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SIlMHARY 

Pine Creek Mining Region is .an .area 
of 18000 sq km bounded by latitudes 
13 0 15 t and 14°15' and longitudes 
131°15 1 and 132°45' that 
incorporates most of the important 
mining centres of the southern Pine 
Creek Geosyncline 1n the Northern 
Territory, Australia (see Figure 1). 
The mine~ use groundwater for ore 
processing and in the gold extraction 
proc ess, and p lace a subs tant ia 1 
demand on locdl groundwater sources. 

"",-,-.~-=-.--........ 
l<1"'m""~~ 

NORTHeRN 

L ... , ... __ --_.- - - --

Figure 1 

I,
i 

TERRITORY 

( 

Location Map 

1 

Reliable groundwater sources are 
traditionally difficult to locate In 
the fractured Proterozoic rocks of 
the Pine Creek Geosync 1 ine > The 
hydrogeological map of the region 
provides a guide to the location of 
prospective fractured rock aquifers 
and other hydrogeological information 
to aid ground'ivater resource 
ex~loratiGn and development. 

The map is the first published 
hydrogeological map of an area in the 
Northern Territory and has been 
complled on an Intergraph Computer 
Aided Drafting system. The CAD 
system has been util ised to provide 
a capability to produce larger scale 
maps with additiondl deta.il, a 
feature unique in Australian 
hydrogeological mapping to date. The 
map has been prepared to Austra 1 ian 
Water Resources Council guide 1 ines, 
with minor modIfication to suit the 
CAD Aystem, and therefore conforms to 
the colour scheme and principles of 
the UNESCO International Legend for 
hydrogeological maps. 

The project, including the 
compilation and production of the map 

and a data base containing 
information on over 600 bores, was 
completed in d period of 
approximately fifteen weeks. 

i.INTRODUCTION 

The 1: 250 000 sea Ie Hydrogeological 
l-'Jap of the: Pine Creek Mining Region 
is the first published 
hydrogeological map of an area in the 
Northern Territory, It has the 
special purpose of aiding the 
location of groundwater supplies in a 
geOlogically complex area where 
extensive aquifers are remote from 
the centre or demand and reliable 
supplies are difficult to locate. 

Th~ map and explanatory notes provide 
an assessment of the hydrogeology and 
groundwater resource potential of an 
area of approximately 18 000 sq km, 
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centred on the mining township of 
Pine Creek. Within the area are the 
m&in mining centres of the southern 
Pine Creek G-eosync 1 ine Bridge 
Creek~ Coronation Hill, Cosmo Howley, 
Fountain Head, Frances Creek, Moline, 
Mount Bonnie.. Mount Todd, Mount 
Wells, Pine Creek, Union Reef and 
Woolwonga. 

The map has been compiled on the 
Integraph Computer Aided Drafting 
system and provides for the 
production of larger scale maps, on 
demand J to provide deta il wi thin a 
specified area such as an existing or 
proposed mining centre. This 
capability is a new initiative in 
Australian hydrogeological mapping 
and is orientated to the special 
purpose of the map whilst maintaining 
the integrity of a 1: 250 000 scale 
hydrogeological map prepared to 
Australian Hater Resources Council 
guidelines (AWRC, 1988). 

!-1ining company water supply and 
dewatering investigations provided 
much of the information on the 
groundwater resource exploration and 
development, this information has 
been incorporated in 
base, available as a 
these noteB, in whole 
in floppy disk or hard 

2. GEOGRAPIlIC SETTING 

2. 1 CliJoate 

i!l bore data 
supplement to 

or in part and 
copy forma t. 

The climate is monsoonal with a hot, 
wet season from October to April and 
a warm dry season from May to 
Sept~mber. The hot wet season lS 

characterised by a humid atmosphere 
carried In by north west to westerly 
winds. 

The mean annual rainfall ranges from 
approximately 1050 mm in the south of 
the Pine Creek Mining Region to 1400 
nun in the north. Virtually all the 
rainfall occurs in the summer months, 
mostly December to March. At Pine 
Creek the mean annual rainfall is 
1142 rum with only 20 rom occurring in 

2 

the months May through to September. 
The mean monthly rainfall for the 
months December to March is 230 nun. 

Air temperatures are 
the year. The mean 
range from about 30 
and July, to 35 to 

high throughout 
monthly maxima 
to 32° in June 

37°C in October 
and November. The corresponding mean 
monthly minima are 12 to 140 and 22 
to 24°C. 

The potential evaporation lS high, 
the annual average Class A pan 
evaporation being 3500 rom. The rate 
is relatively constant for most of 
the year at 270 mm per month, except 
during the latter part of the dry 
season, the potential evaporation in 
October being 375 mm. 

TABLE 1: IroNTIILY AND ANNUAL MEAN 
RAINFALL AT PINE CREEK 

MONTH 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

TOTAL 

RAINFALL 
(mm) 

268 
244 
203 

48 
6 
3 
2 
I 
8 

41 
115 
203 

1142 

2.2 Physiography 

RAINDAYS 

16 
15 
12 

3 
I 
o 
o 
o 
1 
4 
9 

13 

74 

The physiographic units ar~ shown ~n 

Figure 2. The lowland a.reas include 
the alluvial floodplains of the 
Margaret and McKinlay Rivers in the 
not:'th west and carbonate plains of 
the Daly River Basin ~n the 
southwest. Thick silty soil and 
sandy loam on the alluvial plains 
,suppor"ts open savannah grassland and 

some open woodland. The 
subhorizontal sequences of limestone 
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bearing quartz 10 the Golden Dyke 
Dome and alluvial gold in the 
Marg.-:tret River. At the turn of the 
century, metals at Iron Blow and 
Mount Bonnie and tin at Mount Wells. 
Production declined as of the 1920's. 
The discovery of uranium in 1953 in 
the upper South Alligator River 
valley initiated a period of intense 
exploration and l!1ining which slowed 
dramatically in 1956 with a worldwide 
slump in uranium prices. Thirteen 
uranium prospects were worked between 
1954 and 1964. Between 1966 and 1974 
iron ore bodies were worked at 
Frances Creek. Gold or tin have been 
produced from lode and alluvial 
deposits throughout the areas history 
.:inti the large gold mining tonnage -
low grade open-pit operations at old 
mine sites. Pine Creek townsite 
services much of the mining area. 

Agricultural development has taken 
place primarily in the Daly Basin on 
Douglas Station~ 

2.4 Surfacewater hydrology 
The area includes part of the 
Adelaide River, Daly River, Hary 
River and South Alligator River 
surface water catchments. The 
Adelaide, Mary and South Alligator 
Rivers flow northward while the Daly 
River flows west and is fed by a 
number of major tributaries including 
the Douglas, Edith, Fergusson and 
Katherine Rivers. 

Drainage patterns are predominantly 
dendritic with significant 
lithological and structural control 
In some areas. In the Daly Basin 
there are fewer creek drainages as a 
result of there being less runoff. 
In the eastern Pine 
Region the drainage is 
the extetlslve mesa of 

Creek Hining 
dominated by 

lateritised 
Cretaceous sediments, which forms the 
headwaters of a number of large creek 
systems draining into the Edith, 
Fergusson, Katherine, Mary and South 
All igator Rivers. A number of these 
creeks are spring-fed with 
groundwater discharging from the base 
of the sediment profile and providing 
some base flow in the creeks . 

Perennial or semi-permanent pools are 
common along the main river and creek 
systems. This is due to shallow 
groundwater levels in topographically 
low areas and the locally permeable 
nature of the bedrock which allows 
groundwater flow to support these 
surface features. Sink-holes or 
dol ines are common in parts of the 
Daly Basin and are discussed in 
Hydrogeology. 

Stream gauging information is limited 
to five stations with substantial 
data on discharge volumes and a 
number of other stations with very 
limited discharge data or with river 
or flood-height information only. The 
five main gauging stations, as shown 
on the map, provide the data given in 
Table 2. 

TABLE 2 STRBAN GAUGING DATA 

STATION PAWA RECORD HEAl' AREA RUNOFF 
NO. FLOW (sq km) (%) 

m3s-1 

Bridge Creek 8170006 1968~88 0.72 126 13 
Copperfield 
Creek 8140062 1973~87 0.06 9 18 
H"it-rie't Creek 8180252 1966~88 0.99 122 21 
HcKinlay 
River 8180069 1981~88 2.77 352 19 
Mary Ri tIer 8180026 1961~88 2.70 466 15 

5 
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and shale -of the Daly River Basin 
produce thick red sandy or clayey 
solIs inte-Lspe-rsed with low strike 
ridges of more resistant sandstone or 
sandy limestone. Kar stie features 
occur in the limestone with sinkholes 
locally common 
of clint and 
pavements. The 

and some development 
gryke features on 
vegetation of the 

carbonate plains 1-S scrub and open 
eucalypt woodland. 

