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Executive Summary 
 

Background: This project was initiated by the community to better understand the Tamborine 

groundwater system. The objectives of the investigation are: 

 to engage and involve the community 

 to describe groundwater condition by monitoring community bores 

 to investigate impacts of local land and water use 

 to develop a 3D visualisation model. 

  

Tamborine Mountain is a raised basalt plateau in the Gold Coast hinterland, south-east 

Queensland (SEQ). It is 12 km long and up to 6 km wide, and is a popular residential and tourist 

area. The region experiences a subtropical climate with a mean annual rainfall of 1556 mm. 

Well-developed soils are friable and well-structured, and have a high infiltration capacity. The 

area has an active horticultural industry. Groundwater-dependent native ecosystems provide a 

high ecological and scenic value. Issues identified through community engagement included a 

lack of scientific knowledge of groundwater, and questions around groundwater extraction 

sustainability and contamination. 

  

Monitoring Programme: Standing water levels (SWL) were monitored on a weekly-daily 

basis, for 50 bores over an 18-month period. Monthly sampling for E. coli and nutrient analysis 

occurred at 22 bores and 4 stream sites. Detailed water chemistry was measured for all available 

bores, and groundwater age was determined for 7 bores. Six stream gauge board sites, which 

were established by hydrographers from Dept. of Environment and Resource Management 

(DERM), were monitored on a weekly-daily basis by volunteers. Daily rainfall from 22 sites was 

made available to the project by the Tamborine community.  

 

Geology: Previous surface mapping has been refined using high resolution topographic data 

and about 500 bore-logs. A 3D geological block model has been developed using GoCad 

software. Groundwater occurs within a Tertiary basalt sequence that thickens from <30 m in the 

east to 150 m in the west, over a pre-Tertiary unconformable paleo-surface. Bluffs and benches 

along the escarpment are visible evidence of a layered basalt geology, where bluffs comprise 

several thick, hard basalt flows (Albert Basalt, Beechmont units B and D) within which 

groundwater occurs mainly in fracture systems. Benches comprise softer more erodible beds, 

which represent multiple thin flows (Beechmont units C or A), which yield significant quantities 

of groundwater from vesicular, weathered and highly fractured basalts. Thick clays which occur 

extensively in some areas, including at the top of Unit C, act as localised barriers to groundwater 

flow. While major geological units have been identified, driller‟s logs indicate a high degree of 

variability in rock characteristics within the major units. 
 

Hydrogeology: Most groundwater at Tamborine is extracted from Beechmont units C and 

D. The Tamborine groundwater system is recharged entirely from rainfall, which infiltrates with 

ease into deep soils. Stream gauging data shows surface runoff is minimal and only occurs 

during intense storms. Most stream flow on the plateau is base-flow derived from groundwater 

discharge. Groundwater recharge estimates using the chloride mass balance method indicate 

highly variable rates of recharge across the mountain, averaging about 32% of average annual 

rainfall. Rainfall events of 30-40 mm or less do not usually result in recharge to groundwater, 

due to evapotranspiration losses, unless they follow soon after a prior event. 

  

Small-scale patterns of groundwater movement and storage are likely to be complex, but 

significant connectivity between groundwater-bearing rocks is evident at several levels from 

groundwater discharging to plateau streams and springs along the escarpment. This is confirmed 
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by internal geology, and by water-level data and groundwater chemistry data, which identify 

three main aquifers. Many localised aquifers also exist, particularly at depth, but also as shallow 

perched layers.  

 

Aquifers 4 and 5 are relatively shallow and occur within Beechmont units D and C. They vary 

laterally from unconfined to semi-confined. Groundwater flow direction is predominantly to the 

east, and both aquifers discharge to streams on the plateau and to springs around the escarpment. 

Aquifers 4 and 5 are typically slightly acidic (pH 5-6) where they are unconfined. Age 

determinations using Tritium, CFC and SF6 anthropogenic tracers indicate this water is up to 30 

years old.  

 

Aquifer 3 is significantly deeper, and represents groundwater accumulation within units B and 

C. Water surface response to rainfall is minimal or very delayed because recharge is mostly by 

leakage from aquifers above. Aquifer 3 discharges to springs along the escarpment. Aquifer 3 

and localised deep aquifers are typically alkaline (pH 7-9), indicating a progressive increase in 

pH with depth. Groundwater age determinations show deep groundwater to be from 60 to 100 

years old. 

 

Groundwater Visualisation:  A conceptual model and water balance have been developed. A3D 

Visualisation model, containing all monitoring and geological data, has been constructed using 

QUT Groundwater Visualisation Software (GVS) technology. This is available with this report 

DVD for use on a standard commuter. 

  

Groundwater Extraction: Estimates of groundwater extraction for domestic, commercial 

horticulture and commercial sale purposes were derived from local information. Total extraction 

is estimated to be within a range from 1000 to 2200 ML/annum, which is equivalent to less than 

5% of average annual groundwater recharge. The water requirement of associated groundwater 

dependent ecosystems is likely to be large, but current levels of extraction are well within 

sustainable levels for the Tamborine resource as a whole. 

 

Localised impacts such as reduced discharge to streams on the plateau during dry periods of peak 

groundwater demand, and pumping impacts on adjacent bores are locally possible. For example 

Cedar Creek ran dry for a period of weeks during the monitoring period. 

 

Groundwater Quality: This investigation has identified locally elevated levels of nitrate 

(NO3_N) only. While nitrate concentrations in shallow groundwater are locally above 5 mg/L, 

dilution effects determine that nitrate concentrations in water flowing off the Plateau are only 

slightly elevated (0.5-2.0 mg/L). It is unlikely that this would in itself result in downstream 

eutrophication issues, but may contribute to cumulative increases in nutrient concentrations. 

  

Recommendations: The following recommendations are made: 

 An ecological assessment of local groundwater dependent ecosystems is required to 

determine their value to the community and their sensitivity to variations in aquifer 

levels; 

 Continued monitoring of selected bores is required to maintain the existing database of 

aquifer levels. The 3D Visualisation model should be used to develop SWL trigger point 

values, which are aquifer and area specific and which define acceptable aquifer levels; 

 Site-specific studies are required to determine localised effects of commercial scale 

groundwater extraction. 
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1 Introduction 

1.1 Project Background 

This report documents groundwater investigations in the Tamborine Mt area, South East 

Queensland during the period from July 2009 to January 2011. The investigation was initiated by 

the Tamborine community, who were seeking to better understand the groundwater resource. 

Investigations were undertaken in collaboration with the community, in particular the Tamborine 

Groundwater Investigation Group (TMGIG), on behalf of SEQ Catchments Ltd (SEQC). 

Funding was provided through the Federal Government 2008/9 „Caring for our Country‟ 

programme. A community-based groundwater monitoring approach was used, based on methods 

developed previously by SEQ Catchments Ltd (Todd, 2008).  

 

The objectives of the project were to: 

 Engage the local community to access information and to develop a platform for raising 

groundwater awareness and understanding;  

 Characterise the nature and condition of groundwater / surface water systems in the 

Tamborine Mt area in terms of issues determined through community engagement; 

 Determine the impact of local land and water use on the condition of these water systems; 

 Develop a 3D visualisation model as a communication tool; 

 Build community ownership and capacity to understand local groundwater and surface 

water systems, condition trends and best practise groundwater and land use management; 

 Establish resource condition targets and a collaborative partnership between local and 

regional stakeholders as a basis for ongoing sustainable management. 

The community-based approach initially utilises a community engagement process to gain access 

to bore monitoring sites and local information about the groundwater resource and groundwater 

management issues. Community participation in the subsequent investigation is strongly 

encouraged and facilitated through training workshops. Standard water monitoring 

methodologies and scientific procedures are used, and new understandings gained from the 

investigation are then fed back to an engaged community using 3D Visualisation technology. 

 

 A steering committee (Tamborine Mt Groundwater Investigation Group – TMGIG) was formed 

in the early stages of the project as part of the community engagement process, to oversee the 

design and delivery of the investigation. The TMGIG is a cross-regional stakeholder group 

comprising representatives from: 

 Tamborine Mountain Landcare Group; 

 Local groundwater extraction industry; 

 Local horticulture industry; 

 Scenic Rim Regional Council; 

 Gold Coast Regional Council; 

 Department of Environment and Resource Management (DERM); and 

 SEQ Catchments Ltd. 

 

The groundwater investigations at Tamborine Mt involved four major components: 

 

1. Community engagement to establish the issues and participant contacts; 

2. Design and establishment of a monitoring network, and the collection of relevant data (refer 

Section 2), including participant training workshops;  
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3. Data assessment and development of a 3D Visualisation model; and 

4. Communication of new understandings back to the local community and regional authorities 

as a basis for ongoing sustainable management. 

  

1.2 Previous Investigations 

The volcanic geology of the Tamborine Mountain area was studied by Green (1964) as part of 

the requirements for a Masters degree at Queensland University. This work formed the basis of 

the Dept of Environment and Resource Management‟s (DERM) digital surface mapping 

(DERM, 2002), which has been slightly modified in this investigation, and assessments of 

hydrogeology and geological history reported by Willmott (2005). Details of this work have been 

incorporated into the discussions of geology and hydrogeology in Sections 4 and 5 of this report. 

 

Local resident Mr Geoff Buckley began compilation of drillhole records from local driller Mr 

Les Cox, which was not published but kindly made available to this study. This work has been 

completed in more detail in this investigation. 

 

Another local resident, Mr Ian Shephard reviewed existing information on the Tamborine 

groundwater system, and carried out a desk top assessment of groundwater recharge and 

extraction. The study was presented to a Water Forum sponsored by Tamborine Mountain Land 

Care (Shephard, 2005). 

 

Daily rainfall has been monitored by a network of volunteers coordinated by Mr Mike Russell 

since 1995, and this information has also been kindly made available to this investigation (refer 

Section 1.3.2). 

 

1.3 The Investigation Area 

The investigation area is formed by an elevated plateau, which occurs inland from the Gold 

Coast and approximately 50km south of Brisbane (Figure 1). The area straddles the boundary 

between the Scenic Rim Regional Council and the Gold Coast Regional Council. The 

investigation area occurs in the southeast corner of the SEQ Catchments regional natural 

resource management area and within the groundwater management jurisdiction of DERM‟s 

Gold Coast Water Resource Management Plan. 

 

The Tamborine Mt plateau is approximately 12 km long by up to 6km wide (Figure 1). Water 

management within the investigation area has implications locally, and for the Logan/Albert 

catchment to the west and north of Tamborine Mt into Moreton Bay, and coastal catchments to 

the east. 

 

Figure 2 shows the investigation area in more detail. The elevated and partially dissected plateau 

is formed on remnant but deeply weathered basalts. The land surface falls away steeply around 

the periphery of the area, with bluffs at several levels representing the eroded edge of thick 

Basalt flow units. The plateau area itself is otherwise gently undulating. 
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Figure 1:   Investigation Area Location 

 
 



11 

 

Figure 2:   Investigation Area Detail 

 
 

1.3.1 Land Use 

Land use was mapped in 1998 by the Dept of Natural Resources (Malcolm, D et al, 1998). 

Although land use has changed in some areas, the Tamborine Mt area still supports a similar 

variety of land uses, which include urban and peri-urban development, hobby farms, commercial 

horticulture and vegetation conservation areas (Figure 3).  

 

The area has a strong scenic value and supports a busy tourism industry.  

 

1.3.2 Climate 

The investigation area experiences a sub-tropical climate with cool winters and warm summers, 

with a marked seasonal rainfall pattern. Figure 4 shows average monthly rainfall for the period 

from 1995 to 2010, based on daily rainfall measurements from a network of private rain gauge 

sites across the mountain. The data was kindly supplied by Mr Mike Russell, a local resident 

who coordinates the Tamborine Mt rainfall volunteer network. 
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Figure 3:   Tamborine Land Use 

  (after Malcolm, 1998) 
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Figure 4:  Monthly Average Rainfall (M Russell, pers comm.) 

 
 

The network includes one Bureau of Meteorology (BOM) rainfall site (040197; Fern St), which 

has operated since 1888, and from which the BOM web site provides the following statistics: 

 mean annual rainfall:       1556mm 

 mean annual rainfall (1910-2010):     1540mm 

 highest annual rainfall:      3643mm (1974) 

 lowest annual rainfall:       756mm (2002) 

 highest daily rainfall:       563mm (Jan 1974) 

 mean number of days of rainfall:     137 (37% pa) 

 average days of the year where daily rainfall exceeds 25mm: 14 (4% pa) 

 

The area therefore experiences occasional very intense rainfall events, including for example 

rainfall events during the investigation period of 136mm on May 20
th

, 2009, 325 mm on 7
th

 Feb, 

2010 and 117 mm on the 10
th

 Jan 2011. The latter event was on top of a several weeks of steady 

rain and saturated soils. Periods of prolonged rainfall typically occur during the summer wet 

season period from December through to March. 

 

Evapotranspiration rates are estimated to average 900-1000 mm pa from regional mapping 

(BOM web site). 

 

1.3.3 Soils 

Prolonged weathering since the Tertiary has resulted in the development of deep soil profiles 

within the investigation area. The soils are typically 1-2m thick, and up to 3-6m locally. The 

thickness of weathered basalt beneath averages 13.5m from drillhole data, with a maximum 

recorded thickness of 42m. 
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Soil types typically include deep red kraznozems on plateau, which are derived from weathered 

Basalt (Low Choy and Darryl C, 1994).These soils are typically friable, have good structure and 

excellent drainage properties. High infiltration rates may be expected. 

 

Dark prairie soils, chocolate soils and black earths are derived from fresher basalt, and occur on 

western escarpment benches. Tongues of Basalt contain plastic cracking clays. These soil types 

occur extensively throughout the area. 

 

1.3.4 Drainage: 

The investigation area straddles a regional catchment divide between the Logan/Albert 

catchment to the west and several Gold Coast coastal sub-catchments to the east. Surface water 

from the plateau therefore drains westward and northward eventually into the Brisbane River 

and Moreton Bay via the Logan/Albert system, as well as eastward directly to the Gold Coast. 

 

The Tamborine plateau may be further subdivided into a number of sub-catchments (Figure 5), 

the largest of which include: 

 Sandy Creek, draining much of the North Tamborine area northward – 118 ha; 

 Cedar Creek, draining the central and northern area northward – 367 ha; 

 Running Creek, draining the southern part of Eagle Heights eastward – 60 ha; 

 Wongawallen Creek, draining the northern part of Eagle heights eastward – 112 ha; 

 Stony Creek, draining the central east area around Licuala Drive eastward – 138 ha; and 

 Guanaba Creek, draining the southern end of Tamborine Mt eastward - 227 ha. 

 

The total area of these mapped sub-catchments is 1022 ha, which is 66% of the total plateau area 

(1547 ha). The remaining 525 ha comprises many localised sub-catchments which drain small 

areas around the edge of the escarpment and are considered too small and numerous to map. 

