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S U M M A R Y 

The Bureau of Mineral Resources carried out reconnaissance geological mapping of 
Bathurst and Melville Islands and Cobourg Peninsula in 1972-73. 

Basement comprises Lower Proterozoic sedimentary, metamorphic, and igneous rocks of 
the Pine Creek Geosyncline and Nimbuwah Complex. On southern Cobourg Peninsula base­
ment rocks are unconformably overlain by the nearly horizontal Carpentarian Kombolgie 
Formation. 

A conformable Permo-Triassic sequence consisting of the Kulshill, Hyland Bay, and 
Mount Goodwin Formations, and an unnamed Middle to Upper Triassic formation is restricted 
to the western margin of the Bathurst Island Sheet area where it pinches out against the 
eastern edge of the Bonaparte Gulf Basin. 

Late Jurassic paralic to fluvial conditions over much of the area led to the deposition of 
sand and silt (Petrel Formation and Tinganoo Bay Beds). Periodic transgressions and regres­
sions followed in the Cretaceous during which sand and mud of the Bathurst Island Formation 
accumulated; four distinctive members are recognized within the Bathurst Island Formation: 
Darwin, Marligur, Wangarlu Mudstone and Moonkinu Members. 

By the Early Tertiary, terrestrial conditions were dominant and chemical weathering had 
produced an extensive cover of laterite. Earth movements in the early Tertiary resulted in the 
northwest tilting of the landsurface. On Cobourg Peninsula this caused renewed erosion of the 
laterite and, ultimately, the formation of bauxite. At about the same time the Van Diemen 
Sandstone was deposited over much of Bathurst and Melville Islands Sheet areas. 

Submarine terraces and notches, ancient strandlines, and stranded beach deposits are 
evidence of both higher and lower sea levels in the Quaternary. 

Beach sands along the northern and western coasts of Bathurst and Melville Islands 
contain concentrations of ilmenite, zircon, and rutile, which warrant further investigation. 
Bauxite deposits up to 4 m thick on the northern headlands of Cobourg Peninsula assay 35 to 
45 percent AI2O3 . However, most of the silica is reactive, and this together with the scattered 
distribution and small size of the deposits limits the economic potential of the bauxite. 
Uneconomical deposits of uranium, manganese, phosphate, limestone, and clay have been 
found in the area. 

Several onshore and offshore petroleum exploration wells have been drilled in the area 
but no commercial hydrocarbons have been found. 

Subartesian water is available on Bathurst and Melville Islands from aquifers within the 
Van Diemen Sandstone, and in the southern Cobourg Peninsula Sheet area artesian water has 
been found in the Marligur Member. Elsewhere, Quaternary sand and laterite form unconfined 
aquifers from which unreliable supplies of domestic and stock water are obtained. 

V 



I N T R O D U C T I O N 

This report covers the area between latitudes 
11° and 12°30'S and longitudes 129° and 
133°30 'E , comprising the Bathurst Island, Mel­
ville Island, and Cobourg Peninsula 1:250 000 
Sheet areas. He re the rocks of the Nor th Aus­
tralian Orogenic Province form a stable 
cratonic block upon which a thin sequence of 
platform cover sediments accumulated during 
the Mesozoic and Cainozoic. M o r e or less con­
t inuous subsidence throughout the Mesozoic 
and Cainozoic resulted in the development of 
the Money Shoal and Bonaparte Gulf Basins to 
the north and west of the cratonic block res­
pectively. 
Fieldwork 

A reconnaissance geological survey of the 
Sheet areas was made by the Bureau of Mineral 
Resources ( B M R ) between l u n e and October, 
1972 (Hughes & Senior, 1 9 7 3 ) . In 1973 further 
geological mapping was carried out on Mel­
ville Island and five stratigraphic drill holes 
were drilled on Cobourg Peninsula (Hughes , 
1 9 7 3 ) . 
Location and  settlements 

The islands lie about 60 km north of Dar­
win. Melville Island, 5700 k m 2 in area, is 
separated from Bathurst Island, 2200 k m 2 , by 
Apsley Strait. Cobourg Peninsula is northeast 
of Darwin and is separated from Melville 
Island by Dundas Strait. T h e area is sparsely 
populated. T h e Aboriginals now live in Govern­
ment and church-controlled welfare settlements 
established at Garden Point, Snake Bay, Paru 
Village, Bathurst Island Mission, Croker Island 
Mission, and South Goulburn Island Mission 
(Fig. 1 ) . Each settlement has a population of 
less than 1000. The Depar tment of Forestry, 
Darwin, maintains small settlements at Picker-
ta ramoor and Murgenel la for the development 
of cypress pine plantations and culling of the 
natural forests on Melville Island and in the 
Murgenel la Wildlife Reserve. The Cobourg 
Peninsula F lo ra and Fauna Reserve is con­
trolled by a ranger with headquarters at Black 
Point, Port Essington. A culture-pearl oyster 
farm has been established at Knocker Bay, and 
at Cape D o n on the western tip of the Penin­
sula a small resident staff operates the Cape 
Don lighthouse. 
Access 

On Bathurst Island access is restricted to a 
track along the south coast from Bathurst 
Island Mission to Cape Fourcroy where there 
is an automat ic lighthouse and meteorological 
station. A disused overgrown track runs north 

from the central southern coast to Interview 
Point. Graded and formed roads provide good 
access to western and central Melville Island. 
Four-wheel-drive vehicle tracks allow access 
to the southern and northern coasts, but there 
is no access by land to the eastern side of the 
island. Western Cobourg Peninsula is also 
inaccessible by land. Access to Cobourg Penin­
sula from Darwin is by bitumen road to Mount 
Bundey (Darwin Sheet a rea) and then by a 
graded gravel road via Oenpelli (Alligator 
River Sheet a r e a ) . In the Cobourg Peninsula 
Sheet area itself, access is along graded and 
rough ungraded tracks which vary considerably 
according to the terrain they cross; they are 
impassable during the monsoon season. 

T w o helicopters were used for traverses in 
the three northern Sheet areas (total flying time 
170 hou r s ) . T w o boats were used to enable dis­
tant groups of islands, and parts of the coast­
lines inaccessible by helicopter or vehicle to be 
mapped. M V Bali  Hai  was used from 19 to 
22 June 1972 and M V Arandel  from 25 August 
to 14 September 1972. 
Climate and  vegetation 

The climate is tropical with warm to hot, 
dry winters and hot wet summers. The average 
annual rainfall is 1600 mm, most of which falls 
between December and April under the 
influence of the northwest monsoons. 

Temperatures range from a mean maximum 
of 35°C to a mean minimum of 21 °C in sum­
mer, and in winter from 26°C maximum to 
18°C minimum. The vegetation consists of 
tropical eucalypt and acacia forests, with paper-
barks along the watercourses. Mangroves grow 
extensively on the tidal flats and pandanus 
palms fringe the coastline. 
Acknowledgments 
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Previous investigations 

Geological. T h e first recorded geological 
observations in the area were made by Captain 
King (1827) during his survey of 1818 to 
1822. H e noted the ferruginous character of the 
sedimentary rocks on Cobourg Peninsula and 
described Sims Island and Bottle Rock as 
coarse granular quartzose sandstone (Kom-
bolgie F o r m a t i o n ) . Stokes (1846) visited Vic-
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toria, P o r t Essington and observed magnet ic 
i ron oxides in the rocks a round Por t Essing­
ton. H e described the cliffs of the harbour as 
consist ing of a 'light coloured marl , but the 
format ion is chiefly of a renaceous rocks ' . 
Le ichhard t (1847) completed his overland 
expedit ion at Victoria having travelled from 
M o r e t o n Bay, Queensland. H e described the 
low hills in the neck of the peninsula as com­
posed of 'clayey i ronstone ' and ' indurated, 
shaley grey coloured rock ' (Wangar lu M u d -
stone M e m b e r ) . 

T h e first known visit of a geologist was that 
by Brown (1906) to the south coast of Mel­
ville Island. H e collected Cretaceous ammoni tes 
f rom the horizontal ly bedded rocks near Cape 
Gambie r . Dur ing a geological reconnaissance 
from D a r w i n to the M c A r t h u r River, Brown 
( 1 9 0 8 ) m a d e several landings on Cobourg 
Peninsula t o examine bauxitic laterite. T h e dis­
covery of bauxi te on Cobourg Peninsula has 
resulted in several evaluat ion investigations by 
both explorat ion companies and the Govern­
ment (Owen , 1949, 1954; Matheson , 1957; 
Kidd , 1 9 6 1 ; Larsen, 1965; Swiss Aluminium, 
1 9 6 9 ) . 

Woo lnough (1932) made an aerial photo­
graphic survey of Bathurst and Melville 
Islands t o delineate broad structural features 
suitable for the concentra t ion and retention of 
pe t ro leum. 

Dai ly ( 1 9 5 5 ) was the first to a t tempt a 
regional study of Bathurst and Melville Islands. 
H e described the s trat igraphy of the cliffs sec­
tions along the southern coasts of both islands 
and briefly visited the inland outcrops of Creta­
ceous and Ter t ia ry rocks. Geological mapping 
by Brunnschweiler ( 1 9 5 6 ) along the southern 
coasts and Apsley Strait confirmed Daily 's find­
ings. 

Systematic descriptions for 16 species of 
ammoni tes collected f rom Bathurst Island by 
Dai ly ( 1 9 5 5 ) were published by Wright 
( 1 9 6 3 ) . Skwarko ( 1 9 6 6 ) discussed the out­
c rops of Cretaceous s trata on Bathurs t Island 
and listed the known macrofossils. A palyno-
logical examinat ion of Cretaceous samples 
f rom Bathurs t Island is repor ted by Norvick 
& Burger ( 1 9 7 6 ) . Whi te (Appendix 2 ) 
descr ibed plant fossils collected from the V a n 
D i e m e n Sandstone on Melville Island. 

Geologists of the Wate r Resources Branch, 
Darwin , have examined the Ter t ia ry and Creta­
ceous sediments in connexion wi th the develop­
ment of a wate r supply for the various settle­
ments in the area ( D u n n , 1962; Barclay, 1964; 
Laws, 1967; Lau, 1 9 7 2 ) . Heavy-minera l beach 

sands along the coasts of Bathurst Island, Mel­
ville Island, and Cobourg Peninsula have been 
investigated by B M R and private companies 
(Mackay , 1956; Ward , 1 9 6 1 ; Murphy , 1 9 7 0 ) . 

Geophysical (Tab le 1 ) . A reconnaissance 
gravity survey was m a d e by Santos Ltd ( H a r e 
& Associates, 1962) on Melville and Bathurs t 
Islands between 1956 and 1959. In 1967 B M R 
m a d e a helicopter gravity survey across the area 
(Whi twor th , 1 9 7 0 ) . In the Arafura and T i m o r 
Seas, gravity readings were taken by the 
Nether lands Geodet ic Commiss ion using pen­
du lum equipment in submar ines (Vening 
Meinesz, 1 9 4 8 ) , and by Heifer et al. ( 1 9 6 2 ) 
w h o operated a mar ine surface gravity mete r 
west of Bathurst Island. T h e western Bathurs t 
Island Sheet a rea was surveyed by B M R in 
1967 (Jones , 1 9 6 9 ) . T h e results of these sur­
veys have been integrated t o p r o d u c e the 
Bouguer anomaly contour ing shown in Plate 
1. 

Aeromagnet ic surveys have been flown over 
most of the area and total magnet ic intensity 
maps have been produced (Adas t ra , 1964; 
Faessler, 1964; Prior , 1965; C G G , 1969; H o r s -
fall & Wilkes, 1975 ) . 

A short refraction survey of five lines was 
made on Bathurst Island in 1962 (Tin l ine & 
Fife, 1962) and a high-speed refractor assumed 
to represent the top of Proterozoic basement 
was found at depths ranging from 3 0 0 m in 
the east to 1000 m in the west. N o o ther land 
surveys have been m a d e in the area. T h e first 
mar ine seismic work was the Dundas Strait sur­
vey carr ied out in 1965 by A n a c a p a (Pras tka 
& Polyniak, 1965 ) . Shell Development m a d e 
four seismic surveys in the Arafura Sea t o the 
nor th of the area m a p p e d (Table 1 ) . Compi la ­
t ion of the seismic da ta has shown t h a t the 
thickness of Mesozoic and Cainozoic sediments 
is about 1100 m along the nor thern edge of 
the Melville Island Sheet area, increasing to 
more than 4500 m in the nor thwestern Ara fu ra 
Sea. A strong seismic event which can be cor­
related with the base of the Mesozoic has been 
observed throughout the Arafura Sea region. 

In 1967 B M R (Jones , 1969) conduc ted a 
gravity, magnetic, and seismic survey in the 
T i m o r Sea including the area west of Bathurs t 
Island. 

T h e Hyland seismic survey (Amberg , 1 9 6 7 ) , 
the West Bathurst mar ine seismic survey 
( N a m c o Geophysical Co. , 1967) and the P a r r y 
Shoal seismic survey (Uni ted Geophysica l 
Corp . , 1969) have all demonst ra ted the 
existence of a sedimentary sequence west of 
Bathurst Island varying from 700 m in the 
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TABLE 1 . GEOPHYSICA L SURVEY S I N T H E BATHURS T ISLAND , MELVILL E ISLAND , 
A N D COBOUR G P E N I N S U L A SHEE T AREA S 

Survey Year Abbreviated Title Reference 

Seismic survey s 1962 Bathurst Islan d refractio n surve y Tinline &  Fife , 196 2 
1965 Dundas Strai t marin e seismi c surve y Prastka &  Polyniak , 196 5 
1965 Arafura Se a seismi c surve y Shell Development , 196 5 
1966 Money Shoa l sparke r surve y Shell Development , 196 6 
1967 Hyland seismi c surve y Amberg, 196 7 
1967 West Bathurs t marin e seismi c surve y Namco Geophysica l Co. , 196 7 
1967 Lynedoch Ban k seismi c surve y Shell Developmen t (Ley , 1967 ) 
1967 Timor Se a gravity , magnetic , an d seismi c surve y Jones, 196 9 
1968 New Yea r Islan d seismi c surve y CGG, 196 8 
1969 Arafura Se a marin e seismi c surve y Shell Developmen t (Spicher , 

1969) 
1969 Parry Shoa l marin e seismi c surve y United Geophysica l Corporation , 

1969 
1972 Northwest Australi a marin e seismi c surve y B.O.C. o f Australi a Ltd , 197 2 

Gravity survey s 1948 Gravity expedition s a t sea , Vol . I V Vening Meinesz , 194 8 
1956 Bathurst an d Melvill e Island s gravit y surve y Hare &  Associates , 196 2 
1962 Gravity measurement s i n th e Pacifi c an d India n 

Oceans 
Heifer e t al. , 196 2 

1967 Arnhem Lan d an d Kimberley s reconnaissanc e 
gravity survey s 

Whitworth, 197 0 

1967 Timor Se a gravity , magnetic , an d seismi c surve y Jones, 196 9 
Aeromagnetic 1963 Anson Ba y aeromagneti c surve y Adastra, 196 5 

surveys 
1964 Melville Islan d aeromagneti c surve y Faessler, 196 4 
1965 Arafura Se a airborn e magnetomete r surve y Prior, 196 5 
1967 Timor Se a gravity , magnetic , an d seismi c surve y Jones, 196 9 
1969 Van Dieme n Gul f aeromagneti c surve y CGG, 196 9 
1972 Aeromagnetic an d radiometri c surve y o f Co -

bourg Peninsul a an d Moun t Evely n 1:25 0 00 0 
Sheet area s 

Horsfall &  Wilkes, 197 5 

south to 2000 m in the nor thwest corner of 
the Sheet area. 

Drilling (Tab le 2 ) . In 1960-61 All iance Oil 
N . L . drilled two unsubsidized explorat ion wells, 
Bathurst Is land N o s . 1 and 2 ( H a r e & 
Associates, 1961 , 1 9 6 2 ) , on Bathurst Island to 
p rove sufficient thickness of prospective sedi­
ments to justify seismic exploration. Fl inders 
Pe t ro leum N . L . and Pexa Oil N . L . (Pember -
ton, 1971) drilled T inganoo Bay N o . 1 on Mel­
ville Island to obtain detailed stratigraphic 
informat ion at a locat ion where geophysical 
da ta had indicated a sedimentary section more 
than 1000 m thick. T h e only offshore petro­
leum explorat ion well, N e w b y N o . 1, was 
drilled in 1969 by Austra l ian Aqui ta ine after 
an examinat ion of the seismic da ta f rom the 
Hy land seismic survey (Amberg , 1967) had 
shown hor izons characterist ic of Pe rmian and 
Triassic sandstones, p inching out nea r N e w b y 
Shoal. In 1973 B M R drilled five shallow strat i , 
graphic holes in the Cobourg Peninsula Sheet 
area (Hughes , 1 9 7 3 ) . N u m e r o u s shallow 

waterbores put down by Wate r Resources 
Branch, Darwin , are summar ized in Table 7. 
T h e locations of the explorat ion wells, water-
bores, and B M R drill holes are shown in Pla te 
1. 

Physiography 
Both Bathurst and Melville Islands are of 

low relief wi th undula t ing lateri te rises and dis­
sected low plateaux up to 100 m above sea 
level. C o b o u r g Peninsula is a northwesterly-
t rending peninsula of low undula t ing relief con­
nected to the mainland by a n a r r o w isthmus 
near Mountnor r i s Bay. T h e southern Cobourg 
Peninsula Sheet area is also of low relief except 
in the southeast where steeply rising scarps, up 
to 250 m high, and pla teaux fo rm the Welling­
ton Range . 

T h e area reviewed m a y be divided into four 
physiographic uni ts : Well ington Range 
Plateau, low dissected pla teaux and undula t ing 
lateri te rises, nor thern and inland sandplains, 
and coastal plains. 
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TABLE 2 . SUMMAR Y O F PETROLEU M EXPLORATIO N WELL S A N D BM R SHALLO W 
STRATIGRAPHIC DRIL L HOLE S 

Name of Company or Year Total 
well organization drilled depth (m) Sheet area Status Reference 

Bathurst 
Island No . 1 

Alliance Oi l 1960 252 Bathurst Islan d Abandoned Hare &  Associates , 
1961 

Bathurst 
Island No. 2 

Alliance Oi l 1961 312 Bathurst Islan d Abandoned Hare &  Associates , 
1962 

Newby No . 1 Australian Aquitain e 1969 1160 Bathurst Islan d Abandoned Australian Aquitain e 
1970 

Tinganoo Ba y 
No. 1 

Flinders Petroleu m 
and Pex a Oi l 

1971 583 Melville Islan d Abandoned Pemberton, 197 1 

Cobourg 
Peninsula 
No . 1 

BMR 1973 67.5 Cobourg Peninsul a Abandoned Hughes, 197 3 

Cobourg 
Peninsula 
No . 2 

BMR 1973 134 Cobourg Peninsul a Abandoned Hughes, 197 3 

Cobourg 
Peninsula 
No . 3 

BMR 1973 290.5 Cobourg Peninsul a Abandoned Hughes, 197 3 

Cobourg 
Peninsula 
No . 4 

BMR 1973 138.5 Cobourg Peninsul a Abandoned Hughes, 197 3 

Cobourg 
Peninsula 

BMR 1973 276 Cobourg Peninsul a Abandoned Hughes, 197 3 

No. 5 

Wellington Range  Plateau.  Resistant Upper 
Proterozoic sandstone rises steeply out of sand-
plains in the southern Cobourg Peninsula Sheet 
area to form the Wellington Range Plateau; 
the plateau is deeply dissected along joints and 
faults to form deep youthful gorges drained by 
narrow streams. T h e concordant summit 
heights of the plateaux and hills of the Welling­
ton Range suggest that they are remnants of an 
old erosion surface which forms the Arnhem 
Land Plateau in the south. 
Low dissected  plateaux  and  undulating  laterite 
rises. T h e low plateaux and laterite-capped 
hills of northern Cobourg Peninsula are rem­
nants of a younger erosion surface which 
developed by the chemical weathering and 
erosion of Cretaceous sediments. This surface 
is also present on Bathurst and Melville Islands, 
but it is only in the Maxwell Creek and Cape 
Gambie r areas on Melville Island and central 
Bathurst Island that it forms the present land 
surface. Elsewhere on the islands it is uncon-
formably overlain by Tert iary sandstone which 
forms the plateaux and areas of higher relief. 
Northern and  inland  sandplains.  The plateaux 
are fringed by colluvium, and extensive red-
yellow sandplains have built up over the 
northern part of the islands as a result of the 
dissection of the Tert iary sandstone. A large 
alluvial plain has been deposited by Murgenella 

Creek to form the Murgenella Plains in the 
central Cobourg Peninsula Sheet area. The 
floodplain is characterized by meandering 
channels, lagoons, swamp depressions, and cut­
off meanders . 

Coastal plains.  Beach and littoral sands have 
accumulated on the western and northern 
coasts of the islands and emerged former 
strandlines are preserved as low vegetated 
ridges in many areas. Sand dunes, which rise 
to more than 20 m above sea level and extend 
inland up to 1.5 km, occupy coastal strips on 
southwestern Bathurst Island, northwestern 
Melville Island, and south of De Courcy Head 
on Cobourg Peninsula. Large areas of estuarine 
plains have developed along the northern and 
western coastlines of the islands and Cobourg 
Peninsula by the drowning of ancient river 
valleys. 

O U T L I N E O F S T R A T I G R A P H Y 

Most of the area is underlain by thin Upper 
Jurassic to Tert iary elastics. These thicken to 
the west of the Van Diemen Rise (PI. 1) and 
into the eastern part of the Bonaparte Gulf 
Basin where Permian and Triassic sedimentary 
rocks are also present. The Phanerozoic 
sequence has not been metamorphosed or in­
truded by igneous rocks; however, essentially 
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vertical movemen t s have resulted in several 
breaks in sedimentat ion. 

T h e s t ra t igraphy of the area is summar ized 
in Table 3 and the distribution of the rock 
units is shown in F igure 2. Pe t ro leum explora­
tion wells p rov ide the only informat ion for the 
sedimentary rock units older than U p p e r Creta­
ceous. T h e mos t valuable sources of subsurface 
informat ion for the area are the complet ion 
reports of Aust ra l ian Aqui ta ine N e w b y N o . 1 
and Flat T o p N o . 1, All iance Oil Bathurst 
Island N o s . 1 and 2, Fl inders Pexa T inganoo 
Bay N o . 1 and B M R Cobourg Peninsula Nos . 
1 t o 5. 

T h e s t rat igraphic nomencla ture in Table 2 
follows Laws & Brown ( 1976 ) for the Per­
mian to Jurass ic units and Hughes & Senior 
(1974) for the Cretaceous and Ter t iary units. 

A list of abbreviat ions used in the Figures is 
given in Append ix 4. 

Basement rocks 
T h e na tu re of basement underlying Bathurst 

Island, Melvil le Island, and nor thwestern 
Cobourg Peninsula is poorly known. N e w b y 
N o . 1 and F la t T o p N o . 1 intersected hard 
pink fine to m e d i u m quartzi te believed to be 
Proterozoic on the basis of its similarity t o P ro -
terozoic quar tz i te outcropping in the F o g Bay 
Sheet area to the south (Senior & Hughes , 
1976). Tota l magnet ic intensity contours (Faes-
sler, 1964; C G G , 1969; Horsfall & Wilkes, 
1975) show pronounced northeast- t rending 
anomaly axes unde r southeastern Melville Island 
and nor thwestern Cobourg Peninsula. These are 
thought to reflect well bedded, steeply dipping 
me tamorphosed rocks. Elsewhere in the Sheet 
areas the contours are rounded and perhaps 
indicate the presence of basic igneous intrusives 
similar t o those cutt ing the Pine Creek Geo-
syncline sediments in the Darwin area. 