Prominent mesas are formed by 
lateri t ised Cretaceous sediments 
resting on Proterozoic bedrock, by 
far the largest of these features 
lying to the northwest of the 
Katherine River. The laterite 
p~ofile usually contains a silicified 
pallid zone which has preserved the 
mesas at a fair1y uniform relief 
above the general level of erOSlon. 
Tall, open eucalypt forest usually 
grows on top of the mesas, 

On the eastern margin of the Daly 
River Basin, the Tablelands are 
formed by an approximately 5 km wide 
range of flat-topped rocky hills of 
late Proterozoic sandstone, The 
Douglas River and Stray Creek have 
formed deep gorges in the sandstone. 
Predominantly skeletal soils support 
sparse to tall open forest. 

undul"ating sandy rises characterise 
most of the granitic terrain and 
lower-lying areas of Proterozoic 
sedimentary and metamorphic rocks. 
Highly leached skeletal soils and 
lateritic podsol are common, with 
gravelly and sandy soil on granite 
.and yellm,{ earth soil on metamorphic 
r'ocks. 

Granite pavements and tors and rocky 
ridges comprise most areas with an 
elevation in excess of 200 ffi. The 
pavements and tors have a patchy 
gravelly soil and vegetation limited 
to low shrubs, coarse grasses and 
small eucalypts. The rocky ridges 
are formed by Proterozoic sediments 
and metamorphic rocks and are 
characterised by steep gradients with 
surface boulders and low outcrops 
widespread. Vegetation on. the slopes 
and ridges is open woodland with 

grasses giving VoTay to ta 11 euca lype 
forest and ~al1 perennial grasses on 
the deeper soils of the creek 
systems. 

2.3 Land use 

The PiIle Creek Mining Region includes 
the following major land uses: 

Pastoral leases 
Kakadu Nationa1 Park 
KakBdu Conservation Zone 
Abor igina 1 land 
Many isolated mining projects 
and camps 
f.llning town at Pine Creek 
Small agricultural developments 

Host of the area ~s under pastoral 
lease, the leases being Ban Ban 
Springs, Bonrook, Claravale, Douglas, 
Eva Valley, Gimbat, Goodparla, 
Jindare, Mary River, Haunt Bundey) 
001100, Prices Springs and Tipperary. 
The pastoralism is based on 
relatively uncontrolled grazing of 
feral buffalo and cattle. 

A portion of Kakadu National Park 
Stage 3, including part of .the 
Cons~rvation Zone, comprises the 
northeast corner of the region. The 
Conservation Zone is an area intended 
to become a National Park in which 
mineral exploration is permitted 
prior to declaration as a park. Land 
may cease to be in a conservation 
zone only if it becomes a park or 
reserve or is to be used for mining 
operations. Katherine River National 
Park Reserve comprises the southeast 
corner of the region, much of this 
being catchment of the Katherine 
River and incorporating an extensive 
mesa with associated scenic cliffs 
and gorges. 

There are two small Aboriginal 
communities within the Pine Creek 
Mining Region, one at Pine Creek and 
another at Kybrook Farm, 4 km south­
southwest of Pine Creek townsite. 

Hining, mainly for gold, is by far 
the most economically significant 
land use in the region. Hining began 
in 1872 after the discovery of gold-
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The mean flow at each gauging station 
has been used to determine runoff as 
a proportion of the total rainfall on 
the catchment. The range of values 
of 13 to 21% reflects differences 111 

catchment lithology, structure, 
topography and vegetation. 

3. GEOUJGY -----
The Pine Creek 
inCOrpOl"stes most 
part of the Pine 
Tl1e geosync 1 ine 

Mining Region 
of the southern 

Creek Geosyncline. 
comprises early 

Proterozoic metasedimentary and 

volcanic rocks resting on a basement 
of Archaean gneiss and granite. The 
sedimentary rocks are mainly shale, 
siltstone, sandstone, carbonate rocks 
and banded Iron for-mation. The 
volcanic rocks are felsic ilnd matic 
lavas and tuffs. Dolerite sills and 
dykes intruded the sequence prior to 
major structural movement. The 
emplacement of granitic plutons and 
dolerite lopnlichs occurred after the 
toectonism. 

Largely undeformed platform cover of 
mid to late Proterozoic, Cambrian, 
OrdoY'Lelan and Mesozoic strata rest 
orl the rocks of the Pine Creek 
Geosyncline with marked unconformity. 

3.1 Stratigraphy 
For the purposes of the 
hydrogeological map a number of 
simplifications of the stratigraphy 
have been made by combining units of 
similar hydrogeological 
characteristics of significdnce. The 
lithology and stratigraphy of the 
mapped units are summarised in Table 
3. Also included In this table are 
the Tertiary and Quaternary units 
that are present within the Pine 
Creek Mining Region out not shown on 
the hydrogeological map. 

3~2 St:ructure 
The early Proterozoic gediments, 
volcanics and dolerites have been 
intensely deformed and regionally 
metamorphosed, resulting l.n tight to 
isoclinal folding and extensive 
faulting. These structures have been 
modified by the intrusion of syn­
orogenic to post-orogenic granites 
and the develo~ment of the Pine Creek 
Shear Zone (refer Figure 3). The 
area has been relatively tectonically 
stable SLnce this tim~ apart from 
perioJ of uplift, block faulting and 

erosiotl. 

The Early Proterozoic sediments have 
been subject to two major phases of 
folding, one set comprises tight to 
isoclinal folds and a younger set is 
of widely spaced open folds. Where 
these two fold sets interfere, 

+ .... , ...... .:. 
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.,. ... t.# -t ·t .. 
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elongate basin and dome structures 
are formed, -such .as the Golden Dyke 
Dome ll-ear Mount Bonnie. 

The earliest faults within the Pine 
Creek Geosyncline are in the Wildman 
S i 1 tstone and contain lenses of 
haemat.itic ironstones. The main 
fault sets are syn-orogenic to post­
orogenic and affect the Early 
Proterozoic rocks, one of the most 
significant features being the Pine 
Creek Shear Zone, 

The Pine Creek Shear Zone trends 
north-northwest through Pine Creek 
withia a 4 to 5 km wide embayment of 
Burrell Creek Formation flanked by 
two major Cullen Batholith granite 
plutons. The metasediments within 
the shear zone are schistose and 
chloritic, and the bedding and 
cleavage are vertical and parallel, 
Where the shear zone intersects the 
granite to the south-southeast of 
Pine Creek it splays out into many 
discrete zones of fault breccia .and 
shear zone mylonite. Within the 
metasediments of the shear zone, 
fault displacements of the order of 1 
to 2 kill horizontal movement have been 
identified. 

The main fault sets in the Early 
Proterozoic rocks trend north­
northwest and northeast and are 
prominent within the rocks of the 
South All igator Group, probably due 
to the range of distinct lithologies 
in these rocks~ To the southwest, in 
the Middle Proterozoic sediments, a 
numb(!r of nort:h to northwest trending 
faults occur along the western margin 
of the Daly River Basin. They are 
steep, normal faults, downthrown to 
the southwest and probably have a 
history of movement through the 
Middle Proterozoic to the Mesozoic as 
a resul t of deposition in the Daly 
Basin. 

Within the Daly Basin, lineations on 
aerial photographs and Landsat images 
indicate there is extensive faulting 
but the faults are probably of small 
displacement. 

-- .... 

7 

4. HYDROGEOLOGY 

The complex geology and structure of 
the Pine Creek Geosyncline has 
created a similarly complex 
hydrogeologic environment in which 
aquifer characteristics show extreme 
variation according to lithology, 
tectonic history, weathering and 
recharge conditions. The Cambro­
Ordovician deposits of the Daly Basin 
and the lateri tised Cretaceous 
sediments have aquifer 
characteristics that vary mainly 
according to lithology. 

Representation of aquifer types at 
1:250 000 scale has required that 
these be shown according to 
8tratigraphic Formation or Group 
without further subdivision. The 
aquifer units presented on the map 
are Formations or Groups catagorised 
according to the groundwater resource 
potential that is typical for the 
unit. 

4_1 Superficial sedu.ents 
The superficial sediments of the Pine 
Creek Mining Region are not: shown on 
the hydrogeological map as they do 
not present a significant groundwater 
resource. The sediments are usually 
less than 5 m thick, contain a high 
pro~ortion of silt and clay and would 
usually be unsaturated, except along 
main dr-ainages~ Alluv 1a 1 sands may, 
rarely, have sufficient: permeability 
and thickness to provide a yield 
through a well, or sand spear. 
Isolated pockets of such sands exist 
in the Mary and McKinlay River 
alluvium but do not present mappable 
units. 

