darwin and Noonamah region are mapped at a scale of 1:2 million 

as shown in Figure 4. 

The NRE is situated within the Pine Creek Complex with associated geological complexity as 

discussed above. The hydrogeology of this area is accordingly complex, as demonstrated in Figure 5 

which maps the recorded yields for bores in the areas surrounding NRE. A similar degree of variability 

can be expected on NRE. 

To the north-east of NRE lies an extensive aquifer hosted in overlying sands, gravels and caverns 

and pores of the Koolpinyah Dolostone – see Figure 4. Where fractures and/or karstic features have 

developed in the dolostone there are good prospects for high-yielding aquifers to occur.  
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Figure 4.  Darwin and region broad scale groundwater systems 
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Figure 5.  Groundwater yields recorded from bores in the areas surrounding the NRE 
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2 Methods 

2.1 Desktop review 

This study was based on the following data sources: 
 

 Existing regional literature and reports 

 Existing geological, hydrogeological, and topographical mapping 

 Geophysical imagery and databases 

 Bore reports and data from the NT Government online tool ‘NR Maps’ for bores on 
surrounding properties  

 Anecdotal information (from nearby landowners, local drillers and the NT government 
hydrogeologists) 

 Site inspection 
 
A desktop analysis of this information was used to design a drilling program consisting of six 

investigation bores, strategically located across NRE. 

2.2 Investigative drilling program 

Six bores were drilled using air rotary hammer with mist. Bores were drilled and constructed in 

accordance with the Minimum Construction Requirements for Water Bores in Australia (ADIA, 2012). 

A 6 m collar was installed and cemented at the commencement of drilling. Water intersected and 

yields were measured and recorded downhole, and the completed bore developed by airlifting. A final 

airlift yield was measured. Productive bores were cased with either 150 mm PVC or 163 mm steel.   
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3 Results 

3.1 Existing bores 

Existing bores on properties surrounding NRE will be referred to as the surrounding or peripheral 

bores (the location of which are shown in Figure 6). Bore data from these bores was used to assist in 

interpreting the local hydrogeological conditions.   

A groundwater sample was also collected from a number of these bores to aid in groundwater 

characterisation. The key bore features are shown in Table 1. 

Table 1.  Locations, salinity (EC), and yield of surrounding bores and other sampling locations. 

RN number Eastings 

 GDA94 Z52 

Northings  

GDA94 Z52 

EC (uS/cm) Yield (L/s) 

38870 734266 8598052 270 1.5 

38200 732011 8594892 22 22 

27739 729950 8600440 500 10 

33359 729782 8601945 91 3 

33374 729771 8601567 37 0.5 

37515 729972 8601591 20 10 

38495 730084 8601137 29 1.5 

Quartzite pit 734365 8601035 41 na 

Spring 733818 8596724 55 na 

 

Groundwater yields from the surrounding bores are highly variable, ranging from 0-22 L/s. Bores 

penetrating porous sandstone and sandy aquifers generally produced higher yields.  

Based on a review of existing bore data and water chemistry, the hydrogeology of the adjacent areas 

is described in detail below. 
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Figure 6.  New bores within and existing bores surrounding the NRE site 
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3.1.1 South-eastern bores 

From the southeast corner, the first 7 blocks on Townend Rd are underlain by predominantly red and 

brown siltstone (which also outcrops across the road within NRE) which may be Wildstone Siltstone, 

although deeper intersections here cast doubt on this. The yields in this fractured siltstone aquifer 

range from 0.75-2 L/s with the most westerly bore, RN38370, producing more than 10 L/s from a 

fractured siltstone and quartzite aquifer. 

Two bores, RN38312 and RN38200, produce water from a sandstone, sand and waterworn quartz 

aquifer at yields of over 10 L/s. The lithology here suggests weathered clay or dolomite matrix 

sandstones, or possibly palaeovalley deposits. 

A bore further south on Moccato Rd (RN38312) has a bore log with sands and sandstones very 

similar to that of RN38200 and also yields over 10L/s. If a line is drawn between these two bores and 

projected to the northwest across NRE, it appears that the line directly follows the NW trending 

magnetic lineation (Figure 5) and is approximately aligned with an adjacent creekline. The line also 

passes close to the on-site investigation bore NR-02. It is hypothesized that sandy sediments were 

deposited along this lineament, creating a limited, but more prospective aquifer and a conduit for 

groundwater flow. 

 

 

Figure 7.  Vertical derivative magnetic image for the southern portion of NRE 

The blue dots are the sandstone and sand bores. The brown dashed line joins the two and is extrapolated to the north-west 

along the axis of the magnetic high. 
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3.1.2 Western bores 

These bores are situated along the western side of Redcliffe Rd and reflect the complexity of the 

geology and thus groundwater regime of the area.   

The main features of note in this area are: 

 Most bores tap fractured, dolomitic-type siltstones aquifers with yields of up to 6 L/s  

 RN32597 had a high arsenic reading of 59ug/l, (exceeding ADWG, 2012). Bedding strike 

direction appears to be north-south and thus is unlikely to be in connection with the NRE 

aquifers. 

 Bores adjacent to the Elizabeth River (e.g. RNs 34161, 28714 and 27777) intersect mainly 

deep fluvial palaeovalley-type deposits, as mentioned in Doyle (2001). 

 North of Alverly Rd, bore water quality indicates a non-dolomitic aquifer as distinct from 

bores closer to Elizabeth Ck Rd which returned a dolomitic water-type signature. 

 Bore RN27739, tapping a sandstone aquifer, produces water with an EC of 500 uS/cm and 

TDS of 240 mg/L (a dolomitic signature).Thus, it is unlikely to be connected to the aquifer 

intersected by the NRE bore (NR-01), which has an EC of 41 uS/cm. 

 Bore RN28495, a few hundred metres west of NR-01, has a water chemistry and lithology 

similar to NR-01 and although lower yielding, probably intersects the same aquifer system. 

  RN37515 was drilled into the quartzite ridge. This bore was sampled to characterise 

quartzite ridge hydrogeology, a dominant feature of NRE. The results show a very fresh EC 

of 20 uS/cm, and very low heavy metal concentrations. This chemistry indicates direct 

recharge is occurring to the fractured quartzite, with little or no influence from the local shale 

beds. 

 There are some dry bores in the black shale locally.  

3.1.3 North-western bores 

These bores are situated in the estate that was excised at the NW corner of the NRE in the northern 

plateau area. The bores intersect fractured shale and siltstone that are black and grey at depth, with 

minor quartzite and minor sandy layers occurring at shallower depths. Dolomite also appears in 

RN35931 and to a minor extent in RN34548. Yields are variable from 0.5 L/s to 10 L/s, with a few dry 

bores. 

3.1.4 North-eastern bores 

The general hydrogeological characteristics of these bores differ from the NW bores. Based on 

examination of cuttings and communication with drillers, bores in this area were drilled into roughly 

50:50 quartzite and black shale/siltstone. Approximately 50% are dry bores and yield is 0.5 to 2 L/s 

(Bynoe Drilling, pers. comm.). 