In the southern-centra l C o b o u r g Peninsula 
Sheet area t w o l inear zones of high magnet ic 
anomalies a re interpreted by Horsfall & Wilkes 
(1975) as a nor the rn extension of the Kool-
pin F o r m a t i o n which crops out in the Alligator 
River Sheet area. T h e talc-tremolite schist 
recovered f rom B M R Cobourg Peninsula N o . 
1, which was located close to one of the 
anomalies, is probably Koolp in Format ion 
equivalent as defined by Smar t et al. ( 1 9 7 4 ) . 

The only outcrops of Lower Proterozoic 
rocks in the a rea mapped are igneous and meta-
morphic N i m b u w a h Complex rocks on 
southern C o b o u r g Peninsula. T h e Complex 
may be divided into a granitoid core, migmati te 
zone, lit-par-lit gneiss zone, and transit ional 

zone. Each zone is gradat ional into the adjacent 
zones and the me tamorph ic grade increases 
from lower amphibol i te facies in the transi­
tional zone to upper amphibol i te o r possibly 
lower granuli te facies towards the granitoid 
core. T h e degree of migmatizat ion also 
increases towards the core. T h e N i m b u w a h 
Complex is known t o extend in subsurface 
beneath the Murgenel la Plains to the Moun t -
norris Fau l t ( B M R Cobourg Peninsula Nos . 3 
and 5; Hughes , 1 9 7 3 ) . However , nor thwest of 
this fault the na tu re of the basement is not 
known. 

T h e Carpenta r ian Oenpelli Doler i te intrudes 
the N i m b u w a h Complex and extends discon-
t inuously across the southeastern corner of the 
Cobourg Peninsula Sheet area. Dril l ing by 
Union Carb ide Austra l ia Ltd (pers . c o m m . ) at 
Black Rock has shown that the dolerite is 130 
m thick. Ophit ic dolerite, ophit ic gabbro, and 
granophyr ic doleri te have been recognised in 
the Sheet area and according to Senior & Smar t 
( 1 9 7 6 ) the mineralogy of these differentiated 
phases suggests that it was derived from an 
alkali basalt paren t magma. 

A med ium to coarse quartzose sandstone and 
quar tz pebble conglomera te known as the 
Kombolg ie F o r m a t i o n unconformably overlies 
the N i m b u w a h Complex (PI. 2, fig. 1 ) . It is 
Carpenta r ian and appears to be restricted to 
the southern C o b o u r g Peninsula Sheet area, the 
nor thernmost known occurrences being on 
Simms Island and at Anyiminal i Point on 
South G o u l b u r n Island. 

Permian/ Triassic 
T h e Permian and Triassic rocks form a con­

formable sequence compris ing the Kulshill , 
Hyland Bay, and M o u n t Goodwin Format ions , 
and an u n n a m e d Middle to U p p e r Triassic 
format ion. All are restricted to the western 
margin of the Bathurs t Island Sheet area; they 
do not c rop out , bu t are known from drilling 
and seismic da ta to thin eastwards f rom Petrel 
N o . 1 and to pinch out along the eastern edge 
of the Bonapar te Gulf Basin. 

Austral ian Aqui ta ine Flat T o p N o . 1 (Aus ­
tralian Aqui ta ine , 1969) provides the only 
direct informat ion about the Permian-Triassic 
sequence where it thins on to the eastern mar ­
gin of the Bonapar te Gulf Basin. T h e interval 
between 1579 and 2168 m in F la t T o p N o . 1 
is composed of Lower Pe rmian fine t o coarse 
friable sandstone with interbeds of da rk grey 
shale and siltstone. T h e rocks of this interval 
are similar to those of the upper Kulshill Fo r ­
mat ion as mapped in the southeastern Bona-
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TABLE 3 . STRATIGRAPH Y O F TH E BATHURS T ISLAND , MELVILL E ISLAND , A N D COBOUR G PENINSUL A SHEE T AREA S 

Formation 

Max. 
thickness 

in mapped 
Age (map symbol) Lithology area (m) Depositional environment References 

Qa Silt, fine  sand , mud , mino r gravel ; 
alluvium 

5 Fluvial, channel , an d flood  plai n 
sediments 

QUATERNARY Qs Red sandy , an d mottle d gre y t o yello w 
sandy soil s 

10 Colluvial an d eluvia l 

Qc Quartzose sand , shell , an d cora l debris , 
saliferous organi c mu d an d silt ; coasta l 
sediments 

20 littoral, aeolian , intertida l del -
taic, an d estuarin e 

Pleistocene Qp Coquina, calcarenite , conglomerat e 8 Littoral t o shallo w marin e 

Czp Ferruginous t o bauxiti c pisoliti c laterit e 5 Humid, terrestrial , mechanica l an d 

TERTIARY Va n Dieme n Friable , whit e t o yellow , mediu m t o 
Sandstone coars e quartzos e sandstone , mino r lense s 

Czv o f siltston e an d granula r conglomerat e 

60 

chemical reworkin g o f paren t 
laterite 
Fluvial an d parali c Hughes &  Senior , 197 4 

UNCONFORMITY 

UPPER 
CRETACEOUS 
(Cenomanian) 

O 
O LOWE R 
pq CRETACEOU S 
S (Aptian ) 

Moonkinu Membe r 
Kum 

Wangarlu Mud -
stone Membe r 

Kuw 
Marligur Membe r 

Kla 

Darwin Membe r 
Kid 

Fine t o ver y fine  sublabil e sandston e 40 0 
interbedded wit h gre y carbonaceou s 
mudstone an d siltstone . Calcareou s an d 
limonitic concretion s 
Mudstone, siltstone , an d mino r sublabil e 55 0 
sandstone, scattere d nodula r pyrit e 

Fine t o coars e quartzos e sandston e inter - 7 0 
bedded wit h micaceou s siltston e an d 
mudstone i n uppe r par t 
Fine argillaceou s sandstone , radiolaria n 5 0 
siltstone, claystone , an d mino r conglo -
merate 

Shallow marine , deltai c 

Open marin e 

Paralic 

Shallow marin e 

Hughes &  Senior , 197 4 

Hughes &  Senior , 197 4 

Hughes &  Senior , 197 4 

Noakes, 1949 ; thi s Repor t 
Table 8 

DISCONFORMITY 



TABLE 3 . STRATIGRAPH Y O F TH E BATHURS T ISLAND , MELVILL E ISLAND , A N D COBOUR G PENINSUL A SHEE T AREA S (Cont.) 

Age 
Formation 

(map symbol) Lithology 

Max. 
thickness 

in mapped 
area (m) Depositional environment References 

UPPER 
JURASSIC 
to 
Neocomian 

O 

s 

Petrel Formatio n 
JKp 

Tinganoo Ba y Bed s 
Jut 

Friable fine  t o mediu m quartzos e sand - 25 0 
stone wit h interbedde d brow n t o gre y 
shale (sectio n only ) 

Coarse quartzos e sandston e an d conglo - 10 0 
merate wit h angula r t o rounde d pebble s 
of quart z an d quartzite , mino r fine  mica -
ceous sandston e (sectio n only ) 

Fluvial t o shallo w marin e 

Non-marine 

Laws &  Brown, 197 6 

Hughes &  Senior , 197 4 

DISCONFORMITY 

MIDDLE T O 
UPPER 
TRIASSIC 
LOWER 
TRIASSIC 

y UPPE R 
g PERMIA N 

2 LOWE R 
«j PERMIA N 

< 
EL, 

Rmu 

Mount Goodwi n 
Formation 

Rim 

Fine t o coars e quartzos e sandstone , red -
brown micaceou s shale , fine  t o ver y fin e 
sandstone, an d redbed s (sectio n only ) 
Hard micaceou s an d silt y shale , thi n 
interbeds o f siltston e an d ver y fine  sand -
stone (sectio n only ) 

150 

120 

Fluvial-terrestrial 

Open marin e 

Laws &  Brown, 197 6 

Laws &  Brown, 197 6 

Hyland Ba y Fin e t o coars e friabl e sandstone , bio -
Formation clasti c limestone , an d dar k gre y t o blac k 

Puh shal e (sectio n only ) 
Kulshill Formatio n Fin e t o coars e sandston e interbedde d 

Plk wit h shal e an d siltston e 

400 

500 

Shallow marin e 

Marginal marin e 

Laws & Brown, 197 6 

Australian Aquitaine , 1966 ; 
Caye, 196 8 

UNCONFORMITY 

CARPENTARIAN Kombolgi e 
U Formatio n 
O P  hk 
N 
O 

I 

Medium t o ver y coars e quartzos e sand -
stone, siliceous . Basa l conglomerat e o f 
quartzite an d vei n quart z clast s 

250 •.'Fluviatile Walpole e t al. , 196 8 

Undifferentiated 
Lower Proterozoi c 
and Archaea n 
igneous, metamor -
phic, an d sedi -
mentary rock s 

Including Nanamb u Complex , Nimbu -
wah Complex , Oenpell i Dolerite , Fishe r 
Creek Siltstone , Koolpi n Formatio n 
equivalent, an d Moun t Partridg e Forma -
tion 

Smart e t al. , 197 4 



Fig. 3. Structura l contou r ma p o f Horizo n 4 (i n milliseconds ) a t th e to p o f th e Hylan d Ba y Formation . 
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parte Gulf Basin (Caye, 1968), and thus may 
be correlated with it. 

The Upper Permian Hyland Bay Formation 
succeeds the Kulshill Formation in Flat Top 
No. 1. It consists of fine to coarse friable sand­
stone interbedded with silty shale and three 
beds of biomicritic limestone containing 
abundant Bryozoa and a few echinoids. The 
limestone beds are seismic reflectors and have 
been used to map the distribution of the forma­
tion along the eastern margin of the Bonaparte 
Gulf Basin (Fig. 3). The Hyland Bay Forma­
tion is conformably overlain by thick dark grey 
to black shale with minor beds of sandy shale 
and very fine sandstone. This lithology is 
characteristic of the Lower Triassic Mount 
Goodwin Formation which is widespread 
throughout the southeastern Bonaparte Gulf 
Basin. It, in tum, is overlain by unnamed 
Middle to Upper Triassic unit consisting of two 
distinct members, both apparently non-marine. 
In Flat Top No. 1 the upper member covers 
the interval 978-1030 m and comprises a series 
of micaceous shale and minor very fine sand­
stone varying in colour from red-brown to 
green; the lower member (1030-1112 m) is a 
sequence of thinly bedded very fine to fine 
sandstone and shale with a basal bed of coarse 
micaceous sandstone. 

Jurassic! Cretaceous 
A major hiatus separates the Permo-Triassic 

from the Jurassic/lowermost Cretaceous (Neo­
comian) Petrel Formation in both Petrel No.1 
and Flat Top No. 1. A seismic reflector that 
can be correlated with the top of the Triassic 
sandstone in Petrel No. 1 allows the discon­
formity to be traced from Petrel No.1 to the 
eastern edge of the Bonaparte Gulf Basin where 
it disappears against the Van Diemen Rise. In 
Newby No. 1 on the edge of the Rise, the 
Petrel Formation rests directly on Proterozoic 
basement. 

In the deeper parts of the Bonaparte Gulf 
Basin the Petrel Formation shows a tripartite 
division with basal and upper arenaceous mem­
bers and a middle shale member. However, 
towards the eastern margin of the basin the 
marine shale grades into fluvial to paralic sand­
stone, and in both Flat Top No. 1 and Newby 
No .. 1 the dominant rock type is white friable 
fine to medium quartzose sandstone with a few 
interbeds of greyish brown shale. Rocks of 
Upper Jurassic/Neocomian age transgress over 
the Van Diemen Rise and extend eastward 
across the Bathurst Terrace as far east as Tin­
ganoo Bay No.1 (Burger, Appendix 1) where 

they have been mapped as the Tinganoo Bay 
Beds (Hughes & Senior, 1974), comprising 100 
m of coarse clastics with minor beds of fine 
micaceous sandstone and a few shale laminae. 

The Bathurst Island Formation disconform­
ably overlies the Petrel Formation throughout 
the area except in the Cobourg Peninsula 
Sheet area where it rests directly on the Nim­
buwah Complex (Fig. 2). Offshore, the 
Bathurst Island Formation ranges in age from 
Aptian to Cenomanian with no indication of 
any breaks in deposition. Howevery, palyno­
logical examination of the onshore Cretaceous 
sequences by Burger (Appendix 1) failed to 
recognise any Albian strata, suggesting a short 
hiatus at this time on the Bathurst Terrace. 

The base of the Bathurst Island Formation 
can be readily distinguished on the electric logs 
of exploration wells, and a widespread seismic 
event generated by the sharp shale-sandstone 
interface at the boundary of the Petrel and 
Bathurst Island Formations allows the base of 
the Bathurst Island Formation to be mapped 
across the Van Diemen Rise and onto the 
Bathurst Terrace (Fig. 4). East of the Van 
Diemen Rise the Bathurst Island Formation 
crops out on Bathurst Island, Melville Island, 
and Cobourg Peninsula where it is divisible into 
four members, two of which are laterally 
equivalent. 

The basal Marligur Member of the Bathurst 
Island Formation is Aptian and consists of fine 
to very coarse quartzose sandstone with thin 
beds of shale and siltstone in the upper part. 
It crops out extensively in the southern 
Cobourg Peninsula Sheet area to form thin 
ridges of weathered sandstone above the Pro­
terozoic basement. It also crops out in the 
northeast Alligator River Sheet area and 
extends in the subsurface at least as far north 
as Cobourg Peninsula No. 3 (Hughes, 1973). 
The 1973 BMR drilling in the Alligator River 
region (Needham, 1976) has shown that in 
the northwestern East Alligator 1: 1 000 000 
Sheet area the Marligur Member interfingers 
with, and is replaced' by, the Darwin Member 
(Fig. 5). The Darwin Member is also Aptian, 
and the change in lithology from an arenaceous 
unit to a more argillaceous unit represents a 
change in facies from paralic conditions in 
the east to open epicontinental sea conditions 
in the west. 

The stratigraphic interval and lithology of 
the Darwin Member are equivalent to part of 
the Mullaman Beds, a name which has pre­
viously been used to describe all Mesozoic out­
crops in the Northern Territory. A revision of 
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,.. 
Plate 2, fig. 1. Outlier of Kombolgie Formation, Tor Rock, Cobourg Peninsula. The 
unconfonnity between this unit and the underlying migmatites of the Nimbuwah Complex 

is marked by the break in slope at the base of the scarp. (GAj7895 ) 

the Mullaman Beds (p. 45) has demon­
strated that the Mullaman Beds consist of two 
distinct lithological units and that because of 
misuse the name Mullaman Beds has become 
meaningless in the northern part of the 
Northern Territory. 

Both the Darwin and Marligur Members are 
overlain by a sequence of massive dark grey 
pyritic mudstone known as the Wangarlu Mud­
stone Member. Offshore this unit is Albian to 
Cenomanian, but on the Bathurst Terrace it is 
wholly Cenomanian (Burger, Appendix 1). 
The Wangarlu Mudstone Member is restricted 
in outcrop to the cliffs along the southern 
coastline of Cobourg Peninsula, but it is known 
from exploration well and drill-hole informa­
tion to extend in the subsurface southwards 
into the southern Cobourg Peninsula Sheet area 
(Hughes, 1973) as well as westwards across 
the Bathurst Terrace (Fig. 2). 

The overlying Moonkinu Member (PI. 2, fig . 
2) crops out in all three northern Sheet areas 
and has been intersected in all wells drilled in 
the area except BMR Cobourg Peninsula Nos 
1, 2, and 4 (Hughes, 1973). It is a deltaic 
sequence of interbedded fine sublabile sand­
stone, siltstone, and mudstone. Macrofossils col­
lected from the Moonkinu Member exposed in 
the cliffs on the southern coasts of Bathurst and 
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Melvi ll e Islands (Hughes, 1976) were iden­
tified by Henderson (Table 4); Henderson 
considered that they are middle Cenomanian, 
and part of a cosmopolitan fauna that existed 
throughout the world at that time. All the 
genera are shared with Europe and two species 
are common European forms. Burger (Appen­
dix 1) and Norvik & Burger (1976) also con­
sider that the Moonkinu Member is Ceno­
manian . 

The Darwin Member, Wangarlu Mudstone 
Member, and Moonkinu Member all extend 
westward across the Bathurst Terrace, over the 
Van Diemen Rise, and into the Bonaparte Gulf 
Basin. All are present in Newby No.1, Flat 
Top No.1, and in the type section of the 
Bathurst Island Formation in Petrel No. 1 
(Fig. 13). 

Tertiary 
On Bathurst and Melville Islands Tertiary 

quartzose sandstone of probable Eocene age 
(White, Append ix 2) unconformably overlies 
the chemically weathered surface of the Moon­
kinu Member. This unit, the Van Diemen Sand­
stone, gradually thickens northward across the 
islands and at its type section on Cape Van 
Diemen is more than 60 m thick (PI. 3). 
Shallow seismic reflection profiling to the north 
and west of the islands by Jongsma (1974) has 



--

Plate 2, fig. 2. Part of the type section of the Moonkinu 
Member, illustrating the l'egular nature of the bedding, low­
angle cross-bedding, and irregular ferruginous and calcareous 

concretions aligned parallel to bedding. (GA/7890) 

revealed a series of unconformities in the top 
few hundred metres of section, including a 
basal Tertiary horizon (S4) which correlates 
with the unconformity observed onshore at the 
base of the Van Diemen Sandstone. The basal 
Tertiary horizon can be traced in several of 
Jongsma's profiles, including the traverses 1.5 
km west of Cape Fourcroy, Bathurst Island, 
and the traverses north of Melville Island. The 
distribution and regional northwesterly dip of 
the S4 surface is shown in Figure 6. S4 is not 
present in the southeastern part of the area, and 
Tertiary rocks do not crop out in the Cobourg 
Peninsula Sheet area. 

A trizonal laterite profile up to 40 m thick 
is present in most of the exposed Cretaceous 
and Tertiary rocks. Drilling and observation 

have shown that the weathering profile is exten­
sive. Unweathered Cretaceous rocks are present 
only along zones of uplift, such as Wan­
garlu Bay, Cobourg Peninsula, and the 
southern coasts of the islands, where coastal 
erosion of the tilted Cretaceous strata is con­
tinually exposing fresh sections. The weathering 
profile consists of a .ferruginous crust grading 
down through a mottled zone to a leached 
pallid zone. Pisolitic sediments (Czp) deposited 
during the reworking of the original laterite 
profile occur on the northern peninsulas of 
Cobourg Peninsula and Croker Island. 
QlIaternary 

Consolidated calcarenite, coquina, and sandy 
conglomerate rich in organic debris (Qp) un­
conformably overlie and abut against laterites 
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TABLE 4 . DISTRIBUTIO N O F AMMONITE S A N D OTHE R MACROFOSSIL S I N TH E MOONKIN U 
MEMBER O N BATHURS T A N D MELVILL E ISLAND S 

Genera and species 
(identified by R. Henderson) 

Localities (Map reference No., see Plate 1) 

1 2  3  4  5  6 7  8  9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 

Sciponoceras glaessneri 
Sciponoceras sp . nov . 
Hypoturrilites gravesianus 
Turrilites (Turrilites) costatus 
Chimbuites mirindowensis 
Acanthoceras mirialampiense 
Acanthoceras tapara 
Acanthoceras sp . indet . 
Euophaloceras lonsdalei 
? Collingnoniceras sp . 
Sciponoceras sp . 
? Chimbuites sp. 
lnoceramus concentricus 
Trigonia sp . 
? Teredo bore d woo d 
Unidenified myoi d bivalv e 
Unidentified scaphopo d 
Unidentified gastropod s 
Spatangoid echinoi d indet . 
Unidentified bivalv e 
Teeth 

Worm boring s 

X X X X X X X 

X X 

X 

X 

X 

X X X 

X X X X 

X 

X 

X 

X 

X X X 

X X X 

X X 



in all three Sheet areas. They are best 
developed on Cobourg Peninsula and the adja­
cent offshore islands where they form thin len­
ticular bodies adjacent to the present coastline. 
They usually occupy breaks within the low 
laterite cliffs and at the present t ime lie several 
metres above high-tide level, reflecting either 
eustatic changes in sea level or minor tectonic 
uplift dur ing the Quaternary. These beach 
deposits are considered to be Pleistocene on the 
basis of their stratigraphic position. 

Quate rnary sediments are widespread, but 
thin and generally unconsolidated; many are 
modified by soil formation ( Q s ) . Red sandy 
soils have developed on the Van Diemen Sand­
stone, whereas grey to yellow sandy soils are 
more common over Cretaceous bedrock. 

Superficial alluvium ( Q a ) is widespread. 
Thick extensive accumulat ions of dark grey 
argillaceous sediments occur as flood-plain 
deposits over the Murgenel la Plains of southern 
Cobourg Peninsula (PI. 4 ) . Elsewhere, fine 
sand and minor gravel have accumulated along 
the larger watercourses. Towards the coastal 
margins the saline organic muds and silts of the 
tidal flats grade into alluvium. 

Large amounts of quartz-rich sand and 
organic debris (Qc) form beach and littoral 
deposits along the western and nor thern coasts 
of Bathurst Island and along the northern coast 
of Melville Island. By comparison, beach sand 
deposits in the Cobourg Peninsula Sheet area 
are small except on the western side of Croker 
Island where beach deposits extend inland from 
Palm Bay for as much as 5 km. A similar situa­
tion occurs along the west coast of southern 
Cobourg Peninsula where former beach 
deposits and strandlines occur several kilo­
metres inland. 

Aeolian quartz-rich sands occupy a 20-km 
coastal strip on southern Bathurst Island. They 
form sets of dunes orientated northwest and ris­
ing locally to more than 20 m. The dunes have 
formed barriers to the short streams draining 
to the south, and brackish lagoonal and lake 
deposits commonly occur on the landward side. 
T h e dunes are well vegetated and the sand is 
strongly iron-pigmented. Sand dunes south of 
De Courcy Head and on Cape Croker have 
been blown up to 1 k m inland over low saddles 
in the coastal cliffs. 

S T R U C T U R E 

Except for the Proterozoic rocks of southern 
Cobourg Peninsula the structural history of the 
area has been relatively simple. T h e only tec­

tonic force evident is tensional faulting. N o 
compressional forces have acted during the 
Phanerozoic. The Bathurst Ter race is part of 
the very stable nor th Australian craton. T o the 
north and west it is flanked by the Money 
Shoal and Bonaparte Gulf Basins respectively. 
During the Mesozoic and Cainozoic these 
basins were affected by more or less continuous 
subsidence, but very little tectonism. T o the 
east the area is bounded by the stable Protero­
zoic Arafura Basin, 

Seismic and aeromagnetic data indicate that 
the structural configuration of the area is rela­
tively uncomplicated. They show that the base­
ment surface dips to the northwest from a 
depth of less than 300 m at Cape Gambier , 
Melville Island, to about 2000 m in the north­
west corner of the Bathurst Island Sheet area. 
The Hyland seismic survey (Amberg , 1967) 
revealed a marked increase in depth to base­
ment west of Newby N o . 1 where the Van 
Diemen Rise forms the boundary between the 
Bathurst Terrace and the adjoining Bonaparte 
Gulf Basin. 