4.2 Porous Sediaenrary Rock - Aquifer 
The lateritised Cretaceous sandstone, 
sil tstone and conglomerate that form 
prominent mesas in the area can 
provide small ground\\o~ater supplies 
where these rocks are extensive. Due 
to their location high in the 
landscape, the saturated thickness is 
supported only by direct rainfall 
recharge with no throughflow from 
adjacent areas. The sediments also 
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TABLE l STRATIGRAPHIC_V 
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RELATIONSHIPS THICKNESS 
(m) 

3 
1 

Veneer aver Me~OlOjC ( 2 
.alla old.er units 

Flallks s~JrPS ot 

resistant Middle 

Proterozoic and 

MeSHa! Clocks 
flanks steep ~jdges 

of £ar!y ?rot:noroic 

hornfels 

Veneer on iaterit2 
and older formatIons 
t!at·lying ~ajJpinas 

on oider lormariQr-s 

Flat·lyinj$ 'Ie;]eer 
unconformable on 

oiJ:ler (()~rr:atialls 

C!]I'.tccma!:ly QVe;;iU 

-to 1 j 

Conformably overlies 

-£mt 

Unconlor:nab!y Dver­

lias?ts 

ConformaoJ'f overi res 

Pt d 

, 10 

l 

10 

3 

2S 

200 

l 

{ !SQ 

450 

Unconl1Hmaoiyover· 450 

lies Early ?roternai!: 

metaaaiIflents and 

g.anitold.s 

Ur.confOima:ll f O'/er· 

lies older strata 

Numer.Jus dYKes 
intr~ding granitoidS 

in the south 

r~umtr ous coa! e:;c2d 

pi u tons in trud i ns 

older Ear ty ?rDtH# 

ozaic metasediments 
aod dajHite 

600 

150 

150 

REMARKS 

AlluvIum 

FJooapJain deposits at 
upper reaches of 
d;aJ~age courlel 
Regolith 

Tall!~ deposits 

Older colluvium 

tan dejlo~! ts 

in-:<;itlJ a:nd reworked 

remnants ot laterit-e 

prollie 

£piclllltillefltal 

lea imenU 

$tJal !ow marine 

Shai iaw marine, 

pOSSibly intertidal 

Martne. tossili ferous 

Shaljow marine 

Cafl;tlner.tai:::I silallow 

mar t ne 

Eo!contlnentai 
sed jmen! 5 
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IJNll 

Plum ir@i! 

C-r sek 

Volcanics 
(Pep) 

Kurrundie 

SanostDne 
(F ,k) 

£1 Sher3"3 
G r(Jtlp 
(Po) 

Zamu 
Do II:! r ! ttl 

{Pdl} 

Bu; r I? II 

C, e.e~. 

format Ion 
(Pfh) 

TABLE 3 STRATIGRAPHIC StlllARY (con t' d) 

MAIN ROCK TYPES 

19ni:nbrltrl, rhy;)jjt.a. tuff sandstone 

-siltstone 

RElATIONSHIPS THICKIIESS 

(my 

Diachronaus with Pelt 200 

Purple quartz sand·l:lOlilder clJ.1gltJaler~te Oi.achronlJuswith Pep 200 

minor brown shale and ,siltstone 

Met.asl1 tstQ:ne, gr~ywacket sandstone. 

shQ!e ignimbrite 

Chloriti:;ed medium quartz dolerite 

and amptlibolite 

Uncontomabie on Pfb 

Sills intrt;,jing 

(and folded and meta­
morphDsed with older 

£erly Proterozoic 
strata 

150 

fIne ta coarse felsp.athic greyw.3cke Conformably overlies 1000 

sb.1IR, slate, phyllite and siltstone; or faulted .against 

Slat!, phy! i ite and minor ccng!omerate PSi) intruded 

.by Pgc and ?dZ' 

Mount Bonnie Shale. ml.ld:dcfli!, phyllJt8, siltstone. C{lnfarmab!y o ..... er!ies 700 

flJrmation medium f-eJdspathic g(aY~lac-kll, minor P'i 
(P" ) tuffaceous chert, glassy hlack 

crystal tuff, caroLlnaCea1Js shala, and 

r.are banded iron formation 

G-eruwie Tuff Brown and grey :s!it.stone llhylllte and ConformablY GVerlies 300-400 

(P:>gj argillite, glassy blac.~ tuffal;eous Psk 

Roo!pin 

Formation 

(P,,) 

Wi 1 dman 

Sl ! tslone 

iPpw) 

MUl'ldo.gie 
Sandstone 

(?pm) 

Massao 
Format Ion 
(Pnm) 

chert, crystal tuff <lnd vitri!: tuff 

Feuuglnoas ar.u carbonaceous pity! I ita Unconformably UVH· 200-300 

wit~ clTert hands, lenses and naduj(!$ lies PPI'f 

in places; minor massive limonitic 

ironstone, :slilcifieu dolomite, mari, 
pyritic and grajlnitCc Ilornfels, marble, 

;Jl3ra-ampniauJite and mllscovite-quartz 

schist 

Siistone. phyllito!, silty phyllite, Conformably oVerlies 750 

carboru-ceous phyllite ~ntl minor quartz F'pw <HHl IJnoeonformab!y 

sandstone dniarEnite afla hornfels 

COilrse, pebbly felaspalhic qu.artzJte, 

.arkose, anu micaceous qu.artzite; 

minor chert and quartz pebble 

conglomerate. Red -and wltite bar.t!ed 

phyl lite; carbonaceous payll ite; sandy 

51 ftstolle; ml caceous hornfei s, and 

cliiastol ite carbunac-eous hornl!!J$ 

Carbonate-Jus phyll1t-e, slate silty 

phyl!Jte siltstone, sandy siltstone 

minor laminated meail.lm to eoan" 
grained quartzite .and feldspathlc 

quartzite, and massive ironstone. 

R.ar9 mlJsz(J1fite tremoiitemarb[e 

,1lIerlain by Psi<. 

Unconformably? or 
disconllHmab1yover· 

jiesPnrn 

Uncol'lformacJyllH 

dl:sconfurmahJy o~'er­

l,inbyPpm 

9 

500 

1000 

REMARKS 

post-!lrogenic 

Syn'{Irogenic, 

!ncludas iailis 

Formation 
Continental thol1!rite 

Flysch deposits 

derived (rom a 

domlnantly lJolcanic 

sourca 

iransition betwa.en low 

energy, snal jow-water 

reducer:! env! fonment 

ana dei/per water 

flpch facie.s 

Reworked subaqueous 
deposits of siilc(!Qtls 

ash in low anergy 
energy reduc.ed 

anv ironment 

fr~sR to brackish 

Shill low, .acid .and 

reducing environment 

Transgress i ve sequence 

of shaflow-w.ater 

faCIeS 
Flu\lj.)) tans 

low-energy marine 
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drain througb spring disdwrge ac 
their margins. Conscquelltly unless 
the deposits are extensive they are 
sUbject to seasoni1-1 dewatering. 

The large mesa that forms much of 
Karher in€.' River Nat ional Park ,o;md the 
.area north thereof represents a 
significant groundwat-er resource 
although it is relatively 
inaccessible and likely lhat bor-e 
yLeld~ would be low. The mesa 
produces substantia.l spring discharge 
to tributaries of the Katherine River 
and at the headwater:;; of the Hary and 
South Alli~ator Rivers. 

Th@ otllec Cretaceous mesas in rhe 
<llre-a are much smaller. Only two are 
;shown on the map one to the west 
and one to the southwest of Pine 
Creek~ The former lS the most 
significant and covers an area of 
about 15 sq km, is 8 km west of Pine 
Creek and ~ is known locally as the 
'Tabletop), A program of geophysics 
and drilling, car-ried out by the PAWA 
tn 1988, assessed the prospects of 
Lhis source supplementing Pine Creek 
township water supply (Pidsley, 
1989). The results indicace a 
thickness 15 to 20 m of sandstone, 
cl~ystone and clay resting on 
we.athered granite with no potential 
for substantial supplies. The 
presence of perennial soaks and creek 
discharge at the base of the 
'Tabletop' suggests that patchy sand 
O~ sandstone may be present but bores 

SW 
.2 8;.5 m _A !i. c:. _ _ _ _ _ _/",:;:;:;:;:;:;:;:;::::;::;::;;,.,. 

ll1 such zones would yield onlv 0.05 
to 0.5 Lis. The field relations of 
tile Cretaceous sediments, 
by the )Tabletop· are 
Figure 4. 

as typified 
shown in 

4.3 Fractured and Karstic Rocks -
Extensive Aquifer 

These units provide the most 
substantial and reliable groundwater 
resources within the Pine Creek 
Hining Region. They consist of the 
001100 Limestone, Jinduckin Formation 
and Tindall Limestone of the Daly 
River Group and occur only ~n the 
Daly River Basin which comprises the 
southwest corner of the map area 
(Refer Figure 5) > Tn terms of m1ne 
water supplies) these aquifers are 
remote from the mining centres. 

