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Doc ID: EPR-04096      

 
 
12 June 2026 
 
 
 
Ms. Amy Jacka, 
Havilah Resources Limited,  
31 Flemington Street,  
GLENSIDE  SA  5065 
 
email:  amy.jacka@havilah-resources.com.au 
 
 
 
 
Dear Ms. Jacka 
 
Notification of Approved Exploration Program for Environment Protection and Rehabilitation 

(EPEPR) Review  

In reference to your final submission dated 4 June 2026, the EPEPR has been approved pursuant 
to section 70C(5) of the Mining Act 1971 (the Mining Act). 

The approved EPEPR will be made publicly available on the Mining Register and the Department 
for Energy and Mining (DEM) website. Details of the approved EPEPR are listed below.  

Approval Granted to Havilah Resources Limited 

Tenement Type & Number Exploration License: EL5873; EL 6415; EL 6660; EL 6659 

Program Number EPR-04096 

EPEPR Description EPEPR Review- 12-month time extension to complete drilling 
of 39 RC (on EL 5873), 19 RC (on EL 6659), 10 RC (on EL 
6415) and 10 RC (on EL 6660) drill holes on the Central 
Curnamona Project area.  

 
You are reminded that you must always implement and comply with this approved EPEPR. 
 
This approval does not constitute endorsement of the systems that you have in place to manage the 
mining operations in compliance with the Mining Act. Whilst your capability to undertake this activity 
has been considered in this approval, the responsibility for compliance with the Mining Act always 
remains with the tenement holder. 
 
The legislative requirements associated with the EPEPR are outlined below, and certain requirements 
must be actioned prior to commencement of operations authorised by the EPEPR. 
 
 
 

https://www.legislation.sa.gov.au/LZ/C/A/MINING%20ACT%201971.aspx
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1 PEPR Conditions  
In accordance with section 70B(7a)(b) of the Mining Act, the approved EPEPR is subject to 
the conditions listed in the Notice of Approval Conditions – EPR-04096. (Appendix 1)  

2 Public Liability Insurance 
Pursuant to Regulation 81 of the Mining Regulations 2020 (the Mining Regulations), you are 
required to provide a copy of a certificate evidencing the insurance coverage over the 
tenement(s).  

3 Compliance Reporting 
You are required to submit an annual exploration compliance report. The report is required to 
be submitted within 2 months after the anniversary of the date the licence/ease was 
granted, or in accordance with joint reporting requirements agreed to with the Minister. 
Please refer to the DEM website for more information on the reporting requirements.  
  
You are reminded that a separate compliance report is required 2 months after the expiry or 
surrender of the EL. 
 

4 Work, Health and Safety Compliance 
In accordance with Chapter 10 of the Work Health and Safety Regulations 2012 (SA), you 
must meet the requirements for mine operators in South Australia, which include a 
notification for mining operations, the establishment of a Safety Management System, the 
identification of Principal Mining Hazards and development of a Principal Mining Hazard 
Management Plan. Further information on your responsibilities, including a guide to Chapter 
10, and the Mine Operator Notification Form, is available on the SafeWork SA website. 

 

5 EPEPR Timeframe  
The EPEPR Review is approved for a period of twelve months from the date of this letter. A 
further 3 months after expiry of the 12-month period is provided to complete all rehabilitation. 
 

 

Please note, proposed changes to exploration operations stated in the approved EPEPR may require 

a EPEPR review to be submitted for assessment. Where a EPEPR review is required, implementation 

of the operational changes can only occur after the revised EPEPR is approved. Further information 

on when an exploration PEPR review is required can be found in Departmental guideline MG22 

Conducting mineral exploration.  

In addition to the requirements under the Mining Act, you are reminded that your operation will have 
other legislative requirements that you will need to comply with. 
 
If you have any further queries, please contact DEM staff as below: 
 
 
 
 
 

https://www.legislation.sa.gov.au/lz?path=/c/r/mining%20regulations%202020
https://www.energymining.sa.gov.au/industry/minerals-and-mining/exploration/exploration-reporting
https://www.safework.sa.gov.au/notify/mine-holder-operator
https://demstedpprodaue12.blob.core.windows.net/mesac-public/resources/files/4329385/204498_MG22_Jul2022.pdf
https://demstedpprodaue12.blob.core.windows.net/mesac-public/resources/files/4329385/204498_MG22_Jul2022.pdf


 

 

MINERALS REGULATION 

11 Waymouth Street, Adelaide SA 5000 | GPO Box 618 Adelaide SA 5001  
Tel (+61) 8 463 3000 | ABN 83 768 683 934 

 

Page 3 of 4 

OFFICIAL 

OFFICIAL  

General enquiries Cobus Martins 
Assessment Officer, Exploration Regulation 
DEM.exploration@sa.gov.au 

 

Yours sincerely 

 

Simon Constable 
 

DIRECTOR, MINERALS EXPLORATION 

In accordance with delegated powers and functions  
 

The Department’s Regulatory Guidelines, Ministerial Determinations and Information Sheets are available at: 
https://energymining.sa.gov.au/industry/minerals-and-mining/forms-legislation-and-guidance 

 

 

  

https://energymining.sa.gov.au/minerals/exploration/exploration_activities
mailto:https://energymining.sa.gov.au/industry/minerals-and-mining/forms-legislation-and-guidance
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Appendix 1 

Notice of Approval Conditions - EPR-04096 

In accordance with section 70B(7a)(b) of the Mining Act 1971, EPR-04096 is approved subject to 

the following conditions: 

Notice of Approval Conditions – EPR-04096 

1 Conduct the Namba Formation Strata Self-Sealing Test in accordance with Attachment 1 
referenced in the Namba Formation Strata Self-Sealing Test Method within Appendix 2 of the 
Technical Memorandum: Namba Formation Strata Self-Sealing Test Report – Update, dated 
26 February 2026.  

2 Conduct the Groundwater Quality Sampling Test as described under the Drillhole Construction 
and Decommissioning section within EPR-04096. 

3 Provide the test results and data interpretation of the Namba Formation Strata Self-Sealing Test 
and Groundwater Quality Sampling Test, in accordance with conditions 1 and 2, within 14 
calendar days on completion of each tested drill hole, to inform the drillhole decommissioning 
strategy.  

Test results and data interpretation must be provided to DEM via email to 
DEM.Exploration@sa.gov.au. 
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Map 1:  Tenement Location – Regional. 
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Map 2:  Birksgate Proposed Drilling – Topography. 
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Map 3:  Birksgate Proposed Drilling – Satellite Image. 
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Map 4:  Eurinilla Proposed Drilling – Topography. 
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Map 5:  Eurinilla Proposed Drilling – Satellite Image. 
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Map 6:  Johnson Dam Proposed Drilling – Topography. 
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Map 7:  Johnson Dam Proposed Drilling – Satellite Image. 
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Map 8:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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Map 9:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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Date: 12 March 2026 

From: GeoƯ Borg  
MSc in Hydrogeology and Groundwater Management 
Principal Environmental Advisor 

To: Chris Giles 
Technical Director 

Amy Jacka 
Tenement Manager 

Traviss Just 
Senior Geologist 

Subject: Central Curnamona Hardrock Metal Prospects 
Hydrogeology 

 

This memorandum is a review of the hydrogeology of mineral exploration hard rock metal 
prospects of the Central Curnamona region (Figure 1) to inform drillhole decommissioning in 
accordance with M21 for EPEPR submissions.  Published reports, SA Water Connect 
Groundwater Data, historic exploration drilling data and observations by Havilah and others, 
and technical groundwater and geotechnical studies for Portia and Kalkaroo mining leases 
inform this review. 

The Central Curnamona region as defined by the Exploration Licences (ELs) depicted in 
Figure 1.  The priority (for future drilling) prospects identified are representative of the region for 
the purpose this review.  South to north, these prospects are: 

 Johnson Dam 
 Kalkaroo North Dome (continuation of Kalkaroo Copper Project) 
 Croziers 
 Benagerie 
 Eurinilla 
 Birksgate (Prescribed Wells area, not intersecting Great Artesian Basin aquifers)  
 Lake Charles (Prescribed Wells area, not intersecting Great Artesian Basin aquifers) 

Future drilling on other prospects in this region will encounter groundwater conditions 
comparable to those discussed in this review. 

The region is on the southern margin of the Lake Eyre Basin and extends, south to north, from 
outcropping to sub-cropping basement strata with onlapping  Tertiary strata (Figure 2).  Surface 
water and regional groundwater movement through the region is generally from south, Olary 
Ranges, to north – north west toward Lake Frome. 