The only structure disclosed in the basement 
rocks by the seismic surveys is a series of north­
west-trending faults that dip to the northeast. 
According to Laws & Kraus (1974) this north­
westerly structural grain, which has also been 
recognized in the southeastern Bonaparte Gulf 
Basin, is the result of Early Palaeozoic faulting 
possibly related to aborted rift development. 

T w o major fault zones have been recognized 
displacing the cover sediments in the Cobourg 
Peninsula Sheet area. On G r a n t Island a pro­
minent fault has displaced the strata which 
now dip 38° southwest. T h e linear coastline 
between De Courcy Head and Laterite Point 
resembles a regressed fault scarp and, in 
association with the close spacing of the bathy-
metric contours along this coast, suggests a 
continuation of the Gran t Island fault zone to 
the south. Drilling at Black Rock uran ium pros­
pect has revealed several northwest-trending 
faults which align with the Gran t Island fault 
system. Post-Cretaceous vertical displacements 
of almost 100 m probably occurred along the 
fault zone. Another fault system has displaced 
the laterite profiles along the southern coast of 
Mountnorr is Bay. In places the laterite profile 
has been completely eroded on the upthrown 
side of the fault. This indicates post-laterite 
Cainozoic movements of up to 30 m, the 
average thickness of preserved laterite in the 
area. 

On Bathurst and Melville Islands the only 
structures observed were broad undulations of 
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Plate 4. Flood plain of Murgenella Creek, Cobourg Peninsula, illustrating the extensive 
accumulation of alluvium (Qa). (GA/7886) 

bedding and small-scale compaction faults in 
the Moonkinu Member. Dips of up to 7° north­
west were measured in the rocks exposed along 
the southern coasts of both islands. They are 
related to regional northwest tilting that 
occurred within the cover sediments during the 
Early Tertiary. 

The Lower Proterozoic rocks in the southern 
Cobourg Peninsula Sheet area are highly 
deformed and strongly folded. All metamor­
phosed rocks in the area have been isoclinally 
folded with the degree of structural complexity 
increasing with metamorphic grade. Various 
interpenetration fabrics have developed in the 
inner zones of the complexes where partial or 
complete anatexis has occurred. 

Numerous photo-interpreted lineaments in 
the Nimbuwah Complex are probably small 
faults and joints. In places north-trending and 
west-trending joints in the Kombolgie Forma­
tion form a well defined grid pattern which 
according to Walpole et al. (1968) is the 
result of a homogenous horizontal stress field. 
Basement structures are reflected through the 
thin Mesozoic and Cainozoic sediments near 
the Wellington Range. A similar pattern per­
sists over the remainder of the peninSUla land­
mass but these lineaments are surface expres­
sions of a well developed joint system within 
the laterite profile. 

CHEMICAL WEATHERING 

The rocks outcropping in the three Sheet 
areas have all undergone some degree of chemi­
cal weathering. The extent of alteration appears 
to depend largely on the parent lithology of the 
rocks involved. The sublabile sandstone and 
argillaceous rocks of the Bathurst Island For­
mation have been deeply weathered. The well 
developed trizonal profile formed as a result 
of the chemical breakdown of feldspars to clay 
minerals, and ferromagnesian mineralS to iron 
oxides. This was followed by a redistribution 
of the silica, iron, and alumina under the 
influence of downward and lateral groundwater 
movements to form an upper ferruginous zone, 
a mottled zone, and a lower pallid zone. A deep 
weathering profile has ,also formed in the quart­
zose sandstone of the Van Diemen Sandstone 
on which it has produced a thick ferruginous 
zone, a thin mottled zone, and a poorly defined 
pallid zone of leached white sandstone with a 
low clay content. Unlike the profiles developed 
in the Bathurst Island Formation, the texture of 
the parent sandstone is preserved in the 
weathering profiles of the Van Diemen Sand­
stone owing to the persistence and abundance 
of quartz grains. 

Laterite profiles have not developed in the 
siliceous hard sandstone of the Kombolgie 
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Forma t ion because of the low iron content of 
the rocks and their clean quartz-r ich composi­
tion. However , iron staining and impregnat ion 
have occurred along the numerous joints and 
faults to give the scarps of the Well ington 
Range plateau a pinkish appearance . In addi­
tion, detrital laterites have been observed adher­
ing to the surface of the Kombolg ie Format ion . 
Where exposed the igneous and metamorphic 
rocks of southern Cobourg Peninsula are only 
slightly weathered. 

In the Nor the rn Terr i tory Ha ys (1967) 
recognized four Land Surfaces which formed 
dur ing periods of lateritization and erosion in 
the late Mesozoic and Cainozoic. H e believed 
that the main period of lateritization on the 
mainland occurred during the Late Cretaceous 
and Early Ter t iary in association with the 
development of the Tennan t Creek Land Sur­
face. Al though the correlation of land surfaces 
over large areas is hazardous , Hays related the 
development of the s tandard laterite profiles on 
Bathurst and Melville Islands to a nor thern 
extension of the Tennan t Creek Surface. This 
is the case for the laterite profiles developed in 
the Bathurst Island Format ion . However , later 
in the Ter t iary much of this land surface was 
buried by the Van Diemen Sandstone and it is 
a much younger surface that is now exposed, 
and being eroded, over much of both islands. 

Profiles in the weathered rocks of the 
Bathurst Island Format ion on Cobourg Penin­
sula indicate that the sediments have undergone 
a fairly complex history of weather ing since 
their deposition in the Cenomanian . Initially, 
probably in the Late Cretaceous, lateritization 
accompanied by erosion and denudat ion 
removed the soluble components from the sedi­
ments , and iron, silica, and alumina were con­
centrated to form in-situ laterite profiles. T h e 
end product was a relatively flat terrain under ­
lain by in-situ laterite. Later, the peninsula was 
tilted towards the northwest. This generated 
sufficient relief to provide op t imum drainage 
and, with the dense vegetation reducing physi­
cal erosion in favour of uniform slope wash and 
percolation through the profile, ideal condit ions 
prevailed for the further chemical and 
mechanical reworking of the laterite. This 
second cycle of weather ing led t o the deposi­
tion of the detrital bauxite that now overlies 
the t runcated laterite profiles on the nor thern 
extremities of Cobourg Peninsula and Croker 
Island. T h e only residual in-situ bauxite and 
laterite on Cobourg Peninsula occupy topo­
graphically high areas such as M o u n t Roe and 
M o u n t Bedwell. 

Field observations such as t runcated laterite 
profiles, sharp irregular erosion contacts 
between zones in the present profile, and the 
presence of i ronstone conglomerate as well as 
detrital fragments of lower layers in upper 
layers all support a detrital origin for much of 
the bauxite on Cobourg Peninsula. In this 
respect the bauxite of Cobourg Peninsula is 
more closely related to that of Gove than the 
in-situ residual deposits at Weipa. 

All the bauxite deposits examined on 
Cobourg Peninsula have an iron-enriched hard 
capping up to 0.5 m thick. This surface feature 
is the result of climatic chahges since the 
deposition of the bauxite and reflects a change 
to a drier, more seasonal climate. T h u s the 
Cobourg Peninsula bauxite, like all the other 
known bauxite deposits of nor thern Australia, 
is a fossil bauxite. It probably formed dur ing 
the Ter t iary as it is underlain by U p p e r Creta­
ceous rocks and, in places, overlain by Pleisto­
cene coquina, calcarenite, and conglomerate . 

G E O L O G I C A L H I S T O R Y 

According to Smart et al. ( 1974) the gneiss, 
schist, quartzi te, migmati te , and o ther base­
ment rocks were derived, at least in part , from 
Lower Proterozoic sediments of the P ine Creek 
Geosyncline. Prel iminary isotopic da t ing of 
gneiss and schist from the N i m b u w a h and 
N a n a m b u Complexes suggests an age of 1800 
m.y. for the deformation, metamorphism, and 
migmatization of these sediments . T h e distribu­
tion of the Lower Proterozoic Koolpin F o r m a ­
tion in the southern Cobourg Peninsula Sheet 
area and Sheet areas to the south suggests that 
during this period of crustal instability the 
Lower Proterozoic sediments were updomed at 
numerous centres, intensely folded, and ana-
tectically melted to produce the basement com­
plexes. Before cooling of the complexes was 
complete , dolerite derived from an alkali basalt 
magma was intruded to form the Oenpell i 
Doleri te . 

After the Pine Creek Orogeny a long inter­
val of terrestrial weather ing and erosion pro­
duced a level cra ton across which rivers 
deposited quartzose sand and quartz-r ich 
gravel. At first, dolerite and quartzi te ridges 
hindered the drainage, but by the end of the 
Proterozoic they had been buried below a 
sheet-like body of sandstone and conglomerate 
(Kombolg ie F o r m a t i o n ) . 

T h e mar ine sedimentary history of the area 
began in the Ear ly Pe rmian with the ingress of 
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a shallow sea. Del ta ic condit ions prevailed west 
of the V a n Diemen Rise and argillaceous sand, 
silt, and calcareous ooze were deposited (Kul­
shill F o r m a t i o n ) . Con t inued transgression of 
the sea into this area resulted in the develop­
men t of open mar ine condit ions and in the 
La te Pe rmian mar ine sand, silt, and m u d were 
deposited with beds of biogenic l imestone 
(Hy l and Bay F o r m a t i o n ) . T h e transgression 
reached its peak in the Ear ly Triassic when 
mar ine m u d ( M o u n t Goodwin F o r m a t i o n ) was 
laid down. T h e Triassic sequence as a whole 
reflects a major regression of the sea with the 
M o u n t Goodwin Fo rma t ion grading upwards , 
th rough Middle Triassic thick fluvial sand, into 
U p p e r Triassic redbeds. Thus , by the Late 
Triassic a continental envi ronment again pre­
vailed throughout the entire area. 

After a period of erosion the sea re turned to 
the area in the Late Jurassic and lapped across 
the V a n Diemen Rise; paral ic t o fluvial condi­
tions developed over much of the Bathurst Ter­
race. By Neocomian t ime a shallow epicon­
tinental sea covered Bathurst Island and Mel­
ville Island Sheet areas as well as m u c h of what 
is now the nor thwestern N o r t h e r n Terr i tory. 
However , the Neocomian sea did not extend as 
far east as the Cobourg Peninsula Sheet area. 

After a brief regression at the end of the 
N e o c o m i a n the sea re turned in the Apt ian and 
flooded the Bathurst Te r race and the mainland, 
depositing the fine sand and radiolar ian mud 
of the Darwin M e m b e r . F o r the first t ime, the 
sea encroached into the C o b o u r g Peninsula 
Sheet area and, with the deposit ion of the near-
shore sand of the Mar l igur Member , ended an 
extremely long period of erosion. In the Albian, 
gradual uplift of the areas to the south caused 
a regression of the sea f rom the nor thwestern 
No r t he rn Terr i tory, and sedimentat ion during 
the La te Cretaceous was restricted t o t he area 
of the Bathurst Te r r ace and adjoining offshore 
basins. In the early to middle Cenoman ian open 
mar ine condit ions existed and pyri t ic m u d and 
silt (Wangar lu Muds tone M e m b e r ) accumu­
lated. However , the sea began to retreat from 
the region before the end of the Cenomanian 
and the ensuing deltaic envi ronment resulted 
in the deposition of sublabile sand, silt, and 
m u d (Moonk inu M e m b e r ) . Measurements 
t aken of direction and inclination of cross-bed­
ding within the M o o n k i n u M e m b e r indicate 
tha t the provenance of the uni t was to the 
northwest . By the Ear ly Ter t ia ry terrestrial con­
ditions were dominant th roughou t the area and 
chemical weather ing of the emerged sediments 
had produced an extensive cover of laterite. 

Ear th movements in the Early Ter t ia ry 
resulted in the slight nor thwest tilting of the 
rocks overlying the Bathurs t Ter race . M u c h of 
the a rea remained above sea level th roughout 
the Ter t iary and the a rea now occupied by the 
Van Diemen and Beagle Gulfs underwent sub-
aerial erosion. Rivers flowed across this land-
surface from eroding hilly areas underla in by 
Proterozoic rocks in the south to a coastl ine 
near the present-day nor thern coastlines of 
Bathurst and Melville Island. It was dur ing this 
period of fluviatile activity that quartzose sand 
and m u d d y silt accumula ted to form the V a n 
Diemen Sandstone. 

T h e northwest tilting of Cobourg Peninsula 
caused renewed erosion of the laterite 
developed in the U p p e r Cre taceous rocks. T h e 
parent laterite profiles were part ly t runca ted 
and the rocks subjected t o further leaching 
under conditions favourable for bauxit ization. 
Reworked colluvial pisolitic layers r ich in 
a lumina were laid down on the lower slopes to 
form the bauxite deposits of Cobourg Penin­
sula. A late-stage climatic change resulted in 
progressive indurat ion of the bauxi te with iron 
oxides. 

T h e Quaternary mar ine history of the area 
is recorded by a n u m b e r of submar ine terraces 
and notches revealed by echosoundings and 
cont inuous seismic profiles run across the Ara ­
fura Shelf by Jongsma ( 1 9 7 4 ) . The terraces 
reflect several sea-level changes within the a rea 
dur ing the Pleistocene and, by combining these 
morphological features with age determina­
tions on sediments f rom the terraces, Jongsma 
(1974) was able to recognize the following 
sequence of events: 
1. A eustatic sea-level still s tand at about —200 

m before 170 0 0 0 years B.P. (possibly 
related to the Riss Glacial S tage ) . 

2. A transgression before 3 0 000 years B.P. 
3. A subsequent lowering of sea level after 

30 000 year B.P., which fluctuated, forming 
terraces between —180 and —120 m ( W u r m 
Glacial S tage) . 

4. A transgression from about —120 m at 
15 000 years B.P. This marked the beginning 
of the Holocene transgression and caused the 
submergence of m u c h of the area to isolate 
the islands, p roduce Cobourg Peninsula, and 
drown the ancient river valleys, result ing in 
Dundas and Apsley Straits. 
Per iods of higher t han present-day sea levels 

also occurred in the area dur ing the Quater ­
nary. Evidence for these is provided by the sets 
of former strandlines in ancient sand bodies 
located up to 3 k m inland in all three Sheet 
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areas .. Furthermore, in the Cobourg Peninsula 
Sheet areas stranded beach deposits of cal­
carenite, coquina, and sandy conglomerate crop 
out adjacent to the present coastline and over­
lie truncated laterite profiles. These reflect 
either high sea levels or minor uplift during the 
Quaternary. 

The final stages in the history of the area 
include the stripping of laterite, formation of 
soils, and the widespread deposition of sand. 

MINERAL OCCURRENCES 

Mineral Sands 
Ilmenite, zircon, and 'rutile are present in 

beach sands along the coasts of Bathurst and 
Melville Islands. The size of the deposits is 
poorly known, but areas of relatively high con­
centration include Andaranangoo Creek, Leth­
bridge Bay, Wangiti Beach, Cape Van Diemen, 
Murrow Point, and Cape Fourcroy. The results 
of analyses suggest that further investigation is 
justified and that economically viable deposits 
may exist. 

Several investigations have been made to 
assess the concentration of heavy minerals in 
the beach sands of Bathurst and Melville 
Islands (Mackay, 1956; Murphy, 1970). 
Seventy-three sand samples were collected from 
Bathurst and Melville Islands by BMR in 1972 
and 1973. A hand auger was used to collect a 
column of sand which was then mixed and 
quartered to obtain a representative sample. 
These samples were sent to AM DEL, South 
Australia, for heavy-mineral separation and 
semiquantitative. mineralogy; the results are 
given in Table 5 and Appendix 3. 

The principal components of the heavy frac­
tion are opaques, zircon, and rutile, with minor 
amounts of tourmaline, kyanite, andalusite, 
staurolite, goethite, monazite, and chlorite. The 
opaque fraction consists of ilmenite (in vary­
ing stages of alteration to leucoxene) and 
rutile, with minor amounts of hematite, 
goethite, and maghemite. Traces of chlorite 
occurred in two samples (Appendix 3). All 
heavy fractions examined were quite similar 
mineralogically, with zircon, rutile, and 
ilmenite the dominant constituents; they also 
had near-identical suites of accessory minerals. 
The immediate provenance of the heavy 
minerals is the Van Diemen Sandstone which 
contains thin laminae of heavy minerals of the 
same composition as the mineral sands (Table 
5). The heavy-mineral assemblage is now 
undergoing its second cycle of erosion and 
deposition, having been originally derived from 
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the Lower Proterozoic igneous and metamor­
phic complexes to the south. 

In 1973 detailed sampling was carried out in 
five areas. 

Andaranangoo Creek. Melville Island 
(samples 73050124 to 73050136). The surface 
concentration of heavy minerals increases east­
wards from Burra Burra Head to Radford 
Point (samples 73050124-127, 133-135). 
Mineral sands are accumulating at the base of 
the foredunes at the present time, and sedi­
ments transported to the mouth of Andaranan­
goo Creek are being deposited by the prevail­
ing currents to form a prograding sand bar 
adjacent to the mouth of the creek. Samples 
73050128-131 were collected from this sand 
bar. The results (Table 5) indicate that high 
concentrations of heavy minerals exist, and 
logs taken of the profiles show that the deposits 
are surface concentrations up to 10 cm thick 
with thin bands of heavy minerals down to 1.2 
m. Samples 73050132 and 136 were taken from 
low vegetated former strandlines behind the 
beach. 

The increase in percentage of heavy minerals 
eastwards along the beaches and the concentra­
tion of mineral sands in a prograding sand bar 
suggest that longshore drift is a major factor 
controlling the present-day accumulation of 
heavy minerals in this area. 

Cache Point, Melville Island (samples 
73050137-140). The beaches between Radford 
Point and Cache Point have surface accumula­
tions of heavy minerals up to 5 cm thick with 
thin laminae down to 20 cm. The beaches are 
narrow and generally bordered by low 
weathered cliffs of Van Diemen Sandstone. 
Heavy minerals are being eroded from the cliffs 
and redeposited on the adjoining beaches. 
Storm activity is continually eroding the 
beaches along the northern coast of Melville 
Island and these surface concentrations of 
heavy minerals are largely transient. 

Cape Van Diemen. Melville Island. Samples 
73050141, 142, 147, and 148 were taken from 
the beach sand deposits, and 73050145 was 
collected from a foredune. Only small surface 
concentrations were present. 73050143, 144, 
and 146 are from holes augered into aeolian 
deposits occupying shallow depressions. Cape 
Van Diemen is exposed to the northwest trade 
winds and here aeolian activity is the dominant 
factor influencing the reworking and concen­
tration of heavy minerals. The samples 
collected from Seagull Island (73050120-123) 
indicate that very little mineral sand is accumu­
lating offshore. 
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Caution to Murrow Point, Bathurst Island. 
(samples 73050111-117). Only transient sur­
face concentrations and thin laminae down to 
30 cm are present in the beach and foredune 
deposits. The mineral sands are underlain by 
uneconomic yellow coarse sands and shell 
debris. 

Lethbridge Bay, Melville Island. Samples 
73050150 and 152 represent the beach sands 
of this area, and 73050151 and 153 the dune 
sands. The results suggest very low concentra­
tions of heavy minerals. However, more 
detailed sampling, especially of the older inland 
sand deposits, is required before the area can 
be assessed. Beaches east of Lethbridge Bay are 
composed entirely of coarse sand and shell 
debris and augering revealed no heavy minerals. 

Sampling on Bathurst and Melville Islands 
has shown surface accumulation of heavy 
minerals. However, the size of the deposits is 
poorly known, and as the sampling technique 
was restricted to a maximum depth of 1.2 m 
the results are inconclusive. The total thickness 
of the sand deposits is unknown and the pos­
sibility of concentration at greater depths 
unexplored. 

The aim of any future survey should be (1) 
to evaluate the total volume of sand available 
in each area and determine the average grade; 
(2) determine the factors controlling present­
day concentration of heavy minerals in an 
attempt to develop a model for the evaluation 
of ancient beach systems present at some 
localities; {3) locate areas of potentially high 
concentration with detailed sampling for placer 
deposits; e.g. at the base of old cliff-lines or 
along the lines of highest stand of a former 
transgression, as well as investigating sand bars 
near the mouths of major streams and areas 
where natural traps such as headlands obscure 
the free passage of longshore currents; (4) 
recognize the physiological units present and 
attempt to develop a history of deposition; and 
(5) collect material for radiocarbon dating. 

The largest bodies of sand, i.e. greatest poten­
tial volume of payable ground, occur at Leth­
bridge Bay, Wangiti Beach, and Andaranangoo 
Creek. Holes to depths of 10 to 15 m on a 
systematic grid and drilled to below the water 
table would be necessary to evaluate the poten­
tial of these areas. A suggested distribution of 
holes at Andaranangoo Creek is given in Figure 
7. Photo-interpretation of the area led to the 
recognition of a series of strandlines and 
ancient sand bodies as well as several different 
physiographic units'in the coastal deposits. On 
the basis of differences in topographic expres-

sion and orientation of strandlines three periods 
of transgression were recognized in the inland 
sand bodies. 
Lines 1 and 2: General reconnaissance across 

the different units to determine their thick­
ness and average grade. In addition, line 1 
is positioned to investigate the possibility of 
high concentration of heavy minerals in the 
prograding sand bar adjacent to Andaranan­
goo Creek. 

Lines 3 and 4: Located along the lines of 
highest strand of two former transgressions 
to test the possibility of heavy-mineral 
accumulation at this level during the higher 
sea levels. 

Lines 5 to 10: Normal to lines .3 and 4 at 300 
m spacings and with sample sites about 150 
m apart to evaluate total volume and average 
grade of sand available in the inland sand 
bodies. 

Lines 11 and 12: Along the base of modern 
foredunes to test for high concentrations of 
heavy minerals. 

Line 13: Parallel to the base of an old sea cliff 
to evaluate the possibility of placer deposits 
accumulated during a former transgression. 
Although continuous seismic profiling by 

J ongsma (1974) has shown a series of sub­
marine terraces and notches relating to periods 
of lower sea levels in the Quaternary, there is 
very little chance of high concentrations of 
heavy minerals offshore from Bathurst and 
Melville Islands. Any concentration is likely to 
have been restricted to ancestral strandlines 
and, as such, would be subject to reworking 
and partial destruction by a transgressive sea. 
The bulk of the littoral sand would migrate 
landwards with the rising sea and any heavy 
minerals that may have been concentrated in 
the low-level shoreline would become 
redeposited on the new beaches. 

A surface sample collected from Trepang 
Bay, Cobourg Peninsula, proved on analysis 
to contain 77.0 percent by weight heavy 
minerals, almost ,entirely undifferentiated 
opaques with only a trace of zircon. Larsen 
(1965) noted that the beach sand and ferru­
ginous Cretaceous sandstone on Cobourg Pen­
insula were so rich in iron oxides that in places 
they could become a potential source of iron 
ore (e.g. Black Point and Danger Point). 

Bauxite 
The first reference to bauxite on Cobourg 

Peninsula was by Brown (1908) who reported 
the presence of pisolitic laterite. Brown's des­
cription directed the attention of Owen (1954) 
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TABLE 5 . MINERALOGICA L COMPOSITIO N O F TH E HEAVY-MINERA L FRACTION S A S DETERMINE D B Y A M D E L 
Zi =  Zircon ; R u =  Rutile ; T o =  Tourmaline ; K y =  Kyanite ; S t =  Staurolite ; A n =  Andalusite ; G o =  Goethite ; M o =  Monazite ; C I =  Chlorite . 