3.1.5 ‘Becs bore’ (RN38870) - The easterly bore 

This bore is situated off Alverly Rd immediately to the east of NRE. Field EC was 270 uS/cm, with 

elevated calcium (Ca) relative to magnesium (Mg) (39:3.3), indicating a more calcic than dolomitic 

source; perhaps calcite veins from local dolerite volcanic intrusives. 
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3.1.6 The quartzite pit 

This pit is an excavation in a quarry area on the eastern side of the northern sector and forms a 

surface water feature (when observed at the end of the wet season).  The water was fresh (EC of 41 

uS/cm), with very low metals and Ca concentrations, though nitrate concentrations are slightly 

elevated, probably due to faecal contamination by birds etc. The pit is probably a window on the water 

table given that the fractured quartzite is permeable and water therefore is unlikely to perch here. 
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3.2 New investigation bore results 

Six new investigation bores were drilled by air rotary hammer in strategic locations within NRE, with the aim of investigating groundwater conditions across 

the site and representative of the range of predicted geologies. The locations are shown in Figure 6 and Table 2 provides a summary of the key results.  

Detailed bore logs are included in Appendix 1. The hydrogeological conditions encountered downhole for each bore are described in detail below. 

Table 2.  Summary of Noonamah Ridge Estate investigation bores 

Bore ID 
(RN) 

Aquifer 
Yield 
(L/s) 

Bore 
construction 

Completion 
date 

Total 
depth 

(m) 

Eastings 
GDA94 

Z52 

Northings 
GDA94 Z52 

Field EC 
uS/cm 

Screen 
Depth 
(mbgl) 

SWL mbglat 
completion 

NR-01 
(RN39032) 

Weak 
sandstone 

25+ Production 01/05/2015 61 730499 8601170 40 
46-47m 

PVC slots 
+0.39m agl 

NR-02  
(RN39036) 

Phyllitic 
black shale 

1 Production 15/05/2015 85 730981 8601311 160 
52-52.6 

Steel  slots 
1.19 

NR-03 
(RN39033) 

Black shale 
Fractured 

11+ Production 07/05/2015 74 730858 8595816 30 
70-70.5m 
PVC slots 

3.91 

NR-04 
(RN39034) 

Sandstone 12-15 Production 09/05/2015 85 733324 8597403 50 
70-70.5m 
PVC slots 

2.19 

NR-05 
(RN30937) 

Quartzite/ 
shale 

3 Production 23/05/2015 79 732168 8603347 40 
39.7-40.6 
PVC slots 

6.78 

NR-06 
(RN39035) 

Black shale 0.5 Monitoring 13/05/2015 85 731425 8601721 360 
69.6-70.2 
Steel slots 

2.33 
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3.2.1 NR-01 (RN39032)  

Rationale  

RN39032 was located in a structurally-complex area in the mapped proximity to the Noonamah fault 

and on the edge of the mapped Acacia Gap Quartzite, in order to intersect any fractured rock or valley 

infill that could be associated with the fault, both of which have the capacity to host a groundwater 

resource that could extend along strike. Magnetics indicate that the hole is located at the margin 

between the magnetically-high quartzite and the magnetically-low signature evident to the southwest. 

Results 

This hole intersected two water-bearing zones. The upper zone yielded 12 - 15 L/s, mainly between 

25 - 42m in an aquifer with steadily increasing yield and hosted in apparently dissolved or leached out 

fractions of the white sandstone. A deeper zone of roughly 600mm of probable fractured rock aquifer 

occurred at 56 - 57m and provided a further 10+L/s water flow, to bring the total open-hole flow to 

25+L/s. (See Appendix 1). 

The sandstone, with its occasionally-leached apparent kaolinite matrix and unmetamorphosed 

appearance, is very similar to sandstones of the Cretaceous of the Koolpinyah area (Doyle; Fell-Smith 

and Sumner 2011). It is probably however an oxidised and then leached clay matrix sandstone bed of 

the Acacia Gap Quartzite, which would explain its thickness.  Samples from the water-bearing fraction 

show strong similarities locally in dissolution characteristics to those that can occur in dolomitic 

sandstones.  

Vegetation 

Open eucalypt with sand palms in the understorey. 

3.2.2 NR-02  (RN39036) 

Rationale   

This bore was located in the centre of a broad area of mapped Acacia Gap Quartzite on an obvious 

aerial photo lineament, in order to test the hydrogeological characteristics of the formation. The site is 

situated on the NW end of the anomalous magnetic high defined in the Total Magnetic Intensity (TMI) 

map (Figure 2) and is sited at a relatively high elevation among the quartzite-dominated ridges. It was 

anticipated that quartzite and/or associated interbeds would be intercepted with a reasonable 

possibility of fracturing. The hole itself was sited at the base of a swale between low ridges at the 

watershed from which surface water flowed both to the southeast and the north. 

Results  

Although there is extensive lateritic duricrust within 30 m of the drillhole, there is little evidence of a 

lateritic profile within the hole. The first 6.5 m exhibits an indurated siltstone, becoming more pink-red 

with depth and including minor ferruginised clasts in the lower parts. 

Below 6.5 m, the lithology changes to a saprolitic highly weathered siltstone/claystone that is brought 

to the surface as a greyish ochre mud. Below 27 m, the colour of the cuttings and saprolite are redder 

with the red colour gradually intensifying and darkening with depth until the sample is near black by 

63 m. This indicates a more gradual weathering profile than that found in other holes and may reflect 

the local drainage regime. 

The hole was designed to characterise the hydrogeology of the Acacia Gap Quartzite Formation, but 

likely penetrated only steeply dipping phyllitic interbeds of that formation. 

The aquifer produced a limited yield of 1 L/s at 40 m and 53 m and there was no other evidence of an 

increase in water flow or of any significant fracturing. 
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Onsite testing of EC and TDS indicated a probable influence of dolomite in the groundwater, which is 

backed up by water chemistry results that indicate slight elevation of Ca and Mg. 

Vegetation 

The site is on the border between open forest and a more sparsely forested area and is adjacent to 

some more robust and tall trees. Sparse cycads and sand palms are in the understorey of the open 

forest. 

3.2.3 NR-03 (RN39033)  

Rationale  

The hole was located in an area in the south-west sector of NRE, in order to test the hydrogeological 

characteristics of the southern low-lying area draining to the west, which has a relatively uniformly low 

magnetic signature. The hole itself was sited at the border between two vegetation types. 

Results 

A strong lateritised zone to 11 m with mottled gravels yielded a modest flow of probably ephemeral 

groundwater at 1.25 L/s. This was followed by probable highly-weathered shale with sandstone 

stringers to 57 m (shale fractions had weathered to saprolitic clay). This horizon hosted an aquifer 

where yield increased gradually to 6 L/s.  The degree of weathering decreased downhole, with the 

weathering front terminating at around 65 m in graphitic, sulphide-rich, black shale and minor 

sandstone. Drilling ceased at a highly fractured aquifer at 74 – 75 m, with a final air lift yield of over 11 

L/s.  

The black pyritic shale with sandy stringers present in this hole is typical of the Whites Formation. 

Vegetation 

Open eucalypt with minor ironwood; cycads in the understorey, bordering on open, sparser lower tree 

cover. 

3.2.4 NR-04 (RN39034) 

Rationale   

This location was designed to investigate the hydrogeological characteristics of the area around the 

mapped strike of the Noonamah fault in the southwest sector. The hole was sited at a point adjacent 

to and south of a quartzite ridge that borders a lowland area that drains into a paperbark GDE which 

in turn leads to a major spring with its associated GDE that lies a short distance outside the western 

boundary of the NRE. Magnetics indicate the location to be situated on the border between a low 

magnetic signature to the SW and the more intense magnetism to the NE, which is mapped as Acacia 

Gap Quartzite. 

