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Monolith composed of the Vaughan Springs Quartzite at the entrance to Pulca Currinya 
Waterhole, in the Stuart Bluff Range. (GA1601) 
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A B S T R A C T 
The Ngalia Basin comprises Adelaidean and Palaeozoic, mainly arenaceous sediments, up 

to about 5 km thick, preserved in an intracratonic downwarp in Lower and Middle Proterozoic 
igneous and metamorphic basement rocks. The maximum known thicknesses of sediments are 
Adelaidean, 3200 m; Cambrian, 800 m; probable Ordovician, 300 m; and Devono-Carboni-
ferous 3100 m; but a complete sequence is not present in any one area. The basin sequence is 
largely concealed by Cainozoic deposits, except for a belt of folded sediments along parts of 
the northern margin and narrow quartzite ridges along the southern margin. 

Unconformities in the Ngalia Basin sequence record nine alternate periods of sedimenta­
tion and diastrophism between Adelaidean and late Palaeozoic time. The major unconformities 
which record these periods of diastrophism divide the succession into four early tectosomes of 
continental and marine sedimentation and two later tectosomes of continental sedimentation. 

Until Devonian time the basin was part of a much larger sedimentary or structural pro­
vince. Subsequent major latitudinal uplifts to the north and south of the present basin margins 
formed an ancestral basin outline. These uplifts were the provenance for a thick clastic wedge, 
comprising the youngest sequence in the basin. A major orogeny in the Carboniferous folded 
and thrusted the sediments, and thin Tertiary lacustrine and fluvial sediments were deposited 
on the eroded basin surface. 

Seismic data indicate that the basin is essentially a faulted easterly trending asymmetrical 
syncline in which the thickest sediments are preserved towards the northern margin, where 
north-to-south thrusting has controlled the structural framework of the basin. Major faults 
and thrusts outline the main structural divisions of the basin. The northern margin in the west 
is formed by two thrust nappes, which are partly separated from a gently basinward-inclined 
platform in the south by a wide fault trough. Farther east, sinusoidal horsts and grabens 
dominate the structure in the centre of the basin. In the east the thick sedimentary pile at the 
northern margin is truncated by a thrust. 

The large number of unconformities and the absence of demonstrated good source rocks 
in the sequence reduce the petroleum potential of the basin. However, a probably thick and 
more complete Palaeozoic sequence in the subsurface may have some potential. 

Uranium mineralisation confined to the Devono-Carboniferous continental sandstone is 
the most important potentially economic mineral deposit. Water supply is principally from 
bores, but quality varies considerably; Devono-Carboniferous arenaceous sediments have 
yielded potable water, and Cainozoic rudites have yielded large flows of stock water. 

vi 



I N T R O D U C T I O N 
T h e Ngal ia Basin underl ies an area of 16 000 k m 2 

between lati tudes 22°00 ' to 23°00 ' S and longitudes 
129°00 ' to 133°45 ' E in the southern part of the 
Nor the rn Terr i tory (Fig . 1 ) . T h e geology of the basin 
and surrounding par ts of the nor thern Arun ta Block 
is shown in Pla te 1; this area is referred to as the 
' region' th roughout the text. 

Settlement and access 
Most of the inhabitants in the region are Aboriginals 

living at the Y u e n d u m u Nat ive Sett lement, the largest 
native set t lement in the N o r t h e r n Terr i tory. H o m e ­
steads, which are concentrated in the eastern two-
thirds of the region, depend on the cattle industry. 
They are connected by graded dirt roads to two main 
access roads : an al l -weather dir t road, the Tanami 
Road, linking the Y u e n d u m u Nat ive Sett lement to 
Alice Springs; and the Stuart Highway, which crosses 
the H a n n Range in the east (Fig . 2 ) . T h e area west 
of M o u n t Doreen homestead is uninhabited, as it 
consists mainly of sand dunes with spinifex; there are 
no access roads west of Wai te Creek. 

Physiography 
Outcrops are generally confined to a na r row ribbon 

of sparse, mostly westerly t rending ridges at the peri­
mete r of the Ngal ia Basin. These peripheral , more 
resistant exposures are separated by wide sand plains 
that for the most par t obscure the major por t ion of 
the basin sequence. In the north and extreme east, the 
plains are traversed by a few alluviated valleys which 
are nei ther sufficiently large nor deep to expose bed­
rock. 

Fig. 1. Location of the Ngalia Basin in relation to the 
centra] Australian tectonic domains. 

Apart from the mountain ranges in the northeastern 
par t of the region, and the alluvial plains on pre­
dominantly granitic rock, which are dotted with 
monadnocks of variable height, basement rocks are 
generally obscured by sand plains, salt lakes, and lime­
stone plains. 

Seven physiographic divisions have been differen­
tiated in the area covered by the geological m a p 
(Fig. 2 ) . 

Mountain ranges and quartzite ridges generally trend 
easterly and some peaks range up to about 500 m 
above the level of the surrounding plains. Central 
Mount Wedge, 1090 m above sea level, dominates the 
southern skyline; Moun t Freeling (1000 m) and M o u n t 
Thomas (1116 m) are the highest peaks in the nor th . 
The mountains and ridges are steeply dissected, and 
commonly have alluvial fans and erosional t r ibutary 
slopes with little shallow soil and spinifex cover. 

Alluvial fans cover the terrain adjacent to the moun­
tain ranges and quartzite ridges. They commonly grade 
laterally into the aeolian sand surfaces. 

Aeolian sand surfaces are composed of sand plains 
and dune ridges. T h e sand plains cover most of the 
central par t of the Ngalia Basin apar t from small 
isolated outcrops of basin sediments. Far ther west the 
plains slope gently towards Lake Mackay. Sand dunes 
up to 10 m high and several kilometres long, with 
stable flanks and some active sand on their crests, are 
common in the western half of the basin. Where 
drainage channels enter this area, numerous claypans 
have developed, together with an associated complex 
network of sand dunes. Vegetation cover is mainly 
spinifex and sparse shrubs. 

Salt and clay pans, including large salt lakes, border­
ing the southern margin and western end of the basin 
(Fig. 33) are remnants of much larger lakes. They 
occupy depressions in which the water- table is near 
the surface, and are probably mostly replenished by 
subsurface drainage; the mean average rainfall is less 
than 250 mm per annum, evaporation losses are high, 
and consequently surface water seldom accumulates in 
them. 

Waite, Keridi . Gidyea, Napperby , and Day Creeks 
are the largest drainage channels to cross or partly 
traverse the basin area and are flanked by generally 
narrow flood plains. With the exception of Napperby 
Creek they peter out in sand plains, resulting in a 
considerable admixture of aeolian sand with water-
borne sand; however, Napperby Creek drains into 
Lake Lewis, a large salt lake south of the Stuart Bluff 
Range (Fig. 3 3 ) . 

Plains and peneplains on granitic rocks with residual 
rounded domes and tors are present in the north. They 
have varied vegetation cover, though mulga and spini­
fex are the most common types. 

Plains of travertine and chalcedony with modera te 
sand cover are most common to the south of the 
southern margin of the basin, chiefly south of the 
Siddeley Range between Lakes Bennett and Lewis, and 
along part of the southern edge of the Stuart Bluff 
Range. Relief is rarely over 3 m, and the soil is mostly 
shallow sandy calcareous earth with a cover of sparse 
shrubs, short grass, and spinifex. 

Perry & others (1962) have described the geo-
morphology of the area. 
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History of investigations 
T h e geology and geophysics of the basin have been 

systematically studied only relatively recently; the early 
explorers m a d e only cursory references to the geology, 
but contr ibuted the first knowledge of topography 
and surface drainage. 

Stuart ( 1 8 6 1 ) named physiographic features in the 
eastern par t of the basin; W. C. Gosse also named 
many topographic features and commented on the 
na ture of the rocks in parts of the region, and so did 
Warbur ton (1875) and Winnecke ( 1 8 8 2 ) . Al though 
Tietkins ( 1 8 9 1 ) did not enter the area he named 
prominent features whilst making observations from 
Mount Leisler, which lies to the southwest at la t i tude 
23°20 ' S, longitude 129° 22 ' E. 

Outcrops of quartzi te and quar tzose sandstone 
(Vaughan Springs Quar tz i te) in southeast L A K E 
M A C K A Y * were recorded by Maur ice & M u r r a y 
( 1 9 0 4 ) . Chewings (1928) regarded the quartzites and 
slates of the H a n n and Stuart Bluff Ranges as probably 
Cambr ian . H e correlated them with the 'Heavi t ree G a p 
quartzi te ' ( n o w defined as the Heavi t ree Quar tz i te) 
and o ther similar quartzites in the nor thern part of the 
'Amadeus sunkland ' (Amadeus Bas in) , and correctly 
suggested that the Stuart Bluff Range was the 'nor thern 
limit of an arch, the southern l imb of which may be 
recognized in the M o u n t Liebig quar tz i te ridge. ' 

T indale (1933) published geological notes on his 
journey from the H a n n Range to Cocka too Creek. H e 
divided the rocks into five groups : a metamorphic 
series of Archaean age; granites in t ruded into the 
Archaean rocks ; the Giles Range series (which h e 
tentatively considered to be of older Proterozoic age 
and to represent the nor thern equivalents of the Per-
taknur ra series as defined by Mawson & Madigan , 
1930, and Madigan, 1932) ; the H a n n Range-Uldi r ra 
Hil l-Crown Hill series of unmetamorphosed quartzi tes , 
arkose, grits, and conglomerate ; and consolidated grits 

* Names of 
letters. 

1:250 000 Sheet areas are printed in capital 

and recent deposits of the M a m b a Plain, Ngal ia Plain, 
and the Lander valley. Tindale recognised that the 
H a n n Range-Stuar t Bluff Range rocks consti tute the 
' southern marginal beds which form a shallow synclinal 
fold, the Ngal ia Syncline'; this is the first known use 
of the name which was subsequently revised by Cook 
& Scott (1966 , 1967) to the Ngal ia Basin. 

Several aerial traverses over parts of the basin were 
made in 1930 by the Mackay Aerial Survey Expedi­
tion and a reconnaissance map was prepared (Mackay , 
1934) . Ter ry ( 1 9 3 4 ) , w h o traversed the eastern par t 
of the basin repor ted potassium nitrate in a sandstone 
outcrop (possibly the M o u n t Eclipse Sandstone ou tc rop 
at Nabangard i Hil l ) south of Moun t Davenpor t . Ryan 
(1958) recorded a unit of ' sandstone ' (Vaughan Springs 
Quar tz i te ) from the Ngal ia Basin, and recognised the 
significance of a major fault at the nor thern margin 
of the basin (Nappe rby Thrus t ) in a sketch m a p in his 
report on the geology and mineral deposits of the 
Reynolds Range area. 

Jones & Quinlan (1962) discussed the water re ­
sources of the region. The water resources of the Yuen­
dumu Nat ive Set t lement have been the subject of re­
ports by B M R geologists (Jones & Quinlan, 1958; 
Quinlan, 1958a, b ; Cook, 1 9 6 2 ) . Kingdom, Woolley, 
& Faulks ( 1 9 6 7 ) compiled a series of maps showing 
the positions of water-bores in the southern par t of the 
Nor the rn Terr i tory , including the Ngal ia Basin. 

Quinlan ( 1 9 6 2 ) based a resume of the geology of 
the Ngal ia Basin on limited field studies and pho to -
interpretat ion. T h e first systematic description of rocks 
in the Ngalia Basin was made in 1962 by Cook ( 1 9 6 3 ) , 
who mapped the 2200 k m 2 of the Y u e n d u m u Nat ive 
Reserve; he included in his report three sections mea­
sured by D. R. Woolley in 1960. Milligan (1964) 
examined rocks in the H a n n Range. 

T h e first geophysical survey of the basin was a 
regional a i rborne magne tometer survey by Aero Ser­
vices Limited ( H a r t m a n . 1963) for Pacific Amer ican 
Oil C o m p a n y ( P A O C ) . A total of 4100 km of traverses 
was flown at a line spacing of about 3 km at an al t i tude 

2 



Fig. 2. Physiographic divisions. 

of about 1200 m above sea level.The survey provided 
results to complement those obtained by BMR in 1958 
(Car te r , 1960) along the nor thern margin of the basin 
and over par t of the surrounding Precambr ian base­
men t block. T h e magnetic interpretat ion suggests the 
presence of sediments up to about 6000 m thick near 
the nor the rn margin of the basin. P A O C made photo-
interpreta t ion (Fi tzpatr ick, 1964) and further geo­
logical studies (Fi tzpatr ick & Webb, 1963) , and took 
out an oil permi t ( O P 8 1 ) . 

P A O C followed the reconnaissance magnetic survey 
with a seismic reflection and gravity survey by G e o ­
physical Associates Pty Ltd in the Napperby area in 
1964 (Hudson & Campbel l , 1965) . T h e seismic work 
yielded about 170 km of continuous reflection coverage 
in the southern par t of the basin. The gravity survey, 
which was conducted concurrent ly with the seismic 
work, used seismic shot-point locations as gravity 
stations. Hudson & Campbel l (1965) compiled a depth 
con tour m a p on a tentatively identified 'Lower 
Palaeozoic horizon ' . They inferred that the maximum 
depth to this horizon is 4000 m, and tha t numerous 
faults are present in the sections. PAOC' s oil permit 
expired without the company carrying out further 
work in the area. 

F u r t h e r reconnaissance geological mapping of the 
basin by B M R in 1964 was reported by Cook & Scott 
(1966 , 1967) , and by Rivereau ( 1 9 6 5 ) , who prepared 
photointerpre ta t ion maps of the basin at 1:250 000 
scale. 

Scott ( A M D E L , 1966) and Morgan (1962) re­
ported on pet rographic studies of rocks from the 
region. T h e results of d iamond drilling investigations 
of possible mineralised zones near Whi te Point, and a 
general account of copper deposits south of Yuendumu, 
are given by Gra inger (1967, 1969) . 

B M R made a reconnaissance helicopter gravity sur­
vey over the eastern part of the Ngal ia Basin in 1965 
(Flavelle, 1965) , and completed the reconnaissance 
coverage of the basin and its surroundings with a 
hel icopter gravity survey of parts of the Nor the rn 

Terr i tory and Western Australia in 1967 (Whitworth , 
1970) . Gravi ty stations were read at about an 11-km 
spacing on a square grid, and were barometrical ly 
levelled and tied to an Isogal control network (Barlow, 
1970) and optically levelled road traverses. 

Regional geological mapping of the basin by B M R 
commenced in 1967 (Wells, Evans, & Nicholas , 1968) , 
continued in 1968 (Evans & Glikson, 1969; Nicholas , 
1969) , and was completed in 1969. Most of the basin 
was mapped by means of reconnaissance traverses on 
which four-wheel drive vehicles were used for t rans­
port . However, a fixed-wing aircraft was used for brief 
aerial reconnaissance of the well-exposed port ions of 
the basin, and a helicopter was used to m a p L A K E 
M A C K A Y and to make spot checks on the basement 
rocks north and south of the basin in M O U N T 
D O R E E N . A M D E L (1967, 1968a, b, 1969) described 
rock samples collected during the mapping surveys. 
Wells & Perry (1971) discussed the results of experi­
mental aerial colour photography of the central 
nor thern margin of the basin in 1967; further aerial 
colour photographs of the nor thern halves of 
N A P P E R B Y and M O U N T D O R E E N were taken in 
1971. 

BMR seismic surveys in 1967 (Jones, 1969) , 1968 
(discussed by Smith, 1968, and reported on by Tucker 
1969) , and 1969 consisted of 285 km of cont inuous 
reflection profiling, refraction work, and velocity 
spreads mainly on north-south traverses across the 
basin in four main, widely separated locations. T h e 
BMR work was tied to earlier P A O C traverses. Moss 
& Jones (1974) discussed the survey operations and 
results, and briefly mentioned work done later by 
Magellan Petroleum (Austral ia) Limited, who followed 
up leads from the earlier work. 

After BMR's initial systematic mapping in the 
basin, Magellan obtained an oil permit ( O P 1 6 1 ) over 
the area, and, in conjunction with Southern Pacific 
Petroleum, carried out an exploration program of 
mainly gravity and seismic surveys. T h e gravity sur-
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veys, in which over 4000 stations were read along 
1000 k m of mainly north-south seismic and other t ra­
verses, were repor ted on and interpreted by Hickey 
(1969 , 1970) , Sabitay ( 1 9 7 1 ) , Pra t t ( 1 9 7 1 ) , Gibson 
( 1 9 7 1 ) , and Pfitzner ( 1 9 7 4 ) . Krieg (1972) interpreted 
the results of the seismic survey, conducted in 1971 , 
which comprised 440 km of cont inuous reflection 
profiling—including 110 k m of six-fold C D P coverage 
—main ly in the western par t of the basin. H e prepared 
contour maps for the reflection t imes to two horizons 
that he tentatively identified with the base of the Car ­
boniferous sequence and the top of the lower Ade­
laidean sequence. H e recognised in his in terpreta t ion 
the role of major faulting in the basin. 

Shallow strat igraphic drilling, designed primari ly 
t o supplement and extend stratigraphic informat ion 
from surface mapping, was repor ted on by Evans & 
Nicholas (1970) and Wells ( 1 9 7 4 ) , and is summar ised 
in Appendix 1. Microfloral assemblages recovered 
from calcareous clays in B M R N a p p e r b y N o . 1 strat i­
graphic hole were first investigated by D . Burger 
(BMR, personal communica t ion) and later described 
and dated by K e m p ( 1 9 7 6 ) . 

Cooper , Wells, & Nicholas (1971) discussed the re­
sults of isotopic da t ing of glauconitic sandstones from 
the Treue r Member of the Vaughan Springs Quar tz i te 
and from the Djagamara Format ion . Using da ta ob­
tained from several measured sections in the A m a d e u s 
Basin and one section from Centra l M o u n t Wedge , 
Clarke (1975 , 1976, and personal communica t ion) 
a t tempted an interpreta t ion of the palaeogeography 
dur ing deposit ion of the Heavi t ree and Vaughan 
Springs Quartzi te . 

Wells ( 1 9 7 2 ) , Evans ( 1 9 7 2 ) , & Nicholas (1972) 
compiled first-edition geological maps at 1:250 000 
scale and explanatory notes that cover the Ngal ia Basin. 
Wells, Moss, & Sabitay (1972) discussed the pe t ro leum 
potential of the basin, and they and Wells (1976) 
outlined the geology of the basin. 

In 1976 B M R acquired new magnet ic coverage of 
the Ngal ia Basin during the Arun ta Block ae romag-
netic survey, in which cont inuous recordings were 
m a d e at an alt i tude of 150 m above ground level 
along nor th-south flight lines 1.5 km apart . This more 
detailed coverage complements the earlier P A O C aero-
magnetic coverage. 

T h e initial results of the recent geological and geo­
physical surveys st imulated renewed interest in the 
area by private mining and pet ro leum exploration 
companies . The re- interpreted and new information 
presented in this repor t indicates potential areas for 
further exploration for hydrocarbons and minerals , 
and will be useful as a guide for more extensive surveys 
and for the general prospect ing of the region. 

Constraints on geological interpretation 
The following discussion of the basin s trat igraphy, 

s tructure, and pet ro leum and mineral potent ia l 
a t tempts to synthesise all available information. Impor­
tant constraints on determining a sound knowledge 
of the structure and strat igraphy of the basin are sparse 
surface outcrop, the absence of fossils from many of 
the units, the absence of deep drillholes, the presence 
of m a n y unconformit ies and overlapping sequences, 
and difficulties in correlat ing key seismic reflections 
across major faults and identifying them with outcrops 
near the basin margins. 

B A S E M E N T R O C K S 
Precambrian me tamorph ic and igneous basement 

rocks of the Arun ta Block surround the Adela idean* 
and Phanerozoic sedimentary rocks of the Ngalia Basin 
(Fig. 1, Plate 1 ) . Gran i t i c rocks a round the immedia te 
basin margin (Pla te 1) may also compose the basin 
floor; correlat ion of the dominant Bouguer gravity 
anomaly features with basement suggests a uni form 
basement density, and a mainly granitic basement is 
implied (Anfiloff & Shaw, 1 9 7 3 ) . 

Most of the geology of the basement rocks shown 
in Plate 1 is based on photointerpre ta t ion , supple­
mented by limited spot field checking, except in the 
Reynolds Range, Aileron, Denison, and T e a T r e e 
1:100 000 Sheet areas, where the geology of the A r u n t a 
Block is described by Stewart & others ( 1 9 8 0 ) . T h e 
geology of the four major basement units of the 
nor thern part of the Arun ta Block in the vicinity of 
the Ngal ia Basin, and the s tructures and other fea­
tures of the rocks that are genetically related to the 
development of the basin, are only summarised here ; 
the regional distr ibution and relations of the four 
major groups of rock units th roughout the A r u n t a 
Block are described by Stewart & War ren ( 1 9 7 7 ) . T h e 
basement rocks are best exposed to the northeast of 

* The arbitrary divisions of the Proterozoic time scale used 
in this report to assign relative ages to the basement units 
are Early Proterozoic (1800-2500 m.y.), Middle Protero­
zoic (900-1800 m.y.), and Late Proterozoic or Adelaidean 
(570-900 m.y.). 

the Ngal ia Basin, where outcrops have yielded most 
of the information on rock types and sequences. 

Lithologies 
Unit 1 ( P r in Plate 1) consists of gneiss; granofels; 

pelitic, mafic, and subordinate felsic granul i te ; and 
minor amphibol i te and quartzi te. It has been meta­
morphosed to high amphibol i te and low granuli te 
facies. Its age is uncer ta in ; it probably includes the 
oldest-known group of rocks in the nor thern par t of 
the Arun ta Block, a l though the possibility that they 
may be in part highly metamorphosed equivalents of 
the rocks of the succeeding units 2 and 3 cannot be 
entirely ruled out . A min imum age of late Early 
Proterozoic is indicated for the granulites by isotopic 
dat ing of some of the intrusive rocks, which include 
granite, charnocki te , and doleri te dykes (Stewar t & 
others, 1980) . 

Uni t 2 ( P m in Plate 1) consists of large enclaves 
of metamorphosed sedimentary rocks which occur in 
the mainly granitic terrain. T h e rock types include 
slightly metamorphosed sandstone and shale, and 
minor quartzi te , chert , and amphibol i te . T h e degree 
of metamorph ism of the mainly pelitic and p s a m m o -
pelitic rocks ranges from lowermost greenchist facies 
to pyroxene hornfels facies and high amphiboli te facies. 
T h e t ime of deposition of the original sediments is 
uncertain, but is tentatively considered to be Ear ly 
Proterozoic . The rocks are in t ruded by late Early 
Proterozoic porphyri t ic micrograni te and diori te and 
subsequently by major granite bathol i ths of late Early 
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and early Middle Proterozoic age. There is no known 
exposed basement to the rocks of uni t 2 . 

Uni t 3 ( B q in Plate 1) rocks are the youngest-
known sedimentary rocks of the basement , and com­
prise quartzi te , shale, and dolomite which uncon-
formably overlie the rocks of uni t 2. The Patmungala 
beds ( P p ) , defined in Appendix 2, are tentatively 
included in unit 3 , a l though they are differentiated 
on the geological m a p (Pla te 1 ) . T h e metamorphic 
grade of unit 3 rocks ranges from low greenschist 
facies in the west to amphibol i te and granulite 
facies in the east. Acid igneous bodies and sills, includ­
ing porphyri t ic micrograni te and microadamell i te a re 
included in uni t 3. These porphyri t ic intrusives are 
Ear ly Proterozoic in age and antedate the major epi­
sodes of granite intrusion. T h e rocks of unit 3 are 
therefore older than the late Early or early Middle 
Proterozoic ages assigned to the large intrusive granite 
bodies (Stewart & others , 1 9 8 0 ) . 

Uni t 4 ( E g in P la te 1 ) , the most widespread unit , 
includes the youngest -known basement . It comprises 
major batholi thic intrusive granit ic rocks which have 
been dated isotopically at 1800-1550 m.y. (Stewart 
& others , 1980) . M a n y of the granitic rocks are syn-
tectonic and were in t ruded at various crustal levels 
concurrent ly with the main phase of deformation and 
metamorph i sm in the Middle Proterozoic . Many of 
them show various degrees of retrogressive meta­
morphism. 

Structure and geochronology 
T h e metasedimentary rocks of both basement units 

2 and 3 a re tightly folded, bu t the structural t rends 
and style of folding are more apparent in the rocks 
of uni t 3. Isoclinal folds cut by major strike faults 
and t ranscurrent faults are the two major types of 
s t ruc ture . Fold axes t rend from northwest to west. 

M a n y structural t rends and metamorphic zones in 
the rocks of the Arun ta Block can be directly related 
to, and so presumably influenced, the tectonic develop­
ment of the Ngal ia Basin.. The shape of the nor thern 
margin of the basin is controlled by overthrust tec­
tonics, which account for both the p rominent fold 
pat tern impressed on the basin sediments and for the 
close parallelism of structural l ineaments between the 
basin and basement . T h e t rends of many of the fold 
axes, faults, mylonites, schist zones, major shears, 
flaser granite, quar tz veins, and other dyke rocks in 
the basement are largely parallel or subparallel to the 
nor thern thrusted margin of the Ngalia Basin. The 
mainly nor thward dip of the strata in parts of the 
basement may also be at t r ibuted t o the overthrusting. 

Ret rograde metamorphism, which reset the isotopic 
chronomet ry causing anomalously young ages for some 
areas of basement rocks, has been at t r ibuted to the 
effects of the M o u n t Eclipse Orogeny, the last major 
period of diastrophism that folded and overthrusted 
the Ngalia Basin. F o r instance, retrogressively meta­
morphosed basement rocks in the Napperby area, near 
the nor thern margin of the Ngal ia Basin, yield K-Ar 
mineral dates as young as about 400 m.y. (L. P. Black 
in Stewart & others , 1980) . However , because there are 
several o ther K - A r dates which lie in the range 400-
900 m.y. (Stewart & others , 1980) , it seems likely that 
all are probably only part ly reset. Therefore, the 
orogeny could be much younger than 400 m.y., and 
may be about the same age as the Alice Springs 
Orogeny in the Amadeus Basin. 

Magnetic features 
The main structural t rends in these rocks are also 

evident in the magnetic contour directions and the 
trend directions of groups of elongate magnetic anoma­
lies over parts of the basement (Plate 2 ) . Structural 
trends and information on metamorphic zones in areas 
of poor exposure fringing the Ngalia Basin may also 
be interpreted from the magnetic results. 

The contact between the basement rocks in the 
north and the basin sedimentary rocks is characterised 
generally by a change in magnetic pat tern from short-
wavelength anomalies associated with near-surface 
magnetic sources in basement rocks to broad magnetic 
anomalies associated with the deeper magnetic base­
ment of the basin. In places—for example, over the 
Waite Creek and Yuendumu Thrus t Zones—the mag­
netic pattern suggests that the contact may be placed 
considerably farther to the northwest and north of the 
respective surface expressions of the thrusts, implying 
extensions of the deeper magnetic basement in these 
directions. Short-wavelength low-amplitude magnetic 
anomalies associated with granites which are exposed 
in most areas around the nor thern margin also inter­
fere with the broad contour pat tern in these areas. 

In contrast , the different types of magnetic anomalies 
associated with the near-surface basement rocks along 
the southern margin of the basin suggest that the rock 
types differ significantly from place to place along that 
margin. Stewart (in Shaw & others, 1979) has made a 
qualitative interpretat ion of the magnetic anomalies 
and their associated rock types in the Napperby 
1:250 000 Sheet area. T h e very short-wavelength mag­
netic highs in the southeast are mainly associated with 
felsic and mafic granulites of unit 1, and on the 
southern flank of the Stuart Bluff Range with quartz-
hemati te veins. A clear boundary between the mafic 
granulites and granites to the west can be seen by the 
change from the very short-wavelength anomalies 
associated with the granulites to longer-wavelength 
anomalies similar to those associated with the granites 

1 1 / N T / 3 

0 300 km 

Contour interval 100 / /m . s " 

Fig. 3. Bouguer anomaly map of central Australia. 
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Fig. 4. Simplified geological map (after GSA, 1971), gravity profile, and gross crustal structure model interpreted from 
the Bouguer anomalies (after Mathur, 1976), central Australia. 



elsewhere. Longer-wavelength high-ampli tude anomalies 
fa r ther west are associated wi th granulites probably 
of unit 3 . T h e var iable t rend directions of magnet ic 
anomal ies suggest t ha t complex faulting at t h e margin 
of the Ngal ia Basin probably also extended in to the 
sur rounding basemen t rocks. T h e magnet ic pa t te rn 
over the southwestern margin of the basin suggests tha t 
t h e basement rocks the re a re mainly granites. 

Gravity features 

T h e structural set t ing of the Ngal ia Basin in the 
basement complex is indicated in an analysis of the 
gravity features in centra l Austra l ia (Fig. 3 ) . T h e 
dominan t gravity features are a series of slightly 
a rcua te , easterly e longated gravity highs and lows, 
of which one—the Y u e n d u m u Regional Gravi ty Low 
— i s principally associated with the Ngal ia Basin and 
immedia te nor thern marginal areas. This feature has 
a similar shape to the basin, bu t it extends well to the 
no r th of the basin, and its axis lies along or to the no r th 
of the nor thern marg in . 

Several authors have proposed different interpreta­
tions to explain the gravity features. M a t h u r (1976) 
and some earlier au thors suggested tha t the anomalies 
are due to deep crustal folds and faults extending into 
the upper mant le , and uplift along large thrust faults. 

Anfiloff & Shaw (1973) considered tha t most of the 
anomal ies a re caused by density variat ions within the 
the upper 20 k m of the crust, and tha t mos t of the 
gravity lows a r e due to granite. They also implied t ha t 
there is little or no density var ia t ion or s t ructura l 
deformat ion in the lower pa r t of the crust. We l lman 
( 1 9 7 8 ) proposed a simple model in which h e con­
sidered tha t the gravity anomalies are elongate dipoles 
caused by abrup t changes in mean crustal density a t 
the junct ion of major crustal blocks. 

T h e mode l proposed by M a t h u r ( r ep roduced he re 
in Fig. 4 ) is suppor ted by the results f rom two isolated 
deep crustal reflection p robes in t he Nga l i a and 
A m a d e u s Basins (Brown, 1970 ) . Shor t -wavelength 
differences between the computed and observed 
anomal ies a re probably caused by generalising t he 
near-surface geology in the modell ing process ; in 
par t icular , a bet ter fit may have been obta ined if 
a l lowance had been m a d e for near-surface grani tes and 
basic granuli tes as proposed by Anfiloff & Shaw ( 1 9 7 3 ) . 
This in terpreta t ion of the gravity anomalies strongly 
supports the hypothesis that the s t ructural fabric of 
the basin is mainly the result of nor th-south compres ­
sion which produced east-west fold axes in the separa te 
s t ructural elements, and major nor th-south overthrust-
ing which generated thrusts extending to great depths 
th rough the crust . 

N G A L I A B A S I N S E Q U E N C E 
T h e Ngal ia Basin is a present-day structural feature 

in which mainly arenaceous sedimentary rocks of 
Adela idean and early and late Palaeozoic ages are 
preserved. Dur ing the Adela idean and early Palaeozoic, 
sedimentat ion in the basin was at various times par t 
of more extensive in t racra tonic basin sedimentat ion, 
bu t during the Late Devonian and Carboniferous it 
was probably restricted to an area roughly bounded by 
the present margins of the Ngal ia Basin. 

F o r the purposes of discussion and easy reference, 
the basin may be divided into three arbi t rary zones 
which will be referred to th roughou t the text. They are 
a western zone, a centra l zone be tween longitudes 
131 °25 ' and 132°00 'E , and an eastern zone. 

T h e base of the Ngal ia Basin is marked by either a 
heterol i thic or angular contac t of the basal quartzi te 
with the Early and Middle Proterozoic basement rocks. 
T h e sedimentary rocks are best exposed in strips u p to 
about 15 km wide along the no r the rn margin. Ridges 
of the basal quartzi te del ineate the southern margin . 
T h e rest of the basin is largely covered by superficial 
Cainozoic sediments. 

The sedimentary rocks — of Adelaidean, Cambr ian , 
probably Ordovician, Devonian , and Carboniferous 
ages — are divided into eleven formations and four 
members , and have a m a x i m u m aggregate thickness of 
about 7500 m. Mos t of the formations are bounded 
by unconformit ies , and a complete sequence is no t 
present in any one area. T h e thickest accumulat ion 
(about 5000 m ) and the deepest pa r t of the basin occur 
in the nor thern half of the central zone. T h e m a x i m u m 
thicknesses of the sediments a r e : Adela idean 3200 m; 
Cambr ian , 800 m ; p robab le Ordovician, 300 m ; and 
Devono-Carboni ferous , 3100 m. 

T h e s trat igraphy of the Ngal ia Basin sequence and 
overlying superficial sediments is summarised in Table 
1; measured thicknesses of format ions are listed in 
T a b l e 2; and the locations of measured sections are 

i l lustrated in Figure 5. T h e relations between fo rma­
tions in ou tc rop are shown diagrammatica l ly ( in P la te 
1 ) , and s t ra t igraphic columns at localities a long the 
relatively well-exposed nor the rn margin of the basin 
are i l lustrated in Figure 6. Strat igraphic correlat ions 
of format ions in the Ngal ia , Amadeus , Wiso, and 
Georgina Basins and Adelaide Geosyncl ine a re shown 
in Figures 7 and 8. 

T h e format ions have previously been described 
briefly in the explanatory notes for M O U N T D O R E E N 
(Wells, 1 9 7 2 ) , L A K E M A C K A Y (Nicholas , 1 9 7 2 ) , 
and N A P P E R B Y (Evans , 1 9 7 2 ) , and in papers by 
Cooper & others ( 1 9 7 1 ) , Wells, & others ( 1 9 7 2 ) , and 
Wells ( 1 9 7 6 ) . Outcrops of the format ions have been 
described in detail in unpubl ished repor ts by Wells 
& others ( 1 9 6 8 ) , Nicholas ( 1 9 6 9 ) , and Evans & Gl ik-
son ( 1 9 6 9 ) . Graph ic logs of all measured sect ions 
(MS-1 to MS-7) are reproduced in microform and 
enclosed (in a pocket inside the back cover) as a 
supplement to this Bulletin. 

A D E L A I D E A N 

VAUGHAN SPRINGS QUARTZITE 
Definition 

T h e V a u g h a n Springs Quartz i te is here defined as a 
format ion of tough pink, grey, and white massive to 
thickly bedded or thoquar tz i te , and in places, whi te 
friable sands tone* that weathers pink to r ed -b rown 
and is in terbedded with minor green and blue shale. 
Pebble to boulder conglomerate and pebbly hemat i t ic 

* The sandstones of the formation mostly correspond in 
composition to quartz arenites as defined by Pettijohn, 
Potter, & Siever (1972)—that is, sandstones consisting 
essentially of quartz with no appreciable matrix (under 
10%) and containing no more than 10 percent of feld­
spar and rock particles. 
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TABLE 1. STRATIGRAPHY OF THE NGALIA BASIN AND GENERALISED BASEMENT LITHOLOGIES 

Age Formation 
Map 

symbol 

Maximum 
thickness 

(m) Topographic expression Lithology Remarks 

Qa 
Qs 
Qr 
Qe 
Qt 
Ql 
Qc 

River bed, flood plain, and flood-out 
Plains and dunes 
Plains 
Plains around salt lakes 
Salt lakes and salt pans 
Low mounds 
Talus and detrital slopes 

Alluvium 
Sand 
Red soil and alluvium 
Sand, evaporites, and calcrete 
Evaporites 
Calcrete 
Colluvium 

Cz Mesas and buttes of low relief and 
low rounded hills 

Silcrete and ferricrete 

< goo 
£ 0 8 0 

Q 

M O U N T E C L I P S E 

S A N D S T O N E 

Pzt 2400± Hogbacks, cuestas, 
rounded hills 

and prominent Sandstone and subgreywacke, pale brown 
and red-brown, coarse-grained, poorly 
sorted, thin-bedded to massive, cross-
bedded, arkosic, in part micaceous and 
calcareous. Cobble and boulder beds 
common and a few micaceous siltstone 
and shale interbeds 

Poorly preserved plant fossils of Late 
Carboniferous age in upper part of for­
mation. Late Famennian spores from 
lower part of formation; Visean spores 
from middle part. Sandstone lithologi-
cally similar to the Mount Eclipse Sand­
stone at McEwin Hills is mapped as un­
divided Palaeozoic (Pz) 

2ooo 
°> £ 

K E R R I D Y 

S A N D S T O N E 

Pzy 703 Low irregular hills with small sharp 
hogbacks 

Sandstone and subgreywacke, red-brown, 
medium and coarse-grained, moderately 
sorted, silty, in part arkosic and cal­
careous, thin to thick-bedded, and cross-
bedding is common; interbedded siltstone 

> 
O 
Q 

D J A G A M A R A 

F O R M A T I O N 

Od 320+ Prominent hills, cuestas, and .strike 
ridges 

Sandstone, laminated to thick-bedded, 
siliceous, grey and white, in part glau-
conitic and with abundant clay pellets. 
Interbedded green and dark grey 57'/*-
stone is a major component of the for­
mation in some areas, principally in the 
west 

Minimum age of 450 m.y. by K -Ar iso­
topic measurements 

3 
2 
m 
S 

B L O O D W O O D 

F O R M A T I O N 

W A L B I R I 

D O L O M I T E 

6b 

Gw 

270 Well-rounded hills 

2 5 0 + Dolomite forms rounded hills and 
low cuestas; other units in the forma­
tion occur in low mounds, beneath 
scree slopes, and in valleys 

Siltstone, red-brown to purple-brown and 
pale green, thin-bedded, and red sand­
stone. Both the siltstone and sandstone 
are in part richly micaceous 
Dolomite, light and dark grey, pink, and 
red, thick-bedded and massive, in part 
glauconitic. Siltstone and shale, in part 
micaceous and fossiliferous, and thin 
interbeds of pink stromatolitic and oolitic 
dolomite and grey sandstone. Minor 
glauconitic dolomite near the base 

Abundant trace fossils and rare macro-
fossils occur in beds near the middle of 
the formation. They suggest an Early 
Cambrian age 
Abundant fragmentary marine macrofos-
sils near the base of the formation. They 
indicate an Early Cambrian or possibly 
early Middle Cambrian age 3 



Y U E N D U M U 

S A N D S T O N E 
< 

Bob* 

u 

7 0 0 + 

w 
Q 
< 

Mostly 
cuestas 

rounded hills and small Sandstone, fine to coarse-grained, 
moderately well sorted, medium and 
thin-bedded, flaggy, in part arkosic and 
micaceous, cross-bedded and slumped, 
red-brown and some pale brown. Minor 
coarse-grained arkose, and quartzwacke 

Trace fossils in upper part 

< 
Q 

< 

M O U N T D O R E E N 

F O R M A T I O N 

N E W H A V E N 

S H A L E M E M B E R 

W A N A P I 

D O L O M I T E 

M E M B E R 

M O U N T 

D A V E N P O R T 

D I A M I C T I T E 

M E M B E R 

R I N K A B E E N A 

S H A L E 

C E N T R A L M O U N T 

S T U A R T 

F O R M A T I O N 

N A B U R U L A 

F O R M A T I O N 

tfaq 

Ban 

Paw 

Bad 

Bar 

2 as 

9 7 + Generally forms scree slopes with 
Wanapi Dolomite Mbr at top in low 
scarp. Otherwise in valleys or at base 
of scarps 

17+ Weathers recessively and underlies 
valley floors 

4 Low scarps and ridges 

77 Poor outcrops generally beneath scree 
slopes 

100 Weathers recessively, exposed only in 
creek banks, underlies low rounded 
rises, and forms floors of valleys 

150 Mostly prominent hills and ridges 

Baa Poor outcrops in banks and beds of 
creeks, and beneath scree slopes 

Shale, uniform red, leached yellow-
brown and fawn at unconformity 
Dolomite, fine-grained, pink, laminated, 
weathers yellow-brown, manganese grains 
and dendrites, limonite pseudomorphs 
after pyrite, in part silicified, and stroma-
tolitic 
Diamictite, polymictic, subrounded boul­
der, pebble, and cobble erratics to 4 m 
across, striated and faceted, mostly 
quartzite and granite, in blue-green 
poorly sorted siltstone matrix 
Shale, green, uniform; subordinate silt­
stone, dark grey, finely micaceous (bio-
tite), well sorted, laminated, graded, in 
part calcareous and pyritic, thin quartz 
and calcite veins in places 
Mostly red-bed arenite sequence; in­
cludes silicified sandstone with limonite 
pseudomorphs, silty sandstone, coarse 
arkosic conglomerate, siltstone, shale, 
and commonly a basal diamictite with 
purple-brown poorly sorted siltstone 
matrix and polymictic erratics to 2.5 m, 
faceted and indistinctly striated 
Shale, dark grey to black, well bedded. 
Diamictite, polymictic erratics to 30 cm 
(largest of granite, quartzite most abun­
dant) , in poorly sorted, green-brown silt­
stone matrix. Dolomite, thin-bedded, 
dark green-grey, weathers yellow-grey 
and dark brown, fine-grained, septarian 
nodules 



A L B I N I A B ab 

F O R M A T I O N 

V A U G H A N S P R I N G S B av 

Q U A R T Z I T E 

T R E U E R B at 

M E M B E R 

150+ Dolomite poorly exposed in low 
rounded, mostly calcrete encrusted 
mounds and low knobbly outcrops. 
Siltstone exposed only in banks of 
larger creeks 

2500+ Mostly prominent resistant ridges 

7 0 0 ± Mostly rubble-covered flats with a 
few sharp low discontinuous ridges 

Siltstone and shale, white, leached and 
deeply weathered, dolomitic in part. 
Dolomite pale grey to black, foetid, 
stromatolitic, with either white, grey, or 
black chert 
Orthoquartzite, white and pink, tough, 
closely jointed, thick-bedded and mas­
sive. Basal coarse-grained and pebbly 
hematitic granule conglomerate, sand­
stone, and pebble to boulder conglo­
merate. Small cross-beds common. Minor 
shale, siltstone, and arkose 
Siltstone, thin to poorly bedded, white 
to grey, chert nodules and evaporite 
efflorescence in places. Sandstone, lami­
nated to thin-bedded, siliceous, white to 
grey, cross-bedded, micaceous and glau­
conitic in part, interbeds rich in clay pel­
lets 

Microfossils in black chert 

Occurs in lower half of the Vaughan 
Springs Quartzite. May contain interbed­
ded evaporites 

O 
i—i 

o 
N 
O 

P A T M U N G A L A 
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Slightly metamorphosed. Intruded 
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by 

Metamorphic grade ranges from lower 
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Fig. 7. Regional stratigraphic correlations of Adelaidean units in the Ngalia, Amadeus, and Georgina Basins and the 
Adelaide Geosyncline. 

Fig. 8. Regional stratigraphic correlations of Palaeozoic units in the Ngalia, Amadeus, Georgina, and Wiso Basins and 
the Adelaide Geosyncline. Stratigraphic terminology and ages for the Wiso Basin units are from Gilbert-Tomlinson in 
Kennewell & Huleatt (1980); literature references to the other sequences, and a key to the symbols, are included in 

Fig. 7. 
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granule conglomerate and sandstone commonly form 
the base locally. High-angle cross-bedding is common 
in the or thoquar tz i te and sandstone, and r ipple marks , 
flow casts, mud-pellet casts, and mud-cracks are pre­
valent in places. Thinly bedded platy sandstone and 
siltstone in the lower par t of the format ion are mapped 
as the Treuer Member (see p . 2 0 ) . 

The formation n a m e is derived from Vaughan 
Springs, in the basin's western zone. 

Contacts 
The Vaughan Springs Quartzi te lies unconformably 

or is faulted against basement granite and, less com­
monly, me tamorph ic rocks. This contact is exposed 
in innumerable places around the margins of the basin 
(Fig. 9 ) . 

T h e quartzi te is possibly disconformably overlain 
by the Albinia Format ion in the southwest Vaughan 
Springs Syncline. It is unconformably overlain by 
diamicti te of the ?Naburula Fo rma t ion in the central 
northwest flank of the Vaughan Springs Syncline; by 
the Moun t Doreen Fo rma t ion in the Treuer Range 
and southern and western dip slopes of the Wanap i 
Escarpment ; by the Y u e n d u m u Sandstone in the central 
nor thern par t of the basin southeast of Y u e n d u m u ; by 

the M o u n t Eclipse Sandstone in the Treuer Range a t 
an isolated outcrop 40 km southwest of Yuendumu , 
and probably along par ts of the basin's southern 
margin. T h e M o u n t Eclipse Sandstone occurs in a 
stratigraphic drill-hole close to outcrops of the 
Vaughan Springs Quartzi te at the nor thern edge of 
the Stuart Bluff Range. 

Type section 
The type section, EX-11 (Fig. 11 ; see also M S - 1 ) , 

is on the nor thwest flank of the Vaughan Springs 
Syncline, about 6 km west of Moun t Doreen home­
stead. 