The northern extent is within the administrative boundary of the Northern Prescribed Wells Area 
and on the margins of the Great Artesian Basin (GAB) (Figure 3) but does not intersect basin 
aquifers. 
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The region is transected by Tertiary palaeovalleys eroded into basement strata (Figure 1).  
Palaeovalleys typically contain groundwater bearing sandy and gravelly strata hosting 
secondary uranium mineralisation, e.g.  Honeymoon Uranium Mine.  Consideration of such 
mineralisation is outside the scope of this review. 

Geology of Target Metal Mineralisation 
Target metal mineralisation occurs in fractured basement rock and overlying weathering profile 
(saprolite and saprock) of  the Willyama Supergroup  (Figure 2).  Figure 2 provides a schematic 
illustration of the typical stratigraphy.  In summary: 

 Basement strata typically consist of folded Palaeoproterozoic Willyama Supergroup 
metasediments with a highly variable weathering profile consisting of saprolite over 
saprock.  They are intruded by the Mesoproterozoic Ninnere Supersuite granites and 
unconformably overlain by the comagmatic Benagerie Volcanics in the north. In a few 
areas to the north, west and east metasediments are also directly overlain by 
Neoproterozoic (Adelaidean) and Cambrian strata (siltstone, shale, and conglomerate) 
strata, also with a variable, but generally much thinner weathering profile of saprolite 
and saprock. 

 The top of the saprolite is  unconformably overlain by two Cenozoic sequences, namely 
the Eyre Formation that is usually only preserved as erosional remnants in hollows and 
palaeochannels and the Namba Formation (up to 60 m thickness of interbedded sands 
and clays). These are invariably capped by Quaternary to Recent sands and minor 
gravels with gypsum & calcrete nodules (hardpan) (typically 5 - 15m thick) to the 
surface. 

Regional Hydrogeology 
Evans et al (2024) identifies the Central Curnamona area as being towards the southern limits of 
the Callabonna Sub-basin within the Kati Thanda – Lake Eyre Basin (Figure 3).  The southern 
margin of the basin is defined by outcropping metasediments and igneous formations of the 
Willyama Supergroup that form the Olary Ranges.  There is a decades long history of mineral 
exploration drilling and mining in the Central Curnamona (Attachment 1).   

Evans et al (2024) describes “the main hydrostratigraphic units of the Callabonna Sub-basin are 
the (Cenozoic) Eyre, Namba, and Willawortina formations, and the undiƯerentiated Pliocene–
Quaternary sediments…[form] a stacked aquifer–aquitard system with the Namba Formation 
acting as the regional aquitard that separates the deeper Eyre Formation aquifer from the near-
surface aquifers of the Willawortina Formation and Pliocene–Quaternary sediments”.  In the 
Central Curnamona  prospect areas the near surface Willawortina Formation and Pliocene 
sediments are not observed, presumably because of the distance from the Flinders Ranges 
source area.  Evans et al (2024) describes the Namba Formation as an aquitard confining 
groundwater in underlying Eyre Formation aquifers. 

In the Central Curnamona region prospect areas Eyre Formation aquifers have not been 
intersected by historic mineral exploration drilling.  Localised intersections of thin and 
discontinuous Eyre Formation clay dominated strata, sometimes occur between Namba 
Formation and basement strata.  Namba Formation strata intersections are typically highly 
fissured and fractured clay with some discontinuous sandy units.   Namba Formation, saprolite, 
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saprock, unweathered basement typically presents as one continuous low permeability 
section. 

Water Technology (2021) describes the potentiometric water levels in wells across the Kalkaroo 
Copper Project area  as reporting to the same regional water table (Figures 4, 5, 6).  This 
includes wells screened in basement strata (unweathered) and saprock and saprolite.  Aqueon 
(2017) similarly presents data for wells constructed at Portia and screened in unweathered 
basement or saprolite/  Eyre Clay / Namba Formation as also reporting to a same regional water 
table.  This correlation is confirmed by hundreds of observations by Havilah geologists logging 
RC drill holes across the Kalkaroo deposit and the broader Central Curnamona region, where 
the change from unsaturated to saturated conditions, i.e. regional water table, is marked by 
readily observable changes in moisture content and plasticity of the clays.     

Havilah interprets the saturated sections of saprolite and Namba Formation clays as 
continuous with underlying water bearing strata, namely the Eyre Formation clay strata (where 
present) the fractured Willyama Supergroup basement rocks).  This is supported by consistent 
groundwater chemistry in basement rocks, and Eyre and Namba Formations in the southern 
Callabonna Sub-basin (Evans et al, 2024) and as consistently observed by Havilah geologists in 
Havilah RC drillholes. 

Evans et al (2024) notes “at Portia gold mine in the Callabonna Sub-basin, the shallowest 
groundwater system occurs in a fractured rock aquifer… This aquifer is naturally confined by the 
overlying Namba Formation aquitard, with the near-surface sediments of the Callabonna Sub-
basin largely unsaturated in this area. When bores near the mine intersect the fractured rock 
aquifer, the water level naturally rises from the initial intersection depth (usually around 90 m 
below surface) to levels about 20–30 m below surface following bore completion. Due to 
missing data, such as depths that groundwater is initially intersected, the degree of 
confinement is diƯicult to determine for some bores”.  This statement is generally correct, but 
Havilah notes from its experience at Portia and elsewhere, the reason first groundwater is often 
not recorded in saprolite, or Namba Formation is because of the low permeability of the clays 
and the slow ingress of water into the borehole. However, as noted above, the regional water 
table and water saturation can be clearly recognised by the change in moisture content and 
plasticity of the Namba Formation clays in drill samples (and in the walls of the Portia gold mine 
open pit). 

Groundwater intersections within unweathered basement strata, as observed during reverse 
circulation (RC) drilling, varies from no water production to, occasionally, sections of 
continuous (while drilling) water production.  This correlates with intersecting strata with: 

 Few and / or closed fractures (producing no water), or 
 Common and open fractures or fault zones (that are water filled).   

Water Technology (2021) characterised the Kalkaroo fault zone (that runs transects the 
Kalkaroo copper-gold orebody) as a strip aquifer within a regional unconfined aquifer 
comprising low permeability saturated basement strata, saprock, saprolite, and Namba 
Formation.  This is based on these strata having vertically and laterally comparable low 
permeability and transmissivity hydraulic properties. 

Groundwater quality is typically saline (range: 9,500 to 25,400 mg/L, average: 13,625 mg/L) with 
a pH range of 6.4 to 7.8 (Water Technology, 2021 and Aqueon, 2017). 
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Hardrock Metal Prospects Hydrogeology 
Basement geology comprises metamorphosed Palaeoproterozoic Willyama Supergroup 
metasediments, Mesoproterozoic Benagerie Volcanics and Ninnerie Suite granitoids of the 
Curnamona Province and some Neoproterozoic metasediments. Cenozoic cover strata 
unconformably overlie basement strata and generally increase in thickness towards the north, 
excepting over basement topographic highs. 

The basement rocks typically have a deeply weathered profile of clay rich saprolite to saprock 
above fresh unweathered and variably fractured rock.  This profile varies locally depending on 
basement topography, the sulphide content of the original basement strata, and the presence of 
structural features such as shear zones that can result in deeper weathering or erosion of the 
profile. 

Cenozoic cover includes Eyre Formation, typically preserved as white to grey soapy clays (Eyre 
Clay) as localised remnants in basement topographic lows. Eyre Formation sands and gravels 
are limited to incised palaeovalleys in the basement such as the Yarramba Palaeochannel that 
is host to the Honeymoon Uranium Mine. Cenozoic Namba Formation clays and lesser sands 
unconformably overlie the Eyre Formation and basement, forming a blanketing cover over much 
of the Central Curnamona region that is typically capped by Quaternary outwash sediments of 
the Frome Plains (including frequent hardpan) that in turn are overlain by Holocene aeolian 
sands with increasing abundance towards the north. 

These cover strata are variably developed from place to place, and their thickness is controlled 
by the Benagerie Ridge basement high and local basement topography. In the south, basement 
rocks outcrop (Olary Ranges) or are very near surface (Johnson Dam) and they can also subcrop 
or have minimal cover many kilometres to the north (Croziers, Birksgate, and Lake Charles). 
More generally, there is significant cover of Namba Formation clays (and more rarely Eyre Clay) 
lying unconformably on the basement over much of the area (e.g. Kalkaroo North Dome and 
Eurinilla). 

Namba Formation consists predominantly of medium to high plasticity, highly fissured and 
fractured smectitic clay with occasional thin lenses of clayey sand and silt, typically toward the 
base of the formation.  Eyre Formation may occur locally beneath the Namba Formation and 
consists of plastic, highly fissured clay and silty clay in this area. 