 

Six (6) stream gauging sites have now been established by DERM hydrographers as part of this 

project (refer Section 2.2.3). 

 

1.3.5 Regional Geology 

Surface geology as shown in Figure 6, is derived from 1:250,000 regional mapping compiled in 

digital form by the Department of Natural Resources, Mines & Energy (DERM, 2002). Local 

mapping of the volcanic geology of the Tamborine Mt area has been undertaken by Green 

(1964). 

 

The stratigraphy and geological history of the area may be sub-divided into three main 

groupings, which are described as follows after (Willmott, 1992):  

 

Carboniferous – Jurassic Sediments and Meta-sediments: These rocks were formed 

from 370 – 180 million years ago [mya], and comprise a sequence of westerly dipping beds with 

oldest to the east and youngest to the east as follows: 
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Figure 5:   Tamborine Mountain Drainage 

 
 

 Neranleigh-Fernvale Beds – deep water marine sediments deposited on an ancient 

continental shelf during the period from 360 – 290 mya (Carboniferous). These were 

compressed, crumpled and metamorphosed during the Permian period from 370 – 290
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Figure 6:   Investigation Area Geology 

(3D perspective view showing surface geology after DERM (2002)) 
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 mya during a time of crustal subduction along the continental margin. The Neranleigh-

Fernvale Beds comprise hard and erosion resistant argillites, greywackes, quartzites and 

greenstone, which are steeply inclined to the west (refer Figure 8).  

 

Figure 6 shows the distinctive topographic or land form expression of these beds with 

ridge lines oriented N-S, and well developed westward dipping slopes formed on bedding 

planes; 

 

 Chillingham Volcanics – hard, fine grained rhyolites occur along the eastern and 

northern foothills of the Tamborine Mt plateau where they form a distinctively steep and 

dissected terrain. These rocks are the result of widespread and violent volcanic eruptions 

along the continental margin subduction zone during the Triassic (~225 mya). Some of 

the rhyolite flows contained spherical voids, which have since filled to form the „thunder 

eggs‟ that are excavated locally; 

 

 Ipswich Coal Measures – a thin sequence of shales, siltstones and sandstones occur to 

the north and south, and undoubtedly beneath Tamborine Mt. These were deposited at the 

beginning of a period of stability and river basin development from the late Triassic (220 

mya); 

 

 Woogaroo Subgroup – the period of sedimentation and basin development continued 

with deposition of coarse sandstones and conglomerates later in the Jurassic period from 

215 mya. The broad Moreton Basin was being formed. The Woogaroo Group alluvial 

sandstones are preserved to the west of Tamborine Mt, and are succeeded further to the 

west by finer grained sandstones and coal measures of the Marburg Formation and 

Walloon Coal Measures. This period of alluvial deposition continued until about 180 

mya, after which time the sequence was gently folded into a series of shallow synclines 

and anticlines. The Woogaroo Group sandstones and similar lithologies typically form 

low rounded landforms. 

 

Willmott (1992) reports that a long period of stability followed during the late Jurassic and 

Cretaceous periods, when rocks in the Gold Coast hinterland region were mostly worn down by 

erosion. An ancient erosional surface formed during this time, upon which Tertiary basalts were 

subsequently deposited.  

 

Tertiary Volcanism:  The next period of deposition occurred at about 23 mya, during the 

Tertiary, at which time tension in the continental crust is thought to have allowed basalts to be 

erupted extensively in the region. Several periods of volcanism followed, separated by periods of 

erosion and weathering of varying length. The major volcanic periods are described as follows: 

 

 Albert Basalt:  Willmott (1992) reports that the first basalts came from the 

Focal Peak volcanic centre to the southwest of Tamborine near Mt Barney. The vent has 

since been removed by erosion. Previous surface mapping on Tamborine Mt (Figure 6) 

describes hard, dark grey to black, fine grained basalts at the base of the western 

escarpment, where they form bluffs 10s of meters tall. High resolution (LiDAR) digital 

elevation data shows that the Albert Basalt extends much further to the north than 

previously mapped (refer 3D Visualisation model); 

 

 Mt Giles Rhyolite:  More violent rhyolitic eruptions are thought to have 

occurred on the eastern flanks of the Focal Peak volcano. A thin bed (~2m) of weathered, 
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creamy light brown, fine grained rhyolite is exposed in a road cutting at the southern end 

of the investigation area. The extent of this thin unit is unclear. 

 

 Beechmont Basalt:  All other Tertiary basalts in the area were derived from the 

old Tweed Volcano, which is centred over Mt Warning in northern NSW. Basalt flows 

formed a broad shield, which was subsequently eroded leaving basalt remnants as far 

north as Tamborine Mt (Figure 7). The basaltic eruptions are typically relatively quiet, 

but the highly fluid lavas are able to flow for long distances. 

 

Figure 7:   Tweed Volcano Landscape Development 

(Sketch of old Tweed Volcano and subsequent landscape development from Willmott, 

1992) 

 
 

Units B (Eagle Heights member) and Unit D (Cameron Falls member) are described as 

single massive (ie no bedding) flows about 20m and 25m thick respectively. Each 

comprise hard, dark grey to black fine grained basalts, which are locally fractured. Units 

B and D form steep bluffs that can be traced for long distances around the escarpment. 

 

Units A, C and E in contrast form shallow sloping benches between the bluffs, and are 

described as comprising many thin basalt flows, with some interbedded sediments. Units 

A and C are strongly fractured and contain vesicular basalts near the top of flow units. 

Vesicular basalt layers are thought to represent the uppermost „frothy‟ part of each basalt 

flow. These are sometimes weathered, sometimes to red clay, representing long periods 
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between basalt eruptions. Other clay beds are thought to represent sediments deposited in 

lakes trapped on the flanks of the volcano (Willmott, 1992). 

 

Figure 8:   Beechmont Basalt Stratigraphy, Tamborine Mt 

(from Willmott, 2005) 

 
 

 

The Beechmont basalt sequence is up to 240m thick at Tamborine, but it thins to the east 

over Pre-Tertiary bedrock. 

 

  Localised intrusions: Numerous intrusions of rhyolite and other igneous rocks 

were pushed through older rocks during the period of Tertiary basaltic activity. This 

occurred mainly in the west (Mt Barney), but some distinctive small intrusions occur near 

the base of the Tertiary basalt sequence on the road down the northern flanks of 

Tamborine Mt. 

 

Current Landscape Development:  Willmott (1992) reports that the region again 

became stable for a considerable period once the Tweed volcanic centre became extinct at about 

23 mya. Figure 7 illustrates the development of the current landscape through the action of 

streams and rivers draining the volcanic shield.  

 

The steep bluffs that identify thick erosion resistant basalt flows form as the softer layers beneath 

them are undercut. This occurs in a relentless process of lateral escarpment retreat. Some of the 

present day plateaus, including Tamborine Mt, are thought to be at about their original elevation, 

due to the presence of the thicker more resistant flow units. 

 

Quaternary Sedimentation:   River valleys have progressively broadened and 

extended further upstream during the Quaternary period, which is characterised as a time of 

major sea-level rise and fall. Sedimentation tends to occur during periods of rising sea-level, 

while erosion dominates the intervening periods of sea-levels fall. Quaternary alluvium is 

preserved in many of the valleys surrounding Tamborine Mountain (Figure 6), while on the 

Mountain itself there has been net erosion during the Quaternary.  
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Escarpment retreat and the slippage of basalt materials off steep slopes have resulted in the 

deposition of Quaternary Basalt colluvium in some areas around the escarpment. This material 

includes soils, weathered clays, and basalt boulders. Willmott (1992) discusses in some detail the 

landslip risk presented by this material where it occurs in areas of groundwater discharge. This 

landslip risk, which is inherent in the natural process of escarpment retreat, is exacerbated by 

increased groundwater discharge and the removal of vegetation. 

 

1.3.6 Hydrogeology 

Knowledge of hydrogeology at the start of this investigation was drawn largely from the work of 

Green (1964) and Willmott (1992, 2005). This information was used as a basis for developing a 

groundwater and surface water monitoring plan. Willmott (1992) concludes that: 

 

“…the important controls on groundwater on the mountain are the 

horizontal lavas, and the highly fractured or gas bubble rich 

(vescicular) beds of Units A and C. The latter appear to be permeable, 

and to be directing groundwater laterally outwards to the benches of 

the mountain, where it forms spring zones. These springs wax and 

wane depending on fluctuations in the pressure head above them 

resulting from seasonal changes in the height of the water table. The 

better bores on the mountain are probably tapping these horizontal 

permeable layers, although deeper ones may have intersected 

horizontal permeable zones between the Albert and Beechmont 

Basalts, and at the junction of the basalt sequence with the underlying 

rocks. The thick massive flows of Units B and D are unlikely to be 

good producers, but localized fracture zones in them may allow 

extraction of small volumes in places.” 

 

The older rocks beneath the basalts have little influence on the 

mountain‟s groundwater resources. On the east the Neranleigh-

Fernvale beds, originally deep-water marine sediments that have been 

hardened, compressed and steeply inclined to „meta-sediments‟, are 

capable of giving only very small volumes from localised fracture 

zones. The thick rhyolite lava flows of the Chillingham Volcanics 

beneath the centre of the mountain are in a similar situation. The river 

sandstones of the Woogaroo Sub Group on the western side are more 

porous, but distinct permeable zones have not been identified. 

 

Willmott, 2005 suggests that the Tamborine Mt groundwater system is recharged entirely from 

local rainfall (Figure 9). Rain falling on the plateau surface readily infiltrates soils and moves 

progressively downward and laterally to the water table via joints, fractures and connected 

permeable horizons.  

 

Groundwater accumulates within the saturated zone, probably at a variety of levels depending on 

the nature of the rocks. Willmott (1992) has identified Beechmont units A and C as likely aquifer 

horizons due to their fractured nature and presence of vesicular basalts. Connectivity between 

aquifers is likely to be provided by jointing and fractures in the less permeable thick basalt flow 

units. However, groundwater may also be forced sideways within permeable beds if there is 

sufficient weight of water above and sufficient resistance to downward movement from less 
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permeable rocks (aquitards) below. This leads to groundwater discharge at springs around the 

escarpment where water bearing rocks or fracture systems are exposed at the surface.  

 

Figure 9:   Previous Groundwater Concept 

 (Willmott, 2005) 

 
 

One of the objectives of this project has been to use the drill logs made available to the study 

from the DERM database and local drillers, to fill in the information gaps between surface 

outcrop information, and to derive a 3D geological model of the area (refer Section 4). 

 

Groundwater is extracted in the investigation area from numerous private bores. The bores draw 

water from a variety of levels within the Tertiary basalt sequence, but mainly from the upper part 

of the Beechmont Basalts. Reported yields vary from <500 gallons/hr (0.5 L/sec) to in excess of 

several thousand galls/hr. The groundwater is used for a variety of uses including domestic 

drinking supply and gardens, commercial crop irrigation, and commercial extraction for the local 

and off-mountain market. Groundwater extraction is further assessed in Section 5.5 of this report.  
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2 Monitoring Plan 
The Monitoring Plan developed for the Tamborine Mt investigation is presented as Appendix 1. 

The Plan was developed and is presented in three stages in accordance with the Waterwatch 

Australia Manual (2005) convention, from identification of issues and monitoring objectives, to 

defining appropriate methods , and finally to specific monitoring plan details as to where and 

when to monitor. 

 

2.1 Issues and Objectives: 

Community engagement at the start of the project, which included a public workshop and several 

meetings of the Tamborine Mountain Groundwater Investigation Group (TMGIG), identified the 

following issues to be investigated: 

1) Sustainability of groundwater supply given: 

 current and projected levels of development and extraction; 

 Anecdotal evidence of some reduced bore yields and Cedar Ck drying up in vicinity 

of commercial bore fields; and 

 Environmental flow requirements of surface streams. 

2) Contamination of the groundwater resource from: 

 Domestic and/or commercial waste water systems; 

 Other land uses; and 

 Current and future developments. 

3) Lack of knowledge and/or awareness of local groundwater systems, including their 

condition and function in maintaining connected surface water ecosystems. 

 

The consequent objectives for the investigation were therefore to; 

1) Compile existing knowledge of groundwater systems in the Tamborine Mt area 

2) Obtain baseline seasonal data on groundwater levels in relation to rainfall and stream 

flow; 

3) Estimate groundwater extraction volumes; 

4) Estimate a water balance for the area; 

5) Identify water quality signature differences between aquifers as a tool in identifying the 

main aquifer systems present; 

6) Monitor contamination of groundwater from potential sources, including waste water 

systems and agriculture; 

7) Develop a 3D Visualisation model compilation of all data; 

8) Communicate results of the study to raise community awareness and understanding of the 

local groundwater system; 

9) Provide data of analytical to indicative quality for use by all stakeholders.  

 

These objectives spawned the following specific data requirements: 

 Bore lithology and hydrogeological information; 

 Surface geology; 

 Characterisation of groundwater geochemistry; 

 Standing Water Level (SWL) time series measurements 

 Daily rainfall measurements 

 Stream flow data  

 Monthly monitoring of nutrients and E. coli, pH and electrical conductivity; 

 Land use mapping; 
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2.2 Monitoring Methodology and Design 

Groundwater monitoring methodologies identified in the Monitoring Plan are detailed in 

Appendix 1.2. Monitoring design details are presented in Appendix 1.3. 

 

2.2.1 Standing Water Level 

SWL monitoring bore site locations are shown in Figure 10 

 

Manual Measurement:  Depth to water table at each monitoring site was measured 

from a consistent bore reference point. Measurements were taken on about a weekly to 

fortnightly basis by bore owners or an employed Coordinator. All monitors undertook a training 

programme provided by the author. The Coordinator measured about 15 bores on a weekly basis. 

The frequency of monitoring varied between the other monitors depending on individual 

circumstances, with most volunteers able to measure more frequently than 2-3 weeks. Daily to 

weekly measurements of SWL were taken at many sites during and immediately after significant 

rainfall events, to establish the nature of SWL response to rainfall.  

 

Volunteers used a “plopper” to measure water depth, which is essentially a hollow tube that is 

closed at the top, where it is attached to a calibrated cable. A measurement is taken as the tube 

enters water in the bore, which is identified from a „plop‟ sound. The Coordinator used a Solinst 

101electronic water level meter, which gives an audible and a visual signal as the sonde enters 

water. The calibration of all „ploppers‟ was checked on a regular basis by comparison with the 

calibrated Solinst 101 water level meter. 

 

All monitoring sites are also production bores, so manual measurements were required to be 

taken at a designated time after last use of the pump so that measurements were representative of 

equilibrium water levels. All measurements were later screened to eliminate any anomalous 

results, and it was pleasing to find in most cases data filtering was not necessary. 

 

Continuous Measurement:  Twelve pressure transducer water level loggers were 

installed in selected bores. These included 10 Hobo loggers and 2 Schlumberge Divers. Two of 

the loggers were used to record representative atmospheric pressure, while the other loggers (10) 

were installed in selected bores at a measured depth to record pressure below the fluctuating 

groundwater level. Measurements were recorded every 15 minutes, and stored data was 

periodically downloaded to a computer.  