History 
The earliest recorded observations of the Vaughan 

Springs Quartzi te were made by Maur ice & M u r r a y 
(1904) and Chewings ( 1 9 2 8 ) . Tindale (1933) in­
cluded the formation in his H a n n Range-Uldir ra Hill-
Crown Hill series of unmetamorphosed quartzi te and 
conglomerate . 

Rivereau (1965) informally referred to the quartzi te 
along the nor thern margin of the basin as unit a, but 
the quar tz i te along the southern margin, which he 
considered to be different from any other units of the 
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nor thern margin, he referred to as 'undifferentiated 
U p p e r Proterozoic ' . 

Cook (1963) and Cook & Scott ( 1967) split the 
formation into two informal units : uni t A 1 — a poorly 
sorted conglomerate and conglomerat ic siltstone with 
minor sandstone at the base of the succession; and unit 
A — t h e overlying intensely silicified sandstone. Cook & 
Scott (1967) reported the basal siltstone to be tillitic in 
aspect, but observed no striae on the boulders forming 
the conglomerate . There is no evidence that their unit 
A 1 has a glacial origin, and it is included in the 
Vaughan Springs Quartzi te as a basal conglomerate. 
They did not recognise the Treuer M e m b e r lithologies. 

Distribution and outcrop 
T h e Vaughan Springs Quartzi te underlies and is 

exposed mainly in two long belts at the nor thern and 
southern margins of the Ngalia Basin. Outliers of the 
formation occur near Nancy Hill in the east, and un­
differentiated sandstone of Adelaidean age at Sand-
ford Cliffs in the west is lithologically similar to the 
Vaughan Springs Quartzi te . 

T h e or thoquar tz i te benea th the Treuer Member 
comprises the bulk of the prominent outcrops through­
out the basin, except in the Treue r Range, where the 
or thoquar tz i te above the Treue r Member is more 
prominent ly exposed. 

T h e formation is intensely silicified and thus highly 
resistant to weathering, forming mounta in ranges, cue­
stas, mesas, and prominent escarpments . 

Thickness 
T h e Vaughan Springs Quartzi te thickens gradually 

from about 300 m in the east to over 2500 m in the 
west. The thickness in the type section ( E X - 1 1 , Fig. 
11) is about 1750 m and is the only measured section 
that shows upper and lower contacts . The thickest 
exposure of the Vaughan Springs Quartzi te known in 
the Ngal ia Basin is in an unnamed group of hills in 
the western zone about 6 km southeast of Mount Carey; 
over 2500 m of the formation was measured here in 
three composite s ec t ions—EN-LM-1 , 2 and 3 ( M S - 1 ) . 
Along the southern margin of the basin, the thickest-
known exposure of the format ion is estimated to be 
at least 450 m in the area of Centra l M o u n t Wedge. 

Lithofacies 
With few exceptions the Vaughan Springs Quartzi te 

is of uniform lithology throughout the basin. The main 
differences are minor variations in grainsize, and beds 
that lens out over short distances. 

T h e characterist ic rock type is a pink, white, or 
grey, massive to thickly bedded and cross-bedded or tho­
quar tz i te that commonly shows a pitted weathered 
surface caused by weather ing and removal of ?pyrite 
crystals. In contrast , some of the interbedded quar tz 
sandstones are very friable and have only a thin 
silicified crust. 

About 70 percent of the formation in the type 
section is arenaceous; the Treue r M e m b e r forms the 
bulk of the predominant ly lutite sequence. T h e basal 
part of the type section below the Treuer Member 
comprises about 200 m of white, thinly cross-bedded 
medium-grained or thoquar tz i te which is highly silici­
fied over the basal 20 m. Orthoquar tz i te about 1000 m 
thick above the Treue r Member is mostly medium 
but includes some fine and coarse-grained, thick-bedded 
to massive, pink, white, and some grey, tough, mostly 

silicified. friable in part, well rounded, and well sorted, 
and contains pellet casts. 

Although no basal conglomerate is exposed at the 
type section, most other sequences in the formation 
contain beds of conglomerate of various thicknesses 
at the contact with the basement. Exceptions are out­
crops from the Siddeley Range to Moun t Cockburn, 
where or thoquartzi te commonly rests on basement, 
and in the western Stuart Bluff Range, where the lower­
most beds in the formation are in places shale and 
siltstone. At the base of the formation in the eastern 
part of the basin, arkose is more common than conglo­
merate. 

The most common basal conglomerate consists of 
granules and pebbles of quartzite and vein quartz in a 
hematit ic groundmass of angular quar tz grains and 
silt; the hemat i te is commonly confined to grain boun­
daries. Grani t ic phenoclasts are rare. The largest-
known phenoclasts are of quartzite up to 1 m across 
in the Wanapi Escarpment . At Central Moun t Wedge, 
30 m of poorly sorted conglomerate with phenoclasts 
chiefly of quartzite u p to 25 cm is the thickest-known 
basal conglomerate; near its base the matrix contains 
concentrations of corroded crystals of magnetite. In 
places the basal granule conglomerate contains abun­
dant fragments of green illite similar to that which 
occurs in the underlying deeply weathered granite; 
this suggests that some of the conglomerates originated 
either from a residual lag gravel or as a fossil regolith. 

Conglomerate interbedded in the formation is ra re ; 
a well-rounded pebble conglomerate in a lens up to 3.5 
m thick occurs 15 m above the base of the formation 
near Pat ty Well at the eastern end of the Stuart 
Bluff Range. 

The orthoquartzi tes in the formation above and 
below the Treuer Member are essentially mono-
mineralic and mostly evenly medium-grained, though 
in places minor coarse-grained feldspathic sandstone 
occurs in the or thoquartzi te . Minor mineral consti­
tuents include detrital tourmaline and zircon, and 
sericite. Weather ing and diagenesis have produced 
stylolites, intense ferruginisation along joints, chalce-
donic silica in a basal purple fine-grained sandstone, 
and pitted surfaces due to the weathering out of either 
pellets or possibly euhedral pyrite. 

Sedimentary structures common in the or tho­
quartzites are medium-scale and high-angle cross-
stratification, oscillation and translation ripple marks 
(including oscillation ripple marks with a ripple index 
of 6 -9) , flow casts, and desiccation cracks. 

Apar t from the Treue r Member , lutite is not 
common in the formation. Siltstone is present in the 
lower or thoquartzi te in the Stuart Bluff Range and is 
thickest 19 km east-northeast of Central M o u n t Wedge 
(sections EN-1 and EN-2 , see M S - 1 ) . N e a r Moun t 
Wedge homestead, green, blue, and in places red shale 
beds up to about 30 m thick lie above a few metres 
of thin basal conglomerate, coarse-grained sandstone, 
and purple fine-grained sandstone. The shale is finely 
micaceous, thin-bedded to laminated and contains 
desiccation cracks and ripple marks. Some red and 
red-brown pebbly siltstone and mudstone occur in the 
upper part of the basal conglomerate on the south side 
of the Naburu la Hills. 

At Sandford Cliffs, about 250 m of sandstone cor­
related with the Vaughan Springs Quartzi te is pre­
served in an isolated westerly plunging syncline, but no 
contacts with older rocks are visible. The sandstone is 
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medium and fine-grained, white (rarely r ed -b rown) , 
cross-bedded, well sorted, and has a small amoun t 
of silt in the matrix, which is commonly opalised; 
it is most ly thin-bedded and commonly traversed by 
numerous small quar tz stringers. 

Age 
T h e Adelaidean age of the Vaughan Springs Quar t ­

zite is supported by isotopic dating of contained 
glauconite, by superposition, and by a comparison with 
better dated sequences in nearby areas. The only fossils 
that it contains are possible tracks and trails. 

If the Vaughan Springs Quartzi te is contem­
poraneous with the Heavi t ree Quartzi te of the Amadeus 
Basin, then a Riphean or older age is indicated. Walter 
(1972) has correlated stromatoli tes in the Loves Creek 
M e m b e r of the Bitter Springs Format ion , which con­
formably overlies the Heavi t ree Quartzi te , with the 
late Riphean of the USSR (950 ± 50 m.y. to 680 ± 
20 m.y . ) . Dating of basement rocks by Black, Shaw, 
& Offe (1980) has shown tha t the Heavi t ree Quartzi te 
is younger than about 900 m.y., the isotopic age of 
dolerite dykes from the Stuar t Dyke Swarm in the 
southern part of the Arunta Block, south of the Ngalia 
Basin. 

Cooper & others ( 1 9 7 1 ) calculated a min imum age 
of 1280 m.y. from Rb-Sr and K-Ar measurements on 
five glauconite samples from the Treuer Member , and 
suggested that sedimentat ion in the Ngalia Basin began 
shortly before this t ime. 

Migmati tes unconformably overlain by the Heavi t ree 
Quartzi te near Ormiston Pound at the nor thern margin 
of the Amadeus Basin were dated by Marjor ibanks & 
Black (1974) as 1076 ± 50 m.y., which they regarded 
as a max imum age for the start of sedimentat ion along 
the nor thern margin of the Amadeus Basin. They ob­
served that—if the Heavi t ree and Vaughan Springs 
Quartzi tes are equivalents—this age conflicts with both 
the 1280 m.y. date that Cooper & others (1971) de­
rived for the Vaughan Springs Quartzi te and an Rb-Sr 
estimated age of 1170 m.y. that V. M. Bofinger 
(writ ten communica t ion in Wells & others , 1967) 
derived for a single specimen of shale from the Bitter 
Springs Format ion . T h e y concluded that—if the late 
migmatisation and granite intrusion in the Arunta 
Block are correctly da t ed—then either the Vaughan 
Springs Quartzi te is at least 200 m.y. older than the 
Heavi t ree Quartzi te , or the 1280 m.y . date quoted by 
Cooper & others ( 1 9 7 1 ) for the Vaughan Springs 
Quartzi te is too old. which it would be if the analysed 
glauconite was of detrital or part ly detrital origin. 

The re seems little reason to doubt the correlat ion of 
the Vaughan Springs and Heavi t ree Quartzi tes (see 
be low) , and hence the glauconite dated for the 
Vaughan Springs Quartzi te and the Rb-Sr age of the 
shale in the Bitter Springs Forma t ion must be con­
sidered unreliable. 

Correlation 
The Vaughan Springs Quartzi te is correlated with 

the Heavi t ree Quartzi te of the Amadeus Basin (Fig . 7 ) 
on the basis of lithological similarity and their similar 
unconformable relations with rocks of the Arun ta 
Block; also, they both antedate late Precambr ian tillites 
and thicken westwards; and, in addit ion, outcrops of 
quartzi te tightly infolded with the basement rocks are 
almost cont inuous between the Ngalia and Amadeus 
Basins, and outcrops of the two quartzites are only 

20 km apar t in the eastern parts of the two basins. 
Clarke (1975 , 1976) considered that the uppermost 
few beds of clean quar tz sandstone at Centra l Moun t 
Wedge can be correlated with the lower part of the 
youngest m e m b e r of the Heavi t ree Quartzi te . 

The Munyu Sandstone of the Birr indudu Basin 
(Blake, 1978) can be correlated with the Vaughan 
Springs Quartzi te on lithological and superpositional 
grounds, and for similar reasons with the Heavi t ree 
Quartzi te of the Amadeus Basin (Blake, 1977) . The 
Townsend Quartzi te in the Officer Basin is probably 
also a correlative. T h e sandstone at Sandford Cliffs 

SYMBOLS USED ON M E A S U R E D SECTIONS 

Lithology 
fine 

medium 

coarse 

Sandstone 

Sandy siltstone 

Siltstone 

Bedding thickness 
0 Massive f> 100 cm) 

a Thick (30-100 cm) 

e Medium (10-30 cm) 

= Thin (1-10 cm) 

m Laminated /< 1cm) 

Sedimentary structure 
± Graded lamination 

Cross-bedding 

± Thin cross-bedding 

Medium cross-bedding 

1/3 Slumped bedding 

Unconformity 

Ripples 

• Clay, mud pellets 

Flute mould, cast 

Current crescents 

Tracks and trails 

Macrofossils 

ABBREVIATIONS USED ON M E A S U R E D SECTIONS 

Mineralogy and Lithology 
Cgl Conglomerate 

Do (do) Dolomite (ic) 

Fs (fs) Feldspar (thicj 

Gl (gl) Glauconite (ic) 

Hem (hem) Hematite (ic) 

Fe(fer) Iron oxide (ferruginous) 

Kao (kao) Kaolin (itic) 

Lim Limonite 

Mn Manganese 

Mi (mi) Mica (ceous) 

Oqt Orthoquartzite 

Q (qc) Quartz (itic) 

Qt Quartzite 

Sst Sandstone 

Sh Shale 

Si (si) Silica (eous) 

Sltst Siltstone 

Colour 
bk Black 

bl Blue 

br Brown 

cr Cream 

gn Green 

gy Grey 

og Orange 

pk Pink 

pu Purple 

r Red 

wh White 

y Yellow 

Grainsize 
vf Very fine 

f Fine 

m Medium 

c Coarse 

vc Very coarse 
11 / N T / 3 6 

Qualifier 
dk Dark 

It Light 

sli Slight 

Fig. 10. Key to symbols and abbreviations used in graphi­
cally illustrated type sections in Figs. 11, 13, 16, 18, 19, 20, 

21, and 23. 
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11. Type sections of the Vaughan Springs Quartzite (EX-11) and Treuer Member (NX-5) . 
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may be equivalent to the Adelaidean Vaughan Springs 
Quartzi te , though it is bet ter sorted, more thinly 
bedded, and generally not as intensely silicified. 

In the southern part of the Georg ina Basin the lower 
part of the Yackah beds (Wal ter , 1980) may be 
equivalent t o the Vaughan Springs Quartzi te (Fig . 7 ) . 

Palaeogeography and history of deposition 
The Vaughan Springs Quartzi te was deposited after 

prolonged erosion had reduced the Precambr ian base­
ment to a peneplain. 

T h e occurrence of a predominant ly or thoquar tz i te 
format ion in a sheet-like body which has a min imum 
thickness of about 460 m, extends laterally for a dis­
tance of about 500 km, and underlies an area of about 
16 000 k m 2 indicates a widespread and uniform interval 
of sedimentat ion. ( T h e figure of 16 000 k m 2 is only 
an est imate of the area at present underla in by the 
formation; the depositional area was without doubt 
several orders of magni tude greater if the format ion 
was cont iguous with the correlative quartzites of neigh­
bouring basins.) 

Clarke (1975 , 1976) considered that initial sedi­
mentat ion consisted of alluvial fan deposits. Later , 
both the Heavi t ree and Vaughan Springs Quartzi tes 
record two or possibly three mar ine transgressions, 
which were followed by regress ions—probably the 
result of minor uplifts interrupt ing a period of general 
and gentle subsidence. Pa laeocurren t directions, grain-
size isograds, and isopach t rends suggest that the 
provenance lay to the northeast and north-northeast . 

At Central M o u n t Wedge the basal conglomerate 
is considered to be of fluvial origin (Clarke , 1975, 
1976) . It is followed by silty and conglomerat ic beds 
of mixed lacustrine and fluvial origin, and in turn 
by fluvial feldspathic sandstone, tidal-flat fine-grained 
sandstone, fluvial and part ly littoral medium-grained 
sandstone, tidal-flat argillaceous sandstone, shallow-
mar ine clean very fine-grained sandstone, and fluvial 
conglomerate and conglomerat ic sandstone. 

Treuer Member 

Definition 
T h e Treuer M e m b e r of the Vaughan Springs Quar t ­

zite is here defined as thinly and poorly bedded white 
and grey siltstone with interbedded, laminated to thin-
bedded white and grey sandstone. Subordinate rock 
types are or thoquartzi te , shale, claystone, arkose, chert , 
and possibly evaporites. T h e Treue r M e m b e r is dis­
tinguished from the remainder of the Vaughan Springs 
Quartzi te by the abundance of siltstone, clay-pellet 
sandstone, th inner bedding, and the presence of glau­
conite. T h e member is named from the Treue r Range, 
which lies in t he western zone. 

Type locality and section 
The type section ( N X - 5 ) is about 20 km from 

Moun t Davenpor t on a bear ing of 238° (F ig . 1 1 ; see 
also M S - 1 ) . 

Distribution and outcrop 
Outcrops of the T reue r M e m b e r occur at widely 

separated localities at the margins of the basin as far 
west as the group of hills 8 km southeast of M o u n t 
Carey and as far east as the H a n n Range. T h e largest 
cont inuous exposures occur in the Treuer Range . 

Outcrops in the southern part of the basin are sparse. 
Apar t from good exposures in the H a n n Range, there 

are small poor exposures in the Stuar t Bluff Range 
about 12 km east of Moun t Wedge homestead, and 
in isolated hills about 16 km northeast of Newhaven 
homestead. 

T h e Treuer M e m b e r was penetrated in shallow 
strat igraphic dr i l lholes—BMR M o u n t Doreen N o . 15 
and B M R N a p p e r b y N o . 3. 

The siltstone and shale of the member weather 
recessively and they commonly underl ie low, rubble-
covered areas with resistant beds of platy grey sand­
stone a few centimetres high. 

Thickness 
The thickness of t he member increases westwards 

from about 50 m in the H a n n Range, in the east, to 
about 700 m near M o u n t Carey, in the west. 

Lithofacies 
Siltstone and sandstone comprise the bulk of the 

member . Subordinate rock types include or thoquartzi te , 
shale, claystone, and rare arkose. T h e main at tr ibutes 
of the p redominan t rock types a r e : 

Siltstone—variegated, mostly white to pale yellow, 
yellow-brown, creamy yellow, purplish red, and red-
brown; fine-grained; finely micaceous; evaporite 
efflorescence; commonly deeply weathered and in 
places ironstained. 
Sandstone—pale green, pale grey, white, and pale 
yellow; medium and fine-grained; mostly rounded 
quar tz grains; well sorted; compac t and tough; thin 
and graded-bedded; cross-stratification and flute 
casts; highly siliceous; well-rounded and some 
elongate grains of glauconite abundan t in restricted 
beds; part ly micaceous, hemati t ic , feldspathic, and 
silty; abundan t small clay pellets; authigenic quar tz 
overgrowths. 
Orthoquartzite—pale grey, grey to light brown, 
and yellow to white ; fine-grained; subangular to sub­
rounded; tightly packed; thin-bedded, laminated, and 
flaggy; cross-stratification, small-scale oscillation 
ripples, and clay pellet casts; kaolinitic; authigenic 
quar tz overgrowths; numerous small-scale ?worm 
tracks. 
Shale—white, buff, purple , and red; friable; lami­
nated and thin-bedded; s lump structures and small-
scale cross-stratification; finely micaceous; silicified 
in part . 
T h e dominan t lithologies in the Treuer M e m b e r in 

the nor thwestern part of the Ngal ia Basin can be sum­
marised as follows. T h e lower par t consists of a fine­
grained subangular to well-rounded pale grey flaggy 
or thoquar tz i te containing considerable amounts of 
kaolin. The quar tz grains are tightly packed and 
cemented by quar tz overgrowths . This or thoquar tz i te 
is overlain by thin-bedded white to pale yellow fine­
grained siltstone and claystone. Above the siltstone is 
a compact medium-gra ined glauconitic sandstone with 
rounded quar tz grains, wel l - rounded glauconite, and 
scattered hemat i te grains of silt size; the quar tz grains 
are cemented by quar tz overgrowths. T h e glauconit ic 
sandstone is overlain by an al ternat ing sequence of 
white, yellow, buff, purple , and red siltstone and shale 
interbedded with grey to light b rown or thoquar tz i te 
up to 3 m thick. 

T h e rock types in the Treue r M e m b e r penet ra ted in 
B M R M o u n t Doreen N o . 15 strat igraphic drillhole 
consist of interbedded or thoquar tz i te , quar tz sandstone, 
siltstone, and claystone. Cubic moulds , probably after 
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pyrite, are c o m m o n in or thoquar tz i te . In common with 
outcrops of the member the bedding is poorly defined 
and incompetent . 

Nodules of specular hemat i te are present in siltstone 
of the Treuer M e m b e r 16 km west-southwest of 
N a p p e r b y homestead, and staining of siltstone and 
sandstone in the member by iron and manganese oxides 
is probably a weather ing phenomenon . 

T h e siltstone of the member is commonly replaced 
by chert . Grey siltstone in outcrops near Nat ive G a p 
in the H a n n Range is part ly replaced by nodules and 
irregular patches of white and grey chert. Similar chert 
in siltstone was cored in BMR Napperby N o . 3, and 
occurs in outcrops southeast of Moun t Carey. 

Evapori te efflorescences mainly on the siltstone are 
present in many exposures, chiefly at Nat ive G a p in the 
H a n n Range, southwest of Nappe rby homestead, and 
near Eva Spring in the western Treue r Range; the 
water soluble port ion contains minor amounts of 
sodium, calcium, magnesium, potassium, chloride, and 
sulphate ions (Table 10) . 

Feldspar commonly occurs as an accessory in the 
sandstone, but an arkose 13 km west of Wai te Creek 
contains 40-45 percent of well-rounded fine-grained 
potash feldspar, together with subrounded to rounded 
quar tz showing authigenic overgrowths, and minor 
zircon and iron oxides. 

Intraformat ional breccia occurs in the thickest-
known sequence of the member southeast of M o u n t 
Carey (Fig. 12) . T h e partly detached and broken 
clasts in the breccia are composed of tabular bodies 
of thin-bedded fine-grained sandstone incorporated in 
a siltstone matr ix; they probably formed part ly by 
desiccation and par t ly by disruption during the influx 
of the siltstone matrix. Disruption was sufficient in 
places to completely over turn the tabular clasts. 

Environment of deposition 
T h e Treue r M e m b e r was probably deposited in a 

shal low-marine environment ; the presence of glau­
conite and possible interbedded evaporites indicates a 

Fig. 12. Intraformational breccia of siltstone beds in the 
Treuer Member of the Vaughan Springs Quartzite 6.5 km 

southeast of Mount Carey. (GA1588) 

partly restricted marine, possibly lagoonal origin for 
these sediments. 

Correlation 
The Treuer Member of the Vaughan Springs Quar t ­

zite does not appear to have a lithological equivalent 
in the Heavitree Quartzi te of the Amadeus Basin or 
in similar chronostrat igraphic intervals in other basins. 

ALBINIA FORMATION ( n e w n a m e ) 

Definition 
The Albinia Format ion is here defined as a sequence 

of siltstone, shale, and dolomite. The siltstone is mostly 
white in outcrop, dolomitic in part, and in places con­
tains tough dolomitic nodules. The dolomite is black 
to dark grey, weathering light grey, foetid, thin-bedded, 
and contains stromatolites and thin beds of black, 
grey, or white chert. 

The name is derived from Albinia Spring (lat. 
22°25 '20"S, long. 1 3 0 ° 3 7 ' 5 5 " E ) . on Waite Creek, in 
the western zone. 

History 
Wells & others (1968) originally mapped the Albinia 

Format ion as the basal par t of the Moun t Doreen 
Format ion. The beds are now considered to be a 
separate stratigraphic unit genetically unrelated to the 
Moun t Doreen Format ion . 

Type section 
The type section lies in the southwest par t of the 

Vaughan Springs Syncline (between lat. 22°20 '45"S , 
long. 130°46 '15"E and lat. 22°2O'30"S. long. 
1 3 0 ° 4 7 ' 0 5 " E ) , and is exposed mostly in the headwaters 
of Waite Creek, which drains the core of the syncline. 

Contacts 
The Albania Format ion overlies the Vaughan Springs 

Quartzi te possibly disconformably, and is uncon­
formably overlain by the Mount Doreen Format ion. 
Regional relations suggest that there may also be un­
conformable contacts with the Naburu la Format ion and 
Rinkabeena Shale. 

In the Treuer Range, dolomite of the formation 
occurs adjacent to outcrops of thin-bedded platy sili­
ceous sandstone of the Vaughan Springs Quartzite, 
but contacts are obscured; the formation is overlain 
here by poorly sorted and bedded pink dolomitic 
chert-conglomerate of the Moun t Doreen Format ion. 

A thin ferruginous and siliceous nodular zone 
separates thin-bedded quartzi te of the Vaughan Springs 
Quartzite from white and ferruginised siltstone of the 
Albinia Format ion in several places in the Vaughan 
Springs Syncline. This is probably the preserved 
weathered surface of the Vaughan Springs Quartzite, 
and may indicate a disconformable contact between 
these formations. 

Distribution and outcrop 
T h e Albinia Format ion crops out sporadically a t 

the southwestern end of the Vaughan Springs Syncline 
and in a few places on the nor thern flank of the basin 
in the Treuer Range, mainly between Bigrlyi Pass and 
12 Mile Creek. 

The formation crops out as low, rounded, mostly 
calcrete-encrusted mounds in a wide arcuate valley in 
the Vaughan Springs Syncline. The dolomite forms 
trains of rubble on the surface, and the siltstone and 
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shale are exposed only in the larger creek beds. In the 
Treuer Range, only the dolomite is exposed on steep 
rubble-covered slopes of quartzi te-cored ridges. 

Thickness 
The formation, al though incompetent ly folded, is a t 

least 150 m thick (section EX-12) and from pho to -
interpretat ion may be as much as 500 m thick in the 
Vaughan Springs Syncline. 

Lithofacies 
The most characteristic rock type in the format ion 

is a pale grey to black foetid stromatoli t ic dolomite 
which in places contains white, grey or black chert . 
Although ou tc rop is extremely poor , the major part 
of the format ion appears to be siltstone, dolomitic 
siltstone with tough dolomitic nodules in places, and 
shale, which are in most places deeply weathered and 
bleached. 

The outcrops in the Treue r Range consist of dark 
grey stromatoli t ic dolomite; s t romatol i te columns in 
the dolomite vary from 2-5 cm across. 

Age 
The stratigraphic position of the Albinia Fo rma t ion 

—below the M o u n t Doreen Format ion , the younger 
of two Adelaidean tillites, and above a basal quartzi te 
which by inference is younger than 900 m.y.—indicates 
an Adelaidean age. 

The carbonaceous chert beds in the Albinia F o r m a ­
tion contain poorly preserved spheroidal plant micro­
fossils which are interpreted as algal remains 
(Appendix 4 ) . Al though similar micro-organisms have 
been described from the Bitter Springs Fo rma t ion 
(Schopf, 1968; Schopf & Blacic 1971) , they are no t 
sufficiently diagnostic to be able to draw any inference 
on the age of the two formations. 

Correlation 
The Albinia Fo rma t ion is lithologically similar to , 

and is correlated with, the Bitter Springs Fo rma t ion 
of the Amadeus Basin (Wells & others , 1970; Wal ter , 
1972) , which in turn is correlated with the upper par t 
of the Red Cliff Pound G r o u p by Blake (1978) and 
is probably equivalent to the upper par t of the Yackah 
beds (Walter , 1980) in the southern Georgina Basin 
(Fig. 7 ) . In the nor thern par t of the Officer Basin 
the Lefroy, Browne, and Madley beds are correlated 
on lithological, superpositional, and' regional evidence 
with the Bitter Springs Forma t ion of the Amadeus 
Basin (Jackson & van de Graaff, 1981) , and hence 
by inference with the Albinia Fo rma t ion . 

Palaeogeography 
The Albinia Format ion was deposited in a relatively 

stable environment in a shallow epicontinental sea; the 
microfossil assemblage in black cherts of the format ion 
suggest that the environment was intertidal to supra-
tidal (Appendix 4 ) . T h e formation and its equivalents 
were deposited over a large pa r t of central Austral ia 
in a shallow Adelaidean sea, which may have extended 
at least as far west as the Officer Basin and as far 
north as the Birr indudu Basin. 

NABURULA FORMATION 

Definition 
T h e Naburu l a Fo rma t ion consists predominant ly of 

dark grey to black shale and minor siltstone, with inter­

beds of green-grey and dark b rown dolomite and a 
basal diamicti te (Wells in Preiss & others, 1978) . 

History of investigation 
The Moun t D o r e e n Forma t ion as originally defined 

(Wells & others, 1968) included a thin sequence of 
interbedded dark grey and black shale and dolomite 
overlain successively by green shale, diamicti te, p ink 
dolomite , and red shale. T h e discovery by R. P. Coats 
and W. V. Preiss, in 1977, of a thin diamicti te under­
lying this section p rompted Wells (in Preiss & others , 
1978) to separate the interbedded dark grey and black 
shale and dolomite from the M o u n t Doreen Format ion , 
and include them, together with the basal thin diamic­
tite, in a separate unit which he defined as the Naburu l a 
Format ion . 

The name of the format ion is derived from the 
N a b u r u l a Hills (lats. 22° 14' to 22°20 'S , longs. 131*12' 
to 1 3 1 ° 1 9 ' E ) , in the western zone. 

Type locality and section 
T h e type section, WX-6 (Fig. 13; see also M S - 2 ) , 

is in the headwaters of Pa tmunga la Creek at la t i tude 
22°17 '35"S , longitude 131°18 '55"E , and comprises 
predominant ly shale and subordinate diamictite and 
minor dolomite . A thin sequence of laminated fine­
grained green-grey and dark b rown ironstained, deeply 
weathered dolomite forms a characterist ic marke r at 
the top of the format ion. This dolomite is underla in 
by an interbedded sequence of dark grey to black well-
bedded shale and dolomite similar to the dolomite 
marker . The basal par t of the type section comprises 
diamicti te which has a poorly sorted green-brown 

Rinkabeena 
Sha le 

gn-gy, deeply weathered, Fe-stained 
dk gy-bk, well bedded 

As above 

dk gy-bk, well bedded 

y-br, dk br, deeply weathered 

y-br 

gn-br, poorly sorted mudstone matrix 
with angular Fs and Q grains 

Striated and faceted erratics of 
innumerable rock types chiefly 
quartzite and granite 

Basement granite 1 1 , 

Fig. 13. Type section of the Naburula Formation. 
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mudstone matr ix with striated and faceted polymictic 
clasts. The diamicti te is similar to the Moun t Daven­
port Diamict i te M e m b e r of the Moun t Doreen F o r m a ­
tion, except that its phenoclasts are generally smaller 
though of similar composit ion. 

Contacts 
T h e Naburu la Fo rma t ion unconformably overlies 

Precambr ian basement granite and is conformably over­
lain by the Rinkabecna Shale in the type section in 
the eastern N a b u r u l a Hills. Diamict i te , probably of the 
Naburu la Format ion , unconformably overlies the 
Vaughan Springs Quartzi te and by inference the 
Albinia Format ion in the Vaughan Springs Syncline, 
and unconformably overlies the Pa tmungala beds north 
of the N a b u r u l a Hills, but the upper contacts at 
these localities are concealed. Regional stratigraphic 
relat ions suggest that an unconformable contact is 
present with the M o u n t Doreen Format ion . 

Distribution and outcrop 
Outcrops of the Naburu l a Format ion extend inter­

mittently a round the eastern closure of the Pa tmungala 
Syncline and in a few places in the low steep banks 
and na r row bed of the headwaters of Pa tmungala 
Creek. 

Diamicti te overlying the Vaughan Springs Quartzite 
on the nor thwest flank of the Vaughan Springs Syncline 
is tentatively referred to the Naburu la Format ion . H e r e 
the formation is exposed in only a few small creek 
gullies draining the steep, scree-covered slopes of ridges 
composed of Vaughan Springs Quartzi te . 

Black siltstone penet ra ted in B M R Napperby N o . 5 
is correlated with the Naburu l a Format ion . 

Thickness 
T h e Naburu la Formation is 8 m thick in the type 

section, but elsewhere its thickness is unknown. 

Lithofacies 
In the eastern Naburu la Hills the erratics in the 

basal diamictite comprise several varieties of quartzi te, 
granite, quartz, quartz-mica schist, silicified yellow-
grey siltstone, vein quartz with tourmaline, feldspar 
porphyry, spotted blue-grey hornfels, quar tz granule 
grit, black slate, and grey dolomite. Quartzite, the most 
common rock type, includes dark grey, pink, and 
dense fine-grained milky grey to blue-grey varieties; 
another variety, which contains abundant golden brown 
mica, may be a hornfels. The largest erratics are of 
granite about 30 cm across. 

The clasts are lithologically similar to those in the 
Mount Davenpor t Diamicti te Member of the Mount 
Doreen Format ion. The only differences are the pre­
sence in the Naburu la Format ion of striated clasts of 
silicified yellow-grey siltstone, and the absence of pink 
dolomite with jasper. The green-brown siltstone matr ix 
is poorly sorted and commonly contains angular grains 
of feldspar and quartz . The erratics are commonly 
closely fractured and the diamictite shows incipient 
cleavage. 

Septarian nodules from about the level of the cap 
dolomite of the formation are common in the bed of 
the creek in the upper part of t he type section (Fig. 
14) . 

Large striated, faceted, and polished, white, pink, 
and red quartzi te boulders up to 1 m across indicate 
the likely presence of the formation in the northwestern 
flank of the Vaughan Springs Syncline. Here the out-

Fig. 14. Septarian nodules from about the level of the cap dolomite of the Naburula Formation in the headwaters of 
Patmungala Creek. (GB2001) 
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Fig. 15. Locations and simplified graphic logs of shallow stratigraphic drillholes. 

crop is almost entirely covered by scree shed from 
adjacent high ridges of Vaughan Springs Quartzite. 
Poor outcrops of the formation in a few small creeks 
consist of whi te and ferruginised siltstone, and poorly 
sorted quar tz granule to boulder conglomerate with a 
highly ferruginised red sandy and silty matrix. Stria-
tions are well displayed on the surfaces of the em­
bedded phenocrysts of red and white quartzite. Other 
phenoclasts comprise schist, and glauconitic sandstone 
from the Treue r Member of the Vaughan Springs 
Quartzi te . 

Black siltstone beneath Cainozoic sediments pene­
trated in BMR Napperby N o . 5 in the eastern par t of 
the basin (Fig . 15) is most probably part of the 
Naburu la Format ion , but may be partly Rinkabeena 
Shale. T h e closest outcrops of t he formation lie at the 
type section, 90 km to the east. T h e siltstone is dark 
grey to black, finely micaceous, thin-bedded, and in­
cludes small calcite veins, b i tuminous and pyritic 
aggregates and streaks, and small s lump structures. It 

dips at 45-50° to the southwest (i.e., bas inwards) , and 
a t rue thickness of 105 m was penetrated. 

Age 
A n Adelaidean age for the Naburu la Format ion is 

suggested both by continent-wide correlation and by 
isotopic dat ing of Precambrian diamictites in Western 
and South Austral ia (Bofinger, 1967; Preiss & others , 
1978; Coats & Preiss, 1979; Wells, 1981; P lumb, 1981) . 
The Naburu la Format ion records the older of two 
periods of widespread Adelaidean glaciations, which 
produced characteristic lithological associations and 
successions that can be recognised over large parts 
of the Austral ian continent including the Adelaide 
Geosyncline, the Officer and Georgina Basins, and the 
Kimberley Block of Western Australia. 

Correlation 
The Naburu la Format ion is correlated with the 

Areyonga Format ion of the Amadeus Basin (Fig. 7 ) , 
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parts of the Sturt ian sequence in the Adelaide G e o ­
syncl ine—the Sturt Tillite and equivalents of the later 
Sturt ian glacial phase (Preiss & Forbes , 1 9 8 1 ) — a n d 
the M o u n t Cornish Format ion and lower par t of the 
Yard ida Tillite in the Georgina Basin (Walter , 1980) . 
T h e sequence of a basal diamicti te followed by da rk 
grey to black shale and a dark grey upper marker 
dolomite is common to most sequences of the older of 
the two Adelaidean diamictites (Preiss & others, 1978) . 
Faceted and striated yellow-grey siltstone clasts a re 
c o m m o n to the diamictites of both the Areyonga and 
Naburu l a Format ions , and may be characteristic of the 
older of the Adelaidean tillites in central Australia. 

The diamictite of the format ion may be equivalent 
to the basal diamictite of the Central Moun t Stuart 
Format ion . However , Preiss & others (1978) have 
drawn at tent ion to lithological similarities between 
these diamictites and the tillites of the earlier Sturt ian 
glacial phase (Preiss & Forbes , 1 9 8 1 ) — t h e Pualco 
Tillite and Y u d n a m u t a n a Subgroup—of the Adelaide 
Geosyncline. 

Palaeogeography and environment 
Diamicti tes of the Naburu l a Fo rma t ion were de­

posited in response to a continent-wide glacial episode. 
T h e source and direction of t ranspor t of the diamictite 
is not known, but the wide variety in composit ion of 
the clasts indicates that large areas of the basement , 
as well as the pre-Naburula Ngalia Basin sequence, 
were eroded. Tectonism may have been responsible for 
major uplifts and caused the onset of continent-wide 
glaciation (Burek & Wells, 1979) . A more intense 
glacial phase may have prevailed during the Naburu l a 
Format ion , as its correlatives appear to be more wide­
spread than the younger Adelaidean tillites. T h e tex­
ture of the deposit suggests a periglacial environment . 

RlNKABEENA SHALE 

Definition 

The Rinkabeena Shale consists of a uniform sequence 
of green shale with subordinate siltstone. Its n a m e is 
from Rinkabeena Bore (lat . 22°42 '05"S , long. 
1 3 2 ° 1 2 ' 2 0 " E ) , in the eastern zone. 

History 
T h e Rinkabeena Shale was originally mapped as the 

lower par t of the M o u n t Doreen Format ion . Regional 
relations and correlat ions indicate that the shale is 
probably disconformably overlain by the diamictite of 
the Moun t Doreen Forma t ion ; the shale was separated 
and named the Rinkabeena Shale by Wells (in Preiss 
& others, 1978) . 

Type locality and section 
The type section of the Rinkabeena Shale is in the 

headwaters of Pa tmungala Creek at lat i tude 
22°17 '30"S , longitude 131°19 '05"E . In the type sec­
tion the formation consists p redominant ly of green 
shale with some interbeds of siltstone; it is slightly 
calcareous in places especially towards its base. 

Contacts 
In the type section the Rinkabeena Shale is overlain, 

probably disconformably, by the M o u n t Davenpor t 
Diamict i te M e m b e r of the Moun t Doreen Format ion 
and conformably overlies the Naburu l a Format ion . It 
may be unconformably in contac t with the Albinia 
Format ion in parts of the Vaughan Springs Syncline 

where the N a b u r u l a Fo rma t ion was either removed by 
erosion or no t deposited. 

Distribution and outcrop 
Outcrops extend intermit tent ly a round the eastern 

closure of the Pa tmunga la Syncline and roughly follow 
the trend of Pa tmunga la and G u m Creeks in their 
headwaters . Poor outcrops of laminated green siltstone 
that occur towards the base of conglomerat ic beds of 
the M o u n t Doreen Forma t ion in the Vaughan Springs 
Syncline are probably par t of the Rinkabeena Shale. 

The Rinkabeena Shale was penet ra ted in B M R 
Moun t Doreen Nos . 5 and 6 (south flank of the Pat­
mungala Syncl ine) , in B M R M o u n t Doreen Nos . 1 and 
7 (Davis G a p ) , and possibly in B M R Nappe rby N o . 
5. F ragmen ta ry outcrops of shale in the Vaughan 
Springs Syncline are tentatively identified with the 
formation. 

The formation weathers recessively. It crops out only 
in the banks of small creeks and underl ies valley floors. 
Otherwise it forms low, rounded rises. 

Thickness 
The Rinkabeena Shale is about 100 m thick in the 

type section, which includes 15 m measured in section 
WX-2 (Fig . 16; see also M S - 2 ) ; elsewhere its thickness 
is unknown. 

Lithofacies 
T h e formation mainly comprises a uniform sequence 

of shale. Dark grey, finely micaceous (biot i te) well-
sorted laminated graded siltstone, in part calcareous 
and pyritic and in places cut by thin quar tz and calcite 
veins, was intersected in the drillholes. 

Age 
Regional correlat ions of the diamicti tes lying strati-

graphically above and below the Rinkabeena Shale 
indicate an Adelaidean age for the format ion. 

Correlation 
The Rinkabeena Shale lies in a similar stratigraphic 

position to and can be correlated with the lower shale 
interval in the Aralka Format ion (Preiss & others , 
1978) in the nor theastern par t of the Amadeus Basin. 
It is probably equivalent to the upper part of the 
Yardida Tillite (Walter , 1980; Fig. 7 ) , and has a 
similar lithology and strat igraphic position to the 
Tapley Hill Fo rma t ion of the Adela ide Geosyncl ine 
( table X I in Preiss & Forbes . 1 9 8 1 ) . 

T h e disconformity between the Aralka Forma t ion 
and the overlying Olympic Format ion corresponds to 
the probable disconformity between the Mount Daven­
port Diamict i te M e m b e r of the M o u n t Doreen F o r m a ­
tion and the Rinkabeena Shale. 

Palaeogeography 
The Rinkabeena Shale was probably deposited in a 

shallow-marine environment . Correlat ives of the shale 
in the eastern A m a d e u s Basin are interbedded with 
shal low-marine carbonate rocks. 

MOUNT DOREEN FORMATION 

Definition 
T h e Moun t Doreen Forma t ion as redefined (Wells in 

Preiss & others , 1978) consists p redominant ly of dia­
micti te with subordinate dolomite and shale. These 
rock types consti tute the three members of the for-
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Fig. 16. Type section of the Mount Doreen Formation. 

mat ion : the Newhaven Shale Member at the top, 
overlying the Wanap i Dolomi te Member , which in 
turn overlies the M o u n t Davenpor t Diamict i te M e m ­
ber at the base. These members are described separately 
below. 

T h e format ion is named after M o u n t Doreen, a 
p rominen t topographic feature about 20 km nor th of 
the central nor thern margin of the basin. 

History 
The M o u n t Doreen Forma t ion was described pre­

viously by Wells & others (1968 , 1972) , Wells (1972 , 
1976) , and Cooper & others (1971) as consisting of 
red shale at the top underlain successively by thin 
beds of pink dolomite, diamictite, and green shale. 
Regional considerat ions indicate that a disconformity 
is probably present between the diamictite and the 
green shale at the base. Wells (in Preiss & others , 
1978) proposed that the green shale be defined as the 
Rinkabeena Shale, and that the n a m e Moun t Doreen 
Fo rma t ion be retained for the remainder of the 
sequence. 

Type section 
The type section, W X - 2 (Fig. 16; see also MS-2) is 

about 5 km south-southeast of M o u n t Djagamara, in 
the eastern par t of the Naburu la Hills. 

Contacts 
The M o u n t Doreen Format ion lies probably dis­

conformably on the Rinkabeena Shale, and uncon­
formably on the Vaughan Springs Quartzi te and the 
Albinia Format ion . It is unconformably overlain by 
the Djagamara Format ion and M o u n t Eclipse Sand­

stone. Regional stratigraphic relations suggest that it 
unconformably overlies the Naburula Format ion. 

The unconformity of the Mount Doreen Format ion 
with the Vaughan Springs Quartzite is inferred; the 
contact is invariably obscured by debris shed from 
the steep ridges of quartzite. 

The unconformity with the Djagamara Format ion 
is present at the eastern closure of the Patmungala 
Syncline, in the core of the Vaughan Springs Syncline, 
in the eastern part of the Treuer Range, and at Davis 
G a p . The unconformity with the Mount Eclipse Sand­
stone is present in the western part of the Treuer 
Range. 

The upper unconformable contact with the Djaga­
mara Format ion is well-exposed in the type section, 
and locally the basal beds of the Djagamara Format ion 
consist of a subangular dolomite cobble conglomerate 
(Fig. 17) , about 1.5 m thick, with a matrix of fine­
grained glauconitic sandstone. The phenoclasts are de­
rived from the dolomite near the top of the Mount 
Doreen Format ion . 

The unconformable contact of the Mount Doreen 
Format ion with the Y u e n d u m u Sandstone shown in 
the rock relationship diagram of the geological map 
is inferred from the regional distribution and relative 
ages of the formations. 

Distribution and outcrop 
The sparse exposures lie within a narrow strip of 

country about 75 km long at the nor thern margin of 
the basin in the western zone. The largest outcrops 
occur in an arcuate line around the eastern nose of the 
Patmungala Syncline; elsewhere there are small poor 
exposures on scree slopes or at the base of steep scarps. 

Interpretat ion of seismic data suggests that it occurs 
extensively in the subsurface in the western zone, but 
there are no data from either seismic investigation or 
outcrop to indicate whether or not it extends into the 
central and eastern zones. 

Thickness 
Thicknesses of 8 1 + m (WX-1) and 9 7 + m (WX-2) 

were measured in the Pa tmungala Syncline, but in each 
section the basal par t of the formation is obscured. 
N o more than about 50 to 100 m of the formation is 
exposed in the Treuer Range. In the Vaughan Springs 
Syncline (sections EX-11 and EX-12, see MS-2) the 
thicknesses are only approximate because of poor 
exposure and concealed contacts. 