4.3_1 001100 Liaestone 
Comprising dolomitic sandy 
limestone, the 001100 Limestone is a 
highly productive karstic aquifer 
capable of bore yields well itl excess 
at 15 L!s. The maximum thickness of 
the aquifer J.n the "u'ea lS 

approximately 200 !l1 based on results 
from bore RN 6825, just outside the 
sheet area (Jolly, 1984). 

A high secondary permeability has 
been developed through the ful! 
aquifer thickness by dissolution of 
the limestone matrix that has 
produced cavernous, vuggy strata. 
The features are best developed close 
to the zone of water table 

1.1blefop 

\: : : : :1 Cretace011s Sediments (K) 
: ••••• j 

Ej Early Proterozoic granite (E?g) D Early ProterozoIC metasediments 

Figure 4 Schematic diagram showing field relations of Cretaceous sediments 

10 
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I : Zone of high yield in Tindall 
LImestone 

K: Cretaceous Mullaman Beds 

0]0 : 001100 Limestone 

-.cOIj : Jinduckin Formation 

£mt : Tindall Limestone 

--60-- Water table contour.m AHD 

Groundwater flow line 

y 
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I 

(j 

(See main map) 
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Daly River 

! .~- .. ~.',~ 

---~--=,::·"swt--
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y 
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800L--------L------~~------~------_L ________ ~ 
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Distance - km (modified from Jolfy, 1984) 

Figure 5 Daly River Basin - Hydrogeology, water table contours and Cross-section 
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fluctu-i:ltlon a.nd the formation appears 
to decrease in permeabi 1ity with 
depth. Jolly (1984) estimated the 
bulk transmissivity of the 001100 
Limestone to be 1500 m2d-l and 
the specific yIeld to be 0.05. 

4.3.2 Jinduck in Foraat:ion 
The Jinduckin Formation comprises 
limestone. siltstone and shale and is 
the least productive of the 
format ions of the Daly Basin. The 
maximum thickness is e.-;;timated to be 
350 m. Secondary permeabi 1it:y is 
dependent on lithology and the 
intensity of weathering. In the zone , 
of water table fluctuation) 
p-erm€~~bility is sUfficiently enhanced 
th.at. bore yields of 1 to 5 Lis, and 
exceptionally 10 L/s, may be 
obtained. Lo'wer in the Formation, 
high yields may be related to a zone 
of high secondary permeability due to 
gypsum dissolution. 

RainfaH Station: 01494'1 001100 
1000 

800 -E 
E 
- 600 
..J 
..J « 
i.!.. 400 

.: 

..: 
0: 2'00 

l~J~O 71 73 75 77 79 81 83 $5 87 89 19-91 
YEAR 

RAINFAlL 1970-1989 

son 

52.-0 

54n 

56.0 

58.0 

60n L-~~-' __ L-~_-' __ ~-'--'~ 
1G6971 73 75 n- 19 81 8:; 85 81 891991 

YEAR 
WATER LEVEL FLUCTUATIONS RN 7595 

4. 3.3 Tindall T.:l __ est:one 

The Tindall Limestone comprises 
massive thinly bedded limestone with 
siitstone and is locally highlY 
permeable and capable of bor.e yields 
in excess of 15 Lis. The maximum 
thi(;kHCS~ is estimdted to be 200 m. 
'hTeathering, 
intensity of 
signifi_cant 
development 
permeability. 

lithology and the 
stress fracturing are 
factors in the 

of secondary 
As 1n the other 

formations the intensity of chemical 
dissolution is greatest in the zone 
of Vlater-table fluctuation and 
seasonally the water table varies 
from about 3 m below ground level to 
as much as 25 m below ground level 
(JoJ ly 19~4) (as seen in Figure 6). 
At the edge of the Daly River Basin 
the Tindall Limestone has been 
subject to greatest stress due to 
downwarping and this is associated 

10.0 

14_0 

18,0 

220 

26_0 

300 L~-,-_~~-,--,_,--'----'--'--.J 
1969 71 73 75 77 79 81 83 85 87 89 1991 

YEAR 
WATER LEVEL FLUCTUATIONS RN 5898 

100~ 
12..0 L~-,_~ __ ~.L---'-_'--'----'~ 

1969 71 73 75 77 19 ./31 83 85 il7 89 '9-91 
YEAR 

WATER LEVEL FLUCTUATIONS RN 8326 

Figure 6 : Water table fluctuation in Tindall and 001100 Limestone 
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with the development of 
secondary permeability. At 
surface, this is demonstrated 
abundance of sink-holes and 
karstic features. 

high 
the 

by the 
other 

4.4 Fractured Rocks - Local Aquifers 
Fractured rock aquifers are 
extremely varied in 
character istics, making 

typically 
hydraulic 

the yield 
p~oduction, ~nd 

classification for the 
mapping, a difficult 

therefore 
purposes of 

task. Four 
units have been mapped as the most 
consistentlY prod1lctive fractured 
rocks in the Pine Creek Mining 
Region J these being: 

(1) El Sherana Group, including the 
Tullis Formation. 

eii) Mt Bonnie and Koolpin Formations 
of the South Alliga.tor Group. 

(iii)Gerowie Tuff of the South 
Alligator Group. 

(iv) Hundogie Sandstone of the Mount 
Partridge Group, 

A fractured rock aquifer 
relatively consistent in 
groundwater from permeable 
to the effects of the 
factor.s:-

may be 
producing 
zones due 
fol1Q'~dng 

Inten_sity and type of folding 
and faulting. 
Li tho logy and tendency for 
brittle failure under stress. 
Susceptibility of rock to 
chemical degradation. 
Intensity of weathering. 
Typical topographic location, 
affecting recharge from 
rainfall and surface water. 
Ease of 
interpretation 
selection. 

and 
structural 
hore site 

Two or more of these factors have 
contributed to tile productive nature 
of the units now described. 

4.4.1 El Sherana Group 
Comprising an extremely varied suite 
of sedimentary and volcanic rocks, 
the El Sherana Group is an important 
local aquifer in the El Sherana. 
Coronation Hill area and at Mount 

13 

Todd, 
where 
Creek 

these being the two main areas 
the Group outcrops in the Pine 
Mining Region. 

At Coronation Hill the El Sherana 
Group has been subject to intensive 
strike-slip faulting and anticlinal 
folding. The intensely varied nature 
of the -volcano-sedimentary sequence 
probably promotes strike-slip and 
differential movement resulting in 
brittle fracture. Recharge 
conditions are locally favourable due 
to the proximity of the South 
Alligator River and concentration of 
surface waters in steep-sided 
valleys. Structural interpretation 
is not simple due to the strike-slip 
faul t type and absence of distinct 
units on which to base air photograph 
interpretation. Yields of up to 10 
Lis have been obtained from bores in 
the El Sherana Group at Coronation 
Hill although the long term 
sustainable yields should be in the 
range 0.5 to 5 Lis. 

At Mount Todd~ intense faulting and a 
complex series of anticlinal and 
synclinal fo.lds have contributed 
substantially to the intellsity of 
fracture permeability. Limited 
groundwater exploration to date has 
sho~~ bore yields of less than 5 Lis 
from short-term testing, suggesting 
low long-term yields. The yields may 
not reflect the full potential of the 
El Sherana Group in this area as mdny 
prospective fault and fold features 
remain untested. 

4a4a2 Moun~ Bonnie and Koolpin 
For.ations 

of the South These formations 
Alligator Group are 
separated by the 

stratigraphically 
Gerowie Tuff but 

have been mapped as one unit due to 
similar hydrogeologic 
Characteristics. The formations 
comprise mainly greywacke, siltstone, 
shale, tuff, chert and dolomite and 
torm an important local aquifer that 
has been developed at Bl'ocks Creek, 
Coronation Hill, Cosmo Howley, 
Moline, l-lount Bonnie and South Howley 
mines. 
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TABLE 4 SUMHARY OF AQUIFER CHARACTERISTICS, DALY RIVER BASIN 

FORHATION SYHBOL TRANSMISSIVITY 
m2d- 1 

SPECIFIC 
YIELD 

'SAFE 
YIELD' 
m3 /km2/yr 

001100 010 

Jinduckin ~Olj 

(Upper) 
Jinduckin ~Olj 

(Lower) 

Tindall £mt 

1500 

10 

1500 

1500 

0.05 

0.01 

0.02 

0.035 

190 000 
(100 000) * 

55 000 

100 000 

100 000 

(Modified after Jolly. 1984) 
*F'igure in brackets gives lower 'Safe Yield' 
Cretaceous sediments. 

where aquifer overlain by 

The Hount Bonnie and Koolpin 
Formations usually occur w~i thin 
tectonised zones with tight to 
isoclinal folding and intense 
faul ting. This factor ~ in 
combination with the varied lithology 
and tendency for brittle fracture, 
has produced a locally intensely 
fractured aquifer. In zones of 
dolomite the secondary permeability 
has been enhanced by weathering with 
the dissolution of the rock matrix, d 

feature noted in high yielding bores 
at both Coronation Hill and Cosmo 
Howley. 

