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HYDROGEOLOGY OF THE 

MOUNT BARKER-ALBANY 

1: 250 000 SHEET 

by 

R. A. SMITH 

Abstract 

The MouNT BARKER- ALBANY Hydrogeological Sheet covers parts of the Yilgarn­
Southwest Groundwater Province, the Albany- Fraser Groundwater Province 
including most of the Stirling Range Formation, and the Bremer Basin. The area 
contains fractured, weathered, fissured, sedimentary, and unconsolidated aquifers. 

The fresh groundwater resources in the area occur mainly in the surficial and 
sedimentary aquifers in the southeastern quarter of MouNT BARKER-ALBANY. Small, 
saline resources suitable for stock watering are site specific in the northern half of 
MOUNT BARKER- ALBANY where most of the groundwater is saline to hypersaline. 

Groundwater provides most of the water used for Albany, Kendenup, Mount Barker, 
and N arrikup, and is most intensively developed southwest of Albany between 
Princess Royal Harbour and Torbay. 

Keywords: hydrogeological maps, hydrogeology, aquifers, groundwater resources, 
Albany, Mount Barker. 
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1 Introduction 

The MOUNT BARKER-ALBANY *Hydrogeological Sheet 

comprises the MouNT BARKER sheet, SI 50-11, and par t 

of the ALBANY sheet, SI 50-15, and is bounded by 

latitudes 34°00'S and 35°15'S and longitudes 117°00'E 

and l 18°30'E. A bout 3% of MouNT BARKER and 97% of 

ALBANY are occupi ed by the waters of the Southern 

Ocean (Fig. I). 

Most of the MouNT BARKER-ALBANY area supports an 

assortment of rural land use encompassing agroforestry, 

crops, horticulture, stock, and viticulture. The Stirling 

Range National Park, Porongurup Range, coastal 

reserves, wi ldlife sanctuaries and State Forest form a 

significant but very small proportion of the area. Good 

road access is provided by the Albany Highway, Great 

Southern Highway, South Coast High way, Muirs 

Highway, Chester Pass Road, Denmark-Mount Barker 

Road and a network of other sealed and grave] roads, 

fire control and four-wheel drive tracks. 

The main town and port is Albany with a population of 

about 25 000 , including subu rbs which spread 

northeastward to Oyster Harbour and sateJlite suburbs 

located south towards Frenchman Bay. Rural towns in 

the area include Borden, Cranb rook, Denmark , 

Frankland, Kalgan, Kendenup, King R i ver, Mount 

Barker, Rocky Gully, South Stirling, and Tambellup. 

Smaller settlements scattered throughout the area 

include E lleker, Karri bank, Marbellup, Narrikup, 

Porongurup, Redmond, Stirling Range and Tenterden. 

Land use is primarily pasture and timber, with minor 

h orticulture and viticulture. Industry in the region 

includes timber, agroforestry, dairy farming, crop and 

animal farming, horticulture, vi ti culture, shipping, 

fi shing, mineral exploration, tourism and recreation, 

eco-touri sm, and o utdoor ed ucati on. Mineral 

exploration activities have targeted coal, oil shale, o il, 

mineral sands, s ilica sands, and gold. 

1.1 Climate 

Most of the area has a Mediterranean-type climate with 

cool, wet winters and warm to h ot, dry s umm er s . 

* sheet names are printed in capitals to distinguish them 
from similar place names 

However the coastal areas, and as far north as Mount 

Barker, a lso receive s ignificant s umm er rainfall. 

Rainfall decreases sharply from the southwest to the 

northeast across MouNT B ARKER-ALBANY; the average 

annual rainfall i s 1108 mm at Denmark, 813 mm at 

Albany, 744 mm at Mount Barker, and 385 mm at 

Borden. Rainfall reliability decreases in a similar 

pattern. 

Most of the rain comes from fronts associated with low­

pressure systems passing over, or to the south of the 

area. At Albany Airport, 8 km northwest of Albany, 

the pan evaporation rate is about 1200 mm per a1111um, 

and is less than rainfall in 4 to 5 months of the year. 

Average monthly minimum and maximum temperatures 

range between 14 and 26°C in summer and 7 and l6°C 

in winter. 

1.2 Physiography 

The, generally well worn planar l andscape of MouNT 

BARKER-ALBANY is punctuated by the jagged peaks of 

the Stirling Range (Figs 1 and 2) wi th B luff Kno11 

( 1073 m), some 70 km east of Cranbrook, the highest 

point in the sou thern half of the state (Beard, 1981 ). 

Other peaks in the range are from 637 m (Don nelly 

Peak) to 1052 m (Toqlbrunup) in elevation. To the west 

of the range the hills are more rounded, and range from 

373 m (Sukey Hills) to 400 m (Geekabee Hill ) in 

elevation. 

The plains, south and southeast from the Stirling Range, 

contain numerous ranges and hills of exposed bedrock 

that tend to be lower near the coast. The better known 

of these are Porongurup and Green Range, and Mounts 

Melville, Clarence and Manypeaks. 

The major rivers on MOUNT B ARKER- ALBANY are 

seasonal and contained within four recognised surface 

basins (Australian Water Resources Council, 1982) : 

Basin 602 A lbany Coast (includes Kalgan River, 

Pallinup River, other small r ivers) 

Basin 603 Denmark Rive r (inc ludes Hay River, 

o ther small rivers) 

Basin 604 Kent River (includes other small rivers) 

Basin 605 Frankland River (includes Gordon River, 

~tber small rivers) 

3 
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Figure 2. Topography 

The northern and northwestern third of M OUNT BARKER­

ALBANY is drained by the easterly flowing Pallinup 

River and westerly flowing Gordon, Frankland and 

upper Kent R ivers, apart from an area of internal 

drainage north of the Stirling Range that is characterised 

by saline lakes (Fig. 2). Short south-flowing rivers, such 

as the Kalgan, Hay and Denmark Rivers, drain the 

plains of the Albany coast. The southeast is poorly 

drained and dotted with numerous lakes and swamps. 

Coastal d unes up to 200 m hi gh extend several 

kilometres inland and , with bedrock highs, outline 

coastal swamps and inlets. 

The Pallinup, Frankland, Gordon and Kalgan Rivers 

are generally saline (>3000 mg/L), although the Kalgan 

4 

is brackish (1500-3000 mg/L) near the coast. The Kent, 

Denmark and Hay Rivers are also brackish or marginal 

(500-1000 mg/L) , although the Hay may be fresh 

toward the coast ( <500 mg/L). The very short coastal 

rivers are generally fresh. Straddling the watershed 

between the Frankland and Kent Rivers is an area of 

generally saline lakes within a veneer of Quaternary 

sediments overlying Tertiary sediments. These Tertiary 

sediments have been described as a westward-trending 

palaeodrainage (Street, G. S., 1995, pers. comm.). With 

recent changes in the position of the di vide between 

the Frankland and Kent Rivers, as a result of some uplift 

and then stream capture, salt stored in these sediments 

has been remobilised into the headwaters of these river 

systems. Clearing in the upper Kent River catchment 
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has exacerbated salinization in the Kent River 

catchment. 

1.3 Vegetation 

The vegetation associations of the area are described 

by Beard (1981), although more than 95% of the area 

has been cleared for rural landuse. The western half of 

MouNT BARKER- ALBANY is within the Southern Jarrah 

Forest, which grades to Karri Forest in the higher 

rainfall , southwest corner, and to woodland of wandoo 

and yate northeast of Cran brook and southwes t of 

Tambellup. The remaining eastern part of the area is 

predominantly mallee (eucalypt shrubs), which is 

associated with heath in the south and with woodland 

in valleys in the north. 

1.4 Previous investigations 

The area was geologically mapped by Muhling and 

Brake! (1985), while Doepel ( 1975) summarised the 

early geological notes and publications on the area, 

in c luding those b y D a rwin (1876). Forty-eight 

publications o n aspects of groundwater within the 

MouNT BARKER-ALBANY area are ind exed in 

bibliographies by Smith (1992, 1993). 

Clarke and Tarton-Phillips (1953) provided a general 

account of the area, including some remarks on coastal 

geology and springs, and water supplies, while Berliat 

( 1954) described the prospects for usable supplies of 

groundwater in large land-grant areas near the Stirling 

R a nge, Manype aks, and Frankl and as mostly 

unfavourabl e . Probert ( L967c) reported that the area 

around Kendenup had mainly saline and stock-quality 

water although near the Kalgan River a few shallow, 

small domestic supplies were obtained from sand lenses 

or from weathered bedroc k. Sanders ( 1968, 1969a,b) 

suggested that, southeast of Cranbrook, the quartzite 

of the Stirling Range and the Tertiary sediments to the 

south of the range, were potential aquifers. Subsequent 

drilling in the sedime nts provided a stock-waterin g 

bore, whereas two other bores were sali ne. Bestow 

(1969) s ited several successful bores in the Kybelup 

Plain , 25 to 40 km east of Tambe llup , and noted 

freshwater seepages about a kilometre from the Pallinup 

Ri ver. Many other unpubli s hed r e p o rts of th e 

Geo logical Survey of Western Australia ( GSWA) 

describe groundwater prospects based on localised 

inspections in MOUNT BARKER-ALBANY. 

Hydro geology of the M OUNT BARKf:R-ALBANY I :250 000 sheet 

An exten s ive drought-re li ef dri ll ing program was 

unde rta ken in the Ongerup , South Stirling, North 

Stirling, and Chillinup districts from 1969 to 1971 

(Lord 1970, 197 1) . The success of the program in 

providing bores with water of less than 11 000 mg/L 

tota l dissolved solids (TDS) and with yields of more 

than 4 .5 c ubi c metres per day (m3/d) is reported by 

Davidson (1 977). 