Lithojacies 
The formation comprises three members in the 

eastern scarp of the Naburu la Hills, where the type 
section has been described; elsewhere outcrops are poor 
and members have not been differentiated. Facies 
changes occur in the formation over short distances, 
al though diamictites are present in most of the expo­
sures. In the Vaughan Springs Syncline, the rock types 
comprise diamict i te—which is mostly covered by a 
scree of erratics derived from the format ion—coarse­
grained arkose, and some fine-grained yellow-brown 
laminated dolomite. In the Treue r Range between 
Davis G a p and Vaughan Springs, the formation com­
prises diamictite, red siltstone, pink stromatolit ic 
dolomite, and poorly sorted and bedded pink dolo­
mitic and calcareous chert-conglomerate with a friable 
sandy matr ix. 
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Fig. 17. Dolomite cobbles, derived from the Wanapi Dolomite Member, in basal conglomerate of the Djagamara For­
mation at the unconformable contact with the Mount Doreen Formation in the eastern Naburula Hills. (M516/30) 

Rock types intersected in the subsurface include: 
thin-bedded tough light grey, red-brown, and grey-
green limestone, probably near the top of the M o u n t 
Doreen Format ion , in B M R M o u n t Doreen N o . 4 , 
near Davis G a p ; oolitic and pyritic chert , dark grey 
dolomite, light grey sandstone, and dark grey siltstone 
in B M R M o u n t Doreen N o . 8B, near the southern 
basin margin; and dolomite, l imestone, red-brown 
siltstone, and coarse to fine-grained sandstone from the 
top of the format ion in B M R Moun t Doreen N o . 9, 
also near the southern basin margin. 

Age 
T h e Moun t Doreen Format ion contains no fossils 

apar t from the stromatoli tes in the Wanapi Dolomi te 
M e m b e r in the Treue r Range, and remanie s t romato­
lites in the dolomite phenoclasts from the diamicti te. It 
lies below Ordovician and above Adelaidean for­
mat ions . An Adelaidean age is indicated by its simi­
larity to the younger of two Adelaidean glacial se­
quences in the Amadeus Basin, Kimber ley Block, and 
Adelaide Geosyncl ine (Preiss & others, 1 9 7 8 ) . 

Correlation 
The M o u n t Doreen Format ion is correlated with the 

following younger Adelaidean glacial sequences: the 
Olympic Format ion and Pioneer Sandstone in the 
Amadeus Basin (Wells & others, 1967, 1970; Preiss & 
others, 1978; Wells, 1 9 8 1 ) : the Egan Forma t ion and 
its equivalent in the Kimberley Block ( D o w & Gemuts , 
1969; P lumb, 1 9 8 1 ) ; and the Mar inoan Yerel ina Sub­
group and the Elatina and Nuccaleena Format ions 
in the Adelaide Geosyncline (Forbes , 1971) . It also 
correlates with the Little Burke Tillite in nor thwestern 

Queensland (de Keyser , 1972) , and the Black S tump 
Arkose, Wonnad inna Dolomi te (Walter , 1980) , and 
Oorabra Arkose in the southwestern Georgina Basin 
(Fig . 7 ) . 

T h e generally ubiquitous association of litho-
logically characterist ic marker beds of dolomite above 
the diamicti te, and the implications of these marker 
beds for regional correlations, are discussed by Preiss 
& others ( 1 9 7 8 ) . 

The arkosic sediments at the base of the Y u e n d u m u 
Sandstone are similar to some of the arkosic rocks that 
occur near the top of the M o u n t Doreen F o r m a t i o n in 
the Vaughan Springs Syncline and may be the same 
age. 

Palaeogeography and environment 
The basal par t of the formation has a glacial origin 

and is lithologically similar to Adelaidean tillites else­
where in Austral ia that rest on or crop ou t near 
glaciated pavements . Most of the format ion was p ro ­
bably formed in a periglacial envi ronment (Wells, 
1981) . 

Stromatoli t ic dolomite in the upper part of the 
sequence suggests a mar ine incursion during the late 
depositional history of the formation. 

T h e erratics of the boulder beds indicate that the 
provenance included rocks of the Arunta Block and 
the older Adelaidean rocks of the Ngal ia Basin se­
quence. Most of the quartzi te erratics are derived from 
the Vaughan Springs Quartzi te , but others have ori­
ginated from unit 3 of the basement . Other erratics of 
sedimentary rocks are from formations that are un­
known in the Ngal ia Basin sequence. 
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Mount Davenport Diamictite Member 

Definition 

T h e Moun t Davenpor t Diamicti te Member is here 
defined as a polymictic boulder, cobble, and pebble 
conglomera te which comprises the lower par t of the 
Mount Doreen Format ion . The name is derived from 
M o u n t Davenpor t , at the southwestern end of the 
Treue r Range (lat . 22°21 '30"S , long. 1 3 0 ° 4 6 ' 1 0 " E ) , 
in the western zone. 

History 
T h e member was originally recognised as a distinct 

unit of the M o u n t Doreen Format ion , but has not 
been formally defined until now. 

Type locality and section 
T h e type section, W X - 2 (Fig. 16; see also M S - 2 ) . 

is located in the eastern slopes of the Naburu la Hills 
(lat. 2 2 ° 1 7 T 0 " S , long. 1 3 1 ° 1 8 ' 5 5 " E ) and is the same 
as the type section of the M o u n t Doreen Format ion . 

Contacts 
T h e M o u n t Davenpor t Diamicti te Member is con­

formably overlain by the Wanapi Dolomite Member , 
and overlies the Rinkabeena Shale probably discon­
formably and the Vaughan Springs Quartzi te and 
Albinia Fo rma t ion unconformably; in places it is over­
lain with an angular unconformity by the M o u n t 
Eclipse Sandstone. 

Distribution and outcrop 
T h e M o u n t Davenpor t Diamicti te Member occurs 

in sporadic outcrops along the nor thern margin of the 
Ngal ia Basin as far west as Albinia Spring and as 
far east as the N a b u r u l a Hills. T h e ou tc rop is generally 
poor and mostly obscured by a thin scree of clasts 
derived from the member . 

Thickness 
T h e thickness in the type section is 77 m. An in­

comple te sequence of 61 m was measured in a section 
about 2 km farther nor th ( W X - 1 ; Fig. 5; Table 2 ) . 
Most other exposures are incomplete, so that no infor­
mat ion is available on the regional variation in thick­
ness of the member . 

Lithofacies 
In the type section the member consists of a poly­

mictic boulder , cobble, and pebble conglomerate with 
subrounded e r ra t ics—commonly striated and faceted, 
and up to 4 m across—randomly distributed in a 
matrix mostly of blue-green and some red-brown, 
poorly sorted siltstone containing abundant angular 
quar tz and rock granules. The erratics are predomi­
nant ly of me tamorph ic and igneous rocks, of which 
granite and pink and grey quartzi te are the most 
c o m m o n . T h e smaller clasts consist of many meta­
morphic and igneous rocks, and a few sedimentary 
clasts, which include dolorudite, dolomite, silicified 
sandstone, and ra re stromatolit ic pink dolomite re­
placed in large part by jasper. In places the matr ix 
is mainly dolomite . 

Thin lenses of poorly sorted pebbly dolomitic sand­
stone, poor ly sorted pebbly siliceous sandstone, sandy 
dolomite, and angular feldspathic sandstone commonly 
occur near the base of the diamictite. 

T h e texture and compsition of the rock types in the 
member at the type section closely fit the description 

of a tillite. However, the evidence for a glacial origin 
for the conglomerates at several other localities is in­
conclusive; for example in places outsfde the type sec­
tion, large striated erratics are absent, and the member 
consists of dolomitic chert-pebble conglomerate. F o r 
this reason the non-genetic term 'diamictite ' is preferred 
for the name of the member . 

The age, correlation, and and paleogeography of the 
member are discussed under the Moun t Doreen For ­
mation. 

Wanapi Dolomite Member 

Definition 
The Wanapi Dolomite Member is defined as a pro­

minent, widespread but thin sequence of dolomite 
which occurs in the upper part of the Mount Doreen 
Format ion. 

The name is derived from Wanapi Escarpment , a 
prominent breakaway south of the Naburu la Hills. The 
Wanapi Escarpment lies between latitudes 22°20 '10" 
and 22°23 '00"S , and longitudes 131°16 '45" and 
1 3 P 1 8 ' 5 0 " E . 

History 
The dolomite has been described previously but not 

formally defined. 

Type locality and section 
The type section, WX-2 (Fig. 16; see also MS-2) is 

on the eastward-facing scarp of the Naburu la Hills 
at lati tude 22°17 '10"S, longitude 131°18 '55"E. 

Contacts 
The Wanapi Dolomite Member is conformably 

overlain by red shale of the Newhaven Shale Member 
and conformably overlies the M o u n t Davenpor t Dia­
mictite Member . In the Treuer Range it is overlain with 
an angular unconformity by the Djagamara Format ion 
and the Mount Eclipse Sandstone. 

Distribution and outcrop 
The Wanapi Dolomite Member is present in prac­

tically all outcrops of the Mount Doreen Format ion . 
It occurs from as far west as Albinia Spring to the 
Naburu la Hills in the east. It crops out as distinct 
benches just below the eastern escarpment of the 
Patmungala Syncline, and elsewhere forms low ridges 
and rises. In outcrop, sections through the member 
are mostly incomplete and sporadic. 

Dolomite of the member was intersected in B M R 
Mount Doreen N o . 4 drillhole, near Davis G a p . and 
probably in BMR Mount Doreen N o . 9, at the south 
end of Waite Creek. T h e dark grey dolomite in BMR 
Mount Doreen N o . 8B. 12 km west-northwest of 
Newhaven, may be from the Wanapi Dolomite M e m ­
ber or alternatively the upper marker dolomite of the 
Naburu la Format ion . 

Thickness 
The Wanapi Dolomite Member is 3 m thick in the 

type section in the Naburu la Hills, and 4.3 m thick in 
a section about 2 k m farther nor th ( W X - 1 ; Fig. 5, 
Table 2 ) . It appears to maintain this order of thick­
ness in the known outcrops, but its poor exposure pre­
cludes any estimate of regional thickness variations. 

Lithofacies 
The member is predominant ly fine-grained pink 

laminated dolomite containing small grains and den-
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drites of manganese oxide, and iron oxide pseudo­
morphs probably after pyri te; it is silicified in par t 
and weathers yellow-brown. Stromatoli tes are c o m m o n 
in dolomite identified with the member in poor out­
crops in the Treuer Range, chiefly in the Bigrlyi Pass 
area. Wal te r & Bauld (in press) have reported eva­
pori tes—in the form of gypsum and anhydri te pseudo-
morphed by dolomite and bar i te—with a coarse­
grained dolomitic matr ix in the stromatoli t ic dolomite. 
Well-exposed stromatoli t ic dolomite occurs 5.5 km west 
(lat. 22°13 '25"S , long. 1 3 0 ° 5 8 ' 5 0 " E ) and about 5 k m 
east ( lat . 22°12 '55"S , long. 131°04 '45"E) of Bigrlyi 
Pass. 

The age, correlat ion, and palaeogeography are dis­
cussed under the M o u n t Doreen Forma t ion . 

Newhaven Shale Member 

Definition 
The Newhaven Shale M e m b e r is defined as a uni t 

of red shale. It comprises the upper part of the M o u n t 
Doreen Format ion . It is named after Newhaven h o m e ­
stead (lat . 22°43 '25"S , long. 1 3 1 ° 0 9 ' 5 5 " E ) , at the 
southern margin of the basin in the western zone. 

History 
T h e shale has been described previously as par t of 

the undivided M o u n t Doreen Format ion . 

Type locality and section 
The type section, W X - 2 (Fig. 16; see also M S - 2 ) , 

is located in the eastern par t of the Naburu l a Hills 
(lat. 2 2 ° 1 7 T 0 " S , long. 1 3 1 ° 1 8 ' 5 5 " E ) . 

Contacts 
In its type section the Newhaven Shale M e m b e r is 

unconformably overlain by the Djagamara Format ion , 
and conformably overlies the Wanap i Dolomite M e m ­
ber of the M o u n t Doreen Forma t ion . 

Distribution and outcrop 
T h e Newhaven Shale Member crops out in the 

eastern part of the Naburu la Hills and near the western 
end of the Wanapi Escarpment . Outcrops are mostly 
incomplete and sporadic and are confined to the 
nor thern part of the Ngalia Basin in the western zone. 
The shale weathers recessively and underlies valley 
floors; it crops out only in creek banks and on steep 
scarp slopes. 

Thickness 
The Newhaven Shale M e m b e r is 17 m thick in the 

type section in the Naburu l a Hills, and 16 m was 
measured in a section about 2 km farther nor th ( W X - 1 ; 
Fig. 5, Table 2 ) . Its poor exposure and eroded upper 
surface preclude any estimate of regional thickness 
variat ions. 

Lithofacies 
The member consists of a uniform sequence of red 

shale, and a few thin interbeds of pink dolomite near 
the base. In places the topmost beds are yel low-brown 
and fawn, and are probably leached beneath the uncon­
formity. 

T h e age, correlat ion, and palaeogeography of the 
member are discussed under the M o u n t Doreen For ­
mation. 

A D E L A I D E A N T O C A M B R I A N 

YUENDUMU SANDSTONE 

Definition 
The Y u e n d u m u Sandstone is here defined as pre­

dominant ly fine to coarse-grained, red-brown sand­
stone with subordinate quar tzwacke, arkose, and 
arkosic sandstone. It is named after Y u e n d u m u Nat ive 
Set t lement . 

Type section and locality 
T h e type section, EX-7 (Fig. 18; see also M S - 3 ) , 

is 4 km south of Y u e n d u m u Nat ive Sett lement. 

Contacts 
At the type section the Y u e n d u m u Sandstone lies 

with a low-angle unconformity on the Vaughan Springs 
Quartzi te , but the topmost beds of the section a re 
obscured by Cainozoic deposits. Abou t 5 km farther 
west the Y u e n d u m u Sandstone is probably uncon­
formably overlain by the Walbir i Dolomi te ; the 
possibility of s tructural complicat ions in this area, close 
to the Y u e n d u m u Thrus t , cannot be entirely ruled out, 
and a fault or thrust might have t runca ted parts of the 
formation, giving the appearance of an unconformity . 
Inferred unconformable contacts with the M o u n t 
Doreen Forma t ion and Djagamara Forma t ion are 
shown in the rock relat ionship d iagram in Plate 1. 
Photointerpreta t ion and palaeomagnet ic and field da ta 
together suggest the presence of an unconformity in 
the formation (Burek & others, 1979a ) . 
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Fig. 18. Type section of the Yuendumu Sandstone. 
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History of investigations 
Rivereau ( 1 9 6 5 ) informally referred to the forma­

tion as uni t b , and Cook & Scott ( 1967) referred to it 
as unit B. Burek & others (1979a) under took magneto-
strat igraphic investigations of the formation. 

Distribution and outcrop 
The Y u e n d u m u Sandstone crops out in a narrow 

belt extending Iatitudinally for about 36 km at the 
central nor thern edge of the Ngalia Basin on the nor th 
flank of the Walbiri Ranges. T h e subsurface extent of 
the formation is not known, bu t its limited distribu­
tion in ou tc rop suggests that it is confined to the deeper 
port ion of the central zone of the basin. 

Outcrops of the Y u e n d u m u Sandstone mostly form 
rounded hills whose smooth profiles are broken in a 
few places by low poorly defined pinnacles forming the 
highest points. Its topmost part forms low cuestas, 
part icularly where the dip of the beds is low. 

Thickness 
The max imum known thickness of the formation is 

at least 700 m, which was measured in the type sec­
tion. Although a fault cuts the upper par t of the 
format ion along the section line, the measured thick­
ness is nevertheless considered to be close to the t rue 
thickness. T w o other sections were measured through 
incomplete exposures of the fo rma t ion—EX-10 
( 5 5 5 + m ) and NX-1 ( 2 8 0 + m ) . There is no evidence 
available to indicate regional thickness changes. 

Age 
T h e Y u e n d u m u Sandstone ranges in age from late 

Adelaidean to earliest Cambr ian . This age range is 
suppor ted by its unconformable relation with the Lower 
Cambr ian or lower Middle Cambr ian Walbiri Dolo­
mite, by its lithological similarity to the Adelaidean-
Lower Cambr ian Arumbera Sandstone (Wells & others, 
1970; Cowie & Glaessner. 1975) of the Amadeus 
Basin, and by a comparison of palaeomagnet ic polarity 
pat terns of the Enin ta , Arumbera . and Y u e n d u m u 
Sandstones (Kirschvink. 1978; Burek & others, 1979a) . 
The uppermost beds of the formation at building-stone 
quarries south of Y u e n d u m u Nat ive Sett lement contain 
soft-bodied trace fossils the same as those found in the 
uppermost A r u m b e r a Sandstone (Appendix 5 ) . 

Lithofacies 
The predominant rock type is medium-grained red-

brown silty sandstone; subordinate rock types include 
quar tzwacke, arkosic sandstone, and arkose. 

The basal part of the formation comprises dark red-
brown and brown sandstone and quar tzwacke—most ly 
medium-grained, silty, cross-bedded, and s lumped— 
with some interbedded coarse-grained feldspathic 
granule conglomerate , and medium-grained pale brown 
medium-bedded sandstone. 

The sandstone above the unconformity near the 
middle of the format ion is tough, coarse-grained, 
arkosic, cross-bedded, and thick-bedded, and has a 
pale yellow weathered surface. Interbeds comprise 
granule conglomerate , and large clay pellets a re 
common in places. T h e toughness of the sandstone is 
caused by silicification due to weathering. 

The uppermost beds are thin-bedded fine-grained 
red and red-brown fissile micaceous sandstone in which 
s lump structures and trace fossils are preserved. 

T h e formation shows no marked lateral lithological 
changes. 

Correlation 
Palaeomagnetic studies of rocks which straddle the 

Cambr i an /P recambr i an boundary in- central Australia 
(Kirschvink, 1978; Burek & others, 1979a) , and the 
discovery of earliest Cambr ian fossils (Wells & others, 
1967, 1970; Glaessner, 1969; Glaessner & Walter, 
1975; Walter, 1980) , have enabled reasonably precise 
correlations between central Australian sedimentary 
basins. 

The upper Adelaidean lower Yuendumu Sandstone is 
correlated with unit I of the Arumbera Sandstone of 
(Wells & others, 1967*, plate 18) in the Amadeus 
Basin; with the red-brown sandstone in the upper part 
of the Central Moun t Stuart Format ion in its type 
section (described by Offe, 1978) , which contains a 
late Adelaidean soft-bodied fauna; and with the Pound 
Quartzite of the Adelaide Geosyncline (Fig. 7 ) . 

The lowest Cambrian upper Yuendumu Sandstone 
is correlated with units II and III of the Arumbera 
Sandstone in the Amadeus Basin, and with a sandstone 
containing trace fossils at the base of the Red Hear t 
Dolomite (Walter & others, 1979) , the upper M o u n t 
Baldwin Format ion as redefined by Walter ( 1 9 8 0 ) , and 
the Donkey Creek beds (Walter , 1980) at Barrow 
Creek and Mount Octy — all in the Georgina Basin. 
Equivalent beds in the Adelaide Geosyncline include 
the Ura tanna and Parachi lna Format ions (Fig. 8 ) , 
which contain earliest Cambr ian t race fossils. 

Palaeogeography and environment 
The late Adelaidean to Early Cambr ian palaeogeo­

graphy of central Australia was largely controlled by 
the Petermann Ranges Orogeny (Wells & others. 1970) , 
whose main effects were felt along the southern margin 
of the Amadeus Basin. The basement and basin sedi­
ments uplifted in this area provided the source of the 
detritus for the continental , transitional, and marine 
sediments that spread nor thwards , apparently as far 
as the Ngalia Basin, and formed a contiguous body 
with the Yuendumu Sandstone. 

The earliest arkosic deposits in the formation were 
locally derived from granitic basement and possibly 
deposited under continental conditions. The upper part 
of the formation was deposited under shallow-marine 
conditions, as implied by the presence of t race fossils. 
Uplift and rejuvenation of local source areas are indi­
cated by beds of arkosic sandstone above a possible 
unconformity near the middle of the formation. 

C A M B R I A N 

WALBIRI DOLOMITE 

Definition 
The Walbiri Dolomite is here defined as pre­

dominantly intraclastic and oolitic dolomite, with 
minor dolomitic siltstone, sandstone, and fossiliferous 
shale mainly in the basal part, and interbeds of s troma­
tolitic dolomite and sandstone. It crops out in the Wal­
biri Ranges, from whence its name is derived. 

* Wells & others (1967, p. 32) documented four lithological 
units under the description of the Arumbera Sandstone, 
but showed only three informal units (1 to 3) on their 
map (plate 18) and measured sections (plates 11 and 12); 
the lower two lithological units described in the text were 
combined into unit 1 for the purposes of mapping. In a 
later paper (Burek & others, 1979a) these units are re­
ferred to as units I to III. 
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Fig. 19. Type section of the Walbiri Dolomite 

Type section 
T h e type section, EX-3 (Fig . 19; see also M S - 4 ) , 

is about 3 km nor th-nor thwest of Whi te Point Bore, 
on the north flank of the Walbiri Ranges. The upper 
par t of the section is concealed, and a small fault has 
repeated par t of the sequence. 

History 
Cook & Scott (1967) included the format ion in a 

fossiliferous carbonate-lut i te sequence which they in­
formally referred to as unit C. T h e carbonate-r ich beds, 
which are confined to the lower par t of this sequence, 
are defined as the Walbiri Dolomite . 

Distribution and outcrop 
Outcrops of t he Walbiri Dolomi te are confined to a 

strip about 26 km long on the nor the rn flank of the 
Walbiri Ranges. 

T h e dolomite of the format ion forms low rounded 
hills with a few north-facing low scarps; the siltstone 
and shale generally form the floor of valleys or occur 
on short scree slopes; and the interbedded sandstone 
forms small strike ridges. The distribution of the for­
mation in outcrop suggests that its subsurface extent 
is small and probably restricted to the central nor thern 
port ion of the basin; it is probably t runcated towards 
the southern margin of the basin by the unconformity 

at the base of the M o u n t Eclipse Sandstone. It may 
also be present in the subsurface in the interpreted 
thick Palaeozoic sequence in the western zone (Plate 
2 ) . 

Thickness 
The max imum thickness of the Walbiri Dolomi te is 

about 250 m. The re is no apparen t regional var iat ion 
in thickness, al though locally at the type section it 
appears to thin westwards. 

Three incomplete sections have been measured in 
the format ion (Fig. 5, M S - 4 ) : N X - 1 ( 1 6 4 + m ) , N X - 2 
( 1 4 8 + m ) , and EX-3 ( the type section, 4 3 3 + m ) ; in 
the type section, par t of the sequence has been re ­
peated by faulting, and the t rue thickness is estimated 
t o be about 250 m. In each measured section the top 
of the format ion is obscured. 

In D D H 1, a d iamond drillhole about 0.5 km south­
east of Djuburula Peak, the top of the Walbiri Dolo­
mite was intersected at a depth of 71.6 m, and 173.1 m 
of the format ion was penetra ted. In D D H 2, about 
120 m nor th of D D H 1, the top of the format ion was 
encountered a t 53.3 m, and 38.4 m of the format ion 
was penetra ted (Gra inger . 1969) . 

About 55 m of the formation was intersected in 
BMR M o u n t Doreen N o . 14 drillhole, about 6.4 k m 
southwest of Y u e n d u m u Nat ive Sett lement (Evans & 
Nicholas, 1970) . 

Lithofacies 
About 80 percent of the formation in ou tc rop com­

prises pale grey thick-bedded and massive pelletal 
dolomite. The remainder is red-brown and grey-green 
siltstone and shale, and pale grey and pale b rown 
medium and coarse-grained sandstone. 

T h e basal beds in the format ion comprise inter­
bedded green and blue-grey, part ly dolomit ic siltstone; 
micaceous siltstone; fossiliferous shale; med ium-
grained, part ly dolomitic, feldspathic, and micaceous 
friable sandstone; red oolitic dolomite: and glauconitic 
dolomite. This sequence is overlain by blue-grey, poorly 
thick-bedded aphanocrystal l ine, par t ly intraclastic and 
oolitic dolomite containing oncolites. 

The upper par t of the format ion in outcrop is mainly 
blue-grey and some pink dolomite with interbeds of 
pink stromatoli t ic dolomite, red siltstone, med ium-
grained dolomitic sandstone, and cross-bedded, thick-
bedded medium-grained siliceous sandstone. M u c h of 
the dolomite in the well-exposed outcrops of the middle 
part of the formation is sandy, containing quar tz and 
feldspar grains, and is commonly oolitic, intraclastic, 
and fossiliferous. notably near Penhalls Bore, where 
phosphat ic brachiopods are common . 

T h e uppermos t beds of the Walbiri Dolomite inter­
sected in two diamond-dri l lholes ( D D H 1 and 2) about 
0.5 km southeast of Djuburu la Peak consist of a 
sequence of dolomite, silty and sandy dolomite, silt­
stone. dolomit ic siltstone, calcareous siltstone, and 
minor sandstone and calcareous sandstone (Grainger , 
1969) . Quar tz veinlets. pods of bari te, manganese 
dendrites, and streaks of black unidentified mater ial are 
present in these rocks. Bedding-planes are either hori­
zontal or inclined at a low angle to the south. T h e 
dolomite is generally massive, fine-grained, and grey, 
blue, or light b rown. Silty dolomite is abundant , and 
minor intervals of sandy dolomite are composed of 
rounded medium-grained quar tz grains in fine-grained 
dolomite. Some intervals have numerous cavities up to 
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2-3 cm in diameter , commonly lined with crystals of 
dolomite o r more rarely calcite. 

T h e sandstone interbeds, which commonly grade into 
the cont iguous dolomite beds, are generally pink or 
light b rown and medium-grained, a l though some a re 
fine and others coarse-grained and micaceous. T h e 
sandstones commonly have a calcareous cement and 
are composed of a f ramework of poorly sorted sub­
rounded and angular quar tz grains with very minor 
amounts of feldspar grains, biotite flakes, and rock 
fragments. 

Both the siltstone and carbonate rocks contain dark 
carbonaceous and manganiferous laminae and streaks 
less than 5 m m thick. They are usually concordant , but 
in places cut across bedding-planes and form what 
appear to be replacement structures. I ron oxide stain­
ing is commonly associated with the dark material . 

In B M R M o u n t Doreen N o . 14 the Walbiri Dolomi te 
comprises red-brown tough dolomitic siltstone (Evans 
& Nicholas , 1970) . 

Age 
A probable late Early Cambr ian or possibly early 

Middle Cambr ian (Ord ian ) age is indicated by the 
fossils (J . Gilbert-Tomlinson, formerly BMR. personal 
c o m m u n i c a t i o n ) . They include phosphatic brachiopods 
from the upper part of the format ion exposed near 
Penhalls Bore, and three genera of brachiopods 
(Botsfordia, Lingulella, and an unidentified o r t h i d ) , 
at least two hyolithids, and unidentifiable trilobite 
f ragments from the base of the formation exposed a t 
the type section. 

Correlation 
The lithological sequence in the Walbiri Dolomite is 

similar to the lower Middle Cambr ian Giles Creek 
Dolomi te of the Per taoorr ta G r o u p in the Amadeus 
Basin (F ig . 8 ) . The lateral and chronostrat igraphic 
equivalent T e m p e Fo rma t ion farther west in the Ama­
deus Basin lies stratigraphically between Cambr ian red-
brown sandstones; the association of red-brown sand­
stones with lower Cambr ian carbonate rocks is common 
to both the Per taoor r ta G r o u p in the central par t of 
the Amadeus Basin and the Cambr ian sequence a t the 
nor thern margin of the central zone of the Ngal ia 
Basin. 

Format ions of early Middle Cambr ian age in the Wiso 
Basin that may be equivalent at least in part to the 
Walbiri Dolomi te include the Ordian Montejinni Lime­
stone, Hooke r Creek Format ion , and Lothari Hill 
Sandstone (Kennewel l & Huleat t , 1980) . Format ions 
of similar age in the Nor the rn Terr i tory por t ion of the 
Georg ina Basin are the H a y River Format ion (Walter 
& others, 1979) , and Sandover beds. 

Contacts 
In the Walbiri Ranges the formation probably lies 

unconformably on the Y u e n d u m u Sandstone, and 
apparent ly conformably below the Bloodwood For ­
mat ion. T h e top of the formation is obscured by sand, 
but an apparent ly conformable boundary with the 
Bloodwood Forma t ion was intersected in d iamond 
drillholes near White Point (Grainger , 1969) . 

The bounda ry between the Walbiri Dolomite and 
the under lying Y u e n d u m u Sandstone at and near the 
type section appears to be a transgressive contact , 
a l though faulting cannot be entirely ruled out because 
the outcrops are within a kilometre of the Yuendumu 
Thrus t . At the eastern end of the outcrop, fossiliferous 

shale and interbedded siltstone, pink dolomite, and 
sandstone at the base of the Walbiri Dolomite over­
lie the Yuendumu Sandstone. A little farther west 
the basal sequence is overlapped by stratigraphically 
higher beds of thick-bedded dolomite. An unconformity 
between the Djagamara Format ion and Walbiri Dolo­
mite is inferred from regional relations, as indicated 
on the rock relationship diagram of Plate 1. 

Environment and palaeogeography 
Intraclastic and oolitic carbonate rocks, glauconite, 

stromatolites, and the abundant fauna imply that the 
Walbiri Dolomite was deposited in a shallow-marine 
environment. 

The central Australian basins in Early Cambrian 
times were connected to a meridional intercontinental 
sea that extended from the Bonaparte Gulf in the north 
to the Adelaide Geosyncline in the south (Wells & 
others, 1970; Cook, 1982) . Evidence from lithofacies 
in the Amadeus Basin suggests that provenance areas 
lay to the south and west, and that the opening to the 
sea was mainly to the east and northeast . Dur ing Wal­
biri Dolomi te sedimentation, the Ngalia Basin may have 
been part or an arm of a large shallow embayment 
that was inundated by the sea, which extended over 
large areas beyond the present limits of the basin. 

BLOODWOOD FORMATION 

Definition 
The Bloodwood Format ion is here defined as red-

brown and some pale green fossiliferous micaceous 
siltstone and subordinate red sandstone. Its name is 
derived from Bloodwood Bore, in the eastern zone, 
about 28 km southeast of Y u e n d u m u Nat ive Settle­
ment. 

History 
Rivereau (1965) distinguished the formation as 

unit c , , but Cook & Scott ( 1 9 6 7 ) , who also used 
informal nomencla ture , included it with unit C, a 
fossiliferous carbonate-lutite sequence. The upper, pre­
dominant ly arenaceous par t of this unit is defined as 
the Bloodwood Format ion . 

D . Woolley (formerly with the Resident Geologist 's 
Office, Alice Springs) made lithological descriptions of 
the formation, and was the first to discover fossils in 
the formation, in outcrops 4.8 km west of Whi te Point 
Bore. Addit ional fossils were collected by A. W. 
Lindner and N . W. Hami l ton (American Overseas 
Petroleum Ltd) from 2.8 km northwest of Djuburula 
Peak, and a t a later date by BMR. 

Type section 
The type section is a composite of section N X - 3 

(Fig. 20; see also M S - 5 ) , measured near Djuburula 
Peak on the nor thern flank of the Walbiri Ranges, 
and the lower part of the formation penetrated in 
D D H 1, which is about 1.3 km northwest of White 
Point . 

Contacts 
At the type section the Bloodwood Format ion is 

overlain by the Moun t Eclipse Sandstone with an 
angular unconformity. In drillholes near Whi te Point 
the Bloodwood Format ion is apparent ly conformable 
and gradational with the Walbiri Dolomite . 

The Bloodwood Format ion is faulted against the 
formation that succeeds it in the sequence, the Djaga-
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Fig. 20. Type section (upper part) of the Bloodwood For­
mation. 

mara Format ion , and the na ture of the sedimentary 
contact between them can only be inferred. Elsewhere 
the base of the Djagamara Forma t ion is invariably an 
unconformity, and, as there is a suggestion of a con­
siderable hiatus between the formations, the Djaga­
mara Format ion is probably unconformable on the 
Bloodwood Forma t ion . 

Distribution and outcrop 
The Bloodwood Format ion crops out only at Dju­

burula Peak and intermittently to the west for about 
13 km on the nor thern flank of the Walbiri Ranges; 
in the west the small scat tered outcrops are poorly 
exposed. Its subsurface distribution is probably re­
stricted to the nor thern part of the basin in the eastern 
zone, al though it may be present in the subsurface in 
the western zone. 

The formation forms distinctive flat-topped hills 
which have steep marginal slopes with well-rounded 
convex profiles. T h e smooth profiles are caused by 
the homogeneous, poorly bedded fine-grained sediments 
constituting the format ion. 

Thickness 
T h e formation has a maximum thickness of about 

270 m. It apparent ly wedges out at an unknown dis­
tance to the south, probably by t runcat ion beneath 
an unconformity. 

Two sections ( the upper par t of the type section, 
N X - 3 , 199 m; and N X - 4 , 1 5 8 + m ) were measured 
in the formation ( M S - 5 ) . but both are incomplete be­
cause superficial Cainozoic sediments cover the basal 
port ion of the formation and the top is an uncon­
formity. T w o diamond-dri l lholes spudded in the for­
mation near White Point penetrated 71.6 m of the 

format ion ( D D H 1) and 53.3 m ( D D H 2; Grainger , 
1969) . 

Lithofacies 
The dominant lithology is a purple-brown to red-

brown siltstone, which is fine-grained, micaceous, thin-
bedded and laminated, well-sorted, fissile, and in places 
graded-bedded; some beds have convolute laminat ion 
and current r ipple marks . Fine-grained sandstone is a 
minor lithology. 

Cored sequences in the basal part of the formation 
near White Point (Gra inger , 1969) consist of red 
and chocolate-brown micaceous current- laminated silt­
stone with minor muds tone beds and some intraforma­
tional breccia. Graded beds and contor ted current 
laminations are present. 

Age and fossils 
A. A. Opik (formerly BMR, personal communica­

t ion) assigned an Early Cambr ian age to the sparse, 
poorly preserved fossils, which include pennatulaceans , 
the mollusc Helcionella ( related to H. rugosa ( H a l l ) ) , 
and the trace fossils Protichnites and Ritsophycus from 
outcrops 1.2 km northwest and 2.8 km west-northwest 
of Djuburula Peak. 

J. Gilbert-Tomlinson (formerly BMR. personal com­
munica t ion) has suggested that the forms in the Blood­
wood Format ion are all somewhat similar to those in 
the basal port ion of the Pacoota Sandstone of the 
Amadeus Basin: this par t of the Pacoota Sandstone is 
Trempea leauan (latest Cambr ian ; Wells & others. 
1970) . A correlat ion with the Pacoota Sandstone is not 
favoured because of their dissimilar lithologies. 

The conformable and gradat ional contact between 
the Bloodwood Forma t ion and the Walbiri Dolomite 
implies that bo th have a similar age—i.e. . late Early 
Cambr ian or early Middle Cambr ian . 

Palaeogeography 
The fossils suggest shal low-marine, possibly inter-

tidal condit ions of deposit ion. T h e abundan t redbeds 
in the formation suggest that subaerial conditions may 
have prevailed at times. 

Correlation 
The redbed lithology and the Cambr ian age suggest 

a correlation with part of the facies of the Per taoorr ta 
G r o u p in the central zone of the Amadeus Basin: the 
Arumbera . Eninta . Il lara, and Pe t e rmann Sandstones 
(Wells & others, 1965; 1970. fig. 15) are predominant ly 
red-brown sandstones similar to the Bloodwood For­
mation. An Ear ly Cambr ian age for the Bloodwood 
Format ion would indicate equivalence with the Eninta 
Sandstone and upper parts (uni ts II and I I I ) of the 
Arumbera Sandstone, a correlat ion that appears to be 
unlikely. If, as seems more probable , it is Middle 
Cambr ian in age or younger , then a correlation with 
the ?MiddIe Cambr ian Illara Sandstone is suggested. 

Possible correlatives in the Wiso Basin may include 
parts of the ?MiddIe Cambr ian Lothari Hill Sandstone 
and Point Wakefield beds (Fig. 8: Kennewell & 
Huleat t . 1 9 8 0 ) . 

? O R D O V I C I A N 
DJAGAMARA FORMATION 

Definition 
T h e ' D j a g a m a r a Forma t ion is defined here as grey 

and white medium and fine-grained massive and thick-
bedded to laminated sandstone, and, in places, thick 
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interbeds of green and dark grey siltstone near the 
middle of the format ion. The sandstone is in part 
highly silicified and glauconitic, and has abundant clay 
pellets. The name is derived from Djagamara Peak in 
the Naburu la Hills, in the western zone. 

History of investigations 
The Djagamara Format ion has been previously re­

ferred to informally as unit d by Rivereau (1965) and 
as uni t D by Cook & Scott ( 1 9 6 7 ) . 

Type section 
T h e type section, W X - 5 (Fig. 2 1 ; see also M S - 6 ) . 

was measured at Djagamara Peak, in the eastern 
Naburu la Hills. 

Contacts 
The Djagamara Format ion everywhere lies uncon­

formably on the Moun t Doreen Format ion , and is 
overlain, apparent ly conformably, by the Kerr idy Sand­
stone near White Point and unconformably by it or 
younger rocks elsewhere. 

At the type section the Djagamara Format ion lies 
unconformably between the Kerr idy Sandstone and the 
M o u n t Doreen Format ion . Although the upper contact 
is only slightly angular there is evidence of consider­
able erosion at the top of the Djagamara Forma t ion : 
at D jagamara Peak the Kerr idy Sandstone rests on 
resistant beds of glauconitic sandstone, and about 1 km 
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Fig. 21. Type section of the Djagamara Formation. 

to the southwest it overlies green siltstone about 60 m 
stratigraphically lower in the Djagamara Format ion. 

Abundant fragments of the Wanapi Dolomite Mem­
ber incorporated in the lower beds of the Djagamara 
Format ion (Fig. 17) indicate a basal unconformity 
in the Naburula Hills. 

East of White Point the contact of the Djagamara 
Format ion and Kerridy Sandstone is apparently con­
formable, but angular unconformities are exposed in 
the cores of eroded anticlines southeast of the Walbiri 
Ranges. One kilometre west of White Point, pre-Late 
Devonian erosion has completely stripped the Kerridy 
Sandstone from an exhumed hill of the Djagamara 
Format ion which the Mount Eclipse Sandstone overlies 
with a pronounced angular unconformity (Fig. 3 8 ) . 

In the Vaughan Springs Syncline and in isolated 
outcrops along the Treuer Range, the unconformable 
contacts between the Djagamara Format ion and the 
Mount Eclipse Sandstone and Mount Doreen F o r m a ­
tion are mostly poorly exposed or concealed. 

The unconformable contacts of the Djagamara For­
mation with the Bloodwood Format ion , Walbiri Dolo­
mite, and Yuendumu Sandstone shown on the rock 
relationship diagram (Plate 1) are inferred. 

Distribution and outcrop 
Discontinuous outcrops occur over a distance of 

120 km along the northern margin of the basin. 
The silicified sandstone beds are moderately resistant 

to erosion and most form prominent ridges. The more 
friable, massive sandstone and the interbedded siltstone 
weather recessively; exposures of the siltstone beds a re 
present only in creek beds or on the slopes of the 
steeper scarps. 

Thickness 
The preserved sequences in the formation for the 

most part do not vary greatly in thickness ( M S - 6 ) : 
290 m in the Naburu la Hills ( W X - 1 , 3 ) ; 227 m to the 
west in the Vaughan Springs Syncline ( E X - 1 3 ) ; and 
320 m in the cast near White Point ( E X - 1 ) , which is 
the thickest exposure in the formation although the 
base is faulted. The formation thins rapidly southwards 
from Djagamara Peak ( 2 3 5 + m; W X - 5 ) and only 
52 m is preserved on the south flank of the Naburu la 
Hills ( E X - 6 ) . It is probably t runcated to the south by 
the unconformity at the top of the formation. 

Lithofacies 
Sandstone and siltstone predominate in the Djaga­

mara Format ion in the eastern Naburu la Hills. The 
siltstone, which comprises the middle of the formation, 
is uniform in lithology; the dark grey fresh rock 
weathers green in outcrop. Sandstone in the upper part 
of the formation is mostly laminated to thin-bedded, 
glauconitic. and tough; some of the medium-bedded 
sandstone contains trace fossils (Fig. 2 2 ) , ripple marks , 
and flow casts, and the thickest beds are generally 
silicified; pitted surfaces are caused by weathering of 
glauconite and clay pellets. Sandstone at the base of 
the formation is fine and medium-grained, glauconitic, 
thin to medium-bedded, and contains current lineation, 
current crescents, clay pellets, and pitted weathered 
surfaces; similar sandstone occurs as interbeds in the 
siltstone. 

In the Walbiri Ranges, medium and thin-bedded 
well-sorted tough silicified sandstone with numerous 
small clay pellets and large ripple marks is interbedded 
with thick-bedded friable well-sorted sandstone with 

35 



Fig. 22. Probable invertebrate tracks in the Djagamara 
Formation at Djagamara Peak. (GA728) 

fewer clay pellets and minor platy th in-bedded tough 
sandstone; siltstone interbeds are lacking and glau­
conite is u n c o m m o n . 

Age 
On superpositional data only, the age of the formation 

falls in the interval from Early Cambr ian ( the older 
age est imate for the underlying Bloodwood F o r m a t i o n ) 
to Ordovician or possibly Devonian ( the younger age 
est imate for the overlying Kerr idy Sands tone ) . 

A K - A r age determinat ion on glauconite in sand­
stone from near the top of the format ion at Djagamara 
Peak gave a date of 447 m.y. (Cooper & others , 1971) , 
which is early Late Ordovician (Ca radoc i an ) on the 
geological time scale of Van Eysinga ( 1 9 7 5 ) . However , 
Cooper & others considered that an age 5 percent 
higher ( 4 7 5 m.y., Early Ordovic ian) would have been 
acceptable, and that some argon might have been lost. 

Tracks and trails present in the prominent ledge-
forming sandstone at Djagamara Peak (Fig . 22) are 
not age-diagnostic. 

Correlation 
T h e Djagamara Forma t ion is correlated with the 

Cambro-Ordovic ian sandstones of the Larap in ta G r o u p 
in the Amadeus Basin; it is lithologically most similar 
to the Pacoota Sandstone, the basal format ion of the 
group (F ig . 8 ) . If the Djagamara Forma t ion is the 
same age as the Pacoota Sandstone, then probable 
correlatives in the Georgina Basin include part of the 
T o m a h a w k beds and Kelly Creek Format ion . The 
format ion may be equivalent in par t to unit 2 of the 
Hanson River beds (Kennewel l & Hulea t t . 1980) of 
the Wiso Basin. 

Palaeogeography 
The Djagamara Format ion was probably deposited 

in a shal low-marine environment . The flow casts indi­
cate s trong current action during sedimentat ion, and 
the well-sorted and rounded grains suggest considerable 
t ranspor t and probably winnowing of the sediments . 
Glauconi te is considered to form under condit ions of 
slow sedimentation in partly restricted environments , 

and its presence can be used along with other evidence 
to suggest a mar ine origin for the enclosing beds 
(Gall iher , 1935; Burst, 1958; M c R a e , 1972) . 

T h e main source of detr i tus for the A m a d e u s Basin 
Ordovician sediments was uplifted landmasses com­
posed of Proterozoic rocks that lay along the basin's 
southern margin. The Djagamara Format ion was p ro ­
bably cont inuous with part of the Ordovician Larapin ta 
G r o u p of the Amadeus Basin, and hence the p ro ­
venance may have been c o m m o n to both basins. 

O R D O V I C I A N O R D E V O N I A N 

KERRIDY SANDSTONE 

Definition 
The Kerr idy Sandstone is here defined as modera te ly 

sorted red-brown and purple medium to coarse-grained 
silty and in part arkosic sandstone and subgreywacke 
with minor interbedded siltstone. Its n a m e is f rom 
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Fig. 23. Type section of the Kerridy Sandstone. 
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Keridi (formerly Ker r idy ) Waterhole , 16 km south 
of Y u e n d u m u Nat ive Sett lement, in the central zone. 

History of investigations 
T h e Kerridy Sandstone was referred to informally as 

unit e by Rivcreau (1965) and as unit E by Cook & 
Scott ( 1 9 6 7 ) . 

Type locality and section 
The type locality is in the eastern part of the Walbiri 

Ranges , and the type section EX-1 (Fig. 23 ; see also 
M S - 7 ) , is 0.4 km southeast of White Point in the 
central zone. 

Contacts 
In the breached anticlines in the eastern part of the 

Walbiri Ranges and in outcrops at the eastern nose of 
the Pa tmunga la Syncline, angular unconformities 
separate the Kerr idy Sandstone from the Djagamara 
Format ion and the M o u n t Eclipse Sandstone. At the 
type section, however, the lower contact with the 
Djagamara Format ion appears to be conformable, but 
the upper contact with the M o u n t Eclipse Sandstone 
is an angular unconformity, as elsewhere. 

Distribution and outcrop 
The largest outcrop area of the Kerr idy Sandstone 

comprises discontinuous north-facing low scarps 
t rending eastwards for about 25 km, and low ridges 
in breached anticlines in the Walbiri Ranges farther 
south. An arcuate line of low hills and ridges occurs 
a round the eastern nose of the Pa tmungala Syncline, 
and isolated low outcrops occur 12 km south of Keridi 
Waterhole and in a small mesa of flat-lying beds at 
Djabangardi Hill . 