Results 

Drilling encountered lateritic detritus to 5.8 m with little evidence of a duricrust or a mottled zone. 

Given that the site is adjacent to a quartzite ridge, the quartzite encountered at 5.8 m may be 

interpreted as either a boulder or the hanging wall of a fault or bed dipping to the NE. Only seepage 

was encountered in this zone. 

Below the gravel bed at 9 m (which marked the base of the lateritic zone), there is a homogenous 

zone to 49 m of probable claystone. About 5 % of this is entrained highly-ferruginised gravelly 

siltstone, (sub-rounded gravel). This is interpreted as highly-weathered saprolitic siltstone/shale or a 

floodplain deposit. This formation only produced seepage. The infiltration of recharge water would be 

limited within this zone. 
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From 49 m, the lithology changed to a competent fissile dark red phyllitic siltstone, possibly a less 

weathered version of the overlying strata. This hosted a limited groundwater flow of 1 L/s. At 73 m, 

greyish sandstone was intersected, which was somewhat dissimilar to that observed in NR-01, in that 

it was quartz indurated and contained little kaolinite. However, both aquifers encountered in NR01 

and NR04 are similar in that they are fractured, within a short horizon, yielding 12-15 L/s. 

Both the phyllitic siltstone and the sandstone probably belong to interbeds of the Acacia Gap 

Quartzite. The total depth drilled here was 85 m. 

The groundwater, with a field based EC of 50 uS/cm indicates groundwater that has a little dolomitic 

influence. 

3.2.5 NR-05 (RN39037)  

Rationale  

The hole was located in a central position in the northern plateau area of NRE. Magnetic geophysics 

data suggest this area would be dominated by AGQ quartzite lithologies. This bore was drilled on a 

vegetation anomaly amongst taller trees than on the surrounding plateau. This vegetation anomaly 

roughly coincides with a slight magnetic anomaly. The area was chosen as results from concurrent 

drilling in a new estate, to the NE of NRE, were yielding lithological information that could be 

extrapolated to the area as a whole. 

Results 

The first hole drilled was abandoned at 11 m due to drilling problems. The backfilled hole intersected 

quartzite at 5 m compared to the final hole at 28 m; evidence that beds dip steeply towards the 

southeast at this location. 

RN39037 provides a typical vertical profile of the oxidation regime for the NRE. From the surface, 

leached white clay occurs to a depth of 28 m. Below this, a weak white quartzite/sandstone occurs 

gradually becoming darker from 40 to 48 m and underlain by a red highly-oxidised siltstone band to 

52 m. Below 52 m, the lithology is essentially dark grey quartzite with red siltstone bands (see 

Appendix 2 - Drilling logs).  Essentially, the quartzite oxidises from dark grey to white and the 

siltstones from red to white from deep to shallow. The siltstone at depth is fresh/unoxidised and black, 

as observed in bores NR-02 and NR-03.  Small intervals of white leached clays are encountered in 

NR-03, which are most likely clay-filled fractures. 

The first water supply of 1 L/s was intersected at 28 m, at the boundary between the white clay and 

the sandstone/quartzite and is hosted in the porous sandstone. A second production zone at 40 m (3 

L/s) occurs in fractured quartzite. The final drill depth at 79 m terminated in hard quartzite.  

Vegetation 

The site is in a vegetation anomaly visible on the aerial image of tall trees in a wider area of open 

eucalypt woodland.  

3.2.6 NR-06 (RN39035) 

Rationale   

To test the hydrogeological characteristics of the low-lying region in the northern sector, within the 

area earmarked for the initial stage of development. The hole was sited adjacent a major drainage 

line that flows towards the west. 
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Results 

The strong lateritised zone to 5.8 m was underlain by highly-weathered shale/siltstone saprolite to 

42 m, with most of the shale/siltstone which had weathered to silty clay. A highly-weathered horizon 

was intersected at depths of 55 to 70 m.  

The formation was low-yielding (<0.5 L/s and dry below 70 m). The siltstone at depth was black and 

showed little development of pyrite.  

The bore was constructed as a monitoring bore. The lithology encountered would indicate that the 

bore was drilled into probable Whites Formation, with a deep weathering profile throughout its length 

with significant lateritic alteration in the upper part.  

Initial field-based analysis showed an EC of 260 uS/cm which indicates a probable strong dolomitic 

influence in the groundwater. 

Vegetation 

The site is between marginally riparian vegetation associated with the adjacent creek and open 

eucalypt vegetation associated with the presence of a lateritic duricrust. 
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4 Discussion 

4.1 Identified groundwater zones  

Based on interpretation of the geological domains underlying the NRE, the groundwater environment 

is complex. In order to describe the hydrogeological variation across the NRE, groundwater ‘zones’ 

were identified and mapped based on geological interpretation and the results from the investigation 

bore holes (Figure 8).  

In regard to groundwater flow directions, the interpretation shown in Figure 8 was based on 

topography, standing water levels (reduced to approximate relative elevations using contour elevation 

data), and the structural geology. 

The main features of each zone are described below. 

4.1.1 Groundwater Zone 1  

Zone 1 encompasses the northern part of the study area. A fault line, weakly visible in aerial imagery 

and apparent in the vertical derivative magnetic imagery, probably forms the south-west boundary of 

this zone.  

This zone is composed of steeply dipping bedded quartzite and black shale/siltstones, with very 

minimal saprolite in the central and northern parts. In the western part of this zone the lithology is 

mainly siltstone with minor dolostone and quartzite and a more developed saprolite. 

A hole drilled in the centre of this area on an elevated site was low yielding (NR-05 – <3 L/s). Higher 

yields were obtained from the siltstone-dominated aquifer in the north-west coincident with a fault line 

evidence of structurally controlled groundwater occurrence. 

Groundwater flows in this area probably mimic topography, with radial flow from the elevated NR-05 

site, but may also be driven in some areas by structure features creating preferential groundwater 

pathways. 

4.1.2 Groundwater Zone 2  

Zone 2 is bounded by geological structures and thus interpreted to constitute a discrete aquifer area. 

Geology consists of north-north-west trending bedded resistant quartzite, which occasionally outcrops 

in this area, and inferred siltstone/shale beds. This zone is geologically-similar to Zone 5 (described 

below), which lies in an analogous position relative to the Noonamah fault but to the south-west. 

Only one low-yielding bore (<0.5 L/s) was drilled at the western boundary of this area, NR-06. 

Recharge is probably enhanced in this area given that there are exposed steeply dipping quartzites, 

and probably minimal saprolite development. 

Groundwater flow direction is probably partly westward and south-eastward (Figure 8), due to 

elevation changes to the west and south-east bedding strikes in the north-east and east of the 

domain. 

4.1.3 Groundwater Zone 3  

Zone 3 is spatially contiguous with Zone 2, but differs in that saprolitic cover appears to be better 

developed, as observed in bore NR-06. Accordingly the yield is low and recharge also probably 

limited. Magnetic imagery indicates that Zones 2 and 3 lap on to the NW-trending quartzite area 

dominated by Zone 4. 
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Figure 8.  Interpreted groundwater zones and groundwater flow directions 
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4.1.4 Groundwater Zone 4 

The geology of Zone 4 is dominated by north-west trending, steeply-dipping, competent quartzite 

ridges with phyllitic shale/siltstone interbeds. Significant sandstone formations, hosting high-yielding 

aquifers, were encountered in NR-01 and NR-04. These sandstones are probably derived from clayey 

sands. In this zone, the ridge-forming quartzites are often fractured, particularly in the vicinity of 

faulting, though much of the faulting movement would be along glide planes in incompetent beds 

which would limit porosity.  