Weight % Undifferentiated 
Sample Interval heavy Opaques (see % % % % % 

Location No. sampled fraction Appendix 3) Zi Ru To Ky Others 

Cape Va n Dieme n 72050035 0-5 c m 22.24 50-60 30-35 < 1 1 Tr — 
Cape Va n Dieme n 47 Surface 15.76 60-70 Tr < 1 4-8 10-15 St 5-1 0 
Cape Va n Dieme n 51 0-75 c m 0.26 70-80 3-5 < 1 5-10 1-2 St 1- 2 
Cape Va n Dieme n 54 0-75 c m 1.00 70-80 15-20 1-2 2-4 — — 
Cape Va n Dieme n 64 Surface 5.41 50-60 20-30 4-6 1-2 — St 1- 2 
Cape Va n Dieme n 73 0-80 c m 0.18 50-60 — — 20-25 5-10 An 4- 6 
Cape Va n Dieme n 73050141 0-90 c m 1.9 40-50 30-40 5 5-10 — — 
Cape Va n Dieme n 142 0-1.2 m 0.9 40-50 30-40 10-15 2-5 1-2 Go 2 
Cape Va n Dieme n 143 0-15 c m 3.1 55-65 15 10 2-5 < 1 Go 3 ; St 1- 2 
Cape Va n Dieme n 144 15 cm-1.2 m 2.5 45-50 35 10-15 2-5 < 1 St 1-2 , M o 1- 2 
Cape Va n Dieme n 145 0-1.2 m 0.8 55 20 10 5-10 < 1 Go 1 
Cape Va n Dieme n 146 0-1.2 m 2.1 50 25 15 5-10 < 1 Mo 2- 3 
Cape Va n Dieme n 147 0-1.2 m 0.3 65 5 5 10-15 < 1 Go 1 0 
Cape Va n Dieme n 148 0-1.2 m 0.2 30 < 5 30-40 1-2 Go 15-2 0 

Van Dieme n Sandston e 73050118 1.3 70-75 15 5 2-3 < 1 Mo 1-2 ; G o 1 
Van Dieme n Sandston e 119 1.8 70 20-25 3-5 2-3 < 1 — 
Van Dieme n Sandston e 121 0.8 70 15 10-15 1-2 1 Mo 1- 2 
Radford Poin t 72050066 0-1.2 m 0.35 80-85 8-10 2-3 
Radford Poin t 73050137 0-80 c m 1.1 30-35 5-10 10 30-40 2-4 Go 5 
Radford Poin t 138 0-50 c m 6.2 35-40 15-20 20 10-15 4-8 St 2- 4 
Radford Poin t 139 0-5 c m 69.8 30-35 25-30 25-30 2-4 1-2 — 
Radford Poin t 140 0-1.2 m 0.4 35-40 40 15-20 2-3 1-2 — 

Andranangoo Cree k 73050124 0-1.2 m 0.5 50-60 35 5-10 2-3 
Andranangoo Cree k 125 0-1.2 m 0.1 40 35 5-10 2-3 3-5 Go 1 0 
Andranangoo Cree k 126 0-1.2 m 0.2 55 15 15 10 — Go 2- 4 
Andranangoo Cree k 127 0-6 c m 3.6 35 40 10 5-10 < 1 Go 1 
Andranangoo Cree k 128 0-1.2 c m 6.9 30-40 20 25-30 5-1 1-2 St 1- 2 
Andranangoo Cree k 129 0-17 c m 6.1 40 25 30 2-5 < 1 — 
Andranangoo Cree k 130 17 cm-1. 2 m 1.1 50-55 25 5-10 8-12 < 1 .— 
Andranangoo Cree k 131 0-1.2 m 1.1 40-50 30-40 5-10 3-5 1-2 — 
Andranangoo Cree k 132 0-50 c m 0.9 50 20-25 20 3-5 < 1 — 
Andranangoo Cree k 133 0-1.2 m 0.6 30-35 35 20-25 3-5 1-2 — 
Andranangoo Cree k 134 0-30 c m 31.6 5-10 55 30-35 1-3 < 1 — 
Andranangoo Cree k 135 30 cm-1.2 m 11.2 20 40 30 3-5 1-2 St 1- 2 
Andranangoo Cree k 136 0-1.2 m 2.8 30 40 25-30 2-5 < 1 — 



TABLE 5 . MINERALOGICA L COMPOSITIO N O F TH E HEAVY-MINERA L FRACTION S A S DETERMINE D B Y AMDE L (Cont.) 

Weight % U ndifferentiated 
Sample Interval heavy Opaques (see % % % % % 

Location No. sampled fraction Appendix 3) Zi Ru To Ky Others 

Murrow Point 72050041 0-90 c m 0.32 20-30 30-40 2-5 — .— 

Murrow Point 44 Surface 11.66 30-40 30-40 10-20 — — — 
Murrow Point 73050113 ( M 0 c m 1.5 40 30 10 1-2 — Go 5-1 0 
Murrow Point 114 0-50 c m 0.6 40 30-35 10 5 

I 
Go 1 0 

Murrow Point 115 0-1.2 m 0.2 35-40 30 10-15 1-3 I Go 1 5 
Murrow Point 116 0-60 c m 1.3 45 30 15 1-3 1 Go 5 
Murrow Point 117 0-1.2 m 0.3 50 25 10 2-5 1-2 Go 5 

Caution Point 72050067 0-1.2 m 0.56 70-80 20-30 — — — — 
Caution Point 73050111 0-8 c m 1.5 10 60 25 1-2 Go 1 
Caution Point 112 0-30 c m 21.4 5-10 65-70 25 — Go 2 

Seagull Island 73050120 0-1.2 m 0.2 30 — — 40 — St 30 
Seagull Island 122 0-1.2 m 0.1 15-20 2-4 — 50-60 10-15 St 1- 2 
Seagull Island 123 0-1.2 m — — — — — — — 
Lethbridge Bay 73050149 0-20 c m 1.2 25 35-40 20-25 3 6 3-6 Go 3 
Lethbridge Bay 150 0-85 c m 0.4 25 30 15-20 5-15 — Go 1 5 
Lethbridge Bay 151 0-1.2 m 1.5 20 50-55 20 1-2 1 Go 2 
Lethbridge Bay 152 0-75 c m 0.2 45 15 10 5-15 1-2 Go 1 0 
Lethbridge Bay 153 0-90 c m 0.9 40-50 25 15-20 5-10 2-5 — 
Cape Fourcroy 72050048 Surface 96.46 20-30 60-70 5-7 — — 
Cape Fourcroy 49 Surface 17.79 30-40 50-60 2-4 — — — 

Buchanan Island 72050034 0-80 c m 0.84 35-45 40-50 1-2 1-2 — 
Buchanan Island 42 0-80 c m 1.57 90-95 1-5 — 1-2 — — 
Buchanan Island 52 0-85 c m 0.39 80-90 10-15 1-2 — — — 
Ant Cliff 72050037 0-30 c m 0.44 70-80 20-25 2-4 — — 
Boradi Bay 39 0-75 c m 2.13 10-20 30-40 30-40 1 — — 
Cape Helvetius 45 0-1.2 m 1.12 100 — — — — — 
Wangiti Beach 46 0-90 c m 1.78 40-50 35-45 2-6 — — — 
Bo wen Bay 55 0-80 c m 3.08 70-80 15-20 2-4 1-2 — — 
Conder Point 56 0-75 c m 0.27 80-90 8-10 1-2 — — — 
Tinganoo Bay 63 0-80 c m 0.14 20-30 40-50 5-10 1-2 — St 1- 2 
Point Jahleel 65 0-60 c m — — — — — — — 
Cape Gambier 70 0-90 cm 4.30 80-90 5-10 1-2 — — — 
Point Jual 71 0-60 cm 0.19 60-70 30-40 1-2 — — — 
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TABLE 5. MINERALOGICAL COMPOSITION OF THE HEAVY-MINERAL FRACTIONS AS DETERMINED BY AMDEL (Cont.) 

Weight % Undifferentiated 
Sample Interval heavy Opaques (see % % % % % 

Location No. sampled fraction Appendix 3) Zi Ru To Ky Others 

South coast Bathurst Island 72050036 0-45 cm 0.13 40-50 40-45 4-6 <1 
South coast Bathurst Island 50 0~75 cm 0.55 97-100 1-2 1 
South coast Bathurst Island 69 ~60cm 1.06 98-99 1-2 
South coast Bathurst Island 72 Surface 0.37 85-95 5-10 

West coast Bathurst Island 72050043 O-l.l m 1.24 80-90 5-10 <1 <1 

South coast Melville Island 72050038 O-l.l m 0.63 70-80 15-20 1-2 
South coast Melville Island 57 0-1.2m 1.34 80-90 5-10 2 1 
South coast Melville Island 74 0~1.2 m 0.23 70-80 1~20 2-5 
South coast Melville Island 75 0-80 cm 0.92 3~0 50-60 3-5 1-2 

North coast Melville Island 72050040 0-80 cm 0.14 20-25 15-20 1-2 C150-60 
68 0-75 cm 0.68 40-50 45-55 2-4 <2 



Fig. 7 . Photo-interpretatio n o f th e Andaranango o Cree k deposi t showin g suggeste d travers e line s an d sampl e point s fo r detaile d evaluatio n o f th e 
heavy-mineral content . 



TABLE 6 . MAJOR-OXID E ANALYSE S O F BAUXITE S 

Reactive 
Sample locality ALOx Fe2Oz Si02 

SiO-2 rjo a 
Company or organization 

Peacock Islan d 44.1 8.2 7.0 4.3 2.5 BMR (averag e o f 2  analyses ) 
Cape Croke r 47.6 9.2 — — Reynolds Metal s ( 2 analyses ) 
Cape Croke r 47.0 11.3 16.4 15.2 2.5 BMR ( 1 analysis ) 
Danger Poin t 33.2 18.7 31.1 29.5 1.7 United Uraniu m ( 4 analyses ) 
Smith Poin t 36.0 9.4 14.0 13.2 2.1 BMR ( 1 analysis ) 
Smith Poin t 36.6 16.7 29.6 25.8 1.7 United Uraniu m ( 8 analyses ) 
Smith Poin t 37.3 11.8 30.2 — 1.6 Swiss Aluminiu m ( 7 analyses ) 
Turtle Poin t 30.2 25.2 28.7 — 1.7 BMR ( 2 analyses ) 
Turtle Poin t 40.2 18.7 21.3 18.5 1.8 United Uraniu m ( 3 analyses ) 
Midjari Poin t 46.3 10.8 15.0 7.2 3.2 Swiss Aluminiu m (1 2 analyses ) 
Midjari Poin t 44.9 12.7 17.1 15.2 2.5 United Uraniu m ( 4 analyses ) 
Midjari Poin t 48.7 8.4 17.2 15.7 3.4 BMR ( 3 analyses ) 
Vashon Hea d 39.5 11.5 21.0 — 2.2 Swiss Aluminiu m ( 2 analyses ) 
Vashon Hea d 46.3 10.3 14.1 — 2.6 United Uraniu m (1 3 analyses ) 
Trepang Ba y 40.1 18.8 17.9 7.6 1.6 Swiss Aluminiu m (1 0 analyses ) 
Araru Poin t 46.5 15.0 12.0 9.2 2.6 United Uraniu m ( 4 analyses ) 
Araru Poin t 42.3 17.4 18.1 12.2 3.3 Swiss Aluminiu m (1 2 analyses ) 
Araru Poin t 29.5 19.4 33.5 32.5 1.9 BMR ( 1 analysis ) 
Lingi Poin t 42.1 10.6 23.3 — 2.5 Swiss Aluminium ( 7 analyses ) 
Stewart Poin t 34.5 16.5 31.5 30.0 1.6 BMR ( 1 analysis ) 
Darmarl Poin t 37.5 18.0 24.0 23.0 2.0 BMR ( 1 analysis ) 
(Croker Island ) 
Milikapiti Hil l 33.5 9.5 41.5 36.6 1.8 BMR ( 1 analysis ) 
(Melville Island ) 
Piper Hea d 22.3 24.1 38.0 24.7 1.2 BMR ( 1 analysis ) 
(Melville Island ) 

Note: Los s o f volatile s o n ignitio n an d mino r amount s o f CaO , MgO , Na^O , an d JC. O accoun t fo r th e dis -
crepancies i n tota l percentage s o f analyse s show n i n thi s table . 

of B M R to the north coast of Cobourg Penin­
sula and led to the discovery of bauxite. As a 
result of Owen's reconnaissance Rio T in to 
Exploration Pty Ltd (Matheson, 1957) tested 
the pisolitic deposits of nor thern Croker Island, 
and Reynolds Metal Co . (Kidd, 1961) drilled 
the more favourable areas on Croker Island. 
They proved the existence of commercia l 
grades but concluded that the deposits were too 
small to be of economic value. In 1965 Uni ted 
U r a n i u m N . L . (Larsen, 1965) discovered areas 
of bauxite on Vashon Head , Smith Point, and 
Danger Point . Swiss Aluminium (1969) found 
uneconomical occurrences of lateritic bauxite in 
widely scattered outcrops at Lingi Point , 
Araru Point, and Midjari Point . 

Recent B M R mapping (Hughes & Senior, 
1973) has shown that the pisolitic crust, in 
which the bauxite occurs, is more extensive 
than formerly thought (Czp, Plate 1 ) . T h e 
pisolitic layer averages 2 m in thickness and 
forms a gently north-sloping landsurface which 
becomes coincident with sea level on the 
nor thern extremities of some headlands . T h e 
presence of bauxite on wave-cut platforms, 

detrital fragments washed up on offshore 
islands, and the evidence cited previously for 
much lower sea levels in the Ter t ia ry all sug­
gest an additional, but unknown, offshore dis­
tr ibution. 

T h e bauxite formed as a consequence of the 
reworking of the in situ lateri te profiles 
developed in the sediments of the Bathurst 
Island Format ion . Slight tilting of the north­
west part of Cobourg Peninsula Sheet area 
initiated further leaching of the weathered 
rocks, and the parent laterite profiles were 
partly t runcated by erosion. T h e reworked 
material was then redeposited t o form pisolitic 
layers rich in alumina. 

Field observations to suppor t a detrital 
origin for the bauxite on Cobourg Peninsula 
are outlined on Page 3 1 . T h e texture of the 
bauxite under the microscope is consistent with 
a detrital origin. The pisolites vary in size from 
0.1 to 1.3 m m and most have a n u m b e r of con­
centr ic shells of varying colour. T h e cores are 
generally more ferruginous than the outer 
shells, commonly have fragments of older piso­
lites or laterite as a nucleus, and m a n y contain 

28 



N T / A / 4 2 5 

Fig. 8 . Bauxit e an d laterit e distributio n i n relatio n t o thoriu m anomalies . 

an abundance of fine angular quartz grains and 
other detrital fragments. T h e cores and inner 
shells are commonly fractured and the shells 
exhibit complex histories of growth. The piso­
lites are set in a matrix of very fine quar tz and 
indeterminate phyllosilicates with a framework 
of reworked quartz, feldspar, calcite, tourma­
line, opaques, broken pisolites, and rock frag­
ments. 

There is a close correlation between the dis­
tribution of bauxite and thor ium anomalies 

detected during an airborne radiometric survey 
by Horsfall & Wilkes (1975) (Fig. 8 ) . 
Thirteen samples of bauxite from Cobourg 
Peninsula were analysed for thor ium and 
uranium by X-ray fluorescence. The thorium 
concentrations range from 6 to 54 ppm and 
average 35 ppm; the uranium concentrations 
range from less than 3 ppm to 12 ppm and 
average 5 ppm. T h e results suggest that radio-
metry may prove to be a useful tool in pros­
pecting for bauxite. There is also the possibility 
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Loose pisolites  similar  in  size  and 
appearance to  those  below 

Derived directly  from  the  reworking 
of the  underlying  pisolitic  bauxite 

Closely packed  red  brown pisolites  set  in a fine 
groined matrix.  Ironstone  concretions  and 
detrital fragments  of  lower  layers  occur 
throughout 
SiOi AI2O3 FeiOj TiOp  ReacliveSiO, 
12 8% 490%  93%  33%  12  0% 
16 0% 470%  8  7% 32%  13  1% 
I27%500%6 8%  37%  119% 
Sharp but  irregulor,erosionallower contact 

Detrital bauxite  deposited  from 
slope wash  material  derived  from 
the chemical  and  mechanical re-
working of  a  former  laterite  surface 

Si02 Al 203 Fe 203 TiOg  Reactive  Si0 2 

285% 35  5%  175%  18%  263% 

Hard pisolitic  and  tubular  bauxite  consisting 
of an  open framework  of  red  brown  tubules, 
sometimes hollow  but  often  filled  with  yellow 
orange clays  or  pisolites similar  to  those  in 
the overlying  layer.  Dense,  fine  grained  red 
brown matrix. 

Colluvial deposit.  Truncated  root 
shafts filled  by  pisolites from  the 
overlying layer  indicate  that  this 
unit was  exposed at  the  surface 
prior to  the deposition  of  the 
overlying layer. 

No exposure  •, 
scree of  laterite  and  pisolitic boulders 

Si02 Al 20j Fe 203 TiOi 
252% 79%  555%  1-6% 
Clayey breccia  cgl  of rounded  to  angular 
fragments of  ironstone, ferruginous  sst  and 
slfst, poorly  sorted.  Sharp  erosional  contact. 

Colluvial deposit  -  short distance 
of transport. 

Si02 AI2O3 Fe20i  T1O2 
320%275% 26  4%  12% 

White to  mottled  argillaceous  sandstones 
and clays,  some  large  ironstone  concretions, 
original bedding  partly  preserved  Tubular 
ironstone in  upper  part  generally  orientated 
vertically. These  are  thought to  represent 
truncated root  shafts  simitar  to  those 
observed forming  at  the  surface  at  the 
present time. 

S1O2 AI2O3 Fe 203 Ti02 
700% 12-5%  7-9%  0-8% 

Remnant of  original  pallid  and 
mottled zones  of  in  situ laterite 
profile; irunccted  and  eroded 
prior to  deposition  of  overlying 
units. 

White sandy  clays;  contact  with  the  over-
lying mottled  sediments  is  gradual  with 
some mottling  and  staining of  clays  towards 
the top. 

Result of  leaching  of  original 
argillaceous sediments  -  normal 
pallid zone  of  laterite  profile 

S/O2 AI2O3 Fe20 3 T1O2 Reactive S1O2 
42 0%  20-4%  270%  12%  223% 

nt/a/444 

Fig. 9 . Exposed profil e o f weathere d rock s an d bauxit e a t Midjari Point , Cobour g Peninsula . 
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of by-product recovery of thor ium. X-ray dif­
fraction studies of five samples of bauxite from 
Cobourg Peninsula indicated that gibbsite is the 
only a lumina minera l present and that 
kaolinite and hemat i t e m a k e up the balance. 
The results of chemical analyses by both private 
companies and B M R are given in Table 6. 
T h e bulk of the silica present is reactive and 
this is one of the factors seriously limiting the 
economical potential of the deposits. Other fac­
tors include the lack of access both by land 
and sea, shipping prob lems associated with the 
shallow water and reefs surrounding the penin­
sula, the wide distr ibution of the deposits, and 
restrictions on min ing activity in the area much 
of which is a flora and fauna reserve. 

Notes on the ma in deposits are given below. 
Croker Island.  Mos t of the island is covered 

by laterite, but bauxite occurs only in the north. 
It is pisolitic and overlies a hard reddish b rown 
tubular laterite with a sharp contact . T h e tubu­
lar laterite in tu rn overlies a t runcated mott led 
zone also with a sharp , but irregular contact . 
T h e bauxite layer has an average thickness of 
1.5 m. C o m p a n y estimates of reserves vary 
from 5 000 0 0 0 tonnes of greater than 40 per­
cent available a lumina (Matheson , 1957) to 
660 000 tonnes of greater than 30 percent 
available a lumina (Kidd , 1 9 6 1 ) . 

Midjari Point.  T h e highest-grade bauxite and 
the greatest thickness of bauxite on Cobourg 
Peninsula occur at Midjari Point. F igure 9 sum­
marizes the observat ions and interpretat ions 
made at this locality. Inland the pisolitic 
bauxi te forms low rubbly outcrops across the 
high ground. 

Vashon Head.  Discont inuous outcrops of 
pisolitic bauxi te on Vashon H e a d peninsula 
cover about 4 8 k m 2 . Cliff sections along the 
coast reveal thicknesses of up to 2 m of piso­
lite bauxite. However , this thins quite rapidly 
to the south and is replaced by a t runcated 
laterite profile. Larsen (1965) considered the 
possibility of a bauxi te deposit of up to 50 mil­
lion tonnes in this area. 

Araru and  Lingi  Points.  T h e max imum thick­
ness of pisolitic bauxite in this area is 0.5 m. 
It generally rests directly on mottled-pall id sedi­
ments of the former laterite profile. T h e 
deposit is small and outcrops are widely 
scattered. 

Smith Point.  Pisolitic and tubular bauxite 
was encountered dur ing a traverse along the 
nar row headland separat ing Por t Essington 
and Por t Bremer . T h e bauxite is exposed in the 
cliffs a round the coast, and inland as small dis­

cont inuous rises. T h e deposits occupied about 
20 k m 2 and the pisolitic layer varies in thick­
ness f rom 0.5 m near Smith Point u p to 2 m 
in the cliffs a round Berkeley Bay and Point 
Stewart. 

Turtle Point.  Low cliffs adjacent t o Tur t le 
Point expose a profile showing an upper layer 
of dark red pisolitic bauxi te about 2 m thick, 
overlying tubular and mott led ferruginous 
sandstone. 

Danger Point.  Larsen ( 1 9 6 5 ) noted the 
presence of pisolitic bauxite over a small area 
1.5 km south of Dange r Point . At Danger 
Point itself, 2 m of coquina containing frag­
ments of pisolitic bauxite overlies ferruginous 
and mott led fine sandstone of a t runcated 
laterite profile. A similar sequence is also 
present at the extremities of Vashon Head and 
Smith Point . 

Bauxite is present in two areas on nor thern 
Melville Island. Pisolitic and nodula r bauxite 
crops out as erosion remnants on the peninsula 
separat ing Shark Bay and Snake Bay over an 
area of about 15 k m 2 . T h e m a x i m u m thickness 
of the pisolitic layer is 6 m and according to 
Pat terson (1 9 5 8 ) the available a lumina in the 
deposit ranges u p to 35 percent . Small deposits 
of a luminous laterite occur between Shark Bay 
and G a r d e n Point . Three surface samples had 
available a lumina contents of 14, 24, and 16 
percent respectively. 

Hydrocarbon potential 
Commerc ia l hydrocarbons have not been 

found in the area, but traces of oil and gas have 
been noted both onshore and offshore in Per­
mian, Jurassic, and Cretaceous rocks. Bitumen 
has been noted adher ing t o rocks along the 
coastlines of t he islands and Cobourg Penin­
sula. Analyses of samples collected indicate 
that the b i tumen has the composi t ion of crude 
oil, and the fact that samples collected over 
a period of several years show identical com­
position discounts the possibility of oil spillage. 
Bathurst Island N o . 2 was abandoned prema­
turely when a small flow of me thane and water 
caused deter iorat ion of the hole. Small flows 
of methane associated with water were also 
recorded near total depth in T inganoo Bay N o . 
1. Offshore, me thane was recorded in Permian 
sandstone intersected in Flat T o p N o . 1 and, 
to the west of the area mapped, uneconomic 
high-pressure gas was encountered in the 
Hyland Bay Fo rma t ion in Petrel N o . 1 . 