The subsurface distribution of the formation is un­
known, but it may be present in the subsurface in the 
western zone. 

The southern extent of the formation is not known; 
it has probably been eroded from the southern part of 

Fig. 25. Convolute lamination in the Kerridy Sandstone in the eastern Naburula Hills. (M547/8) 

the basin and truncated by the unconformably over­
lying Mount Eclipse Sandstone. All the sediments down 
to the Vaughan Springs Quartzite have been removed 
below this unconformity along part of the southern 
margin. 

Thickness 
The maximum thickness is 703 m at the type section, 

E X - 1 . Local changes in thickness are due part ly to 
varying original thickness and partly to erosion before 
the Mount Eclipse Sandstone was deposited. 

Lithofacies 
The predominant rock type in the formation is a 

medium to coarse-grained medium-bedded silty sand­
stone. 

In the type section the sandstone and subgreywacke 
are poorly to moderately sorted and medium to coarse-

Fig. 24. Festoon cross-lamination in the Kerridy Sandstone 
in the eastern Naburula Hills. (M547/7) 
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grained, and consist mainly of subangular to sub­
rounded quar tz grains and clay pellets; the composi­
tion of the sandstone and subgreywacke indicate a 
range from submature to immature arenites. Through­
out the Walbiri Ranges the lithology varies little from 
that in the type section. However , in the Pa tmungala 
Syncline the sandstone is purple and red-brown, mostly 
coarse-grained and micaceous, poorly bedded, poorly 
sorted, moderately friable, calcareous, and silty, and 
contains some angular feldspar grains, large clay 
pellets, and a few thin interbeds of dark red-brown, 
silty dolomite . The only sedimentary structures evident 
in the formation are cross-bedding, festoon cross-
laminat ion (Fig. 2 4 ) , and convolute laminat ion (Fig. 
2 5 ) . 

T h e sediments in the Walbiri Ranges have a silica 
c em en t—a produc t of diagenesis o r weather ing •— 
whereas a carbonate cement is p redominan t in the 
Pa tmunga la Syncline. The sandstone beds, part icularly 
those in the Walbiri Ranges, commonly weather into 
blocks with very irregular shapes ( 'skeletal ' weather­
ing) owing to the partial silicification of zones along 
joint planes; the silicified zones are resistant to ero­
sion, whereas the sandstone in the core of the joint 
block remains relatively friable. 

Age 
N o fossils have been found in the formation. Its 

stratigraphic position above the Djagamara Format ion 
and Walbiri Dolomite and below the M o u n t Eclipse 
Sandstone indicates an early or middle Palaeozoic age. 
Its apparent conformable relation with the probable 
Ordovician Djagamara Format ion south of Y u e n d u m u 
suggests that it may be only slightly younger than this 
formation. 

Correlation 
The Kerr idy Sandstone is lithologically dissimilar to 

most of the mid-Palaeozoic formations of the Amadeus , 
Wiso. and Georgina Basins. If it is Ordovician. then it 
may represent a proximal facies of the Carmichael 
Sandstone, the youngest format ion of the Larapinta 
G r o u p of the Amadeus Basin. A younger age for the 
formation, supported by the evidence of unconformity 
at its base in the majority of exposures, would indicate 
a correlation with the Devonian Mereenie Sandstone 
of the Amadeus Basin, with parts of the Dulcie Sand­
stone and Cravens Peak beds of the Georgina Basin, 
and possibly with parts of the Lake Surprise Sandstone 
in the Wiso Basin (Kennewel l & Hulea t t , 1 9 8 0 ) : see 
Fig. 8 ) . 

A fossil fish fauna from the basal par t of the Dulcie 
Sandstone, and the Cravens Peak beds in the Georgina 
Basin, and doubtfully from the Mereenie Sandstone 
in the Amadeus Basin ( G . Young . BMR. personal 
communica t ion ; Turner & others, 1 9 8 1 ) . suggests an 
age close to the Emsian-Eifel ian boundary (Fig. 8 ) . 

Palaeogeography and environment 
T h e lithology and sedimentary structures preserved 

in the Kerr idy Sandstone suggest deposition in a fluvia-
tile or possibly deltaic environment . 

Cook (in Wells & others , 1970) has suggested that 
deposition of the Carmichael Sandstone reflects a re­
cession of the sea during the Late Ordovician in central 
Australia, mainly by severing mar ine connections to 
the north. If the Kerr idy Sandstone is a correlative of 
the Carmichael Sandstone, then its suggested fluviatile 

environment would be compat ible with a withdrawal 
of the sea nor th of the Amadeus Basin; however, a 
deltaic environment for parts of the Ngal ia Basin 
during Kerr idy Sandstone sedimentat ion cannot be 
entirely ruled out. 

T h e alternative correlat ion of the Kerr idy Sandstone 
with the Mereenie Sandstone would extend the area 
envisaged for the large desert that was established 
around and probably within the Amadeus Basin during 
the Devonian (Cook in Wells & others , 1 9 7 0 ) . 

D E V O N I A N T O C A R B O N I F E R O U S 

MOUNT ECLIPSE SANDSTONE 

Definition 
T h e M o u n t Eclipse Sandstone is here defined as 

predominant ly arkosic sandstone and subgreywacke 
with interbeds of pebble, cobble, and boulder con­
glomerate and subordinate siltstone and shale. The 
sandstone is mostly coarse-grained, subangular . poorly 
sorted, in par t micaceous or calcareous, thinly to 
massively bedded, and shows medium-scale cross-
stratification with an abundance of planar and t rough 
cross-stratified units; it is red-brown to pale grey where 
fresh, but weathers pale orange-brown. Oligomictic 
conglomerate with quartzi te phenoclasts is common, 
but in places l imestone-pebble conglomerate is present. 
T h e siltstone and shale are red or green, mostly 
micaceous, and both the sandstone and finer elastics 
are commonly carbonaceous. 

The formation n a m e is derived from Moun t 
Eclipse, 34 km southwest of Y u e h d u m u Nat ive Settle­
ment in the central zone. 

History of investigation 
Rivereau (1965) distinguished the formation as a 

unit of possible late Palaeozoic age, Pz. Cook & Scott 
(1967) informally referred to the format ion as unit F . 

Type section 
The nominated type section, which was not mea­

sured in detail, is on the nor thern flank of the M o u n t 
Eclipse Syncline. about 23 km west-southwest of 
Y u e n d u m u Nat ive Set t lement: this is the thickest and 
most complete exposure of the format ion. 

Contacts 
The Moun t Eclipse Sandstone unconformably over­

lies most of the older formations of the Ngal ia Basin. 
The top of the format ion is e roded and is commonly 
covered by Cainozoic units. 

The basal unconformi ty is generally well exposed. 
Angular contacts with the Vaughan Springs Quartzi te 
are present in the Treue r Range and in an isolated 
outcrop in the centre of the basin 40 km southwest of 
Y u e n d u m u Nat ive Sett lement. Shallow drilling (Wells, 
1976) has indicated that this unconformity is present 
in the subsurface along at least pa r t of the basin's 
southern margin. 

The formation also rests unconformably on the 
M o u n t Doreen, Bloodwood. and Djagamara F o r m a ­
tions, and on the Kerr idy Sandstone, in several places 
along the nor thern margin. 

Considerable pre-Carboniferous relief is evident in the 
area of Djagamara Peak and Whi te Point (Figs. 38 , 
4 2 ) , where angular contacts of the M o u n t Eclipse 
Sandstone with three formations (Bloodwood and Dja­
gamara Format ions and Kerr idy Sands tone) are 
visible. 
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Distribution and outcrop 
Outcrops of the Moun t Eclipse Sandstone occur mainly 

along the nor thern part of the Ngalia Basin as far as 
Waite Creek in the west and Nappe rby Creek in the 
east. Qua te rnary sand and undifferentiated Cainozoic 
deposits cover a considerable port ion of the Mount 
Eclipse Sandstone in the southern part of the basin. 

The more massive beds in the formation are 
moderately resistant to erosion and generally crop out 
as low hills and ranges or as prominent strike ridges, 
and in prominent mesas where the beds are horizontal . 

An outlier of sandstone at McEwin Hills in the west, 
about 100 km outside the basin margin, is correlated 
with the Mount Eclipse Sandstone. 

Thickness 
The thickest preserved sections of the Moun t 

Eclipse Sandstone occur in the nor thern par t of the 
central and western zones of the basin. Interpretat ion 
of seismic reflection horizons indicates that the 
Naburu la Faul t Trough (P la te 2) in the western zone 
contains u p to 2200 m of the formation: its thickness 
in the central zone, estimated from exposures on the 
nor thern flank of the M o u n t Eclipse Syncline, is about 
2400 m. 

Seven sections ( E X - 1 . 6, 8, 9, 13; WX-3 , 4 ) were 
measured in the basal par t of the formation ( M S - 7 ) . 

Lithofacies 
The most c o m m o n and characterist ic rock type is 

arkosic sandstone with scattered pebble to cobble-size 
phenoclasts of quartzi te and other rock types. The 
presence of phenoclasts distinguishes the formation 
from some o lder sandstone units which it otherwise 
resembles. 

The sandstone is mostly coarse-grained. Its com­
monest consti tuents are quar tz and feldspar, with some 
muscovite, clay minerals , and rock fragments. The 
quar tz content invariably exceeds 50 percent, but the 
feldspar content is variable. In outcrop the quar tz 
grains are commonly coated with iron oxide and 
cemented by silica, and most of the feldspar has been 
weathered to clay, but a few fresh grains commonly 
remain. Locally a calcite cement is present. The 

Fig. 27. Probable invertebrate track (about 3 cm wide) in 
the basal Mount Eclipse Sandstone at Djuburula Peak. 

(GA465) 

Fig. 26. Oligoinictic conglomerate with limestone phenoclasts in the Mount Eclipse Sandstone about 8 km east of 
Keridi Waterhole. Diagenetic effects are evident in the lower pebble bed. (M547/34) 
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boundaries of most quar tz grains have been modified stitute par t of the sequence. The boulders are corn-
by pressure solution, and quar tz overgrowths a re monly ellipsoidal or ovoid. 
common . At the Treue r Range locality the phenoclasts consist 

Most phenoclasts are randomly distributed th rough- mainly of vein quartz , or thoquartz i te , and meta-
out the formation, but in a few areas—notably the quartzi te . Pebbles of reddish brown and dark grey 
Treuer Range near the headwaters of 12 Mile Creek, recrystallised l imestone occur at a few localities in the 
south of Smiths Gift Bore, and in an isolated outlier Walbiri Ranges, nor th and south of M o u n t Eclipse, 
19 km south-southwest of Nappe rby homes tead— east of Ker idi Waterhole (Fig . 2 6 ) , and east of 12 
boulder and cobble conglomerates 2-3 m thick con- Mile Creek in the Treue r Range. They are generally in 

Fig. 28. Angular casts and moulds of desiccated siltstone plates in the basal Mount Eclipse Sandstone at Djuburula 
Peak. (GA466, 467) 

Fig. 29. Casts of mud-cracks in the basal Mount Eclipse Sandstone at Djuburula Peak. (GA721) 
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a dark grey-brown calcareous matr ix. A pebble of 
reddish-brown recrystallised limestone collected from 
the formation about 4 km south of M o u n t Eclipse 
contains fragments of bryozoans, echinoderms, and 
indeterminate organic remains of post-Tremadocian 
Ordovician age (Joyce Gilbert-Tomlinson, formerly 
BMR, personal c o m m u n i c a t i o n ) ; no rocks of this 
lithology or indisputably of this age have been found 
in situ in the Ngal ia Basin, al though they may be 
present in the subsurface in the interpreted Palaeozoic 
sequence in the western zone of the basin (Plate 2 ) . 
Rounded and ellipsoidal pellets in the formation con­
tain angular quar tz grains and resemble phosphatic 
pellets recorded by Cook (1972 , plate 2 in fig. 2) in 
the Stairway Sandstone of the Amadeus Basin. Similar 
pellets also occur in the late Lower Ordovician N o r a 
Format ion of the southern Georgina Basin. 

The M o u n t Eclipse Sandstone is characteristically 
cross-stratified; the most common type is planar cross-
stratification ( M c K e e & Weir, 1953) . The sets are 
generally wedge-shaped or tabular ; the sizes of the 
cross-strata vary, but the most common is medium-
scale cross-stratification, 0.5 m to 6 m long. The 
orientat ions of most of the cross-strata suggest that the 
dominant current direction was from the northeast . 

T h e basal few metres of the M o u n t Eclipse Sand­
stone at Djuburula Peak differ significantly in several 
respects from the predominant lithology of the forma­
tion. T h e sandstone there is red and red-brown, fine 
and medium-gra ined with a few coarse sand streaks, 
medium to thick-bedded, and poorly sorted, and con­
tains a substantial propor t ion of silt and clay. Cher t 
pebbles ou tnumber quartzi te pebbles. Quar tz grains 
have overgrowths, and coatings of iron oxides, and are 
irregular; the high propor t ion of iron oxides (up t o 
5 % in the sands tone ) , and the finer grainsize, may 
be caused by local derivation of material from the 
underlying Bloodwood Format ion , al though weathering 
or diagenetic effects cannot be discounted. Interference 
and asymmetrical ripple marks , mud-cracks, and small-
scale low-angle, thinly cross-bedded units are common. 
Bedding-plane features include t race fossils (Fig. 2 7 ) , 
angular casts and moulds (Fig. 2 8 ) , casts of mud-

cracks (Fig. 2 9 ) , s lump structures, and probable gas 
pits (Fig. 3 0 ) . T h e angular casts and moulds are be­
lieved to have formed by the desiccation of a thin 
siltstone and clay layer, differential contraction, curl­
ing upwards of the desiccated plates, and the sub­
sequent sediment filling of the intraplate areas. 

Similar lithologies to that in the basal section a t 
Djuburula Peak are present at least 300 m above the 
base of the unit east of Penhalls Bore (section E X - 9 ) , 
where they also include laminated fine-grained cal­
careous sandstone with interbeds of chocolate-brown 
micaceous siltstone. These beds generally contain small 
clay pellets. Sedimentary structures include slumps, 
cross-stratification, scour-and-fill s tructures, erosion 
channels, and current lineation. The cross-strata in this 
restricted interval indicate that sediment t ransport was 
from the northwest . The basal sandstone at Djuburula 
Peak may be cont inuous with the similar sandstone 
east of Penhalls Bore; relief on the depositional surface 
would explain their apparently different stratigraphic 
levels. 

At McEwin Hills, at least 120 m of medium-grained 
red-brown sandstone correlated with the M o u n t 
Eclipse Sandstone is preserved in a southwest-plunging 
syncline which has an irregular floor of Precambrian 
schist. Estimates from photointerpretat ion suggest that 
its thickness may be up to 300 m. The sandstone is in 
part richly micaceous, and the lowermost beds contain 
fragments of schist up to 6 mm across of similar 
lithology to the underlying basement . Current lineation 
and cross-bedding sets up to 1.2 m thick are common, 
and indicate t ransport of detri tus from the east-north­
east. The sandstone is mostly thin-bedded, silty, kao-
linitic, and locally enriched in secondary iron oxide. 
Thin coarse-grained sandstone interbeds are present, 
and subangular white quar tz fragments up to 8 cm and 
angular clay pellets occur locally. 

In the nor thernmost outcrops at McEwin Hills, 
where the beds are vertical, the sandstone is silicified, 
tough, and cut by numerous quar tz veinlets. Locally 
the contact with the underlying basement is irregular, 
and relief is of the order of 12 to 15 m. 

Fig. 30. Probable gas pits preserved in the basal Mount Eclipse Sandstone at Djuburula Peak. The scale in the photo­
graph at left is a 12-inch ruler. (GA736, 743) 
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Sandstones ( including quar tz arenite, arkosic areni te , 
lithic arenite, and lithic g reywacke) , micaceous silt­
stone, claystone, and quartz-cobble conglomerate of the 
format ion were intersected in shallow strat igraphic 
drillholes (Evans & Nicholas , 1970; Wells, 1974) . T h e 
fresh rock at depth includes fossiliferous carbonaceous 
shale; grey, white, and green-grey siltstone; and grey 
and greenish-grey sandstone with fresh white and pink 
feldspar. Some sandstone and siltstone interbeds are 
red and brown, similar to rocks in outcrop , and the 
colour is probably pr imary. Deeply weathered rocks 
of the formation persist in places to depths of 200 m. 
T h e unweathered rock is tough, in contrast to the 
more friable rocks in ou tc rop . Carbonaceous laminae 
and pyri te in the format ion are confined to the sub­
surface. Quartz , feldspar, siliceous oolite, granite, and 
quartzitic rock fragments occur in N a p p e r b y N o . 1; 
the oolite may be derived from the Walbiri Dolomi te . 

Plant fossils—mostly fragments of bark, t runks, and 
s tems—are common, part icularly in the upper par t of 
the formation. Leaf impressions are less abundan t but 
are in places sufficiently well-preserved to be speci­
fically identifiable (Appendix 6 ) . 

Age 
Plant macrofossils and spores indicate that the for­

mation ranges in age from Late Devonian ( late 
F a m e n n i a n ) to La te Carboni ferous ; alternatively there 
may be a disconformity within the format ion repre­
senting a considerable t ime break. 

Plant fragments from the upper part of the forma­
tion 6.5 km south-southeast of Djambidj imba Mesa 
are Late Carboniferous in age (Appendix 6 ) . A single 
specimen of Leptophloem ?australe f rom the basal 
part of the M o u n t Eclipse Sandstone about 5.5 km east 
of Bigrlyi Pass indicates a Late Devonian or Early 
Carboniferous age. Other , non-diagnostic p lant fossils 
were collected from the western Naburu la Hills, central 
and southern Walbiri Ranges, 40 km southwest of 
Y u e n d u m u Nat ive Set t lement . Djambidjimba Mesa. 7 
km west of Wai te Creek, and 13 km east-southeast and 
17 km northeast of M o u n t Doreen homestead . 

Relatively fresh carbonaceous sandstone from 
seismic shot-hole samples and diamond-dri l lcores have 
yielded recognisable sporomorphs . A rich spore assem­
blage collected from roughly the exposed middle part 
of the formation at Central Pacific Minera ls ' Walbir i 
prospect (samples N T 63 and W P 1 to 10) in the 
Walbiri Ranges is probably Visean in age and belongs 
to the Anapicuiatisporites largus Assemblage ( D . 
Burger & E. M. K e m p , BMR, personal communica­
t i o n ) . G. Playford (Univers i ty of Queensland, personal 
communica t ion 1979) has confirmed this identification, 
and reported a similar tlora in a sample collected from 
the interval 479.6-479.75 m in Afmeco D D H - D A V 1 
(at about lat. 2 2 ' 1 7 ' 4 5 " S : long. 1 3 1 ° 1 4 ' 4 5 " E ) . H e 
reported as follows: 

This productive sample contains a spore assemblage that 
is similar in many respects to (i) the palynoflora I have 
reported from the Ducabrook Formation of the Drum-
mond Basin (Playford, 1977. 1978): and (ii) the assem­
blage from the upper Bonaparte beds/Tanmurra For­

mation of the Bonaparte Gulf Basin (Playford, 1971). In 
other words, this Mount Eclipse palynoflora is of late 
Early Carboniferous (Visean) age and is attributable to 
the Anapicuiatisporites largus Assemblage of the Granu-
latisporites frustulenius Microflora (Playford & Helby in 
Kemp & others, 1977). 
Samples from a drillhole nea r isolated outcrops about 

3 km west-southwest of Smiths Gift Bore have yielded 
a La te Devonian spore assemblage ( D . Burger & E. M . 
K e m p , personal communica t ion )—inc lud ing the diag­
nostic Retispora lepidophyta, which occurs in late 
Famenn ian strata world-wide, and Brochotriletes 
textilis—probably from beds near the base of the 
format ion; o ther associated spores have a moderate ly 
long range. 

Correlation 
The M o u n t Eclipse Sandstone is correlated with par t 

of the Pertnjara G r o u p of the Amadeus Basin (Fig . 8) 
on the basis of lithology and tectonic setting, and it 
has a similar s trat igraphic position to part of the Lake 
Surprise Sandstone in the Wiso Basin (Kennewel l & 
Hulea t t . 1980) . 

Palaeontological evidence shows that the lower part 
of the Moun t Eclipse Sands tone is about the same age 
as beds high in the Per tn jara G r o u p in the Amadeus 
Basin and the upper par t of the Dulcie Sandstone in 
the Georgina Basin. T h e Pertnjara G r o u p contains 
spores (Hodgson, 1968: Playford. Jones, & K e m p 
1976) and fish remains {Bothriolepis and ?PhyIIolepis; 
Gilbert-Tomlinson, 1968; Young , 1974) indicating an 
age in the Frasn ian to pre-late Famennian t ime interval. 
The upper par t of the Dulcie Sandstone contains 
Phyllolepis Agassiz and Bothriolepis Eichwald (Hills. 
1959: Gi lber t -Tomlinson. 1 9 6 8 ) . suggesting a F ra s -
n ian-Famennian age. 

Unfossiliferous non-mar ine sedimentary rocks of the 
Lucas Format ion . Pedestal beds, and Chuall beds a re 
tentatively regarded by Blake (1978) as correlatives 
of the Pertnjara G r o u p of the Amadeus Basin, and so 
may be about the same age as the M o u n t Eclipse 
Sandstone. Blake & others (1979) have identified the 
sandstone at McEwin Hills with the Pedestal beds. 

Palaeogeography and environment 
T h e absence of proven mar ine organisms, the well-

developed cross-stratification, the sedimentary s t ruc­
tures, and the plant fossils suggest that the format ion is 
continental in origin and probably formed mainly in 
fluvial and p iedmont environments . T h e abundance of 
feldspar, the coarse subangular grains, and the imma­
ture nature of the sands tone indicate the proximity of 
a provenance composed mainly of igneous and meta­
morphic crystalline basement rocks. Many of the 
fragments and mineral grains were undoubtedly de­
rived from the older sedimentary format ions of the 
basin, as well as from Precambr ian basement rocks. 

T h e prel iminary da ta from palaeocurrent directions 
and grainsize distribution suggest that provenance areas 
lay to the nor th of the present nor thern margin of the 
Ngalia Basin, but whether uplifts of about the same 
age to the south also provided any detri tus is no t 
certain. 
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G E O R G I N A B A S I N O U T L I E R S 
CENTRAL MOUNT STUART FORMATION 

Several outliers of the Central Moun t Stuart F o r m a ­
tion, which Wal ter (1980) has included in the Geor­
gina Basin sequence, occur in the northeast . T h e forma­
tion is a dominant ly arenite sequence with abundan t 
redbeds in its type section, but includes sandstone, 
conglomerate , siltstone. arkose, or thoquartz i te , grey-
wacke, dolomite, l imestone, shale, and tillite. Tillite is 
locally present at or near the base of the formation, 
and trace and body fossils occur in the upper red 
sandstone of the formation. 

History 
Smith & Milligan (1964) originally named the unit 

the Centra l M o u n t Stuar t beds, and Offe (1978) 
redefined it as a formation. Walter (1980) included 
the formation (minus the basal diamicti te) in the 
Mopunga G r o u p of the Georgina Basin sequence. 

Type section 
The type section is on the southern side of Central 

Moun t Stuart (lat . 21°54 '50"S , long. 1 3 3 ° 2 7 ' 1 0 " E ) , 
about 100 km nor th of the eastern end of the Ngalia 
Basin. T h e thickness of the formation in the type 
section is 800 m and is illustrated in a graphic log by 
Stewart & others ( 1 9 8 0 ) . 

Distribution 
Several outliers of the Central M o u n t Stuart For ­

mation occur to the north and northeast of the Ngalia 
Basin at Crown Hill , N a n c y Hill, and near Tea Tree 
Sett lement (P la te 1 ) ; they form features of moderate 
relief. T h e formation rests unconformably on quar tz-
mica schist, quartz-feldspar porphyry, and other rocks 
of the Arun ta Block. 

Lithofacies 
At Crown Hill, and in nearby low hills a little 

farther northeast , about 150 m of sandstone, siltstone, 
conglomerate , and tillite are preserved in a tilted, partly 
downfaulted block in basement rocks. The tillite occurs 
in a lens up to 30 m thick at the base of the formation 
at Crown Hill. T h e purple-brown, poorly sorted silt­
stone matr ix contains erratics up to 2.5 m of granite, 
quartzi te , and many other rock types; a few erratics 
are faceted and some have indistinct striae. The tillite 
unconformably overlies Precambrian quartz-mica 
schist, and is conformably overlain by several tens of 
metres of interbedded siltstone, sandstone, and coarse­
grained arkosic conglomerate . 

Tillite also crops out at Nancy Hill, between beds of 
massive quartz sandstone. It is lithologically similar to 
the tillite at Crown Hill, except that its phenoclasts are 
smaller (max. 45 c m ) , are represented by fewer rock 
types, and rarely have striated surfaces. The tillite is 
overlain by thick, part ly sandy, laminated siltstone 
beds that resemble varves. T h e intervening sandstone 
beds through the sequence are mostly medium-grained, 
tough, well sorted and rounded, thick-bedded, and sili­
cified; they contain limonite pseudomorphs after pyrite. 
minor pebble beds and laminae of coarse quartz grains, 
and, in places, cross-bedding and interference ripple 
marks. A basal conglomerate unconformably overlies 
deeply weathered Precambr ian basement rocks along 
the east flank of N a n c y Hill , and a second conglo­
merate occurs higher in the sequence above the tillite. 

Sandstone almost identical to the sandstone beds at 
Nancy Hill, but containing no tillite. unconformably 
overlies Precambrian granite 11 km north of Tea Tree . 
The sequence of sandstone, conglomerate, shale, silt­
stone. and quartzite in a ridge 5 km farther southeast 
is dissimilar to other exposures of the formation in 
N A P P E R B Y . although some rock types can be 
matched. The predominant sandstone is pink and 
brown, fine to coarse-grained, silty, micaceous, and 
feldspathic, and the silicified sandstone contains 
limonite pseudomorphs after pyrite. The remaining rock 
types comprise granule conglomerate, siltstone. tough 
quartzite. and shale which is friable, slumped, 
laminated in places, and shows flame structures where 
overlain by sandstone. 

Contacts 
Only the unconformable basal contacts of the 

Central Mount Stuart Format ion with rocks of the 
Arunta Block are exposed in the outliers to the north 
and northeast of the Ngalia Basin; no contacts with 
younger formations are known in the region. A little 
farther east near the margin of the Georgina Basin, 
both upper and lower contacts and lateral relations 
with other formations have been demonstra ted. These 
are discussed below as they have a direct bearing on 
assigning an age to the formation. 

Palaeogeography and environment 
The Central Mount Stuart Format ion was deposited 

in the region of a postulated structural high which lay 
between the present sites of the Ngalia and Georgina 
Basins (Shaw & others. 1975) . In places, beds high 
in the sequence rest on basement , which must there­
fore have had considerable relief during deposition of 
the formation. 

The tillite at the base of the formation was probably 
deposited in discontinuous spreads on an irregular 
basement surface across the area. It lenses out abrupt ly 
over short distances, and there is insufficient evidence 
to suggest any particular direction of movement of the 
sediments. Alternatively the top of the tillite may mark 
a hiatus within the formation and an interval of erosion 
when the tillite may have been completely removed 
from some areas. Correlat ion of the tillite with the 
older of two Sturtian glacial phases in South Australia 
(Preiss & Forbes, 1981; see below) would imply a 
major hiatus within the formation, but this is far from 
certain. 

The redbeds of the formation may have accumulated 
under transitional marine and continental or deltaic 
continental conditions close to a source on the postu­
lated structural high (Shaw & others. 1975) . 

Flute casts, mud-cracks, and other sole marks in the 
arenaceous rocks of the formation indicate shallow-
marine or transitional environments, and many silt­
stone laminae are contorted and broken and indicate 
either contemporaneous brecciation of underlying 
laminae by turbulent shallow water (Grainger , 1969) 
or possibly desiccation. 

Age 
Tillite in the lower part of the Central Mount Stuart 

Format ion indicates an Adelaidean age for the out­
liers in N A P P E R B Y because it is similar to that else­
where in the Adelaidean of central Australia. Equiva-
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lent tillite in the formation outside N A P P E R B Y , 
mainly in the areas around Centra l Moun t Stuart and 
M o u n t Skinner, lies below beds containing late Pre ­
cambr ian fossils (Preiss & others , 1978; Walter , 1 9 8 0 ) . 
The soft-bodied late Precambr ian M o u n t Skinner fauna 
occurs in the lower half of the Cent ra l M o u n t Stuar t 
Fo rma t ion in A L C O O T A (Wade , 1 9 6 9 ) , and 450-500 
m above the base of the format ion in the type section 
at Centra l M o u n t Stuar t (Wal te r in Offe, 1 9 7 8 ) . Beds 
from the overlying Donkey Creek beds in B A R R O W 
C R E E K and at Moun t Octy contain earliest Cambr ian 
t race fossils, including tri lobite trails (Dai ly , 1 9 7 4 ) . 

Correlation 
Preiss & others (1978) suggested that the best 

lithological compar ison for the tillite at the base of the 
central M o u n t Stuar t Format ion at N a n c y Hill is with 
the ferruginous diamict i te of the Holowilena I ronstone, 
which records the first phase of Sturt ian glaciation 
in South Austral ia (Preiss & Forbes , 1 9 8 1 ) . If this 
compar ison is correct , then a correlat ion with the tillite 
of the Naburu la Fo rma t ion in the Ngal ia Basin and 
with the Areyonga Fo rma t ion in the Amadeus Basin 
is indicated (Fig . 7 ) . 

In B A R R O W C R E E K the Centra l M o u n t Stuar t 
Fo rma t ion is overlain by the Donkey Creek beds 
(Walter , 1980) a sequence of brown, grey, or red 
glauconit ic quar tz sandstone, arkose, and brown or 
white siltstone which contains Early Cambr ian t race 
fossils; regional correlat ions suggest that the contact 
may be a paraconformi ty (Walter , 1980) . Smith & 
Milligan (1964) originally identified this younger unit 
as the G r a n t Bluff Format ion , and Shaw & others 
(1975) suggested that it is lithologically more similar 
to the M o u n t Baldwin Forma t ion . Wal te r ( 1 9 8 0 ) 
considered that it is lithologically distinct from both 
these units . T h e trace fossils in it indicate a correla­
tion with the upper par t of the M o u n t Baldwin F o r m a ­
tion, with the upper (uni t I I I ) Arumbera Sandstone of 
the A m a d e u s Basin, and by inference with the uppe r 
Y u e n d u m u Sandstone. 

A sequence comprising the Central M o u n t Stuar t 
Fo rma t ion underlain by rocks similar to the G r a n t 
Bluff Format ion was penet ra ted in drillholes near 

M o u n t Skinner, in A L C O O T A . However , the similarity 
of some of the sandstones in both the Cent ra l M o u n t 
Stuart Fo rma t ion and G r a n t Bluff Fo rma t ion has been 
noted by Shaw & others (1975) and Offe ( 1 9 7 8 ) , and 
the two format ions are , at least in part , t ime equiva­
lent. 

A sketch section showing the relation of the Cent ra l 
M o u n t Stuar t Fo rma t ion to o ther formations in central 
Australia is shown in F igure 3 1 . 
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Fig. 31. Probable relations of upper Adelaidean and Lower 
Cambrian rocks between NAPPERBY and ALCOOTA. 

C A I N O Z O I C S T R A T I G R A P H Y A N D H I S T O R Y 

Cainozoic units as much as 212 m thick, including 
evaporites and deep weather ing zones, obscure the 
major par t of the Ngal ia Basin and surrounding base­
ment rocks. Apar t from the superficial deposits, their 
na ture is known only from widely separated strat i­
graphic drillholes and sparse outcrops , and they have 
been dated in only two areas. T h e elevation of the base 
of the Cainozoic varies by as much as 500 m. This 
may be caused by a combinat ion of relief on the 
deposit ional surface and Late Ter t ia ry tilting and 
faulting. 

Weathering profiles 
Silcrete, ferricrcte, and other chemically altered 

rocks const i tute a duricrust capping on formations of 
the Ngal ia Basin in many areas along the nor thern 
margin of the Walbiri Ranges, a round the Vaughan 
Springs Syncline, in the Pa tmunga la Syncline, and in 
the Treuer Range. Thick weathered crusts and laterite 
are more c o m m o n over many of the exposures of Pre­
cambrian crystalline basement rocks nor th of the basin. 

The re is f ragmentary evidence of weather ing profiles 
from shallow drilling. Silcrete, possible fossil soil p ro ­
files, pisolitic i ronstone, and fcrricrete were recovered 
from drillholes at several localities. 

Sediments 
The Cainozoic sediments comprise silty and clayey 

sands with subordinate sand, clay, and lignite. Clay, 
chiefly kaolinite and illite (Tab le 3 ) , and in places 
carbonaceous , is more c o m m o n in the east. Silty and 
pebbly sands consti tute the bulk of the sequence in the 
west, but overlie the clay sequences in the east. 

At Vaughan Springs, Cainozoic deposits exposed in 
two prominent mesas (F ig . 32) comprise whi te pebbly 
sand at the base passing upwards into a vuggy ferru­
ginous silicified silty sandstone and ironstone. T h e de­
posit is at least 30 m thick and is probably the r emnan t 
of a much larger sheet of sediment of possibly fluvial 
origin; it is probably a correlat ive of similar a renaceous 
sediments penetra ted in the shallow strat igraphic drill­
holes in the western zone. 
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T h e most widespread superficial Cainozoic deposit 
is aeolian red sand of the sand plains and in longi­
tudinal dunes, which are mostly fixed by vegetation 
and generally less than 5 km long by up to 9 m high. 
Sand is ubiquitous over the central , western, and 
southern parts of the Ngal ia Basin. 

Alluvium, grading from unsorted gravel in upland 
areas to clay in ephemeral lakes and claypans of ter­
minal floodouts, is most common over the eastern zone 
of the basin. Red earths cover a much larger area 
than the alluvial deposits but are similarly widely dis­
tributed over the eastern part of the basin; they 

T A B L E 3 . D I F F E R E N T I A L T H E R M A L A N A L Y S I S R E S U L T S 

Sample depth Minerals identified and 
Well name and no. m(ft) Formation or age approximate percentages 

BMR Napperby No. 1 138.68 (455') Cainozoic 75% Kaolinite, 25% illite 
BMR Napperby No. 1 138.71 (455'1") Cainozoic Kaolinite, some illite 
BMR Napperby No. 1 138.24 (453'6") Cainozoic 50% Kaolinite, 50% illite 
BMR Napperby No. 2 56.59 (185'8") Cainozoic 5% Kaolinite, 95% illite 
BMR Napperby No. 2 57.25 f 18710") Cainozoic 10% Kaolinite, 90% illite 
BMR Napperby No. 2 57.61 (189') Cainozoic 20% Kaolinite, 80% illite 
BMR Napperby No. 3 156.29 (512'9") Treuer Member Quartz 
BMR Napperby No. 4 (SP 486) 68.73 (225'6") Cainozoic Illite, calcareous 

(finely disseminated) 
BMR Napperby No. 4 (SP 486) 70.41 (231') Cainozoic Kaolinite, calcareous 
BMR Napperby No. 4 (SP 486) 71.58 (234'10") Cainozoic Kaolinite, calcium carbonate 
BMR Napperby No. 4 (SP 486) 94.49 (310') Cainozoic Kaolinite 
BMR Napperby No. 4 (SP 486) 95.71 (314') Cainozoic Illite 
BMR Napperby No. 4 (SP 486) 96.32 (316') Cainozoic Illite 
BMR Mount Doreen No. 2 (SP 1545) 37.64 (123'6") Mount Eclipse Sandstone Kaolinite 
BMR Mount Doreen No. 2 (SP 1545) 39.62 (130') Mount Eclipse Sandstone Kaolinite 
BMR Mount Doreen No. 2 (SP 1545) 40.44 (132'8") Mount Eclipse Sandstone Kaolinite 
BMR Mount Doreen No. 1 (SP 1622) 4.6-9.1 ( 1 5 - 3 0 ' ) Proterozoic? Unknown 

a r — D j v i K seismic 
Analyses by BMR. 

Fig. 32. Cainozoic pebbly sandstone capped by dark-toned silicified sandstone and ironstone in two prominent mesas 
(middleground) at Vaughan Springs. These sediments wedge out over a prominent ridge of the Vaughan Springs Quartzite 

(foreground and background). (GB2859) 
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generally support and are easily recognised on air-
photographs by a thick cover of mulga and low shrubs. 

Calcrete is concentrated in low areas, mainly a round 
playa lakes in the southern and western regions of the 
basin. C o m m o n opal has been found with the calcrete 
in the area south of the Vaughan Spr ings-Yuendumu 
road near the Naburu la Hills. Calcrete occurs at depths 
of up to 100 m in some drillholes, (Fig . 15; Wells, 
1974; Evans & Nicholas , 1970) . 

Superficial evaporites in saline playas consist 
generally of a crust of hali te about a cent imetre thick 
underlain by grey foetid sand and silt which commonly 
contain large gypsum crystals; highly saline g round­
water is generally a few centimetres below the surface 
of the playas. Analyses of some of the evaporites are 
given on p . 70. Evapori tes — mostly consisting of 
gypsum with variable quanti t ies of sand, silt, and clay, 
and less than 5 m thick — occur at shallow depths 
in several drillholes. In one drillhole ( B M R M o u n t 
Doreen N o . 11) over the central southern part of the 
Ngalia Basin, gypsum with grey-green clay occurs over 
about 2 m at a depth of 130 m. 

Colluvium consisting principally of scree and talus 
deposits is common in elevated areas where there is an 
abrupt change of relief. 

Age and correlation 

Lignite in BMR N a p p e r b y N o . 1 yielded an assem­
blage of Ter t iary pollen which, when compared with 
the palynological zonal schemes established in southern 
Austral ia (Wopfner & others , 1974) , suggests a middle 
Eocene age ( K e m p , 1976) and can be referred to the 
Proteacidites confragosits Zonule. T h e pa lynomorph 
assemblage resembles those which have been described 
from the Eyre Format ion of nor thern South Austral ia, 
and includes non-mar ine dinofiagellate cysts and 
abundant pollen of aquat ic plant groups, suggesting 
deposition in a lacustrine environment . Relatively high 
Nothofagus and podocarpaceous pollen counts suggest 
that humid condit ions prevailed, at least locally, 
al though seasonal aridity cannot be ruled out. 

Sediments similar to those overlying the Ngalia Basin 
sequence occur in the Ter t ia ry Tea Tree Basin (O'Sul-
livan, 1973; Edwor thy , 1966, 1968) , northeast of the 
Ngalia Basin. These are postulated to have accumulated 
mostly in fluvial cycles on an irregular, lateritised 
Precambr ian basement . They are up to about 320 m 
thick, and spores from lignite and carbonaceous clays 
in the sequence have been dated as possibly middle 
Miocene (W. Harr is , personal communica t ion in 
O'Sullivan, 1973) . The components of the microfauna 

suggest subtropical rainforest communit ies dependent 
on high rainfall condit ions. Correlat ives occur in the 
lower units of the E tadunna Fo rma t ion and in the 
N a m b a Format ion , both in the Lake F r o m e area. 

Ter t iary sediments that are broadly similar to those 
in the Ngalia Basin area have been described from 
the central western par t of A L C O O T A (Woodburne , 
1967; Shaw & others , 1 9 7 5 ) , the Amadeus Basin (Wells 
& others, 1967, 1970) , and the Hale River Basin, in 
the nor thern half of A L I C E S P R I N G S (Clarke , 
1975) . 

The mid-Eocene microflora in BMR Nappe rby N o . 1 
is older than most known fossiliferous intervals in 
neighbouring basins. T h e carbonaceous pre-silcrete 
sediments of the Amadeus Basin, which are thought to 
be Eocene-Miocene in age (Lloyd, 1968) may include 
equivalents of the N a p p e r b y microflora. 

Cainozoic palaeogeography and history 
The principal events that have been interpreted 

mainly from drillhole da ta (Fig . 15) are summarised 
as follows. 

( 1 ) Fine-grained silts and clays accumulated in 
lake basins, mainly in the east, which supported a 
luxuriant vegetation at times — as in the mid-Eocene. 

( 2 ) Fluviatile sediments accumulated in the west in 
the valleys of s treams that might have drained into a 
palaeodrainage system which terminated in the Joseph 
Bonaparte Gulf (van de Graaff & others , 1977) . The 
fiuviatile regime spread across the Ngal ia Basin and 
adjacent areas, including those underla in by lacustrine 
deposits. The provenance at this t ime commonly in­
cluded Precambr ian granitic terrains. 

( 3 ) Climatic changes and hiatuses during the 
Cainozoic are recorded by the presence of ferricrete, 
silcrete, calcrete, and evaporites at different levels en­
countered in the drilled sequences. 

( 4 ) Ter t iary tilting and faulting, involving renewed 
movements on old fault planes (Burek, Wells, & 
Loeffler, 1979b) , p roduced a relief on what was other­
wise probably a peneplaned surface. Previously formed 
silcrete surfaces that now occur on the bevelled 
quartzi te ridges lie several hundred metres above 
equivalent sediments in the Cainozoic continental 
sequences. 

( 5 ) A relatively recent arid phase is indicated by 
Quate rnary red sands, which are widespread across 
the area, and by the establishment of playa lakes. 

( 6 ) A subsequent ameliorat ion of cl imate is indi­
cated by the present stabilisation of the dunes by 
vegetation. 

B A S I N S T R U C T U R E 

S U M M A R Y 

T h e Ngalia Basin is a r emnan t of Adelaidean and 
lower and upper Palaeozoic rocks preserved in a s t ruc­
tural downwarp in the Precambr ian Arunta Block. T h e 
regional s t ructure is essentially a faulted asymmetr ical 
syncline with its deepest part towards the no r the rn 
margin of the basin. This margin is mostly faulted (P la te 
1; Fig. 3 3 ) , either by thrusts or high-angle reverse 
faults; blocks of crystalline basement rocks and super­
incumbent sediments were up th rown and in places 
thrust several ki lometres southwards over the basin 
sediments. Consequent ly folding and faulting in the 

sediments were comparat ively intense in the nor th , and 
the s t ructure of the sediments is clearly defined in a 
well-exposed strip along the nor thern par t of the 
central and western zones (Fig . 34, front c o v e r ) . T h e 
intensity of folding in this strip increases from south 
to nor th . The southern flank of the basin, which is 
generally sharply defined by a well-exposed uncon­
formable contact of a na r row strip of sediments with 
the predominant ly crystalline basement rocks, is in­
clined gently nor thwards or in a few places has been 
tilted and disrupted by block-fault ing. T h e western 
margin is mostly poorly defined; obscuring Cainozoic 
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Fig. 33. The eastern zone of the Ngalia Basin wedging out eastwards from the lower centre to the upper right. The 
southern margin is formed by the Stuart Bluff Range (A)—the thin line north of Lake Lewis (a salt lake)—and the 
Hann Range (B). The northern margin is outlined roughly by the scarp line south of the Reynolds Range (C). The 
length of the coverage of the photograph from top to bottom is about 200 km. (NASA Gemini V photo taken in 

1965, S-65-4 5567; G9264) 

sediments reduce the basin outcrop to only a few 
widely separated inliers (Fig. 3 5 ) . The eastern margin 
is t runcated by an overthrust . 

Most fold axes t rend westerly and are commonly 
doubly plunging. Wavelengths of the folds along the 
nor thern margin of the basin average about 3 km. 

Faul ts are ei ther parallel to or form the basin 
margins, especially in the nor th , where overthrusts are 
most c o m m o n and upward displacement is generally 
on the nor th side except where a reversal has been 
caused by later movement . In the south, normal faulting 
was more common and overthrust ing played only a 
minor role. 

The only known incompetent beds in the Ngalia 
Basin sequence occur in the Treuer Member of the 
Vaughan Springs Quartzi te (Fig. 3 6 ) , but they have 
apparent ly played no significant role in controlling the 
s tructural expression and style in the basin. 

UNCONFORMITIES AND RECORD OF DIASTROPHISM IN 
OUTCROP 

Ten unconformities have been documented in the 
Adelaidean and Palaeozoic sedimentary rocks of the 
Ngalia Basin. The unconformities are evidence of the 
magni tude and extent of diastrophic movements (Fig. 
3 7 ) , and the present s tructural fabric of the basin 
sediments is the result of the cumulat ive effect of these 
movements . 

A major unconformity at the base of the Ngalia 
Basin sequence documents the last major diastrophic 
period in the Arunta Block. The unconformity was 

folded by later movements , and its t runcated edge now 
defines most of the basin's southern margin. The 
northern margin is also defined in a few places by the 
unconformity, which drops as much as 4 km towards 
the south within a few kilometres. 