It is possible that extensive mafic intrusives, probably dolerite, occur in this zone, as evidenced by the 

anomalously high magnetic signature and the water chemistry of RN38870. These intrusives would 

inhibit lateral groundwater flow. 

Where fractured, the quartzites and sandstones are unusually high yielding (~12-15 L/s) aquifers, as 

demonstrated by bores NR-01 and NR-04. Phyllitic interbeds (NR-02) are less productive, yielding 

only 1 L/s in NR-02. 

Groundwater flow paths are likely dominated by the geological structures and fabric of the Noonamah 

Fault zone, i.e. groundwater flow would be directed north-west and/or south-east.  

Water is very fresh and potable in this zone. The water chemistry of NR-02 suggests a minor dolomitic 

influence. 

4.1.5 Groundwater Zone 5 

The groundwater in this area is only inferred from the geological interpretation as no bores were 

drilled here. Groundwater Zone 5 is similar to Zone 4, in that quartzite ridges dominate, but the 

magnetic imagery indicates that volcanics are absent. Faulting is probably more limited in this zone 

due to the orientation of the ridges. The exposed quartzites and associated colluvial wedges suggest 

that direct recharge may occur here. A groundwater divide probably occurs in the central part of this 

elevated area and flows radially westward and eastward. 

4.1.6 Groundwater Zone 6 

Although groundwater Zone 6 has minor resistant north-south trending ridges, it is dominated by a 

westward draining plain.  This zone is more deeply weathered than the central, more geologically 

resistant elevated areas, and is underlain by thick saprolitic horizons These clay-dominated beds 

would inhibit direct recharge. 

The inferred north-west trending fault that bisects this area enhances fracturing and groundwater 

development, as evidence by the yields from NR-03, which is located adjacent to the fault. This fault 

probably acts as a preferential pathway, directing groundwater flow to the north-west. 

It is postulated that groundwater may flow westward from the scarp which marks the eastern 

boundary of Zone 6, augmented by flow from pre-Cretaceous incised channels.  

Groundwater quality from NR-03 is well within ADWG, (2011). It is noted that the more northern bores 

to on the western side of Redcliffe Rd produce good quality water, but it can be slightly harder, 

indicating a dolomitic influence. 

4.1.7 Groundwater Zone 7 

Groundwater Zone 7 is a low-lying plain in the south-east corner of NRE. The low-lying, subdued 

topography may indicate a deeper weathering profile. The thick saprolite intersected in NR-04 

confirms this. 

Groundwater occurs in NR-04 in a sandstone (probably related to Zone 4 at depth) aquifer. These 

sandstone aquifers may represent palaeovalleys associated with structural lineaments. Apart from 
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these sandstones, groundwater prospects are probably low, except where fracturing has occurred in 

the basement. 

Recharge in this area may be via any enhanced fracturing associated with the main north-east 

draining creek line.  

Water quality samples from NR-04 and the offsite springs indicate fresh, potable water in this area. 

4.2 Water quality 

Water quality results from drilled and existing bores are included in Appendix 2.  The results show that 

all groundwater samples from the NRE site meet the Australian Drinking Water Guidelines (NHMRC, 

2011). Further, water quality shows little variation across the site. The most notable variation is in NR-

06, which shows slightly elevated calcium and magnesium and an EC of 350 uS/cm. This probably 

reflects the likely low transmissivity of the formation resulting in longer groundwater residence time 

and limited recharge. NR-02 also had a slight dolomitic signature, with elevated Ca and Mg and an 

EC of 150 uS/cm. 

All groundwater quality results have low concentrations of heavy metals, well within the ADWG 

(NHMRC, 2011).  

One offsite bore outside the south-west corner, had an elevated arsenic concentration at the time of 

drilling and sampling (RN32597) of 59 ug/L, with notes at the time of drilling indicating that the black-

coloured groundwater would not clear up. This level of arsenic breaches the ADWG (NHMRC, 2011) 

limit of 10ug/. This bore is sited in north-south oriented bedding in black shale and unlikely to have a 

groundwater flow connection to NRE.  

Many of the bores lying along the strike of bedding west of Redcliffe Rd show a dolomitic signature 

with elevated Ca, Mg, and EC levels, the highest being the sandstone bore RN27739 with an EC of 

500 uS/cm. Other than RN27739, all sandstone and quartzite bores have low Ca and Mg levels and 

low EC values. Siltstone/shale bores tend to be more variable. 

4.3 Aquifer recharge 

The low salinity of the groundwater at NRE is typical of seasonally-recharged aquifers in this region 

and indicates that most areas are actively recharged. Recharge mechanisms are likely to be a 

combination of direct and diffuse inputs. The common occurrence of saprolitic clays in the upper 

formations in the lower lying areas would impede diffuse recharge, suggesting that direct recharge is 

an active mechanism at this site. Probable sites of enhanced recharge include the steeply-dipping 

fractured quartzite ridges and associated colluvial deposits and other structural features, such as the 

Noonamah Fault, various lineaments and the porous sandstones that are associated with these 

features.  

The recharge volume cannot be determined without in-depth field studies, but an approximate 

estimate of 200 mm/annum is commonly-used for this region (Des Yin Foo, pers. comm.). This figure 

is based on previous studies in the region and appears to work well in regional groundwater flow 

models. 
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4.4 Groundwater prospectivity 

The prospects for groundwater production on NRE are overall similar to the surrounding areas to the 

north and east, apart from the high-yielding aquifers adjacent to the Noonamah Fault Zone.  Most (if 

not all) aquifers on NRE would be limited in lateral and vertical extent. Nonetheless, seasonal 

recharge would enable a sustainable extraction. The north-eastern sector of NRE appears to be the 

least prospective, although small yields could probably be obtained on sites of lower elevation or 

where geological lineaments are visible.  

The Koolpinyah Dolostone aquifer, which is located 20-30 km east and north of NRE has better 

prospects in areas where karstic development has occurred. However, there has been an apparent 

overuse of the aquifer in some areas, as observed in regional groundwater level monitoring records 

and reduced seasonal flows in surface water and springs in the Howard River catchment (Fell-Smith 

and Sumner 2011). 

4.5 Groundwater-dependent ecosystems 

Groundwater-dependent ecosystems (GDE’s) in this region include vegetation communities such as 

monsoon vine forests, and in general any ecosystems whose health depends on the maintenance of 

a spring system, or at least a shallow water table.  

This study identified two potential GDE’s on and adjacent to the NRE. Their locations are shown in 

Figure 9.  The large spring-like feature offsite in the south-east corner is the largest and most 

significant of these. This feature is probably the result of the intersection of two fault lines, one of 

which is coincident with the SW-NE trending drainage line, and the Noonamah fault line. The surface 

water quality at this location is not dissimilar to the chemistry of groundwater measured in the vicinity, 

both on and off-site. However, the spring water chemistry at the time of sampling is probably reflecting 

the ephemeral surface water at the end of the wet season, rather than a groundwater chemistry which 

would be more dominant at the end of the dry, (if there is any free water at the surface at that time). 

Nonetheless, as it is located down-gradient of the NRE, groundwater extraction should be avoided or 

limited in this area, to prevent potential impacts on groundwater available to this spring. 