A groundwater supply for Albany was proposed initially 

by Low (1957) and his work led to the establishment 

of the present borefield. More detailed assessments of 

the hydrogeology of the Albany area for town water 

supply, using geophysics, began with Rowston (1965) 

and Probert (1965), with drill ing reported by Probert 

(1966, 1967a,b) . Subsequently, Forth ( l 973a,b) made 

the earliest estimates of groundwater resources and the 

safe y ield s fo r borefields sup plyi n g A lba ny . 

Geophysical investigation continued (Rowston, 1976) 

and Hirschberg (1976) gave an account of the geology 

and hydrology of the Albany to Mount Barker area. 

The most recent geophysical investigation (Nowak, 

1978) loc ated groundwater prospects that were not 

drilled until 1994 (Smith , 1994). The performance of 

the borefield was subsequently reviewed by AustraJian 

Groundwater Consultants (1987), and late r by 

Katsavounidis ( 1990). 

Leech and Moncrieff (1976) se lected sites for water 

bores near the Stirling Range, and Moncrieff ( 1977) 

outlined the geology and groundwater prospects, based 

o n field notes for tbe MouNT B ARKER-A LB ANY 

Geological Map (Muhling et al., 1978) and Explanatory 

Notes (M uhling and Brake!, 1985). 

An overview of groundwater occurrence in the Bremer 

B as in was pre pare d by Allen ( 199 1). Subsequent 

proposals by Moncrieff (1992) for further groundwater 

assessment were followed by drilling (Smith, 1994), 

geophysical surveys (P erry, 1994), and additional 

drilling in 1995 (Johnson, 1995) . 

Since surface-water salinity problems were detected at 

Cran brook and other locatio ns by B leazby (1917), 

sal inization has been widely reported, particularly by 

Agriculture Western Australia (Mcf arlane, I 991 ), and 

h as been a rapidly e xpanding facet of groundwater 

investigation. Salinization of Lake Poorrarecup was 

assessed by Bestow (1979), and other published reports 

on salini ty issues are listed by Smith ( 1993). 

5 
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More recently, work on rising groundwater levels and 

salinity has focused on the Kent River catchment 

(Public Works Department, 1980; Geoterrex Pty Ltd, 

1985; P and V Geophysical Services, 1985; Colman 

and Miers, 1986), the upper Denmark River catchment 

(Stokes and Ruprecht, 1986; Kern, 1990; Ferdowsian 

and Greenham, 1991, 1992; Ferdowsian, 1992), the 

North Stirling area (Appleyard,1994; Laws, 1986; 

Lewis 1992), and the Oyster Harbour catchment 

(Nixon, 1994). 

In 1994 and 1995 significant additional exploratory 

drilling results in the Bremer Basin became available 

as a result of the GSWA Groundwater Exploration 

Initiative (Smith, 1994; Johnson, 1995). In this two­

stage program, 12 bores with an aggregate depth of 989 

m were drilled to the pre-Tertiary bedrock, and 23 bores 

drilled on the Kybelup Plain, 20 km west of Borden, to 

investigate low-salinity groundwater in a shallow 

Tertiary aquifer (Dodson, 1995). 

Additional bore data were obtained from shallow 

drilling by Agriculture Western Australia, minor salinity 

investigations by the Geological Survey of Western 

Austral ia , and reports by mineral exploration 

companies, including two oil exploration wells in the 

Bremer Basin. These are Kendenup No. I (Berven, 

1974a) and Sunday Swamp No. I (Berven, 1974b) . 

Mineral exploration (for coal, oil shale, mineral and 

silica sands) has included some drilling, although much 

of the drilling on road reserves bas not been forma lly 

reported. Drilling for coal was undertaken north of the 

Stirling Range (Westblade, 1982) and reconnaissance 

for Permian and Triassic coal basins north of Frankland. 

Reworked alluvial s ilica sands in a fluvial channel cut 

through granite, 9 km west of Narri kup, were 

investigated by Westralian Sands Limited (1984). 

6 

Exploration drilling for heavy mineral sands overlying 

Tertiary sediments and bedrock was carried out at 

Hassell Beach , in the southeast of MOUNT BARKER­

ALBANY (Appleby, 1989, Eucla Mining NL, 1990), 

along drainages at Parry Inlet (Dendle, 1988), and south 

of the Stirling Range (McGoldrick, 1991 a,b). 

1.5 Data compilation 

Data from more than 2300 bores and wells were used 

in the preparation of MouNT BARKER- ALBANY. More 

than half of these, including the Albany town water 

supply bores, are located in the central third of the 

southern half of the sheet area. Drill logs from the 

drought-re.lief drilling program (Davidson, 1977) and 

from drilling for town water supply were reinterpreted 

and hydrogeological boundaries drawn in conjunction 

with the geological compilations of Muhling et al. 

(1978). All water-bore data are now entered in the 

extensive AQWABase held by the Water and Rivers 

Commission. 

Layers of information used to compile MOUNT BARKER­

ALBANY are available in digital form. These data were 

digitized at various scales and some data, simplified 

for presentation at l :250 000 scale, are available at 

several scales . The digital data can be interrogated 

down to 1 :25 000 scale for catchment management 

purposes. 

The depth to the watertab le is l.argely dependent on 

topography. The gridded side panel on MouNT BARKER­

ALBANY indicates the maximum depth at which water 

is likely to be obtained for a supply. It does not indicate 

the minimum depth of the watertable for predicting 

areas of potential waterlogging. The depth to water is 

greater in areas with lower rainfall (to the east) in the 

MouNT BARKER-ALBANY area. 
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2 Geology 

2.1 Regional setting 

The north ern third of MouNT BARKER-ALBANY is 

underlain by mainly orthogneiss of the Yilgarn Craton 

(Mye r s, 1990a) , together with d efor m e d 

metamorphosed sandstone and shale of the bordering 

Stirling Range Formation in the south (Fig. 3). The 

bedrock of the southern half of MouNT BARKER-ALBANY 

comprises gneiss, metamorphic rock and granitoid in 

the Biranup and Ncirnalup Complexes of th e 

Albany- Fraser Orogen (Myers, 1990b). Sediments of 

the Bremer Basin (Hocking, 1990) form a discontinuous 

veneer over muc h of both the Yilgarn Craton and 

Albany-Fraser Oro gen (Clarke, 1993, 1994 ). These 

flat-lying sediments are thic kest in the southeast, 

reaching 138 m (Table 1) in ALB lB (S mith, 1994). 

Quaternary sediments have formed in an erosive rather 

than depositional landscape and most, in drainage lines 

and near the coast, are less than 10 m thick. The thickest 

Quaternary deposits are calcarenite dunes which are up 

to 71 m thick in the borefields southwest of Albany. 

The dunes extend to elevations of more than 200 m 

above sea level and so are presumed thicker than 71 m 

in some locations. The rock types of the sheet area are 

described in detail by Muhling and Brakel ( 1985). 

The rocks of the Yilgarn Craton are Archaean in age 

and are intruded by undeformed dolerite dykes of the 

Gnowangerup dyke swarm (Myers, 1990b). The Stirling 

Range Formation is Middle Proterozoic (Muhling and 

Brake ) , 198 5) or p oss ibl y Late Prote r ozoic 

(Cruse et al., 1993) in age. Most Proterozoic rocks were 

deformed during the Albany-Fraser Orogeny. The 

Bremer Basin sedimentary rocks are Tertiary (Eocene) 

in age and have been weathered or la te ritized. 

Quaternary sediments have formed by reworking of 

crystalline rocks and Tertiary sediments. 
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Table 1. Stratigraphy and aquifer potential 

Age Code Stratigraphic uni! Maximum thickness Lilhology Aquifer 
intersected (m) potential 

Quaternary Qa, Cza surficiaJ sediments IO inland 71 coastal Sand, limestone, silt, clay, minor gravel Both minor 

----------------- --- U11co11form.ity ---
TP Plantagenet Group 

Tertiary- TPp Pallinup Siltstone 87 Siltstone spongolite, minor sandstone Minor 
Eocene TPIVII Nanarup Limestone 27 Limestone Minor 

TPw WeriJJup Formation 51 Si ltstone. sandstone, peal, conglomerate Major 
----------------- --- Unconformity ---

ed 
q 

dykes 
veins 

Dolerite Very minor 
Quartz Minor 

----------------- --~ Unconformity ---
Proterozoic es Stirling Range Format.ion 41 Sandstone, quartzite, shale Minor 

----------------~ --- Unconformity --­
Albany- Fraser Orogen 

en 
l!g 

Archaean Ag 
An 

2.2 Structure 

Biranup Complex 
Nornalup Complex 

Yilgarn Craton 

Interpretation of the structure is based on Muhling and 

Brakel (1985), who used Bouguer gravity anomaly and 

total- magneti c- intensity maps published by the 

Commonwealth Bureau of Mineral Resources (now the 

Australian Geological Survey Organisation), and on 

more recent commercial geophysical surveys (Fig. 3). 

The Yilgarn Craton contains seve r a l major 

southeasterly trending faults , paralleling the trend of 

this region. The rocks of the Albany-Fraser Orogen 

have an easterly trend, parallel to the Manjimup Fault 

which defines the northern boundary of the province, 

and are cut by a number of easterly trending fau lts. 

These are more evident in the northern Biranup 

Complex, which may contain reworked rocks from the 

Yilgarn Craton, than in the less deformed southern 

Nornalup Complex (Myers, 1990b). 