The unconformity at the base of the Naburu la For ­
mation in the west records a period of diastrophism 
(Vaughan Springs Movement) that probably also con­
tributed in part to the unconformity between the 
Vaughan Springs Quartzi te and the Y u e n d u m u Sand­
stone in the central zone. The diastrophism resulted in 
broad vertical (epeirogenic) movements, and there is 
good evidence both from outcrop and from seismic 
records for block-faulting. The uplift was of sufficient 
magni tude for the Adelaidean sediments to be com­
pletely removed in some areas. The Vaughan Springs 
Movement can be correlated with the Areyonga Move­
ment in the Amadeus Basin (Fig. 3 7 ) . 

The probable disconformity between the Rinkabeena 
Shale and the Mount Doreen Format ion may record a 
movement (Rinkabeena Movement) of late Adelaidean 
age. It is probably the same age as the movement 
which produced an unconformity between the Aralka 
and Olympic Format ions in the eastern Amadeus 
Basin, and is probably also equivalent to the Souths 
Range Movement , which is recorded by unconformity 
between the Pinyinna and Winnall beds in the southern 
Amadeus Basin. 

A n unconformity at the base of the Yuendumu Sand­
stone records diastrophism that is correlated in part 
with the Pe termann Ranges Orogeny. A possible un-
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Fig. 34. The folded sequence at the northern margin of the Ngalia Basin in the Treuer Range. Prominent ridges of 
the Adelaidean Vaughan Springs Quartzite (5 km long in the photograph) are separated from folded Devono-Carboni­
ferous Mount Eclipse Sandstone by a narrow valley underlain by Adelaidean rocks and Palaeozoic sandstone. Meta-

sedimentary rocks and granite plutons of the Arunta Block underlie the pediplain in the background. (M525/9) 

conformity of smaller magni tude within the format ion 
m a y record a la ter pulse of this orogeny. Movements 
dur ing this orogeny probably contr ibuted in par t to the 
unconformi ty between the D jagamara and Mount 
Doreen Format ions in the western zone. 

T h e probable unconformity between the Y u e n d u m u 
Sandstone and the Walbiri Dolomi te in the east was 
caused by a b road vertical movemen t (Yuendumu 
Movement), and may be part ly represented in the 
unconformi ty between the D jagamara Forma t ion and 
the M o u n t Doreen Fo rma t ion in the west. T h e magni­
tude of the unconformity cannot be gauged accurately 
because of its limited exposure. Locally the movement 
does not appear to have been severe because the 
Y u e n d u m u Sandstone is not completely removed. If 
the Y u e n d u m u Sandstone was originally deposited over 
the western zone of the basin, then the diastrophism 
must have been of more regional extent. T h e uncon­
formity is dated as probably Early Cambr ian and does 
not appear to have any equivalent in the Amadeus 
Basin. 

T h e early Middle Cambr ian to Ear ly or Late Ordo­
vician hiatus in the sedimentary sequence in the central 

zone implies an unconformity and diastrophism (Blood­
wood Movement), a l though contacts of formations a t 
the inferred unconformi ty are concealed by s t ructure . 

T h e unconformi ty between the Djagamara F o r m a ­
tion and the M o u n t Doreen Fo rma t ion in the western 
par t of the Ngalia Basin spans the period from late 
Adelaidean to probably Ear ly or La te Ordovician. T h e 
unconformity probably records several periods of move­
ment , including the Bloodwood Movement . The extent 
and magni tude of the unconformity in the western zone 
are not known with any precision because two older 
periods of diastrophism, the Y u e n d u m u Movemen t and 
Pe te rmann Ranges Orogeny, are probably recorded by 
the unconformity . The presence of the Mount Doreen 
Format ion everywhere below the unconformity suggests 
that this was the base-level of erosion of the uplifted 
blocks. 

An unconformity between the Kerr idy Sandstone 
and the Djagamara Format ion records a period of 
diastrophism (Djagamara Movement) accompanied by 
folding which probably took place in the Silurian. 
The unconformity is less apparent in the east, indicat­
ing that the effects of the dias t rophism were more 
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Fig. 35. Mount Morris, a prominent outlier of the Vaughan Springs Quartzite unconformably overlying basement rocks 
at the western extremity of the Ngalia Basin. A smaller outcrop of the Vaughan Springs Quartzite unconformable on 

basement rocks lies about 700 m to the north (right-hand edge of photograph). (GA731) 

severe in the west. The Djagamara Movement is pro­
bably equivalent to the Rodingan Movement in the 
Amadeus Basin. 

A n unconformity at the base of the Moun t Eclipse 
Sandstone (Fig . 38) records a period of major faulting 
and folding (Kerridy Movement). The unconformity 
occurs basinwide, and was responsible for the removal 
of almost all the pre-Late Devonian sediments over 
large parts of the marginal areas of the basin. T h e 
magni tude of the unconformity indicates that the 
Kerr idy Movement was the most intense period of 
diastrophism to interrupt the Ngal ia Basin sedimenta­
tion, and reactivation of the basement took place at 
the same time. T h e age of the Kerridy Movement 
could be Middle Devonian. T h e magni tude of the un­
conformity and the influence of the Kerridy Movement 
on the basin configuration indicate a possible corre­
lation with the Middle to Late Devonian Pertnjara 
Movement in the Amadeus Basin. 

The unconformity at the top of the Mount Eclipse 
Sandstone records the last major diastrophic event in 
the Ngalia Basin (Mount Eclipse Orogeny). It was 
the most intense movement in the basin and caused 
further react ivat ion of the basement . T h e unconformity 

is present basinwide, but is most pronounced in the 
north. The youngest dated beds deformed by the M o u n t 
Eclipse Orogeny are Late Carboniferous and occur in 
the upper part of the Moun t Eclipse Sandstone. T h e 
orogeny is therefore no older than Late Carboniferous. 
The close similarity of the structural styles developed 
as a result of the Alice Springs Orogeny (see below) 
and the Moun t Eclipse Orogeny, and the proximity 
of the two structural provinces, suggest tha t the two 
orogenic events were synchronous. 

The Alice Springs Orogeny is defined as the event 
during which the Pertnjara G r o u p in the Amadeus 
Basin was folded (Wells & others, 1970) . Because the 
youngest dated beds deformed during this orogeny are 
Late Devonian, this does not indicate that the orogeny 
necessarily began in the Late Devonian, as implied 
by Playford & others ( 1 9 7 6 ) . T w o lines of reasoning 
insinuate that it began later. Firstly, isotopic dates 
on retrogressively metamorphosed rocks from the 
Arunta Block fall into a broad group ranging from 
about 360 to 320 m.y. (mid-Late Devonian to early 
Late Carboni fe rous) , which suggests that the Alice 
Springs Orogeny could be as young as La te Carboni­
ferous. Secondly, Playford & others (1976) suggested 
that a cover 2 km thick would have been needed to 
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Fig. 36. Folds in incompetent beds of the Treuer Member of the Vaughan Springs Quartzite near the Napperby Thrust 
5 km west-southwest of Napperby homestead. (GA1553) 
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Fig. 37. Proposed correlations of diastrophic events producing unconformities in the Adelaidean and Palaeozoic rocks 
of the Ngalia and Amadeus Basins. 
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Fig. 38. Exhumed middle Palaeozoic topography—mainly a result of the Kerridy Movement. The light-toned hill of 
sandstone of the Djagamara Formation is draped by the darker-toned Mount Eclipse Sandstone. An angular unconformity 
separates west-dipping beds of the Kerridy Sandstone and south-dipping beds of the Mount Eclipse Sandstone (top right). 
The White Point Fault separates the Mount Eclipse Sandstone (foreground) from the Djagamara Formation. The view 

is southwards from near Djagamara Peak. (GA717) 

account for the rank of coal material in the upper 
part of the Per tn jara G r o u p ; most of this overburden 
has been removed by erosion following the Alice 
Springs Orogeny, but it may have ranged up into the 
Carboniferous. 

Mild diastrophism superimposed a relief on the relict 
Palaeozoic landscape probably sometime in the Ter­
tiary. Most of the prominent topographic features owe 
their existence to uplifts caused by rejuvenated move­
ments on old fracture planes. 
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STRUCTURAL INFORMATION FROM GEOPHYSICAL 
DATA 

Information on the gross s t ructure of the Ngal ia 
Basin has been obtained mainly from the regional and 
detailed aeromagnet ic , gravity, and seismic surveys. 
T h e geophysical results have been part icular ly useful 
in providing structural information in areas away from 
the well-exposed strip of outcrops along the nor the rn 
basin margin. 

Magnetic basement 
Contours on magnetic basement, derived by E. P . 

Shelley (BMR, personal communica t ion 1972) from 
the results of the surveys by Car ter (1960) and Har t -
man ( 1 9 6 3 ) , are shown in Figure 39. The initial inter­
pretat ion of the magnet ic results by H a r t m a n provided 
the first regional appraisal of the form and structural 
t rends of the basin. The magnet ic basement depth con­
tours may be modified and a more detailed quant i ta ­
tive interpretat ion of the magnetic anomalies obtained 
when the results of the BMR aeromagnet ic survey over 
the basin in 1976 are analysed. 

The analysis of the earlier regional magnet ic results 
showed contours to magnet ic basement that indicate 
two deep asymmetr ic lobes corresponding to the 
western and eastern zones of the basin. Magnet ic 
basement close to the nor thern faulted margin of the 
basin was est imated to be about 5 km deep. Subsequent 
seismic work has confirmed that the sedimentary 
section extends down to about this depth , suggesting 
that the magnetic basement is close to the basement 
of the sedimentary section. 

The s t ructure of the western extremity of the base­
ment was interpreted to be a half-graben and that of the 
eastern extremity a na r row graben. Magnet ic basement 
in the graben was considered to be deep; however , 
H a r t m a n (1963) indicated that estimates of depths to 
magnetic basement there would be unreliable because 
of the narrowness of the graben, the lack of geological 
control , and the lack of definitive magnet ic anomal ies 
for interpretat ion. 

A qualitative analysis of the most recent magnet ic 
results confirms that the magnet ic basement is shallow 
in the south and deepens nor thwards as the basin 
deepens. T h e magnet ic pat tern associated with com­

plex faulting at the central southern par t of the mar ­
gin of the basin extends nor thwards into the basin, 
suggesting that the faults probably also extend in this 
direction. Long-wavelength magnet ic anomalies are 
superimposed on the broad contour pat tern, which 
reflects magnet ic basement generally; they are probably 
related to basement highs in a series of horst blocks 
which may extend southeastwards to the Stuart Bluff 
Range. 

Gravity surveys 
BMR reconnaissance gravity surveys (Flavelle, 

1965; Whi tworth , 1970) have provided informat ion 
on the regional setting of the Ngalia Basin in relation 
to the surrounding basement rocks, delineated the 
main gravity provinces in the area, and shown that 
the main gravity t rends within the basin generally 
parallel its margins. Detailed gravity surveys made by 
P A O C (Hudson & Campbel l , 1965) and Magellan 
(Hickey, 1969, 1970; Sabitay. 1 9 7 1 ; Pra t t , 1971 ; 
Gibson, 1971; and Pfitzner, 1974) provided infor­
mation on structures within the basin and leads for 
follow-up seismic surveys. T h e results of the gravity 
surveys have been integrated in the Bouguer anomaly 
map shown in Plate 2. 

Magellan computed a regional gravity field from the 
results of the reconnaissance surveys, and removed its 
effect from the results of the detailed gravity surveys, 
in order to p roduce maps of the residual gravity field. 
The non-uniform distribution of the data, on closely 
spaced stations along widely spaced nor th-south tra­
verses, involves a bias whereby predominant ly east-
west-trending elongate residual gravity contours a re 
produced. 

Parts of the Bouguer anomaly gravity profiles which 
show distinctive gravity signatures of geological features 
are illustrated in F igure 40. The profiles are plot ted 
with a common vertical scale, but each profile is r e ­
duced to an arbi trary da tum so as to place it abou t 
the traverse. The Bouguer anomaly results along the 
traverses assist in t racing major faults and other s t ruc­
tural features, and in delineating fault blocks over 
which seismic results are generally poor . Faul t blocks 
at the southern margin are part icularly well defined 
on the gravity profiles. Bouguer anomaly profiles are 
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also shown together with seismic cross-sections in areas 
where they provide an aid to interpretat ion (Plate 3 ) . 
The lack of reliable density information, particularly 
from the deep sediments and from basement generally, 
precludes the use of the gravity results for other than 
qualitative interpretat ion. However , S. P. Mathur (in 
Moss & Jones, 1974) interpreted the gravity results 
over the Waite Creek Thrus t , in the western part of the 
basin, in order to investigate the influence of the fault 
on the gravity field; he found that the gravity effect 
is related to basement uplift combined with overthrust-
ing. 

Seismic surveys 
Surveys by P A O C ( H u d s o n & Campbel l , 1965) , 

BMR (Moss & Jones, 1974) , and Magellan (Krieg, 
1972) provide a regional network of traverses through­
out the basin. T h e locations of the seismic traverses 
in relation to the generalised structure and solid geology 
of the Ngalia Basin are shown in Plate 2 and differen­
tiated in Figure 4 1 . Details of equipment and recording 
and processing techniques used on the surveys a re 
included in the survey reports . 

Seismic reflection sections, obtained using single-
fold or six-fold C D P cont inuous reflection profiling 
techniques, provide information on structures in the 
basin. Seismic reflection events vary in quality and 
continuity. They generally range from good away from 
faults to poor over faults, over upthrust blocks, near 
the margins of the basin, and near outcrops . T h e 
quality and continuity are generally better along t ra­
verses in the western zone of the basin, where several 
prominent reflection horizons can be traced for con­

siderable distances. In the central zone the overall 
reflection quality is much poorer , and difficulties a re 
experienced in tracing shallow horizons. 

Seismic velocity information 
Expanded spreads and refraction traverses were re ­

corded, in order to obtain velocity information that 
would assist in correlating reflection horizons from 
different traverses in the basin and with geological 
formations (Moss & Jones, 1974) . Krieg (1972) com­
pared the results from the expanded spreads with addi­
tional information obtained from the velocity analysis 
of common depth-point reflection da ta from ten loca­
tions. H e derived a t ime-depth relation for the basin 
by averaging the t ime-depth curves from the velocity 
analysis. His computed depths to the seismic reflectors 
derived from the average curve differed by up to ± 20 
percent from those computed from the expanded 
spreads, particularly in areas where the section is thin. 
We have further analysed the expanded-spread infor­
mat ion in order to derive more appropr ia te t ime-depth 
conversion information which would also be suitable 
for migrating the seismic data. Using the expression 
V ( = V 0 + kZ (where V ( = instantaneous velocity, 
V„ = initial velocity, Z = depth, and k is a variable 
factor) we concluded that the most appropria te 
generalised velocity function for the Ngal ia Basin is 
one in which V„ = 3800 m / s and k varies linearly with 
the time T (in seconds) of the deepest reflection. In 
the eastern central zone of the basin, k = 1.85 — 
0.74T, and. in the western zone, k = 1.94 — 0.88T, 
where T is in seconds. A comparison of depths com­
puted using this method with those from all expanded 
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spreads indicated a max imum difference of only ± 7 
percent; generally there is excellent agreement . 

Seismic interpretation 
In the s tudy for this Bulletin the main seismic reflec­

tion horizons were picked on all reflection cross-
sections, and a t tempts were made to corre la te them 
over as wide an area as possible. However , only three 
prominent seismic reflections can be t raced almost 
continuously over most of the western zone of the 
basin. T h e deepest reflection can be followed into the 
central and eastern zones of the basin, bu t the shallower 
reflections cannot be readily identified, except in the 
Moun t Allan area, where a major unconformi ty has 
been delineated and the shallowest prominent reflector 
has been identified. The three p rominent reflections 
were timed and correlated along as many traverses as 
possible. 

Horizon C, the deepest reflection, is tentatively 
identified with the Vaughan Springs Quar t z i t e /basemen t 
contact . The re is, however, some uncer ta in ty in this 
identification, and the reflection may be from different 
levels of the Vaughan Springs Quartzi te , from the 
Treuer Member , or from the basement . In the Amadeus 
Basin the deepest reflection corresponds to the top 
of the Heavi t ree Quartz i te , which masks any possible 
deeper reflections. By analogy this suggests that the 
deepest reflection in the Ngalia Basin is from the top of 
the Vaughan Springs Quartzi te . However , projection 
of the reflection along traverse L to M o u n t Allan 
(Pla te 3) and along traverse H (P la te 3) to the 
Vaughan Springs Quartzi te outcrops in the Naburu la 
Hills supports its identification with the base of the 
Vaughan Springs Quar t z i t e /basemen t contact in those 
areas . 

T h e quali ty and continuity of the reflection ranges 
from fair to poor. It is poorest in areas where diffrac­
tions originating mainly from faults interfere with the 
reflection. Correlat ion of the reflection along the 
seismic traverses in many areas is made only on the 
basis of its position as the deepest reasonably con­
t inuous reflection. 

Horizon B, the intermediate reflection, is the best 
defined of the three main reflections in the western 
zone of the basin. It is generally cont inuous, is of 
good quality, and has a distinctive seismic signature 

which facilitates its correlat ion across faults. I t is 
identified with the Moun t Doreen Format ion , probably 
with the marke r dolomite (Wanap i Dolomi te M e m b e r ) 
which is present near the top of the format ion except 
where removed by erosion. The identification was 
made by extrapolat ing the horizon southwards a long 
traverses A (P la te 3) and J (section B-B3, Pla te 1) 
to its intersection in two shallow boreholes , B M R 
Moun t Doreen Nos . 8B and 9 (both of which pene­
trated the M o u n t Doreen F o r m a t i o n ) , and a long 
traverse H to outcrops of the M o u n t Doreen F o r ­
mation on the southern flank of the Pa tmunga la Syn­
cline. T h e reflection could not be t raced into the 
eastern par t of the basin, possibly indicating either a 
facies change in or poor preservation of the M o u n t 
Doreen Fo rma t ion . 

Horizon A, the shallowest reflection, is weak bu t 
relatively cont inuous , and is the least well defined of 
the three main reflections in the western zone of the 
basin. It coincides with the major unconformity a t 
the base of the Moun t Eclipse Sandstone , and marks 
the upper limit of major pre-Carboniferous faulting. 
T h e interval above the horizon is defined by its corres­
pondence to outcrops of the Mount Eclipse Sands tone . 
Seismic reflections in this interval a re more discon­
t inuous and of higher frequency and lower ampl i tude 
than those below; they may be from siltstone beds 
within the M o u n t Eclipse Sandstone. In the nor th the 
horizon is identified by extrapolat ing it to the point of 
contact between the Mount Eclipse Sandstone and the 
Djagamara Forma t ion at the surface on the southern 
flanks of the Pa tmungala Syncline. It is roughly iden­
tified at the southern end of traverse J by projecting 
Horizon B and adding the known thickness of the 
Djagamara Forma t ion . 

Time contour maps were produced for Hor izons A, 
B, and C (P la te 2 ) . The reflection t imes on all seismic 
cross-sections were adjusted with reference to a 
common da tum of 600 m above MSL, and all t ime 
ties were checked at traverse intersection points . T h e 
time contour maps, which were produced mainly for 
correlat ion purposes , are included here because they 
show the reflection times which were interpreted from 
the reflection cross-sections and used in the product ion 
of depth-contoured information. 
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Migrated-clepth contour maps were produced for 
Horizons A, B, and C (Plate 2 ) . Reflections along 
seismic traverses were migrated into their apparent ly 
correct subsurface positions using a computer program 
varied as described previously for application of velo­
city function V. = V . + kZ. Except for Horizon C 
near major faults, the migration process had little 
effect on the positions of the three horizons. T h e 
migrated-depth contour maps were produced by 
plotting the depths and positions on traverses on the 
base-maps and hand-contour ing the data. Three-dimen­
sional migration was not practical because of the non­
uniform areal grid spacing of the data points. Machine-
contouring was not pract ical for the same reason, and 
also because of the presence of faults. T h e migrated-
depth contours indicate the main structural provinces 
in the basin. 

Isopach maps of Intervals A-B and B-C (Plate 2 ) 
were produced for the western zone by subtracting 
depths of the shallower horizon from depths of the 
deeper horizon on the migrated-depth contour maps. 
These, together with palinspastic reconstructions, pro­
vide information on the structural development of the 
basin. 

STRUCTURAL PROVINCES 
The thicknesses and structures of the upper Palaeo­

zoic, lower Palaeozoic (including the Kerr idy Sand­
s tone ) , and Adelaidean rocks are defined generally 
over the whole or par ts of the western, central, and 
eastern zones of the basin by the three prominent 
reflection hor izons—A, B, and C. The contours of 
these horizons and their main structural t rends are 
shown in Plate 2. 

Four structural provinces are defined from the 
seismic s t ructure contours on Horizons A, B, and C 
in the western zone, a fifth province from Horizon C 
in the central zone, and a sixth province from the 
structural relation of the bas in /basement contact 
apparent in ou tc rop at the nor thern margin. They are 
the Davis and Wai te Creek Thrust Nappes , the Nabu­
rula Faul t Trough , the Stanley Platform, the Newhaven 
Faul t Blocks, and the M o u n t Doreen Salient (Plate 2 ) . 
The boundaries of the provinces in the western zone are 
mainly defined by major thrusts and faults: the Yuen­
dumu Thrust , the Wai te Creek Thrust , and the sub­
surface Moun t Doreen Faul t . The structural divisions 
in the western zone are shown in seismic cross-section 
traverse A (Pla te 3 ) , the main north-south transbasin 
traverse. 

The broad outlines of the structural provinces de­
fined by the seismic s t ructure contours are consistent 
betwen the three hor izons—A, B, and C—but defor­
mation is greatest at the deepest level. At Horizon C the 
intensity of folding is greater and there are also a 
larger number of faults than at the shallower A and B 
horizons. Movement on the Yuendumu Thrust per­
sisted above Hor izon A but activity on the Moun t 
Doreen Faul t is not recorded at this level; a possible 
exception is a small northwest- t rending faul t—apparent 
at the eastern end of the Horizon A contour m a p — 
which may be a reactivated portion of the M o u n t 
Doreen Fault . 

Davis Thrust Nappe and Mount Doreen Salient 
The al lochthonous block of basement rocks and 

folded sediments at the nor thern margin of the basin 
above the Y u e n d u m u Thrust constitutes the Davis 

Thrust Nappe . The position of the northern boundary 
of the Davis Thrust Nappe is not known; the sedimen­
tary component of the nappe is bounded in the north 
by the Treuer Faul t Zone or the sediment-basement 
unconformity. The sediments crop out in a prominent 
homocline along this nor thern margin. The M o u n t 
Doreen Salient (Krieg, 1972) comprises Precambrian 
basement rocks of the Davis Thrust N a p p e at the central 
northern margin of the basin. The salient and corre­
sponding re-entrant of sedimentary rocks have been 
formed by erosion of the westward-plunging Davis 
Anticline and Patmungala Syncline to the north. The 
eastern port ion of the allochthon has been removed. 

The structure contours on Horizon C indicate that 
the greatest sedimentary thicknesses (more than 
3000 m) are preserved in the thrust nappe near the 
Treuer Faul t Zone and Yuendumu Thrust . 

Waite Creek Thrust Nappe 
The Waite Creek Thrust Nappe comprises the 

sediments and basement granite of the upper plate 
of the Waite Creek Thrust . It extends from Mount 
Carey to Vaughan Springs, and its main structural 
component apparent in outcrop is the Vaughan Springs 
Syncline. 

T h e nor thern margin of the Waite Creek Thrus t 
N a p p e lies in the Arunta Block at an unknown dis­
tance north of the Vaughan Springs Syncline. Its posi­
tion may correspond to the prominent quartz-filled 
fault zone about 15 km north of Vaughan Springs and 
parallel to the Waite Creek Thrust . Metamorph ic rocks 
are displaced against granite along this fault zone, and 
the contact is shown by a very marked change in the 
pattern of total magnetic intensity contours (Pla te 2 ) . 

The Waite Creek Thrus t forms the nor thern margin 
of the basin in the westerly par t of the western zone. 
It strikes northeast , cutt ing diagonally across the pre­
dominantly east-trending structural grain of bedding 
and other major thrusts, and may have formed during 
a late phase of the main episode of thrusting. 

Naburula Fault Trough 
A north-northwest- trending downfaulted block of 

sediments lying south of the Davis Thrust N a p p e is 
termed the Naburu la Faul t Trough. It is bounded to 
the north partly by the Yuendumu Thrust and part ly 
by the unconformable contact with basement, and to 
the south by the Moun t Doreen Faul t and the New­
haven Fault Blocks. Its eastern limit is not known, but 
its western limit appears to be defined by the Waite 
Creek Thrust . 

The linear northern margin of the Ngalia Basin 
formed by the Yuendumu Thrust in the central zone is 
interpreted to be the exposed margin of the Naburu la 
Faul t Trough, although there is no seismic coverage 
in the north of the trough here to indicate basement 
structure. 

A large westerly plunging syncline with a maximum 
depth of about 4100 m to Horizon C is evident in the 
west of the Naburu la Faul t Trough, and the depth 
to Horizon A in the syncline indicates that at least 
2200 m of the Moun t Eclipse Sandstone is preserved in 
the western zone of the basin. A small roughly circular 
platform with a mean depth of about 3600 m to 
Horizon C separates the syncline from a northerly 
inclined uniform slope in the east. Thinning of the 
sedimentary section over the platform adjacent to the 
Yuendumu Thrus t is evident at all three levels; this 
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suggests that a topographic high, probably fault-
controlled, persisted for a long t ime in this area. T h e 
adjacent slope, which has an average dip of about 7 ° , 
passes eastwards into a broad syncline with a m a x i m u m 
depth to Hor izon C of about 4700 m — t h e deepest 
p'art of the basin known on seismic evidence. T h e 
axis of this syncline corresponds in par t to the axis 
of the Bloodwood Syncline evident in outcrop . 

T h e Y u e n d u m u Thrust is absent from the basin 
margin north of the eastern end of the Bloodwood 
Syncline. This is partly because erosion has proceeded 
to a deeper s t ructural level than in the western and 
most of the central zones of the basin and part ly be­
cause displacement on the thrust decreases eastwards. 
T h e nor thern margin of the N a b u r u l a Faul t Trough 
here is an unconformable contact with basement . A 
terrace separates the nor thern , faulted flank of the 
Bloodwood Syncline from the dip slope of the uncon­
formable nor thern margin of the basin ( t raverse L and 
line 5, Plate 3 ) . 

Lineaments bounding the Naburula Fault Trough 
Yuendumu Thrust. The Y u e n d u m u Thrus t forms the 

nor thern margin of both the Ngalia Basin and the 
Naburu la Faul t T rough between the M o u n t Doreen 
Salient and 5 km northwest of Moun t Allan. A sub­
surface extension of it to the west forms the boundary 
between the Naburu l a Faul t T rough and the Davis 
Thrus t N a p p e . Its greatest displacement is on the 

southern edge of the M o u n t Doreen Salient; the thrus t 
intersects progressively younger formations westwards 
from Y u e n d u m u , and the M o u n t Eclipse Sandstone 
comprises the exposed footwall where the thrus t 
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Fig. 43. Diagrammatic cross-sections showing stages in the 
interpreted structural evolution of the area south of 20 Mile 
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changes to a southwest strike and curves around the 
M o u n t Doreen Salient. 

Structures exposed in several places along and 
near the exposed eastern par t of the Y u e n d u m u Thrus t 
attest to the complex history and magni tude of move­
ments generated along the zone. These structures are 
the White Point Faul t Zone (Fig . 4 2 ) ; a complex zone 
south of 20 Mile Bore (Fig. 4 3 ) ; and a well-exposed 
area of intensely deformed Vaughan Springs Quart­
zite at the eastern outcrop end of the Yuendumu 
Thrus t (Fig . 4 4 ) . 

In the area between Djuburula Peak and White 
Point, the White Point Faul t separates the Walbiri 
Dolomite , Bloodwood Format ion , and M o u n t Eclipse 
Sandstone from the Djagamara Format ion . Tightly 
folded Djagamara Format ion , in a small fault slice 
between the White Point Faul t and a probable thrust a 
little farther south, has been displaced over the Kerr idy 
Sandstone. The folds have ampli tudes of about 100 m 
and their axial planes dip to the nor th . By contrast 
the Bloodwood Format ion and Walbiri Dolomi te of 
the nor thern block were only slightly tilted by the 
faulting. 

The Djagamara Format ion and Kerridy Sandstone 
originally present to the north of the White Point Faul t 
were uplifted during the Kerridy Movement and eroded 
before the M o u n t Eclipse Sandstone was deposited. 
Rejuvenation of the White Point Fault , by the Moun t 
Eclipse Orogeny and possibly also by Cainozoic move­
ments, upfaulted the nor thern block, causing the steep 
dips in the Mount Eclipse Sandstone on the north side 
of the White Point Fault . The considerable relief of 
the ?Devonian erosion surface (Fig. 3 8 ) , shown by the 
marked differences in elevation of the unconformity 
at the base of the Moun t Eclipse Sandstone, was 
accentuated by the rejuvenated faulting. Late move­
ment on the White Point Faul t must have been re­
versed because the elevation of the base of the Mount 
Eclipse Sandstone at the closest point where contacts 
are visible differs by 70 m on either side of the fault 
(AB, Fig. 4 2 ) . 

Figure 43 shows the s tructural development of a 
thrust zone which includes the Y u e n d u m u Thrust in 
the area 8 km southeast of 20 Mile Bore. Repeti t ion of 
the sedimentary sequence and the position of the inter­
vening granite outcrop are explained by a combinat ion 
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Fig. 44. Sketch map of the geology at the eastern end of the Yuendumu Thrust south of Yuendumu Native Settlement 
(after Burek, Walter, & Wells, 1979). 
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of thrust ing and reverse-faulting. Only the southern 
thrust fault is exposed; the Y u e n d u m u Thrus t is extra­
polated into the section and the intermediate fault in­
ferred. Overturned beds of the Y u e n d u m u Sandstone, 

130° 30' 

130° 30' 131° 20' 

22° 50' 

131° 20' 

dipping 82° north, form the footwall of the quar tz -
filled southern thrust and Precambr ian basement 
granite the hangingwall . In an adjacent area to the 
west, beds of the M o u n t Eclipse Sandstone are over­
turned by movement along the cont inuat ion of the 
same thrust zone, suggesting that the principal move­
ments occurred dur ing the Moun t Eclipse Orogeny. 

At the eastern outcrop terminat ion of the Y u e n d u m u 
Thrus t (Fig . 44 ) the Vaughan Springs Quartz i te , which 
is faulted against basement rocks, shows the effects of 
intense tectonic stress. It is intensely silicified and cut 
by quar tz veins up to 10 cm wide next to the thrust , 
and in other places has been brecciated and recemented 
by quar tz . Tectonically impressed features include 
slickensides, kink folds (plunging about 20° w e s t ) , 
boudins, incipient cleavage, and small recumbent folds. 
A prominent north- to-south movement is indicated, 
but in addit ion some slickensides imply a sinistral 
shearing component , suggesting later, possibly Ca ino­
zoic, reactivation of the fault. T h e silicification and 
quartz-veining, suggestive of a tensional regime, may 
have been generated dur ing the phase of reactivation. 

Mount Doreen Fault. Displacement along the M o u n t 
Doreen Faul t is small compared with that of the Yuen­
dumu Thrus t . The fault has no surface expression, and 
it dies out to the west at about longitude 130°50 ' at 
the western end of the N a b u r u l a Faul t Trough . The 
eastern end of the fault, which apparent ly was the only 
part of the fault to experience rejuvenated movements 
dur ing the Moun t Eclipse Orogeny, either coalesces 
with or terminates against the Newhaven Faul t Blocks. 

Stanley Platform 
T h e Stanley Platform encompasses a gently no r th -

inclined basin floor and sedimentary cover lying south 
of the N a b u r u l a Faul t T ro u g h . It is bounded in the 
nor th and northeast by the Moun t Doreen Faul t and 
in the west-northwest by the Wai te Creek Thrus t . 
Towards the central zone of the basin the platform is 
bounded by the Newhaven Faul t Blocks, and its 
southern limit is the southern margin of the basin; 
gravity anomalies indicate that the southern par t of 
the pla t form is faulted. 
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Fig. 45. Indicated closures and structure at seismic horizons A (top), B (middle), and C (bottom). 
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1 1 / N T / 1 5 

Fig. 46. Napperby Thrust truncating the northern margin of the Patty Hill Anticline to form the northern margin of 
the basin near Napperby. (GA2078) 

There is no clear separation of the Naburu la Faul t 
Trough and the Stanley Platform (Plate 2, Fig. 45 ) at 
the Hor izon A level, mainly because the M o u n t Doreen 
Faul t is no longer evident. The platform dips at about 
6° to 8° to the north and reaches its maximum depth 
of about 4100 m in a syncline in the Waite Creek area 
in the west, which probably corresponds to the 

Mount Carey Syncline in outcrop. T h e syncline is also 
evident at the Hor izon A and B levels. The axial traces 
of minor folds are parallel to the platform slope in 
the eastern and central par ts of the province at the 
Horizon C level, but the folds were apparently formed 
before the Horizon A and B levels, with the exception 
of the northeast-plunging faulted folds in the east. 
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Newhaven Fault Blocks 

The Newhaven Faul t Blocks can be considered as 
part of the Naburu la Faul t Trough which has been 
dissected by block-faulting (line 3 in Plate 3 ) . T h e 
province comprises easterly t rending horsts and grabens 
and minor cross-cutting folds. Several small isolated 
outcrops of the Vaughan Springs Quartzi te occur in 
the province in the central zone; they correspond to 
the extension of horsts shown in Figure 45 , and sub­
stantiate the interpretat ion of a series of fault blocks 
from seismic and gravity surveys. 

The main s t ructure along the nor thern part of the 
Newhaven Faul t Blocks has been interpreted as a con­
tinuous, sinusoidal horst which narrows westwards and 
eventually merges into a single fault. As the t rend of 
this horst and o the r horst blocks to the south is no t 
certain, the s t ructure here could equally well be inter­
preted as several discrete fault blocks. T h e slope of 
the basement surface forming the basin floor south of 
the Newhaven Faul t Blocks is indicated by the seismic 
s tructure contours . This slope is probably about the 
same as the dip of the basement indicated by the 
basinward dipping outcrops of Vaughan Springs 
Quartzi te at the basin's southern margin. However , 
there is a zone between the southern margin and the 

area of seismic coverage farther nor th in which there 
is no outcrop , but gravity profiles across this zone 
suggest the presence of some faults. 

Structure in the eastern zone 
T h e s t ructure of the eastern zone of the basin is 

poorly defined because there is only one seismic cross-
section and outcrops are sparse. A cross-section at 
Nappe rby Creek (P la te 1) shows a poorly defined 
nor thward- thickening sedimentary wedge up to about 
4000 m thick cut by several small faults in its southern 
part . T o the nor th , the Pat ty Hill Anticline, in which 
the Vaughan Springs Quar tz i te is in contact with granite 
on its faulted southern flank, is t runcated on its 
nor thern flank by the N a p p e r b y Thrus t a t the 
nor thern margin of the basin (Fig. 4 6 ) . The s t ruc­
ture is interpreted as a thrusted anticline, or thrus t 
nappe, bounded by the Nappe rby and Pat ty Hill 
Thrus ts , and displaced several kilometres southwards 
over a wedge of sediments in the Ngal ia Basin (section 
K - K 3 . Plate 1 ) . 

The Nappe rby Thrus t possibly continues eastwards 
as far as the H a n n Range Thrus t , which intersects 
the quartzi te of the southern basin margin. The thrus t 
appears to eventually t runcate this quartzi te ridge and 
thus form the eastern closure of the basin (Fig. 3 3 ) . 

G E O L O G I C A L H I S T O R Y 
The Ngalia Basin records nine al ternate periods of 

sedimentat ion and diastrophism between Adelaidean 
and late Palaeozoic t ime. Until Devonian t ime the 
basin was par t of a much larger sedimentary or struc­
tural province. T h e unconformit ies which record these 
periods of diastrophism divide the succession into four 
early tectosomes of continental and marine sedimenta­
tion and two later tectosomes of only continental 
sedimentat ion (Fig. 3 7 ) . 

Several periods of sedimentat ion interrupted by dias­
trophic events, of which some included plutonic 
igneous activity, are recorded in the basement P re ­
cambrian Arun ta Block ( D l in F ig . 3 7 ) . 

Sedimentat ion in the Ngalia Basin began in the 
Adelaidean with the deposition of a blanket-l ike 
accumulat ion of sand (Vaughan Springs Quar tz i te ) as 
a westward- thickening tabular body over the planated 
Arunta Block. T h e environment may have been largely 
continental but there was at least one marine incur­
sion (Treuer M e m b e r ) . Sedimentat ion was cont inuous 
over wide areas and extended at least as far as the 
Amadeus and Officer Basins to the south and south­
west, the Birr indudu Basin to the northwest , and the 
southern Georgina Basin to the east. Local uplift and 
a short period of erosion preceded a marine transgres­
sion (Albinia F o r m a t i o n ) . 

Uplift and block-faulting later in the Adelaidean 
(Vaughan Springs M o v e m e n t — D 2 ) caused the sea to 
regress, and initiated the major s t ructural divisions of 
the basin. A large tilted horst block formed in the 
western zone (Fig. 4 7 ) , roughly in the present posi­
tion of the Naburu l a Faul t T rough , and probably 
several smaller horsts and grabens formed in the 
central (Newhaven Faul t Blocks) and southern parts 
of both the western and central zones. Erosion of 
them removed a considerable part , and in a few areas 
probably all, of the Vaughan Springs Quar tz i te and 
Albinia Format ion from the crests of uplifted blocks 
and from other s t ructural highs such as the a rea 

a round the eastern nose of the Pa tmunga la Syncline, 
and possibly also from the top of the horst block in 
the central par t of the basin ( t raverse A in Pla te 3 ) . 

Late Adelaidean continental glaciation (Naburu l a 
F o r m a t i o n ) was followed by a mar ine transgression 
(Rinkabeena Shale) that was terminated by minor 
differential uplifts (Rinkabeena M o v e m e n t — D 3 ) , after 
which addit ional parts of the Adelaidean section were 
removed from structural highs. 

A second glacial period ( M o u n t Davenpor t D ia ­
mictite M e m b e r of the M o u n t Doreen Fo rma t ion ) was 
also succeeded by a mar ine incursion (Wanapi Do lo ­
mite and Newhaven Shale M e m b e r s ) in late Adelaidean 
times. There followed further tectonic movement s 
( D 4 ) . possibly related to the Pe te rmann Ranges 
Orogeny, which severely affected the Amadeus Basin. 

A later phase of these movements may have been 
responsible for the possible unconformi ty within t he 
Y u e n d u m u Sandstone. Subsequent minor uplift (Yuen­
dumu M o v e m e n t — D 5 ) resulted in the removal of par t 
of the Y u e n d u m u Sandstone in the central zone before 
the main mar ine transgression (Walbir i Dolomi te ) in 
early Palaeozoic time. 

T h e Naburu la Faul t T rough began forming early in 
the Palaeozoic by reactivation and reverse movement s 
on the M o u n t Doreen Faul t and Y u e n d u m u Thrus t . 
The renewed faulting probably commenced during the 
Pe te rmann Ranges Orogeny and cont inued dur ing the 
Y u e n d u m u . Bloodwood and Djagamara Movements . 

A thick clastic and carbonate sequence was deposited 
during Cambr ian (Walbiri Dolomi te and Bloodwood 
Fo rma t ion ) and probably Ordovician (Djagamara 
F o r m a t i o n ) marine transgressions. In the western zone 
of the basin a norther ly provenance is suggested by 
southward thinning and downlap of units , and only 
thin equivalents are present on the Stanley Pla t form. 

Local movements , probably in Late Cambr ian t ime 
(Bloodwood M o v e m e n t — D 6 ) . in terrupted sedimen­
tation. They generated uplift in the area of the present 
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Fig. 47. Palinspastic reconstructions along traverses A and NS. The surface (annotated) is the same as the datum of the 
seismic sections—that is, 600 m above MSL. 

nor thern margin of the central zone, resulting in the 
local removal of the Cambr ian sequence, and dis­
placement along the Treuer Fau l t accompanied by 
removal of the lower Palaeozoic section. T h e thick 
Palaeozoic sequence of the Naburu la Faul t Trough 
( interpreted from the isopachs in Plate 2) was 
apparent ly not affected by this movement . 

The sea retreated from the region for the last t ime 
as a result of the Late Ordovician Djagamara Move­
ment ( D 7 ) ; the resulting uplift, folding, and erosion 
were most intense in the west. Cont inental sands 
(Kerr idy Sandstone) accumulated on the eroded sur­
face and were probably partly derived from the older 
lower Palaeozoic rocks. 
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In the ?Middle Devonian , major lat i tudinal uplifts 
(Kerr idy M o v e m e n t — D 8 ) of the basement and the 
overlying sediments occurred north and south of t he 
present basin margins. Erosion of the sedimentary 
sequence resulted in the exposure of basement rocks 
along the crests of the uplifts, and the format ion of 
a primitive basin outline. Fur ther cont inental sedimen­
tation ( M o u n t Eclipse Sandstone) was pr imari ly con­
centrated in the area of the present Ngal ia Basin, the 
depocentre being close to the nor thern margin. 

A Late Carboniferous period of deformat ion ( M o u n t 
Eclipse O r o g e n y — D 9 ) produced the present-day b road 
synclinal s t ructure of the basin and the tight folds and 
the thrusts characteris t ic of the nor thern margin. Dis­
placement by thrust ing (Wai te Creek and Y u e n d u m u 
Thrus ts ) was as much as 10 km in places (Wai te 
Creek and Davis Thrus t Nappes ; traverses H - O and K 
in Plate 3 ) . In the central zone of the basin, renewed 

fault movements accompanied by folding and tilting of 
the sedimentary sequence accentuated the horsts and 
grabens of the Newhaven Faul t Blocks. 

T h e ensuing prolonged period of erosion tha t spanned 
the late Palaeozoic to the Holocene was only briefly 
interrupted by differential uplift and by the deposi­
tion of thin Cainozoic fluvial and lacustrine sediments in 
widespread interconnected continental basins. Evidence 
for a variety of climatic regimes is preserved at var ious 
levels in the Cainozoic sequence, which contains deep-
weathering profiles, pisolitic i ronstone, silcrete, aeolian 
red sands, playa deposits, and sand dunes. 

The prominent ridges, hogbacks, and small mounta in 
ranges of the present landscape probably owe their 
existence to rejuvenation brought about by Ter t ia ry 
tilting and faulting ( D 1 0 ) . Uplifts probably took place 
largely by reactivation of pre-existing faults. 

M I N E R A L S 
The potential ly and economically important minerals 

are pe t ro leum, uran ium, and water ; the water resources 
impose a const ra int on the future expansion of the 
pastoral industry in the region. Mino r mineral occur­
rences include aggregate, barite, building stone, coal 
and lignite, copper , dolomite, evaporites. fluorite, and 
galena. 

PETROLEUM POTENTIAL 
N o exploratory drilling for pet roleum has been 

carried out in the Ngal ia Basin*; consequently an 
assessment of its potent ial is hampered by the general 
lack of information on the extent of the potential 
source, reservoir, and cap rocks, part icularly those in 
the lower Palaeozoic sequence, which are likely to be 
the most impor tant . The re are few da ta on the pe t ro-
physical characterist ics of the sediments, except for 
the sparse information available from shallow strati­
graphic drilling, u ran ium exploration drillholes, and 
water-bores; the data are mostly based on the charac ­
teristics of the sediments from outcrops, which are 
deeply weathered, so interpretat ions based on them 
can be misleading. 

The maximum preserved thickness of sediments in 
the Ngal ia Basin is about 5 km. Abou t 60 percent of 
the sedimentary column comprises Adelaidean rocks, 
and ?Ordovician and Devono-Carboniferous con­
tinental deposits, which at best can be considered as 
marginally prospective for petroleum source rocks. T h e 
most likely hydrocarbon-bear ing beds are conta ined in 
the Cambr ian and Ordovician mar ine format ions , 
which on the average const i tute the remaining 4 0 
percent of the sedimentary sequence. 

Source rocks 
In the Adelaidean sequence, possible source rocks 

are present in the Albinia Format ion . Naburu l a Fo r ­
mation, and Rinkabeena Shale. The Albinia Fo rma t ion 
contains dark grey stromatoli t ic dolomite ; similar 
dolomite in the Bitter Springs Format ion , with which 
it is correlated, is a fair source rock ( D . McKi rdy , 
formerly BMR, personal communica t ion ) . T h e 
Naburu la Fo rma t ion contains a thin sequence (8 m in 

* Since this text was written, the first petroleum exploration 
well in the Ngalia Basin—Davis No. 1—has been drilled, 
in 1981, on the Davis Anticline (Appendix 7 ) . 

ou tcrop) of black shale. Cores from BMR N a p p e r b y 
N o . 5. which are considered to be equivalent to the 
Naburu la Format ion or possibly the Rinkabeena Shale, 
have a lean to fair source rock potential (Tab le 4): 
a vitrinite reflectance of 0.74 percent for one sample 
in BMR Nappe rby N o . 5 implies that the sample is 
mature for oil genera t ion; the total organic carbon and 
extract da ta indicate a lean to fair source rock, par­
ticularly for the sample from a depth of 153 m (K . 
Jackson, formerly BMR, personal communica t ion 
1981) . The Rinkabeena Shale at tains a thickness of 
100 m, but its source rock potential is unknown . A 
conservative estimate of the total thickness of A d e ­
laidean source rocks is abou t 260 m. 

