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During parts of 1971 and 1972, BMR made an airborne magnetic and

radiometric survey of the 1:250 000 map sheet areas of Cobourg Peninsula,

Alligator River, and Mount Evelyn (northern half). The survey was designed to

assist BMR's semi-detailed geological mapping and uranium investigations in the

area. The survey was of a regional nature with east-west lines flown 130 m

above the ground at a spacing of 1.3 km.

Interpretation of the magnetic data from Cobourg Peninsula dhows a

gradual deepening of the basement from about 100 m in the southeast corner of

the Sheet to about 900 m in the northwest.

In Alligator River and the northern hag of Mount Evelyn Sheet areas,

many of the magnetic anomalies are of ahallow or surface origin, and their

correlation with geological units has been helpful in tracing these units beneath

the extensive overburden which covers much of the area to the west and north

of the Arnhem Land escarpment. The more magnetic of the geological units appear

to be the Stag Creek Volcanic's, Koolpin Formation Koolpin Formation equivalent,

Zamu Complex dolerite, and Oenpelli Dolerite.

The magnetic data show that the Nanambu Complex is only weakly

magnetic with anomalies generally less than 30 nanotealas. This complex is

surrounded by rocks of Koolpin Formation equivalent and locally by Oenpelli

Dolerite, both of which gave anomalies up to 300 nanoteslas. The magnetic

interpretation indicated the likely existence of two further areas of Nanambu

Complex to the north of the main mass, and these have been confirmed by hallow

drilling. The Nimbuwah Complex has a very variable and complex magnetic

expression, and it was not possible to determine its extent from the magnetic

and radiometric data.

The Koolpin Formation equivalent exhibits a very variable magnetic

expression with anomaly amplitudes ranging from less than 10 nanoteslas to



as high as 300 nanoteslas. This makes it difficult to trace its full extent

and also to determine whether it is continuous with the Koolpin Formation.

Magnetic anomalies are associated with both the Zamu Complex dolerite

and the Oenpelli Dolerite. Dolerites appear to be very much more widespread

than was previously thought. It is considered that many of the surface exposures

are parts of larger continuous bodies in the subsurface.

Areas of higher than average radioactivity have been identified from

the radiometric results, and the predominant sources of the radioactivity -

uranium, thorium, potassium, or mixed have been interpreted.

The most intense radiometric anomalies were recorded over three known

large uranium deposits (Ranger 1, Nabarlek, and Koongarra), Teague's dump in

the South Alligator Valley, various granite masses, and Mount Basedow. The

Jabiluka uranium deposit was not directly overflown by the BMR survey and

appears to have been too far from the nearest line to be detectable.

On Cobourg Peninsula there is a correlation between areas of bauxitic

laterite and thorium anomalies. At present it is not known in what mineral the

thorium is present in the laterite.

In Alligator River and Mount Evelyn, 44 anomalies have been classified

as 'uranium anomaliee'. The host rocks for the 'uranium anomalies' are Eanambu

Complex, Nimbuwah Complex, Koolpin Formation, Koolpin Formation equivalent

Masson Formation, Fisher Creek Siltstone Mount Partridge Formation and

laterites associated with the volcanic members of the Kombolgie Formation.

Radiometric anomalies not rebated to uranium were analysed to

determine the radiometric characteristics of various rock units.
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1. INTRODUCTION

During 1971 and 1972, BMR made an airborne magnetic and radiometric

survey of the 1:250 000 Sheet areas of Cobourg Peninsula, Alligator River,

and the northern half of Mount Evelyn.

The main survey objectives were to complement the semi-detailed

geological mapping undertaken by BMR between 1971 and 1974, and to assist the

exploration for uranium in the Alligator Rivers uranium province.