The zones of highest permeability 
appear to occur along prominent 
faults and long term bore yields of 
10 LIs are possible in such zones, 
but are not typical. Yields of 0.5 
~o 2 Lis are obtainable outside major 
structural feature8~ 

4.4.3 Cerowie Tuff 
Occurring between the Mount Bonnie 
and Koolpin Format ions. the Gerowie 
Tuff is lithologically distin.ct in 
that it comprises mainly cherty tuff 
and tuffDceous greywacke. The 
Formation is prospective fOL reliable 
yields up to and sometimes in excess 
of 5 Lis. Highly permeable zones 
appear to be confined to fault and 
shedr zones. 
straightforward 

These are relatively 
to identify because 

of the contraB~ between the resistant 
tuff sequence and the deeply eroded 
fault zones, 

Mine water supplies have been 
developed in the Gerowie Tuff at 
Cosmo Howley and Hount Bonnie. It is 
less extensive than the Mount Bonnie 
and Koolpin Formation in the Pine 
Creek Mining Region but is a 
similarly prospective aquifer in 
fault zones. 

4.4.4 Hundogie Sandstone 
The Hundogie Sandstone has been 
included as a locally prospective 
aquifer on the basis of results 
outside the Pine Creek Mining Region 
and because it occurs in zones of 
intense folding and faulting. The 
Formation has a significant extent in 
the Hount Bonnie Frances Creek 
area, in the fold belt northwest of 
Coronation Hill, and near Goodparla. 
Bores in 8. fault zone at Goodparla 
gave yields of 1 and 1.5 Lis and give 
the only yield data obtained on the 
Formation in the region. 

4,5 Fractured and Weathered Rocks 
with Minor Groundwater Resources 

The rocks within this category are 
usually of very low permeability 
except on fault lines, tensional fold 
features and where they have been 
intensely weathered~ Even in these 
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features the 
permeability is 

zone of enhanced 
usually sUfficiently 

restricted such that the sustainable 
yield is less than 0.5 Lis. 

A detailed description of each of the 
mapped units is not presented due to 
the relatively uniform nature of the 
groundwater prospects and lack of 
significance for mine water supplies. 
The Burrell Creek Formation lS 

atypical in that sustainable bore 
yields of O~ 5 to 2 Lis are locally 
obtainable itl some shear and fault 
zones, as is discussed in relation to 
Pine Creek and Frances Creek in 
Section 6~2. The granites of the 
Cullen Batholith are effectively 
impermeable and offer exceptionally 
poor groundwater prospects except in 
fault zones and some qu.srtz veins 
where small yields may be obtained. 

5_ GROmmwATER QUALITY 

ThrQughout the Pine Creek Mining 
Region the groundwater is typica lly 
of lo~~ si31inicy with high levels of 
bicdrbonate and a pH that is slightly 
acid to slightly alkaline. There are 
dif ferences in the hydrochemistry of 
groundwater from the D.a.ly River Basin 
and Pine Creek Geosyncline. 

5.1 Daly River Basin 
The groundwater of the Daly River 
Basin within the Pine Creek folining 
Region lS usually of low salinity 
with calcium and bicarbonate water 
b(!illg the predominant major ions, 
Th@re are significant differences 
between the water quality of the 
three Formations comprising the 
Basin. 

5.1_1 001100 LL.estone 
Characteristi-cs of groundwater in the 
001100 Formation are: 

Salinity less than 500 !l1g/L. Total 
Dissolved Solids (TDS) 
Total hardness 250 to 500 mgfL and 
high bicarbonate concentrations 
pH 6.9 to 7.5 

15 

This permeable li1llestone aquifer 
shows if ttle hydrochemical variation 
and has reliable water quality. 

5.1.2 Jinduckin For.ation 
The upper part of the Jinduckin 
Forma tlon generally contains 
groundwater of less than 500 mg/L TDS 
but with a hardness 
mg/L. The lower 

in excess of 300 
part of the 

Jinduckin Formation has been shown to 
contain groundwater with high 
concentrations of calcium and 
sulphate, probably due to the: 
dissolution of gypsum, corrosive due 
to the high sulphate content in 
combination with a slightly acidic pH 
of between 6.5 and 7.0 

5_1.3 Tindall Liacstone 
The salinity of groundwater in the 
Tindall Limestone LS usually less 
than 600 mg/L TN"ith hardness of 
between 250 and 450 mg/L. The pH is 
slightly alkaline and the major ions 
are predominantly calcium and 
bicarbonate. The w'ater is therefore 
suitable for irrigation and domestic 
use although relatively high fluoride 
concentrations can be encountered. 
Fluoride is present in the limestone 
and in zones where groundv/ater flow 
rates are low, the fluoride dissolves 
such that the concentration of 
fluoride is close to saturation at 
the ambient temperature. In the 
shallow groundwater of the Tindall 
Lime:::;tone, such as shown on the map 
to the we~t of Douglas Hot Springs, 
fluoride concentrations are between 
0.3 and 0.4 mg/L. 

5.2 Pine Creek Geosyncline 
The fractured aquifers of the Pine 
Creek Geosyncline are characterised 
by groundwater that rarely exceeds a 
salinity of 700 mg/L~ is high in 
bicarbonate and contains the cations 
magnesium, calcium and sodium in 
proportions tending to he highest in 
magnesium. The Chemistry has been 
summarised in .a. modi fied Durov 
Diagram (Figure 7). 

Although the 
generally good, 

tiater quality 
the presence of 

is 
high 
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concentrations of heavy metals is of 
concern in some areas and typically 
~n mining areas vi'"here mineral ised 
zones provide the sour cc. The mos t 
significant of these trace metals is 
arsenlC which is derived from 
arsenoPYJ:ite and is locally present 
in concentrations in excess of the 
Australian 
Council/National 

Water Resources 
Health and Medical 

(1987) guideline Res~arch Council 
value of 0.05 mg/L. 

At Pine Creek arsenic concentrations 
are particularly high in the 
mineralised shear zones adjacent to 
t.he granite contact aureole west of 
the town (Prowse, 1982). The 
concentration of arsenic decreases 
eastward in the direction of 
groundwater flow, due to changes in 
the hydrochemical environment. The 
solubility of arsenIC IS controlled 
by a number of factors, primarily: 

- The distribution of arsenic in host 
rock. 

- Eh (oxidation - reduction) 
potential and pH 
The presence o,t clay minerals 

At Pinoe Greek the arsen~c 

concentrations decrease from 1.0 mg/L 
near the contact aureole to l€ss than 
o ~ 0 5 mg/L in the tot\'Tl area, a 
distance of about O~ 5 km. A change 
from well oxygenated water to near 
reducing conditions and an increasing 
proportinn of clay minerals in the 
aquifer produce this rapid change 
within the flow system. 

Supplies for domestic use In 
mineralised areas should be analysed 
for 0ther heavy metals to ensure 
health guidelines are met. The 
analysis should include copper, iron, 
lead, manganese, selenium and zinc. 

6. EXISTING GROUliIIlWATER SCHEMES 

6.1 Town Water Supply 
Pine Creek ia the only town in t:he 
Pine Creek Hining Region and has a 
ground":-1at.er sourced supply operated 

f7 

by the POw'er and Water Authority. 
The town supply is augmented by 
groundwater from the borefield of the 
Pine Creek Goldfields mine 
(previously Enterprise mine). 

It is an indication of the difficulty 
of obtaining good bore yields in the 
area that in excess of 100 bores have 
been drilled for Pine Creek water 
supply with approximately 10 
currently used as production bores. 
The borefield and area of exploratory 
dri 11 ing 15 spread over an area of 
about 15 sq km of t.he Burrell Creek 
Formation. Pin-e Creek town and most 
of the successful bores are aligned 
on the Pine Creek Shear Zone. \-lest 

of the town, high bore y lelds have 
been obtained in the zone of 
minel~alis8.tion 'V,dthin the contact 
aureole of the granite, but in this 
area the groundwater has high arsenic 
l-evels~ 

Successful exploratory bores 
typically show initial airlift yields 
of up to 5 Lis but the sustainable 
yield of production bores is 0.5 to 
1.0 Lis. The sustainable yields are 
typical of what should be expected in 
the Burrell Creek Formation which has 
generally low permeability. The 
Burrell Creek Formation of the Pine 
Creek bore field is shown on the map 
as «Fractured and Weathered Rock with 
minor groundwater resources". 
However, at Pine Creek the intensity 
of investigation '-lork in the area may 
explain the atypical number of bores 
with yield in excess of 0.5 Lis. 