Surficial Quaternary sediments and underlying Cenozoic Namba Formation (where present) and 
Eyre Formation (where present) strata are clay rich with low permeability.  It is important to note 
that clay rich Cenozoic strata are typically highly fissured with joints and slickensides providing 
secondary permeability.  This was very evident in the walls of the Portia gold mine open pit but is 
not obvious in pulverised RC drill chips. Basement rocks are generally of low permeability with 
joints and fractures providing secondary permeability. 

Ephemeral perched water tables within Quaternary cover sediments have not been 
encountered during mineral exploration drilling or in geotechnical studies (Water Technology, 
2021 and Mining One, 2017)and the Portia Tailings Storage Facility compliance monitoring of 
wells screened in these sediments. At the Portia gold mine open pit, which provided a real life 
case study, no ingress of water was observed from any of the permeable sand layers with the 
Quaternary and upper Namba Formation above the water table. The sands were invariably 
completely dry and powdery. This has been the experience of pastoralists in the area who have 
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drilled numerous water bores into these sands over more than a hundred years, without any 
notable success, causing them to rely solely on surface water catchment in dams. 

Groundwater occurs in a saline low permeability regional unconfined aquifer (water table) with 
a low but consistent hydraulic gradient indicating flow from south (Olary Ranges – recharge 
area) to north (toward Lake Frome).  This water table is in basement rocks to the south and 
variably intersects the basement to Namba Formation strata to the north, depending on local 
relative elevation of the basement - Namba interface.  Saturated formations are transmissive 
and low permeability (Namba Formation, Eyre Clay, and basement – including the highly 
weathered clay dominated saprolite to saprock to unweathered rock).  Groundwater is slow 
moving with generally increasing salinity with distance away from recharge zones (Olary 
Ranges).  Water quality is typically saline (around 13,625 mg/L) with a pH of around 7.8. 

In previous phases of exploration drilling on Havilah’s exploration prospects the intersection of 
regional groundwater has typically been evident as wet or mushy RC (reverse circulation) 
returns and occasional slugs of saline water suggesting intersection with water filled 
sedimentary lenses or (in basement) joints or fractures. Intersection with larger water filled 
structures, such as shear zones or faults, tends to produce initial water discharge that 
decreases over time as drilling progresses beyond the structure. 

Great Artesian Basin aquifers, such as the Cadna-owie Formation, do not occur in the Central 
Curnamona region prospect areas based on past exploration drill hole logging data. 

Far North Prescribed Wells Area (Birksgate Prospect) 
Birksgate and Lake Charles hard rock metal prospects are situated wholly or partly within the 
Far North Prescribed Wells Area, as defined locally by the Dog Fence (Attachment 2). 

Historic exploration drilling in these prospect areas has not intersected Great Artesian Basin 
aquifers of the Cadna-owie Formation (Attachment 2). Normally it is observed that Cenozoic 
sediments directly overlie the basement rocks (or in some cases Neoproterozoic strata). The 
impermeable Cretaceous age Bulldog Shale is locally intersected in some uranium exploration 
drillholes within palaeochannel or blanket sands further north and outside of the northern-most 
Birksgate and Lake Charles hard rock metal prospect areas.  

Mineral Exploration Drillhole Decommissioning Procedure 
Drillholes will be decommissioned to restore, as far as feasible, the controlling geological 
conditions that existed before the hole was drilled.  

Groundwater is expected to occur as a single regional saline low permeability unconfined 
aquifer reporting to a water table that is mostly within basement strata but locally could be in 
the base of Namba Formation strata, depending on local basement profile relative elevation.  
While there is  potential for localised (ephemeral) perched water tables forming on shallow hard 
pan (Recent – Quaternary sediments) or top of Namba Formation sandy strata, such perched 
water tables have never been observed during mineral drilling. 

The above observations provide the basis  for the drillhole decommissioning method and 
assessment of restoration of prevailing geological conditions are presented in Table 2. 
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Table 1 Central Curnamona Hydrogeological Summary 
Johnson Dam 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 
(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments  

largely absent, 
if present, up 
to 2 m 

NA NA NA NA 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Willyama 
Supergroup – 

Palaeoproterozoic 

Surface to 
beyond limit of 
drilling 

Regional low 
permeability 
water bearing 
zone 

From ~45 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8) 

Kalkaroo North Dome and Eurinilla 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 
(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments 

0 - 14 NA NA NA NA 

Namba Formation – 
Early-Mid Miocene  

14 - 56 NA NA N/A  NA 

Regional low 
permeability 
water bearing 
zone 

From ~30 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8). Eyre Formation – 

Eocene  
56 – 66  
(where 
present) 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Willyama 
Supergroup – 

Palaeoproterozoic 

66 – beyond 
limit of drilling 

Croziers, Benagerie, Birksgate and Lake Charles 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 

(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments  

0 - 6 NA NA NA NA 

Namba Formation – 
Early-Mid Miocene 

6 - 16 NA NA N/A  NA 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Adelaidean strata – 
Neoproterozoic 
(where present) 

 
Willyama 

Supergroup – 
Palaeoproterozoic  

16 – beyond 
limit of drilling 

Regional low 
permeability 
water bearing 
zone 

From ~30 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8) 
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Table 2 Drillhole Decommissioning 

Risks Decommissioning Method Geological Condition on 
Completion 

Contamination of 
aquifers through entry 
of pollutants from the 
surface 

Backfilled PVC collar cut below ground 
level, capped, and bury with topsoil and 
restore surface ground conditions 
consistent with surroundings 

Restored – no potential for 
contaminants to enter the 
drillhole from the surface 

Interconnection 
between aquifers 

No artesian or confined aquifers 
 
PVC collar isolates potential ephemeral 
perched water tables from the regional 
basement aquifer 
 
Natural sealing (swelling)* of Namba 
Formation (where present) reactive clay 
strata closes the drillhole 
Note: * refer Havilah (2026) for Namba Formation Self 
Sealing Test Report 
 
Backfill drillhole void with cuttings 

Restored – regional aquifer 
isolated from surface and 
potential shallow ephemeral 
perched water tables 

Flow of pressurised 
water to the surface or 
into dry ‘thief’ zones 

Degradation of natural 
hydrostatic conditions 
(maintain pre-drilling 
pressures) 

Any physical hazard 
resulting from an open 
hole Backfill drillhole void with cuttings 

 
Backfilled PVC collar cut below ground 
level, capped, and bury with topsoil and 
restore surface ground conditions 
consistent with surroundings 

Restored – no drillhole void and 
no potential for access to 
drillhole from surface 

Any environmental 
hazard resulting from 
an open hole which 
could become a trap 
for small animals or be 
hazardous to stock 
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Figures 
Figure 1. Priority Havilah Central Curnamona hard rock metal prospects 
relative to inferred Tertiary palaeovalleys transecting the region 

Figure 2. Generalised stratigraphic profile and target mineralisation in the 
Central Curnamona region 

Figure 3. Location of nearby mines Portia, Kalkaroo, and Honeymoon in the 
Kati Thanda – Lake Eyre Basin (modified from Evans et al (2024) 

Figure 4. Conceptual hydrogeological model for the Kalkaroo area 

Figure 5. Regional Cross section supporting the conceptual 
hydrogeological model 

Figure 6. Cross section through Kalkaroo orebody and conceptual open pit 
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Figure 1 Priority Havilah Central Curnamona hard rock metal prospects relative to inferred Tertiary palaeovalleys 
transecting the region.  (Notes: The full extent of the Havilah exploration licences are not depicted. Kalkaroo Copper 
MLs and MPLs shown for reference. Base map and image production source: Google Earth) 

 

 

 
 
 

  

Legend 

Extent of Palaeogene sediments (source: SARIG) 

Extent of palaeovalleys using historic regional exploration drilling data 
(source: Havilah using Maptek Vulcan) 
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Figure 2 Generalised stratigraphic profile and target mineralisation in the Central Curnamona region. 
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Figure 3 Location of nearby mines Portia, Kalkaroo, and Honeymoon in the Kati Thanda – Lake Eyre Basin (modified 
from Evans et al (2024). 
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Figure 4 Conceptual hydrogeological model for the Kalkaroo area and applicable throughout most of the region 
outside of the Tertiary palaeochannels, such as the Yarramba Palaeochannel at the Honeymoon Mine, showing a 
single regional unconfined aquifer. 
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Figure 5 Regional cross section supporting the conceptual hydrogeological model in Figure 4, based on borehole 
data. It shows a single connected water zone extending through all formations below the water table. While the 
permeability of the various formations is variable from highly permeable in the Eyre Formation basal sands and 
gravels to almost impermeable, all formations below the water table are saturated and there is no confined aquifer as 
such (source: Draft Groundwater Impact Assessment Kalkaroo Copper-Gold Mine, report prepared for Havilah 
Resources by Water Technology 1 December 2021). 
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Figure 6 Cross section through the Kalkaroo orebody and conceptual open pit showing how the water table (SWL – 
blue dashed line) extends from the saprolite basement rocks into the Namba Formation, based on detailed 
hydrological studies. Both formations are of low permeability and are water saturated. The Eyre Formation is absent in 
this case (source: Draft Groundwater Impact Assessment Kalkaroo Copper-Gold Mine, report prepared for Havilah 
Resources by Water Technology 1 December 2021). 
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Attachment 1: SARIG print of historic drill holes and mining leases in the 
Central Curnamona area. 