The survey was flown in the periods September to November 1971 and

June to September 1972. Survey lines were flown east-west at 150 m ground

clearance with a 1.5 km spacing (Fig. 2). Variations in the Earth's magnetic

field were recorded with a proton magnetometer, and radiometric measurements

were obtained with a four-channel differential gamma-ray spectrometer using

two sodium iodide detectors each 15 cm x 10 cm. Al]. data were recorded only

in analogue form.

A preliminary release of data was made in February 1973 This

comprised magnetic contour maps and radiometric total-count profiles at

1:100 000 scale and flight-path maps at 1:250 000 scale. Figure 1 shows the

locations of the 1:100 000 Sheet areas.

2. PREVIOUS GEOPHYSICAL SURVEYS 

During the past 15 years many geophysical surveys have been made

in the area by private exploration ciompanies and BMR. The following notes

briefly describe the relevant results of these surveys.

Magnetic and radiometric surveys 

During 1957, BMR (Livingstone, 1958) conducted a radiometric survey

in the South Alligator River region. Four radiometric anomalies were located

near Spring Peak and nine anomalies in the Mount Basedow Range east of Jim

Jim Creek. The anomalies probably correspond to thorium-bearing sediments

of the Mount Partridge Formation. Numerous radiometric anomalies were also



recorded in connexion with the uranium mineralization along the South

Alligator River Fault Zone.

In 1963 an aeromagnetic survey was flown in the Darwin/Pine Creek

area by Adastra Hunting Geophysics Pty Ltd under contract to MIR (Goodeve

1966). The magnetic contours revealed four distinct magnetic lineaments of

considerable length which were interpreted as being due to steeply dipping

dykes. Extensive magnetic disturbance recorded over the Masson Formation was

thought to be generated by alteration of its iron-rich componentsby under-

lying Cullen Granite.

Tipper & Finney (1966) described a BMR detailed-aeromagnetic survey

of part of the Mount Harris tinfield. The magnetic data indicate a zone of

complex magnetic disturbanee five to six kilometre's wide skirting the Cullen

Granite.

Two magnetic surveys (Shell Development, 1965; Flinders Petroleum,

1969) were conducted in the Cobourg Peninsula to obtain the depth to magnetic

basement in the region of Upper Cretaceous sediments. Basement depths of

1000 m (Shell) and 300 m (Madera) were obtained on the northern side of the

Peninsula. It is thought that a sedimentary depression ranging from 450 m

to 1000 m exists in Van Diemen Gulf (Shell Development, 1965; Flinders

Petroleum, 1969;).

Gravity surveys

Whitworth (1970) described the results of part of the reconnais8ance

gravity survey of Australia. The results indicated a gravity high in

aosociation with the Jim Jim and Cullen Granites. The gravity results also

indicated that the 'am Jim Granite may be more extensive than its mapped area

3. GEOLOGY

Geological maps and Exploratory Notes have been published by BMR

for the Cobourg Peninsula, Alligator River, and Mount Evelyn 1:250 000 Sheet

areas.
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For more detailed geological information reference should be made to:

Cobourg Peninsula: Hughes & Senior (1973), Hughes (1973) Senior & Smart

(1974)

Alligator River and Mount Evelyn: Dunn (1962), Walpole (1962), Walpole et al.

(1968), Needham and Smart (1972), Needham, Smart & Watchman (1975 a,b)

Smart et al. (1974), and Needham (1974).

Cobourg Peninsula (Pl. 3)

The stratigraphy in Cobourg Peninsula is summarized in Appendix 1.

The oldest rock unit exposed is the Nimbuwah Complex, in the youtheatst corner

of the area. This has been locally intruded by the Oenpelli Dolerite, and is

unconformably overlain by the Kombolgie Formation. During the Cretaceous,

marine sediments accumulated on a basement surface that sloped gently to the

north and west - the Bathurst Terrace. At the end of the Cretaceous or during

the early Tertiary, the area was uplifted and the Cretaceous sediments were

lateritized. Shallow stratigraphic drilling (Hughes, 1973) in the southeastern

part of the Cobourg Peninsula showed that the Cretaceous sediments thicken

northwards from about 60 m at drill-hole 1 (9 km west of Mount Permain) to

about 300 in at drill-hole 3 (on eastern shore of Mount Norris Bay). The

drilling also indicated that Cainozoic deposits are less than 10 in thick.