The hydroca rbon potential of the Palaeozoic 
and Mesozoic rocks in the area depends on up -
dip migrat ion of hydrocarbons from the Bona-
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pa r t e Gulf and M o n e y Shoal Basins. Po rous 
elastics forming good reservoirs have been 
located in the Permian , Triassic, and Jurassic 
sequences along the eastern edge of the Bona­
pa r t e Gulf Basin ( N e w b y N o . 1 and Fla t T o p 
N o . 1 ) . These, in conjunction with thick 
organic-r ich shales in the Cretaceous and Lower 
P e r m i a n (source b e d s ) , and the possibility of 
s t ra t igraphic t raps m a k e the western edge of 
the Bathurs t Island Sheet area prospective for 
oil and gas. H e r e the Permian , Triassic, and 
Jurass ic sandstones p inch out against the V a n 
D i e m e n Rise and are capped by Cre taceous 
muds tone (Wangar lu Muds tone M e m b e r ) . 
N e w b y N o . 1 and Fla t T o p N o . 1  were both 
drilled to test this possibility but nei ther pene­
t ra ted economic hydrocarbons . 

N o structural t raps have been located by 
seismic surveying, and owing to t he quiet tec­
tonic history of the area the chances of finding 
sizable structures are small. 

T h e M o n e y Shoal Basin, no r th of the area 
mapped , is not well known and only two oil 
explorat ion wells, M o n e y Shoal N o . 1 and 
Lynedoch N o . 1, have been drilled in it. 
Accord ing to Balke et al. ( 1973 ) the total sedi­
m e n t a r y section exceeds 4 5 0 0 m near t he depo-
cen t re of t he M o n e y Shoal Basin. Balke et al. 
(op . cit .) also repor ted an almost complete 
lack of mappab le seismic reflections over a 
large par t of the M o n e y Shoal Basin below a 
seismic event in the Lower Cretaceous rocks. 
Addi t ional geophysical explorat ion and drilling 
a re required to provide m o r e da ta before an 
accura te evaluation can be m a d e of the hydro­
ca rbon potential of the basin. 

Groundwater 
Perennia l spring-fed s t reams originating f rom 

aquifers within the V a n Diemen Sandstone are 
c o m m o n on both islands. T h e water is of good 
quali ty and the wate r supplies of G a r d e n Poin t 
and P icker ta ramoor a re provided by spring-fed 
s t reams (Lamber t River and Takampr imi l l i 
Creek respect ively) . Domes t ic wate r for 
Bathurs t Island Mission was originally obtained 
f rom 16 wells sunk into a permeable layer of 
lateri te developed in the Cretaceous rocks. 
However , this was unrel iable and water is now 
d rawn from sub-artesian bores which intersect 
aquifers in the V a n Diemen Sandstone. 

Snake Bay Nat ive Welfare Sett lement obtains 
its wate r supply from a system of sand spears 
which tap aquifers in Qua te rnary clayey sands 
at a depth of about 8 m. T h e yield is insufficient 
and investigations t o locate an al ternative 
supply are necessary. Several unsuccessful 

bores have been drilled by Water Resources 
Branch. 

N o fresh water was intersected in Bathurs t 
Island Nos . 1 and 2 and all wa te r resources 
investigations on the island have indicated that 
the Cretaceous sequence has little potent ia l as 
an aquifer ( D u n n , 1962; Barclay, 1964; Laws, 
1967; Lau, 1 9 7 2 ) . T inganoo Bay N o . 1 flowed 
very brackish water at a rate of 0.2 m 3 / h f rom 
a basal U p p e r Jurassic conglomerat ic sand­
stone. 

Because of a lack of pe rmanen t surface wate r 
in the Cobourg Peninsula Sheet area the settle­
ments depend on supplies from water-bores . 
Most water-bores are shallow and tap uncon-
fined Quate rnary aquifers, the supplies f rom 
which diminish dur ing the dry season. C r o k e r 
Island Mission derives its domestic and stock 
water from a series of bores in Qua te rna ry 
sand and laterite. Unti l recently Murgenel la 
Fores t ry Sett lement relied on one b o r e p u m p ­
ing water from aquifers within the lateri te. In 
1972 a serious shortage of water th rea tened to 
force the abandonment of the sett lement. H o w ­
ever, dur ing the B M R stratigraphic drill ing on 
southern Cobourg Peninsula (Hughes , 1973) 
an abundant supply of good-quali ty artesian 
water was discovered in aquifers within the 
Marl igur M e m b e r of the Bathurst Is land For ­
mation. Flows of up to 70 m 3 / h were obta ined 
from an uncased 9-cm diameter hole. W a t e r 
Resources Branch, Darwin , has since drilled, 
and completed as water-bores, two holes in to 
the Marl igur Member . Bore N o . 8206 will 
relieve the wate r supply problem at Murgenel la , 
and Bore N o . 8207 is p lanned to provide water 
to a por table abat toir which is t o be set up on 
the edge of the Murgenel la Plains. This will 
allow the expansion of the local buffalo mea t 
industry. 

T h e Water Resources Branch of the Depar t ­
men t of the N o r t h e r n Terr i tory , Da rwin , has 
records of 97 water-bores drilled in the three 
Sheet areas. Table 7 summarizes the data . 

U ranium 
T h e discovery of high-grade u ran ium ore at 

Nabar l ek in 1970 p rompted explorat ion by 
Un i o n Carbide (Austra l ian and N e w Zealand 
Explorat ion C o m p a n y ) in the Pro terozoic 
rocks in the southeast Cobourg Peninsula Sheet 
area (about 30 k m nor th of N a b a r l e k ) . G r o u n d 
checking of a i rborne radiometr ic anomal ies by 
Un i o n Carbide geologists has shown tha t m a n y 
a re due to surface concentra t ion of u r a n i u m 
in detrital laterites or black soil. Only two 
anomalies, 2 k m apart in the Black Rock P ros -
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pect, were considered to warran t further inves­
tigation and were drilled. Low-grade uran ium 
mineral izat ion was found at both anomalies 
but not in sufficient quanti ty to be economic. 
Accord ing to Senior & Smart ( 1 9 7 6 ) , the 
mineral izat ion is localized on the eastern side 
of a nor thwest- t rending mylonitized brecciated 
zone in gneiss and schist of the N i m b u w a h 
Complex . As with all known uran ium deposits 
in the Alligator Rivers region (i.e. Ranger I, 
Koonga r ra , Nabar lek , and Jabi luka) the host 
rocks are strongly chloritized and hematized. 
Ano the r similarity is that the mineralization 
occurs immediately below the Carpentar ian 
unconformi ty surface. 

Manganese 
Cre taceous rocks in the Cobourg Peninsula 

Sheet area are similar to those on Groo te 
Eylandt in which manganese oxide ore bodies 
have been found. A n occurrence of manganese 
was noted in 1969 by Union Carbide geologists 
in an area which is now par t of the Murgenel la 
Wildlife Sanctuary. Since 1969 the Cretaceous 
rocks, par t icular ly those toward the base of the 
sequence, have been unsuccessfully prospected 
for manganese . 
Phosphate 

Phospha t ic nodules occur as irregular layers 
in the M o o n k i n u M e m b e r along the south coast 
of Bathurs t Island. The nodules are elliptical 
and up to 1 m long. Analyses by Pa rke r (1966) 
indicated P 2 O s contents of 10 to 20 percent. 
Phosphat ic nodules and pellets between 188 
and 2 0 0 m in Bathurst Island N o . 1 contain 2 
to 3 percent P 2 0 5 , and samples from Bathurst 
Island N o . 2 between 43 and 305 m contain up 
to 12 percent P 2 O s . However , nei ther the 
grade no r the concentrat ion of P 2 O s in the 
nodules is of commercia l value. 

Construction Materials 
Limestone. Coqu ina and calcareous sand­

stone form linear bodies adjacent to the 
present-day coastlines in the Cobourg Penin­
sula Sheet area, but they are probably too small 
to be considered as an economic source of lime 
for Darwin . U p to 5 m of consolidated coquina 
beach sand disconformably overlies a t runcated 
laterite profile along South West Bay, South 
G o u l b u r n Island, and about 4 m of raised 
beach sandstone and coquina l imestone crops 
out on M c C l u e r Island. Other outcrops in the 
Cobourg Peninsula Sheet area occur on N o r t h 
G o u l b u r n Island, G r a n t Island, Oxley Island, 
Lawson Island, Valencia Island, the northeast 
coast of Croke r Island and on the mainland at 
Vashon Head , Smith Point , and Dange r Point . 

T h e average thickness of the bodies is 2 to 3 
m. T h e y vary greatly in lateral extent. 

Laterite. Bricks hewn from the ferruginous 
capping of the laterite were used in the con­
struction of early settlements (For t Dundas , 
Melville Island; Raffles Bay, Cobourg Penin­
sula; Victoria, Por t Essington, Cobourg Penin­
sula) . T h e blocks were cemented together with 
mor ta r using lime made from shell and coral­
line debris. Victoria was abandoned in 1849, 
but the walls of many buildings are still s tand­
ing and in good condit ion (PI. 5 ) . 

Clay. Rix (1964) investigated the pot tery 
clay resources of nor thern Melville Island, tak­
ing samples from Goolumbin i Creek and P iper 
Head . T h e samples collected from Goolumbin i 
Creek proved, on analysis, to be useless for any 
kind of ceramics because of a high sand con­
tent and low plasticity. Initial testing of small 
samples of kaolinitic clay from Piper Head sug­
gested that it was satisfactory for moulding and 
could be burn t at 900°C to 1100°C. T h e p ro ­
duct was white, free from cracks or deforma­
tion, and took a t ransparent commercia l glaze 
well. A larger sample (23 kg) representat ive 
of the three main clay lenses at Piper H e a d was 
tested by the Division of Building Research, 
C S I R O . The results showed that the clay has 
low plasticity and is mechanical ly weak. T h e 
m a x i m u m tempera ture in the firing range tested 
(800° -1050°C) was not sufficient to give it 
the mechanical strength necessary for ceramics 
or pottery. As a whole the clay deposits at 
Piper H e a d are not suitable for pottery making , 
but small selective samples within the layers are 
of higher quality and could possibly suppor t a 
small-scale local industry. 

D E S C R I P T I O N O F P A L A E O Z O I C , 
M E S O Z O I C , A N D C A I N O Z O I C 

R O C K U N I T S 

Kulshill Formation 

Status and  derivation  of  name:  Austral ian 
Aqui ta ine (1966) first used the n a m e 
informally for the Lower Permian sequence 
intersected in Kulshill N o . 1. Caye ( 1 9 6 8 ) 
int roduced the name Kulshill Fo rma t ion into 
the l i terature to describe par t of the Pe rmian 
section penetrated by Kulshill Nos . 1 and 2. 

Type section:  Kulshill N o . 1 drilled by Aus­
tral ian Aqui ta ine in 1966. Dickins et al. ( 1 9 6 9 ) 
defined the Kulshill Fo rma t ion as the interval 
between 596 and 1813 m in Kulshill N o . 1. 
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TABLE 7 . SUMMAR Y O F WATER-BORE S 
COBOURG PENINSUL A 

Reg. 
No* Name Location 

Depth 
(m) 

Water level 
(m) Aquifer m&lh Remarks 

5086 Black Poin t Bor e Port Essingto n 6 6.0 Czl laterit e 0.5 Abandoned 
5513 Mission Hil l Bor e No . 1 Croker I 31 30.4 Qs san d 0.9 Operating 
5540 Ryans Lookou t No . 5 Croker I 25 24.4 Qs claye y san d in Potential domesti c suppl y 
5539 Cup o  Te a Poin t No . 4 Croker I 27 — — Abandoned 
5538 Timor Spring s No . 3 CrokerI 24 10.6 Qs san d cla y 13.5 Operating 
7263 No. 6  Domesti c Suppl y Croker I 36 32.8 Qs coars e san d 4.8 Operating 
7264 No . 7  Domesti c Suppl y Croker I 32 19.8 Qs mediu m san d 0.6 Collapsed 
7265 No. 7 a Domesti c Suppl y Croker I 34 19.8 Qs mediu m san d 3.0 Operating 
7266 Back Jungl e No . 8 CrokerI 41 24.3 

32.0 
Qs mediu m san d 4.0 Operating 

7267 Palm Ba y No . 9 CrokerI 22 
35.0 
10.6 Qs silt y san d 0.8 Operating (stoc k only ) 

7268 Main Airstri p No . 1 0 Croker I 16 9.1 Qs sand y sil t 0.9 Operating (stoc k only ) 
7269 Four Mil e Sout h No . 1 1 Croker I 18 15.5 Qs mediu m san d 1.2 Abandoned 
7270 The Poin t No . 1 2 CrokerI 24 22.8 Qs sand y sil t 3.6 Potential domesti c suppl y 
7271 Nine Mil e Sout h No . 1 3 Croker I 18 15.8 Qs mediu m san d 5.5 Potential domesti c suppl y 
7272 Jap C r No . 1 4 Croker I 25 7.6 Qs sand y sil t Abandoned 
7633 W.L. No . 1 Murgenella 20 10.4 

13.7 
13.7 

Qs 7.5 Potential domesti c suppl y 

7634 W.L. No . 2 Murgenella 21 

10.4 
13.7 
13.7 Qs 8.0 Potential domesti c suppl y 

7836 72/1 CrokerI 38 32.0 Czl Fe sandston e 13.5 Operating 
7839 72/1 CrokerI 31 15.2 

16.7 
2.7 

Qs gravell y cla y 14.5 Operating 

7850 W.L. No . 4 Murgenella 38 

15.2 
16.7 

2.7 Qs 5.5 Operating 
7852 W.L. No . 3 Murgenella 65 14.6 Qs — Abandoned 
7853 W.L. No . 5 Murgenella 38 — Abandoned 
5695 Sand Spea r No . 1 Murgenella 3 — — Abandoned 
5696 Sand Spea r No . 2 Murgenella 3 — — Abandoned 
5697 Sand Spea r No . 3 Murgenella 3 — — Abandoned 
8206 Murgenella 73/1 Murgenella 259 5.7 Kla, Marligu r Membe r 45.5 Potential domesti c suppl y 
8207 Murgenella 73 /2 Murgenella Plain s 

Abbatoir sit e 
93 flowing Kla, Marligu r Membe r 10.9 Potential domesti c suppl y an d in-

dustrial suppl y Aooaioir site 
* Bore registratio n numbe r o f th e Departmen t o f th e Norther n Territory , Darwin, 



TABLE 7 . SUMMAR Y O F WATER-BORE S (Cont.) 
MELVILLE ISLAN D 

Reg. Depth Water level 
No* Name Location (m) (m) Aquifer m3/h Remarks 

5064-5073 Snake Ba y 15 ____ — — Al l abandoned , exac t locatio n un -
certain 

5074 Spring Hol e No . 2 Snake Ba y 21 — — — Abandoned , exac t locatio n un -
certain 

5075-5083 Snake Ba y 15 — — — Al l abandoned , exac t locatio n un -
certain 

5553 Snake Ba y No . 1 Snake Ba y 43 _ — — Abandone d 
5555 Snake Ba y No . 2 Snake Ba y 66 — — Abandone d 
5556 Snake Ba y No . 3 Snake Ba y 37 — — — Abandone d 
5563 Snake Ba y No . 4 Snake Ba y 29 — — — Abandone d 
5592 Snake Ba y No . 5 Snake Ba y 32 — — — Abandone d 
5593 Banjo Swam p 1/6 6 Snake Ba y 7 6.8 Qs san d 1.3 Abandone d 
5594-5597 Snake Ba y 15 — — — Al l abandone d 
5598 Banjo Swam p 6/6 6 Snake Ba y 12 11.5 Qs san d — Abandone d 
5619 No. 1  Jo b 32 4 Garden P t 15 7.3 Qs claye y san d — Abandone d 
6072 Sand Spea r E 2 Snake Ba y 9 2.1 Qs fine  san d 8 Potentia l domesti c suppl y 
6193 Sand Spea r E l Snake Ba y 4 — — Abandoned 
6194 Sand Spea r E 3 Snake Ba y 8 7.9 Qs fin e san d 8 Potentia l domesti c suppl y 
6195 Sand Spea r E 4 Snake Ba y 10 2.1 Qs fin e san d 6 Potentia l domesti c suppl y 
6208-6210 Snake Ba y 15 — — — Abandoned , san d spear s 
6211 Sand Spea r E l 2 Snake Ba y 4 3.9 Qs grave l an d san d 7 Potentia l domesti c suppl y 
6212 Sand Spea r E1 4 Snake Ba y 10 8.8 Qs grave l an d san d 3 Potentia l domesti c suppl y 
7111 Bango Swam p No . 8 Snake Ba y 10 1.5 Qs claye y san d ^ Operating (10/72 ) san d spea r 
7112 Bango Swam p No . 7 Snake Ba y 14 1.5 Qs claye y san d Operating (10/72 ) san d spea r 
7113 Bango Swam p No . 6 Snake Ba y 8 1.5 Qs claye y san d Operating (10/72 ) san d spea r 
7114 Bango Swam p No . 5 Snake Ba y 8 1.5 Qs claye y san d 8.5 Operatin g (10/72 ) san d spea r 

Operating (10/72 ) san d spea r 7115 Bango Swam p No . 4 Snake Ba y 6 1.5 Qs claye y san d 
8.5 Operatin g (10/72 ) san d spea r 

Operating (10/72 ) san d spea r 
7116 Bango Swam p No . 3 Snake Ba y 7 1.5 Qs claye y san d Operating (10/72 ) san d spea r 
7117 Bango Swam p No . 2 Snake Ba y 8 1.5 Qs claye y san d Operating (10/72 ) san d spea r 
7118 Bango Swam p No . 1 Snake Ba y 8 1.5 Qs claye y san d j Operating (10/72 ) san d spea r 
7121 Observation hol e No . 5 Snake Ba y 9 1.5 Qs claye y san d Observation 
7607 Paru No . 1 Paru Villag e 36 _ — Abandoned 
7608 Paru No . 2 Paru Villag e 20 — — Abandone d 
7609 Paru No . 3 Paru Villag e 23 — Abandoned 
7610 Paru No . 4 Paru Villag e 15 — — Abandone d 
7611 Paru No . 5 Paru Villag e 46 — — Abandone d 

* Bore registratio n numbe r o f th e Departmen t o f th e Norther n Territory , Darwin . 



TABLE 7 . SUMMAR Y O F WATER-BORE S (Cont.) 
BATHURST ISLAN D 

Reg. Depth Water level 
No* Name Location On) On) Aquifer m*/h Remarks 

5875 Bathurst Is No . 1 5 k m W  o f missio n 32 — — — Abandoned 
5885 Bathurst Is No . 2 10 k m W  o f missio n 49 47.2 Qs claye y san d 28 Potential domesti c suppl y 
5886 Bathurst Is No . 3 20 k m W  o f missio n 35 — — — Abandoned 
5887 Bathurst Is No . 4 24 k m W  o f missio n 55 — — Abandoned 
5902 Bathurst Is No . 5 37 k m W  o f missio n 30 — _ — Abandoned 
5903 Bathurst Is No . 6 32 k m W  o f missio n 8 - - — — Abandoned 
5904 Bathurst Is No . 7 10 k m W  o f missio n 55 27.4 Qs sandy cla y 45 Potential stoc k o f irrigatio n 

supply 
5936 Observation Bor e No . 8 10 k m W  o f missio n 30 27.4 Qs san d 20 Observation 
5920 Bathurst Is 69 / 2 10 k m W  o f missio n 50 43.0 Czv lateriti c sandston e 5 Potential domesti c suppl y 
6921 Bathurst Is 69/ 3 10 k m W  o f missio n 32 21.3 Qs fin e san d 5 Potential domesti c suppl y 
6922 Bathurst Is 69/ 1 10 k m W  o f missio n 50 45.0 Czv fin e sandston e 5 Potential domesti c suppl y 
7416 Bathurst Is 70/ 2 13 k m W  o f missio n 70 20.4 Qs siltycla y — Abandoned 
7466 Bathurst Is 70/ 3 13 k m W  o f missio n 53 45.7 Czv lateriti c sandston e 23 Operating (10/72 ) 
7467 Bathurst Is 70/ 1 13 k m W  o f missio n 48 47.2 Czv lateriti c sandston e 23 Operating (10/72 ) 
7612 Bathurst Is 70/ 5 10 k m W  o f missio n 46 45.7 Czv lateriti c sandston e 20 Operating (10/72 ) 

* Bore registratio n numbe r o f th e Departmen t o f th e Norther n Territory , Darwin . 



Plate 5 . Ruin s o f th e marrie d officers ' quarter s a t Victori a (1838-49) . Brick s wer e hew n 
from nearb y outcrop s o f ferruginou s laterite . (GA/7900 ) 

Lithology: T h e type section of the Kulshill 
Format ion can be divided into three members 
which, in ascending stratigraphic order, are 

1813-1453 m silicified sandstone 
1452- 948 m microconglomerate shale; 

tillite 
948- 596 m greywacke 

Offshore, only the upper greywacke member 
is known. Typically it is composed of very fine 
to fine and rarely coarse, argillaceous sand­
stone with intercalations of dark grey 
micaceous silty and carbonaceous shale, and 
minor limestone. T h e lithology of the Kulshill 
Format ion in Flat T o p N o . 1 (Austral ian Aqui­
taine, 1969) is essentially the same (Fig. 10) . 
Distribution: Restricted to the western edge of 
the Bathurst Island Sheet area within the area 
mapped, but widespread to the south and west. 
Thickness: In Flat Top N o . 1, 589 m. The 
Kulshill Format ion thins rapidly eastwards and 
pinches out against the Van Diemen Rise. 
Contacts and  relations:  Along the eastern edge 
of the Bonaparte Gulf Basin the Kulshill For­
mat ion rests directly on quartzite believed to 
be Lower Proterozoic. It is conformably over­
lain by the Hyland Bay Format ion. 
Fossils and  age:  Correlations with other wells 
in the Bonaparte Gulf Basin suggest an Early 
Permian age for the entire sequence. 

Hyland Bay  Formation 
Status of  name:  A R C O reserved the name 
Hyland Bay Format ion with the Register of 
Stratigraphic Names , Canber ra in 1969. The 
formation was described in the literature by 
Laws & Brown (1974) but has not been 
defined. 

Derivation of  name:  Hyland Bay, Cape Scott 
1:250 000 topographic Sheet; longitude 
129°42 'E, latitude 13°59'S. 

Type section:  The interval between 3464 and 
3979 m in Arco Petrel N o . 1 petroleum 
exploration well (Arco , 1969) has been desig­
nated the type section for the Hyland Bay 
Format ion (Fig. 11) . 

Lithology: T h e Hyland Bay Format ion inter­
sected in Flat Top N o . 1 is composed of fine to 
coarse, friable quartzose sandstone with silty, 
micaceous lignitic, and pyritic shale, and three 
massive beds of biomicrite (Fig . 1 1 ) . This 
agrees closely with the lithology of the type 
section which is predominantly arenaceous with 
shale and limestone interbeds. 