The Stirling Range Formation, overlying or thru st 

against the Archaean Yilgarn Craton, is mildly folded 

and thrusted. The rocks s trike mainly easterly in the 

Stirling Range with dips of 12° south (Muhling and 

Brake!, 1985). At the western end, folding and thrusting 

have been severe and the rocks are systematically 

jointed. West of the Stirling Range the formation is 

ex posed in down-faulted blocks . The yout hful 

appearance of the Stirling Range has prompted a 

suggestion of Cainozoic uplift (Myers, 1990b ). 

8 

Gneiss, metamorphic, quartzite, clay 
Granitoid , clayey sand 

Granitoid, clayey sand 

Very minor 
Minor 

Minor 
Gneiss, migmatite, quartzite, schist, clay Very minor 

The flat- lying Tertiary sediments of the onshore Bremer 

Basin do not appear to be fau lted. They are a fringing 

veneer to the offshore succession of the Bremer Basin. 

They are mildly diachronous and were deposited over 

an irregular surface of precambrian rocks, shaped by 

Late Palaeozoic continental glaciation and major 

Triassic-Cretaceous erosion of the craton. Pronounced 

northward and westward flowing drainages, which 

remain the dominant feature of the landscape across 

the southern Yilgarn Province, Bremer Basin , and 

Albany-Fraser Province (Hocking and Cockbain, 1990), 

were interrupted during sagging associated with the 

breakup between Australia and Antarctica in the Late 

Neocomian (Hocking, 1990) . These major drainages 

were active in the Jurassic- Cretaceous, but had ceased 

activity by the Eocene and are now virtually entirely 

palaeo-features. 

Late in the Tertiary, the present day southward drainage 

was activated with the post- breakup rebound of the 

margin, which lifted the Tertiary sediments to a present 

height of 300 m AHD (Hocking, 1990). This relatively 

short drainage pattern was rejuvenated by southward 

tilting (possibly in the Oligocene) which formed the 

Ravensthorpe Ramp (Cope, 1975). 
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3 Hydrogeology 

Four h ydrogeological di vis ions containing twelve 

hydrogeolog ical units, including one with major 

grou ndwater potential and e ight with minor 

groundwater potential , are recognised on MOUNT 

BARKER-ALBANY (Table 1). Overlying unsaturated units, 

usually Tertiary or Quaternary sediments, are not shown 

on the map. The aquifers contain unconfined and some 

confined groundwater reso urces and tend to drain 

southeasterly toward the coast. Groundwater movement 

is extremely slow and is controlled by topography with 

most groundwater discharging into dissecting drainages 

from local shallow flow systems. 

The hydrogeology is described commencing with the 

you nger stratigraphic units, whic h are the most 

significant. 

3.1 Surficial sediments (Qa and Cza) 

Surficial sediments containing groundwater are shown 

on MouNT BARKER- ALB ANY as Quaternary (Qa) a nd 

Cainozoic (Cza), including other units described by 

Muhling et al. (1978), and consist mainly of limestone 

(equivalent to the Tamala Limes tone), sand, s ilt, and 

clay, with a small proportion of gravel and gypsum. 

They have mostly been derived from Tertiary sediments 

from which they are not readily distingui shed, and 

occur along drainage lines, in inland depressions, and 

near the coast. Sea level changes in the Quaternary have 

re sulted in coas tal sand s up to 15 m thick along 

substantial stretches of fossil coastline inland from the 

present coast (Appleby, 1989). They lie unconformably 

on all other units, though mainly on Tertiary sediments. 

The coastal sediments are s ignificant aquifers as they 

are thicker than sediments elsewhe re and inc lude 

limestone and sand. Lacustrine or alluvial silt, gypsum, 

and gravel in the inland depressions aud drainages form 

an aqu ifer northwest of Cran brook and between 

Kendenup, Frankland and Rocky Gully. Gravel forms 

an alluvial aquifer on drainages near Chester Pass 

within the Stirling Range, and on the lower Hay River. 

The surficial sediments are generally less than 10 m 

thick within the inland depressions, thin or absent in 

the modern (erosive) drainages, but substantially thicker 

in coastal dunes. The maximum recorded thickness near 

the coast is 71 rn at Albany Sandpatch No. 10; the lower 

13 m were saturated and overlie 35 m of Tertiary 

sediments. 

The surficial sediments are recharged by rainfall, river 

flow and o ccasional flooding, and from upward 

groundwater leakage from underl yi ng aquifers. 

Groundwater flow is generally localised, discharging 

into surface water drainages or lakes, or at the coast, 

possibly over a saltwater interface. Artificial drains 

have been installed to discharge groundwater from low-

1 y ing agricultural areas behi nd some of the coastal 

dunes. 

Groundwater salinity ranges from about 100 to about 

100 000 mg/Land in most of the sheet areas is gener­

ally too high for stock use. Potable groundwater ( <1500 

mg/L) is present at Chester Pass and near the coast. 

The aquifers with potential for exploitation are in 

coastal areas where the surficial sediments are generally 

sandie r a nd bore yields of more than 10 m 3/d are 

possible; however, these sediments have very small 

saturated th icknesses. The best aquifers in coastal areas 

are formed where the underlying bedrock constrains 

groundwater flow and prevents discharge directly to 

the sea, e .g. southwest of Albany and northwest of 

Mount Gardner. The inland sediments are more clayey 

and have little potential for exploitation; bore yields 

are generally very small (<10 m3/d) . 

3.2 Plantagenet Group 
(TP, TPp and TPw) 

3.2.1 Lithologies 

The Eocene Plantagenet Group (TP) comprises the 

Werillup Formation (TPw) and the overlying Pallinup 

Siltstone (TPp). The Werillup Formation consists of a 

discontinuous basal gravel, coarse sands, lignite (' black 

shale'), and clay, and locally near the top includes the 

Nanarup Limestone Member (TPwn). The Pallinup 

Siltstone comprises very fine sandstone, multicoloured 

siltstone and clay, and minor lignite layers near the base. 

The Plantagenet Group occurs throughout south and 

southeast of MouNT BARKER- ALBANY, covering about 

one third of the sheet area, and is most extensive in the 

9 
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southeast (where it defines the onshore extent of the 

Bremer Basin). Large boulders occur north and south 

of the Stirling Range where the base of the Werillup 

Formation appears to be exposed. Down-cutting 

streams have left isolated remnants of Tertiary 

sediments in place, especially in the north and west, at 

elevations up to 270 m AHD. Elsewhere they are 

preserved in broad depressions, such as north of the 

Stirling Range, and as almost complete veneers in the 

southeast third of MouNT B ARK ER-ALBANY. The 

elevation of these sediments falls below sea le1/el near 

the coast. 

34°00' 
0 
l? ,._ 

Hydrogeology of the M OUNT BARKER-A LBANY /:250 000 sheer 

The Werillup Formation is mainly a fluvial, non-marine 

to marginal marine infill of palaeochannels and pre­

Tertiary drainage depres s ions , which bear little 

resemblance to the modern south-flowing rivers. The 

unit subcrops in a wide range of modern topographic 

positions (Fig. 4). The Pallinup Siltstone is marine and 

outcrops extensively in the southeast half of MOUNT 

BARKER-ALBANY. Us ually the Plantagenet Group 

sediments are lateritized at the surface. The Nanarup 

Limestone Member, which formed in th e Middle 

Eocene (McGowran , 1989) as an irregular fringing 

bryozoan limestone around bedrock islands, is revealed 

in small outcrops, particularly near Nanarup. 
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3.2.2 Thicknesses 

The maximum drilled thicknesses of the Werillup 

Formation and Pallinup Siltstone are about 87 and 51 

m respectively in ALB 1B (Smith, 1994) near Sunday 

Swamp No. l (Table 1), but similar thicknesses occur 

in the area west from Sunday Swamp to the Albany 

Aerodrome, townsite, and borefields (Fig . 1). The 

Werillup Formation type section, in Werillup No. 3 

bore, is 40 m thick (Playford et al ., 1975). Twenty­

seven metres of interbedded limestone and siltstone of 

the Nanarup Limestone Member was intersected in 

ALB 2B (Smith, 1994), of which the upper 4.5 m was 

the type section described by Cockbain (1968). The 

additional 22.5 m of this member below the type 

section, which is at the gradation from Weri llup 

Formation to Pallinup Siltstone, indicates that the 

Nanarup Limestone Member largely preceded the 

deposition of the Pallinup Siltstone. The contact 

between the Werillup Formation and the Pa llinup 

Siltstone is diachronous (becomi ng progressively 

younger inland) and falls south and east in steps 

between bedrock depressions to be at, or just below, 

sea level near the coast (Fig. 5). Here the Pallinup 

Siltstone has been extensive ly eroded and the coastal 

limestone rests on Werillup Formation (Section A-B of 

MO UNT BARKER-ALBANY). Thus both units are 

unconformably overlain by surficial sediments and, 

because the Pallinup Siltstone onlaps the Werillup 

Formation and the bedrock is uneven, both rest 

unconfonnably on bedrock. 

3.2.3 Groundwater 

The Tertiary sediments on MOUNT BARKER-ALBANY are 

shown as Werillup Formation because this is the main 

aquifer, although it is extensively overlain by Pallinup 

Siltstone. The Pallinup Siltstone also has a wider 

distribution, overlying Precambrian bedrock in places. 

The Pallinup Siltstone and Werillup Formation are 

re charged by rainfall , leakage from overlying 

Quaternary sediments and leakage from bedrock. 

Recharge to the Werillup Formation may be enhanced 

where there are coarser sediments flanking hills of 

granite bedrock. Groundwater movement is generally 

to the east or southeast, but flow may be constrained 

by irregular bedrock topography, incised drainages, and 

lateral differences in hydraulic conductivity. Some 

groundwater discharges to salt lakes. 