An apparent permanent water body on NRE (NRSW01) was investigated as a potential GDE (Figure 

9). A sample of water collected from this soak had an elevated Zn concentration of 0.128 mg/L 

relative to the concentration of zinc in local groundwaters (NR-02, NR-04 and NR-06 of 0.039, 0.023 

and 0.028 mg/L respectively). The higher concentration in NRSW01 could be due to evaporative 

concentration. However, the NRSW01 water sample was turbid with an NTU of 808, and an elevated 

aluminium (Al) concentration of 2.19 mg/L. The elevated Al is probably due to the clays in suspension. 

The underlying clay beds suggest that this ‘spring’ is a perched soak, rather than spring-fed, although 

further study would be required to definitively establish whether there is a connection to the aquifer 

below. 
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Figure 9.  Interpreted groundwater-dependent ecosystem locations on and offsite 
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5 Potential Impacts 

The proposed development works for the NRE include a number of changes to the land surface and 

land use which could potentially affect the underlying groundwater environments. These changes are 

identified and discussed in terms of the nature of the impact, the likelihood or risk of impact, and 

potential mitigation measures. 

5.1 Changes to land surface cover 

The site is almost entirely covered in natural vegetation, which has been disturbed to varying degrees 

but is largely intact. The proposal will require the conversion of some of this cover to hard, 

impermeable surface (e.g. roads, carparks, hardstands), which could reduce the amount of direct 

rainfall infiltration and reduce aquifer recharge. Further, the removal or alteration of vegetation can 

change the water balance by reducing evapotranspiration, perhaps increasing recharge and/or 

increasing runoff. 

Likelihood 

The degree of vegetation alteration or clearing will determine the likelihood of significant changes to 

site hydrology and hydrogeology. 

Mitigation 

Hardstand area should be minimised and opportunities to promote infiltration should be maximised. 

For example, good stormwater runoff design with infiltration basins can direct water from hard 

surfaces to areas where infiltration can occur (e.g. following principles of water-sensitive urban 

design). 

Unnecessary vegetation clearing should be avoided where possible. 

5.2 Contamination of aquifers 

A potential number of sources of aquifer contamination may be introduced inadvertently by the 

proposed development. Possible sources may include septic tanks, fuel and chemical storage 

facilities, and application of fertiliser, pesticides and herbicides. 

Likelihood 

The vulnerability of aquifers to contamination varies across the site according to two main factors:  

 The depth to aquifer – shallow aquifers are most vulnerable. Drilling at NRE has indicated that 

apart from a perched ephemeral aquifer (no more than seepage) at NR-03, and a shallow 

aquifer at 13 m in NR-01, productive zones are located at depths of 30 m or more.  

 Permeability of the formation overlying the aquifer – where the substrate overlying the aquifer, 

(or bounding the aquifer) has minor or no fracturing and/or very low porosity such as clay 

beds above, the aquifers are afforded greater protection from overlying sources of 

contamination. Sites of direct recharge on NRE have been inferred to be fractured quartzite, 

zones of enhanced fracturing in proximity to geological structures. These sites may be 

vulnerable to contamination. 
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Mitigation 

Fuel and chemicals should be stored in tanks (no open pits) and securely bunded and lined. Septics 

should not be located in areas of shallow aquifers with porous substrates. Septics and other potential 

sources of contamination should not be located within 100 m of production bores, both on and off-site. 

An annual groundwater sampling program should be established to monitor groundwater quality over 

time. This would require the drilling and construction of monitoring bores (e.g. 100mm PVC) in 

strategic locations. 

5.3 Stormwater retention basins 

The NRE development design incorporates stormwater retention basins, including a large lake. These 

basins may capture water that may otherwise run off the site, and could alter the natural hydrology 

and hydrogeology of the site. If the basins are connected to the underlying aquifer via a porous 

substrate, recharge to the underlying formations may be enhanced and a groundwater ‘mound’ may 

form beneath the basin. This could alter groundwater flow gradients locally.   

Conversely, if the basins are not connected to the underlying aquifer, then the captured runoff may 

alter stream flows and any direct recharge that occurs downstream. 

Likelihood 

The likelihood of the above scenarios depends on the permeability of the underlying substrate and 

locations of retention basins. However, the stormwater retention basins are a small proportion of the 

total area of the site and any impacts described above are therefore likely minimal. 

Mitigation 

Design and location of stormwater retention basins should take into account the location of, potential 

changes to, underlying aquifers. 

5.4 Groundwater extraction and sustainability 

Over-extraction of groundwater can result in declining water tables, which can cause nearby bores to 

‘fork’ and theoretically adversely impact adjacent users and/or groundwater dependent ecosystems.  

The impact of onsite groundwater extraction on aquifers, both onsite and offsite, is dependent on 

many variables including location of bores, production volumes, the hydraulic parameters of the 

aquifer, groundwater storage volumes and recharge regimes. Without specific groundwater extraction 

scenarios to assess, and without detailed hydrogeological data, it is not possible to derive meaningful 

predictions. 

Groundwater occurrence at NRE is in localised aquifers in a range of hydrogeological environments. 

This study has enabled a broad characterisation of the groundwater environment of NRE. However, 

the spatial extent, geometry, interconnectedness and hydraulic characteristics of each of these 

aquifers remains poorly understood.  

Water resource regulators estimate that recharge rate in this region is in the vicinity of 200 mm/annum 

(based on standard recharge estimation techniques). Current regulation requires that 80 % of this is 

apportioned to the environment (to maintain stream and spring flows, and protect groundwater 

dependent ecosystems). That leaves 20 % for consumptive use. Thus, sustainable use is considered 

to be the 20% of estimated annual recharge (i.e. 40 mm/annum across the study area). The volume of 

sustainably-extractable groundwater therefore is 0.04 m multiplied by 28,000,000 m
2
, which equates 

to 1,120 million litres or 1,120 Megalitres. 
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Mitigation 

Groundwater extraction should be avoided in proximity to and in the groundwater catchments 

upgradient of identified GDE’s, particularly in the south-east corner where a large spring-like feature 

occurs offsite. Extraction should be limited to the prescribed sustainable use volumes (as outlined 

above), which are designed to protect GDE’s.  

Test pumping should be undertaken prior to commissioning production bores in order to understand 

and predict the response of the aquifer to pumping and predict impacts to users in nearby areas 

offsite. 

Production bores on NRE would ideally be located away from neighbouring bores, and adequately 

spaced apart from each other to prevent bore interference. 
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6 Conclusions and Recommendations 

6.1 Conclusions 

The results of these desktop and field hydrogeological investigations have enabled the 

characterisation of the groundwater conditions across the NRE and enhanced understanding of the 

underlying aquifers. 

A number of prospective aquifers have been identified, namely in the central and southern portions of 

the site, which appear to be structurally-driven. Water quality in all aquifers tested is of potable quality. 

Aquifers are at moderate depths (generally >30mbgl) and overlain in places by clay beds, which may 

afford protection from ingress of any contaminants resulting from land use changes. 

There are potentially a number of threats to the groundwater systems posed by the proposed 

development. All these threats can be eliminated or reduced by a range of measures outlined in this 

report. 

6.2 Recommendations 

The following recommendations are designed to protect and manage the groundwater environment of 

the NRE into the future: 

1. Further groundwater investigations would ideally involve additional strategic investigation 

drilling to fill in the large data gaps that still exist. A groundwater monitoring program should 

be established and subject to annual review. Recharge analysis studies would be useful for 

determining sustainable extraction rates. A range of techniques are available, many of which 

require intensive field investigation or long-term monitoring data. Groundwater hydrographs 

can also be used to understand the recharge regime, but this would require several years of 

data. 