Distribution: T h e limestone beds are charac­
teristic of the Hyland Bay Format ion and 
have been recognized throughout the southern 
Bonaparte Gulf Basin. They generate good con­
tinuous seismic horizons, two of which (hori-
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Fig. 10 . Stratigraphi c sequenc e i n th e Kulshil l Formatio n i n 
Flat To p No . 1  (Australia n Aquitaine , 1969) . 
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Fig 11 . Wel l section s throug h th e Hylan d Ba y Formatio n i n Petre l No . 1  (Arco , 1969 ) an d 
Flat Top No . 1  (Australia n Aquitaine , 1969) . 



zons 4 and 5) have been used to map the for­
mation in the T i m o r Sea area (Fig. 3 ) . In the 
area covered by this report the Hyland Bay 
Format ion does not crop out, and is restricted 
to the western edge of the Bathurst Island 
Sheet area. 
Thickness: In its type section the Hyland Bay 
Format ion is 515 m thick, but it thins eastward 
towards the Basin margin and in Flat T o p N o . 
1 is only 274 m. It is absent in Newby N o . 1 
owing to pinch out against the Van Diemen 
Rise. 
Contacts and  relations:  The base of the forma­
tion has been nominated as the bot tom of the 
basal l imestone bed in both Petrel N o . 1 and 
Flat T o p N o . 1 (Fig. 11) . T h e passage upwards 
into the overlying M o u n t Goodwin Format ion 
appears to be transit ional and conformable . In 
both wells the boundary is marked by the 
appearance of the massive dark grey shale 
characteristic of the Moun t Goodwin F o r m a ­
tion. 
Fossils and  age:  Abundan t bryozoans and 
echinoids in the limestone beds. The sandstone 
beds overlying the upper l imestone in Petrel 
N o . 1 contains abundant foraminifers and shell 
fragments. T h e fauna indicates that the forma­
tion is Uppe r Permian. 

Mount Goodwin  Formation 

Status of  name:  Reserved in 1970 by Arco , 
described briefly by Laws & Brown (1974) but 
not defined. 
Derivation of  name:  M o u n t Goodwin , Port 
Keats 1:250 000 topographic Sheet; longitude 
129°38' , latitude 14°15'S. 
Type section:  The interval between 2892 and 
3464 m in Arco Petrel N o . 1 (Arco , 1969) 
(Fig. 12 ) . 
Lithology: The Mount Goodwin Format ion is 
a predominant ly shaly unit. T h e shale is light 
to dark grey, fissile, and generally silty and 
micaceous. Several thin beds of very fine sili­
ceous sandstone and kaolinitic siltstone occur 
throughout the sequence. 
Distribution: This unit is widespread and has 
been intersected in most wells drilled in the 
Bonaparte Gulf Basin. It onlaps onto the 
western edge of the Bathurst Island Sheet area 
where it wedges out against the Van Diemen 
Rise. 
Thickness: 572 m in the type section but thins 
eastwards to 193 m in Flat T o p N o . 1. 
Contacts and  relations:  The M o u n t Goodwin 
Format ion grades upward into Middle Triassic 

sandstone. Recent palynological work by Aus­
tralian Aqui ta ine (Pontal ier , pers. comm. ) has 
resulted in the identification of Middle Trias­
sic spores in Petrel N o . 1 between 2826 and 
2892 m. An increase in the grainsize to a 
dominance of sandstone at 2892 m in Petrel 
N o . 1 marks the conformable boundary 
between the Lower Triassic M o u n t Goodwin 
Format ion and the overlying undifferentiated 
Middle to Uppe r Triassic sequence. A similar 
change in lithology at 1112 m is taken as the 
boundary between the two formations in Flat 
Top N o . 1. Throughout the Basin the Mount 
Goodwin Format ion conformably overlies the 
Hyland Bay Format ion . 
Fossils and  age:  Fossil content is low. The 
Lower Triassic age of the format ion is deter­
mined on the basis of its stratigraphic position 
between known Uppe r Permian and known 
Middle Triassic rock units, and by correlat ion 
with other wells outside the area mapped. 

Undifferentiated Middle  to  Upper  Triassic 
Description: The Triassic sequence was 
deposited dur ing a major marine regression. 
The marine shale of the Moun t Goodwin For­
mation passes upwards into fine to coarse 
fluvial sandstone of Middle Triassic age which 
in turn is conformably overlain by Upper 
Triassic redbeds. In Flat T o p N o . 1 two mem­
bers can be distinguished within the Middle to 
U p p e r Triassic interval. T h e lower member 
(1030-1112 m ) is composed of fine to coarse 
sandstone interbedded with minor shale, and 
the upper member (978-1030 m ) is pre­
dominant ly shaly with only minor beds of very 
fine sandstone. The shale is micaceous, ferru­
ginous, and varies from red-brown to green. 
The upper m e m b e r forms a redbed sequence. 
Originally, the interval occupied by the redbeds 
was assumed to be lurass ic and the exact age 
eluded precise determinat ion until the lower 
Uppe r Triassic spore Camerosporites  sp. was 
identified in the redbed sequence intersected in 
Bougainville N o . 1 (Laws & Campbel l , 1 9 7 2 ) . 

In Petrel No . 1 the redbeds occupy the inter­
val between 2229 and 2471 m, and the lower 
member of the undifferentiated Middle to 
Upper Triassic section is present between 2471 
m and the base of the unit at 2892 m. T h e 
Middle to Uppe r Triassic sequence shows a 
similar distribution to that of the underlying 
Mount Goodwin Format ion and is everywhere 
disconformably overlain by the lurass ic to N e o ­
comian Petrel Format ion . 

N o names have been proposed for the forma­
tion or its members . 
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Fig. 12 . Wel l section s throug h th e Moun t Goodwi n Formatio n i n Petre l No . 1  (Arco , 1969 ) 
and Fla t To p No . 1  (Australia n Aquitaine , 1969) . 
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Tinganoo Bay  Beds 
Derivation of  name:  T inganoo Bay, latitude 
11°23'S, longitude 131°28 'E, Melville Island 
topographic 1:250 000 Sheet. The Tinganoo 
Bay Beds were first described by Hughes & 
Senior ( 1 9 7 4 ) . 
Distribution: The Tinganoo Bay Beds are 
known only from Flinders-Pexa Tinganoo Bay 
N o . 1 (Pember ton , 1971) , where they occur 
between 569 and 583 m ( T . D . ) . 
Lithology: Coarse quartzose sandstone and con­
glomerate containing angular to rounded 
pebbles of quar tz and quartzite. grading down 
into a fine micaceous sandstone within a few 
shale laminae. 
Thickness: The total thickness is unknown. 
Assuming little change in regional dip, and by 
extrapolation from the Dundas Strait seismic 
survey (Pras tka & Polyniak, 1965) it is 
probable that at T inganoo Bay there is 100 m 
of sediment between the base of the Bathurst 
Island Format ion and Proterozoic basement. 

Contacts and  relations:  In Flinders-Pexa Tin­
ganoo Bay N o . 1 the Tinganoo Bay Beds are 
disconformably overlain by the Bathurst Island 
Format ion . T h e Petrel Format ion occupies a 
similar stratigraphic position but the two units 
are lithologically distinct (Fig. 2 ) . 

Fossils and  age:  A moderately well preserved 
spore-pollen assemblage from 576.4 m in Tin­
ganoo Bay N o . 1 indicates that the Tinganoo 
Bay Beds are late Upper lurassic (Burger, 
Appendix 1 ) . 

Petrel Formation 
Status and  Derivation  of  name:  Arco reserved 
the name Petrel Format ion with the Register of 
Stratigraphic Names , Canber ra in 1970. Laws 
& Brown (1974) briefly described the forma­
tion but it has not been defined. The name is 
derived from Petrel N o . 1, a petroleum explora­
tion well drilled by Arco in 1969 at latitude 
12°49'S, longitude 128°28 'E. 

Type section:  The type section of the Petrel 
Format ion is the interval between 2229 m and 
1329 m in Petrel N o . 1 (Arco, 1969) (Fig. 
13 ) . 

Lithology: Three members were recognized by 
Arco (1971) in the type section of the Petrel 
Format ion (Fig. 13 ) . 

M e m b e r A. 1329-1571 m; predominantly 
arenaceous, comprising a series of very fine to 
very coarse, in part conglomeratic, quartzose 
sandstone; in places glauconitic, pyritic. and 
kaolinitic. 

Member B. 1571-1819 m; in contrast with 
Member A this unit comprises a series of grey 
to brown glauconitic and micaceous shale, 
invariably silty and commonly grading into cal­
careous siltstone. In the top 30 m are a few 
thin very fine to fine micaceous sandstone beds. 

Member C. 1819-2229 m ; the basal member 
is similar to Member A in that it is pre­
dominantly arenaceous. It is composed of fine 
to coarse quartzose friable sandstone with 
scattered pebbles of quartz and quartzite. 
There are a few silty and shaly intervals. 

Towards the eastern margin of the Bona­
parte Gulf Basin the shale and siltstone of 
member B are absent, and in both Flat Top 
No. 1 and Newby N o . 1 the dominant lithology 
of the Petrel Format ion is white friable fine to 
medium quartzose sandstone with a few inter-
beds of greyish brown shale. The absence of 
the marine shale member B and the increased 
proportion of paralic to fluvial sandstone 
reflect the basin-edge position of these two 
wells. 

Distribution: F rom the eastern edge of the 
Bonaparte Gulf Basin the Petrel Format ion 
extends eastwards over the Van Diemen Rise 
and across part of the Bathurst Terrace . T h e 
Petrel Format ion also extends southwards 
across the Bathurst Terrace (Fig. 2) and onto 
the mainland where it crops out below the Dar­
win Member of the Bathurst Island Format ion 
(Fig. 14) . 

Thickness: The known maximum thickness of 
the Petrel Format ion is 900 m in Petrel N o . 1. 
The Petrel Format ion thins rapidly eastwards 
and in Newby N o . 1 on the eastern edge of the 
Bonaparte Gulf Basin, it is only 145 m thick. 
Across the Bathurst Terrace the formation 
forms a thin blanket of sandstone which 
probably does not exceed 100 m in thickness. 

Contacts and  relations:  Both onshore and off­
shore the Petrel Format ion is disconformably 
overlain by the Darwin Member of the 
Bathurst Island Format ion. However, the 
nature of the lower contact and the age of the 
rocks beneath it is variable. Within the Bona­
parte Gulf Basin the Petrel Format ion usually 
disconformably overlies Middle to Upper Trias­
sic rocks whereas on the Bathurst Terrace and 
across the mainland the Petrel Format ion rests 
unconformably on steeply dipping Proterozoic 
basement rocks. 

The coarse elastics of the Tinganoo Bay Beds 
are laterally equivalent to the Petrel Format ion 
and reflect a change in facies across the 
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Bathurst T e r r a c e from paralic condit ions in the 
west to non-mar ine condit ions to the east. 
Fossils and  age:  Palynological examinat ion of 
cores from the Petrel Forma t ion have shown 
that offshore it ranges in age from Early Juras­
sic to N e o c o m i a n . Jurassic plant fossils and 
N e o c o m i a n mar ine fossils (Skwarko, 1966) 
are abundan t in some of the exposures of the 
Petrel F o r m a t i o n on the mainland. In Moyle 
N o . 1 (Brophy , 1966) the spore Cicatricosis-
porites sp. is present from 61 to 67 m, suggest­
ing that the interval of weathered sandstone in 
Moyle N o . 1 between 36 and 105 m is Uppe r 
Jurassic to Cretaceous ra ther than Lower Per­
mian as previously thought . 

Revision of  the  Mullaman  Beds 
It is proposed to divide the Mul laman Beds 

of the no r the rn part of the Nor the rn Terr i tory 
into two units ; a lower predominant ly aren­
aceous unit which may be correlated with the 
Petrel Fo rma t ion , and an overlying argillaceous 
unit to be known as the Darwin Member of the 
Bathurst Island Format ion . 

A s u m m a r y of the evolution of nomencla ture 
for the M u l l a m a n Beds is given in Table 8. 

Noakes (1949 ) gave the n a m e Mul l aman 
G r o u p to the freshwater and mar ine sediments 
that c r o p out in the Kather ine-Darwin region. 
Within the Mul l aman G r o u p he recognized two 
format ions ; a lower unnamed unit of plant-
bearing sandstone and minor siltstone, and an 
upper argil laceous unit, the Darwin Format ion . 
The division of the Mul laman G r o u p into two 
format ions was supported by Sullivan & Iten 
(1952) and Traves ( 1 9 5 5 ) . However , later 
workers downgraded the Mul l aman G r o u p to 
Mul l aman Beds; a n a m e which they then used 
to describe all the Mesozoic sediments in the 
nor thern par t of the Nor the r n Terr i tory regard­
less of l i thology, environment of deposition, or 
age. Consequent ly , the name Mul laman Beds 
has become meaningless. 

Skwarko (1966 ) considered tha t the Mulla­
man Beds of both the N o r t h e r n Terr i tory and 
nor thwestern Queensland fall naturally into 
three belts of differing depositional characteris­
tics; the Coastal Belt, the In land Belt, and the 
Darwin Area . H e recognized seven lithological 
units in the Coastal Belt, and three in the 
Inland Belt. Wi th the possible exception of 
Unit 3, none of the Coastal Belt units extend 
into nor thwestern Nor the rn Terr i tory. On the 
other hand , the Mul laman Beds of the 
Ka the r ine -Darwin region form part of 
Skwarko 's In land Belt and the three units he 
recognized in the Inland Belt m a y be correlated 

with the Petrel Fo rma t ion and Darwin M e m b e r 
as shown in Table 8. 

F igure 14 confirms the view that the Mulla­
m a n Beds can be divided into two lithologically 
distinct and mappable units in nor thwestern 
N o r t h e r n Terr i tory. T h e upper unit consists of 
silty claystone, sandy siltstone, radiolar ian silt­
stone, and argillaceous fine sandstone. It is 
equivalent to the Darwin Fo rma t ion as defined 
by Noakes ( 1 9 4 9 ) . T h e interval occupied by 
the Darwin Format ion onshore can now be 
t raced offshore through N e w b y N o . 1 and Fla t 
T o p N o . 1 to Petrel N o . 1 where it occupies a 
hi ther to unnamed interval (1299-1329 m ) at 
the base of the Bathurst Island Format ion 
(Figs . 2 and 1 3 ) . Thus , it can be demonst ra ted 
that the upper unit of the Mul laman Beds is 
actually a member of the Bathurst Island For ­
mat ion and it is proposed that this member be 
known as the Darwin Member . 

T h e lower unit of the Mul laman Beds is a 
white fine to very coarse friable quar tzose 
sandstone with minor conglomerate and shale 
beds. In outcrop the sandstone is massive and, 
apar t from cross-bedding, has very few sedi­
men ta ry structures. Jurassic plant remains are 
c o m m o n and Neocomian mar ine molluscs have 
been collected at some localities. T h e lithology 
of this lower unit is identical to that of M e m b e r 
C of the Petrel Format ion , and F igure 15 
illustrates that the Petrel Fo rma t ion can be 
t raced from its type section offshore in Petre l 
N o . 1 to Moyle N o . 1 onshore . F r o m the re 
it may be mapped in ou tc rop across nor th­
western Nor the rn Terr i tory (Fig. 1 4 ) . 

Bathurst Island  Formation 
Derivation and  status  of  name:  F r o m Bathurs t 
Island, 60 km northwest of Darwin , Bathurs t 
Island 1:250 000 topographic Sheet. A r c o 
reserved the n a m e Bathurst Island Fo rma t ion 
in 1970 after drilling N e w b y N o . 1. T h e n a m e 
was used informally by both A r c o and Aus ­
tralian Aqui ta ine in several unpublished well 
complet ion reports until Hughes & Senior 
( 1 9 7 4 ) formally defined it with the type section 
in Petrel N o . 1. 

Type section:  T h e type section of the Bathurs t 
Island Fo rma t ion is the interval between 412 
and 1329 m in Petrel N o . 1 (Arco , 1969) (Fig . 
1 3 ) . 
Lithology and  distribution:  Between 4 1 2 and 
543 m the section in Petrel N o . 1 is mainly 
very fine t o fine argillaceous sandstone with 
thin beds of shale and limestone. Below 543 m 
the amoun t of shale increases and the section 
consists largely of mar ine glauconitic silty 
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TABLE 8 . EVOLUTIO N O F NOMENCLATUR E FO R TH E M U L L A M A N BED S 

Woolnough Etheridge (1907) 
(1912) Whitehouse 

Lithology Woods (1889) Hossfeld (1937) (1928) 

Noakes (1949) 
Sullivan & Iten 

(1952) BMR Geologists 
Traves (1955) Skwarko (1966) 1962-1972 This Bulletin 

Silty claystone , silt -
stone, radiolaria n 
siltstone, fine  argil -
laceous sandstone , 
and mino r conglo -
merate 

Fine t o coars e 
quartzose sand -
stone, mino r con -
glomerate an d shal e 
beds 

Desert Sandstone 
applied fo r a 
short tim e t o 
any sedimentar y 
cover i n north -
ern Norther n 
Territory 

Point Charles 
Beds use d t o 
describe th e fos -
siliferous strat a 
at Poin t Charle s 
near Darwin . 
Also referre d t o 
as 'Poin t 
Charles Strata' , 
'Point Charle s 
deposit', an d 
'Point Charle s 
bed' 

Plateau Sand­
stone, Plateau 
Sandstone Series 
used t o describ e 
the sandstone s 
capping th e 
plateaux i n 
northern North -
ern Territor y 

Darwin, Forma­
tion bes t deve -
loped i n th e 
coastal section s 
around Darwi n 
and correlate d 
by Noake s wit h 
radiolarian silt -
stone throughou t 

O th e Katherine -
§ Darwi n regio n 
O 
z < 
< 

- D 
^ Unname d forma -

tion o f plant -
bearing sand -
stone 

The nam e 
Mullaman 
Group wa s 
changed t o 
Mullaman Bed s 
to compl y wit h 
Section 2 7 o f th e 
Australian Cod e 
of Stratigraphi c 

Darwin Area , 
Inland Bel t Uni t 
B &  Uni t C  (th e 
distinction 
between Unit s B 
and C  corres -
ponds t o th e 
division withi n 
the Darwi n 
Member betwee n q  Nomenclatur e 
the lowe r argil - W 
laceous fine  w 

sandstone etc . % 
and th e uppe r S 
claystone, etc . a s ^ 
shown i n Figur e >- 4 
W) g 
Inland Bel t ^ 
Unit A 

Darwin Member 
of Bathurs t 
Island Forma -
tion 

Petrel Formation 



shale. The base of the formation is marked by 
a distinctive unit of glauconitic argillaceous 
very fine sandstone with minor shale rich in 
Radiolaria. In Petrel No . 1 this unit ocurs 
between 1299 and 1329 m. 

These lithological subdivisions of the 
Bathurst Island Format ion can be recognized 
throughout the Bonaparte Gulf Basin and 
across the Bathurst Terrace where they crop 
out on the islands, Cobourg Peninsula, and to 
the south on the mainland (Fig. 2 ) . They have 
been mapped as members of the Bathurst 
Island Format ion and, in ascending strati­
graphic order, are known as the Darwin Mem­
ber, Wangar lu Mudstone Member , and Moon­
kinu Member . Another member of the Bathurst 
Island Format ion , the Marl igur Member , is 
restricted to the Cobourg Peninsula Sheet area 
and is laterally equivalent to the Darwin Mem­
ber. 

Thickness: At the type section, 917 m. The 
formation thins gradually towards the eastern 
edge of the Bonaparte Gulf Basin, where a 
thickness of 700 m is indicated by seismic data. 
It becomes still thinner over the Van Diemen 
Rise and eastwards across the Bathurst Terrace . 
In Tinganoo Bay N o . 1 on the northeast coast 
of Melville Island the Format ion is 569 m 
thick. The maximum thickness of the Bathurst 
Island Format ion in the Cobourg Peninsula 
Sheet area is 289 m in B M R Cobourg Penin­
sula N o . 3 (Hughes , 1973) . The Bathurst 
Island Format ion thins rapidly to the south and 
on the mainland the thickest section known is 
83 m in G u n n Point N o . 1 (Kemezys, 1968) . 

Contacts and  relations:  In Petrel N o . 1 the 
Bathurst Island Format ion is overlain uncon-
formably by Upper Palaeocene sediments and 
is underlain disconformably by quartzose coarse 
sandstone of the Petrel Format ion. On Bathurst 
and Melville Islands it lies unconformably 
below the Van Diemen Sandstone; elsewhere it 
is succeeded by a thin cover of Quaternary 
sediments. 

Age: The interval between 412 and 1329 m in 
Petrel 1 ranges from Aptian to Cenomanian, 
possibly Turonian . T h e ages of the individual 
members and their faunas are discussed below. 

Darwin Member 

Derivation of  name:  F r o m the City of Darwin. 
Darwin 1:250 000 topographic Sheet. The 
name is synonymous with the Darwin Forma­
tion which formed part of the Mul laman G r o u p 
of Noakes ( 1 9 4 9 ) . 

Type section:  N o type section was given to the 
Darwin Format ion, although Noakes (1949) 
did state that the formation was best developed 
in the coastal cliffs in and around Darwin. It 
is proposed that the cliffs at Fanny Bay, Dar­
win, be the type section for the Darwin M e m ­
ber. 
Lithology: At its type section a basal con­
glomerate of quartz fragments unconformably 
overlies steeply dipping Proterozoic rocks. 
Above this is up to 8 m of fine sandstone, 
which in turn is overlain by up to 11 m of clay­
stone and radiolarian shale (Skwarko, 1966) . 
The lithology of the Darwin Member varies 
from place to place but it is always fine-grained 
except for a basal conglomerate, and it is typi­
cally rich in Radiolaria. 
Distribution: This distinctive unit has been 
recognized in all wells penetrating the base of 
the Cretaceous in the Bonaparte G u l f / T i m o r 
Sea area (Pontalier, Australian Aquitaine, pers. 
c o m m . ) . The Darwin Member extends beneath 
Bathurst and Melville Islands and was inter­
sected in Tinganoo Bay N o . 1. It crops out 
across the northwestern Nor the rn Terri tory 
and extends as far east as B M R East Alligator 
No . 9 (Needham, 1976) (Fig. 15) . 
Thickness: F r o m 30 m in Petrel N o . 1 the 
Darwin Member extends eastwards forming a 
thin layer of argillaceous rocks across the 
Bathurst Terrace . In Tinganoo Bay N o . 1 the 
Darwin Member is 42 m thick, but on the 
mainland it rarely exceeds 20 m. 
Contacts and  relations:  Within the Bonaparte 
Gulf Basin and over two-thirds of the Bathurst 
Terrace the Darwin Member is the basal unit 
of the Bathurst Island Format ion and discon­
formably overlies the Petrel Format ion . In the 
Cobourg Peninsula Sheet area it is replaced as 
the basal member of the Bathurst Island For­
mation by the Marligur Member . Both mem­
bers are laterally equivalent and the change in 
lithology indicates a change in the depositional 
environment from an epicontinental sea in the 
west to paralic conditions in the east. 