The safe yield of the borefield has 
been estimated to be 170000 cubic 
metres a year (Prowse, 1982), 
representing an average bore yield of 
0.54 L/B~ which is only slight:ly 
above the upper yield limit for 
fractured and weathered rocks with 
minor groundwater resources. 

6.2 Kine Water Supply 
Mine water supplies in the Pine Creek 
!<lining Region utilise surface water 
as well as groundwater, as is the 
case at the active mines of Bridge 
Creek, Cosmo Howl ey, Fountain Head, 
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Holine, Hount Bonnie, Nount Wells, 
Pine Creek Goldfields and Union Reef. 
Mining areas usually have sites 
suitable for surface water storage 
and impoundments are used to collect 
runoff and store pumped groundwater. 

Data has been 
rates and total 
number of the 

ob tained for pumping 
pumpage from a small 
mines and a brief 

description of the schemes at the 
main mines is given. 

At Pine Creek Goldfields, adjacent to 
Pine Creek townsite and borefield, 34 
exploration bores were drilled to 
establish the groundwater supply, 
'io.'hich is used in conjunction with two 
-surface iiater s'torages. As .in the 
Pine Creek town 'riater supply 
barefield, the source 18 Burrell 
Creek Format ion with att.endaut 
problems of low bore yield. Bore 
yields differ substantially between 
the ;,yet and dry season. A bore 
yielding 2.5 to 3 L/s when water 
levels are highest, toward the end of 
the wet season, may decline in yield 
to less than 0.5 L/s tow"ard the end 
of the dry season. 

During 1988 Pine Creek Goldfields, in 
common with a number of mines, were 
severely pressed for water supplies 
due to two successive poor wet 
seasons which failed to replenIsh 
surface water supplies. The 
operators carted water from Frances 
Creek and Katherine as well as 
maximising groundwater extraction. 
Th" total pumpage for 1988 was 144000 
m3 ,. representing an average bore 
yield of 0.43 L/ s over the year. 

At Cosmo Howley, extensive 
exploratory drilling comprising 41 
bores (including 15 on the haul road 
to WoolvlOnga) has established a 
substantial groundwater source in the 
folded and faulted rocks of the South 
Alligator Group. Successful bores 
are mainly on fault features in Mount 
Bonnie Formation and Gerowie Tuff. 
The scheme was commissioned in 1988 
and hence no long term production 
-data is available but the maln 
production bores are estimated to 
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have sustainable yields of up to 10 
Lis. 

To the north of Cosmo Howley at 
Metana Howley (South Howley), 18 
bores were drilled to intersect 
groundw'ater supplies from the South 
Alligator Group. Initially airlift 
yields of up to 11 Lis were obtained 
in exploratory drilling but with long 
term pumping the yields of the few 
production bores are reported to have 
declined to about 30% of the airlift 
figure. No extraction figures are 
avai lable. 

At Holine mine, 38 km northeast of 
Pine Creek, 13 exploratory bores were 
drilled in Mount Bonnie Formation and 
Burrell Creek Formation with seven 
developed as pr-oduction bores. Some 
bores gave initial airlift yields 
recorded at 20 Lis or more. No 
extraction figures are available for 
the recently commissioned scheme. 
The mine water supply also uses 
substantial surface water resources. 

At .r-!ount Bonnie mine, a few 
production bores supply process and 
camp water when surface water 
supplies are inadequate. In 1989 the 
pumps ~;",ere withdl"awn from three of 
these bores as they became submerged 
under surface water. One of the 
bores yielded 12 LIs during extended 
production. The bores are in an area 
of highly faul ted and folded South 
Alligator Group rocks that should be 
prospective for good sustainable 
yields Due long term extraction data 
is not availabl~. 

Bridge Creek, Fountain Head and Union 
Reef mines process alluvial gold only 
and each obtains groundwater supplies 
from a small number of bores in 
combination 
supplies. 

with 

6.3 Mine Dewatering 

surface water 

Most of the mining operations are 
open pits of up to 50 m depth. Due 
to the low intrinsic permeability of 
most of the rocks, dewatering 
requirements are generally low. In 
some cases dewatering requirements 
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cau be met by pumping from d sump in 
the base of the open pit. Due to the 
competent. nature of the pit wall 
materials there is no r€quirement for 
dewatering to aid slope stability. 
wnere permeable zones are intersected 
these .are liable to duwater quickly 
due to limited groundwater storage. 

6~4 Ag'ricult:ural Wat:er Supplies 
There is no substantial agricultural 
development outside the Daly Basin 
within the Pine Creek Mining Region. 
A grain-growing project in the 
Douglas/Daly Rivers Area has been 
established, Supplies of up to 5 L!s 
are: usually .available from the 
Tindall Limestone and Jinduckin 
i''''ormation in the area, 
in excess of 15 Lis 
areas, 

with supplies 
in loca 1 l.sed 

Pastoral water supply needs .are not 
high due to the relative abundance, 
ill many areas, of Rccessible surface 
water supplies and the low intensity 
of stocking. Small stock supplies of 
up to 0.5 L/s are available in most 
areas and careful bore siting in the 
more prospective rock types may 
obtain much higher yields if 
required~ 

7. GROUNDWATER EXPLORATION AND 
DKVEI.oPllilllT TECBI!I IQUKS 

Important tools 
exploration ere 

in groundwater 
hydrogeological 

reconnaissance, interpretation, 
evaluation of remotely sensed imagery 
such as Landsat, geological mapping, 
surface geophysical methods and 
exploratory drilling, A well 
designed exploration program will 
usually incorporate ffiOst of these 
elements, the emphasis on each 
depending on the area involved and 
the findings of early results. With 
the pub! icat ion of the 
hydrogeological map of the Pine Creek 
Mining Region and associated 
Gr-oundwater Bore Data Base, the 
following base data is readily 
accessible: 

Hydrogeology showing rock units, 
yield potentia! and important 
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structural features at 
1:250 000 scale, or larger if 
required 

- More detailed geology at 1: 100 000 
scale from Northern Territory 
Geological Survey maps 

- Location and information for each 
recorded bore in the area 

- Descript:ion of the groundwater 
resource potential and 
hydrogeological characteristics 
of each rock unit 

In the fractured rock aquifers the 
success of a groundt;vater exploration 
and development program is largely 
dependent on understanding the 
factors controlling the location of 
permeable fracture zones. These are 
usually dependent on both structure 
lind rock type + In the Pine Creek 
Mining Region the most prospective 
rocks are Lower Proterozoic units 
within zones of tight folding and 
associated faulting. The rocks have 
been well indurated and under-go 
brittle fracture under stress, 
producing secondary fracture 
permeability. Sandstones, greywackes 
and other more massive rock types 
tend to produce extensive fractures 
where as shales and fine-bedded 
siltstones deform rather than produce 
continuous fractures, In zones of 
high stress such as faul ts and the 
nose of folds, fracturing is likely 
to be more extensive. 

As part of the Pine Greek Mining 
Region study, a field investigation 
program was used to determine the 
optimum method for bore siting in the 
South Alligator Group rocks. This 
provided information for bore siting 
with general application to fractured 
rock aquifers and data on the 
relative importance of structure and 
stratigraphy. 

7.1 Field Investigation of 
South Alligator Group 

The area selected for the 
investigation was the Cosmo Howley -
Bridge Creek mining area due to the 
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large amount of existing drilling 
information and relatively good 
access. To provide systematic data 
coverage within a representative area 
the geophysics and test drilling were 
limited to the allticline structure of 
Cosmo Howley area (refer Figure 8). 