 

 

  

Lake 
Charles 

Kalkaroo 
North 
Dome 

Birksgate 

Eurinilla 

Croziers 

Johnson 
Dam 

Benagerie 



 

Page 18 of 24 
 

Attachment 2: Selected geological logs for historic mineral exploration drill 
holes in the Birksgate and Lake Charles areas. 

 

Location of proposed Birksgate exploration drillholes relative to the Far North Prescribed Wells 
Area (and Dog Fence) boundary and historic selected exploration drill hole geological logs (see 
below). 
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Map 11:  EL5873, EL6415, EL6659, and EL6660 Aquatic GDE location and rating. 
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Map 12:  EL5873, EL6415, and EL6660 Aquatic GDE location and rating. 
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Date: 12 March 2026 

From: GeoƯ Borg  
MSc in Hydrogeology and Groundwater Management 
Principal Environmental Advisor 

To: Chris Giles 
Technical Director 

Amy Jacka 
Tenement Manager 

Traviss Just 
Senior Geologist 

Subject: Central Curnamona Hardrock Metal Prospects 
Hydrogeology 

 

This memorandum is a review of the hydrogeology of mineral exploration hard rock metal 
prospects of the Central Curnamona region (Figure 1) to inform drillhole decommissioning in 
accordance with M21 for EPEPR submissions.  Published reports, SA Water Connect 
Groundwater Data, historic exploration drilling data and observations by Havilah and others, 
and technical groundwater and geotechnical studies for Portia and Kalkaroo mining leases 
inform this review. 

The Central Curnamona region as defined by the Exploration Licences (ELs) depicted in 
Figure 1.  The priority (for future drilling) prospects identified are representative of the region for 
the purpose this review.  South to north, these prospects are: 

 Johnson Dam 
 Kalkaroo North Dome (continuation of Kalkaroo Copper Project) 
 Croziers 
 Benagerie 
 Eurinilla 
 Birksgate (Prescribed Wells area, not intersecting Great Artesian Basin aquifers)  
 Lake Charles (Prescribed Wells area, not intersecting Great Artesian Basin aquifers) 

Future drilling on other prospects in this region will encounter groundwater conditions 
comparable to those discussed in this review. 

The region is on the southern margin of the Lake Eyre Basin and extends, south to north, from 
outcropping to sub-cropping basement strata with onlapping  Tertiary strata (Figure 2).  Surface 
water and regional groundwater movement through the region is generally from south, Olary 
Ranges, to north – north west toward Lake Frome. 

The northern extent is within the administrative boundary of the Northern Prescribed Wells Area 
and on the margins of the Great Artesian Basin (GAB) (Figure 3) but does not intersect basin 
aquifers. 
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The region is transected by Tertiary palaeovalleys eroded into basement strata (Figure 1).  
Palaeovalleys typically contain groundwater bearing sandy and gravelly strata hosting 
secondary uranium mineralisation, e.g.  Honeymoon Uranium Mine.  Consideration of such 
mineralisation is outside the scope of this review. 

Geology of Target Metal Mineralisation 
Target metal mineralisation occurs in fractured basement rock and overlying weathering profile 
(saprolite and saprock) of  the Willyama Supergroup  (Figure 2).  Figure 2 provides a schematic 
illustration of the typical stratigraphy.  In summary: 

 Basement strata typically consist of folded Palaeoproterozoic Willyama Supergroup 
metasediments with a highly variable weathering profile consisting of saprolite over 
saprock.  They are intruded by the Mesoproterozoic Ninnere Supersuite granites and 
unconformably overlain by the comagmatic Benagerie Volcanics in the north. In a few 
areas to the north, west and east metasediments are also directly overlain by 
Neoproterozoic (Adelaidean) and Cambrian strata (siltstone, shale, and conglomerate) 
strata, also with a variable, but generally much thinner weathering profile of saprolite 
and saprock. 

 The top of the saprolite is  unconformably overlain by two Cenozoic sequences, namely 
the Eyre Formation that is usually only preserved as erosional remnants in hollows and 
palaeochannels and the Namba Formation (up to 60 m thickness of interbedded sands 
and clays). These are invariably capped by Quaternary to Recent sands and minor 
gravels with gypsum & calcrete nodules (hardpan) (typically 5 - 15m thick) to the 
surface. 

Regional Hydrogeology 
Evans et al (2024) identifies the Central Curnamona area as being towards the southern limits of 
the Callabonna Sub-basin within the Kati Thanda – Lake Eyre Basin (Figure 3).  The southern 
margin of the basin is defined by outcropping metasediments and igneous formations of the 
Willyama Supergroup that form the Olary Ranges.  There is a decades long history of mineral 
exploration drilling and mining in the Central Curnamona (Attachment 1).   

Evans et al (2024) describes “the main hydrostratigraphic units of the Callabonna Sub-basin are 
the (Cenozoic) Eyre, Namba, and Willawortina formations, and the undiƯerentiated Pliocene–
Quaternary sediments…[form] a stacked aquifer–aquitard system with the Namba Formation 
acting as the regional aquitard that separates the deeper Eyre Formation aquifer from the near-
surface aquifers of the Willawortina Formation and Pliocene–Quaternary sediments”.  In the 
Central Curnamona  prospect areas the near surface Willawortina Formation and Pliocene 
sediments are not observed, presumably because of the distance from the Flinders Ranges 
source area.  Evans et al (2024) describes the Namba Formation as an aquitard confining 
groundwater in underlying Eyre Formation aquifers. 

In the Central Curnamona region prospect areas Eyre Formation aquifers have not been 
intersected by historic mineral exploration drilling.  Localised intersections of thin and 
discontinuous Eyre Formation clay dominated strata, sometimes occur between Namba 
Formation and basement strata.  Namba Formation strata intersections are typically highly 
fissured and fractured clay with some discontinuous sandy units.   Namba Formation, saprolite, 
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saprock, unweathered basement typically presents as one continuous low permeability 
section. 

Water Technology (2021) describes the potentiometric water levels in wells across the Kalkaroo 
Copper Project area  as reporting to the same regional water table (Figures 4, 5, 6).  This 
includes wells screened in basement strata (unweathered) and saprock and saprolite.  Aqueon 
(2017) similarly presents data for wells constructed at Portia and screened in unweathered 
basement or saprolite/  Eyre Clay / Namba Formation as also reporting to a same regional water 
table.  This correlation is confirmed by hundreds of observations by Havilah geologists logging 
RC drill holes across the Kalkaroo deposit and the broader Central Curnamona region, where 
the change from unsaturated to saturated conditions, i.e. regional water table, is marked by 
readily observable changes in moisture content and plasticity of the clays.     

Havilah interprets the saturated sections of saprolite and Namba Formation clays as 
continuous with underlying water bearing strata, namely the Eyre Formation clay strata (where 
present) the fractured Willyama Supergroup basement rocks).  This is supported by consistent 
groundwater chemistry in basement rocks, and Eyre and Namba Formations in the southern 
Callabonna Sub-basin (Evans et al, 2024) and as consistently observed by Havilah geologists in 
Havilah RC drillholes. 

Evans et al (2024) notes “at Portia gold mine in the Callabonna Sub-basin, the shallowest 
groundwater system occurs in a fractured rock aquifer… This aquifer is naturally confined by the 
overlying Namba Formation aquitard, with the near-surface sediments of the Callabonna Sub-
basin largely unsaturated in this area. When bores near the mine intersect the fractured rock 
aquifer, the water level naturally rises from the initial intersection depth (usually around 90 m 
below surface) to levels about 20–30 m below surface following bore completion. Due to 
missing data, such as depths that groundwater is initially intersected, the degree of 
confinement is diƯicult to determine for some bores”.  This statement is generally correct, but 
Havilah notes from its experience at Portia and elsewhere, the reason first groundwater is often 
not recorded in saprolite, or Namba Formation is because of the low permeability of the clays 
and the slow ingress of water into the borehole. However, as noted above, the regional water 
table and water saturation can be clearly recognised by the change in moisture content and 
plasticity of the Namba Formation clays in drill samples (and in the walls of the Portia gold mine 
open pit). 