2. Test pumping should be undertaken prior to commissioning production bores, in order to 

understand and predict the response of the aquifer to pumping and predict impacts to users in 

nearby areas offsite. 

3. A groundwater sampling program should be established to monitor groundwater quality and 

levels over time. This would require the drilling and construction of monitoring bores (100mm 

PVC) in strategic locations. Monitoring of groundwater levels is crucial if groundwater 

production is to occur in future. Monitoring frequency should aim to capture seasonal variation 

i.e. at least biannual including the end of the dry season.  

4. Fuel and chemicals should be stored in tanks (no open pits) and securely bunded and lined. 

Septics should not be located in areas of shallow aquifers with porous substrates. Septics and 

other potential sources of contamination should not be located within 100m of production 

bores both on and off-site. 

5. Groundwater extraction should be avoided in proximity to and within the groundwater 

catchments upgradient of identified GDE’s, particularly in the south-east corner where a large 

spring-like feature occurs offsite. Extraction should be limited to the prescribed sustainable 

use volumes which are designed to protect GDE’s.  

6. Production bores on NRE would ideally be located away from neighbouring bores, and 

adequately spaced apart from each other to prevent bore interference. 



Maria Woodgate               Consultant Hydrogeologist 

Darwin, NT                                                                                                                                                    mob: 0438 935 248 
                                                                                                                                             maria_woodgate@hotmail.com 

 

Client: Intrapac Projects Pty Ltd 29 

Doc Title: Groundwater Report: Noonamah Ridge Estate 

 

7 References 

ADIA, 2012 Minimum Construction Requirements for Water Bores in Australia (ED 3) 

Ahmad, M., Lally, J.H., and McCready, A.J., 2006. Economic geology of the Rum Jungle Mineral 
Field, Northern Territory. Northern Territory Geological Survey, Report 19  

Doyle N., 2001.  Extractive minerals within the outer Darwin area. Northern Territory Geological 

Survey. Report 14 

Fell-Smith S.A. and Sumner J., 2011. Technical Report - Koolpinyah Dolomite Aquifer 
Characteristics Project. Department of Land Resource Management 26/2011D 

Hollis, J.A., Glass, L.M., Carson, C.J., Armstrong, R. Yaxley, G., Kemp, A.I.S., Schersten, A., Phillips, 
D., 2011 The geological evolution of the Pine Creek Orogen: New pieces in the puzzle on orogen and 
craton scale. In: Annual Geoscience Exploration Seminar (AGES) 2011. Record of abstracts. 
Northern Territory Geological Survey, Record 2011-003  

NHMRC, 2011. Australian drinking water guidelines -6. National Health and Medical 
Research Council/Agriculture and Resource Management Council of Australia and 
New Zealand. Commonwealth of Australia, Canberra 

Tickell, S., 2000. Groundwater Resources of the Acacia Area, Report NR 2000/004, Department of 

Lands Planning and Environment, Natural Resources Division, Darwin, 2000 

Yin Foo D., 2011. Groundwater Resource Assessment of the Whites Formation at Acacia Hills. 

Technical Report Number 01/2011D. Department of Lands Resource Management. Northern 

Territory. 

 



Maria Woodgate               Consultant Hydrogeologist 

Darwin, NT                                                                                                                                                    mob: 0438 935 248 
                                                                                                                                             maria_woodgate@hotmail.com 

 

Client: Intrapac Projects Pty Ltd 30 

Doc Title: Groundwater Report: Noonamah Ridge Estate 

 

Appendix 1 – Bore Logs 

NR-01 

Location  -  0730499  8601170 

Drilling dates  -  Start - 29/04/2015;  Finish - 01/05/2015 

Drilling Log   (depths in mbgl) 

0 - 0.2  grey/black sandy loam 

0.2 - 3.0  light to dark red/brown Fe indurated medium/poorly sorted 0.5 - 1.5mm subrounded grain 

supported quartz sandstone. Difficult drilling.  205mm class 9 PVC collar to 4.7m.  6"Hammer fitted 

and used to 47m 

3.0 - 9  As above except white sandstone moderately friable probable interstitial kaolinite/sericite 

9 - 25  Becoming slightly more indurated;  light brown at 13.5m - yield 1 L/s  

25 - 42  Light brown at 25m;  water at 5 L/s;  light brown between 33-36m - water at 10 L/s at 36; light 

brown at 39m - water at 12-15 L/s by 42m 

42 - 56  Massive white sandstone as above;  no increase in water flow.  Class 12 150mm PVC casing 

fitted to 47m with slots between 43.5 - 46.5m. 5.25" hammer fitted and used to EOH at 61m  

56 - 57  About 600mm aquifer with associated blackish Fe/Mn oxides; water flow to 25+ L/s 

57 - 61  White sandstone as before.  EOH  

Water chemistry 

Field parameters:- 

47m  -  pH 7.9;  EC 70uS/cm ;  TDS 30mg/l 

61m  -  pH 6.72;  EC 80uS/cm;  TDS 40mg/l 
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NR-02 

Location  -  0730981  8601311 

Drilling dates  -  Start - 12/05/2015;  Finish - 15/05/15 

Drilling Log   

0 - 0.3  Grey-brown loamy soil 

0.3 - 3.0  Whitish indurated siltstone 

3.0 - 6.5  Pinkish less indurated siltstone; some ferruginised siltstone, some of it being soft; Collar to 

5.5m bgl 

6.5 - 27  Ferruginised light brown-grey siltstone cuttings; more grey at 21m and becoming darker to 

27m; large volumes of saprolitic ochre to greyish ochre silty mud generated from highly weathered 

siltstone 

27 - 85  Siltstone becoming dark red and exhibiting phyllitic micaceous shimmer and cleavage; 

gradually becoming more black to be a black phyllite at 60m; reddish silty saprolitic mud as above 

reducing with depth with a corresponding increase in the fraction of cuttings;  pyrite common at depth, 

particularly between 65 - 70m;  some graphite evident at depth. Cased with 152mm PVC to 53m;  

Water at 40m and 53m; airlift total 1 L/s 

 

Water chemistry 

Field parameters:-  

53m  -  pH 7.78; EC 170uS/cm; TDS 90 mg/l 

85m  -  pH 8.84;  EC 19uS/cm;  TDS 90 mg/l   
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NR-03 

Location  - 730858  8595816 

Drilling dates  -  Start - 05/05/2015;  Finish - 07/05/15 

Drilling Log   

0 - 1.5  Loamy soil and lateritic soil; poorly sorted quartz sandy fraction and clay in laterite 

1.5 - 5.0  Mottled light grey clay 

5.0 - 7  Lateritic 5 - 20mm gravels in lateritised sand and clay, some mottling in gravels; water to     

0.5 L/s, probably ephemeral.  Collar to 5.9m and 6" hammer fitted 

7 - 11  Lateritic gravel with angular white qtz to 25mm 

11 - 12  Angular vein qtz; some white qtz; lateritic gravel; water to 1.25 L/s . 8" hammer fitted at 12m 

12 - 14  Weathered brown hard rounded to subrounded 1mm fairly well sorted qtz indurated 

sandstone in saprolitic ochre silty claystone; Poor returns 

14 - 29  Brown sst as above with some clay and some vein qtz; very weathered saprolite as above; 

Poor returns; water at 28m to 2.25 L/s 

29 - 57  Increased vein qtz 28 - 33m and 45 - 50m; brown sst and saprolite as above; Poor returns; 

water increasing incrementally to 4 L/s at 36m; fracturing and water at 53m to 6 L/s 

57 - 65  Incrementally increasing shale fraction with less weathered material and increasing returns - 

becoming increasingly darker brown 

65 - 70  Sharp change to relatively soft bedded black shale and black sandstone (20%); much pyrite; 

vein qtz at 69 - 70  ; graphitic scum on water; some white clay. Cased with 205mm PVC to 71m and 

5"hammer fitted 

70 - 75  50% shale converted to leached white clay; 10% sandstone;  boulders @75m prevented 

further drilling;  water to 11+ L/s at 75m.   