Using the 
the new 
detailed 

aquifer units defined on 
hydrogeological map, a 

structural interpretation 
was made using panchromatic aerial 
photography, Landsat imagery and SPOT 
(System Probatoire d' Observation de 
la Terre) imagery. MicroBRIAN 
(Barrier Reef Image Analysis Net\vork) 
image processing system was used to 
e.nhance the SPOT scenes and improve 
the definition of structure. 
Although the full potential of the 
MicroBRIAN system was probably not 
realised, the most detailed 
structural interpretation was 
obtained using the panchromatic 
aerial photography at 1:25000 scale. 
Information from in excess of 50 
bores in the area was used to relate 
bore yield to structural features and 
stratigraphy. Surface electrical 
resistivIty traverses (refer Figures 
9(a) and 9(b)) were run past a number 
of the higher yielding bores to 
identify if these were located on any 
anomalies or had characteristic 
signature. Seven exploratory bores 
were drilled to assess anomalies 
lacking existing bore data and to 
determint'! if permeable zones were 
limi ted to fault zones or it they 
extended along stri'ke. Investigation 
drilling data is summarised in Table 
5, 

The upper unit of the South Alligator 
Group) the Mount Bonnie Formation, 
appears highly permeable along 
extensive fault zones but is 
other'c'l.ise quite tight. A number of 
high yielding bores have been drilled 
on north trending faults transecting 
the northeast limit of the anticline. 
Resistivity Line B was run along the 
strike of the rocks (Figure 9(a)) and 
shows .a broad resistivity t.rough 1.n 
which Cosmo Howley bore RN 26247 
inte:l'sected a permeable zone. Bore 
UN 26177 was drilled within the Same 

resistivity low to investigate if the 
low indicated an extensive fracture 
zone. Bore RN 26176 gave an airlift 
yield of 10 Lis, in contrast to Bore 
RN 26179 and 26178 on the adjacent 
resistivity highs which gave yields 
of nil and 2.5 Lis. On the same 
line, bore RK 26246, sited on a 
photolineation, is a production bore 
yielding 10 L/s but showed no 
resistivity contrast along strike. 

In running the resistivity line along 
strike, the rock types may be assumed 
to be fairly constant and that zones 
of lower resistivity are mainly due 
to f-racturing or weathering. The 
results indicate that .along the 
strike of the rocks the fracture 
permeability varies considerably, 
zones of 101ver resistivi ty may be a 
good indicator of fracturing. 
Koolpin Formation, Gerowie Tuff and 
Hount Bonni e Forma t ion ",'ere 
incorporated in traverse A which 
showed two zones of extremely low 
resistivity in Koolpin Formation. 
Dr illing bore RN 26174 showed these 
features are due to the presence of 
highly conducti .... ~e graphitic black 
shale, produced in the loW grade 
thermal metamorphism of carbonaceous 
shale by dolerite intrusions. Bore 
RN 26248, a high yielding production 
bore, is in Gerowie Tuff and was 
sited on a fault line. Bore RN 26175 
is in the same zone of variable 
resistivity closer to the zone of 
graphitic black shale but not on a 
defined fault and gave a very low 
yield. Line A intersects Line B at 
bore RN 26246, which again showed no 
resistivity contrast. Bores RN 26245 
(28 L!s) and 26173 (10 Lis) both gave 
high yields In resistivity features 
that correspond to fault zones. 

In summary, 
identIfied by 
interpretatiun, 
most favourable 
Geophysics, Ln 

fault 1 ines, as 
air 

generally 
drilling 

the 

photograph 
offer the 

targets. 
form of 

resistivity traverses, can be used to 
define fault zones of high fracture 
permeabili~y. Strong resistivity 
lows in the Koolpin Formation 
indicate graphitic shale vdth usually 
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TABLE 5 COSMO HOWLEY - BRTDGF. CREEK AREA DRILLING RESULTS 

------~~--~-

BORE BORE TOTAL SWL DEPTH YIELD EG LITHOLOGY 
(RN) NAME DEPTH (mbns) }r (m) (L!s) (uScm- 1 ) 

-~-"~---

2617 t t HCl 56.2 l-iIL Black shale(Psk) 

26175 HG2 50. 1 50.1 0.5 430 Shale tuff (Psg) 
26173 He3 44.0 13.0 30.0 3.6 250 Shale, siltstone & 

42.S 10.0 250 qua r. t z (Pso) 

26176 EG4 31.8 10. 7 30.0 1.6 270 Amphibolite (Pdz) 

26177 HCS 66.5 2/,.9 45 . .6 0.8 Shale, phyll i te & 

60.0 2.2 200 quartz (shear zone) 
65.0 10.0 200 (Pso) 

26179 HC6 77. 1 NIL Phyllite, tuffaceous 
shale & chert (Pso) 

26178 He7 52,7 19.0 39.0 ' ' ".0 250 Shale, phyllite, 
52. 7 2.5 chert, vein quartz 

(Pso) 

*mbns - metres below natural surface 
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Figure 8 Field investigation of South Alligator Group 
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Figure 9(a) Surface Resistivity Profiles for South Alligator Group 
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Figure 9(b) ; Surface Resistivity Profiles for South Alligator Group 

no suppiy pote:1clal, Based on the 
invf>;st igat ion anI! re~all ts from other 
~rea9J the Mount BOtlnie Formation may 
b-e the most prospective unit in the 
South Alligator Group, 

7. 2 Bor., Depth 
Detetr.tining 
groundwa.ter 
<l t:'dctured 

critical 

the 
bore 
rock 

depth ~o which a 
should be drilled in 

envi ronment can be 
the successful 

inLer~ectiun of a high yielding zone 
;3nd to mdintui~1ing cost effective 

operation. 
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T,<;l.ble 6 summ,arlses the results of a 
stacistical analysis of bore depth 
and yield data in the Pine Creek 
Mining Region. The ~esults provide a 
guide to target drilling depth in the 
diffe1't!llt aquifer units. Areas have 
been identified by 1: iDa OOD sheet 
name (1; 10 000 in the case of the 
area of high bore tlensiry dt Pine 
Creek). ~..,rhere only small numbers of 
bores in one dquifer unit occur in an 
ared, the sCdti:1ti-cs are probably not 
meaningful and are tlOt ~hown. 
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TABLE 6 BORK DKPTH AHIl YIELD STATISTICAL SIJMKARY 

1:100 000 
Sheet 

Aquifer 
Unit 

Mean bore 
Depth (m) 

Batchelor Pso 46 
Psg 
Psk 

McKinlay Ri "~"'er Pfb 38 
Pine Cr-eek 0910 Pfb 52 
( 1: 10 000) 
Playford 0906 Pfb 45 
( 1: 10 000) 
,,' ~ ~ne Creek 1010 Pfb 52 
( 1: 10 000) 
Ranford Hill Pfb 75 

Psg 
Ranford Hill Pso 81 
Tipperary 010 94 
Tipperary £Olj 'Q r • 

Tipperary -Bme 65 
Tipperary Ppw 57 

7.3 Bore Yield Prediction 
In the fractured rock aquifers of the 
Pine Creek Nining Region the yields 
initially obtained 
typically by airlift 
rarely sustain8ble. 

from beres, 
testing, are 

wi th prolonged pumping the cone or 
zone of drawdown becomes more 
extensive and intersects less 
permeable Zones. As the more 
permeable zones dewater, 
flow at the bore is not 

the rate of 
sustained. 

The problem of yield reduction is 
often seasonal, with the problem 
becoming acute toward the end of the 
'dry1 season, Natural seasonal 
variation in water table levels often 
e.xceeds 5 metres 
aquifer 

when 
rainfall recharge. 

so the saturated 
thickness reduces 

there is no 

As a general 
t.hird the 
sust.ainable 
for the 

guide approximately one­
ini tia! yield may be 
but it is not uncommon 

yield to reduce even 
further. Test pumping can give an 
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Mean Airlifted 
Yield (LIs) 

4.7 

O.S 
" " <. • 

1.7 

0.8 

7.3 

6.2 
5.0 
2.0 
6.8 
0.8 

Number of 
Bores 

11 

21 
17 

S3 

17 

32 

20 
5 
9 

" -11 

indication of I barrier' or lower 
permeability boundaries that will 
reduce yield ~n the short term but 
prohibitively long tests are required 
to adequately assess the long term 
effects. It is therefore essential 
to design a g~oundwater supply scheme 
with the assumption that initial 
yields will reduce substantially. It 
15 also important 
performance of 

to monitor 
borefields 

"he 
once 

commissioned and 
yields after 
months. 

reassess sustainable 
production for 12 
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8. SUMMARY OF GROUNDWATER RKSOURCES 

The groundwater resources of the 
hydrogeological units shown on the 
Pine Creek Mining Region map .are 
summarised: 

001100 Li.aestone (010): 
Bore yields in excess of 15 Lis and 
often up to 50 Lis are available from 
the extensive and highly permeable 
sandy dolomitic limestone aqu~Ier. 

Yields are likely to be sustainable. 

Jinduckin Foraation (€Olj): 
The lower part of the Jinduckin 
Formation is quite prospective for 
bore yield although locally the 
$alinity is in excess of 2000 mg/L 
TDS mainly due to dissolved calcium 
sulphate. The upper section of the 
Jinduckin Formation will give yields 
in the range 0.5 to 5. a L/s that will 
generally be sustainable. 