Groundwater intersections within unweathered basement strata, as observed during reverse 
circulation (RC) drilling, varies from no water production to, occasionally, sections of 
continuous (while drilling) water production.  This correlates with intersecting strata with: 

 Few and / or closed fractures (producing no water), or 
 Common and open fractures or fault zones (that are water filled).   

Water Technology (2021) characterised the Kalkaroo fault zone (that runs transects the 
Kalkaroo copper-gold orebody) as a strip aquifer within a regional unconfined aquifer 
comprising low permeability saturated basement strata, saprock, saprolite, and Namba 
Formation.  This is based on these strata having vertically and laterally comparable low 
permeability and transmissivity hydraulic properties. 

Groundwater quality is typically saline (range: 9,500 to 25,400 mg/L, average: 13,625 mg/L) with 
a pH range of 6.4 to 7.8 (Water Technology, 2021 and Aqueon, 2017). 



 

Page 4 of 24 
 

Hardrock Metal Prospects Hydrogeology 
Basement geology comprises metamorphosed Palaeoproterozoic Willyama Supergroup 
metasediments, Mesoproterozoic Benagerie Volcanics and Ninnerie Suite granitoids of the 
Curnamona Province and some Neoproterozoic metasediments. Cenozoic cover strata 
unconformably overlie basement strata and generally increase in thickness towards the north, 
excepting over basement topographic highs. 

The basement rocks typically have a deeply weathered profile of clay rich saprolite to saprock 
above fresh unweathered and variably fractured rock.  This profile varies locally depending on 
basement topography, the sulphide content of the original basement strata, and the presence of 
structural features such as shear zones that can result in deeper weathering or erosion of the 
profile. 

Cenozoic cover includes Eyre Formation, typically preserved as white to grey soapy clays (Eyre 
Clay) as localised remnants in basement topographic lows. Eyre Formation sands and gravels 
are limited to incised palaeovalleys in the basement such as the Yarramba Palaeochannel that 
is host to the Honeymoon Uranium Mine. Cenozoic Namba Formation clays and lesser sands 
unconformably overlie the Eyre Formation and basement, forming a blanketing cover over much 
of the Central Curnamona region that is typically capped by Quaternary outwash sediments of 
the Frome Plains (including frequent hardpan) that in turn are overlain by Holocene aeolian 
sands with increasing abundance towards the north. 

These cover strata are variably developed from place to place, and their thickness is controlled 
by the Benagerie Ridge basement high and local basement topography. In the south, basement 
rocks outcrop (Olary Ranges) or are very near surface (Johnson Dam) and they can also subcrop 
or have minimal cover many kilometres to the north (Croziers, Birksgate, and Lake Charles). 
More generally, there is significant cover of Namba Formation clays (and more rarely Eyre Clay) 
lying unconformably on the basement over much of the area (e.g. Kalkaroo North Dome and 
Eurinilla). 

Namba Formation consists predominantly of medium to high plasticity, highly fissured and 
fractured smectitic clay with occasional thin lenses of clayey sand and silt, typically toward the 
base of the formation.  Eyre Formation may occur locally beneath the Namba Formation and 
consists of plastic, highly fissured clay and silty clay in this area. 

Surficial Quaternary sediments and underlying Cenozoic Namba Formation (where present) and 
Eyre Formation (where present) strata are clay rich with low permeability.  It is important to note 
that clay rich Cenozoic strata are typically highly fissured with joints and slickensides providing 
secondary permeability.  This was very evident in the walls of the Portia gold mine open pit but is 
not obvious in pulverised RC drill chips. Basement rocks are generally of low permeability with 
joints and fractures providing secondary permeability. 

Ephemeral perched water tables within Quaternary cover sediments have not been 
encountered during mineral exploration drilling or in geotechnical studies (Water Technology, 
2021 and Mining One, 2017)and the Portia Tailings Storage Facility compliance monitoring of 
wells screened in these sediments. At the Portia gold mine open pit, which provided a real life 
case study, no ingress of water was observed from any of the permeable sand layers with the 
Quaternary and upper Namba Formation above the water table. The sands were invariably 
completely dry and powdery. This has been the experience of pastoralists in the area who have 
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drilled numerous water bores into these sands over more than a hundred years, without any 
notable success, causing them to rely solely on surface water catchment in dams. 

Groundwater occurs in a saline low permeability regional unconfined aquifer (water table) with 
a low but consistent hydraulic gradient indicating flow from south (Olary Ranges – recharge 
area) to north (toward Lake Frome).  This water table is in basement rocks to the south and 
variably intersects the basement to Namba Formation strata to the north, depending on local 
relative elevation of the basement - Namba interface.  Saturated formations are transmissive 
and low permeability (Namba Formation, Eyre Clay, and basement – including the highly 
weathered clay dominated saprolite to saprock to unweathered rock).  Groundwater is slow 
moving with generally increasing salinity with distance away from recharge zones (Olary 
Ranges).  Water quality is typically saline (around 13,625 mg/L) with a pH of around 7.8. 

In previous phases of exploration drilling on Havilah’s exploration prospects the intersection of 
regional groundwater has typically been evident as wet or mushy RC (reverse circulation) 
returns and occasional slugs of saline water suggesting intersection with water filled 
sedimentary lenses or (in basement) joints or fractures. Intersection with larger water filled 
structures, such as shear zones or faults, tends to produce initial water discharge that 
decreases over time as drilling progresses beyond the structure. 

Great Artesian Basin aquifers, such as the Cadna-owie Formation, do not occur in the Central 
Curnamona region prospect areas based on past exploration drill hole logging data. 

Far North Prescribed Wells Area (Birksgate Prospect) 
Birksgate and Lake Charles hard rock metal prospects are situated wholly or partly within the 
Far North Prescribed Wells Area, as defined locally by the Dog Fence (Attachment 2). 

Historic exploration drilling in these prospect areas has not intersected Great Artesian Basin 
aquifers of the Cadna-owie Formation (Attachment 2). Normally it is observed that Cenozoic 
sediments directly overlie the basement rocks (or in some cases Neoproterozoic strata). The 
impermeable Cretaceous age Bulldog Shale is locally intersected in some uranium exploration 
drillholes within palaeochannel or blanket sands further north and outside of the northern-most 
Birksgate and Lake Charles hard rock metal prospect areas.  

Mineral Exploration Drillhole Decommissioning Procedure 
Drillholes will be decommissioned to restore, as far as feasible, the controlling geological 
conditions that existed before the hole was drilled.  

Groundwater is expected to occur as a single regional saline low permeability unconfined 
aquifer reporting to a water table that is mostly within basement strata but locally could be in 
the base of Namba Formation strata, depending on local basement profile relative elevation.  
While there is  potential for localised (ephemeral) perched water tables forming on shallow hard 
pan (Recent – Quaternary sediments) or top of Namba Formation sandy strata, such perched 
water tables have never been observed during mineral drilling. 

The above observations provide the basis  for the drillhole decommissioning method and 
assessment of restoration of prevailing geological conditions are presented in Table 2. 
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Table 1. Central Curnamona Hydrogeological Summary 

Table 2. Drillhole Decommissioning 
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Table 1 Central Curnamona Hydrogeological Summary 
Johnson Dam 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 
(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments  

largely absent, 
if present, up 
to 2 m 

NA NA NA NA 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Willyama 
Supergroup – 

Palaeoproterozoic 

Surface to 
beyond limit of 
drilling 

Regional low 
permeability 
water bearing 
zone 

From ~45 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8) 

Kalkaroo North Dome and Eurinilla 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 
(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments 

0 - 14 NA NA NA NA 

Namba Formation – 
Early-Mid Miocene  

14 - 56 NA NA N/A  NA 

Regional low 
permeability 
water bearing 
zone 

From ~30 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8). Eyre Formation – 

Eocene  
56 – 66  
(where 
present) 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Willyama 
Supergroup – 

Palaeoproterozoic 

66 – beyond 
limit of drilling 

Croziers, Benagerie, Birksgate and Lake Charles 

Formation age 
and/or 
stratigraphic unit 

Stratigraphic 
intervals 
(depth range) 
(m) 

Aquifer 
formation 
name 

Aquifer 
interval/thickness 

(from–to) (m) 

Type of aquifer(s) 
intersected  

Provide aquifer 
salinity, depth to 
water level and any 
other relevant 
comments 