 

The height of the water column above the transducer is calculated from the difference between 

atmospheric pressure and pressure below water level using the logger‟s standard software. Water 

column height is then converted to SWL depth or SWL height above mean sea level based on 

manual SWL depth measurements and Reference point elevation. 

  

Standing Water Level Elevation: SWL elevation was calculated by adding SWL depth 

(conventionally expressed as a negative value) from bore reference point elevation (AHD).  

 

SWL elevation(AHD) = Reference Point elevation(masl)  +  SWL depth(m); 

 

where: 

Reference Point elevation  =  Surface elevation at bore(masl)  +  Reference Point height(m). 
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Figure 10:   Monitoring Site Locations 
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 Data Accuracy: All SWL depth measurements were taken from a bore Reference Point, 

which was defined and documented for each bore in accordance with standard procedures 

(Waterwatch Australia Manual, 2005; Todd, 2008). Manual measurements were recorded to the 

nearest 1cm, and the accuracy of SWL depth measurements is expected to be +/-2cm. Therefore 

the determination of relative change in SWL over time has a high level of accuracy and 

repeatability. 

 

Surface elevation at each bore was estimated by first locating the bore accurately using high 

resolution aerial photography, and then by comparison with high resolution LiDAR digital 

elevation model (DEM) made available to the project by the Scenic Rim Regional Council. 

Reference point height was measured accurately at each bore. The DEM is rated as having a 

resolution of +/- 0.3m, and the accuracy of Reference Point and SWL elevation estimates will 

have a similar accuracy of say +/- 0.3 to 0.5m depending on slope angle at the site.  

 

2.2.2 Daily Rainfall 

Daily rainfall has been routinely measured since 1995 by a coordinated network of up to 22 

landholders on Tamborine Mt. The landholders use standard rain gauges typically used in rural 

areas throughout Australia. The group is coordinated by Mr Mike Russell, who compiles daily 

rainfall data each month. Average data is published in the local newspaper. 

 

Rainfall monitoring sites are shown in Figure 10. 

 

2.2.3 Stream Flow 

Hydrologists from the Dept of Environment and Resource Management (DERM) assisted the 

project by installing and calibrating 6 gauge boards at representative stream locations across the 

Mountain (Figure 10). Sites were selected to represent typical flow from the Tamborine plateau. 

The large number of small catchments on the plateau determined that only a selection could be 

monitored, and it was also considered impractical to gauge any of the steep and rocky streams 

that flow from around the escarpment. 

 

The gauge boards were installed into a stable position within the stream bed so that the height of 

the water surface in the stream can be read off the graduated face of the board. The gauge board 

is calibrated so that water surface height at any one time may be converted to a flow volume. The 

calibration was achieved from a detailed survey of the area around the gauge board by DERM, 

including channel cross-sections at and near the gauge board site. A rating curve is produced for 

each site (Figure 11) from which flow volume can be estimated from stream height.  

 

The Rating Curve may be updated and improved over time as more accurate information comes 

to hand, especially at the high flow end of the curve. Care must be taken to ensure the gauge 

board does not move, and that the cross-sectional and longitudinal stream profiles around the 

gauge board do not change significantly. 

 

Stream height was measured by trained volunteers on a daily basis around rainfall events, and 

otherwise weekly to fortnightly. Volunteers were not always available to take readings on a 

regular basis, and consequently some records are discontinuous. 
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Figure 11:   Stream Flow Rating Curve Example 

 
 

2.2.4 Water Quality Sampling   

All bore and surface stream sampling sites are listed in Table 1, and site locations are shown in 

Figure 10. Bore sites were selected on the basis of availability and spatial representation of both 

land use and the different aquifers present. Preference was given to bores that intersect only one 

aquifer. Surface stream sampling locations were selected to spatially represent the main 

catchments. 

 

All groundwater samples were obtained using standard procedures for groundwater and surface 

water sampling (Waterwatch Australia Manual, 2005; Todd, 2008). The frequency of sampling 

varied according to the analysis, as detailed below. 

 

Water standing in the bore was first purged using standard procedures, so that samples were 

representative of the aquifer. Purge volumes were calculated conservatively from bore 

information as follows: 

 

Purge Volume = 3 X the volume of water standing in the bore. 

 

All bores sampled were already installed with pumps. Samples were collected initially in a 

bucket which was rinsed three times with the water to be sampled. Sub-samples were collected in 

accordance with standard sampling procedures for the various analyses as described below. 

 

Surface stream samples were similarly collected in a rinsed bucket from a point of flowing water. 

Sub sampling was carried out as above. 

 

A Horiba hand held multimeter was used to measure pH, electrical conductivity and temperature 

of the bucket sample, after first rinsing the probe in the source flow of water. The author 
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acknowledges SEQ Catchments Ltd and Tamborine Mt Waterwatch volunteers for making this 

equipment available, and for calibrating the equipment on their regular monthly cycle. 

 

2.2.5 Nutrients and E. coli 

A selection of monitoring bores was sampled monthly for analysis of E. coli and nutrients. The 

sampling frequency was reduced after five months to about every two months due to the 

consistency of results. There were only a few occasions where bores were not available on the 

day of sampling (refer Table 1). All other monitoring bores were sampled once for analysis of 

nutrients (and geochemical composition) in December. 

 

Table 1:   Nutrient and E. coli Analysis 

Month 

Site 

Dec, 

2009 

Jan, 

2010 

Feb, 

2010 

March, 

2010 

April, 

2010 

June, 

2010 

August, 

2010 

Nov, 

2010 

Dec, 

2010 

TM1 Y Y No Y Y No Y Y  

TM3 Y Y Y Y Y Y Y Y  

TM4_05 Y Y Y Y Y Y Y Y  

TM4_09 Y Y Y Y Y Y Y Y  

TM5 Y Y Y Y Y Y Y Y  

TM8 Y Y Y Y Y Y Y Y  

TM13 Y Y Y Y Y Y Y Y  

TM15 Y Y Y Y Y Y Y Y  

TM16 Y No Y Y Y Y Y Y  

TM19 Y Y Y Y Y Y Y Y  

TM20 Y Y Y Y Y Y Y Y  

TM27 Y Y Y Y Y Y Y Y  

TM31_01 Y Y No No Y Y Y Y  

TM38 Y Y Y Y Y Y Y Y  

TM39 Y Y Y Y Y Y Y Y  

TM41_01 Y Y Y Y Y Y Y Y  

TM43 Y Y Y Y Y Y Y Y  

TM45 Y Y Y Y Y Y Y Y  

TM49_01 Y Y Y Y Y Y Y Y  

TM52 Y Y Y Y Y Y Y Y  

TM57 Y Y Y Y Y Y Y Y  

TM58 Y Y Y Y Y Y Y Y  

Cedar Ck, 

Curtis Falls 

Y Y Y Y Y Y Y Y  

Cedar Ck 

Mid reach 
No, 

dry 

Y Y Y Y Y Y Y  

Stony Ck, 

Licuala 

Dve 

Y Y Y Y Y Y Y Y  

Guanaba 

Ck, 

St Bernards 

Y Y Y Y Y Y Y Y  

All other 

available 

bores 

Y Y Y Y Y Y Y Y Nutrients 

only 
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Samples taken for nutrient analysis were filtered @ 0.45 micron on site and stored on ice before 

being delivered to the Brisbane City Council laboratory. Standard FIA procedures were used for 

the analysis of NO3_N, NO2_N, NH3_N, and PO4_P. 

 

Samples taken for analysis of the faecal coliform indicator species E.coli, were unfiltered, stored 

on ice and delivered within the same day to the BCC laboratory. These samples were all 

processed for E. coli growth counting within 24 hours of sampling using standard methods. 

 

Table 2:   Geochemical Analysis 

 

2.2.6 Geochemical Analysis 

Additional samples were taken during the August 2010 and December 2010 sampling events for 

more detailed analysis of chemical composition. The results were used for geochemical 

characterisation of aquifers and surface waters in the investigation area. The sampling and 

analysis procedures used are summarised in Table 2. All samples were put on ice for same day 

delivery to the Brisbane City Council laboratory in Darra. 

2.2.7 Groundwater Age Determination 

Seven sites (refer Table 4) were sampled for the determination of groundwater age at the GNS 

Science Services laboratory in New Zealand. Groundwater age determination was not included 

in the original monitoring plan, but was later considered to be very useful information.  

 

It is noted that water moves very slowly underground, with the rate dependent on the 

permeability of rock materials and the connectivity between permeable materials provided by 

joints and fractures. It may takes years, decades or even thousands of years for water to reach an 

aquifer. The aquifer water table or piezometric surface, however, may rise in response to rainfall 

recharge in a matter of days, weeks or months. This is due to the increased head or weight of 

Analysis Sampling Methodology 

Total Dissolved Solids filtered @ 0.45 micron ICP Optical Emissions Spectroscopy 

 

Total Nitrogen &  

Total Phosphorus 

unfiltered FIA 

Cation analysis:  

Na+, K+, Ca++, Mg++ 

 

filtered @ 0.45 micron ICP Optical Emissions Spectroscopy 

Dissolved Metals: 

SiO2, Pb, Ni, Mn, Fe, Cu, Cr, 

Cd, As. 

filtered @ 0.45 micron ICP Optical Emissions Spectroscopy 

Anion analysis: 

Cl-, F-, Br-, SO4--. 

filtered @ 0.45 micron ICP Optical Emissions Spectroscopy 

Total Alkalinity: 

as CaCO3  

unfiltered Titration in laboratory 

Other: 

NO3_N, NO2_N, NH3_N, PO4_P 

filtered @ 0.45 micron FIA 
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water above the aquifer causing the aquifer surface to rise, rather than new water reaching the 

aquifer in that short time. 

 

Figure 12:   Groundwater Age Determination 

(Concentration of anthropogenic tracers in the atmosphere - GNS web site) 

 
 

Various techniques can be used to date groundwater, depending on the age. Chlorofluorocarbons 

(CFC 11&12), sulphur hexafluoride (SF6) and tritium dating techniques are used for water ages 

from 1 to several hundred years (Morgenstern, et al 2010), and were used in this investigation.  

 

CFCs, SF6, and Tritium are all chemicals that have an anthropogenic origin (ie man-made), and 

the concentration of each in the atmosphere is known or has been accurately reconstructed over 

time (Figure 12). The following notes have been extracted from the GNS laboratory web site as 

explanation of the methods used: 

 

 Sulphur hexafluoride (SF6) concentrations in the atmospheric began increasing in the 

1960‟s from its use in high voltage electrical switches. However, SF6 also occurs 

naturally in fluid inclusions in some minerals and igneous rocks, and in some 

volcanic and igneous fluids; 

 

 Chlorofluorocarbons (CFCs) are stable, synthetic, halogenated alkanes, which have 

entered the atmosphere from the 1940s due to their use in refrigeration. The method is 

best used with young waters (post-1970) in combination with Tritium; 

 

 Tritium (
3
H), is a rare but naturally occurring hydrogen isotope that usually occurs at 

negligible concentrations. Tritium is also produced in nuclear reactions, so there is a 

known peak in atmospheric tritium concentration in the 1960s and early 1970s that is 

due to nuclear weapons testing. Age-dating using tritium is based on the radioactive 

decay of tritium to helium-3 (
3
He) after rainwater penetrates the ground during 

recharge. 

Results of groundwater age determination are presented in Section 5.2. 
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3 Geology 
 

3.1 Surface Geology 

Surface mapping undertaken by Green (1964) and Willmott (1992) utilised the strong 

relationship between landform shape and the underlying geology (geomorphology). For example, 

the gently undulating Tamborine Plateau is mainly formed on deeply weathered basalt. This 

gives way to a series of bluffs and benches around the plateau escarpment. The steep escarpment 

bluffs represent thick hard basalt flow units that have formed due to the weathering and 

undercutting of softer rock-types beneath, which form intervening benches. Debris (colluvium) 

derived from escarpment erosion and slumping has accumulated on the benches locally, but only 

partially obscures the geologically controlled landforms. 

 

The major rock-type groupings highlighted by the weathering and erosion processes that have 

occurred over thousands of years, were recognized by Green (1964) and Willmott (1992) as 

having significance for groundwater occurrence and movement.  

 

An analysis of high resolution LiDAR digital elevation data, undertaken as part of this 

investigation, allowed the boundaries between these major units to be mapped more accurately 

than has previously been possible. The unit boundary outcrop lines were digitized within 3D 

space using GoCad geological modeling software, for later use in developing surfaces on each 

boundary and a 3D block model of Tamborine Mt geology. 

 

3.2 Subsurface Geology 

Bore information is available from two sources: 

1. The Queensland Groundwater Database (QGD): This database is administered by 

DERM, and includes 119 bores drilled in the area since about 2002. The data available 

included coordinates, driller‟s rock-type descriptions (logs), groundwater intersection 

depths, bore yield, bore construction details and occasionally one off standing water 

levels.  

 

2. Mr Les Cox: Mr Cox is a retired driller and a long standing resident of Tamborine 

Mountain. He has drilled the majority of water bores on the Mountain, and has kept 

detailed diary records for each bore drilled over a period from 1980 to 2004. The diaries 

were made available to this investigation, and yielded valuable information for 370 

bores, including bore locations, detailed logs, groundwater intersection depths, bore 

yield, bore construction details and often standing water levels measured at the time of 

drilling. 

 

All raw data has been compiled into a spreadsheet database. The variety of driller‟s rock-type 

descriptions was then classified into „lithotypes‟ in accordance with their significance for 

hydrogeological assessment. The lithotypes are listed in Table 3. This partially summarised data 

was then transferred into GoCad 3D geological modeling software for assessment of the internal 

geology of Tamborine Mt in relation to surface geology. The colours in Table 3 indicate a further 

subdivision that is used in the attached 3D Visualisation model (refer Section 4) to indicate 

groupings of similar or associated lithologies. 
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Table 3:   Lithotype Classification 

Lithotype Classification Code Water Bearing Potential 

 

 

 Weathered surface W Low (usually unsaturated) 

Basalt, boulders B_b Locally high (if saturated) 

Basalt, continuously hard B_h Low 

Clay C Low 

Clay, weathered C_w Low 

Carbonaceous clay/Peat C_c Low 

Sandstone/sand/gravel SS Moderate - high 

Basalt fractured B_f Locally high 

Basalt-interbedded hard and 
soft  

B_i Moderate 

Basalt, soft B_s Moderate - high 

Basalt, vesicular B_v High 

Void V High 

Basalt, clay bands B_c Moderate - high 

Basalt, weathered 
(paleosurface) 

B_p Moderate - high 

Bedrock weathered BM_w Low 

Bedrock BM Low 

Undifferentiated U 

  

Cross-section analysis and other bore to bore correlations using GoCad software, showed that the 

major units mapped at the surface could be correlated to the subsurface in gross terms. This is 

shown particularly by the continuity of thick basalt flows characteristic of units D and B, and the 

presence of marker beds including clay and weathered basalt horizons. 