Tindall Li.aestODc (-£at): 
Typically the Tindall Limestone in 
the Pine Creek Mining Region yields 
betwe-en 0.5 and 5.0 Lis but a more 
permeable zone has been def ined to 
the west o't Douglas Hot Springs with 
bore yields exceeding 15 Lis. Yields 
should be sustainable except where 
the aquifer has limited areal extent. 

South Alligat:or Group 
Psk): 

(Pso, Psg. 

Sustainable bore yields of 0.5 to 5 
Lis can be obtained from fracture 
zones. Bores require careful sitIng 
on fault or shear zones to obtain 
good results. Very high initial 
yields~ Gay up to 30 LIs, will 
usuall y reduce substantially wi th 
prolonged pumping. 

Mundogie Sandstone (pp_): 
This unit has bee!1 classified as a 
prospective fractured aquifer" on the 
basis of results from other areas but 
it has not been adequately tested in 
the Pine Cr.fJ!ek Hining Region. 
The Mundogie Sandstone is very 
limited in occurrence, being present 
only along the extension of the fold 
belt through Coronation Hill, El 
Sherana and Goodparla. 

-25 

Fractured and Wea~hered Rocks with 
Minor Groundwater Resources 
The units within this classification 
are generally not significant in 
terms of 
pot.ential 
developments 
Exceptionally 
Formation can 
bore yields of 

groundwater 
for 
such 

resource 
substantial 

mines. as 
the Burrell Creek 
provide sustainable 

0.5 to 2 Lis in zones 
of intense 
shearing as 

alteration, faulting 
at Pine Creek. 

9. USE AND APPLICATION OF THE MAP 

or 

The 1: 250 000 scale tlydrogeological 
map of the Pine Creek Mining Region 
can be used to: 

- Provide a basic understanding of 
the hydrogeology c_f the region. 

- Assist the planning of ground'i..water 
resource development and 
management. 

- Identify areas of groundwater 
resource potential to aid future 
developments, particularly for 
mining. 

Obtain hydrogeological data for 
application to land-use planning, 
waste disposal management, civil 
engineering and environmental 
studies~ 

- Highlight areas of underdeveloped 
groundwater resource potential 
where industry and agriculture may 
be viable. 

It is strongly recommended that users 
who are not familiar with the 
principles of hydrogeology utilise 
the map ill combination with these 
Explanatory Notes and specialist 
groundwater guidance. 
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APPENDIX I 

HAP PREPARATIQIf ME'l'HOD 

COLLECTION OF DATA 

The data on which the map is based 
comprised: 

- 1:100 000 scale geological maps 
published by the Northern 
Territory Geological Survey (N~GS). 

Bore information from the Power 
and Water Authority bore data 
files. 

Resul ts from groundw·ater 
investigations by the Power and 
Water Authority and previous 
government instrumentalities, 
including major studies for 
Pine Creek town water supply and 
for the Daly River Basin. 

Inform.'! tion from d bore census 
conducted in late 1988~ 

- Hydrometric gauging information 
from the records of the Power 
and Water Authority and Bureau of 
It:ieteorology. 

- 1988 air photography) Landsat 
imagery and SPOT imagery. 

The geological maps~ most of the bore 
data and most of the reports were 
available at the commencement of the 
project, other data was compiled 
during the project. 

DATA PROCESSING 

The basis of the hydrogeology shown 
on the map is the geology on the BMR 
and NTGS 1: 100 000 scale maps. The 
detail shown on those maps is too 
great for successful reproduction at 
1: 250 000 scale: and not essential in 
the representation of the groundwater 
resources. Geological Formations or 
Groups are shown on the maps 
according to their hydrogeological 
significance. Boundaries have been 
simplified where necessary and in 
some instances subjected to slight 
revision according to new information 
or air photograph interpretation. 

27 

The groundwater resource potential of 
the various Formations and Groups was 
assessed using bore data, report 
information and with some reference 
to work outside the Pine Creek Mining 
Region. The bore data WaS plotted on 
1: 100 000 scale maps to assist 
identification of the geologic units 
intersected by each bore, and provide 
an overview of the data in plan form. 
The appropriate subdivision of the 
geology was finalised using the data. 
The field investigation of the South 
Alligator Group confirmed previous 
ideas of the water resource potential 
of these rocks~ 

As part of the determination of 
aquifer yield characteristics and 
also to provide a guide to 
appropriate bore depths a statistical 
analysis of bore yield and depth data 
was undertaken using Stat Viet..; 1V 
software on a Macintosh PC. A full 
description of the results of this 
analysis are outside the scope of 
these Explanatory Notes but some 
simplified results are given in the 
main text in Section 7. 

Water table contours for the Daly 
River Basin were drawn on the basis 
of groundwater levels from bores, the 
RL of perennial pools, springs and 
groundwater-fed rivers, and the 
control provided by surface 
topography. 

APPLICA'l'ION OF ~'lIK CAD SYSTKII 

The data for the production of the 
hydrogeological map is held on 29 
levels in one design file on the 
Integraph CAD system. Sixty-three 
levels are available. The 
in.formation contained on each level 
used is as follows:-

3. Rivers, creeks for l~ 250 000 
topographic map 

4. Creeks for 1: 100 000 topographic 
map 

5. Hajor roads, major tracks, 
railway, telephone lines, 
airstrips 
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6. Buildings, built-up area 
7. Swamps 
8. Fences J gates, grids for 

1:100000 
9. Mountain symbols 
10. Cadastral 
12. Geological uoundaries for 

1:250 000 
13. Faults, shear zones, quartz veins 

for 1: 250 000 
14. Anticlines, synclines and other 

structure symbols 
15. Hydrogeological patterns for 

1: 250 000 
16. Hydrogeological patterns for 

1:100 000 
17. Geological boundaries for 

1:100 000 
18. Bore locations, areas of open cut 

mining for 1:250 000 
19. Bore locations, areas of open cut 

mining for 1:100000 
20. Mine symbols 
21. Perennial ponds, water holes, 

dams and sink holes 
22. Springs 
23. Surface water divides 
24. Water table contours 
25. Groundwater flow lines 
26. Faults, additional detail for 

1:iOO 000 

28 

54. 5' points 
55. Australian Metric Grid (for set 

up purposes only) 
56. Border (for set up purposes only) 
57. Border ticks (for set up purposes 

only) 
58. Latitude and longitude text 
59. 5' cross marks 

The legend, cross sections, side maps 
and text were compiled l.n a second 
design file which was linked to the 
main map file for plotting purposes. 

The process of digitising all the 
data is time consuming but once 
installed on the CAD system provides 
great flexibility in finalising the 
information to be shown on the map. 
Initial experience guided the level 
of details used for digitising the 
rest of the data. In complex areas 
considerable editing was required to 
maintain visual clarity for the 1:250 
000 scale map. In the case of 
geological boundaries and structural 
features the additional detail was 
transferred to another level so that 
it could be included in the 
production of large scale maps, 
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APPENDIX 2 

BORE DATA BASE 

DKSCRIP'l'IOK 

The Bore Data Base is held on the Power and W.ater Authority Vax mainframe 
computer and is also available for use on PC-based word processing software. 
The datil was input using MicroSoft (Inc) 'VlORD (Version 4.0) using 132 character 

width format. 

ACCESS 

The cornp1ete Bore Data Base, in either Lithologic or Stratigraphic Versions, is 
also available in bound ha.rd copy format as a supplement to these notes Or' 

separately. The Bore Da.ta Base incorporates information on 602 bores 

detailing:-

RN 
Gr-id Reference 

Bore Name 
Date drilled 
Construction Details 

Depth Drilled 

Aquifer Depth 

SWL(m) 

Yield (Lis) 

Dr illers Log 
(lithology Version) 
Lithology 
(Stratigraphic Version) 

Stratigraphy 
(Stratigraphic Version) 

Remarks 

.29 

Registration Number 
Australian Metric Grid Reference, 
given in full Co the nearest 100 m 
Qr 10 m. 
Name of project reference number 
Simplified information giving 
dimensions of cased and open or 
Kperforated~ sections 
Depth to which bore was drilled, 
rathtr than 
completed 

base 

Depth at which 
was intersected 

.. 
of bore dS 

permeable zone 

Static water level in metres below 
natural ~urface usually from date 
drilled unless shown as otherwise 
Usually airlift yield unless 
pumping test Indicated 
Description of geology based on 
drillers log or other if available 
Interpreted geology based on 
drilll!rs log and knowledge of 
local rock types 
Geologic formation symbol -
refer to Table 3, Stratigraphic 
Summary in main text 
Additional information, as 
available, in bore status, date of 
SH"L, availability of geophysical 
log, whether test pumped etc 
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