West of the Van Diemen Rise the Darwin 
Member is conformably overlain by Albian to 
Cenomanian mudstone of the Wangarlu Mud­
stone Member . However, on the Bathurst Ter­
race the Albian appears to be missing (Burger, 
Appendix 1 ) , suggesting a short break in 
deposition between the Darwin Member and 
the overlying Wangarlu Mudstone Member . 
Fossils and  age:  The first fossils identified at 
Darwin were Radiolaria. Although Hinde 
(1893) listed fifteen forms, most were new 
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species and unsuitable for dating. T h e Darwin 
M e m b e r is characterized both in outcrop and 
well sections by an abundance of Radiolaria. 

Etheridge (1895 , 1907) published descrip­
tions of fossils found near Darwin and assigned 
a Lower Cretaceous age to them. The mol-
luscan fauna of the Darwin Member has been 
described in detail by Skwarko ( 1 9 6 6 ) . Other 
fossils present in the Darwin M e m b e r include 
belemnites, brachiopods, echinoids, bryozoans, 
corals, and arenaceous foraminifers; none have 
been adequately described in the li terature. 

Palynological examination by Burger 
(Appendix 1) of cores from the Darwin M e m ­
ber indicate that it ranges in age from ?late 
Neocomian to Aptian. In the offshore explora­
tion wells, including Petrel N o . 1, Flat T o p 
N o . 1, and Newby N o . 1, the interval occupied 
by the Darwin Member has been dated as 
Aptian on the basis of foraminifers. 

Marligur Member 
Derivation and  status  of  name:  F r o m Marl igur 
Creek, Cobourg Peninsula 1:250 000 topo­
graphic Sheet; longitude 133°12 'E, lati tude 
ir50'S. Hughes & Senior (1974) defined and 
described the Marl igur Member . 
Type section:  The type section is a low scrub-
covered flat-topped hill 1 km east of Mar l igur 
Creek. A more complete section was sub­
sequently drilled in Cobourg Peninsula N o . 5 
and this reference section is shown in Figure 
16. 

Lithology: Poorly sorted and consolidated, fine 
to coarse quartzose sandstone with angular to 
subangular clasts and thin pelitic interbeds. The 
pelitic interbeds are laminated, micaceous, and 
contain scattered fine to coarse sand grains. A 
gradual increase in grainsize, from sandy silt­
stone at the top to coarse sandstone near the 
base, is typical of the Marl igur M e m b e r as 
intersected in all drill holes on Cobourg Penin­
sula (Fig. 16 ) . The sandstone is porous and 
permeable ; five of the seven holes drilled on 
Cobourg Peninsula have struck artesian water 
in the Marl igur Member . 

All outcrops visited were weathered. T h e 
argillaceous fraction is kaolinitic, and ferru­
ginous mottl ing and silicification are common . 
Distribution: N u m e r o u s but very poor 
exposures occur in the Wellington Range and 
extend to the northeast Alligator River and 
western Junct ion Bay Sheet areas. In subsurface 
the Marl igur Member extends to the north as 
far as Mountnor r i s Bay, and to the southwest 
as far as the northwestern Eas t Alligator 
1:100 000 Sheet area (Fig. 1 5 ) . 

Thickness: Most outcrops reveal less than 2 m 
of the member. The greatest thickness inter­
sected by drilling was 62 m in B M R Cobourg 
Peninsula N o . 5. Drill-hole information avail­
able suggests that the Marl igur Member main­
tains a fairly constant thickness over central 
Cobourg Peninsula Sheet area but that it thins 
rapidly to the north and south. 
Contacts and  relations:  The Marl igur M e m b e r 
rests unconformably on basement; a thin con­
glomerate of quar tz and siliceous siltstone 
pebbles is present at the contact . In places the 
member overlies or abuts against steep escarp­
ments of Kombolgie Format ion . It is overlain 
in the subsurface by the Wangar lu Mudstone 
Member ; a short hiatus may separate the two 
units. Where it crops out the Marl igur M e m ­
ber is overlain by a thin Quate rnary soil cover. 
T h e Marl igur Member is laterally equivalent 
to the Darwin Member of the Bathurst Island 
Format ion . 

Fossils and  age:  A heteromorphic ammoni te , 
IBacculites sp., numerous gastropods and 
crinoid ossicles, and worm borings are present 
in the Marl igur Member . Spores from cuttings 
from BMR Cobourg Peninsula N o . 4 are of 
?late Neocomian to Apt ian age (Burger, 
Appendix 1 ) . 

Wangarlu Mudstone  Member 

Derivation and  status  of  name:  F r o m Wangar lu 
Bay, Cobourg Peninsula 1:250 000 topographic 
Sheet; longitude 132°20 'E, latitude 11°12'S. 
Hughes & Senior (1974) defined and described 
the Wangar lu Muds tone Member . 
Type section:  T h e type locality is the cliffs on 
the northwest side of Wangar lu Bay, Cobourg 
Peninsula. A reference section through the 
Wangar lu Mudstone M e m b e r is provided by 
B M R Cobourg Peninsula N o . 3, between 70 
and 281.5 m (Fig. 1 6 ) . 
Lithology: Micaceous mudstone with some 
glauconitic siltstone and a few thin beds and 
laminae of fine sandstone and limestone. T h e 
muds tone contains disseminated pyrite which 
on oxidation leaves sulphurous encrustat ions. 
Scattered dark grey pyritic nodules, calcareous 
concretions, and carbonaceous material are 
c o m m o n within the mudstone . In outcrop the 
mudstone is soft and shrinks on drying to 
crumbly blocks. 
Distribution: The Wangar lu Muds tone Member 
M e m b e r is known throughout the area mapped 
and extends beyond the western edge of the 
Bathurst Island Sheet area into the Bonapar te 
Gulf Basin. It only crops out along the southern 
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coast of Cobourg Peninsula, on southern 
Croker Island, and at Guia lung Point. Else­
where, it is overlain either by the Moonkinu 
Member or by thin Quaternary sediments. 

Thickness: The maximum thickness observed 
at Wangar lu Bay is 14 m, but drilling has 
revealed up to 212 m of Wangarlu Mudstone 
Member in Cobourg Peninsula No . 3 (Fig. 16) , 
287 m in Bathurst Island N o . 2 (Fig. 16) , and 
756 m offshore in Petrel No . 1 (Fig. 13) . 

Contacts and  relations:  The Wangar lu Mud­
stone Member is succeeded conformably by the 
Moonkinu Member over the entire area, 
except in the southern Cobourg Peninsula Sheet 
area where it is overlain by thin Quaternary 
sediments. 

Fossils and  age:  Abundant fragments of 
bivalves, gastropods, and Upper Cretaceous 
ammoni tes including Sciponoceras  and Acan-
thoceras occurred in several drill holes. In out­
crop macrofossils are rare and most are Mytilus 
sp., al though impressions of ammonites occur 
at Guia lung Point. Palynological examination 
of both outcrop and drill-hole samples by Bur­
ger (Appendix 1) has shown that on the 
Bathurst Terrace the age of the Wangar lu Mud­
stone Member is Cenomanian . Studies on fora­
minifers from the Wangar lu Mudstone Member 
by Terpst ra (in Kemezys, 1968) and Owen 
(in Pember ton , 1971) support this interpreta­
tion. 

Moonkinu Member 

Derivation and  status  of  name:  F rom Moon­
kinu Beach, 20 k m southwest of Bathurst 
Island Mission, Bathurst Island 1:250 000 
topographic Sheet; longitude 130°28 'E. latitude 
11°50'S. The Moonkinu Member was first 
described and defined by Hughes & Senior 
( 1 9 7 4 ) . 

Type section:  The type section is the cliffs 
adjacent to Moonkinu Beach. Figure 17 shows 
a detailed stratigraphic section measured at the 
type locality. 

Lithology: F ine to very fine sublabile sandstone 
interbedded with dark to light grey siltstone 
and mudstone. The sandstone is dark grey or 
grey to yellow, generally well sorted, and com­
posed of angular to subangular quartz grains, 
opaque minerals, weathered feldspar and a 
little muscovite, glauconite, tourmaline, and 
zircon. Clasts and lenses of siltstone occur at 
irregular intervals in the sandstone beds. The 
mudstone is finely laminated, lignitic, soft, and 
friable where weathered. Fine sandstone 

lenses and partings are common in the mud­
stone intervals. 

Calcareous and limonitic concretions are 
present in both the sandstone and mudstone 
beds and are aligned parallel to the bedding. 
Medium-scale low-angle cross-stratification is 
common within the sandstone beds. Other sedi­
mentary structures observed include burrow 
structures, fine parallel lamination, and wavy 
lamination. 

Distribution: The Moonkinu Member crops out 
in the cliff sections exposed along the southern 
coasts of both Melville and Bathurst Islands. 
Inland on both islands, outcrop is poor and 
generally restricted to small exposures adjac-
cent to streams which have eroded through the 
Cainozoic cover. In the Notch Peak region. 
Melville Island and along the scarp marking 
the southern edge of the plateau the Moonkinu 
Member is exposed beneath a capping of 
weathered Van Diemen Sandstone. 

In the Cobourg Peninsula Sheet area the 
Moonkinu Member is best exposed between 
De Courcy Head and Lateri te Point. Two 
small areas of unweathered outcrop are present 
in Mountnorr is Bay-Copeland Island and an 
unnamed headland south of Copeland Island. 
In the central portion of the Peninsula the 
Moonkinu Member occurs as discontinuous, 
highly weathered outcrops. 

In the subsurface the Moonkinu Member is 
known throughout the area except in the Wel­
lington Range. 
Thickness: The greatest known thickness of the 
Moonkinu Member is 400 m in Tinganoo Bay 
No. 1. The unit thins westward to 131 m in 
Petrel No . 1, and eastward to 60 m in Cobourg 
Peninsula N o . 3. 
Contacts and  relations:  The Moonkinu Mem­
ber forms the uppermost member of the 
Bathurst Format ion and throughout the area 
it conformably overlies the Wangarlu Mudstone 
Member . It is unconformably overlain on the 
islands by the Van Diemen Sandstone, on 
Cobourg Peninsula by Quaternary sediments, 
and offshore by undifferentiated Tert iary sedi­
ments. 
Fossils and  age:  Both macrofossils and micro-
fossils indicate a Cenomanian age for the 
Moonkinu Member (p . 14 and Appendix 1 ) . 

Van Diemen  Sandstone 

Derivation and  type  section:  F r o m Cape Van 
Diemen, latitude I T U ' S , longitude 130°25'E, 
Bathurst Island 1:250 000 topographic Sheet. 
Hughes & Senior (1974) designated the cliffs 
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Fig. 17 . Typ e sectio n o f th e Moonkin u Membe r a t Moonkin u beach , Bathurs t Island . 

on the northeastern coast of Cape Van Diemen 
as the type section of the Van Diemen Sand­
stone (Fig. 18) . 
Lithology: Friable white to yellow medium to 
coarse quartzose sandstone with intercalations 

of coarse sandstone, and minor lenses of silt­
stone and granular conglomerate . T h e sand­
stone is poorly sorted and composed pre­
dominant ly of subangular to rounded quar tz 
with a small percentage of opaque minerals and 
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rare tourmaline grains. Little matrix is present 
in the sandstone, and the grains are closely 
packed. 

The sequence is generally cross-bedded by 
medium-scale high-angle sets. Small clasts of 
mudstone and clay are rare . T h e Van Diemen 
Sandstone is strongly weathered in outcrop and 
profusely iron-stained, especially inland. 
Distribution: Discont inuous outcrops of Van 
Diemen Sandstone form low ridges and dis­
sected plateaux on both Bathurst and Melville 
Islands. 

Thickness: On southern Bathurst Island auger 
drill holes penetrated up to 60 m of Van 

Diemen Sandstone (Laws, 1967) . The forma­
tion gradually thickens nor thwards . 

Contacts and  Relations:  The Van Diemen 
Sandstone rests unconformably on the 
weathered surface of the Cenomanian Moon­
kinu Member . The contact is exposed at Moon­
kinu Beach on the south coast of Bathurst 
Island and at Piper and Luxmore Heads . Mel­
ville Island. Onshore the Van Diemen Sand­
stone is overlain by Quaternary sand and soil. 

Fossils and  age:  Ter t iary plant fossils collected 
from the Van Diemen Sandstone have been 
identified by White (Appendix 2 ) . 
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A P P E N D I X 1 

P A L Y N O L O G I C A L E X A M I N A T I O N O F O U T C R O P S A M P L E S A N D S U B S U R F A C E 
S E C T I O N S I N T H E B A T H U R S T I S L A N D , M E L V I L L E I S L A N D , C O B O U R G P E N I N S U L A , 

A N D D A R W I N S H E E T A R E A S 

by D . Burger 

O U T C R O P S A M P L E S B A T H U R S T I S L A N D , 
M E L V I L L E I S L A N D , A N D C O B O U R G 

P E N I N S U L A 

Outc rop samples collected dur ing 1972 from 
Bathurs t and Melville Islands and Cobourg 
Peninsula were palynologically examined. Most 
of the 26 samples contained sufficient spores, 
pollen, and microp lankton for age determina­
tion. T h e results of the examinat ion are listed 
in Tab le A. Da t ing of the microfloras is based 
on detailed palynological investigation of two 
wells, Bathurs t Island N o s . 1 and 2, which 

penetrated Cenomanian strata on the south 
coast of Bathurst Island (Norv ick & Burger, 
1976) . 

Species on which dating of the samples is 
based are : 

C lasso pollis sp. no v. ( B M R 337) 
Asteropollis asteroides  Hed lund & Norr i s 

( B M R 1157) 
Camarozonosporites sp. nov. ( B M R 1128) 
Gleicheniidites cf. G.  trijugatm  (P ie rce) 

( B M R 1139) 
Liliacidites sp. ( B M R 1121) 

TABLE A . RESULT S O F PALYNOLOGICA L AG E DETERMINATION S O F OUTCRO P 
SAMPLES FRO M BATHURS T A N D MELVILL E ISLAND S A N D COBOUR G 

PENINSULA 

Outcrop locality 
Latitude/ 
Longitude Sample No. Stratigraphic unit 

Suggested age 

Bathurst Islan d 11°49'S 
130°28'E 

5900 Moonkinu Membe r Cenomanian 

11°49'S 
130°28'E 

5931 Moonkinu Membe r Cenomanian 

11°49'S 
130°28'E 

5932 Moonkinu Membe r Cenomanian 

Bathurst 11°46'S 
130°20'E 

5901 Moonkinu Membe r Cenomanian 

11°46'S 
130°20'E 

5902 Moonkinu Membe r Cenomanian 

11°47'S 
130°18'E 

5840 Moonkinu Membe r Albian/ 
Cenomanian 

11°47'S 
130°15'E 

5841 Moonkinu Membe r Cenomanian 

11°50'S 
130°30'E 

5903 Moonkinu Membe r ?Cenomanian 

11°50'S 
130°31'E 

5842 Moonkinu Membe r Cenomanian 

11°5G'S 
130°30'E 

5843 Moonkinu Membe r Cenomanian 

Bathurst Islan d 11°53'S 
130°52'E 

5904 Moonkinu Membe r Cenomanian 

11°47'S 
130°11'E 

5845 Moonkinu Membe r Cenomanian 

Cobourg Peninsul a 11°29'S 5850 Wangarlu Mudston e Cenomanian 
130°19'E Membe r 
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T I N G A N O O BAY N o . 1, M E L V I L L E could be dated by the presence of spores, 
I S L A N D pollen grains, microplankton , and foraminifers. 

Core samples from Tinganoo Bay N o . 1 The results are reviewed below. 

TABLE B . AG E DETERMINATION S O N CORE S FRO M TINGANO O BA Y 1 

Sample depth Sample No. 
(m) Stratigraphic unit Suggested age 

11.1 5566 Moonkinu Membe r early Upper Cretaceou s 
483.1 5909 Wangarlu Mudston e Membe r unknown 
487.7 
501.1 5584 Wangarlu Mudston e Membe r Cenomanian 
508.4 5585 Wangarlu Mudston e Membe r Cenomanian 
512.7 5586 Wangarlu Mudston e Membe r Cenomanian 
518.2 5587 Wangarlu Mudston e Membe r Cenomanian 

543.2 6091 Darwin Membe r Aptian 
547.1- 5905 Darwin Membe r unknown 
548.6 
550.8 5589 Darwin Membe r unknown 
553.5 6090 Darwin Membe r Aptian 
558.4 6089 Darwin Membe r Aptian 
565.1 5906 Darwin Membe r unknown 
566.9 6088 Darwin Membe r Aptian 

569.1 5907 Tinganoo Ba y Bed s unknown 
570.0 6087 Tinganoo Ba y Bed s ?Aptian 
570.3 5908 Tinganoo Ba y Bed s ?Aptian 
573.3 6086 Tinganoo Ba y Bed s ?Aptian 
574.6 6085 Tinganoo Ba y Bed s ?Neocomian 
576.4 5911 Tinganoo Ba y Bed s late Uppe r Jurassi c 

Upper Jurassic  (583.4  to  576.4  m) 
Sample N o . 5911 yielded a modera te ly well 

preserved spore-pollen assemblage which con­
tained many saccate pollens, a m o n g which 
Aliaporites similis,  A.  grandis,  Micro-
cachryidites antarcticus,  and Podosporites  sp. 
M. antarcticus  first appear in late U p p e r Juras­
sic sediments of Australia, and is c o m m o n in 
the Lower Cretaceous. However , the assem­
blage lacks other species known from the early 
Cretaceous and is therefore probably Jurassic 
rather than Cretaceous. T h e absence of mar ine 
microplankton in the assemblage points to non-
marine deposit ional environments at the t ime. 
Lower Cretaceous  (574.6  to  543.2  m) 

This par t of the sequence is character ized by 
the presence of mar ine microplankton , the rela­
tive abundance of which increases upwards in 
the section. Sample N o . 6085 contains Cyathi-
dites punctatus,  Foraminisporis  dailyi,  and 
Perotrilites linearis,  indicating an early Creta­
ceous age for the assemblage. T h e micro­
plankton recovered confirms this ; t he species 
Canningia colliveri,  Cyclonephelium  distinc-
tum, and  Chytroeisphaeridia  sp. were found. 

T h e group of Cyclonephelium  occurs com­
monly in the late Jurassic and early Cretaceous 
of the Papuan Basin, but diminishes to insignifi­
cance in the Apt ian of both the Papuan and 
the Great Artesian Basin. T h e sample is there­
fore thought to be pre-Aptian. 

T h e remaining samples f rom this par t of the 
well section yielded a few poor ly preserved 
fossils. M a n y of the recovered mar ine 
organisms represent new species of which the 
geological ranges are insufficiently known. T h e 
only factor of significance is the presence of 
Dingodinium cerviculum,  a species which does 
not occur in sediments younger t han Apt ian in 
Australia and Papua . M u c h of this par t of the 
sequence can be equated wi th Evans ' ( 1966) 
Dingodinium cerviculum  Dinoflagellate Zone 
of Aptian age. Other species found in this inter­
val are Chlamydophorella  nyei,  Canningia  col-
liveri, Diconodinium  sp., Spiniferites  spp., and 
cf. Phoberocysta  sp. 

The presence and relative a b u n d a n c e of these 
species in the assemblages indicates tha t deposi­
tion took place in shallow and open mar ine 
conditions. 
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Upper Cretaceous  (528.2  to  77.7  m) 
Foramini fers and dinoflagellates of Ceno­

man ian ( to perhaps uppe rmos t Alb ian) age 
were recovered f rom samples in the interval 
528.2-501.1 m. 

T H E D A R W I N R E G I O N 
Core samples f rom the m a r i n e sedimentary 

sequence nor theas t of D a r w i n yielded reason­
ably well preserved microp lank ton assemblages. 

Age estimations of the samples (see Tab le C ) 
are based on dinoflagellate species which have 
been described and repor ted from the G r e a t 
Artesian Basin, Queensland, and Bathurst 
Island. 

Spores and pollen grains were lacking or 
present in very low numbers only. 

Core samples f rom strata penetrated by 
G u n n Point N o . 1 and Lee Point Nos . 1 and 
2 diamond-dri l l holes could also be dated on 

TABLE C . A G E DETERMINATION S O F CORE S T A K E N I N MOORAMJ U 
DIAMOND-DRILL HOLE S NOS . 1 , 5 , 15 , 17 , 1 8 

Mines Dept 
Mooramju DDH 

(Lau, 1973) 

Sample 
Depth 

(m) 
Sample 

No. Suggested age Stratigraphic unit 

1 26.5 6095 ?Cenomanian Wangarlu Mudston e Membe r 

5 25.2 
30.0 

6096 
6097 

CenoTnanian 
?Cenomanian 

Wangarlu Mudston e Membe r 

15 30.5 6099 ?Aptian Darwin Membe r 

17 42.9 
66.0 

6100 
6101 

Aptian 
Aptian 

Darwin Membe r 

18 44.0 
54.0 

6102 
6103 

Aptian 
?Neocomian 

Darwin Membe r 

TABLE D . A G E DETERMINATION S O F CORE S TAKE N I N DIAMOND-DRIL L 
HOLES G U N N POIN T NO . 1  A N D LE E POIN T NOS . 1  A N D 2 

Mines Dept 
DDH 

Sample 
Depth 

(m) 
Sample 

No. Suggested age Stratigraphic unit 

30.8 5961 Cenomanian 
38.4 5959 (?Albian)/ 

Cenomanian 
Wangarlu Mudston e Membe r 

Gunn Poin t No . 1 50.0 5947 ?Cenomanian 
55.1 5946 Aptian 
83.2 6093 Aptian Darwin Membe r 

Lee Poin t No. 1 28.7 5813 ?Aptian Darwin Membe r 
38.1 5809 (early) Aptia n 

Lee Poin t No . 2 17.1 5868 Aptian Darwin Membe r 

the basis of microplankton , spores, and pollen 
grains (Tab le D ) . Except for sample N o . 5946, 
all samples represent sediments formed in 
mar ine environments . 

T h e present examinat ion confirms Terpstra ' s 
(in Kemezys , 1968) repor t of the presence of 
Cenoman ian foraminiferas at 30.8-34.8 m 
(101 ' -114 '4" ) and 43.1-43.7 m (141 '6" -
143 '6") in G u n n Po in t N o . 1. Cenoman ian 
strata rest immediate ly on Apt ian strata 
between 50 and 55 m . This is m o r e t han a 
local p h e n o m e n o n as the Alb ian is also absent 

in the Cretaceous rock sequences of Melville 
Island and Cobourg Peninsula . 

B M R C O B O U R G P E N I N S U L A 
S T R A T I G R A P H I C H O L E S 

Samples f rom cores and cuttings of B M R 
Cobourg Peninsula N o s . 1 , 3 , and 4 have been 
examined on spores, pol len and microplankton 
for a prel iminary age determinat ion of the 
drilled formations. T h e results are tabulated 
below (Table E ) . 
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TABLE E . AG E DETERMINATION S O F CORE S A N D CUTTING S FRO M COBOUR G PENINSUL A 
NOS. 1 , 3 , A N D 4 

BMR 
stratigraphic Sample depth Sample 

hole Core (m) No. Stratigraphic unit Age 

C P . No . 1 cuttings 36.5-39.5 6209 Marligur Membe r ? 

1 16.2-16.3 6201 Moonkinu Membe r Cenomanian 
2 16.7 6223 ? 

30.7 6221 Moonkinu Membe r ? 
3 31.9 6203 ? 