Possible lower Palaeozoic source rocks occur in the 
Djagamara Forma t ion and in fossiliferous mar ine 
shales and dolomite of the Walbiri Dolomite . T h e 
combined thickness of these formations in the central 
zone of the Ngalia Basin is about 570 m and a l though 
they have limited distr ibution in outcrop they may 
be more cont inuous in the subsurface. T h e siltstone 
of the Djagamara Fo rma t ion reaches a max imum 
thickness of about 250 m, but only 40 m of shale and 
siltstone are exposed in the Walbiri Dolomi te . 

The results of source rock analyses on cutt ings 
of samples of dark grey shale from the Djagamara 
Format ion are given in Table 5. It is difficult to inter­
pret matura t ion based on the vitrinite reflectance data . 
The wide range of values for vitrinite reflectance in 
samples of the Djagamara Fo rma t ion from M o u n t 
Doreen (Afmeco) N o . 1 ( f rom 0.39 percent at 206 m 
to 0.74 percent at 275 m ) , and the probable difficulty 
in recognising true vitrinite macerals , preclude an 
interpretat ion of the matura t ion . T h e total organic 
carbon and extract da ta indicate lean to bar ren source 
rocks (K. Jackson, formerly BMR, personal communi ­
cation 1981) . 

The Bloodwood Format ion is mar ine in origin and 
may contain thin source beds. T h e deeply oxidised red-
brown sandstone and siltstone persist to depths of over 
100 m (Grainger , 1969) , suggesting they have negligible 
petroleum source rock potent ial . 

T h e thick sequences of cont inental arenaceous sedi­
ments in the M o u n t Eclipse and Kerr idy Sandstones 
are considered to have negligible pet roleum potent ia l . 
The sediments are part ly oxidised at depth and 
generally coarse-grained, and the organic content is 
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TABLE 4. SOURCE ROCK DATA, NABURULA FORMATION OR 7RINKABEENA SHALE 
All the samples are from BMR Napperby No. 5 well. 

Total Total 
organic extractable Vitrinite 

Depth carbon hydrocarbons reflectance Remarks 
Core (m) ( % ) (ppm) (%) 

5 152.40-153.31 1.25 221 0.74 unreliable 
7 182.88-184.40 0.65 63 — 
8 213.36-216.41 0.30 61 — 
9 230.12-233.17 0.65 53 (0.88) less than 10 readings 

Source: CSIRO/BMR source rock investigations (Saxby, 1977). 

TABLE 5. SOURCE ROCK DATA, DJAGAMARA FORMATION 
All the samples are from Mount Doreen Afmeco No. 1 well. 

Total Aliphatic Aromatic Polar Organic 
Lab. Depth extract fraction fraction fraction carbon Reflectance 

no. Cuttings (m) Lithology (ppm) (ppm) (ppm) (ppm) (%) (%) 

78499 CI 206 Shale (grey, slightly micaceous 
and carbonaceous) 

173 13 7 70 0.25 (0.39) 

78500 C2 245 Siltstone (grey, slightly micaceous 
and carbonaceous) 

91 12 3 30 0.25 — 

78501 C3 275 Siltstone (grey, slightly micaceous 
and carbonaceous) 

114 16 74 37 0.20 (0.74) 

78502 C4 337 Sand (fine-medium, some 69 12 5 18 0.15 0.47 
carbonaceous material) 

Values in parentheses are unreliable because insufficient vitrinite was present for measurement. 
Source: C S I R O / B M R source rock investigations (Raphael & Saxby, 1979) . 

small. However , analyses of carbonaceous sandstone 
and shale from cores in the M o u n t Eclipse Sandstone 
(Tab le 6) f rom the Walbir i Prospect (F ig . 4 8 ) were 
classed as fair source rocks ( D . McKi rdy , formerly 
BMR, personal c o m m u n i c a t i o n ) . T h e organic mat te r 
in the sediments is thermal ly immature , and the car­
bonaceous intervals in the formations could have 
generated pe t ro leum hydrocarbons if and where they 
have been more deeply buried; the m a x i m u m preserved 
thickness of the upper Palaeozoic rocks which contain 
these source rocks is about 2400 m. T h e carbonaceous 
sandstone and shale of the M o u n t Eclipse Sandstone 
contain a great deal of inertinite, commonly in a 
massive featureless form readily confused with vitrinite 
and hence not considered reliable for reflectance studies 
(A. J. Kantsler , formerly University of Wol longong, 
personal c o m m u n i c a t i o n ) . T h e variable reflectance, 
the internal textures in the inertinite, and the presence 
of large grains and framboids of pyr i te replacing vit­
rinite suggest predeposi t ional oxidation, fusinisation, 
and derivation of the coaly material f rom eroded peat . 
Kants le r considered that the results imply a coalifi-
cat ion history of deep burial (2-3 k m ) in a high 
thermal gradient (about 4 0 ° C / k m ) before major u p ­
lift and erosion. T h e potent ial source rocks at this 
matura t ion stage are still wi thin the oil window, bu t 
present burial t empera tures are unlikely to provide 
sufficient the rmal drive for the generat ion of hydro ­
carbons. 

Carbonaceous mater ia l in the Per tn jara G r o u p , an 
equivalent tec tosome in the A m a d e u s Basin, has a 
mean reflectivity of 0.66 percent (Kury lowicz & others , 
1976 ) . Assuming an available t ime for coalification of 
about 60 m.y. ( the t ime between deposi t ion of the 
formation and pre -Permian un load ing ) , a t empera tu re 
of 75° C, and a geothermal gradient of 3 . 4 ° C / 1 0 0 m 
(derived from Mereenie N o . 1 well in the A m a d e u s 
Bas in) , Playford & others (1976) calculated tha t t he 

cover must have been abou t 2 k m thick in order to 
account for this reflectivity value. N o t all the un load ing 
necessarily took place before the Pe rmian , and less 
cover over a longer per iod of t ime could accoun t for 
the same reflectivity value. 

T h e samples f rom the M o u n t Eclipse Sands tone 
occur about 1.4 k m f rom the preserved top of t he 
formation, so tha t the original depth of burial could 
be of the same order as tha t es t imated by A. J. Kan t s l e r 
(personal communica t ion ) and by Playford & others 
for the Per tnjara G r o u p . 

Reservoir rocks 
Proterozoic rocks are considered to have negligible 

reservoir potential mainly because silicification of 
many of the arenaceous rocks probably persists a t 
depth. They may be impor t an t in areas where they a re 
si tuated structural ly upd ip f rom Palaeozoic source 
rocks. 

T h e Y u e n d u m u Sandstone, abou t 7 0 0 m thick, p ro ­
bably has low porosi ty and permeabi l i ty . Permeabi l i ty 
reported f rom the Y u e n d u m u Sands tone in water -bores 
is caused by Assuring, and the format ion can be classi­
fied only as a poor reservoir . 

Both the Walbir i Do lomi te and Bloodwood F o r m a ­
tion are probably p o o r reservoirs . Sands tone const i tutes 
only a small pa r t of the Walbi r i Dolomi te and has a 
secondary carbonate cement . I n places the dolomi te is 
brecciated, and secondary porosi ty m a y be developed 
in fractured zones. T h e Bloodwood F o r m a t i o n p r o ­
bably has similar reservoir characterist ics to t h e Y u e n ­
d u m u Sandstone. T h e h igh percen tage of silt in the 
matr ix probably makes it a p o o r reservoir . 

Ou tc rop characterist ics suggest t h a t t h e m o r e friable 
porous massive sands tone intervals commonly inter­
bedded with silicified tough th in-bedded sandstone of 
the Djagamara F o r m a t i o n in t he east have good reser­
voir rock propert ies . However , t h e l imited da ta o n the 
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T A B L E 6. S O U R C E R O C K D A T A , M O U N T E C L I P S E S A N D S T O N E 

Sample Organic Sat. hydrocarbons Sat. hydrocarbon patte\ Kerogen Vitrinite reflectance 
drill­ depth carbon Total extract total pristane rank Ro mean range Ro max. 
hole (m) ( % ) (ppm) (mg/gC) (ppm) extract range maximum phytane (%C dmmf) max. (%) ( % ) N 

D D I 8 8 5 . 1 - 8 5 . 4 1.11 121 10.9 28 0.23 C15-C34 C 2 4 
1.3 76 .5 ?1 .06 1 

D D I 7 1 4 7 . 5 - 1 4 7 . 8 0 .44 149 33 .9 25 0 .17 C13-C32 Ci7,Co4 1.4 7 6 . 1 0 .97 0 . 6 8 - 1 . 1 2 12 
D D I 3 9 4 . 4 - 9 4 . 6 0 .19 119 62 .9 35 0 . 3 0 C 1 3 - C 2 8 Cir> 3.2 ?1 .05 0 . 8 6 - 1 . 1 4 5 
Y R D 1 2 1 1 3 0 . 9 5 - 1 3 1 . 0 0 .66 

0 .01 
0 . 6 0 - 0 . 7 6 * 
0 . 9 4 - 1 . 0 6 b 

Y R D 1 1 9 2 1 0 . 5 - 2 1 0 . 6 0 .87 0 . 6 9 - 1 . 0 8 c 
Y R D 1 1 9 1 5 1 . 9 5 - 1 5 2 . 0 1.04 0 . 9 6 - 1 . 2 0 c 
E C D 1 2 1 0 3 . 4 - 1 0 3 . 4 5 0 .93 0 . 7 6 - 1 . 1 8 c 
Y R D 5 1 1 3 0 . 0 - 1 3 2 . 0 0 .23 0 . 1 8 - 0 . 3 0 d 

* Carbon numbers refer to n-paraffins. dmmf—dry, mineral-matter free. 
a bimodal, b ?semifusinite, c sandstone with thin carbonaceous laminae, d rotary cuttings. 
Data from D. M. McKirdy (formerly BMR), except the vitrinite reflectance measurements, which were supplied by A. J. Kantsler (formerly University of Wollongong) for drillholes DDI8, 
DD17, and DD13, and by A. C. Hutton (University of Wollongong) for drillholes YRD121, YRD 119, ECD12, and YRD51. 
Drillholes DDI 8, DD17, and DD13 are located 4 km west-northwest of Mount Eclipse, YRD121 and YRD119 about 27 km east-northeast of Mount Wedge Homestead, YRD51 about 25 km 
west of Mount Wedge Homestead, and ECD12 at the northern edge of the Ngalia Basin about 16 km south of Djagamara Peak. 



TABLE 7. POROSITY AND PERMEABILITY DETERMINATIONS ON CORES 

Absolute Average density 
Average effective permeability (t.m*) Fluid saturation 

Well 
Sample depth porosity two1 plugs (millidarcy) Apparent (% pore space) 

Well Formation Core no. (m) (% bulk vol.) V H Dry bulk grain Water Oil 

BMR Mt Doreen No. 9 

BMR Mt Doreen No. 10 

BMR Mt Doreen No. 12 

BMR Mt Doreen No. 13 
BMR Mt Doreen No. 14 

BMR Napperby No. 5 

BMR Napperby No. 7 

DD 13 
DD 17 
CPM 1 
C P M 2 

1 205.64-205.82 33.9 1.9* 12* 1.72 2.63 ^ 
Mount Doreen Formation 2 

2 
241.40-241.94 
242.87-243.18 

6.9 
7.0 

0.16 
<0 .1 

<0 .1 
<0 .1 

2.62 
2.64 

2.82 
2.84 ND 

2 243.18-243.38 9.2 <0 .1 0.12 2.42 2.66 , 
1 94.79- 95.28 12.4 3.2 4.3 2.30 2.63 
1 95.81- 96.39 12.4 14 23 2.29 2.62 

Mount Eclipse Sandstone 2 
2 

113.54-113.64 
113.74-113.82 

13.7 
10.1 

0.1 
0.1 

0.1 
0.14 

2.37 
2.47 

2.74 
2.74 ND 

2 115.27-115.42 8.1 0.41 1.2 2.41 2.62 
3 160.02-160.63 9.0 0.88 1.1 2.39 2.63 j 

Cainozoic 1 65.15- 65.33 34.3 495 810 1.82 2.76 ] 

Mount Eclipse Sandstone j 

2 
2 

182.88-183.29 
184.48-184.71 

8.8 
9.1 

1.5 
0.95 

1.5 
1.5 

2.40 
2.40 

2.63 
2.63 J 

N D 

Vaughan Springs Quartzite? 2 179.83-181.05 5.3 0.24 0.14 2.50 2.63 N D 
Walbiri Dolomite 1 16.76- 17.45 4.0 <0 .1 <0.1 2.58 2.69 N D 
Naburula Formation/ 8 214.73-214.83 11 NIL NIL 2.56 2.68 77 Nil 
Rinkabeena Shale? 10 243.79-243.87 12 N D NIL 2.51 2.61 99 Nil 

Mount Eclipse Sandstone? 4 
5 

122.10-122.17 
130.23-130.33 

4.8 
3.9 

ND 
2.9* 

0.86 
0.97 

2.43 
2.34 

2.74 
2.64 

10 
7.6 

Nil 
Nil 

Mount Eclipse Sandstone 94.4 - 94.6 4.9 <0 .1 <0 .1 ND ND N D 
Mount Eclipse Sandstone 147.5 -147.8 8.2 <0 .1 <0 .1 ND ND ND 
Mount Eclipse Sandstone 13.3 <0 .1 <0.1 2.34 2.70 N D 
Djagamara Formation 3.7 <0 .1 <0 .1 2.53 2.63 ND 

* Fractured. 
Samples from DD 13 and DD 17 are from Walbiri prospect, Walbiri Ranges, and CPM 1 and CPM 2 are from Dingos Rest prospect, west Wanapi Escarpment. 
ND—not determined. 
Additional notes 

1. Unless otherwise stated, porosities and permeabilities were determined on two plugs (V and H) cut vertically and horizontally to the axis of the core. Ruska porosimeter and permeameter 
were used with air and dry nitrogen as the saturating and flowing media respectively. 

2. Oil and water saturations were determined using Soxhlet-type apparatus. 
3. Acetone test precipitates and fluorescence of freshly broken core carried out for BMR Napperby Nos. 5 and 7 were negative. 

Determinations by Petroleum Technology Laboratory, BMR, Canberra. 



subsurface character is t ics of the format ion are no t 
encouraging. A single sample f rom a mineral explora­
tion dril lhole has a porosity of 3.7 percent and per­
meabili ty of 0.1 m d (vertically and hor izonta l ly) . 
Water-bores have failed to pene t ra te it because of its 
extreme toughness . Even so, its reservoir potent ial is 
marginal ly enhanced because of its similar l i thology 
and age to the Pacoo ta Sandstone, the major pe t ro leum 
reservoir rock in the A m a d e u s Basin. 

T h e Ker r idy Sands tone is too silty to possess m u c h 
interstit ial porosi ty or permeabil i ty and is probably a 
poor reservoir . A n y permeabil i ty in the format ion is 
probably due to joint ing and possible Assuring asso­
ciated with fault ing. 

T h e M o u n t Eclipse Sandstone contains beds which 
have fair poros i ty and permeabi l i ty (Table 7 ) . Some 
shallow water -bores in the format ion suggest tha t it 
has some intersti t ial porosi ty; but it is unlikely to have 
widespread secondary porosity, a l though fracture 
porosity is evident in one drill core. 

T h e thickness and extent of cap rocks in the basin 
are difficult to assess, mainly because the siltstones and 
shales general ly wea ther recessively and are covered 
by superficial deposits . Possible cap rocks are known 
in many of the format ions , bu t the thickest occur in 
the T reue r M e m b e r of the V a u g h a n Springs Quar tz i te 
and in the D j a g a m a r a Forma t ion . T h e latter is p ro ­
bably the mos t i m p o r t a n t cap rock, as it is probably 
also a source rock and is in terbedded with sandstone 
reservoirs. 

Siltstone and shale in the upper Palaeozoic sequence 
are probably of sufficient thickness and extent t o form 
cap rocks for any pe t ro leum generated in lower 
Palaeozoic rocks . 

Structures 
T h e Davis Ant ic l ine is the only known fold in the 

Ngal ia Basin showing closure in the M o u n t Eclipse 
Sandstone (F ig . 4 5 ) . I t is p robably the most prospec­
tive drilling target in the basin, because it occurs in 
an area where a thick Palaeozoic sequence has been 
suggested, and a small gas show was repor ted f rom a 
mineral explora t ion drillhole nea r the crest of the 
fold. 

Mos t o ther folds, such as those exposed in t he 
eastern Walbir i Ranges , are breached below the top of 
the D jagamara F o r m a t i o n . P o o r exposure of some, 
however—for example , the Beant ree Anticline, on the 
south flank of the Walbir i Ranges—prec ludes any 
quali tat ive assessment of their value as pe t ro leum traps . 

In terpre ta t ions of seismic surveys and surface geology 
have out l ined possible fault t raps . T h e prospectiveness 
of the fault t raps depends no t only on the presence of a 
seal on the faul t -p lane closure, and presence of Pa laeo­
zoic source rocks , bu t largely on whe the r s tructures 
mapped near the base of the sedimentary sequence in 
the central zone persist into the shallower, more pros­
pective Palaeozoic rocks . Faul t closures with the mos t 
potent ial are those towards the no r the rn margin of the 
basin in the western zone , where a lower Palaeozoic 
sequence with possible source rocks is indicated a n d 
the thrusts h a v e large displacements . Fau l t closures 
towards the sou thern margin of the basin are less 
prospect ive because the Palaeozoic sediments are p rac ­
tically flat-lying and appear to thin perceptibly to the 
south and in places m a y be t runca ted by younger for­
mat ions ; in addi t ion , displacements on the faults a re 
less, and the depth of burial may no t have been suf­

ficient to ma tu re hydrocarbons . Al though fault closures 
have been mapped near the base of the Pro te rozo ic 
sequence in the Newhaven Fau l t Blocks, very little 
is known about the thickness and distr ibution of the 
Palaeozoic rocks there , and persistence of the deep 
s t ructures into Palaeozoic levels cannot be demon­
strated. 

Seismic profiles across the N a b u r u l a F a u l t T rough 
indicate that the Palaeozoic formations p inch ou t to ­
wards the southern margin of the basin. T h e change 
in general charac ter of the seismic reflections suggests 
that there are also lithological changes present in this 
sequence. These changes of li thology and suggested 
p inchou t are part icularly significant as they may indi­
cate the presence of s trat igraphic t raps in the thick 
Palaeozoic sequence. 

Summary 
Most of the s t ructure mapped in the basin sediments 

was generated during the Late Carboniferous M o u n t 
Eclipse Orogeny, which followed at least eight o ther 
per iods of diastrophism. The result ing unconformit ies 
evident in the sequence a round the margins of the 
basin indicate long periods of non-deposi t ion and 
possible fluid escape, and seriously reduce the 
pe t ro leum potential . Nevertheless, the probablv thick 
and more complete Palaeozoic sequence in the 
N a b u r u l a Faul t T rough may no t have been as severely 
affected by the movements , and as a consequence large 
hiatuses could be absent. 

T h e depth of burial of the sediments was probably 
never very great unti l the M o u n t Eclipse Sandstone 
was deposited. Hence , hydrocarbons may no t have 
ma tu red and migrated until the Carboniferous . 

T h e thick sequence in the N ab u ru l a Fau l t T r o u g h 
is the most prospective area for pe t ro leum explorat ion. 
T h e Davis Anticline occurs close to the fault t rough, 
and is the only known anticline in the basin showing 
closure in the M o u n t Eclipse Sandstone. T h e Djagamara 
Fo rma t ion , which probably underl ies the M o u n t Eclipse 
Sands tone in the fold, is considered to conta in the 
most prospective source beds in the succession. 

URANIUM* 

Carnot i te occurs in the Devono-Carboni ferous 
M o u n t Eclipse Sandstone at the Bigrlyi, Walbir i , 
Dingos Rest, and other prospects (Fig. 4 8 ; Ivanac & 
Spark, 1 9 7 6 ) . T h e host rocks are most ly in the lower­
most par t of the formation, and comprise friable to 
tough kaolinised white, grey, and reddish b rown sub-
arkosic or feldspathic sandstone with minor shale, 
siltstone, conglomerate , and dolarenite in terbeds . Car­
bonaceous material and plant remains are c o m m o n . In 
the pr imary zone the host rocks are compact grey to 
greyish white and pink medium to coarse-grained feld­
spathic sandstone with green shale and siltstone. Car­
not i te grades at shallow depth to sooty and lustrous 
black uranini te which fills the interstices be tween sand 
grains, replaces clayey particles, and fills f ractures . 

Radioact ive opal and ochres occur in qua r t z veins 
and gossans filling fractures in granites and gneisses of 
the Arun ta Block, and carnot i te occurs in Qua te rna ry 
calcrete near the southern margin of the basin. 

Bigrlyi ( F in, Fig. 4 8 ; Fig. 49 ) comprises a series of 
disconnected uraniferous lenses in the lower par t of the 
M o u n t Eclipse Sandstone which crop out over a strike 

* Contributed by Central Pacific Minerals NL. 
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NGALIA BASIN 
SEDIMENTARY 

SEQUENCES 

ARUNTA BLOCK 
BASEMENT 

| ra | Late Palaeozoic 

| Pzi | Early Palaeozoic 

| h | Adela idean 

H Early and Midd le 
Proterozoic 

Geological boundary 

Basin margin 

-$— Anticline 

— Syncline 

— Fault or thrust 

Uranium occurrences 

A Rankins Reward 

B Walb i r i 

C Sunberg 

D Coonega 

E Dingos Rest 

F Bigrlyi 

G Karin 

H Currinya 

Fig. 48. Uranium occurrences in the Ngalia Basin. 

Fig. 49. Bigrlyi.uranium prospects (from Central Pacific Minerals NL) . 

length of 12.5 km at the northwestern margin of the 
Ngalia Basin from Dingos Rest ( E in Fig. 48) to 
Mount Doreen homestead. Sixteen surface and near-
surface carnoti te prospects have been located. In one 
place the cavities of a termite mound were found to 
be lined with carnoti te . 

The deposits at Bigrlyi occur in razorback ridges 
and beneath the intervening valley floors. They occupy 
a west-trending belt flanked to the north by the 
Vaughan Springs Quar tz i te , and to the south by a 
uniform sequence of tightly folded red, grey, and pink 
interbedded tough sandstone, ferruginous feldspathic 
sandstone, and claystone beds in the Mount Eclipse 
Sandstone. The mineralised host rock is a tough light 
grey-cream to pale greenish-grey medium to coarse­
grained arkosic sandstone with minor red and green 
interbedded shale and siltstone. Red ferruginous beds 
are common towards the base, and dolarenite and clay­

stone in lenses and beds are common in places. The 
mineralised host rocks are commonly kaolinised, white, 
and friable, and contain carbonaceous material and 
plant remains. Carbon, uranium, and vanadium are 
usually closely associated in them, and up to 8.05 k g / t 
of vanadium has occurred in some intersections. The 
tightly folded host sequence is about 450 m thick, and 
dips from 75° south to 80° overturned nor thwards . 

Thir ty thousand metres of drilling has helped to 
define the reserves at Bigrlyi (Table 8 ) . Prospect 15 
(Fig. 49) is the largest deposit discovered to date. I t 
occurs in a roughly tabular body pitching subhori-
zontally to the west and dipping 70-80° south. It is at 
least 500 m long along strike and extends to a depth 
of 300 m. At the surface, carnot i te forms flakes, grains, 
and veinlets in medium to coarse-grained light arkosic 
sandstone interbedded with purple and red hemati t ic 
sandstone and dolarenite. It grades to sooty uraninite 
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T A B L E 8. U R A N I U M R E S E R V E S — B I G R L Y I 
P R O S P E C T S 

Grade 
(kg Average 

Classifi­ Tonnes Kg width 
Prospect cation oj ore tonne) v*o% 

(m) 

f 15 Probable 83 179 3.59 299 014 3.95 
Treuer 1 15 Ext. Probable 187 867 3.42 643 278 3.77 

[ 15 Ext. Inferred 62 218 3.25 202 267 3.77 
8 Probable 23 447 1.36 31 820 3.90 

SW of 8 Probable 18 413 3.80 70 035 1.53 
Between 4 and 5 Probable 15 922 5.17 82 380 2.0 

4 Probable 35 125 3.88 136 426 2.23 
SW of 4 Inferred 18 087 3.11 56 259 1.53 

2 Probable 91 570 2.14 195 698 2.38 
Source: Central Pacific Minerals N L (1978). 

at shallow depth. Prospect 2, at the western end of 
the prospect area, crops out as a na r row carnot i te lens 
in medium to coarse-grained pale yellow ochreous to 
creamy-white arkosic sandstone. In contrast to prospect 
15, the carnot i te at prospect 2 forms a r ibbon below 
the surface broadly related to the present or a former 
water- table; there is no significant uranini te . O the r 
uraniferous deposits are either variat ions of the two 
described above or are pipelike, bu t all are conformable 
to the bedding. 

Dingos Rest ( E in Fig. 48 ) comprises two prospects : 
Dingos Rest South and, 2.5 km farther nor th , Dingos 
Rest Nor th . Dingos Rest South prospect occurs in 
north-str iking beds of medium to coarse-grained white , 
c ream, and mott led purple and c ream arkosic sand­
stone. It comprises two parallel i rregular layers of 
mineralised sandstone about 20 m long: the upper one 
has a max imum width of 1.37 m; the other is nar rower . 
At Dingos Rest Nor th , minor carnot i te deposits occur 
in beds with dips from 14° to 40° on the south l imb 
of the Patmungala Syncline: the host rocks are a con­
t inuation of those from Dingos Rest South. Carno t i t e 
at bo th prospects is closely associated with clay pellets 
and purple hemat i te , and occurs as disseminations, as 
fracture and pore fillings, as coatings to sand grains, 
in pockets, in irregular segregations, and in golf-ball-
size accret ions. The deposits are secondary, are dis­
cont inuous with depth, and may be related to the 
mott led zone of laterit isation. 

At Walbiri (B in Fig. 4 8 ) , discont inuous carnot i te 
deposits occur over a strike length of about 3 km in 
outcrops of white to pink-white quartz-feldspar sand­
stone and arkose which at depth grade to light grey to 
grey-green and contain minor pyrite and carbonaceous 
mat ter , including fossil logs; the beds dip 14° south-
southwest . Carnot i te occurs as needles; it forms dis­
seminat ions and fracture-fillings, and is also found with 
clay pellets. T w o lenticular bodies of sooty uranini te 
are irregularly dispersed through the host sandstone 
at depth, al though at one location it occurs with black 
shale; the easternmost lens is the most impor tan t . 

T h e mineral deposit at Walbir i pitches southeasterly 
from the surface radiometr ic anomalies at a low angle 
in a sinuous conformable lens 740 m long with an 
average width of 113 m and average thickness of 
2.1 m. It was estimated in 1976 to contain 423 519 
tonnes of ore with 686.1 resource tonnes of U H O s . 
T h e average grade is 1.63 kg U : ! O s / t , and the uran ium 
is expected to be irregularly distributed within the 
lens. 

Minor carnoti te associated with carbonaceous mat ter 
was discovered in arkosic sandstone at Sunberg ( C in 
Fig. 4 8 ) , 3 km west along strike from Walbiri . 

At Coonega ( D in Fig. 4 8 ) , small blebs of carnot i te 
occur in white feldspathic quar tz sandstone which is 
probably the same as the mineralised strat igraphic 
sequence at Walbiri . 

At Karin (G in Fig. 4 8 ) , carnoti te occurs in whi te 
to grey medium to coarse-grained feldspathic sandstone 
with minor claystone beds which dip 16° south-south­
west. Uranini te in the pr imary zone coats grain 
boundaries , fills pore spaces, and occurs as dissemina­
tions and blebs. 

Patches of mineralised rock have been found along 
strike for 9000 m from the Kar in anomaly. The largest 
deposit is a 1-m line-of-hole intersection which assayed 
4.8 kg U 3 O s / t . 

Currinya ( H in Fig. 4 8 ) , located near the central 
southern edge of the basin, comprises two weak radio­
metr ic anomalies, each measuring roughly 2.4 x 1.2 km. 
Traces of carnot i te occur in calcrete and sandy clay 
of Quate rnary age. In this part of the basin, calcrete 
is common in an area of widespread lagoons, salt pans , 
meanders , and cut-off meanders where modern s t reams 
trending across the basin debouch through a gap in the 
Vaughan Springs Quartzi te . Pale yellow carnot i te , dis­
tinct from the bright yellow variety at Dingos Rest, 
forms a thin film on very irregular surfaces in the cal­
crete. At shallow depth , the carnoti te occurs as pea-
size fragments and minor irregularly shaped grains, 
but the deposit is patchy and discontinuous. T h e maxi­
mum grade is 0.64 k g / t over a 2-m thickness between 
the depths of 4 and 6 m. 

At Rankins Reward (A in Fig. 4 8 ) , weak radio­
metric anomalies up to 600 m long and averaging 2 m 
wide occur in vertical or steeply, southwesterly dipping 
lenticular hemat i t e / l imoni t e gossans and quar tz-
hemati te breccia. The gossans and breccia zones are 
weathered to depths of over 200 m, but no mineral 
deposits of economic significance were discovered. 

In the Arunta Block several gossans and quar tz -
hemati te breccia lenses and some of the granites and 
granite-gneisses show anomalously high radioactivity, 
and together have probably contr ibuted u ran ium to 
sediments within the Ngal ia Basin. Radiometr ic da ta 
recorded in the region (Fig . 50) show several major 
zones of anomalously high radioactivity in outcrops of 
the Arun ta Block nor th of the basin. 

WATER SUPPLY 

Surface water 

Surface water is scarce, as the area lies within the 
250 mm annual-rainfall isohyet and long droughts a re 
common. Streams flow intermit tent ly and mostly flood 
out into the surrounding sand plains and salt fiats. T h e 
larger waterholes—Kerid i , Oodnapinna , Pulca Cur-
rinva. and 20 Mi le—and some of the u n n a m e d 
soakages and waterholes in the larger creeks and rivers 
often retain water all year round and supplement bore-
water for the pastoral industry. Nat ive wells that are 
marked on the m a p are usually small depressions 1-2 m 
deep in impermeable rocks, commonly granite and 
ferricrete. and small soakages in creeks; they yield 
little water . 

Na tura l springs are known from several areas ; the 
largest occur a round the periphery of the Vaughan 
Springs Syncline. Yields of 7000 1/h have been re­
corded from Vaughan Springs, at the northeast end of 
the syncline; the water is suitable for domest ic use 
and is used at Moun t Doreen homestead. 
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s Groundwater 
The following brief assessment of the potential of 

some of the formations most likely to yield ground­
water was provided by R. E. Read (formerly Water 
Resources Branch, Nor the rn Terr i tory Administrat ion, 
Alice Springs, personal communicat ion 1979) . 

The Yuendumu Sandstone yields water in Penhalls 
Bore, which for a long time was the sole source of 
supply for Yuendumu Native Settlement (Appendix 3 ) . 
Water quality is marginally over the World Hea l th 
Standard of 1500 ppm total dissolved salts. Permea­
bility is due to Assuring, and drilling in the formation 
has shown that the area of even marginally potable 
water is limited. 

The Walbiri Dolomite has the potential to yield 
large supplies from solution joints. However, at present 
it yields water suitable only for stock, and it is unlikely 
to yield potable water in the future. 

The Djagamara Format ion might be expected to 
yield small to moderate supplies of potable water, but 
at tempts to drill it have failed because of its ext reme 
toughness. 

The Kerr idy Sandstone has assumed importance as 
an aquifer, as it is being tested by several bores for 
its suitability for long-term supply to Y u e n d u m u 
Nat ive Settlement. N o interstitial permeabili ty is 
evident in cuttings, and permeability must be due 
chiefly to joints and possibly to fissures associated with 
faulting. The well-developed joints in the test area may 
be due to the relatively tight folds here. Drilling logs 
show that water commonly flows from intervals with 
low penetrat ion rates, suggesting that joints may be 
best developed in hard brittle sandstone beds. 

The M o u n t Eclipse Sandstone probably has similar 
aquifer properties to the Kerr idy Sandstone, and may 
need to be developed in the future to augment supplies 
from this formation. The formation may have some 
interstitial permeabili ty, but joints may not be as well 
developed as in the Kerr idy Sandstone. A bore in the 
Moun t Eclipse Sandstone in an area near Bigrlyi Pass 
supplies adequate potable water for a small mining 
camp. 

Of the eleven sedimentary formations in the basin, 
only the Mount Eclipse, Yuendumu, and Kerridy Sand­
stones have yielded potable water ; the Mount Eclipse 
and Kerridy Sandstones, and aquifers in Cainozoic 
sediments, will probably be the main targets for ex­
ploration. 

AGGREGATE 
Cainozoic gravel has been excavated from several 

areas adjacent to the Alice Spr ings /Yuendumu road, 
and, after screening, has been used for road construc­
tion. Sites where gravel has been excavated for this 
purpose occur south of Yuendumu Nat ive Sett lement 
on scree slopes on the nor thern side of steep low 
ridges, and on the southern slopes of the Stuart Bluff 
Range near Mount H a m m o n d . At both sites the scree 
is from the Vaughan Springs Quartzi te . 

BARITE AND GALENA 
Barite and disseminated galena occupy irregular veins 

up to 60 cm wide along joints, and consti tute replace­
ment bodies, in an outcrop of the Walbiri Dolomite about 

Fig. 50. Radiometric anomalies in the Ngalia Basin and 
surrounding parts of the Arunta Block. 
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0.5 km northwest of Whi te Point, on the nor th flank 
of the Walbir i Ranges. T w o diamond-dri l lholes about 
one ki lometre north-northwest of the deposit encoun­
tered similar veinlets and small irregular masses of 
barite with small amounts of galena and pyri te in the 
dolomite (Gra inger , 1969) . 

BUILDING STONE 

T h e flaggy salmon-coloured micaceous sands tone 
from the upper part of the Y u e n d u m u Sandstone is 
used as a facing and paving stone for buildings, re­
taining walls, and paths at the Y u e n d u m u Nat ive 
Set t lement . T h e sandstone is hand-picked from a 
quar ry about 5 km south of the settlement. 

COAL AND LIGNITE 

Ter t ia ry sediments and the Devonian-Carboniferous 
M o u n t Eclipse Sandstone, both continental in origin, 
are the only deposits in the basin that contain signi­
ficant quantit ies of carbonaceous mater ial . 

Abou t 15 cm of lignite occurs in middle Eocene clay 
in the lower par t of the bot tom hole core (138 .8 -
139.0 m ) in B M R Nappe rby N o . 1 s t rat igraphic bore­
hole. 

Carbonaceous clay, lignite, and some coal of possible 
middle Miocene age have been recorded in cores and 
cuttings from water-bores in the Ter t ia ry T e a Tree 
Basin. T h e carbonaceous beds and clastic intercala­
tions occur at depths from about 90 m down to about 
200 m, over intervals ranging from about 10 m up to 
4 0 m; the thickest lignite seams are 4 m thick. 

Laminae and thin lenses of coal have been recorded 
from cores and cuttings in the M o u n t Eclipse Sand­
stone. The coal occurs mostly in fine-grained sandstone 
and in siltstone. 

COPPER 
Small secondary copper concentrat ions occur in the 

lower par t of the Walbiri Dolomi te 6.5 k m southwest 
of Y u e n d u m u Nat ive Set t lement . The copper occurs 
as malachi te and chalcocite in veinlets, in fissures, and 
as encrustat ions in breccia zones in the massive dolo­
mite of the formation. Azuri te and malachi te are 
common along laminae and occur in veinlets in the 
siltstone and shale in the basal par t of the format ion. 
The copper deposits have been explored by small cos-
teans, but there is no evidence of extensive mineral 
deposits. 

Small secondary copper deposits have also been re­
ported in the D jagamara Forma t ion near Whi te Point . 

DOLOMITE 
Large deposits of dolomite occur in the Walbiri 

Dolomite , but in many places it is sandy and silty, 
and would have to be selectively mined to recover 
dolomite of high purity. An analysis of dolomite from 
the format ion at M D 7 * (about 0.5 km north of White 
Poin t ) gave 52.5 percent C a C O s , 43.1 percent 
M g C O s , and 3.4 percent acid insoluble residue. T w o 
samples from the format ion analysed for phospha te 
gave 1.03 percent P 2 O f l ( M D 1 , about 0.5 km south­
west of Penhal ls Bore) and 1.27 percent P 2 O r , 
( M D 3 1 F , about 1.5 km nor th of Whi te Point B o r e ) . 

A thin sequence of dolomite occurs at the top of 
the M o u n t Doreen F o r m a t i o n in most outcrops , and 
dolomite from the Albinia Fo rma t ion is known in the 
southwestern part of the Vaughan Springs Syncline. 
T h e deposits in the Walbir i Dolomite are more ex­
tensive, thicker, and more accessible than those of the 
other two format ions . 

* MD refers to samples located on the MOUNT DOREEN 
geological map (Wells, 1972). 

TABLE 9. ANALYSES OF SAMPLES FROM PLAYA LAKES 

LM194A LM194B MD449A MD449B LM56 (Terry 1934) 

Water soluble 
Calcium (%) 0.19 3.8 5.5 0.05 2.15 5.91 
Magnesium (%) 0.54 0.09 0.035 0.155 0.08 
Sodium (%) 35.3 2.85 2.1 9.685 14.0 1.64 
Potassium (%) 0.59 0.16 0.089 0.32 0.32 0.49 
Carbonate (%) Nil Nil Nil Nil 
Bicarbonate (%) Nil Nil Nil 0.0055 
Chloride (%) 53.6 3.6 2.55 14.31 0.74 2.97 
Sulphate (%) 4.35 10.7 14.4 2.01 34.1 14.17 
TDS (%) at 180°C 80.8 19.2 23.6 26.52 
Water insoluble 
residue (%) 1.88 72.0 65.2 0.526 43.8 
Calcium carbonate 
(% of residue) Nil Nil Nil 
Calcium sulphate 
(% of residue) 0.48 4.5 19.0 
Nitrate (% ) 0.00016 <0.05 
ph 7.0 
Spec. Cond. (^mhos/cm) 192 000 

Samples LMI94A and B were taken on the western edge of Lake Mackay; LM194A was taken from the surface crust about 3 mm 
thick, and LM194B to a depth of 7.6 cm beneath the crust. 

Samples MD449A and B were taken from Lake Bennett. MD449A was taken at a depth of 10.2 cm and MD449B is a water 
sample from about 0.3 m. 

Sample LM56 was taken from the thin crust of a small salt pan in the southern part of LAKE MACKAY. 
Analysis quoted from Terry (1934) has been recalculated from his figures which were given as 20.08% CaS0 4 , 4.17% NaCl, 

0.93% KC1, and total saline material 26.17%. The sample was taken to a depth of 1.09 m. 
With the exception of the sample collected by Terry (1934) all samples were analysed by AMDEL (AMDEL Reports AN571/69 

and AN1080/69). 
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EVAPORITES 
Evapor i t es occur as thin crusts covering hund reds 

of square ki lometres in playa lakes, and possibly as 
in terbeds in the Treue r M e m b e r of the V a u g h a n 
Springs Quartzi te . T h e composit ions of several samples 
collected f rom playa lakes are listed in Tab le 9, a n d 
analyses of evapori te crusts and efflorescences t h a t 
occur in the siltstone of the Treue r M e m b e r are re ­
corded in Tab le 10. 

Sal t for local consumpt ion is harvested infrequently 
f rom several small playas about 225 km nor thwes t of 
Alice Springs. T h e playas are par t of a large system 
of salinas, including Lake Lewis, south of the S tuar t 
Bluff Range . 

FLUORITE 
Purp l e fluorite occurs in a small quar tz vein 1.5 k m 

nor th of Djagamara Peak, where the coun t ry rock is 
the M o u n t Doreen Format ion . 

TABLE 10. ANALYSES OF EVAPORITE CRUSTS ON 
T H E TREUER MEMBER OF T H E VAUGHAN 

SPRINGS QUARTZITE 

N206 N223A N223B N224 

Sodium (%) 0.53 0.65 0.27 1.64 
Potassium (%) 0.13 0.03 0.02 0.01 
Calcium (%) 0.10 0.55 2.90 0.07 
Magnesium (%) 0.25 0.07 0.15 0.40 
Sulphate (%) 1.80 2.55 8.1 1.50 
Nitrate (%) Nil Nil Nil Nil 
Chloride (%) 0.55 0.36 0.76 2.8 
Fluoride (ppm) 30 5 12 3 
Water insoluble (%) 92.6 92.5 66.4 87.5 

Analyst C. R. Trigg, AMDEL. 
N223A, B, and N224 from north side of Hann Range. 
N206 from 6.5 km west-southwest of Napperby homestead. 

A C K N O W L E D G E M E N T S 
W e gratefully acknowledge the assistance of 

Magel lan Pe t ro leum Austral ia Limited in making un­
publ ished company da ta freely available. 

In addit ion, we thank the following persons for their 
assistance in various ways to the field part ies working 
in the region: the Resident Geologist and staff of the 
N o r t h e r n Terr i tory Geological Survey, Alice Springs; 
the Super in tendent and staff, especially M r and Mrs 
J. H e m m i n g , at Y u e n d u m u Nat ive Set t lement ; M r and 
M r s W. Braitling of M o u n t Doreen at V a u g h a n 
Springs; M r and Mrs G. A. Coppock of N e w h a v e n ; 

M r W. W a r d b y of M o u n t Wedge ; M r L. Mar t in of 
M o u n t Denison; and M r and M r s R. Shepard of 
Napperby . 

Permission to publish the data on u r a n i u m mineral i ­
sation has been kindly given by the boa rd of Cent ra l 
Pacific Minerals N L . 

D r G. E. Wilford critically r ead the manuscr ip t , 
which benefited considerably f rom the modifications 
that he suggested. W e thank M r R. Bates and M r J. 
Convine of the B M R Car tograph ic Section for d raw­
ing the figures and Pla te 3. 

71 



R E F E R E N C E S 

AMDEL, 1966—A series of rocks from the Ngalia Basin, 
Northern Territory. Australian Mineral Development 
Laboratories, Report MP 1595-66 (unpublished). 

AMDEL, 1967—Twenty-two samples from the Ngalia 
Basin. Australian Mineral Development Laboratories, 
Report MP 827-68 (unpublished). 

AMDEL, 1968a—Fifty-seven miscellaneous rocks. Austra­
lian Mineral Development Laboratories, Report MP 571-
69 (unpublished). 

AMDEL, 1968b—The petrography of fifty-four rock 
samples from the Mount Doreen and Lake Mackay Sheet 
areas in the Northern Territory. Australian Mineral 
Development Laboratories, Report MP 1080-69 (unpub­
lished). 

AMDEL, 1969—Three brief descriptions and one identifica­
tion. Australian Mineral Development Laboratories, 
Report MP 2312-69 (unpublished). 

A N F I L O F F , W., & S H A W , R. D., 1973—The gravity effects 
of three large uplifted granulite blocks in separate Aus­
tralian shield areas; in M A T H U R , R. S., & A N G U S - L E P P A N , 
P. V. (Editors)—Proceedings of the Symposium on 
Earth's Gravitational Field and Secular Variations in 
Position. University of New South Wales, Sydney, 273-
289. 

B L A C K , L. P., S H A W , R. D., & O F F E , L. A., 1980—The age 
of the Stuart Dyke Swarm and its bearing on the onset of 
late Precambrian sedimentation in central Australia. 
Journal of the Geological Society of Australia, 27, 151-
155. 

B A R L O W , B. C , 1970—National report on gravity in Aus­
tralia, July 1965 to June 1970. Bureau of Mineral Re­
sources, Australia, Record 1970/62 (unpublished). 

B L A K E , D. H . , 1977—Webb, Western Australia—1:250 000 
Geological Series. Bureau of Mineral Resources, Austra­
lia, Explanatory Notes SF/52-10. 

B L A K E , D. H., 1978—The Proterozoic and Palaeozoic rocks 
of the Granites-Tanami region. Western Australia and 
Northern Territory, and inter-regional correlations. BMR 
Journal of Australian Geology & Geophysics, 3, 35-42. 

B L A K E , D. H., H O D G S O N , I. M., & M U H L I N G , P. C , 1979— 
Geology of the Granites-Tanami region, Western Aus­
tralia and Northern Territory. Bureau of Mineral Re­
sources, Australia, Bulletin 197. 

B O F I N G E R , V. M., 1967—Geochronology in the East Kim­
berley area of Western Australia. Ph.D. Thesis, Austra­
lian National University (unpublished). 

B R O W N , A. R., 1970—Deep crustal reflection studies, Ama­
deus and Ngalia Basins, N.T., 1969. Bureau of Mineral 
Resources, Australia, Record 1970/94 (unpublished). 