Quaternary 
sediments  

0 - 6 NA NA NA NA 

Namba Formation – 
Early-Mid Miocene 

6 - 16 NA NA N/A  NA 

Basement: 
 

Weathered profile 
(saprolite and 

saprock) 
 

Adelaidean strata – 
Neoproterozoic 
(where present) 

 
Willyama 

Supergroup – 
Palaeoproterozoic  

16 – beyond 
limit of drilling 

Regional low 
permeability 
water bearing 
zone 

From ~30 m to 
beyond limit of 
drilling 

Unconfined  Saline groundwater 
(TDS ~13,625 mg/L, 
pH ~ 7.8) 
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Table 2 Drillhole Decommissioning 

Risks Decommissioning Method Geological Condition on 
Completion 

Contamination of 
aquifers through entry 
of pollutants from the 
surface 

Backfilled PVC collar cut below ground 
level, capped, and bury with topsoil and 
restore surface ground conditions 
consistent with surroundings 

Restored – no potential for 
contaminants to enter the 
drillhole from the surface 

Interconnection 
between aquifers 

No artesian or confined aquifers 
 
PVC collar isolates potential ephemeral 
perched water tables from the regional 
basement aquifer 
 
Natural sealing (swelling)* of Namba 
Formation (where present) reactive clay 
strata closes the drillhole 
Note: * refer Havilah (2026) for Namba Formation Self 
Sealing Test Report 
 
Backfill drillhole void with cuttings 

Restored – regional aquifer 
isolated from surface and 
potential shallow ephemeral 
perched water tables 

Flow of pressurised 
water to the surface or 
into dry ‘thief’ zones 

Degradation of natural 
hydrostatic conditions 
(maintain pre-drilling 
pressures) 

Any physical hazard 
resulting from an open 
hole Backfill drillhole void with cuttings 

 
Backfilled PVC collar cut below ground 
level, capped, and bury with topsoil and 
restore surface ground conditions 
consistent with surroundings 

Restored – no drillhole void and 
no potential for access to 
drillhole from surface 

Any environmental 
hazard resulting from 
an open hole which 
could become a trap 
for small animals or be 
hazardous to stock 
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Figures 
Figure 1. Priority Havilah Central Curnamona hard rock metal prospects 
relative to inferred Tertiary palaeovalleys transecting the region 

Figure 2. Generalised stratigraphic profile and target mineralisation in the 
Central Curnamona region 

Figure 3. Location of nearby mines Portia, Kalkaroo, and Honeymoon in the 
Kati Thanda – Lake Eyre Basin (modified from Evans et al (2024) 

Figure 4. Conceptual hydrogeological model for the Kalkaroo area 

Figure 5. Regional Cross section supporting the conceptual 
hydrogeological model 

Figure 6. Cross section through Kalkaroo orebody and conceptual open pit 
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Figure 1 Priority Havilah Central Curnamona hard rock metal prospects relative to inferred Tertiary palaeovalleys 
transecting the region.  (Notes: The full extent of the Havilah exploration licences are not depicted. Kalkaroo Copper 
MLs and MPLs shown for reference. Base map and image production source: Google Earth) 

 

 

 
 
 

  

Legend 

Extent of Palaeogene sediments (source: SARIG) 

Extent of palaeovalleys using historic regional exploration drilling data 
(source: Havilah using Maptek Vulcan) 
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Figure 2 Generalised stratigraphic profile and target mineralisation in the Central Curnamona region. 
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Figure 3 Location of nearby mines Portia, Kalkaroo, and Honeymoon in the Kati Thanda – Lake Eyre Basin (modified 
from Evans et al (2024). 
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Figure 4 Conceptual hydrogeological model for the Kalkaroo area and applicable throughout most of the region 
outside of the Tertiary palaeochannels, such as the Yarramba Palaeochannel at the Honeymoon Mine, showing a 
single regional unconfined aquifer. 
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Figure 5 Regional cross section supporting the conceptual hydrogeological model in Figure 4, based on borehole 
data. It shows a single connected water zone extending through all formations below the water table. While the 
permeability of the various formations is variable from highly permeable in the Eyre Formation basal sands and 
gravels to almost impermeable, all formations below the water table are saturated and there is no confined aquifer as 
such (source: Draft Groundwater Impact Assessment Kalkaroo Copper-Gold Mine, report prepared for Havilah 
Resources by Water Technology 1 December 2021). 
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Figure 6 Cross section through the Kalkaroo orebody and conceptual open pit showing how the water table (SWL – 
blue dashed line) extends from the saprolite basement rocks into the Namba Formation, based on detailed 
hydrological studies. Both formations are of low permeability and are water saturated. The Eyre Formation is absent in 
this case (source: Draft Groundwater Impact Assessment Kalkaroo Copper-Gold Mine, report prepared for Havilah 
Resources by Water Technology 1 December 2021). 
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Attachment 1: SARIG print of historic drill holes and mining leases in the 
Central Curnamona area. 
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Attachment 2: Selected geological logs for historic mineral exploration drill 
holes in the Birksgate and Lake Charles areas. 

 

Location of proposed Birksgate exploration drillholes relative to the Far North Prescribed Wells 
Area (and Dog Fence) boundary and historic selected exploration drill hole geological logs (see 
below). 
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   Technical Memorandum 
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Date: 26 February 2026 

From: GeoƯ Borg  
MSc in Hydrogeology and Groundwater Management 
Principal Environmental Advisor 

To: Department for Energy and Mines 
EPEPR 2024/015 

Chris Giles 
Technical Director 

Amy Jacka 
Tenement Manager 

Traviss Just 
Senior Geologist 

Subject: Namba Formation Strata Self-Sealing Test Report - Update 
 

This report documents the results of Namba Formation strata self-sealing testing conducted on 
EL 6659, proximal to Kalkaroo Copper’s mining and multipurpose leases (ML and MPL) on 
Kalkaroo Pastoral Station (Figure 1). 

The test procedure (Attachment A) was included in the approved Exploration Program for 
Environment Protection and Rehabilitation (EPEPR2024-015) EL 5873, EL 6415, EL 6659, 
EL 6660 (EPEPR). 

Purpose 
The purpose of the test is to demonstrate that open, unsupported, drillholes in Namba 
Formation will naturally close (seal) due to the reactive (swelling) nature of the smectite clay 
rich strata.  Such natural sealing of open exploration drillholes eƯectively reinstates the natural 
hydraulic conditions between underlying groundwater bearing strata and overlying Quaternary 
strata, where there may be potential for localised ephemeral perched water tables to develop.   
(Note: Havilah has not encountered such perched groundwater in three decades of drilling in 
the area). 

Method 
As per the test method, time series data was collected from open exploration drill holes 
completed into Namba Formation strata to enable semi-quantitative assessment of the self-
sealing (swelling) properties of exposed sediments.  Data collected included drillhole Total 
Depth (TD) and Standing Water Level (SWL), after a known quantity of water was introduced into 
a drillhole.   

It was decided to vary the test method by completing two identical drillholes on the same drill 
pad with one hole being left dry and the other having the quantity of water introduced.  This 
enabled measurement and comparison of open holes in Namba Formation with and without 
exposure to groundwater.   
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Typical exploration drillholes that penetrate Namba Formation strata also intersect the regional 
water table resulting in groundwater within the open hole at the end of drilling.  Observations 
from past drilling programs indicate Namba Formation strata in the walls of the drillhole will, 
depending on the relative depth of the regional water table, either produce groundwater or 
become saturated by groundwater pushed up the hole during drilling.  If left open and 
unsupported in the presence of groundwater the drillholes naturally seal due to clay rich Namba 
Formation strata swelling. 

Drilling 
The drilling method used was to replicate typical exploration drillholes, except for the holes 
being vertical rather that angled, to enable collection of downhole data using probes on hand 
operated reels of measuring tape. 

Drilling parameters were determined after review of the geological cross section produced from 
previous exploration drilling data along the same drill line (Figure 2) and the drilling logs as the 
holes advanced (Figure 3). 

The inferred depth to the regional water table was obtained by measuring the SWL of WB-4, an 
existing groundwater monitoring bore on ML6498, located approximately 1.3 km to the north-
northwest of the test holes (Figure 1). 

The target total depth (41 m) was determined to achieve the objectives of the test method by 
terminating the holes above the regional water table and within the target strata. 

Two Namba Test Holes KKNTH01 and KKNTH02 were completed on a previously rehabilitated 
exploration drill pad on EL 6659 (Figure 1).  These drillholes will be rehabilitated on completion 
of data collection as per the conditions of the EPEPR 2024-015.  