61.6 6224 Moonkinu Membe r ? 
4 62.5 6204 Cenomanian 

93.3 6225 Wangarlu Mudston e Membe r Cenomanian 
5 93.9 6205 ?Cenomanian 

125.6 6222 Wangarlu Mudston e Membe r Cenomanian 
C P . No . 3 6 125.9 6206 7 

126.5 6226 ?Cenomanian 
157.3 6227 Wangarlu Mudston e Membe r Cenomanian 

7 158.2 6228 ?Cenomanian 
159.6 6229 Cenomanian 
160.0 6207 ? 

212.1 6230 Wangarlu Mudston e Membe r Cenomanian 
213.0 6231 Cenomanian 
214.2 6232 Cenomanian 
214.6 6208 7 

1 43.0 6233 Wangarlu Mudston e Membe r Cenomanian 
43.7 6234 ?Cenomanian 

C P . N o . 4 44.2 6235 7 
44.5 6202 ?Cenomanian 

cuttings 116-119 6210 Marligur Membe r Neocomian/Aptian 
cuttings 122-125 6211 Neocomian/Aptian 
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A P P E N D I X 2 

T E R T I A R Y P L A N T FOSSILS F R O M M E L V I L L E I S L A N D , N . T . 

by 

M a r y E. Whi te 

Plant fossils were collected by R. J. Hughes 
from the type section of the V a n Diemen Sand­
stone at Cape V a n Diemen, Melvil le Island; 
lati tude I T U ' S , longitude 130°25 'E . The 
B M R registered sample N o . is 73050107 . T h e 
rock is very fine-grained whi te , c ream, o r grey 
muds tone and the fossils occur as impressions, 
some with iron-staining. Preservat ion is good 
and some fine detail is visible on some of the 
impressions. A number of Dicotyledonous 
genera and one fern f ragment a re identified, 
and the age of the assemblage is Eocene to 
Recent . 

All the genera identified are components of 
present-day Austral ian and Indomalayan floras. 
Mos t specimens have also been matched with 
specimens in an Eocene collection f rom Vege­
table Creek in N e w South Wales described by 
Et t inghausen ( 1 8 8 8 ) . 

T h e present collection f rom Melville Island 
has been studied by compar ison wi th t he Ett ing­
hausen types in the Vegetable Creek collection 
at the Austra l ian M u s e u m , and by a study of 
living examples of the genera to which the 
specimens have been assigned. T h e Grevillea 
sp. identified has not been found before, as far 
as can be determined, and m a y be a new 
species. T h e choice of Grevillea  and no t one 
of the closely related genera is based on 
examinat ion of specimens in t he Na t iona l Her ­
ba r ium in Sydney, where I was generously 
assisted and advised by M r D . MacGil l ivray . 

List of  Plants  Identified 
1. Grevillea  sp. (probably sp. nov . ) 

Fami ly Pro teaceae 
2. Elaeocarpus  muelleri  Et t . 

Fami ly Elaeocarpaceae 
3 . Elaeocarpus  sp. 

Fami ly Elaeocarpaceae 
4. Roupala  sapindifolia  Et t . 

Fami ly Pro teaceae 
5. Ceratopetalum  cf. C.  macdonaldi  Et t 

Fami ly Cunoniaceae 
6. Banksia  sp. 

Fami ly Proteaceae 
7. Aralia  sp . 

Fami ly Aral iaceae 

8. Seed 
9. Flower or fruit 

Fami ly Myr taceae 
10. Pteris 

Filicales 

Description of  Specimens 
1. Grevillea  sp. 

Specimens F 23726, F 23727 , F 23728, F 
23729. 

T h e range of size and form of the pinnate 
leaves which are referred to Grevillea  sp. is 
seen in Plate 1, figs. 1-4. T h e pinnules a re 
decurrent and pinnule margins m a y be slightly 
recurved. T h e midr ibs of the pinnules are 
strong and the secondary venat ion is fine. I n 
specimen F 23728 (fig. 3 ) a single pinnule of 
a m u c h larger p inna te leaf overlies the m o r e 
complete front, indicat ing that leaves of larger 
size occurred. 

Grevillea is a m e m b e r of the family P r o ­
teaceae and contains abou t 200 extant species, 
including silky oaks and spider flowers. 

2. Elaeocarpus  muelleri  Ett . 
Specimen F 23730 
Par t of a large leaf is seen in Plate I I , fig. 

1. It has an undula t ing marg in and a s trong 
midrib. Some fine lateral veins can be seen. 
This leaf appears to b e the same as the Elaeo-
carpus muelleri  described by Et t inghausen at 
Vegetable Creek. A similar leaf f rom Cape 
Vogel, Eas t Papua , was referred to the species 
by me ( 1 9 7 0 ) . 

T h e leaf s t ructure is consistent with leaves 
of species of Elaeocarpus  examined in the her­
bar ium. 

Elaeocarpus is a genus of the family Elaeo­
carpaceae ( t o which the Blueberry Ash, com­
mon round Sydney, belongs) and there are 
more than 70 species in existence today. 
3. Elaeocarpus  sp . 

Specimen F 2 3 7 3 1 . 
A leaf with undula t ing margin is illustrated 

in Plate I I , fig. 2. I t is similar to several modern 
species of Elaeocarpus. 
4. Roupala  sapindifolia  Et t . 

Specimen F 23732 . 
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T h e pair of leaves arrowed on section F 
23732 are referred to Roupala  asapindifolia 
Ett. ( = Rhopala  sapindifolia  Ett., 1888) . The 
genus is a member of the Proteaceae closely 
related to Banksia.  The other pair of leaves in 
Plate III, fig. 1 are Elaeocarpus  sp. and have 
delicately undulat ing margins. 

Roupala is a genus distributed in tropical 
America, Australia, and New Caledonia. 
5. Ceratopetalum  cf. C. macdonaldi  Ett. 

Specimen F 23733. 
A petiolate leaf with a finely crenulate mar­

gin is illustrated in Plate II. fig. 3. It resembles 
the specimen named Ceratopetalum  mac-
donaldi by Ett inghausen. 

Ceratopetalum is a member of the Cunonia-
ceae, a southern sub-tropical family. 
6. Banksia  sp. 

Specimen F 23734. 
Part of a leaf illustrated in Plate IV, fig. 1  is 

referred somewat doubtfully to Banksia  sp. It 
is similar to leaves identified as Banksia  by 
Ett inghausen. 

Banksia is a member of the Proteaceae and 
more than 50 species are described in the Aus­
tralian flora. 
7. Aralia  sp. 

Specimen F 23735. 
Part of a leaf which appears to be referable 

to Aralia  is illustrated in Plate IV, fig. 2. The 
family Araliaceae ( to which the Queensland 
Umbre l la Tree belongs) is distributed in the 
Indomalayan region, tropical America, and 
Australia. 

8. Small  flower  or  fruit 
Specimen F 23736. 
A small flower cup or fruit similar to those 

which occur in Myrtaceae is seen in Plate IV, 
fig. 3. A five-parted calyx is attached to a recep­
tacle which contains the ovary. 

9. Small  pointed  seed 
Specimen F 23737. 
A small unidentified seed is illustrated in 

Plate IV, fig. 4 . 

10. Fern  fragment:  Pteris  humei  Ett. 
Specimen F 23738. 
A small fragment of the fern Pteris  humei  is 

identified and illustrated in Plate IV, fig. 5. It 
matches material in the Vegetable Creek collec­
tion. 

11. All specimens not illustrated in the collec­
tion are numbered F 23739 and labelled 
individually when they contain determinate 
plant remains. 

Conclusions 

The plant assemblage from the Van Diemen 
Sandstone on Melville Island is Eocene or 
younger. 

R E F E R E N C E S 

E T T I N G H A U S E N , C. V O N , 1888 —Contributions to 
the Tertiary flora of Australia. Mem.  geol. 
Surv. N.S.W.,  Palaeont..  2. 

W H I T E , M . E. , 1970 —Plant fossils from the Cape 
Vogel Basin, east Papua. Bur.  Miner.  Resour. 
Aust. Rec.  1 9 7 0 / 2 9 (unpubl.). 
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Plate I I 
(all figures  magnifie d x2 ) 



Plate II I 



Plate I V 
(all figures  magnifie d x2 ) 

5 
Fig. 1 . Banksia  sp . CP C 1712 9 ( F 23734 ) 
Fig. 2 . Aralia  sp.  CP C 1713 0 ( F 23735 ) 
Fig. 3 . Flowe r Cup CP C 1713 1 ( F 23736 ) 
Fig. 4 . Smal l Seed CP C 1713 2 ( F 23737 ) 
Fig. 5 . Pteris  humei  CP C 17133 ( F 23738 ) 
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A P P E N D I X 3 

I D E N T I F I C A T I O N O F O P A Q U E M I N E R A L S IN M I N E R A L S A N D S A M P L E S F R O M 
M E L V I L L E A N D B A T H U R S T I S L A N D S 

b y S . Whi tehead* 

Eight samples of heavy-mineral sands (Fig . 
1) were submit ted for the identification of 
opaque minerals with part icular reference t o 
ilmenite and chromite . T h e samples were 
mounted without further t reatment , polished, 
and examined in incident light. T h e most abun­
dant opaque minerals in these samples are com­
pletely altered ilmenite grains composed of 
porous, apparent ly amorphous iron-t i tanium 
oxide, rutile, and, in three samples, grains 
composed of fine-grained supergene iron oxides 
including hematite, goethite, and maghemite . 
Leucoxene occurs in subordinate to minor 
amounts and two samples contain some fresh 
and partly altered ilmenite. Traces of chromite 
were found in only two samples—those con­
taining the fresh and partly altered ilmenite. 
Most of the ilmenite, altered ilmenite, leu­
coxene, and rutile grains are well sorted and 
rounded to subangular and between 0.1 and 0.3 
mm. 

Most of the supergene iron oxide grains are 
well rounded ( larger) and some show textures 
suggesting that this iron oxide has cemented 
a n d / o r replaced earlier sediments. The 
presence of maghemite accounts for most if not 
all of the magnetic grains in the respective 
samples. 

The eight samples can be divided into three 
groups: 

Samples 7205-0035, 0039, 0044, 0047, and 
0064 contain completely altered ilmenite, 
leucoxene, and rutile. N o fresh ilmenite and 
chromite were found, and only trace amounts 
of goethite and other ferric oxides. 

Samples 7205-0048 and 0049 contain some 
fresh, partly altered, and completely altered 
ilmenite, leucoxene, and a trace of chromite . 
They also contain abundant large grains of 
supergene ferric oxides. 

Sample 7205-0070 differs from all others in 
that it is composed almost entirely of well 
rounded grains composed of goethite, hema­
tite, and some maghemite . 

Textures in many of these grains suggest that 
they were derived from an earlier sediment 

* A M D E L , Adelaide , Sout h Australia . 

which had been cemented a n d / o r partly 
replaced by the supergene iron oxides. Non­
opaque minerals are predominant ly zircon with 
lesser amounts of tourmal ine, kyanite, and 
staurolite. 

Description of samples 

Sample 72050035,  PS  20031  (map  ref..  No. 
HD3) 

Well sorted grey sand containing up to 5 0 % 
of colourless t ransparent grains. There are rare 
magnet ic grains. 

Polished section.  A visual estimate of the 
minerals present is as follows: 

% 
Altered ilmenite 30-35 
Leucoxene 10-15 
Rutile 5-10 
Goethi te Trace 
Non-opaque 40-50 

Nei ther chromite nor fresh ilmenite were 
found in the section. T h e altered ilmenite 
grains are 0.1-0.2 m m in size, many are elon­
gate, and they vary from subrounded to well 
rounded. A few are subangular . They are 
slightly porous and are composed of apparent ly 
amorphous iron-t i tanium oxide. Some of the 
grains show relict textures making former basal 
planes of the original ilmenite but no remnants 
of fresh ilmenite were found. 

The leucoxene grains are similar to the 
altered ilmenite grains but a higher propor t ion 
are well rounded. T h e y are pale grey t o 
yellowish with internal reflections. Iron oxide, 
which is present in the altered ilmenite, has 
been largely leached from the leucoxene grains 
and the remaining t i tanium oxide has recrystal-
lized. 

Rutile grains are semi-translucent, dark red­
dish brown, and generally subangular . A few 
show twinning. T h e sample contains a few 
grains of porous fine-grained goethite. T h e non­
opaque grains are mainly zircon with a few 
tourmal ine and some quar tz and rare kyanite. 
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Sample 72050039,  PS  20032  (map  ref.  No. 
HD9) 

The sample contains heavy-mineral grains 
mixed with an abundance of pale-coloured 
clay. 

Polished Section.  A  visual est imate of the 
minerals present, disregarding the clay, is as 
follows: 

% 
Altered ilmenite 10-15 
Leucoxene 3-5 
Rutile 25-30 
Goethi te T race 
N o n - o p a q u e 50-60 
T h e altered i lmenite and leucoxene grains 

a re similar to those in the Sample 72050035 
described above. Mos t are po rous and sub-
rounded to well rounded and between 0.1 and 
0.3 m m in size. T h e rutile grains a re generally 
more angular and fractured bu t some are well 
rounded. 

T h e non-opaque grains are predominant ly 
zircon but also include minor kyani te , s tauro-
lite, and tourmal ine . Some grains are sur­
rounded by an adher ing layer of clay contain­
ing some very fine-grained quartz . 

Sample 72050044,  PS  20033  (map  ref.  No. 
HD7) 

A well sorted, generally dark sand contain­
ing dark opaque grains, yellowish leucoxene, 
dark red rutile, and colourless zircon. 

Polished Section.  A  visual est imate of the 
minerals present is as follows: 

% 
Completely altered ilmenite 30-35 
Leucoxene 5-10 
Rutile 20-25 
N o n - o p a q u e 30-35 
Goethi te T race 
N o fresh i lmenite or chromi te was found. 

T h e grains are generally well sorted and 
between 0.1 and 0.3 m m in size. M a n y of the 
rutile, zircon, and altered i lmenite grains are 
elongate. T h e individual minerals are essen­
tially very similar t o those described in sample 
72050035 and they vary f rom subangular to 
well rounded. 

T h e non-opaque grains are predominant ly 
zircon with traces of tourmal ine , kyani te , and 
staurolite. 

Sample 70250047,  PS  20034  (map  ref.  No. 
HD4) 

D a r k heavy-mineral sand containing colour­
less t ransparen t grains, dark o p a q u e grains, 
and translucent reddish b rown grains. 

Polished Section.  A  visual es t imate of the 
minerals present is as follows: 

% 
Completely altered i lmenite 50-55 
Leucoxene 5-10 
Ruti le 3-4 
Goethi te T race 
Hemat i t e (mar t i t e ) T r a c e 
N o n - o p a q u e 30-40 
T h e minerals grains a r e no t as well sorted 

as in some of the o ther specimens and vary in 
size f rom 0.1 to 0.5 m m . T h e o p a q u e grains 
are, however, essentially similar t o those in 
other samples. T h e only t race of fresh i lmenite 
found is as a small inclusion in a non-opaque 
grain. Chromi te was not found. 

T h e non-opaque heavy minera ls are pre­
dominant ly tourmal ine , kyani te , staurolite, and 
very few zircons. 

Sample 72050048,  PS  20035  (map  ref.  No. 
HD16) 

Very dark heavy-mineral sand containing 
grains of different sizes. M a n y grains are 
at t racted to a magnet . 
Polished Section.  A  visual est imate of the 
minerals present is as fol lows: 

% 
Fresh ilmenite 15-20 
Part ly altered i lmenite 2-3 
Completely altered i lmenite 5-7 
Leucoxene T race 
Rutile 10-15 
TTitanif erous magnet i te T r a c e 
Chromi te (par t ly a l tered) T r a c e 
Supergene ferric oxides including 

maghemite 30-40 
Non-opaque 30-40 
Sulphide (inclusions in i lmenite) M i n u t e 

t r ace 
T h e ilmenite grains a re well sorted (0.1-0.2 

m m ) and generally sub rounded . A few have 
cavities f rom which an unde te rmined minera l 
inclusion has been leached. 

T h e partly altered grains show all stages of 
replacement by porous amorphous iron-
t i tanium oxide beginning at t he surface and 
extending into the grain along some small 
fractures and basal par t ing planes. T h e com­
pletely altered ilmenite, leucoxene, and rutile 
grains are similar t o those in other samples and 
are of similar grainsize to the i lmenite. 

A significant p ropor t ion of this sample is 
composed of rounded and subrounded grains 
of porous, very fine-grained ferr ic oxides 
including hemat i te , maghemi te , and minor 
goethite. These grains a re larger t han the other 
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heavy-mineral grains and average 0.2-0.4 m m 
with a few u p to 0.5 m m long. Some show 
fine coiloform textures a n d m a n y have small 
cavities f rom which a ?silicate minera l has been 
leached. Because of t h e presence of maghemite , 
mainy grains are p robab ly magnet ic and this 
accounts for the n u m e r o u s magnet ic grains in 
the sample . 

T h e non-opaque grains are all zircon. 

Sample 72050049,  PS  20036  (map  ref.  No. 
HD17) 

D a r k heavy-mineral sand conta ining a small 
p ropor t ion of magnet ic grains and abundant 
reddish brown grains. 

Polished Section.  A  visual est imate of the 
minerals present is as fol lows: 

% 
I lmenite 5-10 
Al tered i lmenite 20-25 
Leucoxene 5 
Rutile 10-15 
?Titaniferous magnet i te T race 
Chromi te Minu te 

t race 
Supergene ferric oxides (hemat i te , 
maghemi te , and goethi te) 20-30 
N o n - o p a q u e 20-25 

T h e ilmenite grains a re subrounded to sub-
angular and show all gradat ions f rom only very 
slightly altered to complete ly altered. Those 
grains showing minor al terat ion are listed as 
ilmenite and those showing extensive and com­
plete alteration are listed as al tered ilmenite. 

Supergene iron oxide grains are similar to 
those in Sample 72050048 and those contain­
ing maghemi te probably account for most of 
the magnet ic grains in the sample . This sample 
contains a greater percentage of very porous 
reddish grains composed of ochreous and 
extremely fine-grained hemat i te and goethite. 
These oxides m a y have replaced some fine­
grained rock. 

A few heavy-mineral grains show an adher­
ing layer of supergene iron oxide suggesting 
that some may have been derived from an 
earlier deposit which was at least part ly 
cemented by supergene iron oxide. These 
grains were rounded before being coated or 
cemented by iron oxide. 

T h e few chromi te grains present are 0.05-
0.1 m m across, subangular , and show a thin 
zone of alteration a r o u n d the margin . T w o zir­
con grains were found with inclusions of 
ilmenite containing exsolved lamellae of hema­

tite. A few ilmenite and zircon grains contain 
inclusions of yellow sulphide. 

T h e non-opaque grains are p redominan t ly 
zircon with minor tourmal ine and quar tz . 

Sample 72050064,  PS  20037  (map  ref.  No. 
HD2) 

D a r k heavy-mineral sand without magnet ic 
grains. 

Polished Section.  A  visual est imate of the 
minerals present is as follows: 

% 
Completely altered i lmenite 60-65 
Leucoxene 5-10 
Rutile 10-15 
Goethi te 1-2 
Non-opaque 20-25 
N o fresh i lmenite or chromi te was found. 
T h e grains are well sorted and most are 

between 0.1 and 0.3 m m across. T h e altered 
ilmenite and leucoxene grains are well rounded 
to subrounded and most of the rutile grains 
subangular to subrounded but some show 
evidence of recent fracturing or rounded 
grains. 

T h e supergene iron oxides are very porous 
fine-grained hemat i te and goethite. O n e 
rounded grain of al tered ilmenite was sur­
rounded by similar fine-grained goethite. 

Non-opaque minerals are predominant ly 
kyanite, tourmal ine , and staurolite, with a t race 
of zircon and amphibole . M a n y tourmal ine 
grains are very well rounded . 

Sample 72050070,  PS  20038  (map  ref.  No. 
HD30) 

Dark brown, poorly sorted sand with a small 
percentage of magnet ic grains. 

Polished Section.  T h e sample is composed pre­
dominant ly of well rounded , porous grains 0.5 
to over 2 m m in size composed of supergene 
ferric oxides mainly goethi te and hemat i te but 
with a few contain maghemi te . M a n y grains 
contain small inclusions or r emnan ts of un-
leached silicate a n d / o r quar tz grains and the 
textures shown by some grains suggest that 
small, angular silicate a n d / or quar tz grains 
have been cemented by the iron oxide. It is 
possible that some iron oxide has replaced 
clay. 

One fragment of a large rounded grain shows 
evidence of layering in the sediment which has 
been cemented and par t ly replaced by goethite. 
Another contains r emnan t s of mica flakes 
replaced part ly by goethi te and another shows 
a relict fine granular tex ture typical of siltstone 
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or finegrained sandstone. A t race of fresh 
i lmenite occurs as very small (0 .05 m m ) grains 
included in a few of the large iron oxide grains. 

Most heavy-minera l grains in this sample 

were derived from an older sediment which had 
been cemented and part ly replaced by ferric 
oxides, p redominant ly goethite and hemat i te 
but with maghemi te locally developed. 
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A P P E N D I X 4 

LIST O F A B B R E V I A T I O N S U S E D IN T H E F I G U R E S 

ab A b o v e , L s t L i m e s t o n e 

A b d A b u n d a n t L y r L a y e r 

a r e n A r e n a c e o u s m M e d i u m 

a r g A r g i l l a c e o u s m a s s M a s s i v e 

bcmg B e c o m i n g Mdst M u d s t o n e 

Bd B e d Mic, mi c Mica ( c e o u s ) 

bl Blue mnr M i n o r 

blk B l a c k m t l M o t t l e d 

Bnd B a n d N o d N o d u l e 

b r n B r o w n occ O c c a s i o n a l 

B r y B r y o z o a P P o o r ( l y ) 

c w i t h Pb l P e b b l e 

c C o a r s e Po r P o r o s i t y 

C a l c , c a l c Ca l c i t e ( a r e o u s ) P y , p y P y n t e 

C g l C o n g l o m e r a t e Q t Q u a r t z 

C i s t C l a y s t o n e Q z , q z s Q u a r t z ( o s e ) 

C m t C e m e n t R o d R a d i o l a r i a 

c o m C o m m o n ( l y ) R e s R e s i s t i v i t y 

c o n s C o n s o l i d a t e d s c a t d S c a t t e r e d 

dk D a r k sd S a n d y 

Do D o l o m i t e s f t S o f t 

E c h E c h i n o i d s S h S h a l e 

f Fine (ly) si S i l i c e o u s 

f e s t n d I r o n s t a m e d si t S i l t y 

f I S S F iss i i e Sl ts t S i l t s t o n e 

F o s s Foss i l s t r g S t r i n g e r 

F r a g F r a g m e n t s r t d S o r t e d 

f r i F r i a b l e Ss t S a n d s t o n e 

Gl .g l G l a u c o n i t e ( i c ) sub lab S u b l a b i l e 

gn G r e e n t i T i g h t 

g rdg G r a d i n g tn T h i n 

g r n d G r a i n e d T r T r a c e 

gy G r e y uni U n i f o r m 

hd H a r d v a r V a r i o u s 

Ichd L e a c h e d vc- V e r y c o a r s e 

In tbd ( d ) I n t e r b e d ( e d ) v t V e r y f i n e 

l amd L a m i n a t e d wh W h i t e 

L e n L e n s w t h r d W e a t h e r e d 

L i g , li g L i g n i t e ( i c ) x b d d C r o s s - b e d e d 

It L i g h t ( e r ) Y e l Y e l l o w 

R 7 6 / 1 0 3 1 Cat . No . 7 7 2 0 6 9 1 
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