Hydrogeology ofrl,e M OUNT BARKER- ALBANY I :250 000 sheet 

3.2.4 Salinities and bore yields 

Near the coast both units contain fresh to saline water, 

but farther inland groundwater is generally stock quality 

(generally less than 8000 mg/L, but in places up to 11 

000 mg/L) to hypersaline water (up to about 100 000 

mg/L). Both units have potential to provide additional 

small to moderate supplies of fresh to stock-quality 

water near the coast and in the southeast of MouNT 

BARKER-ALBANY. 

Very fine sand layers of the Pallinup Siltstone provide 

small, fresh to stock-quality farm water supplies of at 

least 4 .5 m3/d at less than 11 000 mg/L (Davids(lfi';\ 

1977). The Pallinup Siltstone is finer grained than t~ 

Werillup Formation and bore yields are very much 

lower. Coarse sand of the Werillup Formation is a more 

attractive target for groundwater exploration, but 

because the aquifer is generally thin, discontinuous, or 

contains interbedded clay, bore yields of more than 30 

m'/d, with a salinity less than 1500 mg/L TDS, are rare 

and have mainly been obtained southwest of Albany. 

Within the Albany South Coast Scheme borefields, 

yields from production bores in these aquifers range 

from about 400 to 1600 m3/d. In contrast, investigation 

bore ALB 5 north of Albany was airlifted at 54 m3/d 

(Smith, 1994). 

The groundwater salinity increases sharply with depth 

in the Werillup Formation. The more saline water at the 

ba s e of the formation may be the result of a 

combination of density flow, greater horizontal than 

vertical hydraulic conductivity, and lack of a discharge 

path for deep groundwater flow. These, together or 

separately, result in lower sali nity water circulating 

only in the upper part of the aquifer and discharging to 

nearby drainages (Fig. 6). As in the Goldfields region 

(Commander et al., 1994) saltfall fully accounts for the 

accumulation of salt in groundwater. 

3.3 Stirling Range Formation (Ps) 

The Stirling Range Formation (Ps) comprises 

sandstone , quartzite and shale, a nd extends 

disconti nuously east-west across MouNT BARKER­

ALBANY, mainly east of Cranbrook where it forms the 

Stirling Range. It i s thrus t agai n s t , or rests 

unconformably on , Archaean bedrock to the north 

(Myers, 1990b) and is faulted against Proterozoic rocks 
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to the south (Muh1ing and Brakel, 1985). These rocks 

were deformed at about 1150 Ma, the same time as the 

emplacement (Myers, 1990b) of plutons in the Albany­

Fraser Orogen (Muhling and Brakel, 1985). In Chester 

Pass the formation is abutted by Tertiary sedimentary 

rocks and overlain unconformably by minor Quaternary 

sediments. The formation outcrops over relatively small 

areas ( the peaks) with larger inte rvening areas of 

colluvium, comprising scree from the peaks. 

The rocks are substantially faulted and form a fractured 

rock aquifer recharged by rainfall and runoff from 

ephemeral streams. Groundwater flows north and south 

from the Stirling Range, and probably discharges into 

overlying (mainly Tertiary) sediments. Sanders (1968, 

I 969a,b) suggested that, near Cranbrook, flow was to 

the south, owing to the dip and fracturing of the rock units. 

The deepest bore dril led in the formation, to 41 mat 

Sukey Hill, did not obtain a supply and the aquifer is 

little utilised as it lies mainly within the Stirling Range 

National Park. Groundwater within the formation is 

probably fresh near the groundwater divide extending 

east and west thrnugh Red Gum and Chester Passes , 

but is saline near the northern and southern margins. 

TDS levels ranging from 2900 to 9000 mg/L have been 

recorded in bores. There is potential for fresh water to 

occur at low elevations near the groundwater di vide, 

such as at Chester Pass. 

3.4 Igneous and metamorphic rocks 
(An, Ag, Pg, Pn, Pd and q) 

The Arc haean and Proterozoic bedrock compri ses 

mixed gneissic and metamorphic rocks (An, Pn.) and 

granitoid rocks (Ag, Pg). These four bedrock groupings 

are made on the basis of age, and on the potential for 

aquifers within the weathered profiles of the numerous 

bedrock types. Bedrock outcrop on MOUNT BARKER­

ALBANY is distinguished by an overprint symbol, where 

the overlying weathered profile is generally less than 

5 m thick, and may include laterite at the surface. The 

bedrock is cut by regional faults and local joints, and 

by quartz veins and dolerite dykes. It has an irregular 

s urface, sh aped by Late Palaeozoic co nti nenta l 

glaciati on and m ajor Triassic-Cretaceous erosion 

including pronounced northern and westward flowing 

drainages. The bedrock is unconformably overlain by 

the younger rocks described above and is mostly 

obscured by Tertiary sediments in the south. 

14 

In areas of laterized bedrock, the weathered profile is 

up to 10- 20 m thick. Weathered granitoid rocks are the 

most prospective for minor local aquifers, as a grit zone 

is generally developed at the base of the profi le. The 

gneissic rocks, however, generally weather to clay, and 

form poor aquifers. The qu artz veins (q) also form 

fractured rock aquifers and can transmit groundwater 

along the fractured zones; however, the dolerite dykes 

(Pd) are generall y impermeable or weather to an 

impermeable clay. Where they are perpendicular to 

groundwater flow they can form barriers, contributing 

to rising watertables and land salinization upgradient 

of the dyke. 

Groundwater is recharged from rainfall and runoff. 

Groundwater flow is very slow, except locally where 

there are preferred flow paths provided by fractures. 

Generally groundwater flow discharges from seeps into 

drainages, or in to Tertiary sediments (Fig. 4) . The 

northwest trending Tenterden and Boyup Brook Faults 

(My~rs, 1989) are open fracture systems containing 

groundwater. These faults are marked by lake strings 

in the northwest of MouNT BARKER-ALBANY (Myers, J. 

S., 1995, pers. comm.), but the easterly trending faults 

including the Pemberton and Northcliffe Fau lts are 

annealed and do not contain groundwater. 

Groundwater in the igneous and metamorphic bedrock 

is predominantly saline, with some poor quality stock 

water (3000-10 000 mg/L). Fresh to brackish 

groundwater is limited and localised, and restricted to 

higher ground along groundwater divides. 

The bed rock i s prospective fo r only smal l , local 

supplies from saturated gri tty layers in the weathered 

profile above fresh granitoid rocks, and from open 

fractures . Both are very site specific, and locating the 

latter usually involves detailed investigation drilling. 

Substantial drilling of carefull y selected s ites in 

weathered and shallow bedrock during the Drought 

Relief Drilling Program (Davidson, 1977) located 91 

successful bores in the Ongerup, North and South 

Stirling areas, mostly on M oUNT BARKER-ALBANY. 

Salini ties ranged from 660 to 11 600 mg/L. Supplies 

ranged from 5 to 13 1 m3/d, with 25 m3/d typical for 

weathered grani toid rocks. Some of the higher yielding 

si tes occur low in th e landscape, and may h ave 

intersected unrecognised Tertiary sediments rather than 

weathered grani toid rocks. 



Hydrogeological Map Explanatory Notes Series Hydrogeology of the M OUNT BARKER-ALBAN)' /:250 000 sheet 

4 Groundwater quality 

4.1 Salinity 

Groundwater salinity distribution (Fig. 7) is shown as a 

s id e pa n e l o n the Mou NT B ARKER-ALBA NY 

Hydrogeological Sheet. Salinity is mostly more than 

7000 mg/L TDS in the northern third (Appleyard, 1994) 

but generally less than LOOO mg/L TDS in the southern 

third. A less evident trend is an increase in groundwater 

salinity to the east and north across the sheet area, 

corresponding to lower rainfall. Topographic variation 

also contributes to the salinity pattern and several small 

areas of low salinity, such as west ofTambellup, west of 

Borden , and in the Stirling Range, correspond with 

ground water-flow divides. Fresh groundwater also 

occurs locally aro und monadnocks near the coast 
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(Allen, 1991) where runoff from the exposed bedrock 

enhances groundwater recharge and outflow. Very high 

groundwater salinity is associated with salt lakes to the 

north and south of the Stirling Range. North of the 

Stirling Range salinity increased from 7000 mg/Lat 

the watertable to 180 000 mg/Lat depth (Appleyard, 1994). 

T he reliability of the groundwater salinity map is 

limfred by the uneven data distribution, shown by the 

bore density side panel on MOUNT BARKER-ALBANY. The 

salini ty is necessarily generalised, and in some areas 

groundwater salinity can differ substantially over short 

distances. The map also reflects groundwater salinity 

at or close to the watertable, below which salinity may 

increase substantially with depth. 
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Figure 7. Groundwater salinity at the watertable 
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4.2 Hydrochemistry 

Most waters are a sodium-chloride type (Fig. 8) 

irrespective of the aquifer, and reflect atmospheric 

saltfall. A se lection of c he mical analyses of 

groundwater are shown in Table 2. In both the coastal 

limestone and the Werillup Formation a proportion of 

the analyses contain si gnifi cant calcium and 

bicarbonate concentrations. This reflects groundwater 

recharge from the limestone into the deeper Werillup 

Formation aquifer in the Albany South Coast Scheme 

(ASCS) borefields. The pH generally ranges from 3.2 to 

+ + 

... 

L-~~----"''-'-~~~'---'•0> 
-+--Ca Cl ----+-

IS] Surficial sediments (19 samples) 

0 , .. 

'"' . 

,.,. . 

•!cc,.,~~.,___..____,"---"-_,___,____,__, 
-+--Ca Cl-

• Stirling Range Formation (1 sample) 

RAS20 

• 

Ji!. ,., 

8.5 with about 50% of samples falling in the range 7 to 

8 and about 25% in the range 6 to 7. 