 

However, there is considerable lateral and vertical variability, and correlations are ambiguous in 

some areas. This variability is believed to be a significant inherent characteristic of the basalt 

sequence, and reflects the overlapping and lensoid geometry of basalt flows whether they are 

thick or thin. However, some of this variability will be due to data uncertainty around the exact 

location of bores and the inconsistent nature of rock descriptions between drillers. 

 

The rock-types at Tamborine have been subdivided into the following major geological units for 

the purpose of GoCad 3D block modeling: 

 

 Pre-Tertiary Bedrock: All underlying rock formations, from the Neranleigh-

Fernvale Beds in the east to the Woogaroo Sub-Group sandstone in the east (ref Section 
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1.3.5) have been grouped together in the 3D model as Pre-Tertiary bedrock. The contact 

with Tertiary basalts above is erosional (unconformable), and is mapped from bore data 

in Figure 13. The Pre-Tertiary paleo-surface is seen to slope to the west. 

 

Figure 13: Pre-Tertiary Topography 

(3D perspective view of Tamborine area topography with Tertiary basalts removed. Bores 

monitored in this study are shown in red. Note 3 times vertical exaggeration) 

 
 

 Albert Basalt:   Thick hard basalt, with localised fracturing. This unit was 

intersected in only a few bores. It unconformably overlies Pre-Tertiary bedrock, and is up 

to 50m thick where it is exposed along the western escarpment. The unit thins and 

pinches out to the east against a rising Pre-Tertiary bedrock paleo-surface. It is likely to 

include several thick basalt flows. 

 

 Beechmont Basalt A: Thinly interbedded hard and soft basalt, vesicular basalt, 

weathered basalt and clay. This unit is intersected in only a few bores and is assumed to 

have a similar composition to Unit C due its similar topographic expression. Unit A 

overlies the Albert Basalt, and is typically from 5-10m thick over most of the area, but 

laps onto the pre-Tertiary bedrock paleo-surface to the east. 

 

 Beechmont Basalt B:  Predominantly thick hard basalt, with localised fracturing. 

The unit is typically from 25 to 30m thick, lapping onto Pre-Tertiary bedrock to the east 

and thinning and pinching out to the northeast. Bore data indicates that Unit B comprises 

several thick overlapping basalt flows, with minor occurrence of thin vesicular or 

weathered basalt layers and clay. 
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 Beechmont Basalt C: Thinly interbedded hard and soft basalt, vesicular basalt, 

weathered basalt and clay. This unit is intersected by most bores, and is typically from 10 

to 25m thick over most of the area. It laps onto the pre-Tertiary bedrock paleo-surface to 

the east and northeast. 

 

 Beechmont Basalt D: Predominantly thick hard basalt, with localised fracturing. 

The unit is typically from 20 to 30m thick, and occurs in all areas. Bore data indicates 

that Unit D comprises several thick overlapping basalt flows, with minor occurrence of 

weathered basalt paleo-surfaces and clay indicating short periods of inactivity and 

weathering.  

 

 Beechmont Basalt D (weathered): The upper part of Unit D comprises weathered 

basalts which become progressively more weathered to clays and soil at the surface. This 

sub-unit is typically 10 -20m thick, and up to 42m. A localised thickening of the 

weathered unit coincides with an extensive deposit of “basalt boulders” in the central part 

of the plateau in the vicinity of the Hartley-Holt Rd corner. This water-bearing deposit is 

intersected by several water bores, and it is thought to represent a shallow SW-NE 

trending paleo-valley. 

 



34 

 

4 3D Visualisation Model 
 

An interactive 3D visualisation model of the Tamborine area has been created, employing 

Groundwater Visualisation System (GVS) software developed by QUT‟s High Performance 

Computing group (James et al, 2009; James et al, 2010). A copy of the GVS Tamborine 3D 

visualisation model (James and Todd, 2011) is included on the DVD, with instructions for 

installation and use on a standard computer.  

 

The visualisation model is constructed from a range of data compiled into a backend database, 

including: 

 bore locations and depth information, including screened zones and down-hole lithology 

 time series data, including aquifer water levels, stream flow measurements and daily 

rainfall; 

 high resolution digital elevation model (DEM) and geometrical pre-tertiary bedrock 

surface 

 Various surface layers, including images such as aerial photography, surface geology, 

land cover and land use, and ESRI shape files representing roads, streams, catchment 

boundaries and other surface features; and 

 a "solid" 3D geological model of the Tertiary basalt sequence developed by the author 

using GoCad geological modeling software (refer Section 3.2). 

 

The visualisation provides a powerful way to communicate groundwater processes, complex 

subsurface geology and their interrelationships, and includes bore information displayed in 

relation to subsurface geology, surface features and time series observations. The visualisation 

allows animation of time series data with a daily temporal resolution, including aquifer water 

levels, rainfall and stream flow data. SWL time series can be viewed spatially as 3D coloured 

markers, interpolated across a surface or in the form of interactive hydrographs which can be 

selected and linked back to bores displayed in the 3D scene. Bores can also be selected to 

highlight the associated hydrograph plots. 

 

Each data point of SWL time series was assigned to an aquifer, or localised aquifer intersection, 

based on the hydrogeological assessment described in Section 5.3. A geometrical aquifer surface 

was developed for each aquifer by triangulating all available monitoring points, producing a 

linear interpolation which is further subdivided to smooth the surface. Each aquifer surface 

extends to a "convex-hull" around the data points, and there is no extrapolation of data outside of 

this convex boundary. The aquifer surfaces may intersect and project through other surfaces such 

as surface topography within the triangulation area, which is useful for identifying areas of 

potential groundwater discharge. 

 

The visualisation tool also allows the user to slice through an area in any direction to display 2D 

cross- sections of subsurface geology, surface features, aquifer geometry and interpolated water 

surfaces which can also be animated within the cross section. 
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5 Hydrogeology 
 

5.1 Surface Water 

The Tamborine Mountain area experiences a sub-tropical climate, with a marked seasonal 

rainfall pattern averaging 1540mm pa over the last 100 years (Section 1.3.2). Annual rainfall has 

varied from 756 – 3643mm pa over this period, but rainfall is typically regular with occasional 

intense storms. The highest recorded daily rainfall is 563mm in January 1974, and the largest 

event during the monitoring period was measured at 325mm on the 7
th

 February 2010. 

Evapotranspiration rates are estimated to average 950mm pa from regional BOM mapping. 

 

The permeable and open structured nature of soils on the plateau, combined with a modest 

vegetation cover and a gently sloping landscape, encourage rainfall infiltration. Observations by 

local residents indicate that there is little or no surface runoff, but that surface runoff occurs from 

hard surfaces or only during infrequent intense rainfall events. 

 

Figure 14: Typical Stream Hydrograph 

(A typical plot of daily rainfall and stream flow (mid Cedar Ck), showing baseflow and 

surface runoff components of stream flow). 

 
Stream flow measurements at six sites across the plateau show major increases in stream flow 

only after large and intense rainfall events. This increase in stream flow is always of very short 

duration, resulting in a sharp spike in the stream hydrograph, and is interpreted to be brief 

periods of surface runoff (Figure 14). Stream flow is otherwise consistent and increases in stream 

flow after significant rainfall events are gradual and sustained, and this component of stream 

flow is interpreted to be base-flow, or groundwater discharge.
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Table 4:  Stream Base-flow Separation Analysis  

Catchment areas were derived from GIS analysis and base-flow separations were estimated from daily stream flow data in this study.  

Where insufficient stream flow data was available, estimates (shown in red) were made based on similar sub-catchments. 

 

Catchment 
(refer Figure 5) Area (ha) 

gauged 
area (ha) % Urban 

Total annual 
Stream Flow 

2010 (ML) 
Surface 

Runoff % Baseflow % Comment 

Cedar Ck_Mid 1,398 similar 

 

4.252 24% 76% Gauged 

Cedar Ck_total 3,670 similar significant 11.158 26% 72% 
Partially gauged. Stream flow estimate based 
on an expansion of the Cedar Ck_mid result.  

Sandy Ck 1,182 555 

 

2.526 19% 81% 
Gauged mid catchment. Stream flow estimated 
for total catchment area. 

Running Ck 595 similar significant 4.889 28% 72% Gauged 

Wongawallen 
Ck 1121 Nil significant 9.215 28% 72% Estimate based on Running Ck 

Stoney Ck 1,381 similar 

 

4.199 24% 76% Estimate based on Cedar Ck_mid 

Guanabah Ck 2,274 similar 

 

6.915 24% 76% Estimate based on Cedar Ck_mid 

Golf Course 
area 1,138 Nil 

 

3.462 24% 76% Estimate based on Cedar Ck_mid 

Other small 
catchments 4,104 Nil 

 

33.721 28% 72% Estimate based on Running Ck 

        Total Plateau 15,470 

  

76.088 19.901 56.186 

 

   

% of 
Plateau 
Rainfall 22.25% 26% 74%  % of Stream flow 
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Table 4 presents a summary of results from a base-flow separation analysis of 2010 stream flow 

data from this investigation. The proportion of annual stream flow that is derived from surface 

runoff was calculated to vary from 20-28% of annual stream flow for different sub-catchments. 

The variation is likely to be related to the degree of urbanisation in each sub-catchment. The 

remaining 72-80% of stream flow is base-flow, which is derived from groundwater discharge. 

 

Total stream flow in 2010 was approximately 22% of annual rainfall. The surface runoff 

component of annual rainfall for 2010 is therefore estimated to be 5.7% (ie 26% of 22%). 

Because 2010 was a relatively wet year, with some large storm events, surface runoff may be 

expected to be less than 5.7% for a more typical drier year.  

 

The proportion of annual rainfall lost from the Tamborine system due to evapotranspiration is 

estimated to average 950mm pa (refer Section 1.3.2), or about 62% for an average rainfall year. 

If 5% of annual rainfall runs off the surface to stream flow, this leaves approximately 33% which 

may be expected to recharge the Tamborine groundwater system. A high proportion of this, 

about 16%, is seen to discharge to streams draining the plateau, leaving 17% of annual rainfall to 

recharge deeper levels of the groundwater system. 

 

5.2 Groundwater Recharge and Age 

Groundwater chemistry and the strong relationship between SWL height and rainfall at most 

monitoring sites (discussed below), suggest that the Tamborine basaltic groundwater system is 

recharged entirely from local rainfall. It is highly unlikely that Tamborine groundwater comes 

from any other source for the following additional reasons: 

 There is sufficient average annual rainfall to explain the groundwater resource; 

 The area is topographically higher than  surrounding groundwater recharge areas; and 

 The basalt sequence at Tamborine is likely to be poorly connected with any other 

groundwater source due to the presence of low permeability rocks beneath. 

 

Mean annual recharge estimates for similar basalt terrains along the east coast of Australia range 

from 11 to 33% of annual rainfall for different areas of the Atherton Tablelands area, Nth 

Queensland (Cook et al, 2001), while an assumed value of 8% of annual rainfall was used for the 

basaltic Alstonville Plateau in northern NSW (Brodie and Green, 2002). 

 

Groundwater recharge may be estimated using the saturated zone Chloride Mass Balance (CMB) 

method. This method assumes that the concentration of chloride (Cl) in groundwater is derived 

only from rainfall, and that the concentration of chloride increases in the unsaturated zone due to 

evapotranspiration (Scanlon et al, 2002). The rate of groundwater recharge in mm per annum is 

therefore calculated from: 

 

  R =  (P x Cp) – (SR x Cp)  

    Cr 

 Where:  R = average annual groundwater recharge (mm) 

   P = average annual rainfall (mm) 

   Cp = chloride concentration in rainfall (mg/L) 

   SR = average annual surface runoff (as mm of rainfall) and 

   Cr = chloride concentration in groundwater (mg/L). 

 

Rainfall chloride (Cp) was estimated to be 5 mg/L from regional trends (Biggs, 2006), as there is 

no reliable data available for the Tamborine area. The concentration of chloride in rainfall will 
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vary during the year depending on rainfall intensity and prevailing wind direction, but in general 

Cp decreases exponentially away from the coast (Biggs, 2006). Regular sampling and analysis of 

rainfall at Tamborine is required to determine Cp and groundwater recharge more accurately. 

 

Table 5 presents groundwater recharge estimates for selected bores that were sampled in this 

project. The results show highly variable groundwater recharge from 235 mm/yr to  >600 mm/yr. 

Reasons for the variability are not clear, however low rates of recharge tend to occur for the 

deeper aquifer intersections and high recharge occurs for shallow areas. The variability that 

occurs independently of depth to the aquifer may reflect the likely variability in rock type 

permeability and fracturing that is likely to characterise the Tamborine basalt sequence. 

 

Table 5:   Groundwater Recharge and Age Estimates 

BoreID Aquifer 
Multiple 
Screens 

Hydrogra
ph Type 

Chloride 
(mg/L) 

CMB 
(mm/yr) 

CMB 
(%rainfall) 

Age 
(years) 

TM49_01 perched No 1 17 428 28% 
 TM13 5 No 2 30 243 16% 75 

TM21 5 No 1 14 520 34% 
 TM23 5 No 2 27 270 18% 
 TM48 5 No 1 15 485 32% 
 TM15 4 No 2 15 485 32% 
 TM26_05 4 No 1 12 606 39% 
 TM38 4 No 1 14 520 34% 
 TM4_05 4 No 1 14 520 34% 29 

TM4_11 4 No 1 14 520 34% 
 TM58 4 No 1 11 662 43% 
 TM8 4 No 2 9 774 50% 35 

TM20 3 ? 1 20 364 24% 43 

TM27 3 No 3 12 606 39% 101 

TM39 3 No 3 31 235 15% 
 TM4_03 3 No 2 16 455 30% 
 TM59_01 3 No 3 14 520 34% 65 

TM7 3 No 3 31 235 15% 
 TM4_09 3 No ? 16 455 30% 
 

TM4_12 
localise

d No 3 15 485 32% 81 

   
Average 17 469 30% 

  

The data indicates an average annual groundwater recharge rate of approximately 469 

mm/annum, which is about 30% of average annual rainfall.  

 

Groundwater ages were determined by GNS Science Services as described in Section 2.2.7. 

Measured ages vary from 29 to 101 years (Table 5), with the youngest groundwater occurring 

normally at the shallowest depths where there is greater degree of connectivity with the surface. 

The oldest groundwater occurs at depth, and in areas where there is a significantly delayed 

hydrograph response to rainfall (refer Section 5.3.2), suggesting a protracted pathway to the 

aquifer. Lateral movement of this older water to shallower areas of the same aquifer, may have 

resulted in mixing of old with young water. Groundwater reaching shallow aquifers may 

therefore be significantly younger than the youngest measured age of 30 years. 

 



39 

 

5.3 Aquifer Characterisation 

An aquifer is defined as: 

 

A formation [unit of similar rock type], part of a formation, or 

group of formations that contain sufficient saturated permeable 

material to yield significant quantities of water to wells or springs. 