Alligator River and Mount Evelyn north of 13°30'S (Pl. 4)
Plate 4 is a composite geological map. East of longitude 132 °15'E,

the geology is from Needham et al. (1973); west of longitude 132 °15'E it is
taken from Dunn (1962) and Walpole (1962). The stratigraphy in this area is

summarized in Appendix 2. The table does not include the Burrell Creek

Golden Dyke, and Diljin Hill Formations, which have very limited outcrop in

the survey area.

This area is part of the Pine Creek Geosyncline l the evolution of

which was described by Walpole et al. (1968). Recent geological mapping by
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BMR (1971-74) has modified some of the earlier ideas; the main reference for

the later work is Smart et al. (1975). The principal modifications Fire:

1. The earlier workers considered that this area occupied a

subsidiary eastern trough of the Pine Creek Geosyncline. It is

now considered to lie within the major trough of the geosyncline,

which is more extensive than was thought previously.

2. The rocks of Myra Falls Inlier, which were previously known as

the Archaean Myra Falls Metamorphics, are now recognized as

metamorphic equivalents of the Lower Proterozoic Koolpin Formation.

The Stag Creek Volcanic, previously considered to be Archaean,

are now regarded as part of the Goodparla Group within the Lower

Proterozoic sequence.

4.^The earlier workers considered the Nimbuwah Complex and the

Nanambu Granite to be either Archaean basement, or younger intrusive

granites within the basement, on the eastern margin of the Pine

Creek Geosyncline. The NanaMbu Granite has now been renamed

Nanambu complex and is regarded as a mantled gneiss dome formed

by migmatization of Lower Proterozoic sediments around an Archaean

basement high. The Nimbuwah Complex was formed predominantly by

migmatization of Lower Proterozoic sediments, but some Archaean

material was probably incorporated during its formation.

The Complexes were previously described as mainly granitic; it is

now known that a wide variety of other rock types are also present

including migmatite, amthibolite, quartzite, and various gneisses

and schist.

The following geological history is reproduced from Needham (1974).

An Archaean basement high (the Ilianambu High') between the South

and East Alligator Rivers was flanked and progressively covered by Lower

Proterozoic sediments first the Goodparla Group (Masson and Mount Partridge

1

I



Formations), and after these were folded, by the South Alligator Group

(Roolpin Formation and equivalents, and Fisher Creek Siltstone). Differentiated

dolerite of the Zamu Complex was then emplaced as numerous sills, mostly in the

South Alligator Group. About 1800 m.y. ago the thick pile of sediment in

the northeast of the area was extensively migmatized to form the Numbuwah

Complex. During this process strata, probably including Archaean basement

material, were uplifted and overthrust. Rocks were metamorphosed as far south-

west as Jim Jim Creek. At the same time the Nanambu High was reactivated and

partly migmatized, along with the flanking Lower Proterozoic sediments, to

form the Nanambu Complex.

The Oenpelli Dolerite was emplaced as a series of ellipsoidal basin-

shaped bodies, or lopoliths, at approximately the same level in the rock pile.

Hybridization of the dolerite and country rock in the centre of the Nimbuwah

Complex suggests that the dolerite was emplaced while the core of the complex

was still hot. Melts formed in the root-zone of the Nimbuwah Complex became

mobilized, and were intruded as anatectic granites at various levels within

and outside the migmatite complexes. The Edith River Volcanics are about the

same age, and are possibly °magmatic with the granites.

During the long period of erosion that followed the area was

levelled except for isolated ridges and hills of Oenpelli Dolerite and Mount

Partridge Formation. These hills and ridges outlined wide shallow basins

during the deposition of the Hombolgie Formation, and the formation was sub-

sequently preferentially eroded along them, where the Kombolgie Formation was

thinner.