Nitrate levels are generally very low and mostly below 

10 mg/L, although a few areas have groundwater with 

nitrate levels up to 2 1 mg/L, whi ch may indicate 

contamination. Fluoride, identified in a few samples, 

ranged from 0. l to 1.0 mg/L (Table 2), while soluble 

iron was detected in only fo ur water samples with 

concentrations up to 16 mg/L. The occurrence of boron 

from 2 to 7 mg/L was noted in a few samples. 

•,., 
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Figure 8. Piper diagram of chemical composition 
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Table 2. Selected groundwater analyses I :r: 
'< 
C. 

Total Total 
3 
uo 
"' Bore Record No. Sample pH E.C. TDS hard11.ess a.lka/i11.ity Ca Mg Na K HC03 Cl S04 N03 Si02 F 
0 
0 
uo 

(mS/m) (mg/L) n· 
:::.. 

Surficial sediments 3:: ., 
"O 

2327- 1-NE-0028 38445 5.7 11 70 740 83 30 7 16 168 23 37 300 24 I 12 0 tn 
>< 
"O 

2427-1-NE-0009 8763 7.4 980 650 348 302 108 19 96 3 364 169 23 I 21 ;; 
:::, 

2428-2-SW-OO 18 38456 4.5 360 210 40 0 3 8 46 4 0 93 13 I 6 
., 
0 

2429-2-NE-0002 88333 7.7 3330 5080 236 238 1090 5970 83 288 i''.1.000 1400 28 I ,:1 - z 

Pallinup Siltstone 

11 2428-1-NW-0009 26936 4.3 16000 10800 2613 120 562 2890 61 5750 817 3 33 
2428-2-SW-0098 43682 5.1 1040 550 91 5 7 18 156 3 6 282 30 I 8 0. 1 
2528- 1-SW-OO 19 26902 4.9 4020 2590 549 - 40 109 740 16 - 1400 193 I 58 
2528-4-NW 0036 48206 6.8 14500 8330 3202 265 173 672 1950 41 323 4670 592 I 43 0. 1 

Weillup Formation 

2328-2-SE-0007 43683 5.2 870 470 79 10 7 15 130 3 12 225 36 - 29 0.1 
2427-1-NE-0005 8768 5.4 770 460 150 5 32 17 83 2 6 142 123 I 2 ,,, 2428-2-SW-0088 43680 6.3 3360 1960 447 88 24 94 501 20 107 1030 21 I 20 0.2 
2429-1-NE-OOI O 16916 7.2 1560 960 1.33 32 9 27 297 7 40 489 63 - 13 
2528- 1-NW-0048 48207 6.1 16600 99 10 3544 60 346 651 2350 92 73 5520 843 I 56 0. 1 
2528-2-NW-OOO I 158 15 1580 1120 67 122 27 - 322 15 9 352 158 2 44 0.6 
2528-3-NW-OO I 0 41208 8.4 810 430 73 60 2 1 5 124 4 61 194 13 I 22 0. 1 
2529-3-NW-0009 88342 7.4 2950 3260 256 135 712 5870 59 312 10200 1190 - 28 0.2 

Stirling Range Formation Ii ti 

"" 2529-3-NW-0004 26836 6.9 13000 8130 1740 138 80 275 2380 40 168 4500 490 4 27 " ~ 
<:) 

"" '< Weathered crystalline bedrock 
~ 

2327-1-NE-001 2 38444 5.8 201 0 1320 185 22 18 34 294 24 27 570 27 I 6 0 ~ 
2328-4-NW-0008 1635 6.4 9690 6150 1930 85 160 371 1480 20 104 3430 243 I 53 ,:: 

<:) 

2329-1-NE-OO 13 26840 7.8 13900 8240 1400 5 8 336 2780 16 6 4930 484 13 19 
c:: 
~ 

2428-3-NW-0006 43675 5.4 570 400 64 12 II 9 73 2 15 148 3 1 I 0.2 ~ 
"' 2429-2-NE-0006 88327 7.6 23 10 2630 524 76 594 4260 153 639 7790 805 - 29 I "' ~ 

2529-4-NW-0D26 169 14 7.3 2330 1420 I 82 10 41 40 13 IOI 730 53 - 16 :l 
c--
!;: 

E.C. = Electrical Conductivity (Ms/m @ 25°C); TDS = Total Dissolved Solids; - = Not detected. I: 
;_;, 
V, 
C 
C 
C 
C 

- I I[ -.l 
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5 Groundwater resources 

The Werillup Formation within the southern two-thirds 

of the eastern half of MouNT BARKER-ALBANY contains 

the most significant groundwater resources in the area 

(Fig . 9, Table 3). The Archaean and Proterozoic 

bedrock does not provide s ignificant groundwater 

supplies, and the Stirling Range Formation is largely 

unexplored. The groundwater flow systems are not 

known in sufficient detail to quantify the resources 

(Moncrieff, 1992). 

Fresh groundwater occurs in about a quarter to a third 

of MouNT BARKER-ALB ANY , however the m os t 

important fresh groundwater resources are found near 

the coast west and southwest of A lbany. The Werillup 

VERY SMALL SUPPLIES 
- BRACKISH / SALINE 

WEATHERED & FRACTURED BEDR 

Formation, Pallinup Siltstone, and coastal limestone 

contain most of the potable (fresh to brackish) water in 

the area . Groundwater e lsewhere in the Werillup 

Formation is generally saline and suitable only for stock 

watering . 

Minor groundwater resow-ces are known in the Pallinup 

Si ltstone in the southeast of MOUNT BARKER-ALBANY, 

where fresh water commonly overlies stock-quality 

water. The value of these for a future town water supply 

is greatly limi ted by lateral and vertical variations in 

salinity within this aquifer. These reflect groundwater 

flow interpreted from drill ing (Smith, 1994). 

PALLINUP 

INTERNAL DRAINAGE 

SOUTHERN 

0 C EA N 
SIGNIFICANT SUPPLIES - FRESH 

WERILLUP FORMATION 

AAS38 
Figure 9. Groundwater resources 

06.10.95 
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Table 3. Groundwater resource estimates 

Aquifier 

Surficial sed iments 
Pallinup Siltstone 
Werillup Formation 
Stirling Range Formation 

Spec(fic 
yield 

0.2 
0. 1 
0.1 
0.0 1 

Storage 
(IO'm' ) 

300 
1000 

10000 
80 

Recharge Recharge 
as % of JO' m'la 
rainfall (approx.) 

20 60 
IO 190 

I 24 
5 20 

Note: Recharge estimates are based on a variety of factors including rainfall, amount of ou tcrop, and groundwater salinity. The 
approximate recharge (in l06m'/a) is very high in relation to storage bvecause the aquifiers are thin and discontinuous , and 
generally the groundwater discharges a short distance (and in a re latively short time) from where it recharges. No estimates 
are made for areas of granite and gneiss. 

/ 
Fresh to saline groundwater resources also occur in 

local aquifers in outliers of the Plantagenet Group in 

the southwest and northwest of MOUNT BARKER-ALBANY. 

Fresh groundwater resources may occur in the Stirling 

Range Formation in the Stirling Range National Park 

but as yet are unproven, while stock supplies have been 

obtained from the northwestern edge of the Stirling 

Range (Muhling and Brakel, 1985). 

Small fresh groundwater resources occur in the coastal 

sand and limestone, while fresh to saline groundwater 

is present in local aquifers formed where allu vial 

deposits in coastal wetlands, in so me drainage 

depressions, and along a few of the rivers are saturated. 

Minor local aquife rs within saturated, weathered 

granitoid bedrock and open fractured bedrock contain 

mainly saline water. 
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6 Groundwater development 

6.1 Town water supply 

The only major groundwater development in MOUNT 

BARKER-ALBANY is on the peninsula southwest of 

Albany (Fig . 10) where three bore fi elds know n as 

Sandpatch, Prison , and Racecourse (Katsavounidis, 

1990) supply water to the Albany South Coast Scheme 

(ASCS). The intense groundwater development in, and 

near, the ASCS borefields has led to the proclamation of 

the encompassing Albany Groundwater Area (partly 

shown on Fig. 10) for water allocation by licence. The 

South West Water Reserve, and the Marbellup Water 

0 

Location of Area 

•• 

SOUTHERN 

OCEAN 

Do 

Reserve to the northwest, are for the protection of water 

quality in the public water supply area and Marbellup 

catchment respectively. 

Grou nd wate r abstract ion from ASCS borefields in 

1989-90 was 1.93 x 106 m3/a from forty-one production 

bo res w it hin the t h ree borefie ld s (Table 4) an d 

projected demand to the year 2001 is not expected to 

exceed the esti mated safe yie ld of 3.4 x 106 m3/a 

(App leyard, 1989; Katsavo unidis, 1990) . Borefield 

abstraction for the ASCS is also augme nted by up to 

2 x 106 m3/a from several surface-water sources. 

• 
ALBANY 

PRINCESS 

ROYAL 

HARBOUR 

.. 