 

Implicit in this definition is that there are water filled spaces (porosity) in the host rock, and 

connectivity between these water filled spaces (permeability) for water to flow from one place to 

another. The aquifer may be extensive or quite localised depending on the degree of this 

hydraulic connectivity (conductivity).  

 

Bore information at Tamborine shows that groundwater is intersected at a variety of depths 

within the basalt sequence, varying from 10 to 120 m, with often multiple intersections within a 

single bore. However, it is important to establish the connectivity between water bearing layers 

when considering volume of the groundwater resource, interactions with surface water, 

interactions between bores, and the sustainability of extraction.  

 

Groundwater at Tamborine is commonly intersected in fracture zones, but also in vesicular 

(porous) basalts, weathered basalts and soft fractured basalts that characterise Beechmont Units 

C and A. Discharge of groundwater to the surface where these rock types are exposed, suggests 

there is significant lateral groundwater flow and therefore connectivity at some levels within the 

basalt sequence. 

 

There has previously been no systematic monitoring of groundwater levels or characterisation of 

groundwater quality to confirm if these are extensive aquifer bodies, if the system comprises 

many poorly connected localised aquifers, or some combination of the two. 

 

This following pages present various lines of evidence that together begin to characterise 

aquifers within the Tamborine groundwater system, including standing water level (SWL) 

elevations, SWL response to rainfall and groundwater chemistry. 

 

5.3.1 Standing Water Level Elevations  

Methods used in the determination of standing water-level elevation above mean sea-level 

(AHD) are discussed in Section 2.2.1.  SWL hydrographs for all monitoring bores are included in 

the Tamborine Mt 3 D visualisation model on the project DVD as graphs and time series 

representation. This model (described further in Section 4) has been a useful tool to determine 

the presence or absence of connected aquifer surfaces.  

 

As background, water in an aquifer water body will find an equilibrium level where atmospheric 

and gravitational forces are in balance. The upper surface of the water body will be planar, 

similar to the water surface in a bath, if the upper surface of the aquifer is unconfined by 

impermeable rocks. This is called the watertable, and the aquifer is classified as „unconfined‟. 

If groundwater movement is confined or partially confined by less permeable rocks above, then 

water in the aquifer will not rise to its equilibrium level and will therefore be under some 

pressure. The aquifer is then called a ‘confined’ or ‘semi-confined’ aquifer. Water will rise in 

any bore that intersects the aquifer to an equilibrium level (above the confining layer) known as 

the potentiometric surface for that aquifer. This surface will also tend to be planar. An aquifer 
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and its aquifer surface may be localised or broad depending on how laterally connected the water 

bearing rock types are. 

 

The SWL elevation data for Tamborine Mountain suggests three main aquifer surfaces, here 

identified as Aquifers 5, 4 and 3 from shallowest to deepest (Figure 15). Some bores intersect 

aquifers which do not correlate with other bores, and which are therefore interpreted as localised 

groundwater intersections. These mostly occur deep within the basalt sequence, but one 

monitoring bore (TM49_02) in the Eagle Heights area intersected a „perched’ aquifer at a 

shallow depth. A summary of the interpreted aquifer intersections is presented in Appendix 2. 

 

Figure 15:   Main Aquifers, Tamborine 

 

5.3.2 Hydrograph Response to Rainfall 

SWL response to rainfall at Tamborine Mt varies significantly depending on connectivity with 

the surface. Bore hydrographs are presented in the 3D Visualisation that comes with this report, 

where they can also be viewed in relation to rainfall. 

 

The shape of the hydrograph response to rainfall events includes three important components: 

 the time delay from peak rainfall to peak SWL; 

 the height of the water level rise from pre-rainfall levels to peak SWL; and 

 the slope of the curve as groundwater levels decline after the rainfall event. 

 

This is sometimes complicated by closely spaced rainfall events, but in general three main 

hydrograph response shapes (Types 1 – 3) have been identified for the Tamborine Mt area 

(Figures 16 – 18). Each shape suggests a different interpretation for aquifer recharge and 

discharge that has been useful to characterise each aquifer. 
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Type One Hydrograph: This hydrograph shape is characterised by a rapid increase in water 

level to a peak level within 3-10 days of a significant rainfall event (Figure 16). SWL decline, 

which is due to lateral or vertical discharge from the aquifer, begins immediately after the SWL 

peak is reached. The height of the SWL increase for a given rainfall event varies according to the 

size of the event and the storage capacity of the aquifer. 

 

The rapid increase in water level does not mean that infiltrating water is reaching the aquifer 

quickly. Groundwater age determinations (Section 5.2) show that recharging water takes many 

years to reach the shallowest aquifers at Tamborine Mt. The rapid water level rise shown by the 

hydrograph is due to the pressure exerted on water already in the unsaturated zone by rainfall 

infiltrating at the surface. The rapid hydrograph response is therefore a reflection of a high 

degree of connectivity with the surface rather than rapid water movement through the 

unsaturated zone. 

 

The Type one hydrograph is typical of an aquifer, or a part of an aquifer, that is shallow and 

unconfined. 

 

Type Two Hydrograph: This hydrograph shape involves a delayed response to a significant 

rainfall event (Figure 17), involving a gradual increase in water level to a maximum over several 

weeks from peak rainfall. SWL decline is equally slow. This hydrograph shape suggests poor 

connectivity with the surface, and groundwater may be feeding the aquifer by leakage from an 

aquifer above. 

 

Type Three Hydrograph: This hydrograph shape involves little or no response to any one 

rainfall event, while water levels may rise slightly due to the cumulative effect of many rainfall 

events (Figure 18). Recharge to the Type 3 aquifer is due to leakage from aquifers above. 

 

Figure 16:   Type 1 Hydrograph. 
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Figure 17:   Type 2 Hydrograph 

 
 

 

Figure 18:   Type 3 Hydrograph 
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Rainfall Threshold:  This is the smallest rainfall event from which there is consequent 

aquifer recharge. The threshold value will vary depending on soil moisture levels at the start of a 

rainfall event, but a rule of thumb value for the Tamborine area will reflect the combined 

influence of soil type, vegetation, slope, geology and evapotranspiration conditions.  

 

A rule of thumb threshold value for the Tamborine Mt area is about 30-40mm. That is, rainfall 

events with total rainfall of about 30-40 mm or less will not recharge groundwater, unless 

combined with a previous rainfall event. Rain falling in events of less than 30-40 mm is absorbed 

within the unsaturated zone or lost due to evapotranspiration. 

 

5.3.3 Groundwater Chemistry 

Groundwater chemistry is a product of four main influences (CGS, 2005): 

 The water chemistry of rainfall input; 

 The geology and geochemistry of soils and rocks through which groundwater moves, 

with the principal and distinctive characteristics of groundwater mainly established in the 

unsaturated zone;  

 The age of the groundwater, which essentially reflects the time available for chemical 

changes to occur; and 

 The amount of mixing between aquifers. 

 

The groundwater chemistry of one aquifer will usually be different to another, and this data is 

often used to characterise an aquifer. One commonly used technique to assess the differences 

involves plotting the relative concentration of major anions and cations on a Piper Diagram.  

 

Figure 19 presents a plot of all available data. Figure 20 plots a subset of this data which is 

representative of all stream sites and bores categorised from SWL elevations to intersect Aquifer 

5. Similarly, Figure 21 plots data for Aquifer 4, and Figure 22 plots data for bores intersecting 

Aquifer 3 and other deep groundwater intersections. 

 

The Piper diagram plots show three main cluster areas as follows: 

 Cluster 5: Includes most bores identified as intersecting Aquifer 5. This cluster is 

characterised by a relatively low proportion of (HCO3 + CO3), and a relatively high 

proportion of chloride and magnesium ions.  

 

Cluster 5 includes a sub-cluster representing all stream sites.  

 

Exceptions include seven bores, which have water levels typical of Aquifer 5, but which 

plot within the Cluster 4 area. These bores intersect Aquifer 5 in areas which are deeper, 

and they have a Type 2 hydrograph response. 

 

 Cluster 4: Includes most bores identified from SWL elevations as intersecting 

Aquifer 4. This cluster is characterised by a higher proportion of (HCO3 + CO3), and a 

lower proportion of chloride and magnesium ions compared to Cluster 5. (Na+K) is 

typically within the range from 20-50%. 

 

Exceptions include six bores with water levels typical of Aquifer 4 that plot within the 

Cluster 5 area. These bores are located close or outside of the Aquifer 5 spring-line and 

are therefore subject to mixing with Aquifer 5. Another bore (TM61) intersects multiple 

aquifers and is probably influenced by Aquifer 3 chemistry.  
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 Cluster 3: Includes most bores identified as intersecting Aquifer 3 (stars in Figure 

22) and other deep localised aquifers. This cluster is characterised by more variable 

water chemistry, but with a relatively high proportion of (HCO3 + CO3), low proportion 

of chloride and magnesium ions, and variable (Na+K).  

 

Exceptions include Bore 31_02, which plots outside Cluster 3 because it is influenced by 

mixing with Aquifer 5 within this multi-screen bore. Also bores 27 and 59_01 have 

anomalously low (HCO3 + CO3). 

 

The data shows that the chemical character of groundwater changes progressively as it moves 

from the unsaturated zone to deeper levels within the basalt sequence. The change involves an 

increase in the proportion of (HCO3 + CO3), pH and alkalinity, and a decrease in the proportion 

of magnesium and chloride ions, as groundwater moves through the system. Shallow 

groundwater is typically acidic with pH 4 – 6, while deep groundwater is typically alkaline with 

pH 7 – 9. 

 

The ionic chemistry of surface water on the plateau is similar to that of Aquifer 5 groundwater 

(Figure 20). Surface water chloride in particular is consistently 13 – 14mg/L, similar to shallow 

Aquifer 5 groundwater, and this is significantly different to that expected for rainfall (chloride 

about 5mg/L – Section 5.2). Although there is no reliable data to characterise rainfall chemistry 

on Tamborine Mt, this suggests stream flow on the plateau is old, and probably derived mainly 

from Aquifer 5.  

 

Figure 19:   Piper Diagram Plot:   All data  
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20%

2
0%

2
0%

40%

4
0%

4
0%

60%

6
0%

6
0%

80%

8
0%

8
0%

M
g

Ca

20%

2
0%

2
0%

40%

4
0%

4
0%

60%

6
0%

6
0%

80%

8
0%

8
0%

S
O

4

Cl

S
O

4
 +

 C
l C

a +
 M

g

N
a +

 K

H
C

O
3
 +

 C
O

3

8
0%

8
0%

6
0%

6
0%

4
0%

4
0%

2
0%

2
0%

I

I

I

I

I

I

K

K

K

P

P

P

I

I

I

J

J

J

K

K

K

I

I

I

K

K

K

I

I

I

K

K

K

B

B

B

O

O

O

K

K

K

J

J

J

P P

P

P

P

P

J

J

J

I

I

I

P

P

P

K

K

K

K

K

K

K

K

K

B

B

B

I

I

I

J

J

J

I I

I

K

K

K

K

K

K

P

P

P

K

K

K

P

P

P

I

I

I

P

P

P

I

I

I

K
K

K

K K

K

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

K

K

K

P P

P

B
B

B

K

K

K

B B

B

I

I

I

I

I

I

K

K

K

K

K

K

Legend

I TM13

I TM52

K TM43

P TM39

I TM45

J CurtisFalls

K TM38

I TM57

K TM5

I TM4101

K TM405

B TM409

O TM4901

K TM58

J CedarCkmid

P TM101

P TM27

J GuanabahCk

I TM1901

P TM20

K TM3

K TM8

K TM15

B TM16

I TM3101

J LicualaDv

25 More...

 
 



45 

 

Figure 20:   Piper Diagram Plot:   Aquifer 5 and streams  

 
 

 Figure 21:   Piper Diagram Plot:  Aquifer 4  
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Figure 22:   Piper Diagram Plot:  Aquifer 3 and deeper.  

 
 

5.3.4 Data Limitations 

It is important to consider the limitations of SWL and water chemistry data derived from 

production bores. This is occurs when bores intersect multiple aquifers, when there is insufficient 

bore construction information and when pumping effects SWL measurements, as discussed 

below. 

 

Multiple aquifer intersections: Private production bores are constructed to maximise 

groundwater extraction. If the bores intersect groundwater at different levels, then screens may 

be installed to draw water from several different aquifers.  

 

This results in artificial aquifer mixing, and groundwater quality from these bores will be 

unrepresentative of either aquifer. Furthermore, SWL levels and SWL response to rainfall, will 

be representative of the dominant aquifer, but may at times be influenced by another aquifer.  

 

Bore construction information from driller‟s logs has been used in this investigation to determine 

if bores intersected multiple aquifers, and monitoring data collected for these bores has been 

either ignored or assessed with care. 

 

Poor bore records:  There was little or no information available for some bores, other 

than location. Some inferences could be made from monitoring data, but this data was carefully 

considered. 
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Pumping effects on SWLs:  Drawdown of bore water levels due to pump use, either in 

the bore or nearby, can render a SWL measurement unrepresentative. Monitoring methods 

discussed in Section 2.2.1 ensured this effect was minimised. All data was checked before 

inclusion in the final database. 

 

5.4 Aquifer Description 

 

In summary, SWL elevations indicate the presence of three extensive aquifers that represent 

three well connected water bearing zones. There are probably also many localised water bearing 

zones that are poorly connected, which occur mainly deep within the basalt sequence but 

sometimes as shallow perched aquifers.  

 

The three main aquifers are described as follows from shallowest to deepest. 

 

Aquifer 5:  Figure 23 shows the Aquifer 5 surface at about its lowest level during the 

monitoring period (November, 2009). The surface shown is interpolated from bore data, and may 

in reality extend out further than the limit of available data (refer Section 4). The interpolated 

surface intersects with the ground surface in many low lying areas on the plateau, and also 

around the escarpment, where springs and swampy ground are observed to occur. Further 

refinement of the Aquifer 5 surface interpretation could be achieved by detailed mapping and 

monitoring of springs in these areas. 

 

SWL response to rainfall shows that Aquifer 5 is largely unconfined with a strong connection 

with the surface. Water chemistry confirms this due to the relatively low proportion of HCO3 + 

CO3 similar to rainfall. Connectivity with the surface is reduced in some northern areas of the 

plateau where Aquifer 5 is deeper and probably overlain by perched aquifers locally. Aquifer 5 

water chemistry in these areas is more like Aquifer 4, with a higher proportion of HCO3 + CO3. 

SWL response to rainfall events is also slower (Type 2). 

 

Aquifer 5 occurs within Unit D, and is likely to represent groundwater that has accumulated 

above low permeability clays at the top of Unit C. Aquifer 5 water-bearing rocks are unlikely to 

be continuous over the entire area shown in Figure 23, but water surface continuity suggests that 

they are connected. 