75m  EOH 

Water chemistry 

Field parameters:- 

42m  -  pH 8.52;  EC 30 uS/cm; TDS 20 mg/l 

75m  -  pH 7.77;  EC 50 uS/cm; TDS 30 mg/l 
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NR-04 

Location  -  0733324  8597403 

Drilling dates  -  Start - 07/05/2015;  Finish - 09/05/15 

Drilling Log   

0 - 0.2m  Loamy brown soil 

0.2 - 5.8  Lateritic detritus;  PVC collar to 5.8m;  5" hammer fitted 

5.8 - 8  Fresh quartzite, lateritic detritus 

8 - 9  Gravel bed 

9 - 49  Claystone (firm on the hammer) with minor, often rounded Fe indurated clasts to 6mm; very 

muddy (ochre) from the drill, larger subrounded clasts at 49m - lag deposit? 

49 - 58  Stronger return of cuttings, fissile, highly ferruginised siltstone/phyllitic siltstone. Ochre mud 

58 - 73  Change in colour of mud from ochre to dark red @ 58m, cuttings as before; Cased in 152mm 

PVC to 71m, slotted 70m - 70.5m;  Water incremental downhole,  1 L/s at 71m 

73 - 85  Quartz sandstone, rounded to subrounded  well sorted 0.75 - 1.00mm clasts, clast supported 

with medium quartz induration; fractured (?) aquifer 75 - 79m, water 12 - 15 L/s;  no water 79 - 85m. 

EOH  

 

Water chemistry 

Field parameters:- 

85m   -   pH 8.17;  EC 50 uS/cm;  TDS 30 mg/l 
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NR-05 

Location  -  0732168 8603347 

Drilling dates  -  Start - 20/05/2015;  Finish - 23/05/15 

Drilling Log   

0 - 0.5  Brownish grey loamy soil 

0.5 - 3.0  Red-brown  soil 

3.0 - 6.5  Lateritic mottled clay; collar fitted to 5.6 m bgl; 8"hammer fitted 

6.5 - 28  White claystone with very minor sand layers below 22m; slight moisture starting at 17m   

28 -  40  Hard quartz sandstone/quartzite, qtz indurated with whie clay matrix; poorly sorted, 0.5-

1.5mm subrounded though somewhat variable. Approximately 1 L/s water at 28m 

40 - 41  Gravel bed(?) at 40m; 3 L/s water at 40m; cased 168mm steel to 41m bgl, slotted 39.8-40.7m 

41 - 52  Highly oxidised dark red and some yellow siltstone and shale; some qtz sand 

52 - 66  Quartzite as above with bands of red siltstone/shale (20%); strata at a high angle (from the 

drill) 

66 - 79  Quartzite matrix turning black in most cuttings with same red siltstone /hard shale as before; 

EOH at 79m.  Final airlift showed a flow of 3 L/s 

Water Quality 

Field parameters:- 

40m  -  pH 8.63; EC 40 uS/cm ; TDS 20 mg/l  

79m  -  pH 8.10; EC 60 uS/cm; TDS 30 mg/l 
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NR-06 

Location  -  0731425 8601721 

Drilling dates  -  Start - 11/05/2015;  Finish - 13/05/15 

Drilling Log   

0 - 0.2  Grey-brown sandy loam 

0.2 - 3.8  Lateritic duricrust and lateritic debris 

3.8 - 4.3  Cemented siltstone 

4.3 - 5.8  Lateritic debris with some vein quartz; seepage 

5.8 - 13  Collar fitted to 6m; 6" hammer fitted; lateritised clay saprolite washed out in drillings; some 

indurated sandstone/quartzite; rare probable black pseudomorphs after pyrite; some Fe indurated 

siltstone 

13 - 42  Poor return of Fe indurated siltstone clasts in strong return of ochre clay and silty clay 

saprolite; harder at 29m with some white soft siltstone at 32m before returning to previous 

42 - 55  Becoming harder at 42m with more dark reddish brown/black siltstone clasts; silty clays 

somewhat darker 

55 - 70  Back to highly weathered ochre silty clay saprolite with weathered siltstone; some sandstone 

at 63.5m 

70 - 85  Cased to 70.5m with 168mm steel casing; weathered black siltstone becoming less 

weathered to EOH at 85m; minor sandstone band at 73m; little pyrite in siltstone; No further water 

after 70m; 0.5 L/s water at end of casing and at end of hole; gradual yield increase to 70m 

 

Water chemistry 

Field parameters:- 

85m  -  pH 8.63; EC 260 uS/cm; TDS 130 mg/l 
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Appendix 2 – Groundwater Quality Laboratory Analysis Results 
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Downhole Water Quality Samples Noonamah Ridge Estate Bores 

  Unit ADWG 

NR01/15 NR01/47 NR01/57 NR02/53 NR02/85 NR03/42 NR03/75 NR04/85 NR05/41 NR05/79 NR06/85 

Ammonia (as N) mg/L   0.04 0.01 0.04 0.01 0.02 0.12 0.03 0.05 < 0.01 0.02 0.03 

Chloride mg/L   4.3 4.3 4.5 5.0 6.1 3.2 2.9 4.8 3.7 3.3 31 

Conductivity (at 
25Â°C) uS/cm   

100 50 71 170 190 30 46 52 33 47 250 

Nitrate (as N) mg/L 50 0.07 0.05 < 0.02 < 0.02 0.02 0.05 0.03 0.04 0.06 0.05 < 0.02 

Sulphate (as S) mg/L   < 5 < 5 < 5 6.7 9.3 < 5 < 5 < 5 < 5 < 5 12 

Total Dissolved 
Solids mg/L 1200 

59 27 56 73 89 32 40 34 50 51 100 

                            

Alkali Metals                           

Calcium mg/L   13 5.7 4.6 15 13 0.7 4.5 3.3 2.6 3.4 28 

Magnesium mg/L   1.2 1.4 3.0 4.0 5.1 < 0.5 1.2 1.9 0.5 2.1 11 

Potassium mg/L   1.9 1.6 0.5 11 5.7 1.5 1.3 0.8 1.5 0.9 3.6 

Sodium mg/L   3.2 3.1 2.7 9.0 6.0 2.6 3.1 3.5 2.0 1.9 7.3 

                            

Alkalinity                           
Bicarbonate 
Alkalinity  mg/L   

< 20 < 20 31 56 48 < 20 < 20 < 20 < 20 < 20 120 

(as CaCO3)                           

Carbonate Alkalinity  mg/L   20 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 

(as CaCO3)                           

                            