Drillholes were advanced through the upper Quaternary strata from surface to a depth of 
17mBGS using a “V” bit.  Casing consisting of 150 mm diameter PVC was installed to 17 mBGS, 
isolating surficial and Quaternary strata and the top 3 to 7 m of Namba Formation strata from 
the drillhole. 

Air core drilling was then used to advance the drillholes to the target TD of 41 mBGS. 

KKNTH01 was left open and TD gauged over time to identify potential groundwater 
accumulation (none expected) and potential changes (closing) of the drillhole (Table 1). 

KKNTH02 had approximately 200 L of groundwater introduced to the drillhole resulting in an 
initial SWL of 17.5 mbTOC.  SWL and TD gauging data are provided in Table 2. 

Groundwater was sourced from a historic exploration hole on ML6498 maintained for supply of 
drilling water.  This water was from the same water-bearing zone that would be encountered had 
the test holes intersected the regional water table. 

Both holes were left capped after the final gauging event on 30 October 2025.  Further gauging 
events are planned during the next stint for Kalkaroo personnel starting 11 November 2025.  
Decommissioning and rehabilitation of these holes will be completed as per the conditions of 
approved EPEPR 2024/015.  
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Results 
Data is summarised in Tables 1 and 2 and illustrated in Figure 4. 

KKNTH01 results were within expected ranges for an open drillhole completed above the 
regional water table in Namba Formation.  After 20 hours of the drillhole remaining open and 
unsupported: 

 No appreciable change in TD. 
 No accumulation of groundwater.   

KKNTH02 results were consistent with past observations of exploration drillholes through the 
Namba Formation and intersecting the regional water table.   

At T = 16:30 hours after the end of drilling and the introduction of approximately 200 L of 
groundwater into the unsupported hole: 

 TD reduced from 41.48 mbTOC to 29 mbTOC indicating the bottom 12 m of the drillhole 
closed (self-sealed due to swelling clay) due to contact with groundwater. 

 SWL remained stable around 17.6 mbTOC after introduction of groundwater indicating 
introduced water absorbed into swelling clay. 

Measurements made from T = 14:17:10 days  to 37:07:10 days: 

 TD = 28.8 to 28.65 mbTOC 
 SWL measurements indicated residual water at TD (i.e. probe indicated the presence of 

water at total depth) and, on the last measurement, no water presence was indicated. 

Data indicates the section of the drillhole KKNTH02 that sealed (closed in) due to the presence 
of water correlates with carbonaceous strata (Figure 3) within the Namba Formation.  The initial 
water column remaining above the closed in carbonaceous strata (measured at T = 16:30 hours) 
is anticipated to have absorbed into exposed overlying Namba strata (i.e. drillhole walls) and / or 
continued to infiltrate down the drillhole and be absorbed into the carbonaceous strata 
expanding into the drillhole.  Based on geotechnical investigations, loss of water into the 
smectite clay rich  Namba strata is expected.   Results from this test suggest resulting changes 
in soil volume can vary as evidenced by that observed in the carbonaceous strata in KKNTH02. 

Conclusions 
This test has confirmed that open, unsupported, drillholes in Namba Formation naturally close 
(seal) due to the reactive (swelling) nature of the smectite clay rich strata when exposed to 
groundwater, e.g. groundwater rising in the drillhole during drilling.   

This natural sealing combined with backfilling drillholes eƯectively reinstates natural geological 
conditions with respect to isolating groundwater bearing strata below the regional water table 
from potential (but to date unobserved) ephemeral perched groundwater in Quaternary strata 
above the Namba Formation. 
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Tables 
Table 1 KKNTH01 Gauging Data 
 

Date Time Elapsed 
(hr / days) 

Total Depth 
(mbTOC*) 

29/10/2025 10:40 0 41 
11:25 45 41 

14:25 03:45 40.35 
19:45 09:15 40.35 

30/10/2025 20:50 40.35 
13/11/2025 14:22:10 40.32 
18/11/2025 19:22:10 40.26 
23/11/2025 25:09:10 40.31 
5/12/2025 37:09:10 40.5 

 

Table 2 KKNTH02 Gauging Data 
 

Date Time 
(24hr) 

Time Elapsed (T) ** 
(dd:hh:mm) 

Standing Water Level 
(mbTOC)* 

Total Depth 
(mbTOC)* 

29/10/2025 14:30   41.48 
14:50 0   
15:05 0:15 17.5  
15:20 0:30 18 41.4 
15:50 1:00 17.6***  
17:40 2:50 17.6  
19:30 4:40 17.6*** 29 

30/10/2025 07:20 16:30 17.6 29 
13/11/2025 09:00 14:17:10 28.89 28.89 
18/11/2025 09:00 19:17:10 28.84 28.84 

23/11/25 20:00 25:07:10 28.65 28.65 
5/12/2025 09:00 37:07:10  28.8 

 

Notes:  

* “mbTOC” refers to metres below tope of casing. 

**  Approximately 200 L of groundwater introduced to hole.  Groundwater was sourced from an existing exploration 
drillhole on the Kalkaroo Copper ML.  This was selected as a source of water with comparable water chemistry to that 
which Namba Formation strata naturally contains where it intersects the regional water table or would be brought up 
though it via penetrating exploration drillholes encountering groundwater in underlying basement strata. 

*** Measurement confirmed with second probe provided by DEW. 
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Figures 
1. Location of Namba Test Holes 

2. Geological Cross Section from 2022 exploration drilling data 

3. Geological Logs for Namba Test Holes 

4. Illustration of Namba Formation Self Sealing Test Results 
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Figure 1 Location of Namba Test Holes on EL6659 relative to Kalkaroo Pastoral Station Homestead / Workers Camp, 
Kalkaroo Copper Mining Leases (ML6499, ML6498, ML6500, MPL158), and monitoring bore WB-4. 

 

 

  



 

Page 7 of 11 
 

Figure 2 Geological Cross Section from 2022 exploration drilling data showing relative location of Namba Test Holes. 
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Figure 3 Geological Logs for Namba Test Holes 

     

Depth Formation Longhand Description

3

Quaternary
Red-brown fine grained ferruginous sand and clay, minor 
ferruginous pebbles.

6

Quaternary
Red-brown-pink fine grained ferruginous sand and clay. 
Common gypsum +- calcrete and ferruginous and quartz 
pebbles. 

10

Quaternary

Red-brown-pink-pink-brown fine grained ferruginous clay and 
sand with common pale khaki-grey sandy soapy clay (ex 
Namba Formation?). Minor gypsum +- calcrete and 
ferruginous and  quartz pebbles from above. 

14

Quaternary / 
Namba 

Formation

Pale khaki-grey quite sandy soapy clay with predominantly 
tan goethite mottling. 

18

Namba 
Formation

Pale grey weakly silty-sandy soapy clay with predominantly 
pink ferruginous mottling. 

20

Namba 
Formation

Pale grey-grey soapy clay, with moderately pink ferruginous 
mottling. 

25

Namba 
Formation

Grey soapy clay, with weak pink ferruginous mottling. 

27

Namba 
Formation

Grey-dark grey soapy-plastic weakly carbonaceous? clay with 
weak red ferruginous mottling.

28
Namba 

Formation
Dark grey soapy-plastic carbonaceous clay with strong red 
ferruginous mottling.

33

Namba 
Formation

Dark grey soapy-plastic weakly carbonaceous clay with weak 
red ferruginous mottling.

38

Namba 
Formation

Grey-pale grey weakly silty-sandy soapy clay.

41

Namba 
Formation

Dark grey soapy-plastic weakly carbonaceous clay with weak 
red ferruginous mottling.

Geological Log: KKNTH01
GDA94:       455326.99 mE     6487776.56 mN  
Elevation:   120.65 mAHD

Depth Formation Description

3

Quaternary
Red-brown fine grained ferruginous sand and clay, minor 
ferruginous pebbles.

5

Quaternary
Red-brown fine grained ferruginous sand and clay, minor fine 
to medium grained ferruginous pebbles. Common cream 
gypsum. 

10

Quaternary

Red-brown fine grained ferruginous sand and clay, common 
moist pale khaki-grey soapy clay with angular sand grains, 
coated in red-brown sand and clay. Poss ex Namba 
Formation?

14

Namba 
Formation

Pale khaki-grey weakly goethite mottled soapy clay.

25

Namba 
Formation

Pale grey weakly goethite mottled soapy clay, with pale pink 
mottling. Cased 150mm diameter PVC to 17m.

29

Namba 
Formation

Dark grey weakly carbonaceous soapy-plastic clay with weak 
red ferruginous mottling. Moist balling.

34

Namba 
Formation

Grey-dark grey very weakly carbonaceous soapy-plastic clay 
with very weak red ferruginous mottling. Moist powdering.