35°00' 

35°05' 

• 
• 

SOUTHERN OCEAN 
2.5 km 

RAS22 

20 

117°50' 

• e 0 Water bore, <50m3/day; >50m 'rday; monitoring 

• 

Exploratory water bore (not equipped); dry; artesian 

Well, <50m3/day 

117°55' 

I PRISON I Barefield area 

Albany Groundwater Area 

Pipeline 

Figure 10. Albany groundwater area and bore locations 
03.06.97 
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Borefield No. of 
bores 

Sandpatch !6 
Prison 13 
Racecourse 12 
Total 41 

SOUTHWEST 

Southern Ocean 
+ 

+ + 
+ + + + + 

+ + + + 
+ + + + + + 

~ + + + + + + + ~ 
+ + + + + + + + 

Table 4. Groundwater abstraction estimates 

No. of Abstraction 
monitoring 1989-1990 

bores (1()6 m' ) 

9 0.86 
11 0.66 
4 0.4 1 

24 1.93 

borefield 

T 

+ + + + + 
+ + + + + + + + + + + + + 

Estimated 
recharge 
(1()6 m'la) 

2.2 
1.7 
1.0 
4.9 

Safe 
yield 

( JO" m'la) 

1.55 
1.17 
0.70 
3.42 

NORTHEAST 

Princess Royal 
Harbour 

saline 

+ + + + + 4 + + + + + + + 
+ 

+ 
+ + + + + + + + + + + 

+ + + + + + + + + + 
+ + + 

+ + + + 
+ + + 

+ 
+ + + 

+ + 
+ + + 

+ ---~+~"'. .. ~~+~•+-:v:J-:~:--""'::-~~-:""'":"'~-----=""'l"""j ~ + + ~ ~ ~ + ~ + + ~ + + + ~ + + 
+ + + + + 4 ~ + + + t + + + t + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + 
+ + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

AAS34 

D Quaternary limestone 

D Quaternary sediments 

D Tertiary sand 

~ 
~ Proterozoic bedrock 

- - -<• groundwater flow 

____I__ watertable 

~ unconformity 

Figure 11. Diagrammatic section through the Albany Sand patch borefield (Fig.10) 
16.06.97 
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The borefields obtain water from an unconfined aquifer 

in Quaternary sand and from a confined aquifer in the 

Werillup Formation (Fig. 11). Monitoring carried out 

s ince 1969 confirms that the borefields have been 

overpumped both periodically and seasonally. When 

abstraction Jowers the waterlevel to below sea level for 

several months during summer, saltwater intrusion 

occurs, particularly in the bores near Princess Royal 

Harbour. 

The groundwater from the two aquifers has a 

moderately high content of calcium and bicarbonate, 

is alkaline, and coloured. Prior to reticulation in the 

ASCS the water is treated for colour, the pH is reduced, 

and the water chlorinated. For industrial users the water 

is softened to reduce the calcium and bicarbonate 

content. Some bores yield water with high iron 

concentrations. 

Water is reticulated to the towns of Albany, Kendenup, 

Mount Barker, Narrikup, and Porongurup via the 

Albany South Coast Scheme (ASCS). Denmark is 

supplied from the Quickup and Denmark Dams and 

22 

Scotsdale Weir. Borden, Cran brook and Tambellup are 

part of the Lower Great Southern Water Supply 

(LGSWS) scheme, supplied from the Harris Dam near 

Collie . Local catchments and s torages supp l y 

Frankland, and Rocky Gully, and also augment Borden 

and Cranbrook (Moncrieff, 1992). 

Potential groundwater sources have been identified by 

Moncrieff (1992), based on geological mapping 

(Muhling et al., 1978), and groundwater census 

information from the Albany to Mount Barker 

(Hirschberg , 1976) and Stirling Range areas 

(Moncrieff, 1977). 

6.2 Domestic and stock 

Groundwater use for domestic and stock purposes is 

limited by high salinity. Consequently there is a high 

dependence on farm dams throughout the MouNT 

BARKER- ALBANY area. Small areas north of the Stirling 

Range contain fresh groundwater resources, the result 

of local recharge to a suitabl.e rock type on groundwater 

divides such as in the Kybelup Plain area (Dodson, 1995). 
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7 Land salinization and rising watertables 

Increased groundwater recharge after clearing of native 

vegetation and replacement by annual crops and 

pastures has resulted in groundwater levels 

continuously rising, by 0.1 to 0.4 m/year (Mcfarlane, 

D. J., 1994, pers. comm.). Cyclic salts accumulated in 

the regolith over thousands of years (Commander et al. , 

1994) have been remobilised by the rising waterlevels 

and saline seeps appear where the watertable reaches 

the surface. Groundwater levels are rising most rapidly 

in areas with high rainfall and inadequate drainage. 

However areas with low rainfall develop similar severe 

salt problems, but over a longer period. 

High rainfall areas with good drainage have 

accumulated less salt in the regolith , and the risk of 

salinization is generally low in the southwest of MouNT 

BARKER- ALBANY (Schofield et al., 1989). 

Areas of poor drainage, where the regolith is thick and 

clayey as in the upper Kent and the Denmark River 

catchments , or silty as in the North Stirlings, have 

accumulated the most salt. The inland North Stirling 

area has limited external drainage, and land and water 

salinisation has resulted in th~ development of 

extensive salt lakes. Areas with pbor drainage and a 

predominately silty regolith, such as in the Tertiary 

sediments in the southeast of MouNT BARKER-ALBANY, 

have also accumulated saltfall and exhibit rising 

watertables and salinization. 

Detailed studies on salinization alo·ng the western South 

Coast have been carried out by Agriculture Western 

Australia (George and Nulsen, 1985; George et al. , 

1991 ; Mcfarlane , 1991; Lennard et al. , 1991; 

Ferdowsian and Greenham, 1992; Lewis 1992). 

Ferdowsian and Greenham (1992) showed that shear 

zones in basement rocks were affecting groundwater 

di s charge . Lewis (1992) and Appleyard (1994) 

documented the severe salinity problem faced in the 

North Stirling Basin. 

Detailed mapping of landform patterns on MOU NT 

BARKER for Agriculture Western Australia has enabled 

hydrological systems to be defined (Ferdowsian, R., 

1995, pers. comm.). Each system has a particular depth 

to groundwater, salt storage, groundwater salinity, and 

soil salinity and waterlogging hazards. Simi lar 

classifications are in progress for the Bremer Bay sheet 

and for north of the Stirling Range. 

Airborne geophysical techniques have been employed 

over an area of 100 000 hectares in the Kent and 

Frankland River catchments to better define the 

geological controls on groundwater flow and salt 

storage (Anderson et al. , 1996). Agriculture Western 

Australia and CSIRO have developed a salinization 

prediction model for the upper Kent catchment based 

on topographic contours and Landsat Thematic Mapper 

data. This model is being extended to surrounding areas. 

23 



R.A. Smith 

8 References 

ALLEN, A. D., 1991 , Groundwater resources of the 

Phanerozoic sedimentary basins of Western 

Australia, in Proceedings of the International 

Conference on Groundwater in Large Sedimentary 

Basins, Perth, Western Australia, 1990: Australian 

Water Resources Council, Conference Series no. 20, 

p. 16-34. 

ANDERSON, S., STREET, G. , J. , and ANDERSON, 

H., 1996, The use of airborne geophysics to 

understand salinity processes and develop a land 

management plan on a farm in the south west of 

Western Australia, in Conference Proceedings, 4th 

Natio n al Conference and Workshop on the 

'Productive Use and Rehabi litation of Saline 

Lands', Albany, Western Australia, 25-29 March 

1996: Western Australia Promaco Conventions, 

p. 69-76, repeated p. 77-85. 

APPLEBY, A. K., 1989, First Annual Report on 

exploration, Pallinup area, EL 70/473 , 474,475, 

594, 630, Eucla Joint Venture, 2nd June 1988 - 1st 

June 1989, South-west Mineral Field WA: Western 

Australia, Placer Exploration Ltd and Eucla Mining 

NL, v. l of 3, Report WAl0/89 (unpublished) 

M6343 A28702, open file. 

APPLEYARD, S. J. , 1989, Albany town water supply 

- Impact of pumping on the Sandpatch, Racecourse 

and Prison borefields: Western Australia Geological 

Survey, Hydrogeology Report 1989/27 

(unpublished). 

APPLEYARD, S. J., 1994, Hydrogeology of a Tertiary 

aquifer in the North Stirlings Soil Conservation 

District, Great Southern region: Western Australia 

Geological Survey, Hydrogeology Report 1994/18 

(unpublished). 

AUSTRALIAN GROUNDWATER CONSULTANTS, 

1987, Groundwater scheme review Albany South 

Coast: Water Authority of Western Australia, Water 

Resources Directorate, Report WP 37 

(unpublished). 

24 

AUSTRALIAN WATER RESOURCES COUNCIL, 

1982, Review of the Australian Representative 

Basins Program: Australia, Department of National 

Development and Energy, Australian Representative 

Basins Program Report Series, Report no. 4, 265p. 

BEARD, J. S., 1981 , Explanatory memoir to the 

1 :250,000 map sheet - The vegetation of the 

Albany & Mt Barker areas: Vegmap Publications, 

Perth, Western Australia Vegetation Survey (second 

edition). 

BERLIAT, K. , 1954, Report on underground water 

supplies South and South-East Stirlings, Mt 

Manypeaks, North Frankland, South West Division: 

Western Australia Geological Survey, Annual 

Report for 1951 , p. 27-28. 

BERVEN, R. J. , 1974a, Kendenup No. I -Well 

completion report: Western Australia, Silfar Oil and 

Ga s Search Ltd and W . Ir v in Robin so n 

(unpublished). 

BERVEN, R. J., 1974b, Sunday Swamp No.1- Well 

completion report: Western Australia, Silfar Oil and 

Ga s Search Ltd and W. Irvin Robin son 

(unpublished). 

BESTOW, T. T., 1969, Kybelup Plain - Report on 

prospects of establishing community water supplies: 

We st ern Australia Geological Survey, 

Hydrogeology Report 444 (unpublished). 

BESTOW, T. T. , 1979 , Sa lin ization and the 

approximate salt balance of Lake Poorrarecup: 

Western Aus tralia Geological Survey, Annual 

Report for 1978, p . 12-16. 