Heavy Metals                           

Antimony mg/L 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Arsenic mg/L 0.01 < 0.001 < 0.001 < 0.001 0.002 0.002 < 0.001 0.001 0.001 < 0.001 < 0.001 0.002 
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  Unit ADWG NR01/15 NR01/47 NR01/57 NR02/53 NR02/85 NR03/42 NR03/75 NR04/85 NR05/41 NR05/79 NR06/85 

Beryllium mg/L 0.06 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Boron mg/L 4 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Cadmium mg/L 0.002 

< 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 

Chromium mg/L 0.05 0.004 0.004 0.002 0.011 0.005 < 0.001 0.002 0.002 0.002 0.002 0.004 

Cobalt mg/L x 0.002 0.006 0.008 0.001 0.003 < 0.001 < 0.001 0.007 0.001 0.002 0.002 

Copper mg/L 2 0.004 0.004 0.003 0.011 0.004 < 0.001 0.020 0.003 0.003 0.003 0.004 

Lead mg/L 0.01 0.001 0.004 < 0.001 0.003 0.001 < 0.001 0.002 0.002 0.005 < 0.001 0.002 

Manganese mg/L 0.5 0.022 0.012 0.16 0.039 0.14 < 0.005 0.014 0.013 0.059 0.018 0.12 

Mercury mg/L 0.001 

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Molybdenum mg/L 0.05 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Nickel mg/L 0.02 0.003 0.004 0.016 0.009 0.015 < 0.001 0.004 0.005 0.002 0.002 0.009 

Selenium mg/L 0.01 < 0.001 0.002 < 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Silver mg/L 0.01 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Tin mg/L x < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Vanadium mg/L x < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Zinc mg/L 3 0.010 0.012 0.031 0.020 0.024 0.002 0.021 0.014 0.015 0.005 0.020 

              Label = bore number/depth of sample 

        ADWG  -  Australian drinking Water Guidelines 

        (x value indicates not in guidelines) 
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Post-construction water quality samples 

      RN39032 RN39036 RN39033 RN39034 RN39037 RN39035 

  Unit ADWG  NR-01  NR-02  NR-03  NR-04  NR-05  NR-06 

Ammonia (as N) mg/L   0.03 < 0.01 0.02 0.04 0.04 0.02 

Chloride mg/L   4.3 4.7 2.7 4.4 19 3.6 

Conductivity (at 
25Â°C) uS/cm   41 150 29 50 69 350 

Nitrate (as N) mg/L 50 0.04 0.05 < 0.02 0.04 0.1 < 0.02 

Sulphate (as S) mg/L   < 5 < 5 < 5 < 5 8.5 < 5 

Total Dissolved Solids mg/L 1200 38 82 36 47 58 180 

pH   8.5 6.18 6.22 6.23 6.11 5.88 7.28 

                  

Alkali Metals                 

Calcium mg/L   2.3 13 2 2.8 0.5 39 

Magnesium mg/L   1.7 5.5 0.7 1.8 < 0.5 12 

Potassium mg/L   0.8 1.7 < 0.5 0.8 0.6 3.4 

Sodium mg/L   2.3 3.4 2 2.9 1.8 6 

                  

Alkalinity                 

Bicarbonate 
Alkalinity  mg/L   < 20 59 < 20 < 20 < 20 160 

(as CaCO3)                 

Carbonate Alkalinity  mg/L   < 10 < 10 < 10 < 10 < 10 < 10 

(as CaCO3)                 

                  

Heavy Metals                 

      RN39032 RN39036 RN39033 RN39034 RN39037 RN39035 
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  Unit ADWG  NR-01  NR-02  NR-03  NR-04  NR-05  NR-06 

Antimony mg/L 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Arsenic mg/L 0.01 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.001 

Beryllium mg/L 0.06 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Boron mg/L 4 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Cadmium mg/L 0.002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 

Chromium mg/L 0.05 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.004 

Cobalt mg/L x < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.005 

Copper mg/L 2 0.003 0.006 0.001 0.013 0.004 0.01 

Lead mg/L 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Manganese mg/L 0.5 0.006 0.18 < 0.005 0.008 0.15 1.9 

Mercury mg/L 0.001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Molybdenum mg/L 0.05 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Nickel mg/L 0.02 0.002 0.017 < 0.001 0.003 0.002 0.003 

Selenium mg/L 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Silver mg/L 0.01 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Tin mg/L x < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Vanadium mg/L x < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Zinc mg/L 3 0.012 0.039 0.008 0.023 0.02 0.028 
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Water quality results from bores on surrounding properties and features 

  Unit ADWG RN38870 
 

RN33374 
 

RN33359 
 

RN37515 
 

RN28495 RN38200 RN27739 
QUARTZITE 

PIT SPRING 

Ammonia (as N) mg/L   0.02 0.03 0.04 0.02 0.02 < 0.01 < 0.01 0.07 < 0.01 

Chloride mg/L   4.5 4.3 4.8 4.4 4.3 2.4 4.1 3.6 1.4 

Conductivity (at 
25Â°C) uS/cm   270 37 91 20 29 22 500 41 55 

Nitrate (as N) mg/L 50 < 0.02 0.02 < 0.02 0.05 0.08 0.02 < 0.02 0.96 < 0.02 

Sulphate (as S) mg/L   < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 

Total Dissolved 
Solids mg/L 1200 150 30 67 22 32 43 240 40 58 

                      
 Alkali Metals                     
 Calcium mg/L   39 < 0.5 5.5 < 0.5 < 0.5 0.7 57 < 0.5 4.2 

Magnesium mg/L   3.3 2.8 4.4 < 0.5 0.7 0.7 30 < 0.5 1.6 

Potassium mg/L   1.2 0.8 1 < 0.5 0.7 < 0.5 2.5 0.6 < 0.5 

Sodium mg/L   12 1.9 3.9 2.2 2.2 1.2 4.6 2.1 2.2 

                      
 Alkalinity                     
 Bicarbonate 

Alkalinity  mg/L   150 < 20 41 < 20 < 20 < 20 300 < 20 23 

(as CaCO3)                     
 Carbonate Alkalinity  mg/L   < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 

(as CaCO3)                     
                       
 

  Unit ADWG RN38870 
 

RN33374 
 

RN33359 
 

RN37515 
 

RN28495 RN38200 RN27739 
QUARTZITE 

PIT SPRING 

Heavy Metals                     
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Antimony mg/L 0.001 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - 

Arsenic mg/L 0.01 0.002 0.001 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 - 

Beryllium mg/L 0.06 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 

Boron mg/L 4 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 - 

Cadmium mg/L 0.002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 - 

Chromium mg/L 0.05 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 

Cobalt mg/L x 0.001 0.006 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 

Copper mg/L 2 0.002 0.015 0.002 0.013 0.032 0.017 0.012 0.008 - 

Lead mg/L 0.01 < 0.001 0.007 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 - 

Manganese mg/L 0.5 0.23 0.05 0.13 0.074 0.008 0.008 0.007 0.011 - 

Mercury mg/L 0.001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 - 

Molybdenum mg/L 0.05 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - 

Nickel mg/L 0.02 0.002 0.007 0.004 0.002 0.002 0.002 < 0.001 0.002 - 

Selenium mg/L 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 

Silver mg/L 0.01 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - 

Tin mg/L x < 0.005 0.014 < 0.005 < 0.005 0.029 < 0.005 < 0.005 < 0.005 - 

Vanadium mg/L x < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - 

Zinc mg/L 3 0.028 0.022 0.013 0.012 0.026 0.016 0.031 0.01 - 

 