37

Namba 
Formation

Pale pink-grey to grey soapy clay. Powdering.

39

Namba 
Formation

Grey soapy-plastic clay with very weak red ferruginous 
mottling. Powdering.

41

Namba 
Formation

Dark grey weakly carbonaceous soapy-plastic clay. Moist 
powdering.

Geological Log: KKNTH02
GDA94:       455322.19 mE     6487776.51 mN  
Elevation:   120.63 mAHD
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Figure 4 Illustration of Namba Formation Self Sealing Test Results 
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Attachment 1 
Namba Formation Strata Self Sealing Test Method 

Purpose 
Test to collect time series data to provide a semi-quantitative assessment of Namba Formation 
strata self-sealing (or swelling) properties in unsupported drillholes.  Data collected will include 
drillhole Total Depth (TD) and Standing Water Level (SWL) of a known quantity of water placed 
into a Reverse Circulation (RC) drillhole completed into Namba Formation strata and 
terminated above the regional water table. 

Method 
 Complete one vertical drillhole penetrating at least 20 m into the top of the Namba 

sediments with PVC collar to seal oƯ surficial Quaternary soil and sediments (Figure 1).   
 Measure drillhole TD from top of casing to confirm the stability of unsupported strata. 
 If TD remains stabilise after completion of drilling, place a known quantity of water into 

the drillhole.  (Note: water to be sourced from local station dams with permission of the 
landholder.) 

 Periodically measure SWL and TD from top of casing. 

 

Figure 1 Drillhole details 
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Data Interpretation 
The primary data for indicating strata is self-sealing is change in TD over time.  If unsaturated 
strata are not self-sealing, this test tests the potential for self-sealing when saturated, i.e. below 
the regional water table.  Table 1 provides a guide to the interpretation of TD and SWL time 
series data. 

Table 3 Data Interpretation guide. 

Data Period of Measurement Trend Interpretation 
Before water placement in drillhole: 
 

TD 3 days TD Reducing  
(getting shallower) 

Self-sealing (unsaturated) 

No change Proceed with water placement 
SWL No groundwater TD results representative of 

unsaturated zone 
SWL measured 
(getting shallower) 

Localised perched groundwater 
intersected.   
TD results indicative of saturated 
and unsaturated zones 

After water placement in drillhole: 
 

TD  3 days Reducing Self-sealing (saturated) 
No change Not self-sealing 

SWL Rising 
(SWL getting shallower) 

Self-sealing (saturated) 

No change or Falling 
(SWL getting deeper) 

Changes in TD used to assess self-
sealing 

 



Hydrogeological Conditions Proposed Drillhole 

Decommissioning 

Comments Additional Control Measures 

Basement strata outcrop or 

subcrop under thin veneer 

(generally <10 m) of recent 

unconsolidated soil and 

sediments with one unconfined 

fractured rock aquifer (water 

table > 30 m).  Drillholes 

constructed with PVC collar from 

surface to competent strata 

(sealing of unconsolidated 

strata).  No evidence of shallow 

permanent of potential 

ephemeral water table. 

Backfill drillhole with cuttings 

to the extent practicable. 

Leave collar in place to 

prevent ingress of shallow 

perched ephemeral 

groundwater (if it occurs) , cut 

the collar below ground level 

and cap. 

Backfill above the cap to 

restore surface ground 

conditions consistent with 

surroundings. 

RC cuttings and samples 

disposed in pit away from the 

drillholes. 

Does not require import of 

additional material to backfill 

drillholes. 

Leaving the collar in place and 

capped prevents formation of a 

preferential pathway for ingress 

of ephemeral shallow 

groundwater entering the drill 

hole and connecting with the 

regional unconfined fractured 

rock aquifer. 

Capping the collar prevents 

formation of a void opening to 

the surface that could result in 

wildlife to surface contaminants 

entering the drillhole. 

 

Basement strata subcrop under 

Cenozoic low permeability 

sedimentary strata (Namba 

Formation, Eyre Clay) with one 

unconfined low permeability 

aquifer reporting to the regional 

water table within or below 

Cenozoic strata.  Drillholes 

constructed with PVC Collar 

from surface down into the top 

of the Namba Formation to seal 

off surficial soil and Recent 

unconsolidated sediments. 

Namba Formation sediments 

will swell and seal the 

unsupported drillhole, i.e. drill 

rods and casing removed. 

Leave collar in place to 

prevent ingress of shallow 

perched ephemeral 

groundwater (if it occurs), cut 

the collar below ground level 

and cap. 

Backfill above the cap to 

restore surface ground 

conditions consistent with 

surroundings. 

The potential for shallow 

perched ephemeral groundwater 

accumulating and forming 

temporary water tables above 

the Namba Formation are 

considered unlikely in the 

exploration prospect 

areas.  Leaving collars in place 

is proposed as an additional 

control measure. 

Test mythologies for assessing 

the self-sealing ability of 

Namba Formation strata and 

characterising the groundwater 

chemistry in basement and 

Namba Formation / Eyre Clay 

screened wells or drillholes to 

compare to current 

interpretation these being a 

single continuous low 

permeability water-bearing 

zone are provided in 

Appendix 2. 
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Map 1:  Tenement Location – Regional. 
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Map 2:  Birksgate Proposed Drilling – Topography. 
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Map 3:  Birksgate Proposed Drilling – Satellite Image. 
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Map 4:  Eurinilla Proposed Drilling – Topography. 
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Map 5:  Eurinilla Proposed Drilling – Satellite Image. 
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Map 6:  Johnson Dam Proposed Drilling – Topography. 
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Map 7:  Johnson Dam Proposed Drilling – Satellite Image. 
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Map 8:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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Map 9:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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SECTION I – PHOTOS 

 

Include photographs in this section: 

• that have been obtained during site visits 

• that help describe relevant environmental and operational aspects in the PEPR. 

 

Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Northern Area – 

Birksgate Prospect 

(EL5873)  

28/08/2023 Photo 01 Section 

C 

442040 6537690 54 BKRC001 drill site, shows general area of the 

Birksgate Prospect, and drill rig set-up onsite. 

 

 

Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Northern Area – 

Birksgate Prospect 

(EL5873) 

25/08/2023 Photo 02 Section 

C 

441090 6537690 54 Line 1 Access Track, shows general area of the 

Birksgate Prospect. 
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Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Northern Area – 

Eurinilla Prospect 

(EL6415) 

21/09/2023 Photo 03 Section 

C 

461430 6524970 54 EURC007 drill site, shows general area of the 

Eurinilla Prospect. 

 

 

Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Southern Area – 

Kalkaroo (EL6659) 

Nov 2013 Photo 04 Section 

C 

454442 6488573 54 General area of proposed drilling looking east at 

Kalkaroo East and Kalkaroo Saddle Prospects. 
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Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Southern Area – 

Kalkaroo (Deep Well 

Prospect) (EL6659) 

18/03/2023/ 

13/08/2023 

Photo 05 Section 

D 

456180 6481420 54 KKRC0691 drill site, shows general area of the Kalkaroo 

Area. The Deep Well Prospect is ~6 km northwest of 

Johnson Dam, which is characterised by similar country. 

Before drilling (above), after drilling* (below).  

 
*Note: Bags used when this photo taken, as mentioned in Section D – Sample Management, green bags are being phased out. 
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Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Southern Area – 

Johnson Dam 

Prospect (EL6659) 

12/11/2022 Photo 06 Section 

D 

~449265 ~6477184 54 General area of the Johnson Dam Prospect before 

drilling (both pictures). 
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Site identification Date taken Photo number 
& PEPR section 
reference 

Easting 
(GDA94) 

Northing 
(GDA94) 

Zone Details and Comments 

Southern Area – 

Kalkaroo (EL6659) 

11/06/202 / 

27/02/2022 

Photo 07 Section 

D 

454758 6488838 54 2020 drillhole KKAC0540 after drilling* (top), after 

rehabilitation (bottom). 

 

*Note: Bags used when this photo taken, as mentioned in Section D – Sample Management, green bags are being phased out. 
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Map 1:  Tenement Location – Regional. 
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Map 2:  Birksgate Proposed Drilling – Topography. 
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Map 3:  Birksgate Proposed Drilling – Satellite Image. 
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Map 4:  Eurinilla Proposed Drilling – Topography. 
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Map 5:  Eurinilla Proposed Drilling – Satellite Image. 
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Map 6:  Johnson Dam Proposed Drilling – Topography. 
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Map 7:  Johnson Dam Proposed Drilling – Satellite Image. 
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Map 8:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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Map 9:  Deep Well Previous Drilling – possible diamond tail location to be decided. 
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