BLEAZBY, R., 1917, Rai l way water-supplies in 

Western Australia - Difficulties caused by salt in 

soil, in Minutes of Proceedings of the Institution of 

Civil Engineers with other Selected and Abstracted 

Papers: London, Institution, v. 203, Paper no. 4193, 

p. 394-400. 

CLARKE, J. D. A. , 1993, Stratigraphy of the Lefroy 

and Cowan palaeodrainages, Western Australia: 

Journal of the Royal Society of Western Australia, v. 

76, p. 13-23. 



Hydrogeological Map Explanatory Notes Series 

CLARKE, J. D. A. , 1994, Evolution of the Lefroy and 

Cowan palaeodrainage channels, Western Australia: 

Australian Journal of Earth Sciences, v. 4 1, 

p. 55-68. 

CLARKE, E. de C., and TARLTON-PHILLIPS, H. , 

1953, Physiographic and other notes on a part of the 

south coast of Western A ustralia : Journal of the 

Royal Society of Western Australia, v. 37, p. 59-90. 

COCKBAIN, A. E., 1968, The stratig raphy of the 

Plantage net Group, Western Australia: Western 

Australia Geological Survey, Annual Report for 

1967, p. 61-63. 

COLMAN, R., and MIERS, D., 1986, Report on land 

degradation in vestigations, Kent River Soil 

Conservation District: Weste rn A u stralian 

Department of Agric ulture, Divis ion of Resource 

Management, Technical Report 49. 

COMMANDER, D. P., FIFIELD, L. K., THORPE, P. 

M., DAVIE, R. F., BIRD, J. R. , and TURNER, J . V., 

1994, Chlo rine-36 and carbon-14 measurements on 

hypersali ne groundwater in Tertiary palaeochannels 

near Kalgoorlie , Western Austral ia: Western 

Australia Geological Survey, Professional Papers, 

Report 37, p. 53-60. 

COPE, R. N., 1975 , Tertiary epeirogeny in the southern 

part of Western Australia: Wes tern Australia 

Geological Survey, Annual Report for 1974, p. 40--46. 

CRUSE, T. , HARRIS , L.B., and RASMUSSEN, B., 

199 3, Geological note -The di scove r y of 

Ediacaran trace and body fossil s in the S tirling 

Range Formation , We s tern Au s tr al i a -

Implications for sedime ntation and deformation 

during ' Pan-African ' orogenic cycle: A ustralian 

Journal of Earth Sciences, v. 40, p . 293-296. 

DAVIDSON, W. A. , 1977, Hydrogeology and drilling 

results of the 1969-1970 drought relief programme: 

Western Australia Geological Survey, Record 1977/3. 

DARWIN, C., 1876, Geological observations o n the 

volcanic islands and parts of South America visited 

during the voyage of H.M.S. " Beagle": London, 

Smith, Elder and Co. (second edition). 

Hydrogeo/ogy of the M OUNT B ARKER-ALBANY / :250 000 sheet 

DENDLE, P. J., 1988, CR 6109 Exploration Licence 

70/458, Denmark Heavy Mineral Sands Project, 

South West Mineral Field, A nnual Report for the 

period 25 June 1987-24 June 1988: Western 

Australia, BHP-UTAH Mineral International, Asia 

Pacific Division (unpublished) M5769 A2512 1, 

open file. 

DODSON, W. J., 1995, Kybelup Plain bore completion 

reports KYPl-23: Western Australia Geological 

Survey, Hydrogeology Report 1995/28 

(unpublished). 

DOEPEL, J. J. G. , 1975, M ain areas of Proterozoic 

metamorphic and igneous rocks - Albany-Fraser 

Province, in Geology of Western Australia: Western 

Australia Geological Survey, Memoir 2, p. 94-102. 

EUCLA MINING NL, 1990, Relinquishment report to 

the Western Australian Department of Mines for 

portions of Exploration Licences 70/473, 70/474 , 

and 70/594, and for all Exploration Licence 70/475: 

Western A ustralia, Eucla Mining NL, EWA 90/05 

(unpublished) M6343 A31110, open file. 

FERDOWSIAN, R. , 1992, Integrated catchment 

management - Upper Denmark catchment: Land 

and Water Research News, no. 13, p. 22-28. 

FERDOWSIAN, R ., and GREENHAM, K. J. , 1991, 

Landforms and salinity in the upper Denmark 

catchment, in Soil Science and the Environment: 

Australian Society of Soil Science, Conference 

Proceedings, A lbany, p. 243-263. 

FERDOWSIAN, R., and GREENHAM, K. J., 1992, 

Integrate d catch m e nt management - Upper 

D e nm a rk catc hm ent: We s tern Australian 

Department of Agric ul ture, Division of Resource 

Management, Technical Report 130, 285p. 

FORTH, J. R. , 1973a, Albany coastal aquifer - Long 

term safe yield, in Hydrology Symposium, 1973, 

Perth , A ugust 8-1 1: Australia, Institution of 

Engineers, National Committee on Hydrology, 

National Conference, Publication 73/3, p. 119- 126. 

FORTH, J. R. , 1973b, Hydrogeology of the Werillup, Sand 

P a t c h and Snake Hill areas, near A lb any: 

Western Australia Geological Survey, Record 1973/20. 

·25 



R.A. Smith 

GEORGE, P.R., and NULSEN, R. A ., 1985, Saltland 

drainage - Case studies: Western Australia, Journal 

of Agriculture (4th Series), v, 26, p. 115-118. 

GEORGE, R. J. , McFARLANE, D. J., and LEWIS, M. 

F., 1991 , A review of recharge and implications for 

management in saline agricultural catchments, in 

International Hydrology and Water Resources 

Sympos ium 1991 - Challenges for Sustainable 

Development, Perth , 2--4 October, 1991: Institution 

of Engineers, Australia, National Conference 

Publication no. 91/22, Preprints of Papers, v. 1, 

p. 193-197. 

GEOTERREX PTY LTD, 1985, Interpretation report 

for an e lectromagnetic survey using the Barringer 

Input System of the Kent River catc hme nt a rea: 

New South Wales, Geoterrex Pty Ltd, Job no. 83-575 

for Western Australian Department of Agriculture. 

HIRSCHBERG, K-J. H., 1976, Geology and hydrology 

of the Albany-Mount Barker area : Western 

Australia Geological S urvey, Record 1976/14. 

HOCKING, R. M., 1990, Bremer Basin, in Geology and 

Mineral Resources of Western Australi a: Western 

Australia Geological Survey, Memoir 3, p. 561-563. 

HOCKING, R. M., an d COCKBAIN, A . E., 1990, 

Regolith, in Geology a nd M ineral Resources of 

Western Australia: Western Australia Geological 

Survey, Me moir 3, p. 591-602. 

JOHNSON, S. L., 1995, Albany south coast dri_lling 

stage 2 bore completion reports ALB 8 to ALB 12: 

Western Austra li a Geo l ogica l Survey , 

H ydrogeology Report 1995/2 (unpublished). 

KATSAVOUNIDIS, T., 19 90; Groundwater scheme 

review A lban y south coast: Water Authority of 

Western Australia, Water Resources Directorate, 

Report WG 92. 

KERN, A. M., 1990, Hydrogeological investigation of 

a s hear zone in the Denmark River catc hme nt: 

Western Austra li a Geo l ogical Survey, 

Hydrogeology Report 1990/15 (unpublished). 

LAWS, A. T. , 1986, North Stirling Soil Conservation 

Distr ict Land R ec lamation Proj ect - proposed 

drilling programme: Western Australia Geological 

Survey, Hydrogeology Report 2725 (unpublished). 

26 

LEECH, R.E.J., and MONCRIEFF, J. S., 1976, Stirling 

Range area - notes on bores sites suggested as 

district wa teri ng points : Western Australi a 

Geological Survey, Record 1976/18. 

LENNARD, R., NULSEN, R. A., and SOUTHWELL, 

C. E., 1991 , Climate, physiography, geology, 

hydrology and land use in the North Stirlings area 

- A precursory re po r t: Wes tern Australi a n 

Department of Agriculture, Division of Resources 

Management, Technical Report no. 126. 

LEWIS, M. F. , 1992, Land reclamation ill the North 

Stirling L a nd Conservation Dis trict: Western 

Australian Department of Agriculture, Division of 

Resource Management, Technical Report 131, I 63p. 

LORD, J. H., 1970, PrelimiDary report on an emergency 

programme of underground water investigation for 

drought relief: Western Australia Geological 

Survey, Annual Report for 1969, p. 11-13. 

LORD, J. H. , 1971, Final report o n the underground 

water investigation for drought rel ief 1969/70 in 

Western Australia: Western Australia Geological 

Survey, Annual Report for 1970, p . 11-14. 

LOW, G. H., 1957, Some notes on underground water 

in the Sand Patch area, Albany: Western A ustralia 

Geological Survey, Bulletin 114, p. 88-91. 

McFARLANE, D. J. , 1991 , A review of saljnity on the 

south coast of Western Australia, in Soil Science 

and the En vironme nt: Australian Society of Soil 

Science, Conference Proceedings, Alban y, 

p. 265-286. 

McGOLDRICK, P., 1991a, Final relinquishment report, 

Bluff Creek Tenement EL 70/844: Western 

Australia, RGC Exploration Pty Limited, P/12/91 

(unpublished) M6990 A33441, open file. 

McGOLDRICK, P., 1991b, Relinqui shment report, 

Moran de Lake Tenemen t E70/843: Western 

Australia, RGC Exploration Pty Limited, P/15/91 

(unpublished) M6990 A33602, open file . 

McGOWRAN, B., 19 89, The l ater Eocene 

transgressions in sou thern Australia: Alcheringa, 

V. 13, p. 45-68. 

MONCRIEFF, J. S., 1977, Outline of the geology and 

groundwater prospects in the Stirling Range area: 

Western Austral ia Geological Survey, Record 1977/8. 