B U R E K , P. J., W A L T E R , M. R., & W E L L S , A. T., 1979a— 
Magnetostratigraphic tests of lithostratigraphic correla­
tions between latest Proterozoic sequences in the Ngalia, 
Georgina and Amadeus Basins, central Australia. BMR 
Journal of Australian Geology & Geophysics, 4, 47-55. 

B U R E K , P. L, & W E L L S , A. T., 1979—Tectonomagnetism 
and magnetostratigraphy of the Late Proterozoic tillite 
marker caps in the Ngalia Basin, central Australia. Aus­
tralian National University, Research School of Earth 
Sciences, Annual Report, 1978, 54-58. 

B U R E K , P. J., W E L L S , A. T., & L O E F F L E R , E., 1979b—Ter­
tiary tectonomagnetism in the southern Georgina and 
northern Ngalia Basins, central Australia. Australian 
National University, Research School of Earth Sciences, 
Annua! Report, 1978, 59-62. 

B U R S T , J. F., 1958—'Glauconite' pellets: their mineral 
nature and applications to stratigraphic interpretations. 
Bulletin of the American Association of Petroleum Geo­
logists, 42, 481-497. 

C A R T E R , R. M., 1960—Mount Hardy region airborne mag­
netic and radiometric survey, Northern Territory, 1958. 
Bureau of Mineral Resources, Australia, Record 1960/ 
117 (unpublished). 

C E N T R A L P A C I F I C M I N E R A L S NL, 1978—Annual Report 
1977. Central Pacific Minerals NL, Sydney. 

C H E W I N G S , C , 1928—Further notes on the stratigraphy of 
central Australia. Transactions of the Royal Society of 
South Australia, 52, 62-81. 

C L A R K E , D., 1975—Heavitree Quartzite stratigraphy and 
structure near Alice Springs, N.T.; in Proterozoic geo­
logy, abstracts of First Australian Geological Convention, 
Adelaide, 12-16 May 1975. Geological Society of Austra­
lia, Sydney, 73. 

C L A R K E , D., 1976—Heavitree Quartzite; in W E L L S , A. T. 
(Editor)—Geology of the Late Proterozoic-Palaeozoic 
Amadeus Basin. 25th International Geological Congress, 
Sydney, Excursion Guide 48a. 

C O A T S , R. P., & P R E I S S , W. V., 1979—Revised lithostrati­
graphic correlations of late Adelaidean sequences in the 
Kimberley region, Western Australia. Department of 
Mines and Energy, South Australia, Report 79/80 (un­
published). 

C O O K , P. J., 1962—The availability of groundwater, Yuen­
dumu Native Reserve, Northern Territory. Report of the 
Resident Geologist's Office, Northern Territory Adminis­
tration, Alice Springs (unpublished). 

C O O K , P. J., 1963—The geology of the Yuendumu Native 
Reserve, Northern Territory. Bureau of Mineral Re­
sources, Australia, Record 1963/37 (unpublished). 

C O O K , P. J., 1972—Sedimentological studies on the Stair­
way Sandstone of central Australia. Bureau of Mineral 
Resources, Australia, Bulletin 95. 

C O O K , P. J., 1982—The Cambrian palaeogeography of Aus­
tralia and opportunities for petroleum exploration. A PEA 
Journal, 22(1) , 42-64. 

C O O K , P. J., & S C O T T , I. F., 1966—Reconnaissance geology 
and petrography, Ngalia Basin, Northern Territory. 
Bureau of Mineral Resources, Australia, Record 1966/73 
(unpublished). 

C O O K , P. J., & S C O T T , I. F., 1967—Reconnaissance geology 
and petrography of the Ngalia Basin, Northern Territory. 
Bureau of Mineral Resources, Australia, Report 125. 

C O O P E R , J. A., W E L L S , A. T., & N I C H O L A S , T., 1971— 
Dating of glauconite from the Ngalia Basin, Northern 
Territory, Australia. Journal of the Geological Society of 
Australia, 18(2), 97-106. 

C O W I E , J. W., & G L A E S S N E R , M. F., 1975—The Precam-
brian-Cambrian boundary: a symposium. Earth-Science 
Reviews, 11, 209-257. 

D A I L Y , B., 1974—The Precambrian-Cambrian boundary in 
Australia; in Precision in Correlation Symposium. Geo­
logical Society of Australia, Specialist Group in Biostrati-
graphy and Palaeontology, Section D Abstracts, Hobart, 
4-8. 

D E K E Y S E R , F., 1972—Proterozoic tillite at Duchess, north­
western Queensland. Bureau of Mineral Resources, Aus­
tralia, Bulletin 125, 1-6. 

Dow, D. B., & G E M U T S , I., 1969—Geology of the Kimber­
ley region, Western Australia: the East Kimberley. Bureau 
of Mineral Resources, Australia, Bulletin 106. 

E D W O R T H Y , K. J., 1966—Preliminary appraisal of the Tea 
Tree groundwater basin, Northern Territory. Report of 
the Resident Geologist's Office, Northern Territory Ad­
ministration, Alice Springs, file F3-3 (unpublished). 

E D W O R T H Y , K. J., 1968—Appraisal of the groundwater re­
sources of Lander River area, Northern Territory. 1966. 
Bureau of Mineral Resources, Australia, Record 1968/73 
(unpublished). 

E V A N S , T. G., 1972—Napperby, Northern Territory— 
1:250 000 Geological Series. Bureau of Mineral Re­
sources, Australia^ Explanatory Notes SF/53-9. 

E V A N S , T. G., & G L I K S O N , A. Y , 1969—Geology of the 
Napperby Sheet area, Northern Territory. Bureau of 
Mineral Resources, Australia, Record 1969/85 (unpub­
lished). 

E V A N S , T. G., & N I C H O L A S , T., 1970—Stratigraphic drilling 
in the Ngalia Basin, Northern Territory, 1968-1969. 
Bureau of Mineral Resources, Australia, Record 1970/46 
(unpublished). 

72 



F I T Z P A T R I C K , B. F. , 1964—Photogeological map (1:250 000) 
of permit 81 (Ngalia Basin). Report for Pacific American 
Oil Co. (unpublished). 

F I T Z P A T R I C K , B. F . , & W E B B , E. A., 1963—Report on field 
reconnaissance O.P. 81. Report for Pacific American Oil 
Co. (unpublished). 

F L A V E L L E , A. J., 1965—Helicopter gravity survey by con­
tract, Northern Territory and Queensland 1965. Bureau 
of Mineral Resources, Australia, Record 1965/212 (un­
published) . 

F O R B E S , B. G., 1971—A table of Adelaidean and Cambrian 
stratigraphic names. Geological Survey of South Aus­
tralia, Quarterly Geological Notes, 38. 

G A L L I H E R , E. W., 1935—Geology of glauconite. Bulletin of 
the American Association of Petroleum Geologists, 19, 
1569-1601. 

G I B S O N , F. A., 1971—A review of 1970 gravity data of 
Ngalia Basin. Report for Magellan Petroleum Corpora­
tion (unpublished). 

G I L B E R T - T O M L I N S O N , J. G., 1968—A new record of Both­
riolepis in the Northern Territory of Australia. Bureau 
of Mineral Resources, Australia, Bulletin 80, 191-227. 

G L A E S S N E R , M. F. , 1969—Trace fossils from the Precam­
brian and basal Cambrian. Lethaia, 2, 369-393. 

G L A E S S N E R , M. F . , & W A L T E R , M. R., 1975—New Precam­
brian fossils from the Arumbera Sandstone, Northern 
Territory, Australia. Alcheringa 1, 59-69. 

G R A I N G E R , D . J., 1967—Yuendumu Hills copper. Report of 
the Resident Geologist's Office, Northern Territory Ad­
ministration, Alice Springs (unpublished). 

G R A I N G E R , D. J., 1968—The Mount Hardy copper mine, 
Northern Territory. Bureau of Mineral Resources, Aus­
tralia, Record 1968/100 (unpublished). 

G R A I N G E R , D. J., 1969—Diamond drilling at White Point, 
Yuendumu, Northern Territory; in Minor metalliferous 
investigations, Northern Territory, Resident Geological 
Section. Bureau of Mineral Resources, Australia, Record 
1969/92 (unpublished). 

GSA, 1971—Tectonic map of Australia and New Guinea, 
1:500 000. Geological Society of Australia, Sydney. 

H A R T M A N , R. F., 1963—Interpretation report of airborne 
magnetometer survey over portion of Oil Permit No. 81, 
Ngalia Trough, Northern Territory. Report by Aeroser-
vices Ltd for Pacific American Oil Co. (unpublished). 

H I C K E Y , F. L., 1969—Ngalia Basin gravity survey, OP 165, 
Northern Territory. Geophysical Associates Pty Ltd for 
Magellan Petroleum (NT) Pty Ltd (unpublished). 

H I C K E Y , F . L., 1970—Ngalia Basin land gravity survey 
(1970), OP165, Northern Territory. Geophysical Asso­
ciates Pty Ltd for Magellan Petroleum Australia Ltd (un­
published). 

H I L L S , E. S., 1959—Record of Bothriolepis and Phyllolepis 
from the Northern Territory of Australia. Proceedings of 
the Royal Society of New South Wales, 92, 174-175. 

H O D G S O N , E. A., 1968—Devonian spores from the Pertnjara 
Formation, Amadeus Basin, Northern Territory. Bureau 
of Mineral Resources, Australia, Bulletin 80, 65-82. 

H U D S O N , H. B., & C A M P B E L L , J. H. B., 1965—Napperby 
seismic survey, Oil Permit 81, Northern Territory of Aus­
tralia. Report by Geophysical Associates Pty Ltd for 
Pacific American Oil Co. (unpublished). 

I V A N A C , J. F., & S P A R K , R. F. , 1976—The discovery of ura­
nium mineralisation in the Ngalia Basin, N.T. Proceed­
ings of the Australasian Institute of Mining and Metal­
lurgy, 257, 29-32. 

J A C K S O N , M. J., & V A N D E G R A A F F , W. J. E., 1981—Geology 
of the Officer Basin, Western Australia. Bureau of 
Mineral Resources, Australia, Bulletin 206. 

J O N E S , P., 1969—Ngalia Basin seismic survey, Northern 
Territory 1967. Bureau of Mineral Resources, Australia, 
Record 1969/69 (unpublished). 

J O N E S , N. O., & Q U I N L A N , T., 1958—The groundwater prob­
lem, Yuendumu Native Reserve, Northern Territory. 
Bureau of Mineral Resources, Australia, Record 1958/51 
(unpublished). 

J O N E S , N. O., & Q U I N L A N , T., 1962—An outline of the 
water resources of the Alice Springs area; in P E R R Y , 

R. A., & O T H E R S — G e n e r a l report on lands of the Alice 
Springs area, Northern Territory, 1956-57. CSIRO, Aus­
tralia, Land Research Series 6, 150-162. 

K E M P , E. M., 1976—Early Tertiary pollen from Napperby, 
central Australia. BMR Journal of Australian Geology & 
Geophysics, 1, 109-114. 

K E M P , E. M., B A L M E , B. E., H E L B Y , R. J., K Y L E , R. A., 

P L A Y F O R D , G., & P R I C E , P. L., 1977—Carboniferous and 
Permian palynostratigraphy in Australia and Antarctica: 
a review. BMR Journal of Australian Geology & Geo­
physics,!^), 177-208. 

K E N N E W E L L , P . J., & H U L E A T T , M. B., 1980—Geology of 
the Wiso Basin, Northern Territory. Bureau of Mineral 
Resources, Australia, Bulletin 205. 

K I N G D O M , E., W O O L E Y , D., & F A U L K S , I., 1967—Water bore 
locations in central Australia. Bureau of Mineral Re-
sources, Australia, Record 1967/83 (unpublished). 

K I R S C H V I N K , J. L., 1978—The Precambrian-Cambrian boun­
dary problem: magnetostratigraphy of the Amadeus 
Basin, central Australia. Geological Magazine, 115, 139-
150. 

K R I E G , E. A., 1972—Ngalia Basin seismic survey, OP 165. 
Austral United Geophysical Pty Ltd for Magellan Petro­
leum Australia Ltd (unpublished). 

K U R Y L O W I C Z , L. E., O Z I M I C , S., M C K I R D Y , D. M., 

K A N T S L E R , A. J., & C O O K , A. C , 1976—Reservoir and 
source rock potential of the Larapinta Group, Amadeus 
Basin, central Australia. APE A Journal 16, 49-65. 

L L O Y D , A. R., 1968—An outline of the Tertiary geology of 
northern Australia. Bureau of Mineral Resources, Aus­
tralia, Bulletin 80, 107-132. 

M A C K A Y , D., 1934—The Mackay aerial survey expedition, 
central Australia. Geographical Journal, 84(6) , 511-514. 

M C K E E , E. D., & W E I R , G. N., 1953—Terminology for 
stratification and cross stratification in sedimentary rocks. 
Bulletin of the Geological Society of America, 64(4) , 
381-390. 

M C R A E , S. G., 1972—Glauconite. Earth-Science Reviews, 8, 
397-440. 

M A D I G A N , C. T., 1932—Geology of the western MacDonnell 
Ranges, central Australia. Quarterly Journal of the Geo­
logical Society, 88, 672-711. 

M A R J O R I B A N K S , R. W., & B L A C K , L. P., 1974—The geology 
and geochronology of the Arunta Complex, north of 
Ormiston Gorge, central Australia. Journal of the Geo­
logical Society of Australia, 21 , 291-299. 

M A T H U R , S. P . , 1976—Relation of Bouguer anomalies to 
crustal structure in southwestern and central Australia. 
BMR Journal of Australian Geology & Geophysics, 1, 
277-286. 

M A U R I C E , R. T., & M U R R A Y , W. R., 1904—Journal of ex­
ploration from Fowlers Bay to Cambridge Gulf. South 
Australian Parliamentary Papers, 43. 

M A W S O N , D., & M A D I G A N , C. T., 1930—Pre-Ordovician 
rocks of the MacDonnell Ranges (central Australia). 
Quarterly Journal of the Geological Society of London, 
86,415-429. 

M I L L I G A N , E. N., 1964—The regional geology of the 
northern half of the Alcoota 1:250 000 Sheet area, N.T. 
Bureau of Mineral Resources, Australia, Record 1964/43 
(unpublished). 

M O R G A N , W. R., 1962—The petrology of specimens col­
lected from the Yuendumu Native Settlement, Northern 
Territory. Bureau of Mineral Resources, Australia, Tech­
nical File SF/52-12 (unpublished). 

M O R R I S , N., 1977—Carboniferous of New South Wales. 
Ph.D. Thesis, Newcastle University (unpublished). 

Moss, F . J., & J O N E S , P., 1974—Ngalia Basin seismic sur­
vey, Northern Territory, 1967-1969. Bureau of Mineral 
Resources, Australia, Record 1974/49 (unpublished). 

N I C H O L A S , T., 1969—The geology of the Lake Mackay 
Sheet area, Northern Territory. Bureau of Mineral Re­
sources, Australia, Record 1969/89 (unpublished). 

73 



N I C H O L A S , T., 1972—Lake Mackay, Northern Territory— 
1:250 000 Geological Series. Bureau of Mineral Re­
sources, Australia, Explanatory Notes SF/52-11. 

O F F E , L. A., 1978—Mount Peake, Northern Territory— 
1:250 000 Geological Series. Bureau of Mineral Re­
sources, Australia, Explanatory Notes SF/53-5. 

O ' S U L L I V A N , K. N., 1973—Stratigraphic drilling, Tea Tree 
area, Northern Territory, Ref. No. N T 143, Tea Tree 
Basin. CRA Exploration Pty Ltd (unpublished). 

P A R K I N , L. W. (Editor) , 1 9 6 9 — H A N D B O O K O F S O U T H A U S ­

T R A L I A N G E O L O G Y . Geological Survey of South Australia, 
Adelaide. 

P E R R Y , R. A., M A B B U T T , J. A., L I T C H F I E L D , W. H . , & Q U I N ­

L A N , T., 1962—Land systems of the Alice Springs area, 
1956-57; in P E R R Y , R. A., & O T H E R S — G e n e r a l report on 
lands of the Alice Springs area. 1956-57. CSIRO, Aus­
tralia, Land Research Series 6, 20-108. 

P E T T I J O H N , F . L, P O T T E R , P. E., & S I E V E R , R., 1 9 7 2 — S A N D 

A N D S A N D S T O N E . Spring-Verlag, Berlin. 
P F I T Z N E R , L., 1974—Mt. Gurner Gravity Survey, O P 165 

N.T. Report for Magellan Petroleum Australia Ltd (un­
published). 

P L A Y F O R D , G., 1971—Lower Carboniferous spores from the 
Bonaparte Gulf Basin, Western Australia and Northern 
Territory. Bureau of Mineral Resources, Australia, Bul­
letin 115. 

P L A Y F O R D , G., 1977—A lower Carboniferous palynoflora 
from the Drummond Basin, east-central Queensland. Pro­
ceedings of the Royal Society of Queensland, 88, 75-81. 

P L A Y F O R D , G., 1978—Lower Carboniferous spores from the 
Duckabrook Formation, Drummond Basin, Queensland. 
Palaeontographica Abt. B, 167(4-6), 105-160. 

P L A Y F O R D , G., J O N E S , B. G., & K E M P , E. M., 1976—Paly-
nological evidence for the age of the synorogenic Brewer 
Conglomerate, Amadeus Basin, central Australia. Al-
cheringa 1, 235-243. 

P L U M B , K. A., 1981—Late Proterozoic (Adelaidean) tillites 
of the Kimberley-Victoria River region, Western Aus­
tralia and Northern Territory; in H A M B R E Y , M. J., & 
H A R L A N D , W. B. ( E d i t o r s ) — E A R T H ' S P R E - P L E I S T O C E N E 

G L A C I A L R E C O R D . Cambridge University Press, Cambridge. 
P R A T T , D. A., 1971—Section III, Ngalia Basin. Interpreta­

tion report by Digital Technology Pty Ltd for Magellan 
Petroleum Australia Ltd (unpublished). 

P R E I S S , W. V., & F O R B E S , B. G., 1981—Stratigraphy, cor­
relation and sedimentary history of Adelaidean (Late 
Proterozoic) basins in Australia. Precambrian Research, 
15, 255-304. 

P R E I S S , W . V., W A L T E R , M. R., C O A T S , R. P., & W E L L S , 

A. T., 1978—Lithological correlations of Adelaidean 
glaciogenic rocks in parts of the Amadeus, Ngalia and 
Georgina Basins. BMR Journal of Australian Geology & 
Geophysics, 3, 43-53. 

Q U I N L A N , T., 1958a—Report on groundwater prospects, 
Yuendumu Native Reserve. Bureau of Mineral Resources, 
Australia, Record 1958/1 (unpublished). 

Q U I N L A N , T., 1958b—Supplementary report on groundwater 
prospects, Yuendumu Native Settlement. Report of the 
Resident Geologist's Office, Northern Territory Adminis­
tration , Alice Springs (unpublished). 

Q U I N L A N , T., 1962—An outline of the geology of the Alice 
Springs area; in P E R R Y , R. A., & O T H E R S — G e n e r a l report 
on lands of the Alice Springs area, Northern Territory, 
1956-1957. CSIRO Australia, Land Research Series 6, 
129-146. 

R A P H A E L , N . M., & S A X B Y , J. D., 1979—Source rock ana­
lyses on samples from the Otway, Sydney, Bowen, Surat, 
Bass, Gippsland, Georgina and Ngalia Basins. A report to 
the Bureau of Mineral Resources, Canberra. CSIRO, In­
stitute of Earth Resources, Restricted Investigation Report 
1030R (unpublished). 

R I V E R E A U , J., 1965—The photogeology of the Ngalia Basin, 
Northern Territory. Bureau of Mineral Resources, Aus­
tralia, Record 1965/255 (unpublished). 

R Y A N , G. R., 1958—Notes on the geology and mineral de­
posits of the Reynolds Range area, Northern Territory. 
Bureau of Mineral Resources, Australia, Record 1958/ 
107 (unpublished). 

S A B I T A Y , A., 1971—Ngalia Basin 2, regional gravity survey, 
Oil Permit 165, Northern Territory. Magellan Petroleum 
Australia Ltd (unpublished). 

S A X B Y , J. D., 1977—Source rock analyses on samples from 
thirteen Australian sedimentary basins. A report to the 
Bureau of Mineral Resources, Canberra. CSIRO, Division 
of Mineralogy, Restricted Investigation Report 868R (un­
published). 

S C H O P F , J. W., 1968—Microflora of the Bitter Springs For­
mation, late Precambrian, central Australia. Journal of 
Palaeontology, 42(3) , 651-688. 

S C H O P F , J. W., & B L A C I C , J. M., 1971—New microorganisms 
from the Bitter Springs Formation (late Precambrian) 
of the north-central Amadeus Basin, Australia. Journal 
of Palaeontology, 45(6) , 925-960. 

S H A W , R. D., S T E W A R T , A. L , L A N G W O R T H Y , A. P., O F F E , 

L . A., & W A R R E N , R. G., 1979—Arunta Project; in Geo­
logical Branch, summary of activities 1978. Bureau of 
Mineral Resources, Australia, Report 212, 80-94. 

S H A W , R. D . , W A R R E N , R. G., S E N I O R , B . R., & Y E A T E S , 

A. N., 1975—Geology of the Alcoota 1:250 000 Sheet 
area. Bureau of Mineral Resources, Australia, Record 
1975/100, Microform M F 107 (unpublished). 

S M I T H , E. R., 1968—Discussion on seismic record sections, 
Ngalia Basin seismic survey, Northern Territory, 1967-68. 
Bureau of Mineral Resources, Australia, Record 1968/ 
136 (unpublished). 

S M I T H , K. G., 1972—Stratigraphy of the Georgina Basin. 
Bureau of Mineral Resources, Australia, Bulletin 111. 

S M I T H , K .G., & M I L L I G A N , E. N., 1964—Barrow Creek, 
N .T.—1:250 000 Geological Series. Bureau of Mineral 
Resources, Australia, Explanatory Notes SF/53-6. 

S T E W A R T , A. J., O F F E , L . A., G L I K S O N , A. Y . , W A R R E N , 

R. G. , & B L A C K , L . P., 1980—Geology of the northern 
Arunta Block, Northern Territory. Bureau of Mineral 
Resources, Australia, Record 1980/63, Microform M F 
152 (unpublished). 

S T E W A R T , A. J., & W A R R E N , R. G., 1977—The mineral 
potential of the Arunta Block, central Australia. BMR 
Journal of Australian Geology & Geophysics, 2, 21-34. 

S T U A R T , J. McD., 1861—Diary of northern exploring party. 
South Australian Parliamentary Papers, 169. 

T E R R Y , M., 1934—Explorations near the border of Western 
Australia. Geographical Journal 84(6) , 498-510. 

T H O M S O N , B. P., D A I L Y , B., C O A T E S , R. P., & F O R B E S , B. G., 

1976—Late Precambrian and Cambrian geology of the 
Adelaide 'Geosyncline' and Stuart Shelf, south Australia. 
25th International Geological Congress, Sydney, Excur­
sion Guide 33A. 

T I E T K I N S , W. H . , 1891—Journal of the central Australian 
exploring expedition, 1889. South Australian Parliament­
ary Papers 111. 

T I N D A L E , N. B., 1933—Geological notes on the Cockatoo 
Creek and Mount Liebig country, central Australia. 
Transactions of the Royal Society of South Australia, 57, 
206-217. 

T U C K E R , D. H . , 1969—Ngalia Basin seismic survey, 
Northern Territory, 1968. Bureau of Mineral Resources, 
Australia, Record 1969/70 (unpublished). 

T U R N E R , S., J O N E S , P. J., & D R A P E R , J. L , 1981—Early 
Devonian thelodonts (Agnatha) from the Toko Syncline, 
western Queensland, and a review of other Australian dis­
coveries. BMR Journal of Australian Geology & Geo­
physics, 6, 51-69. 

V A N D E G R A A F F , W. J. E., C R O W E , R. W. A., B U N T I N G , 

J. A., & J A C K S O N , M. J., 1977—Relict early Cainozoic 
drainages in arid Western Australia. Zeitschrift fur Geo-
morphologie NF 21, 4. 

V A N E Y S I N G A , F. W. B . (Compiler), 1975—Geological time 
table, 3rd edition. Elsevier, Amsterdam. 

74 



W A D E , M., 1969—Medusae from uppermost Precambrian or 
Cambrian sandstones, central Australia. Palaeontology, 
12(3) , 351-365. 

W A L T E R , M. R., 1972—Stromatolites and biostratigraphy of 
Australian Precambrian and Cambrian. Palaeontological 
Association, London, Special Papers, 11. 

W A L T E R , M. R., 1980—Adelaidean and Early Cambrian 
stratigraphy of the southwestern Georgina Basin: correla­
tion chart and explanatory notes. Bureau of Mineral Re­
sources, Australia, Report 214, Microform MF92. 

W A L T E R , M. R., & B A U L D , J., in press—The association of 
sulphate evaporites, stromatolitic carbonates and glacial 
sediments: examples from the Proterozoic of Australia 
and the Cainozoic of Antarctica. Precambrian Research. 

W A L T E R , M. R., S H E R G O L D , J. H . , Mum, M. D., & K R U S E , 

P. A., 1979—Early Cambrian and latest Proterozoic stra­
tigraphy, Desert Syncline, southern Georgina Basin. 
Journal of the Geological Society of Australia, 26, 305-
312. 

W A R B U R T O N , P. E., 1875—Diary of Colonel Warburton's 
exploring expedition to Western Australia in 1872-3. 
South Australian Parliamentary Papers 28. 

W E L L M A N , P., 1978—Gravity evidence for abrupt changes 
in mean crustal density at the junction of Australian 
crustal blocks. BMR Journal of Australian Geology & 
Geophysics, 3, 153-62. 

W E L L S , A. T., 1972—Mount Doreen, Northern Territory— 
1:250 000 Geological Series. Bureau of Mineral Re­
sources, Australia, Explanatory Notes SF/52-12. 

W E L L S , A. T., 1974—New stratigraphic information from 
the central and eastern parts of the Ngalia Basin, 
Northern Territory. Bureau of Mineral Resources, Aus­
tralia, Record 1974/153 (unpublished). 

W E L L S , A. T., 1976—Ngalia Basin; in L E S L I E , R. B., E V A N S , 

H . J., & K N I G H T , C. L. ( E d i t o r s ) — E C O N O M I C G E O L O G Y 

O F A U S T R A L I A A N D P A P U A N E W G U I N E A , 3 : P E T R O L E U M . 

Australasian Institute of Mining and Metallurgy, Mono­
graph 7, 226-30. 

W E L L S , A. T., 1981—Late Proterozoic diamictites of the 
Amadeus and Ngalia Basins, central Australia; in H A M -
B R E Y , M. J., & H A R L A N D , W. B. ( E d i t o r s ) — E A R T H ' S P R E -

P L E I S T O C E N E G L A C I A L R E C O R D . Cambridge University 
Press, Cambridge. 

W E L L S , A. T., E V A N S , T. G., & N I C H O L A S , T., 1968—The 
geology of the central part of the Ngalia Basin, Northern 
Territory. Bureau of Mineral Resources, Australia, 
Record 1968/38 (unpublished). 

W E L L S , A. T., F O R M A N , D. L, & R A N F O R D , L. C , 1965— 
Geological reconnaissance of the north-western part of 
the Amadeus Basin, Northern Territory. Bureau of 
Mineral Resources, Australia, Report 85. 

W E L L S , A. T., F O R M A N , D. L, R A N F O R D , L. C , & C O O K , 

P. L, 1970—The geology of the Amadeus Basin, central 
Australia. Bureau of Mineral Resources, Australia, Bul­
letin 100. 

W E L L S , A. T., Moss, F. J., & S A B I T A Y , A., 1972—The 
Ngalia Basin, Northern Territory—recent geological and 
geophysical information upgrades petroleum prospects. 
APE A Journal, 12, 144-151. 

W E L L S , A. T., & P E R R Y , W. L, 1971—A comparison of pan­
chromatic and colour 70 mm aerial photography of the 
Patmungala Syncline, Northern Territory. Photointerpre-
tation, 71(1) , 1 and 2, 1-14. 

W E L L S , A. T., R A N F O R D , L. C , S T E W A R T , A. J., C O O K , 

P. J., & S H A W , R. D., 1967—The geology of the north­
eastern part of the Amadeus Basin, Northern Territory. 
Bureau of Mineral Resources, Australia, Report 113. 

W H I T W O R T H , R., 1970—Reconnaissance gravity survey of 
parts of Northern Territory and Western Australia, 1967. 
Bureau of Mineral Resources, Australia, Record 1970/15 
(unpublished). 

W I E B E N G A , W. A., G O O D C H I L D , R. J., & B A M B E R , B., 1959— 
Preliminary report on a geophysical investigation of 
underground water at Yuendumu, Northern Territory. 
Bureau of Mineral Resources, Australia, Record 1959/7 
(unpublished). 

W I N N E C K E , C , 1882—Plan and report of Mr Winnecke's 
explorations from Alice Springs to the Herbert River and 
Tennant's Creek. South Australian Parliamentary Papers 
121. 

W O O D B U R N E , M. O., 1967—The Alcoota Fauna, Northern 
Territory. Bureau of Mineral Resources, Australia, Bul­
letin 87. 

W O P F N E R , H . , C A L L E N , R., & H A R R I S , W. K . , 1974—The 
Lower Tertiary Eyre Formation of the southwestern Great 
Artesian Basin. Journal of the Geological Society of Aus-
tralia,2\, 17-51. 

Y O U N G , G. C , 1974—Stratigraphic occurrence of some 
placoderm fishes in the Midde and Late Devonian. News­
letters on Stratigraphy, 3 (4 ) , 243-261. 

75 







A P P E N D I X 2 

The Patmungala beds of the Arunta Block 

A. T. Wells 

Definition 
T h e P a t m u n g a l a beds are here defined as a sequence 

of slightly me tamorphosed silty sandstone, quar tz i te , 
siltstone, recrystallised tuff, and minor in terbedded 
conglomera te , commonly with cher t pebbles tha t show 
p ronounced stretching caused by later tectonism. T h e 
precise o rde r of the rock types in the sequence is n o t 
known. 

T h e n a m e of the beds is derived from Pa tmunga la 
Creek, which flows along the nor th flank of the main 
ou tc rop of the beds . 

History of investigations 
Descr ipt ions of outcrops of the Pa tmunga l a beds 

are given in the field record of Wells, Evans, & N i c h o ­
las ( 1 9 6 8 ) . 

Type area 
T h e type area includes the outcrops between Pat ­

mungala Creek and the N a b u r u l a Hills about 6 k m 
west-northwest of Djagamara Peak. 

Contacts 
T h e Pa tm u nga l a beds are overlain with angular 

unconformi ty by glacigene sediments tentatively iden­
tified with the Adela idean N a b u r u l a Fo rma t ion . They 
are in t ruded by Middle Proterozoic granite, bu t their 
relat ionship wi th nearby outcrops of basement meta ­
morph ic rocks is no t certain. 

Distribution 
T h e P a t m u n g a l a beds crop out in several large, 

closely spaced outcrops to the nor th of and adjacent 
to the marg in of the Ngal ia Basin no r th of the Pa t ­
munga la Syncline (P la te 1 ) ; the total length of known 
ou tc rop is about 16 km. T h e beds form low st r ike 
ridges and i r regular groups of hills. 

Thickness 
T h e m a x i m u m exposed thickness, estimated from 

measuremen t s on a i rphotographs , is about 1100 m. 

Lithofacies 
Poor ly sor ted medium-gra ined tough th in-bedded 

grey silty sands tone forms the p rominen t ridges in 
outcrops of the beds. It is closely jointed, and in places 
is well sorted, friable and silicified. Cross-bedding a n d 
small r ipple marks a re ra re . T h e sandstone is inter­
bedded with th in-bedded and laminated siltstone, and 
in some places small cross-lamination is evident. T h e 
siltstone is deeply weathered and poor ly exposed, and 
commonly the weathered surface has thin whi te ef­
florescences. In terbeds of pebble conglomera te (with 
s t re tched cher t c las ts ) , qua r t z and quartzi te-pebble 
conglomera t ic sands tone , and spot ted recrystallised 

vitric crystal tuff occur at several localities. T h e tuff 
consists of about 10 percent angular quar tz and feld­
spar grains up to 0.2 m m across in a mostly very 
fine-grained mat r ix with minor sericitic mater ial . The 
stretched-pebble conglomerate consists of elongated 
fragments of che r t—some with laminat ions of heavy 
minerals and others with small quar tz ve ins—quar tz i te 
wi th squeezed and flattened grains, and a matrix 
mainly of crushed quar tz grains. 

Metamorphism 
T h e beds are invariably tightly folded along easterly 

t rending axes. Small quar tz-muscovi te veinlets cut the 
beds, and in o ther areas quar tz veins f rom a fraction 
of a centimetre u p to 10 metres wide in t rude the 
Pa tmunga la beds ; the larger veins occur along major 
faults, and the largest forms the nor the rn boundary 
to the main outcrop area. 

Low-grade me tamorph ic effects are shown by stretch­
ing of chert clasts in the conglomerate , and quar tz 
grains in the sandstone show irregular or subaligned 
cracks and wavy extinction probably caused by the 
low-grade metamorph i sm. 

Age 
T h e Pa tmunga la beds are P recambr ian in age. They 

lie unconformably beneath the Adela idean Naburu la 
Format ion , and are undoubted ly older than the Ade­
laidean V a u g h a n Springs Quar tz i te because of their 
different s t ructural style and setting. T h e base of the 
beds is not exposed, and they are in t ruded by Pre ­
cambr ian granite. The re are no lithologically similar 
beds known in the Ngal ia Basin succession. 

Correlation 
Beds of similar l i thology occur in the Reynolds 

Range area to the nor th of the Ngal ia Basin (Stewart & 
others, 1980) . 

Palaeogeography, environment, and history of 
deposition 

T h e environment of deposition and provenance , area 
are unknown. T h e high propor t ion of coarse-grained 
sediments suggests a shallow-water envi ronment , and 
con temporaneous volcanism is indicated by the inter­
beds of lithic crystal tuff. 

References 
S T E W A R T , A . J., O F F E , L . A., G L I K S O N , A. Y . , W A R R E N , 

R. G., & B L A C K , L . P., 1980—Geology of the northern 
Arunta Block, Northern Territory. Bureau of Mineral 
Resources, Australia, Record 1 9 8 0 / 6 3 (unpublished). 

W E L L S , A. T., E V A N S , T. G., & N I C H O L A S , T., 1 9 6 8 — T h e 
geology of the central part of the Ngalia Basin, Northern 
Territory. Bureau of Mineral Resources, Australia, 
Record 1 9 6 8 / 3 8 (unpublished). 

78 



A P P E N D I X 3 

Groundwater 
A. T. Wells 

T h e main users of water are the Nat ive Welfare 
Set t lement at Y u e n d u m u and the catt le industry; 
Y u e n d u m u and several homesteads on pas tora l leases 
in the eastern two-thirds of the region are the only 
pe rmanen t set t lements . T h e main source of water is 
f rom bores and ear th dams and f rom a few na tu ra l 
springs. 

History 

Jones & Quin lan (1962) described the water resources 
of the Alice Springs area, including the Ngal ia Basin. 
Var ious other repor ts describing aspects of the wate r 
supply of local areas within the area of the geological 
m a p are cited by Quinlan (1958a, b ) , Jones & Quinlan 
( 1 9 5 8 ) , Wiebenga, Goodchi ld , & Bamber ( 1 9 5 9 ) , 
Cook (1962 , 1 9 6 3 ) , and Edwor thy (1966 , 1 9 6 8 ) . T h e 
reader is referred to these repor ts for details; only the 
broad results are given here. 

Drilling data 

A total of 767 bores had been drilled in the a rea 
shown on the 1:500 0 0 0 geological m a p u p to the end 
of 1977. T h e y include 443 in N A P P E R B Y , 301 in 
M O U N T D O R E E N , 6 in L A K E M A C K A Y , and the 
remainder ( 1 7 ) in the western quar te r of A L C O O T A ; 
Kingdom & others (1967) have il lustrated the loca­
tions of mos t of them. Bore data sheets providing in­
format ion for each bore are available on file a t the 
Resident Geologist 's Office, Alice Springs; a duplicate 
set is held in the Technical Files of the Bureau of 
Mineral Resources in Canber ra . 

Yuendumu water supply 

T h e water supply for Y u e n d u m u Nat ive Set t lement 
was originally obtained from nearby bores in Quate r ­
nary sediments and from a few in P recambr ian base­
ment rocks; the supply and quali ty proved to be 
inadequate . T w o bores subsequently drilled to the south 
of the set t lement in sediments of the Ngal ia Basin gave 
contrast ing results. In the Whi te Po in t Bore the aquifer 
is the C a m b r i a n Walbir i Dolomi te and the supply is 
4500 1/h; it is used as a stock bore and the water 
is of marginal quality for h u m a n consumpt ion. Pen­
halls Bore penet ra ted red sandstone and siltstone of 
the Y u e n d u m u Sands tone; the supply is 8000 1/h, and 
most of this water is pumped into holding tanks 
nearby for domest ic consumpt ion at the sett lement. 

The Wate r Resources Branch of the former 
Nor the rn Ter r i to ry Adminis t ra t ion carr ied out a water 
supply investigation south of Y u e n d u m u Nat ive Set­
t lement, and four product ion bores have been com­
pleted in the Ker r idy Sandstone in an area centred 
about 10 k m southwest of Y u e n d u m u . Permeabi l i ty is 
due almost entirely to jointing (R. E . Read , formerly 
Wate r Resources Branch, personal c o m m u n i c a t i o n ) . 
T h e aquifer is bounded to the no r th by the outcrop­
ping Djagamara Forma t ion , and to the south in pa r t 
by a fault; it is open to the east, and in connect ion 
with the M o u n t Eclipse Sandstone to the w e s t 

Southern basin water supply 
T h e large area of internal dra inage along the 

southern margin of the basin commonly yields saline 
groundwater , and the homes teads in this a rea ex­
perience problems in providing sufficient s tock water . 
As well as the quality, the quant i ty too is var iable : 
several bores drilled in Qua t e rna ry calcrete and clay 
near Newhaven homes tead yield u p to about 5 k l / h , 
whereas other bores close by are dry. 

Data from seismic shot-holes 
M a n y pf the shot-holes drilled along seismic lines 

tapped water . Mos t of these were drilled to a dep th 
of 40 m ; the water was encountered generally a t 
depths between 25 and 30 m. Wate r in Cainozoic gravel 
occurs at 26 m in shot-holes 1561 and 1566, and a t 
24 m in shot-hole 1559, all on B M R line A. O n B M R 
line L, water at 30 m in shot-hole 4515 f rom probable 
Cainozoic ' sandstone bands in clay' (driller 's l o g ) , and 
water at 64 m in shot-hole 4 5 0 1 , probably came f rom 
the M o u n t Eclipse Sands tone . 

Data from stratigraphic drillholes 
Analyses of water samples f rom shallow strat i­

graphic drillholes (Evans & Nicholas , 1970; Wells, 
1974) are listed in Tab le A l , and porosi ty and per­
meability of selected cores f rom these holes are listed 
in Tab le 7 (main t e x t ) . A prolific supply of wa te r 
was p roduced from M o u n t D o r e e n N o . 8, in which flow 
rates were est imated at about 140 000 1/h. T h e aquifer 
in this hole is a Cainozoic cobble bed at 41 m. M o u n t 
Doreen N o . 8B, 550 m away, failed to pene t ra te this 
bed. 
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TABLE A l . WATER ANALYSES 

Borehole / shot-point BMR Mt BMR Mt BMR Mt BMR Mt BMR Mt BMR Mt BMR Mt BMR Mt BMR BMR 
Doreen Doreen Doreen Doreen Doreen Doreen Doreen Doreen Napperby Napperby 
No. 8* No. 8B* No. 9* No. 10* No. 11* No. 12* No. 13* No. 75t No. 6t No. 6f SP 1561* SP 4515% SP4501X 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (ppm) (ppm) 

Sample no. 71/0336 71/0334 71/0335 
Standing water-level ca 18 m ca 3.7 m ca 3.7 m 
Conductivity at 25 °C (micromhos/cm2) 2470 10340 58830 
Hardness (calculated as CaC0 3 ) 

Total 512 830 240 316 244 906 2532 252 1500 8000 130 
Carbonate 238 301 240 194 227 218 142 252 52 56 130 
Non-carbonate 274 529 Nil 122 17 688 2390 Nil 1448 7944 Nil 

Alkalinity in excess of total hardness Nil Nil 64 Nil Nil Nil Nil 278 52 56 92 (RA93) 
Chloride 675 2680 80 300 305 885 1570 470 2460 22460 45 1890 575 
Sulphate 314 723 37 151 169 608 1660 225 2050 ND 1670 310 
Bicarbonate 290 370 371 237 211 265 174 339 63 68 271 ' 270 180 
Nitrate ND ND 22 22 22 ND ND 42 14 
Fluoride ND ND 1.0 1.6 1.4 ND ND 1.7 1.9 
Carbonate ND ND Nil Nil Nil ND ND ND Nil Nil 
Sodium 490 1760 86 192 255 490 720 432 1820 97 1240 254 
Potassium 67 52 31 54 34 92 60 48 158 35 115 49 
Calcium 71 110 48 50 73 160 553 45 244 19 357 112 
Magnesium 81 135 29 46 16 123 280 34 195 20 214 88 
Iron UD 27 
Silica 32 3 
Phosphate < 1 < 1 
Total dissolved salts ca 1990 ca 5850 705 1054 1152 2625 ca 5030 1470 6940 5650 1490 
Residue on evaporation 3000 6500 3000 6000 46000 620 
Water insoluble residue 6 111 
pH ND ND 8.3 8.1 8.1 ND ND 7.6 6.5 6.5 
Remarks Unsuitable Unsuitable Suitable Unsuitable Suitable Unsuitable Unsuitable Unsuitable Unsuitable Sample 

for human for human for adults for human for adults for human for human for human for human taken when 
consump­ consump­ but not consump­ but not consump­ consump­ consump­ consump­ bore at 
tion— tion— infant tion—• infant tion— tion— tion— tion— depth of 
excessive excessive children— excessive children— excessive excessive excessive sample 70 m 
sulphate dissolved excessive fluoride excessive sulphate salts fluoride; obtained 
content salts nitrate and nitrate nitrate suitable for several days 

stock after hole 
completed 

• A n a l y s e s by former Northern Territory Administration—Animal Industry Branch (reference N o . S N 7 0 / 1 6 9 and specimen advice note 4465) . 
f Analyses by former Northern Territory Administration—Water Resources Branch. 
X Analyses by C. R. Trigg, A M D E L . 
N D — n o t determined; UD—unsuitable for determination; RA—residual alkali. 
Additional notes 
1. Sample from shot-point 1561, 37 km southeast of Vaughan Springs homestead, was from about 26 m. 
2. Sample from SP 4515, next to the Alice Springs-Yuendumu road about 5 km south of Mount Allan, was from 29.9 m. Outcrops of Kerridy Sandstone occur close by. 
3. Sample from SP 4501, about 13 km southwest of Mount Allan, was from a depth of 64.0 m. Nearby outcrops are the Devonian-Carboniferous Mount Eclipse Sandstone. 
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A P P E N D I X 4 

Microfossils from the Albinia Formation, Ngalia Basin 

M. R. Walter & K. Cloud 

During 1977, A. T. Wells collected black chert 
samples from the Albinia Format ion in the V a u g h a n 
Springs Syncline. The chert occurs as lenses elongate 
parallel to the bedding in flat-bedded dolomite . Some 
of the collected samples occurred as float, bu t the re 
is little doubt as to their origin. Samples from two 
localities (Fig . A l ) , both in the M o u n t Doreen 
1:250 000 Sheet area, contain microfossils: 77807004 
from the southeastern flank of the syncline (met r ic 
coordinates 68440E, 5 2 7 8 0 N ) ; and 77807005 from the 
headwaters of Waite Creek (met r ic coordinates 
68310E, 5 2 8 2 0 N ) . 

T h e fossils are abundan t but generally very poorly 
preserved. T w o taxa are readily dist inguishable; these 

are by far the most abundan t components of the 
assemblage and are identified here as Myxococcoides 
?inornata Schopf and Eomycetopsis sp. nov. Fossils no t 
referable to these taxa are ra re—for example, some 
cells resemble forms of Caryosphaeroides and Globo-
phycus described by Hofmann ( 1 9 7 6 ) . This assemblage 
is similar to those found in present-day intert idal t o 
supratidal cyanobacter ial mats , and it is likely to have 
had such an origin. Very similar assemblages a r e 
known from sequences ranging in age from 1800 m.y. 
(Hofmann , 1976) to about 800 m.y. (Schopf, 1 9 6 8 ) . 
Therefore at this stage they cannot be considered 
to have any age significance. 

DISTRIBUTION OF ALBINIA FORMATION 
Fig. A l . Microfossil localities in the Albinia Formation. 