 

Groundwater flow direction for Aquifer 5 is generally from west to east following surface 

topography, but is locally westward near the western plateau margin. Aquifer 5 discharges into 

surface streams on the Tamborine plateau and around the escarpment, either indirectly via 

tributary springs or directly into waterways. There is also significant leakage to lower levels 

within the basalt sequence. 
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Figure 23:   Aquifer 5 Extent 

(Showing an oblique and aerial view of the projected Aquifer 5 surface) 
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Aquifer 4:  The Aquifer 4 surface occurs up to about 15 m below the Aquifer 5 

surface, diverge away to the east (refer Figure 15). Figure 24 shows the Aquifer 4 surface at 

about its lowest recorded level during the monitoring period (November, 2009), as interpreted 

from bore data. The Aquifer 4 surface intersects with the ground surface around the escarpment, 

where it discharges to surface streams. It also discharges to a few low lying areas on the plateau 

after significant rainfall when water levels are at their highest. Springs and swampy ground in the 

middle to lower reaches of Cedar Ck and the lower part of Guanabah Ck are locations of Aquifer 

4 discharge. Further refinement of the Aquifer 4 surface interpretation could be achieved by 

detailed mapping and monitoring of springs in these areas. 

 

The SWL response to rainfall in Aquifer 4 is slow (Type 2) in many areas, suggesting it is semi-

confined and probably overlain in these areas by aquifer 5. However, SWL response is also rapid 

(Type 1) in other areas, where Aquifer 4 occurs outside of or close to the Aquifer 5 spring-line. 

Aquifer 4 is unconfined in these areas and has water chemistry more typical of Aquifer 5 with a 

lower proportion of HCO3 + CO3. 

 

Bores intersecting Aquifer 4 are screened mainly within Unit C. Aquifer 4 is thought to comprise 

groundwater that has passed through or around clays at the top of Unit C and accumulated within 

the relatively more porous and permeable rock types comprising the bulk of this Unit. 

 

Groundwater flow direction is generally from west to east similar to Aquifer 5, but is locally 

westward along the western escarpment. Localised variations in flow direction occur in the 

vicinity of Cedar Ck. There will also be significant leakage to lower levels within the basalt 

sequence. 

 

Aquifer 3:  The Aquifer 3 surface occurs at from 30 to 50 m below the Aquifer 4 

surface. There are fewer bores intersecting this aquifer, and it appears to be less extensive, and 

perhaps laterally less connected than the shallower aquifers.  

 

Figure 25 shows the surface to slope generally eastward, with groundwater flow generally in this 

direction. Aquifer 3 discharges slowly to springs only around the escarpment.  

 

Bores intersecting Aquifer 3 are screened mainly within Units C and B. Water chemistry and the 

slow SWL response to rainfall events suggest that this aquifer is recharged by leakage from 

aquifers above. A notable exception includes bore TM 20, where Aquifer 3 responds rapidly to 

rainfall (Type 1 hydrograph), suggesting the aquifer is probably unconfined in this area. 
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Figure 24:   Aquifer 4 Extent 

(Showing an oblique and aerial view of the projected Aquifer 4 surface) 
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Figure 25:   Aquifer 3 Extent 

(Showing an oblique and aerial view of the projected Aquifer 3 surface) 
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5.5 Groundwater Extraction 

There is considerable debate locally with regard to the sustainability of current and future levels 

of groundwater extraction. Groundwater is extracted from the Tamborine basalt system for three 

main purposes: 

 Domestic; 

 Commercial horticulture; 

 Commercial extraction for sale locally and off-mountain. 

 

5.5.1 Domestic Use 

Groundwater is used domestically for garden irrigation and household purposes. Water is 

otherwise sourced from water tanks fed from rainfall. There is no reticulated water supply to the 

Tamborine Mountain community. 

  

There is also no record of the number of bores on the Mountain, but it is estimated locally that 

15-25% of properties on Tamborine Mountain have active bores. This is based on a detailed 

review of driller‟s records (G. Buckley, pers. comm.) 

 

Fifty (50) households were surveyed in this project to determine typical volumes being extracted. 

Hours and rates of use were determined for typical summer (wet) and winter (dry) months. The 

rate of groundwater use is quite variable, and this partly reflects different levels of consciousness 

around water conservation. However, in general the data shows the amount of groundwater 

extraction is greatest during the drier winter months, and is greater for the larger acreage 

properties than for typical urban properties. Cadaster maps were used to estimate the total 

number of properties on the plateau in different size categories. 

 

Table 6 summarises the data, and presents annual groundwater extraction estimates for domestic 

groundwater extraction. The calculations assume an average rate of use based on high and low 

seasonal estimates, and are calculated for best and worst case scenarios with regard to the 

proportion of properties with bores. The estimates for larger properties do not include 

groundwater extracted for commercial crop irrigation, which has been estimated separately. 

Estimates are presented as a volume (ML) and as a „rainfall equivalent‟ (mm) spread over the 

plateau catchment area of 1547ha. 

 

Domestic groundwater extraction is estimated to be within the range from 144 – 241 ML/annum, 

which is equivalent to from 0.9 – 1.6mm of rainfall. This represents approximately 0.06 - 0.08% 

of average annual rainfall (ie 1540mm) and 0.2 – 0.35% of annual average groundwater recharge 

(ie 469mm). It is noted that in an extreme worst case scenario, where 25% of properties are 

continuously extracting groundwater at the highest (winter) rate, the volume of groundwater 

extracted is 480ML/annum, 3.1mm rainfall equivalent, 0.2% of average annual rainfall, or 0.7% 

of average annual groundwater recharge. Volumes of groundwater extracted for domestic 

purposes are therefore low with respect to groundwater recharge. 

 

5.5.2 Horticultural Use 

Soil and climatic conditions on Tamborine Mt favour horticulture, and while horticulture 

increasingly competes for land area with urban development, the plateau supports a significant 

horticultural industry. Harrison and Grierson (2001) note that groundwater irrigation is crucial 

for crop success. 
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Table 6:   Domestic Groundwater Extraction 

Property 
Type 

Number of 
Properties 

Proportion 
with bores 

Usage rate 
(L/day) 

Annual Extraction 
(MLpa) 

Comments 25% 15% High Low @ 15% @ 25% 

            
  

  

< 1ha 2500 625 375 1651 275 113.0 188.4   

<1ha 
(commercial) 30 7.5 4.5 3507 584 2.9 4.8 

Includes tourism 
properties 

1 - 5ha 376 94 56.4 2090 348 21.5 35.9   

5 - 100ha 117 
29.2

5 
17.5

5 2090 348 6.7 11.2 
Includes some 
conservation areas 

> 100ha 5 1.25 0.75 2090 348 0.3 0.5 
Mostly conservation 
areas 

  
 

  
 

    
  

  

    
weighted 

avg 
1742 290 

  
  

Totals 3,028       ML 144 241   

      
 

rainfall equivalent (mm) 0.9 1.6   

  

Digital aerial photography (January 2011) was used to map and estimate the area of horticultural 

land use, with subdivision into 5 main crop categories (Table 7). The Tamborine Mt Golf Club 

was included in this assessment as another (6
th

) groundwater irrigator. The amount of 

groundwater use is understandably highly seasonal, ranging from 24 hours/day from several 

bores during dry winter periods to nothing at all during summer. The rate of use also varies with 

crop type. 

 

Table 7:   Groundwater Extraction for Horticulture 

    
Area 
(ha) Rate of Use (ML/ha/annum) Volume (ML/annum) 

      Worst case Best Case Worst case Best Case 

Horticultural Areas 178.9 
      Avocado 100 10 3 1000 300 

  Rhubarb 7 8 5 56 35 

  Other 6.3 6 2 38 13 

  Kiwi Fruit 40 15 10 600 400 

  Vegetables 7 4 2 28 14 

Golf Course 18.6 25 15 140* 84* 

    
   

    

Total Irrigation 178.9 12 6 1861 845 

      
* Assumes 30% of golf course area 
is irrigated rainfall equivalent (mm) 12.0 5.5 

 

Seasonal rates of use have been estimated for the various crops from discussions with local 

growers. An average annual rate of use was then calculated, assuming 50% of the year at the 

higher winter rate of use. Worst and best case estimates were made to account for other factors 

such as irrigation method and climatic conditions. The actual average annual extraction rate is 

expected to be somewhere within this range.  
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Average annual groundwater extraction (ML/annum) was estimated from: 

 

Usage rate (ML/ha/annum) * crop area (m
2
) 

 

This general assessment (Table 7) indicates that the horticultural industry is a significant user of 

groundwater, with average extraction within the range from 800 - 1900 ML/annum. This is 

equivalent to 5.5 - 12 mm of rainfall over the Tamborine plateau, which is 0.3 - 0.8% of average 

annual rainfall and 1.2 - 2.6% of average annual groundwater recharge.  

 

A more detailed assessment of current and projected rates of groundwater irrigation, perhaps 

coupled with an assessment of irrigation efficiency, would be required to refine these estimates. 

 

5.5.3 Groundwater Extraction for Sale 

Groundwater is extracted commercially by several local businesses for sale either locally for 

domestic use, or off-mountain for the bottled water industry. Much of the groundwater debate on 

the Mountain is centered on this commercial groundwater extraction, and in particular off-

mountain export and truck usage. This report is only concerned with the quantity of groundwater 

extraction and how this might impact on resource sustainability. A discussion of road use issues 

and philosophical questions around commercial sale of groundwater, is very valid but beyond the 

scope of this report. 

 

Monthly groundwater sales figures for a three year period were provided to the project by all but 

one of the groundwater extractors. This data is commercially sensitive and will remain 

confidential. However, it has been used with the permission of the businesses concerned, to 

derive total extraction estimates separately for all local and all off-mountain suppliers (Table 8). 

Extraction by the business that did not provide data was estimated by extrapolation. 

 

The volume of extraction for local sale varies seasonally in response to domestic demand. 

Extraction for off-mountain supply is not seasonal. Volume estimates have been converted to 

truck counts for comparison with local observations. 

 

Table 8:   Groundwater Extraction for Commercial Sale 

Year Off-mountain Suppliers Local Suppliers  Totals 

  
ML 

Trucks* 
/annum 

Trucks* 
/week 

ML 
Trucks** 
/annum 

Trucks** 
/week 

ML 
Rainfall 

equivalent 
(mm) 

2008 
81.1 3005 58 14.0 1116 21 95.1        0.61  

2009 
80.2 2970 57 26.6 2132 41 106.8        0.69  

2010 
86.9 3220 62 16.3 1300 25 103.2        0.67  

* Calculation is based on 1 truck carries 27000L (0.027ML) 

** Calculation is based on 1 truck carries 1250L (0.00125ML) 

 

This assessment shows that groundwater extraction for commercial sale currently draws from 95 

– 110 ML/annum. This is equivalent to 0.6 – 0.7 mm of rainfall over the Tamborine plateau, 

which is about 0.04% of average annual rainfall and 0.14% of average annual groundwater 

recharge. The amount of groundwater that is extracted for sale is less than, but of the same order 
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of magnitude as that being extracted for domestic use by the wider Tamborine community. 

Although the quantity of water being carried is small relative to that being used for other 

purposes, its movement is considerably more visible. For reference, the amount of groundwater  

being extracted for off-mountain supply is equivalent to an average of 58-62 trucks (each is 

27,000L) per week. Similarly, the amount of groundwater being extracted for local sale averages 

from 20-40 trucks per week depending on demand.  

 

Total extraction estimates are summarised in Table 9. 

 

Table 9:   Tamborine Mountain Groundwater Extraction 

Type 
Extracted Volume 

(ML/annum) Rainfall Equivalent (mm) As a % of Recharge 

  Worst case Best case Worst case Best case Worst case Best case 

Domestic 241 145 1.6 0.9 0.3 0.2 

Horticulture 1861 845 12.0 5.5 2.6 1.2 
Commercial 
sale 107 95 0.7 0.6 0.2 0.1 

Total 2,209 1,085 14.3 7.0 3.1 1.5 

  

5.6 Environmental Flows 

Environmental flow is groundwater that discharges to the surface where it maintains permanent 

water systems such as springs, streams and wetlands. The ecosystems that characterise these 

environments are typically dependent on a continuous or semi continuous supply of water. The 

term environmental flow is often used synonymously with base-flow in streams.  

 

Small decreases in water table height, or aquifer surface level, can result in a significant 

reduction in water supply to these groundwater dependent ecosystems (GDEs). Flow can cease 

over a disproportionately large area depending on surface slope and geology. 

 

This project has confirmed that groundwater discharges continuously to all streams draining off 

the Tamborine plateau, and to streams originating around the plateau escarpment. SWL 

measurements suggest that groundwater discharge is approximately equal to recharge over the 

long term. The ecosystems that have developed on and around Tamborine Mountain over many 

thousands of years, and which are now somewhat modified, are founded on this groundwater 

supply. 

 

The question is: How much groundwater is required to sustain a level of health in these 

ecosystems which is acceptable to the Tamborine community? 

 

Various values are used for the allocation of groundwater to the environment. For example a 

study of a very similar basalt terrain on the Astonville Plateau in Northern NSW (Brodie and 

Green, 2002) used 80% of groundwater recharge as an appropriate allocation to the environment, 

due to the high level of interaction between groundwater and GDEs mapped in this area. A 

similar level of interaction may exist on Tamborine, however Brodie and Green (2002) assumed 

a relatively low rate of recharge (8% of annual rainfall) compared to that estimated for 

Tamborine.  
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The NSW State Groundwater Dependent Ecosystems Policy (Dept of Land and Water 

Conservation, 2002) recommends site specific studies to determine appropriate allocations to the 

environment, but in the absence of such studies recommends 30% of average annual recharge be 

allocated to the environment. There is no current policy developed for Queensland, but site 

specific studies are undertaken for priority groundwater management areas. 

 

A detailed study of the Tamborine area is required to determine: 

 the groundwater requirements of local GDEs,  

 how vulnerable they are to changes in groundwater levels, and  

 what values the Tamborine community places on the health of these systems.  

 

Such a study has been beyond the scope of this project, however it is noted that: 

 Cedar Creek was observed to have run dry for several weeks during Nov/Dec 2009, and 

has been observed to have done so previously; 

 This is most likely to occur during dry periods when demand for groundwater is high; 

 The health and vigour of ecosystems on Tamborine are a large part of the aesthetic value 

of the area and consequently the tourism industry that this attracts. 

 

5.7 Water Balance 

 

A concept model for the Tamborine groundwater system is shown in Figure 26. In this model 

groundwater is derived entirely from local rainfall falling on the plateau. Infiltrating water moves 

down through surface soils, and through fractures and permeable rock types within the 

unsaturated zone, to the groundwater system. Groundwater may be forced laterally when a 

relatively impermeable layer (eg clay or unfractured basalt flow) is reached, sometimes resulting 

in discharge to springs and streams at the surface. A significant proportion of groundwater 

recharge at Tamborine flows laterally, mainly within Aquifer 5, to surface streams draining the 

plateau. 

 

The remainder leaks down through fracture systems to aquifers lower in the basalt sequence. 