Hydrogeological Map Explanatory Notes Series 

MONCRIEFF, J. S. , 1992, Groundwater resources of 

the Albany-Denmark region: Western Australia 

Geological Survey, Hydrogeology Report 1992/25 

( unpublished). 

MUHLING, P. C., and BRAKEL, A. T., 1985 , 

Explanatory notes on the Mount Barker-Albany 

geological sheet: Western Aus tralia Geological 

Survey, 1:250 000 Geological Series. 

MUHLING, P. C., BRAK.EL, A. T., and MONCRIEFF, 

J. S., 1978, Mount Barker-Albany sheet SI 50-11 

and part of sheet SI 50-15: Western A ustralia 

Geological Survey, I :250 000 Geological Series. 

MYERS, J. S. , 1989, Albany Sheet SI 50: Western 

Australia Geological Survey, 1: 1 000 000 

Geological Series. 

MYERS, J. S., 1990a, Western Gneiss Terrane, in 

Geology and mineral resources of Western 

Australia: Western Australia Geological Survey, 

Memoir 3, p. 13-32. 

MYERS , J. S., 1990b, Albany- Fraser Orogen, in 

Geology and min e ral resources of Western 

Australia: Western Australia Geological Survey, 

Memoir 3, p. 255-264. 

N IXON, R. D., 1994, E s tim a ted flux of nutrients 

discharged from groundwater to Oyster Harbour, 

Albany: Western Austral ia Geological Survey, 

Hydrogeology Report 1994/26 (unpublished). 

NOWAK, I. R. , 1978, Geophysical investigations for 

the Albany town water suppl y, 1978: Western 

Australia Geological Survey, Geophysical Report 

6/78 (unpublished). 

P and V GEOPHYSICAL SERVICES, 1985, E.M. 37 

trial survey - Kent River catchment area, Western 

Australia: Western Australia, P & V Geophysical 

Services, Report to Department of Agriculture, Job 

no. 321. 

PERRY, A., 1994, Geophysical surveys for fresh water 

mapping - Albany- Bremer Bay area: Western 

Australia, World Geoscience Corporation , Report 

to Geological Survey of Western Australia, Job no. 

3012 (unpublished). 

Hydrogeology of the M OUNT BARKER-ALBANY 1:250000 sheet 

PLAYFORD, P. E. , COPE, R. N., COCKBAIN, A. E., 

LOW , G. H., and LOWRY, D. C. , 1975 , 

Phanerozoic, in The Geology of Western Australia: 

Western Australia Geological Survey, Memoir 2, 

p. 223-433. 

PROBERT, D. H., I 965, Geological investigation for 

the Albany town water supply: Western Australia 

Geological Survey, Hydrogeology Report 210 

(unpublished). 

PROBERT, D. H. , 1966, Report on Gemcodrilling for 

the Albany town water supply: Western Australia 

Geological Survey, Hydrogeology Report 275 

(unpublished). 

PROBERT, D. H., 1967a, Groundwater investigation 

in the Werillup area for the Albany town water 

supply: Western Australia Geological Survey, 

Hydrogeology Report 444 (unpublished). 

PROBERT, D. H., 1967b, Groundwater investigation 

in the Werillup area for the Albany town water 

supply: Western Australia Geological Survey, 

Record 1967/22. 

PROBERT, D. H., 1967c, Investigation for groundwater 

in the Kendenup township area: Western Australia 

Geological Survey, Hydrogeology Report 393 

(unpublished). 

PUBLIC WORKS DEPARTMENT, 1980, Tone River 

and upper Kent River Diversion Study - Progress 

report March 1980: Western Australia Public Works 

Department, Document no. M.D.A. 1/80. 

ROWSTON, D. L., 1965, Geophysical investigations 

for the Albany town water supp ly: Wes tern 

Australia Geological Survey, Record 1965/23. 

ROWSTON, D. L., 1976, Geophysical investigations 

for the Albany town water supply, 1975: Western 

Australia Geological Survey, Record 1976/4. 

SANDERS, C. C., 1968, Cranbrook town water supply 

- Interim report on groundwater prospects: 

Western A u stra li a Geologica l Survey , 

Hydrogeology Report 595 (unpublished). 

SANDERS, C. C., 1969a, Cranbrook town water supply 

- Groundwater prospects in the Stirling Range 

and Plantagenet Beds to the eas t and south of 

Cranbrook: Western Australia Geological Survey, 

Hydrogeology Report 694 (unpublished). 

27 



R.A. Smith 

SANDERS, C. C., 1969b, Redgum Spring water supply 

- Report on groundwater prospects, Stirling Range 

National Park: Western Australia Geological 

Survey, Hydrogeology Report 700 (unpublished). 

SCHOFIELD, N. J., LOH, I. C., SCOTT, P.R., 

BARTLE, J. R. , RITSON, P., BELL, R. W., BORG, 

H., ANSON, B., and MOORE, R. , 1989, Vegetation 

strategies to reduce stream salinities of water 

resource catchments in south-west Western 

Australia: Water Authority of Western Australia, 

Water Resources Directorate, Report no. WS 33. 

SMITH, R. A., 1992, A bibli ography of published 

reports on groundwater in Western Australia by staff 

of the Geological Survey of Western Australia: Western 

Australia Geological Survey, Record 1992/12. 

SMITH, R. A. , 1993, A bibliography of pub lished 

reports on groundwater in Western Aus tral ia, 

excluding those by staff of the Geological Survey 

of Western Australia: Western Australia Geological 

Survey, Record 1993/2. 

SMITH, R. A., 1994, Albany groundwater investigation 

bore completion reports ALB 1-ALB 7: Western 

Australia Geological Survey, Hydrogeology Report 

1994/27 (unpublished). 

28 

STOKES, R. A., and RUPRECHT, J. K. , 1986, 

Assessment and management of dry land agricultural 

induced salinization of the Denmark River in South­

Wes tern Australia , in Hydrology and Water 

Resources Symposium 1986 , River Basin 

Management, Griffith University, Bri sbane: 

In s t i tution of Engineers, Austral ia, National 

Conference Publication no. 86/13, Preprints of 

Papers, p. 228-232. 

WESTBLADE, D. , 1982, Report on drilling -

Kamballup, Manypeaks and Pallinup areas, 

southwestern Australia: Western Australia, BHP 

Minerals Div is ion , Exp loration Departme nt, 

C.R.3217 (unpublished) M7473 A36076, open file. 

WESTRALIAN SANDS LIMITED, 1984, Geological 

report on Prospecting Licence PL 70/19, Narrikup: 

Western Australia, Westralian Sands Limited, Capel 

(unpublished) M571/06 Al 4245, open file. 



i· 

MT BARKER - ALBANY 
GEOLOGICAL SURVEY OF WESTERN AUSTRALIA 

J 
0 U T ' H E R N ::•.:.\r= 

m·~ , .•• " ~ I . - of-c E A N 
11 0"00' • 

..... ....... ,,,, y 

+­
I 

-"! "':':.::::.!.loe~IOff .. 

-~it :; ~-ii-= _ _.,.=, J L,,.-_.~/ w!'""t~:..~=c_Jr · 

.O.OOIFER CHARACT EFIISTICS 

,~ u ·.•·- •••- ••,.•--.,- •••-• --•• 

• --------------
D " ~ .-••~----­
D ·-,.-•·• · n - - ­

D ·-·-•·•---··--·· 

I
. · 110 =•~ .. -_ ......... -.... -

1 • .--, --· ··-·····--·· 
ij I L'._J ·~·-·•-~--"' 11 ~1 · _;;:; _____ _ 

11~ ----------······--~ - ·•·~,--
- -- , .... -;:::., ... ·- ·,..::. ..... 

I 
11 

I 
![ 

~ ----····-
IC<7, ..... 

~ ~ .. ::- .::::.-::::.- --
C:.:II " ;:,.::::::-·· ·::""" ... 
D .. -.: ...... - .. -·-
1:3:l ··--•- "•- ,_ " D __ i; ___ ;; --· 

""_,_ ..... 

]1 

t .ii t ' ?'.'.)~ 
b ~ 

I 

Ji 

11 • ~ -

): >•--·--,-- CJ ~1 ·---·-·-·- . ----
TOPOCADMTRAL INFOflMAllCN 
---{>, - - - .... • ~ .. ........... .... 

~ - •- ····- - - --•-•--...: 
---·-·-·--"-~ .... -.. 
- ~•,.. •~-"•P~., .. ;.,,.-, ______ .... .,~ 

... , .. <~ ..... .. .... ; -

_..,u .. ~- .... , ..... ,--,, 

r 

_J 

MEAN~YRAINFAU. 
MOM1POR.\~AT!IORW 

-~ •=· f 
~J~~~J ~ 

lilEAII\IONTtl.YRAINFAU. 

'·1 "'":".::.:- .1· ;;;;::i ~ .. , ... 

JM~trnillf 
~

"'"''~" 
' 
' 
' 
. 

~ ,. ,. 

- """'·' ~...... ." 
_.. .. ___..,~... --, --·-------- · - · ✓ ,_, ... __ .. 

....... ............ _ ...,,_ .... ~ _ ... ,_, ... __ .. ;_"" __ 
,,, __ .,,...,._,,,, .•. 
-A. __ ..,,..__, ,. _ 

~ !S~.z<0,. 

~i w 

_..,,,...""_""" ..... ..... ~,.--... ,_ ... .. ,_. 
1: 250000 HYDROGEOLQGICAL SERIES 

MT BARKER - ALBANY 
SHEET SI 50-11 MID P""T DF SHEET SI 50- 15 


	1main
	1map