M y x o c o c c o i d e s ? i n o r n a t a Schopf 
P l a t e A 1 , figs. 1-3 

This consists of cells generally forming clusters with 
numerous individuals is up to several hundred per 
c lus t e r ) ; infrequently a small number of cells is 
loosely associated. In most cell clusters the cells a re 
embedded in an uns t ruc tured organic matr ix that in 
some examples has a fibrous appearance . T h e clusters 
are interpreted as r emnan t s of microbial mats . The 
cells range in width from 5.6-22.4 ^ m , with an average 
near 17 ^ m . Most cells are empty, but some contain 
faint polygonal organic bodies of about one-third of 
the width of the cells; these cells also conta in i rregular 
m e m b r a n o u s s tructures . 

These fossils are similar to M. inornata Schopf, but 
differ in the frequent presence of cells smaller than 
those observed by Schopf (1968) and in the occurrence 
in clusters of many cells. 

E o m y c e t o p s i s sp . nov . 

P l a t e A l , figs. 4 - 6 
This filamentous fossil occurs abundant ly in int ra-

clasts interpreted as fragments of microbial mats . It 
consists of intertwined, unsegmented, distinctly walled 
tubules 3.9-9.1 wide. T h e tubules have circular 
cross-sections with walls 0.8-1.3 ju,m thick. It differs 
from E. robusta Schopf in being slightly larger, gre­
garious, and in lacking evidence of brittle fracturing. 

References 
H o f m a n n , H. J., 1976—Precambrian microflora, Belcher 

Islands, Canada: significance and systematics. Journal of 
Paleontology, 50, 1040-1073. 
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P L A T E A l 
Microfossils in thin sections of cher t from the Albinia 
Format ion . Figures 1-3, Myxococcoides ?inornata 
Schopf. Figures 4-6, Eomycetopsis sp. nov. Scale 
bars in 1, 2, 4, and 5 are equivalent to 100 fjjn; those 
in 3 and 6 are equivalent to 50 M m . 1. C P C 22412; 
2, C P C 22413 ; 3, C P C 22414; 4, C P C 22415 ; 5, 
C P C 22416; 6, C P C 22417. 
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A P P E N D I X 5 

Trace fossils from the Yuendumu Sandstone 

M. R. Walter 

Samples of red-brown flaggy micaceous siltstone and 
sandstone with trace fossils were collected by A. T. 
Wells from the Yuendumu Quarry ( lat . 22°17 '40"S , 
long. 1 3 1 ° 4 8 ' 0 5 " E ) . about 4 km south of Y u e n d u m u 
Nat ive Set t lement . M O U N T D O R E E N . T h e samples 
come from about 60 m below the top of the 500 m 
of exposed beds. 

Fig. A2. Planolites ballandus Webby from the Yuendumu 
Sandstone 4 km south of Yuendumu Native Settlement. 

(GB2007) 

Only one form of trace fossil is present (Fig. A 2 ) , 
but it is abundant . It is a sinuous bur row preserved 
as positive hyporeliefs, negative epireliefs. and longi­
tudinal sections of the burrow-fill. The burrows are 
1 . 5 - 4 . 0 m m wide; most are at the lower end of this 
size range. They vary from parallel to perpendicular 
to the bedding. The burrow-fill appears to be indis­
tinctly laminated; the laminae are perpendicular to the 
long axis of the bur row and less than 0 . 5 m m thick. 

The same trace fossil form is found in the upper­
most Arumbera Sandstone ( A r u m b e r a Sandstone uni t 
III of Wells & others , 1 9 6 7 , plates 1 1 , 1 2 , and 1 8 ) 
of the Amadeus Basin. A form from the Lintiss Vale 
beds (Tor rowangee G r o u p ) of N e w South Wales is 
on the average slightly smaller, but is here considered 
conspecific. Thus the name Planolites ballandus Webby 
is applied to the Ngalia Basin and Amadeus Basin 
fossils. 

A single t race fossil cannot be used for dat ing. 
Nonetheless , the only other occurrences of P. ballandus 
are Early Cambr ian in age, and correlat ion of the Yuen­
dumu Sandstone with unit III of the Arumbera Sand­
stone would be consistent with available data . 

Reference 
W E L L S , A. T., R A N F O R D , L. C , S T E W A R T , A. J., C O O K , P. J., 

& S H A W . R. D . . 1 9 6 7 — T h e geology of the north-eastern 
part of the Amadeus Basin. Northern Territory. Bureau 
of Mineral Resources, Australia, Report 113 . 
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A P P E N D I X 6 

Plant fossils from the Mount Eclipse Sandstone 
Mary E. White 

Fronds of a Carboniferous pter idosperm. and stems 
and a root buttress of a lycopod, are identified in 
samples collected from four localities in the Mount 
Eclipse Sandstone in M O U N T D O R E E N . They repre­
sent the first substantial suite of late Palaeozoic plants 
from central Austral ia. The specimens are poorly pre­
served, but photographs taken by H. M. Doyle were 
of assistance in determining the plants. 

Locality MD 43 
Locality M D 4 3 . in the western Naburula Hills 

61 km west of Yuendumu Nat ive Settlement and 10.5 
km west-southwest of Djagamara Peak, yielded im­
pressions of decorticated lycopod stems (reference 
F 22953 ; Fig. A3) on which leaf bases are crowded 
and arranged in ascending spirals. All the forms are 
of a general Lepidodendron sp. type, but are too 
poorly preserved for specific identification. 

Fig. A3. Impression of a decorticated Lepidodendron sp. from the Mount Eclipse Sandstone 61 km west of Yuendumu 
Native Settlement. (GB2054) 

Locality MD 135 
At this locality, 6.5 km south-southeast of Djambid­

jimba Mesa, specimens ( F 22954) are indeterminate 
stems and an indeterminate fern-like frond. 

Locality MD 135A 
This locality, also 6.5 km east-southeast of Djambid­

jimba Mesa, yielded specimens of two f o r m s — F 22955 
and F 22956. F 22955 is a poorly preserved frond of 
'Triphyllopteris austrina' Morris (unpublished n a m e ) , 
which is illustrated in Figures A 4 and A 5 . Cont ro­
versy still remains in the naming of fronds of this 
sort : Rigby (1973) placed them in Gondwanidium 
plantianum; and Archangelsky & Arrondo (1966) de­
termined probably identical South American specimens 
as Botrychiopsis plantianum—a determination that 
Gould (1975) has accepted. Morris ( 1 9 7 7 ) , in her 
revision of the Carboniferous flora of N e w South 
Wales, used the name 'Triphyllopteris austrina' for 
Late Carboniferous fronds which show a great deal of 
pinnule var ia t ion—from much dissected to flabelliform 
— a n d derived the name 'Gondwanidium australe', 
which occurs with Gangamopteris and Glossopteris in 
uppermost Carboniferous and basal Permian beds, 
from 'Triphyllopteris austrina'. Because of the confu­
sion in identification, the presence of a Botrychiopsis-
like frond alone would indicate a Late Carboniferous 
or Early Permian age, but, as the fronds in the Moun t 
Eclipse Sandstone are associated with Lepidodendron 
stems, a Late Carboniferous age is more likely. 

Specimens F 22956 show examples of decorticated 
Lepidodendron i tems. 

Fig. A4. 'Triphyllopteris austrina' Morris from the Mount 
Eclipse Sandstone 13 km south-southeast of Mount Doreen 

homestead. (GB2055) 
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Fig. A5. Detail of part of the frond of Triphyllopteris austrina' Morris (x 2.85) 
from the Mount Eclipse Sandstone 13 km south-southeast of Mount Doreen 

homestead. (GB2055) 

Locality MD 145 
This local i ty—on the southern 

flank of the Treuer Range 16 km 
nor theas t of M o u n t Doreen home­
s tead—yielded indeterminate stem 
casts ( F 2 2 9 5 7 ) . 

Locality NT 28-131 
T h e precise position of this 

locality, which has yielded a fossil 
specimen from the M o u n t Eclipse 
Sandstone, is not known. T h e 
specimen is a cast of part of a 
root buttress of an arborescent 
lycopod. It is referable to Stig-
maria ficoides Brongniart , which 
is a form species used to accom­
modate the root systems of a 
number of related plants in which 
st igmarian rootlets were a t tached 
all over the surface of the organ. 
At t achment points for rootlets ap­
pear as small rings with central 
spots, which represent the single 
vascular trace. 
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A P P E N D I X 7 

Davis No. 1 petroleum exploration well 

compiled by A. T. Wells 

Introduction 
Davis N o . 1 well, drilled in 1981, was the first 

pe t ro leum explorat ion well in the Ngal ia Basin. I t 
was drilled by the Moon ie Oil C o m p a n y and others 
on the Davis Anticline at lat i tude 22°14 '53"S and 
longi tude 131°04 '07"E , in the western half of Oil 
Pe rmi t 165, held by Magel lan Pe t ro leum Austral ia 
Limited. It reached a total depth of 1899 m in Pre ­
cambr ian granit ic rocks in t ruding or thoquartz i te . Kelly 
bushing elevation was 646.5 m above MSL, and 
ground-level elevation 640.4 m above MSL. 

T h e following summary of the principal drilling 
results is abr idged from the well complet ion repor t 
by Baarda & Buckingham ( 1 9 8 2 ) . 

T h e p r imary objective of the well was to penet ra te 
the Ordovician Djagamara Format ion , which is con­
sidered to be a correlat ive of the Pacoota Sands tone— 
the producing reservoir in the Mereenie and Pa lm 
Valley Anticlines of the no r the rn pa r t of the Amadeus 
Basin. Other Palaeozoic format ions , such as the 
Ker r idy Sandstone, were regarded as secondary targets. 
A small gas show within the M o u n t Eclipse Sand­
stone in the Afmeco D D H - D A V 1 drillhole ( F r e n c h & 
others , 1978; Ripper t & others , 1 9 7 9 ) , 1.85 k m east 
of Davis N o . 1, was regarded as encouraging, a l though 
this format ion was not considered to have commercia l 
potent ial . Except for the bo t tom-ho le core, air drilling 
was used and water flows of u p to 5500 1/h accom­
panied the air s t ream at depths between about 30 and 
300 m. 

Structure 
T h e axis of the Davis Anticl ine t rends about west 

and is doubly plunging. Surface closure is est imated 
to be about 20 k m 2 , and vertical closure about 200 m. 
Davis N o . 1 well was sited to the south of t h e axis of 
the Davis Anticl ine. A d ipmeter survey in t he hole 
indicated a regional southwester ly dip in the M o u n t 
Eclipse and Kerr idy Sandstones and the Djagamara 
Format ion , as expected f rom the well location with 
respect to the anticlinal axis. T h e d ipmeter results 
indicate that the beds of the M o u n t Doreen Fo rma t ion 
dip nor thwards which suggests tha t the axis of the 
fold at this strat igraphic level is to the south of the 
well site. D ipmete r results in the Rinkabeena Shale 
indicate bo th nor th and south dips; these have a 
roughly equal density for low dips, but the nor ther ly 
componen t exhibits a greater diversity of dip direction 
in the higher angles ( u p to about 3 5 ° ) . T h e m o r e 
scat tered populat ion may be tensional fractures. 

Stratigraphy 
T h e lithological subdivision of the sequence pene­

trated in the well and the assignment of formations 
are necessarily tentat ive owing to the lack of definitive 
age determinat ions . The pre l iminary format ion designa­
tions of Baarda & Buckingham (1982) are listed in 
Table A2 . 

T h e M o u n t Eclipse Sands tone /Ke r r i dy Sandstone 
contac t is picked at the li thological change from pre-

TABLE A2. PRELIMINARY FORMATION DESIGNA­
TIONS TO INTERVALS IN DAVIS No. 1 

Depth Depth Thickness 
Formation (KB, m) (MSL, m) (m) 

Mount Eclipse Sandstone surface + 647.0 996.7 
Kerridy Sandstone 996.7 — 349.7 123.7 
Djagamara Formation 1120.4 — 473.5 140.8 
Mount Doreen Formation 1261.3 — 614.3 149.0 
Rinkabeena Shale 1410.3 — 763.4 448.1 
Patmungala beds 1858.4 — 1211.4 40.2 
Total depth 1898.6 — 1251.6 

dominant ly poor ly sorted sands tone to fine-grained 
micaceous sands tone and siltstone below. T h e change 
is gradat ional over a wide interval, and the wire-line 
logs for bo th format ions are very similar. A change 
in bedding charac ter is shown by Schmidt plots of the 
dipmeter surveys. Cross-bedding down to about 900 m 
is replaced by flat-lying laminat ions down the hole , 
together with a slight change in dip direction. 

T h e lower M o u n t Eclipse Sands tone is significantly 
less sandy in Davis N o . 1 than in D D H - D A V 1, bu t 
a t tempts to cor re la te units in the format ion be tween 
the two wells are hampered by the lateral discon­
tinuity of l i thological units. T h e M o u n t Eclipse Sand­
stone comprises lenses of sandstone and shale, which 
vary lateral ly in thickness and pinch out over shor t 
distances. T h e format ion exhibits cyclic sedimentat ion, 
though the cycles a re commonly incomplete . In places, 
shale overlies coarse-grained sands tone; th rough the 
sequence, the shale as well as the sands tone intervals 
are vir tually indist inguishable, and correlat ion even 
over short dis tances of the order of about 50 m is 
very difflult. 

A mar ine sequence of glauconit ic and lithic sand­
stones, siltstone, shale, marl , and l imestone (micr i te ) 
is assigned to the D j a g a m a r a Fo rma t ion . T h e identi­
fication is based on the presence of glauconite , main ly 
in the uppe r par t of the interval . T h e sequence com­
prises light b rown , very calcareous, argil laceous shale 
between 1120 and 1131 m; glauconit ic sands tone a n d 
l imestone and grey-green shale be tween 1131 and 
1180 m; and da rk grey-brown siltstone grading down­
wards into b r o w n and grey shale between 1180 a n d 
1261 m, including minor thin beds of glauconit ic 
sandstone and l imestone between 1180 and 1195 m. 
A light b r o w n mar l in the interval 1120-1131 m is 
included in the Djagamara Forma t ion , a l though its 
general appea rance suggests that it is l i thologically 
more similar to the Ker r idy Sandstone sequence above. 

Limestone (micr i te ) of the M o u n t D o r e e n F o r m a t i o n 
(Wanap i Do lomi t e M e m b e r ) occurs f rom 1261-1341 
m, and lithic calcareous sandstone (possibly glacio-
genic) is p r e d o m i n a n t below 1341 m. 

A n al ternat ive interpreta t ion to tha t p roposed by 
Baarda & Buck ingham (1982 ; Tab le A 2 ) is tha t the 
brown and grey shale sequence ( 1 2 3 2 to 1261 m ) 
above the l imestone ( m a r k e r bed of d o l o m i t e — W a n a p i 
Dolomi te M e m b e r of the M o u n t D o r e e n F o r m a t i o n ) 
correlates wi th the Newhaven Shale M e m b e r of this 
format ion. This in terpreta t ion recognises the presence 
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of all th ree members of the M o u n t D o r e e n F o r m a t i o n 
( N e w h a v e n Shale, Wanap i Dolomi te , and M o u n t 
Davenpor t Diamic t i te M e m b e r s ) in the sequence. 

T h e thick da rk grey to black shale sequence f rom 
1410 to 1858 m is identified at the R inkabeena Shale, 
which is considerably th inner (about 100 m ) a t its 
type sec t ion—20 k m east of Davis N o . 1. T h e shale 
is fairly un i form, except for variat ions in t he p ro ­
por t ion of calcareous cement , calcite f racture fillings, 
and ca rbonaceous mater ia l . A change in the sonic log 
at 1611 m is p robab ly caused by sandstone intervals . 

P r ecambr i an basement rocks pene t ra ted f rom 
1858 m to to ta l dep th of 1899 m comprise low-grade 
m e t a m o r p h o s e d or thoquar tz i t e in t ruded by grani te . 
T h e quar tz i te m a y be par t of the Pa tmunga la beds . 

Comparison with outcrop and geophysical 
interpretation 

Al though the basal N a b u r u l a F o r m a t i o n is missing, 
the sequence of lithological uni ts of t he Ngal ia Basin 
pene t ra ted in the well section is otherwise similar t o 
that exposed in the eastern p a r t of the P a t m u n g a l a 
Syncline, whe re the beds have been described a r o u n d 
the west-plunging nose of the fold. T h e thicknesses of 
some of the units vary considerably be tween t he well 
section and the measured sections in ou tc rop . This m a y 
have been ant ic ipated because t he area a round the 
eastern P a t m u n g a l a Syncline was undoubted ly a t opo ­
graphic, high dur ing deposi t ion of the Ade la idean 
format ions . 

T h e th ree major reflection hor izons present on seismic 
record sect ions in the basin have been in te rpre ted (see 
p . 54) as defining three major divisions of the basin 
sequence : uppe r Palaeozoic, lower Palaeozoic , and 
Adela idean . T h e depths to these boundar ies correspond 
reasonably well to the same boundar ies interpreted in 
the well sequence; this cor respondence of boundar ies 
justifies th original seismic interpretat ion. 

Reservoir and source rock results 
Shal low wa te r reservoirs are present in t he M o u n t 

Eclipse Sands tone , bu t otherwise there a re no indica­
t ions of in te rgranula r or o the r effective poros i ty in 
the sequence pene t ra ted in Davis N o . 1. A significant 
gas show occur red in the hole when conver t ing f rom 
air to m u d drill ing for the bo t tom-ho le core , and gas-
sa tura ted wa te r was circulated out of the hole . T h e 

gas, mainly methane , was probably derived f rom the 
thick mar ine sediments, chiefly the Rinkabeena Shale, 
below the M o u n t Ec l ipse /Ker r idy Sands tone interval . 
I t probably originated from fracture porosity, which 
has been interpreted f rom the d ipmete r survey. 

N o significant source rocks were found in a study 
of samples from the interval 945-1893 m, bu t below 
1737 m the organic content increases slightly. A 
maceral analysis of a sample f rom 1836 m revealed 
co mmo n sapropelic organic ma t t e r which shows a 
high degree of organic me tamorph i sm, or carbonisa­
tion, indicating a pos t -mature source rock for gas. 

Source rock studies of samples f rom the interval 
1789-1826 m indicate an oil-generative source rock. 
A cross-plot of total organic ca rbon ( 0 . 5 5 % ) and 
extractable organic mat ter ( E O M , 1600 p p m ) , along 
with the high saturated value ( 7 0 . 3 % ) of the E O M , 
support this conclusion. 

M o r e favourable areas for pe t ro leum accumulat ion 
m a y be present in the central and southern par ts of 
the basin, away from the deeper sequences and over-
thrusts at the nor the rn margin. Even though the a t t rac­
tive thick mar ine shale sequence is pos t -mature in 
Davis N o . 1, it m a y not have been as deeply bur ied 
and subjected to excessively high tempera tures away 
from the no r the rn deformed margin . T raps for pe t ro ­
leum accumulat ion in the centra l and southern par ts 
of the basin which an teda te the M o u n t Eclipse O r o ­
geny could present more favourable drilling targets . 
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SYMBOLS USED ON MEASURED SECTIONS 

Bedding thickness 
0 Massive l>100 cm) 

o Thick (30-100 cm) 

<= Medium (10-30 cm) 

- Thin (1-10 cm) 

= Laminated (< 1cm) 

Sedimentary structure 
4 Graded lamination 

~l Cross-bedding 

•± Thin cross-bedding 

d Medium cross-bedding 

(/? Slumped bedding 

Unconformity 

m Ripples, undifferentiated 

-wi Ripples, asymmetrical 

<JJJ Ripples, symmetrical 

• Clay, mud pellets 

"IT Load cast 

<SE Flute mould, cast 

CI Current crescents 

^ Tracks and trails 

<§) Macrofossils 

ABBREVIATIONS USED ON MEASURED SECTIONS 

Mineralogy and Lithology Colour 
Ark(ark) Arkose(ic) bk Black 

Cy(cy) Clay(ey> bl Blue 

Cgl Conglomerate br Brown 

Do (do) Dolomite (ic) choc Chocolate 

Fs (fs) Feldspar (thic) cr Cream 

Clfgl) Glauconite (k) gn Green 

Hem (hem) Hematite (ic) 9Y Grey 

Fe (fer) Iron oxide (ferruginous) og Orange 

Kao (kao) Kaolin (itic) pk Pink 

Lim Li mo n it e pu Purple 

Mn Manganese r Red 

Mi (mi) Mica (ceous) wh White 

Oqt Orthoquartzite y Yellow 

Q(qc) Quartz (itic) 

Qt Quartzite Grainsize 
Sst Sandstone vf Very fine 

Sb Shale f Fine 

Si (si) Silica (eous) m Medium 

Sltst Sdtstorie c Coarse 

vc Very coarse 

Qualifier 
dK Dark 

It Light 

sli Slight 

Lithology 

•m 

fine 

medium 

coarse 

*—~-| Siltstone 

Clays tone 

Shale 

Sandstone 

to 0 

Dolomite 

Conglomerate 

Infraformational breccia 

Diamictite, erratics 



ENLM - 1,2,3 
Mount Carey 

2515 

2256 

Concealed 

dk pu. friable 

N X - 5 
(Type section of Treuer Member 

of Vaughan Springs Quartzite) 
Alb/'nia Spring 

MEASURED SECTIONS IN THE VAUGHAN SPRINGS QUARTZITE 

n±fer 

dk pu, friable; well rounded pebbles 
15 mm J 

pu-wh 

gy-wh 

It br friable, wh 

wh. 
wh 

well rounded and sorted 

zmisi 

Concealed 

Scree slope 

wh 
dkpu-pk, thin Oqt interbeds 
choc-gy 
gy, pk, well sorted and rounded, 
cr clay pellets 
wh, compact cy 
It br, well jointed 

Scree 

1170 fer 
\vf-c: 

1090 : A A 

Rounded pebbles, angular 
cobbles < 
wh 
r, friable 

893 

:.v."?:-A$ dzfs 

808 

68S 
673 HfM3 

-vf-

gy. rounded Q, weathered Fs 

Round pebbles 

wh 

-sigl 
^ 7 = mi 

354 
337 -

Sst 
gy-br.Sh 

pk. white ovoids (?Glj 

408.7 

394.4 

359.7 

357.8. 
350.8 

dk gn-gy, weathers dk pk-br, Gl partly 
replaced by Lim and Kao '' 
gn-gy, weathers r-br. Gl ovate pellets 
partly replaced by Kao. subrounded to 
rounded Q 
wh weathers r-br. Gl weathered to 
Kao. rounded Q and Lim 
y-br, gy, weathers It br.dk r. someGI 
and Lim, f-vf matrix eitherKaoi'lakes or 
Fe-stained along Joints 
It gy-br, weathers y, minor Gl 
weathered to Lim, some Kao, 
rounded Q 

It gy. It br weathered, rounded Q, much 
flaky Kao 

' wh. weathers br, bands pk Fe-stained 
Kao, subrounded Q 
pk, weathers pu-br. Hem-stained Kao 
grains.subrounded to rounded 
It br, weathers paler, minor Kao, much 
rounded Lim grains, subrounded to 
rounded Q 

— S l , r- It gy, weathers dk pu-br, deeply 
u. k _ J weathered,leached, cellular, 
_ Kao, intensely fer in part, Pgoethite in 

Vugs, minor Lim, subangular to 
subrounded Q 

Deeply weathered, mostly concealed. 

EX - 11 
(Type section of Vaughan 

Springs Quartzite) 
East Vaughan 

Springs Syncline 

1750 -4 

y iK'aburula 
• Format ion Yuendumu 

Sands tone 

EX - 10 
361 • 

• m: wh. tough 

r'-I'-f-m'-' 

'm; — C2-*. 

gy- wh, subrounded, abundant clay 
pellets , weathered surface and 
mottled 

gy-wh; well rounded and sorted, good 
exposure 

~ si 
777= 

- It br, weathers y-br, subrounded to 
rounded, well sorted, rounded Kao 

zzz kao 9rains. flaky Kao on joints, ft br Lim in 
places T plac 

y-br. 

325.2 
323.4 

320 - • 

•=~vrA 

187 

j T j J czzzzzvjjglferMn gn-gy. gy, wh. cy 

163 

—vf=Jj =i/imi kao 

weathers wh-gy. well sorted, thin 
si surface 

= si kao ft y-br, well sorted, weathers dkbr 
much Lim. rounded. Mn-stained on 
weathered surface, silty 

• wh-gy, weathers It y, Pkao 

si kao It gy-br. weathers It br. well rounded 
silty 

r- pk, weathers pu-br. Mn-stained, some 
u.kao-J U m 

gn-gy.weathers r-br, 15% Gl, much Lim 
Fe Mn-stained surface, as below 
gy, weathers dk r-br, well rounded, 
some Gl in well rounded grains partly 
replaced by Lim 
gy. gy-br. weathers It y-br," rare Gl in 
rounded grains in places weathered to 
Lim 

•gy. gy-br, weathers Ity-gy, minor Gl in 
places weathered to fine grains of Lim, 
subangular. banded 
It gy, weathers r-br. subrounded, Mn 
stains, ?GIbands, silty 

Fractured, weathers It br, small voids 
with euhedral Q 

Scree 

• m- a 0 u. wh, pu, gy, poorly exposed 

241 

1025 

m: 

:m: 

214 

pu, wh; si surface, friable, and well 199 -
rounded, sorted, jointed, and exposed 

pu, wh. gy 

•'f-m. cr — s/ Poor exposure; well sorted and 
rounded 

• J - . : 

'•'f'-z 

gy. pu 

s • Sltst 
c ~ gy-wh, flaggy 

It br 

gy-wh. It br 

»si wh, jointed 

It br, friable; well rounded and sorted 

EX - 4 

'SI Friable; well sorted and rounded 
180 

169 

\ 

: si-

— si kao 

48 

;•: m. • A ± « fs fer g y 

tzzfer It r 

1 cm = 86 m 

: cr fs pk pebbly 

'• Concealed, colluvium 

: si pk-gy weathers r-br.clay pellet casts 
fer bands, patches bk Q 

• It gy, weathers r-br. few pellet casts 
. . / r w n - pu-br. deeply weathered 
\^Shr r l t 9 v J t Y ' weathered pu-br. subrounded 

r r si Oat J ¥ r o u n d e d - kao and mi in part, rare Gl. 
•* Fe-stained. some Lim in cavities 

Concealed 

1 cm = 17 m 

wh-lt gy, weathers y-gy to It br 
saccharoidal. Fe stains 

• m-

. m' 

1 

pu. si fragments 

\ 
Fragments 

Deeply weathered 

Concealed 

\ 
gy. Q rubble 

wh-gy, few clay pellets, undulose 
bedding v 
wh, tough, fractured \ 

Concealed, scree of wh-gy, Qt, fer in 
part 
Contact not exposed 

143 

135 

127 

' / '^. '/. j a cr — si wh, moderately sorted 
115 

78 
73 

• -.777. 

• :-m\:; 

i j 
••f-iri: 

Concealed 

fer Scree slope 

cr si wh, rubble 

Concealed 

It br. Hem veins 

Concealed 

EN - 1 
Stuart Bluff Range 

EN - 2 
Stuart Bluff Range 

m'9[:\ cr r f • 5/ wh, poor exposure 

wh, small-scale folds and kink bands 

1 cm = 86 m 

Precambrian granite 

7 

47 

• m-c. 

••'vc.-j Scree slope, fragments with some vc 
subangular Q grains 

Fault zone 

32 

24 • 

0 - t 

1 cm = 17 m 

Concealed 

cz^z si, wh, moderately sorted' 

\ 
cr rr, si wh-br, mottled, moderately to poorly 

sorted and rounded 

czcDzzzsi, wh, poorly sorted 

• — si. wh, basal grit, grading up into si c . . ' ? - .V ' 

1 cm = 17 m 

Sst, poorly sorted, angular 

Precambrian granite 

Alluvium 
Scree 
Poor exposure 

Selective silification produces 
knobbled weathered surfaces 

Moderately sorted, some small 
mud-cracks 

127 

107 

Alluvium 

: I/7 w i dk gy 61 • 

r r si 

'X-

Scree 

dkgy 

pu, mud-cracks common 

Lime gn 
Interbeds of f — Sst 
pu, small-scale cross-stratification 

Scree slope v/ith sporatic outcrop 

I f'!V'-'\ 1=1 ™ / { o r - interbeds of f wh si Ssn 

Weathering of Fs grains results in 
pitted rock surface 

:f:'ri r r r f ART - V " Pebbles up to 8cm, poorly sorted, 
o'o'o) / angular Fs grains 

Precambrian granite 

1 cm = 17 m 

= AA 

: AA br-gy, interbeds of soft Sh/Sltst, 
mud-cracks 

•Zl-lJ = M 119n. mud-cracks and starved ripples 

:ru\dk choc-br 

Precambrian granite 

W N - 1 
Overthrust terminates outcrop 

wh, tough, some Q veins and Q 
granule conglomerate beds 

Pk, gy 
Well sorted, silty, Fe-stained 

Mostly obscured, interbeds Sltst. fSst 
and mi hem Sh 

222 -

• m-: 

. m • 

Tough, hackly 

Tough, interbeds cr Sltst, stylolites 

r, ochreous, tough, poorly sorted, gy 
mi Sh interbeds 

Interbeds r Sltst 

gy. tough, hackly, closely jointed, 
poorly bedded Q granules and 2.4m 
thick silt interbeds in upper part 

wh, tough, poorly bedded, thin c 
interbeds with wh Q granules 6mm 
across in lower part 

320 

W N -2 
Hann Range 

265 

246 • 

• 7-/77 •'/. 

si, fer 

ZZZ SI 

214 -

123 

117-

Weathers y-br. closely jointed, well 
sorted, deeply weathered, small Q 
veins, interbedded y Sltst 

Poorly exposed, silty, friable, deeply 
weathered, strongly jointed in places 

' . ' • \ m i - f e r Poorly bedded, poor exposure, silty, 
" ' " friable in part, deeply weathered 

• 177 -

0} 
- Q 
E 159 -

OJ 147 -
S 141 

£ 139 - hi' 

f-m j zzz fer 
ZZZ=WJ»SI 

Partly friable, flaggy, large masses of 
Hem on outcrop 

Concealed 

dk br, well sorted, highly fer 

Concealed 

Concealed 

Fragments of c, well sorted, Sst; 
< mostly rubble of siplaty Sst with 

mud-cracks or sand-sticks? 
: AA Mud-cracks 

102 • 

• fer 

si, fer Tough, poorly bedded, well sorted 

dk r-br 

gy. friable, interbeds of tough si Sst 
with clay pellets 

gy and og-br. poorly exposed 

Poorly sorted 

Angular grains 

_/77%. 4 s'.fs Jasper fragments in places 

A A 5 / , f e r J ~ h e m - v e i n Q granules 

Precambrian granite 

1 cm = 17 m 1 cm = 17 m 

wh, platy, some heavy minerals 
Fragments of m si platy. clay-pellet 
Sst 

Platy. tough, spotted, well sorted; 
some, = f 

Concealed by scree 

_ A A • C s gYt weathers pu-br. tough, mud-
cracks, very mi in part; interbeds f 
Cgl, c m f si Sst clay matrix; poorly 
sorted angular Q in c beds; 
moderately sorted and rounded m 
beds, v thin interbeds mi Sltst 

Concealed; Sst crops out along strike 

Concealed 

Weathers It pk-lt br; well sorted and 
rounded; v friable, si knobs, rare 
muscovite flakes, si upper part 
Weathers It pk-lt br; well sorted and 
rounded; friable, si knobs, ram 
muscovite flakes 
As below, finer-grained upwards, less 
frequent Cgl interbeds, few heavy 
minerals 
It gy subangular Sst and interbeds 
subangular granule Cgl 

wh, gy, granule Cgl, vein Q and bk 
chert fragments, silt and sand matrix 
Precambrian crenulated muscovite 
schist, smooth contact 

MS -

W N - 1 
402+ 

W N - 2 
320 + 

LOCATION OF MEASURED SECTIONS IN T H E VAUGHAN SPRINGS QUARTZITE 

W N - 1 
30 

W N - 2 
50 

LOCATION OF MEASURED SECTIONS IN T H E TREUER 
MEMBER OF T H E VAUGHAN SPRINGS QUARTZITE 

1 T / N T / 3 9 . 1 

DISTRIBUTION OF VAUGHAN SPRINGS QUARTZITE 



EX - 12 
(South-west Vaughan Springs Syncline, 

Mount Doreen Formation) 

c 
c 
(0 

£ 
O u. 

03 
e 
to 
03 

359 

•336 -t 

c 
o 
•-> 

E 
u 
O 

a, 
c 
CD 
(I) 
o 

Q 
c 
3 
O 

2 

co 
c 
0) CD 
CD 

X I 

c 

CO 

77 

c 
o 

o u. 
. 2 
5 

< 

*si gy-br 

w, br 

It gy-br Do fragments in 
scree 

Mostly concealed by alluvium 
and travertine 

gn, gy, mostly concealed 

Mostly concealed 

EX - 11 
(Eastern Vaughan Springs Syncline, 

Ojagamara/Mount Doreen Formation) 

MEASURED SECTIONS IN THE ALBINIA AND NABURULA 
FORMATIONS, RINKABEENA SHALE, M O U N T DOREEN FORMATION 

W X - 1 . 3 
B1 + |eaq) 

W X - 6 8 ( P a a ) MS - 2 

W X - 2 
. ,jte section of Newhaven Shale, Wanapi Dolomite 
and Mount Davenport Diamictite Members of Mount 

Doreen Formation) 

W X - 2 
97+(Paq) 
15+(ear) 
Estimated thickness 100m 

gy, mostly rubble of cherty 
Do and Sst 

dk gy, wh 

bk chert bands 5-8cm 

Chert scree 

»mifer It gy 

: friable, wh, Q well rounded 

Itgn qc Fe-stained surface, clay 
pellets in 30cm bed 

c 
o 
cs 
E i_ 
o 

3 
.Q 
to 
Z 

W X - 1,3 

Wanap i Dolomite 
Member 

- 6 1 

. = r-br, weathers y-br 

= ^pk, weathers y-br 

. — ••i 

\fer^ choc-br, gy, wh, mostly concealed by 
travertine and scree 

I I 

•A . ' . f . 
O V . 

Mostly concealed 

CD 
.O 
E 
CD 

o 
E 

c 
o 
a 
c 
CD 

us 
Q 22 

c 
3 
O 
5 

Well rounded, striated boulders 
mainly of Qt in scree 

1 cm = 12 m Vaughan Spr ings 
Qusrtz i te ' c m ~ ^ 2 m 

. ^ y c - J 0 gn, r interbeds 60-120cm thick 

Erratics: striated and faceted, up to 
90cm, many rock types 

— c <3 <• wh, tough, pitted, well sorted, current 
lineatton 

c r Z ^ Z -

n 
F

or
m

at
io

 
n 

F
or

m
at

io
 

t Z - t a : 

t 
D

or
ee

 

* Z — Z -

• r Z ^ Z -
c 
3 O *— 

J A J Z -

i — z ^ m
m

 

i 

I - F I - F . 

? 5 9 

1 cm = 5 m 
Alluvium 

Estimated 
thickness 

100m / 
/ 

1 cm = 6 m 

LOCATION OF MEASURED S E C T I O N S IN T H E ALBINIA A N D NABURULA 
FORMATIONS, RINKABEENA SHALE, M O U N T DOREEN FORMATION 

B M R NAPPERBY 5 0 

r-br, poor exposure 

pk. weathers y-br. Mn dendrites common DISTRIBUTION OF ALBINIA FORMATION 

Erratics: 2-2.5m,striated. faceted, W X - 6 
mostly igneous and metamorphic ( T v P e section of 
rocks, some stromatolitic Do and Nabairula Formation) 
other sedimentary rocks; sandy and 
dolomitic lenses at 20.4m. Matrix ^ 
bl-gn, r-br and gn 10 " V ^ - i 

CO 

c 
CD CD 

.OJS 

£ 

gn-gy, deeply weathered, Fe-stained 
dk gy-bk well bedded 

As abo/t-

DISTRIBUTION OF NABURULA F O R M A T I O N 

B M R ^ M T W D R J £ N ^ 7 ^ B M P M T DOREEN I 

B M R M T DOREEN 5 

dk gy-bk well bedded 

DISTRIBUTION OF RINKABEENA SHALE 

gy-gn. poorly sorted, angular, 
some rounded pebbles 

Alluvium 

Y-br, dk br, deeply weathered 
y-br 

gn-br, poorly sorted mudstone matrix 
with angular Fs and Q grains 

Striated and faceted erratics of 
innumerable rock types chiefly 
quartzite and granite 

Basement granite 

B M R M T DOREEN 4 

' 1 . 'NT730-1 

DISTRIBUTION OF M O U N T DOREEN F O R M A T I O N 



m 5 m I ^ E D SECTIONS IN THE E * 7 

YUENDUIWU SANDSTONE *~~-ZLL~^ 

J.7-3 = mi 

Concealed 

Poor outcrop 

r-br 

Concealed 

.mi Well sorted 

r r mi 

c ••I -

Concealed (fault zone) 

Flaggy 

NX - 1 

(Yuendumu Sandstone. Walb.Vi Ranges) 

2 E 

' V . ' c • . ' • . / mi 

•280 • 
scrreePsioP

p°e0reXPOSUreon 

Concealed 

216 • 

124 

' • ' / • C - m i Fs 

: " * i f f l ^ « « * intensely 

c / ' M-<?k. rounded, dear to bluish 
quartz and well rounded whouar 
fframs. mud pellet casts at 765m 

Concealed 

\\\ c~mi pu. scree 

H _ — X J mi.fsfer PLj4 

9Y. silty 

Y u e n d u m u Faul t 

Precambrian basement 

EX - 10 

478 - -

Concealed 

— s cr '-£/•, poo/- exposure 

Concealed 

'• -m'• 'A = r f * mi Flaggy, well sorted 

=c=-»mifs 

287 • 

Moderately sorted and rounded 

W - f r - i 
•m-c. 

217 - I ' ' ' • • ' • ^ 

Concealed (fault zone) 

br. pu. moderately to poorly sorted 

Concealed 

172-

Moderately sorted 

c-m.: 

and rounded 

czztmifer r . b r : poor exposure 

cr a >VN 

62 

V a u g h a n S p r i n g s 
Quanz i te ' cm = 24 m 

* 6/. pjy, moderately sorted 

wh-br, poor outcrop 

Concealed. 

— MTMI r-br. moderately sorted 

V a u g h a n S p r i n g s 
Quanz i te I cm = 24 

MS - 3 

NX-1 
2 8 0 + 

E X - 7 
703 

L O C A T I O N 0 F M E A S U R E D S E C T I O N S IN T H E V U E N D U M U S A N D S T O N E 

I '/NT/31.1 

DISTRIBUTION OF Y U E N D U M U SANDSTONE 



MEASURED SECTIONS IN THE 
WALBIRI DOLOMITE 

EX - 3 
(Type section of Walbiri Dolomite, 

true thickness about 250m) 
Alluvium 

Scree of Do 

MS - 4 

Poor exposure, scree and travertine on 
dip slope 

NX -2 
Alluvium 

It y-br to gy, chert nodules and 30cm 
interbeds 

Concealed 

Concealed 

It gy. It y-br, sandy in part, sandstone 
in 30cm interbeds 

Scree 

fer It gy to It y-br, scattered siderite. 
Fe-stained. Weathers gy 

cf y-br, weathers dk br 
Several 15cm Sst beds at 35m 

— gy, weathers dk gy 

Y u e n d u m u 
S a n d s t o n e ] m = ] 2 m 1 cm = 12 m 

Scree 

Alluvium 

• br-gy, some chert interbeds 

171 -

Copper prospect (malachite and 
azurite) 

Alluvium, travertine 

r-br fragments of Sst, (? Yuendumu 
Sandstone), alluvium 

Major fault zone 

gy-br, Mn dendrites 

cz • pk.lt y-br 

:(§)mi r-br. It gy-gn. tri/obitos ind 
brachiopods. copper prospect 
(malachite and azurite) 

Y u e n d u m u 
S a n d s t o n e 1 c m = 12 m 

164+ 
N X - 2 1 4 8 + 

LOCATION OF MEASURED SECTIONS IN T H E WALBIRI DOLOMITE 

1 1 / N T / 3 2 - 2 

DISTRIBUTION OF WALBIRI DOLOMITE 



NX - 3 
(Type section of Bloodwood Formation) 

Scree, pebbles derived from Mount 
tclipse Sandstone 

MEASURED SECTIONS IN T H E 
BLOODWOOD FORMATION 

pu-br.r-br. well sorted, fissile 

M X - 4 

Moun t Ecl ipse 
Sands tone 

158 H 

•'•••.d.-.q 

\Z—L~i = t / 2 ' 7 7 /
 pu-br 

cz—i^Xsi pu.r-br, weathers 
to:paler shades 

• si br. weathers gy. surface silicification 

pu-br 

y. It y-br 

pu-br 

Scree 

Alluvium 

DISTRIBUTION OF BLOODWOOD FORMATION 



EASURED SECTIONS IN THE DJAGAMARA FORMATION 

EX - 12 

S.»si gy, or 

wh. br 

Scree slope, poor exposure 

M o u n t D o r e e n 
F o r m a t i o n 1 cm = 12 m 

W a n a o i D o l o m i t e 

EX - 11 

r-br, moderately sorted 

Alluvium cover 

M o u n t D o r e e n 
F o r m a t i o n I cm = 12 m 

EX - 13 
(Vaughan Springs Syncline, 

Djagamara Formation) 

Scree of Mount Eclipse Sandstone 

Concealed 

Scree 

157 

138 

123 

114 

'Si gy, wh 

f-.\-

'•!:\ = — gy, v/h.fersurfaces 

Itrr.'X czgl Well rounded and sorted 

•'•'/'•'.••'•I gy 

=z<a*,misi g y , v/h, ferbands. ?mudcracks 

'. 'f-m. 

91 

•m. 

68 

* mi si fer r. gy. wh 
Interbeds mi= r sandy Sh and 25cm 
Qt beds 

:'\/T•'•'•( =^misi gy. wh 

= <*siferqc gy, wh sli mi M o u n t E c l i p s e 
S a n d s t o n e 

K e r r i d y 
o a n ^ - o t o n e 

EX - 1 

W X - 1,3 
_ K e r r i d y 
S a n d s t o n e 

W X - 5 
(Type section of Djagamara Formation) 

K e r r i d y S a n d s t o n e 
( i n f e r r e d c o n t a c t ) 

W X - 4 
K e r r i d y 

S a n d s t o n e 

Scree 

— • gl wh, well sorted 

('"?.•;•.] - ^ s i g l wh, tough, well sorted 

1 cm = 1 2 m 

zz^gl dk br, gy. well sorted 

= sigl gy, well bedded 

' . - ' • m~. !_•:] t£ dk gy. weathers bk, clean, well sorted; 
'' ' ' silt interbeds 

gy-gn. cr 

r r cr » si gl 

wh, weathers og-br, tough, well 
sorted, clean.few irregular clay pellets 
few minor interbeds.lt gy Sst, well 
sorted 

gy-gn Sh 

czzz -wi €E . 

wh, clean, well sorted 

gy-gn 

m:. •;) cz A A • sigl wh. gy, interbedded silty poorly sorted 
nd some, 

i _ t I ±_ 
i- i- l = = mi gy-gn. variegated in part, deeply 

weathered. Fe-stained 

M o u n t D o r e e n 
F o r m a t i o n 1 I cm — 12 m 

1 cm = 12 
Concealed= 

m 

261 

- c r * " 1 ' ! s ' 9 ' ffn.dk pu-br, weathers dk og-br 2 5 5 

Concealed 

cr AA • gl gn, well sorted 

tough 

Rhythmically bedded 

gy. tough 

> sigl g V i tough weathers dk pu-br 

Concealed debris of It qy-qn and 
pu Sh 

~ o» sigl It gy tough, poorly bedded, 
well sorted 

= mi fer dk br, earthy, weathered, friable 

7.7 .".V 

br, scree cover 

Near vertical bedding 

Poor exposure 

• m • • 

194 

a = • S l gy. wh, well rounded, friable with 
surface silicification 

Poor outcrops of gn Sh and some 
interbedded Sst 166 • 

\:-m 

i>st. clean tough Sst and some poorly 98 
sorted angular c Sst M 

' sorted 

Concealed 

sigl Well sorted 

as—'si gy, wh, br 

Sheared 

Folded, sheared 

138 - \ ^ ~ 

gy-gn. mostly rubble-covered, stained 
pu 

; • ' m ".v'.'J ^ = S l f e r wh, r-br, slibrecciated 

94 • 

Fragmentary outcrop, mainly 
concealed 

Rubble cover with fragmentary 
outcrop 

wh, rubble cover, poor exposure 

s^sigl 

'• = • S l wh. poor exposure, folded, scree cover 

wh-br, well rounded and sorted 

• si Friable, some surface silicification • 
well rounded and sorted 

Beds up to 20cm thick, partly sheared 

45 

Sst rubble 

1 —9' It gn, current lineation 

•;•[ = ~ m / r-br,some small-scale folding 30 

cz<S»gl wh. few wh clay grains, pitted, max 
2 cm across 

Poor exposure 

•.'f.:A a = si wh. It br, well sorted 

_ K e r r i d y 
S a n d s t o n e 

:f.:1 = cz « . si Interbeds of friable m Sst 
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