Groundwater eventually discharges to the surface around the escarpment, but this may take up to 

100 years or more. 

 

An approximate water balance has been derived from the following information: 

 Local rainfall measurements (100 year average = 1540mm); 

 Local estimates of the surface runoff and base-flow components of stream flow (from 

2010 data);  

 Estimates of groundwater extraction; and 

 Assumed evapotranspiration from regional trends (950mm; Bureau of Meteorology). 

 

The water balance presented in Figure 27 is essentially a snap shot in time for the entire 

Tamborine system. The system balance is dynamic, with for example a greater proportion of 

groundwater recharge during wetter years and less during drier years. Groundwater extraction, 

although a small component of the water balance, will in contrast increase as a proportion of 

groundwater recharge during dry periods of high demand. The surface runoff component of 

stream flow will vary mainly with the frequency of intense storms. 
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Figure 26:   Tamborine Groundwater System Concept 

 
 

Figure 27:   Tamborine Water Balance 
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The water balance illustrates that the estimated volume of groundwater extracted, even in a worst 

case scenario, is less than 3% of average annual recharge. It follows that the proportion of 

average annual groundwater recharge that is available to the environment is at least 95% for the 

entire system. Even accounting for a high groundwater requirement for local ecosystems, it can 

be concluded that current levels of extraction are sustainable over the long term. 

 

Analysis of stream flow during 2010 indicates that about 50% of groundwater recharge flows 

laterally and discharges to streams draining the plateau as base-flow. Most groundwater 

extracted on Tamborine Mt is from Unit C and below, which can safely be assumed to be below 

the level of surface streams on the plateau. It follows that most extraction is from the 50% of 

average annual groundwater recharge that moves to these lower levels. Groundwater extraction 

is still less than 5-6% of recharge.  

 

It is also noted, however, that high demand for groundwater during extended dry periods, will 

exacerbate the natural decline in aquifer levels. A small drop in the water table can have a 

disproportionately large effect on stream flow as the water table drops below the stream bed over 

large areas. For example Cedar Ck was observed to run dry for several weeks in late 2009, 

upstream of the State High School. It is important to consider these localised and temporary 

impacts on groundwater dependent ecosystems when managing the Tamborine resource. 
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6 Water Quality Monitoring 
 

6.1 Nutrients in the Environment 

Nutrients, including in particular compounds of nitrogen and phosphorus, are a natural and 

essential component of soil and water dependent ecosystems, but over supply can lead to 

ecosystem health decline. The following is a review of the sources of nitrogen and phosphorus 

and processes of movement in soil and water environments. 

6.1.1 Nitrogen: 

The main sources of nitrogen that may be relevant to the Tamborine Mountain area include: 

 human and animal waste (organic nitrogen); 

 fertilisers (containing ammonia or nitrate); 

 plant residues (organic nitrogen); and 

 bacterially fixed atmospheric nitrogen (organic nitrogen). 

It can be assumed that in most situations elevated levels of nitrogen are sourced from the first 

two of these sources, which usually the result of concentrated human activity (including 

agriculture), although not all human activity will lead to elevated nitrogen levels.  

 

Figure 28 presents a simplification of the passage of nitrogen through soil and water 

environments. Essentially organic nitrogen (N) in various forms is converted to inorganic forms 

of N (mineralisation) by aerobic microorganisms in the soil and sub-soil environments, through 

processes of: 

 ammoniafication - release of ammonia (NH3) by bacteria, which is then available for 

plant uptake or further chemical change; and 

 nitrification - oxidation of NH3 to nitrite (NO2) and then nitrate (NO3) by microorganisms 

in the soil. 
 

Nitrification processes in the soil and sub-soil transform relatively immobile NH3 to easily 

dissolved (mobile) NO2 and NO3, which can be lost to groundwater in percolating waters if 

there is insufficient uptake of N by plants. Movement of nitrite or nitrate to groundwater may be 

rapid if soils are permeable and if there is sufficient rainfall recharge, as is the case in the 

Tamborine Mt catchment. Any nitrate load below the root zone is likely to reach the watertable. 

 

Denitrification by biological reduction of NO3 to N is the only means by which nitrate can be 

removed from soil or groundwater. Anaerobic conditions, high organic carbon content and low 

redox potentials also favour denitrification in groundwater. Soil conditions that favour 

denitrification include anaerobic conditions, high moisture content, moderate temperature and a 

readily available supply of utilisable organic carbon.  

 

6.1.2 Phosphorus: 

The main sources of Phosphorus (P) that may be relevant to the Tamborine area include: 

 naturally occurring P in the Basalts, soils, plants and animal materials; 

 human sewage and animal waste; 

 fertilisers; 

 some pesticides; 
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 detergents contained in grey water runoff or septic system outflow. 

Concentrated human activity is usually the result of concentrated human activity, although this 

does not always lead to elevated P levels. 

 

 

 

Figure 28:   Movement of Nitrogen 

 
 

The dispersion and transport of phosphorus in the environment is perhaps more complex than for 

nitrogen, because of the complexity of its forms. Phosphorus contained in the mineral structure 

of rocks becomes available through weathering and soil formation. Basalt soils often have 

relatively higher levels of phosphorus. Evans (1976) reported geochemical analyses of 12 
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Tertiary Basalt samples from the Maleny – Mapleton area, showing from 0.27 – 0.66 weight % 

P2O5.  

 

Microbial breakdown and other processes such as mineralisation in the soil, transform P into 

various soluble forms, of which the main one is the orthophosphate (PO4
3-

) ion. PO4_P is readily 

transported by water via surface runoff, stream flow or groundwater flow, and it is readily 

available to plants (including algae). Other forms of P carried in groundwater are potentially 

available to plants when discharged to surface water systems. 

 

6.1.3 Total N and P: 

A significant proportion of nitrogen and phosphorus in both groundwater and surface water may 

remain bound up on clays and organic matter. This is not immediately available for uptake by 

plants such as algae, but could potentially become available in the right conditions. 

  

6.2 Faecal Coliforms in the Environment 

Faecal coliforms are a group of bacteria which are sourced from the faeces of warm blooded 

animals, but can also be found in soil and vegetation (Australian Drinking Water Guidelines, 

1996). Thermo-tolerant coliforms, including E. coli are a sub-group, which are used to indicate 

faecal contamination of surface or groundwater resources, although the absence of E. coli does 

not guarantee that other faecal coliforms are not present. 

  

Faecal contamination of groundwater is likely to be from multiple sources including livestock 

(cattle), general wildlife (frogs, toads, marsupials, rodents etc.) and humans (septic tanks). 

Wildlife residing inside bore casing and piping will significantly contribute to contaminant levels 

in samples unless the bore is thoroughly purged before sampling.  

 

Methods are available to distinguish between animal and human contamination to help identify 

the source of contamination and relationship to simultaneous nutrient enrichment, but these were 

not used in this investigation. 

 

The concentration of E. coli in groundwater may vary due to factors other than levels of faecal 

contaminant loading. Other contributing factors include survival rates in the sub-surface 

environment, rainfall, recharge variability and variability in contaminant pathways (Budd et al, 

2000). 
 

Pathogenic bacteria and viruses generally survive longer in groundwater than surface water, but 

will typically survive for only a few weeks. Survival rates and rates of transport are dependent on 

the size of the bacteria or virus organism, and the physical and chemical characteristics of the 

aquifer (CGS, 2005). 

6.3 Assessment of target quality 

The ANZECC Guidelines recommend site specific assessment of target water quality in some 

circumstances to take into account variation in natural background levels of some water quality 

properties (eg phosphorus). Budd et al (2000) recommended use of a variety of targets 

appropriate to the different beneficial uses relevant in an area of study. The following reviews 

water quality targets which are considered relevant to Tamborine Mt area. 
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6.3.1 Health hazards 

Nutrients:  Direct human health impacts of exposure to various forms of either 

nitrogen or phosphorus in groundwater involve very high levels of nitrate and industrial waste 

products that are not relevant to the Tamborine area, but which are identified as follows: 

 Consumption of groundwater with nitrate levels in excess of 50mg/L, leading to possible 

toxicity in infants, pregnant women and the elderly if consumed); 

 Consumption of groundwater containing industrial organophosphates derived from 

pesticides, which act as nerve agents. 

 

Health hazards for stock and domestic animals are similar, although tolerance levels for nitrate 

are even less restrictive (horses and cattle < 300 mg/L and 400 mg/L respectively). 

 

These levels of nitrate are well above the levels measured in this study, and have not been 

considered further. The presence of industrial organophosphates is highly unlikely. 

 

Faecal Coliforms: The Australian Drinking Water Guideline (1996) recommends a faecal 

coliform (E. coli) count target of zero for groundwater used for domestic purposes, and this has 

been used in this study. 

6.3.2 Ecosystem Protection 

The main issue with regard to nutrients in groundwater at Tamborine is the movement of nitrate 

(NO3_N), ammonia (NH3) and phosphate (PO4_P) from groundwater to surface waters. Nitrite 

(NO2) has not been considered as it is non-existent or measured at very low levels in this study. 

Excess nutrients in streams can lead to eutrophication and accelerated plant growth (eg algal 

blooms). This can in turn lead to depletion of oxygen levels, water quality degradation, 

degradation of ecosystem health and sometimes fish kills. The resulting water quality can also 

present a health hazard to humans through direct or indirect contact with the water during algal 

blooms. 

 

Table 10:   Nutrient Targets for Groundwater 

 Health (ANZECC, 1992; 

Australian Drinking Water 

Guideline, 1996) 

Ecosystem Protection Targets 

 Human Stock ANZECC Guideline 

(upland streams) 

Tamborine Mt 

(this study) 

Nitrate  

(mg/L NO3_N) 

< 50 <400 < 0.015 (NOx) < 0.05 

Nitrite 

(mg/L NO2) 

< 3 < 30 No significant 

presence 

Ammonia 

(mg/L NH3_N 

- - < 0.015 < 0.015 

Orthophosphate 

(mg/L PO4_P) 

- - < 0.015 <0.05 

E. coli 0 N/A - N/A 

 

ANZECC Guidelines (1992) provide indicative targets for the protection of ecosystem health, 

which are summarised in Table 10. The ANZECC guidelines are for surface water, but may be 

applied to groundwater assuming groundwater will discharge into surface water ecosystems. It is 
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noted, however, that nutrient load (concentration x volume) in groundwater will be less than in 

stream flow at the same nutrient concentration, because flow volume is less for a given time 

period. 

 

ANZECC Guidelines (1992) recommend site specific studies to determine appropriate nutrient 

load targets for base-flow in surface streams, because flow and site conditions play a significant 

role in determining whether algal blooms occur. Such a study is beyond the scope of this 

investigation, but another approach is to use the natural concentration of NO3_N, NH3_N and 

PO4_P in deep groundwater at Tamborine as representative of natural uncontaminated 

groundwater. 

 

Analysis of nutrient data for Tamborine (Section 6.4) shows that NO3_N and NH3_N 

concentrations are consistently low for deep aquifer samples. NO3_N is mostly below 0.05mg/L 

(Figure 29), while NH3_N is mostly below 0.015 mg/L. These samples are interpreted to be 

uncontaminated, and target concentrations for Tamborine (Table 10) are based on these values. It 

is noted that PO4_P concentrations in deep groundwater are higher than the ANZECC guideline. 

This has been related to the relatively high levels of naturally occurring P in water passing 

though basalts and basalt soils at Maleny, SEQ region (Todd, 2008). 

  

6.4 Water Quality Results 

6.4.1 Nitrate 

Figure 29 shows many bores screened within the upper aquifers Aq5 and Aq4 have nitrate values 

that exceed the quality target of 0.05 mg/L NO3_N adopted in this study. Some bores have 

consistently at or below this target level, while some bores are characterised by consistently high 

levels exceeding 2mg/L. Stream samples are mostly within the range from 0.5-2mg/L, although 

it is noted that Licuala Ck often exceeds 2mg/L. 

 

The data indicates that NO3_N contamination occurs locally, and that the level of contamination 

at these locations is remarkably consistent. Table 11 shows that there is no consistent 

relationship between nitrate contamination and land use, and both low and high levels of 

contamination occur in rural and urban areas. This suggests multiple sources for the nitrate, and 

it is likely that nitrate contamination is derived from either septic systems and/or fertiliser 

overuse locally. It is noted that nitrate concentrations at Tamborine are mostly within a range 

from 1.5 – 2.5mg/L that is typical of groundwater in many areas of Australia (Lawrence, 1983), 

leaving just a few areas of potential concern. 

 

6.4.1 Ammonia 

Figure 30 shows that most bores and stream sites are characterised by NH3_N values less than 

the ANZECC guideline of 0.015 mg/L), and all bores and stream sites have NH3 less than 

0.05mg/L. The concentration of ammonia in groundwater at Tamborine is therefore generally 

low, and not of concern. 
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Figure 29:   Nitrate (NO3_N) Measurements 

 
 

 

Figure 30:   Ammonia (NH3_N) Measurements 
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6.4.2 Orthophosphate 

Figure 31 shows all bores and all stream sites to be consistently below natural background levels 

for PO4_P (ie <0.05mg/L). There is no consistent pattern of PO4_P variation between aquifers, 

while surface water has consistently lower PO4_P than groundwater. 

 

There is therefore no evidence of phosphate contamination in groundwater at Tamborine 

Mountain. 

  

Figure 31:   Orthophosphate (PO4_P) Measurements 

 
 

6.4.1 Faecal Indicator Coliforms (E. coli) 

Faecal indicator bacteria E.coli were largely absent from groundwater samples (Figure 32). A 

few bores had low level E.coli counts occasionally. Due to the difficulty of ensuring that bore 

infrastructure is thoroughly sanitized before sampling, these results do not indicate E.coli 

contamination of groundwater at Tamborine. This is not surprising given the time required (ie 

years to decades) for any contaminated water to reach the aquifers and the short life span of 

E.coli bacteria (ie weeks). 

 

Stream samples, however, showed E. coli values consistently above ANZECC guidelines for 

drinking water. This contamination may be either animal or human related.  
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Figure 32:   E. coli Measurements  

 
 

6.5 Trends  in Relation to Land Use 

Water quality results show that nitrate (NO3_N) is the only significant groundwater contaminant 

identified. The level of contamination is consistent over time, but localised. The source of this 

contamination may be septic systems or fertiliser. Table 11 lists bores with evidence of nitrate 

contamination and arbitrarily categorises the level of this contamination as slight (0.05–

1.0mg/L), moderate (1.0 – 4.0mg/L), and high (4 – 16mg/L). The dominant land use at each site 

is also listed. 

 

The data shows that significant nitrate contamination (moderate – high) may occur in either built 

up or rural areas, with no discernable pattern.
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Table 11:   Bores Exceeding Quality Targets and Land Use 

Bore Aquifer NO3_N NH3_N PO4_P E. coli Land Use 

Targets  <0.05 <0.015 <0.05 0  

TM1_01 3 Nil Nil Nil Nil Grazing/Horticulture 

TM16 3 Nil Nil Nil Nil Large blocks 

TM27 3 Nil Nil Nil Slight Large blocks 

TM39 3 Nil Nil Nil Slight Urban 

TM4_09 3 Slight Nil Nil Nil Large blocks 

TM15 4 Nil Nil Nil Nil Urban 

TM20 4 High Nil Nil Slight Large blocks 

TM3 4 Moderate Nil Nil Nil Urban 

TM38 4 Moderate Nil Nil Nil Urban 

TM4_05 4 Moderate Nil Nil Nil Large blocks 

TM41_01 4 Moderate Nil Nil Nil Urban 

TM43 4 Nil Nil Nil Nil Urban 

TM5 4 Moderate Nil Nil Nil Urban 

TM57 4 Moderate Nil Nil Nil Urban 

TM58 4 Moderate Nil Nil Nil Large blocks 

TM8 4 Slight Nil Nil Nil Urban 

TM13 5 Nil Slight Nil Nil Horticulture 

TM19 5 Moderate Nil Nil Nil Horticulture 

TM31_01 5 High Nil Nil Nil Horticulture 

TM45 5 Slight Nil Nil Nil Large blocks 

TM49_01 5 High Nil Nil Nil Urban 

TM52 5 Moderate Nil Nil Slight Urban 
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7 Implications for Groundwater Management 
Community engagement and consultation at the start of this investigation identified several community 

concerns in relation to groundwater management. These included: 

 Lack of knowledge and awareness of the Tamborine groundwater system; 

 Sustainability of supply (groundwater quantity); and 

 Groundwater contamination (groundwater quality). 

 

7.1 Groundwater Quantity Issues 

The specific groundwater quantity issues raised include: 

 What is the sustainable yield of the resource (ie the amount of groundwater that can be extracted 

without resource decline or impact on groundwater dependent ecosystems); 

 Current and projected levels of groundwater extraction; 

 Anecdotal evidence of reduced yield in some bores; 

 Anecdotal evidence of some sections of Cedar Ck drying up; 

 Anecdotal evidence of temporary pumping impacts on adjacent bores; and 

 Environmental flow requirements of surface streams. 

 

Sustainable yield:  This investigation concludes that the current volume of groundwater being 

extracted in any year is less than 3% of the average volume of rainfall that is recharging the resource 

annually. This balance will of course change for the worse in dry years, while wet years will tend to 

restore the groundwater resource. It is noted that this applies to the total resource, and is not aquifer or 

area specific.  

 

An aquifer specific assessment is beyond the scope of this investigation. However, the stream flow and 

groundwater recharge data suggests that about 50% of groundwater recharge discharges to surface streams 

on the plateau, via the shallowest aquifers. If it is assumed that most groundwater is currently extracted 

from deeper levels within the system (ie from the remaining 50% of annual recharge), the proportion of 

groundwater extraction is still likely to be less than 5-6% of average annual recharge. This level of 

extraction is considered to be sustainable, even in the absence of information on environmental flow 

requirements (see below). 

 

Reduced bore yield:  While the monitoring period of 18 months has been short in terms of the 

many decades required for groundwater movement to the deepest aquifers, comparison of current water 

levels with water levels measured during the 1980s suggests there has been no discernable aquifer decline. 

It is likely that anecdotal evidence of permanently reduced yields in some bores is related to these bores 

intersecting localised poorly connected aquifers, rather than water level decline in the three major 

aquifers. 

 

However, temporary decline in water levels and yields in some bores could be related to pumping impacts 

from bores nearby. There is SWL data to suggest that connectivity exists between some adjacent bores. 

Separation distance will be proportional to the degree of hydrogeological connectivity, and site specific 

studies are recommended to determine the likely impacts of prolonged pumping on adjacent bores. 

 

Environmental Flow requirements: This investigation also concludes that there is a very obvious 

and strong connection between groundwater and surface water on and around the Tamborine Plateau. The 

environmental flow requirements are likely to be a large proportion of average annual groundwater 

recharge, but this investigation has not been able to determine this requirement. It is recommended that 

ecological studies be carried out to determine the value of these groundwater dependent ecosystems 
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(GDEs) to the Tamborine community, and their sensitivity to variations in aquifer levels, groundwater 

recharge and extraction. 

 

It is noted that a small decline in the water table during extended dry periods, can have a 

disproportionately large effect on stream flow along flat sections of plateau streams. It is recommended 

that groundwater management needs to take these localised effects into account.  

 

Continued monitoring:  It is also recommended that monitoring of a few selected bores 

continue, to maintain the existing database of aquifer levels. The 3D Visualisation model could be used to 

develop SWL trigger point values, which are aquifer and area specific and which define acceptable 

aquifer levels. Trigger point values could be adjusted as more information becomes available, such as an 

ecological study of Tamborine GDEs. 

  

7.2 Groundwater Quality Issues 

Groundwater quality issues identified at the start of this investigation included: 

 Lack of knowledge; 

 Contamination from domestic waste water treatment systems; and  

 Other land use contamination. 

 

This investigation has identified locally elevated levels of nitrate (NO3_N) only. While nitrate 

concentrations in shallow groundwater are locally above 5 mg/L, dilution effects in surface streams fed by 

groundwater determine that nitrate concentrations in water flowing off the Plateau are only slightly 

elevated (0.5-2.0 mg/L). It is unlikely that this would in itself result in downstream eutrophication issues, 

but may contribute to cumulative increases in nutrient concentrations. 

 

While elevated nitrate may be related to septic system discharge and/or fertiliser over use, there was no 

conclusive evidence found of faecal coliform (E. coli) contamination of groundwater from waste water 

treatment systems. This is more because faecal coliforms have a short life span relative to the time 

required for infiltrating water to reach the aquifers. 
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9 Appendices 
 

Appendix 1.1:   Tamborine Mt Monitoring Plan Objectives: 

Question Answer  Consequent Investigation Objectives: Data Requirements: 

What are the 

issues?  

Sustainability (quantity) of the groundwater resource given: 

 current and projected levels of development and extraction.  

 Anecdotal evidence of (shallow) bores with variable supply 

and Cedar Ck drying up in vicinity of commercial 

borefields.); and 

 Environmental flow requirements of surface streams. 

1. Monitor seasonal trends in groundwater 

levels; 

2. Estimate groundwater extraction 

volumes 

3. Monitor surface water runoff volumes 

4. Estimate water balance. 

 Fortnightly standing water level 

(SWL) at all available bores. 

 Daily rainfall records for potential 

recharge areas. 

 Groundwater extraction estimates 

for various land uses. 

Contamination of the groundwater resource from: 

 Domestic and/or commercial waste water systems 

 Land use 

 Current and future developments. 

 

5. Monitor contamination of groundwater 

from potential sources, including waste 

water systems and agriculture. 

 Monthly analysis of nutrients and 

E. coli at a representative selection 

of bores for at least a 12 month 

period. 

 Land use mapping.  

Lack of knowledge and/or awareness of groundwater systems, 

including their condition and function in maintaining connected 

surface water ecosystems. 

6. Compile existing knowledge of 

groundwater systems in the Tamborine 

Mt area 

7. Develop a 3D Visualisation model 

8. Raise community awareness and 

understanding of groundwater. 

 Compile all existing hydro-

geological information. 

 Surface geological mapping. 

 Groundwater geochemistry 

 as for Objective 1. 

 

How will the 

data be used? 

The data may be used by the Tamborine Mt Community, Regional 

Councils, SEQ Catchments, Universities and DERM to 

characterise natural and un-natural groundwater condition 

(quantity and quality) variability over time and space. 

9. Provide data of analytical to indicative 

quality for use by all stakeholders. 
 Indicative to analytical quality, 

depending on the type of data 

collected (see Step 2). 

What is 

already 

known? 

A large number of bore locations, many with detailed lithology and other bore information. There is excellent topographic (DEM) control from lidar 

surveys for determination of bore surface elevations. There is recent vegetation cover and land use mapping available from SEQ Catchments regional 

mapping, and locally from community mapping. There are also excellent rainfall records across the Mountain, but only some SWL data from early NR&W 

monitoring. There is a good record of surface water quality both on and off the Mountain, but no record of flow volumes. General understanding about 

aquifer hydrology is poor, although the major Tertiary volcanic Formations have been mapped, as have several flow units within the uppermost 

Beechmont Basalt Formation. Gross estimates of groundwater extraction volumes and a local water balance are available (refer separate report). 
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What is the 

likely 

geological 

context for 

investigation? 

The investigation area comprises an elevated and moderately dissected Basalt plateau, capped by a deep soil profile over weathered basalt. There is little or 

no evidence of surface runoff, and rainfall infiltration rates are expected to be high. Groundwater recharge is likely to be predominantly from local rainfall. 

Several aquifers of unknown extent are expected to occur within the multi-layered Beechmont Basalts and underlying Albert Basalt, both of Tertiary age. 

The aquifers may be lensoid, and include both unconfined and semi-confined aquifers connected vertically by fracture systems. Groundwater discharges to 

abundant surface springs around the escarpment and to a number of surface streams on the plateau. 
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Appendix 1.2:   Tamborine Mt Monitoring Methods and Procedures 

 
Specific Data 

Requirements 

Data Quality Required 

(Error limit target) 

Appropriate Methodology Who will collect the 

data? 

Training required? 

Standing water 

level (SWL) 

 

Analytical  (+/- 1cm) Plopper dipping, electronic probe or automatic 

pressure transducer logger depending on 

circumstances. 

 

Landholders and 

Coordinator 

Yes 

Rainfall event monitoring using manual and 

automatic logger. 

Landholders and 

Coordinator 

Yes 

Daily rainfall. 

 

Analytical  (+/- 1mm) Rain gauge, with readings at 9:00 am each day Landholders No 

Surface water flow Analytical Calibrated Gauge board at selected surveyed 

channel sites. 

Volunteers and 

Coordinator 

 Yes (including OH&S for 

flood events) 

E. coli levels Analytical Bore purging before representative sampling and 

transport of samples to lab for growth medium 

count analysis. 

Surface water analysis using standard methods. 

Project Manager/ 

laboratory personnel 

No 

Nutrient levels Analytical Bore purging before representative sampling and 

transport of samples to lab for FIA laboratory 

analysis. 

Surface water analysis using standard methods. 

Project Manager / 

laboratory personnel 

No 

Groundwater 

geochemistry. 

Analytical Bore purging, representative sampling and 

combined field and laboratory analysis of major 

cations and anions. 

Project Manager / 

laboratory 

No 

Geology Indicative Compile existing information and ground-truth. Project Manager No 

Land use mapping.  

 

Indicative Ground-truth available mapping from airphoto 

interpretation, discussion with local community 

and site visits. 

Project Manager No 
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Appendix 1.3:   Tamborine Mt Monitoring Design 
 

Specific Data 

Requirements: 

Where: When Frequency 

Standing water level 

(SWL). 

50 bores (refer map) Routine Fortnightly 

Rainfall event based Daily, during the rainfall 

events, and for up to 2 

weeks afterward. 

Rainfall. 

 

20 landholder sites. Routine Daily 

Surface Water flow 6 representative sites Routinely and during rainfall events Weekly, but daily as 

required during rainfall 

events. 

E. coli levels 20 bore sites and 5 stream 

sites. 

Routine Monthly 

Nutrient levels 20 bore sites and 5 stream 

sites. 

Routine Monthly 

Groundwater 

geochemistry. 

50 bore sites and 5 stream 

sites 

As required One-off 

Geology - existing 

information 

Regional and local Start of investigation One-off 

Geology – site detail Investigation area As required On going 

Land use mapping.  

 

Groundwater recharge areas As required One-off 
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Appendix 2:   Monitoring Bore Summary 

BoreID 
Aquifer 

Classification 
Screened 
Geology 

Screens 
depth 

reliability 
Multiple 
Screens 

Hydrograph 
Type 

Geochem 
Cluster 

Age 
(yrs) 

TM49_01 perched D OK No 1 perched   

TM31_01 5 D uncertain uncertain 1 5   

TM49_02 5 D uncertain uncertain 1 4   

TM52 5 D(C) uncertain Yes 2 4   

TM53 5 D uncertain uncertain 1 5   

TM60 5 D uncertain uncertain 1 5   

TM17_01 5 D No data uncertain 1 5   

TM19 5 D No data uncertain 1 5   

TM28_01 5 D No data uncertain 1 No data   

TM28_02 5 D No data uncertain 1 5   

TM41_01 5 D No data uncertain 1 4   

TM44 5 D No data uncertain 2 5   

TM45 5 D(C) No data Yes 2 4   

TM9 5 D No data uncertain 1 No data   

TM13 5 D OK No 2 5* 75 

TM21 5 D OK No 1 4   

TM23 5 D OK No 2 5*   

TM30 5 D(C) OK Yes 2 No data   

TM46 5 D OK No 1 5   

TM48 5 D OK No 1 4   

TM57 5 D(C) OK Yes 2 5   

TM10 5 D well No 1 No data   

TM11 4 C uncertain uncertain 2 4   

TM12 4 D uncertain uncertain 1 4   

TM26_11 4 C(D) No data Yes 1 5   

TM29_01 4 C(D) No data Yes 1 No data   

TM35_01 4 C No data uncertain 1 No data   

TM40_01 4 C No data uncertain 2 4   

TM43 4 C No data uncertain 2 4   

TM14 4 D OK No 1 No data   

TM15 4 D OK No 2 4   

TM17_03 4 D OK No 2 No data   

TM26_02 4 C(B) OK Yes 1 No data   

TM26_05 4 C OK No 1 4   

TM26_10 4 D OK No 2 No data   

TM29_02 4 C OK No 1 No data   

TM3 4 C OK No 1 4   

TM38 4 D OK No 1 4   

TM4_05 4 D OK No 1 5 29 

TM4_11 4 C OK No 1 5   

TM47 4 D OK No 1 5   

TM5 4 C_A OK Yes 1 5   

TM54 4 C(D) OK Yes 2 4   
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Appendix 2 (continued):   Monitoring Bore Summary 

 

BoreID 
Aquifer 

Classification 
Screened 
Geology 

Screens 
depth 

reliability 
Multiple 
Screens 

Hydrograph 
Type 

Geochem 
Cluster 

Age 
(yrs) 

                

TM58 4 D OK No 1 5   

TM61 4 C OK Yes 1 3   

TM8 4 C OK No 2 4 35 

TM20 3 C uncertain uncertain 1 3/4 43 

TM31_02 3 C(D) uncertain Yes 3 5   

TM16 3 C No data uncertain No data 3   

TM27 3 C OK No 3 3* 101 

TM39 3 C OK No 3 3/4   

TM4_03 3 B OK No 3 3/4   

TM40_02 3 B OK No 3 No data   

TM59_01 3 C OK No 2 3* 65 

TM7 3 C OK No 3 3/4   

TM4_09 3 C OK No  No data 3   

TM1 localised C(D) uncertain Yes No data 3   

TM4_04 localised B(C) OK Yes 3 3   

TM4_12 localised A_B_C OK Yes 3 3 81 

 