The Kombolgie Formation was eroded to its present-day outline mostly

before Mesozoic time, predominantly by scarp retreat. Mesozoic terrestrial

and littoral sediments covered all the Alligator Rivers area, but have sub-

sequently been almost entirely removed, their breakdown products, along

with colluvial material derived from the Kombolgie Formation, contributing
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to the extensive accumulation of Cainozoic sand over all low-lying areas.

Extensive cappings of laterite developed over the low-lying areas mostly before

deposition of Cainozoic sand. A Quaternary submergence resulted in extensive

deposition of silt and clay in the major estuaries. A recent minor emergence

is marked by incised channels in flood-plain deposits and incision of most creek

courses.

Mineralization

Uranium. Most of the recent exploration for uranium in the Alligator Rivers

area was initiated as a result of suggestions and recommendation by P.R. Dunn.

Dunn had carried out most of the mapping of the Alligator Rivers area and in

recent years he recognized certain broad similarities between this 'area, South

Alligator uranium province to the south, and the Westmoreland uranium district

on the NT/Queensland border.

All the uranium found so far has been restricted to Lower Proterozoic

rocks. The laterite, soil, and alluvium cover make uranium exploration extremely

difficult. Many of the uranium prospects and deposits found to date are close

to the sandstone escarpment of the Kombolgie Formation. Some of the deposits

or prospects which lie close to the western scarp are Ranger 1 and Ranger 3

(Peko-EZ), Nabarlek, Caramal, and Beatrice (Queensland Mines), Koongarra

(Noranda), and Jabiluka (Pancontinental).

Lead. Lead mineralization is located at Namoona and Minglo in the southwest 11

part of the area. At Namoona, galena and cerussite are widespread in the

Masson Formation. In the Mingle area, galena and anglesite have been deposited

in a Shear zone formation as a result of contact metamorphism by the Cullen

Granite.

Tin. A small tin occurrence has been recorded from the Myra Falls area, south I/

of Oenpelli. Cassiterite, apatite, beryl, and copper minerals have also been

noted in the area.
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Iron. In the Black Jungle Range, west of Mundogie.Hill, ferruginous laterites

are developed on the Koolpin Formation. The underlying rocks are thought to

contain disseminated pyrite. A similar area of superficial enrichment is

found near Coirwong. At the headwaters of Nourlangie Creek a quartz hematite

body crops out in the Fisher Creek Siltstone near its contact with the Jim Jim

Granite.

Bauxite. Widespread laterite in the Cobourg Peninsula may be a . source of

economic bauxite deposits.

4. MAGNETIC RESULTS AND INTERPRETATION 

The magnetic data are presented as total magnetic intensity contours

in Plates 1 and 2. The contour interval is 10 nanoteslas (NT).

For the Cobourg Peninsula area the magnetic interpretation has been

superimposed on the geology in Plate 3. For the Alligator River and Mount

Evelyn areas they are shown separately - the geology in Plate 4 and the magnetic

interpretations in Plate 5.

Zones of magnetic disturbance have been outlined and major positive

or negative trends delineated. These have been correlated with the mapped

geology, which has then been extrapolated into regions of surficial cover.

Cobourg Peninsula (Pie 1, 3)

The magnetic field over Cobourg Peninsula is a contrast between the

disturbed areas in the southeast and the high-amplitude anomalies in the

northwest.

Zone 1 outlines the migmatite zone of the Nimbuwah Complex; it is

very disturbed and anomalies range up to 150 nT. The most likely cause of

the anomalies is the dolerites in the Complex. These dolerites can be related

to strong negative anomalies, which suggests that they may be reversely mag-

netized. Zone 1 extends northwest along the coast parallel to the postulated

Grant Island Fault. This part of zone 1 outlines the northern extension of

the Nimbuwah Complex.



The complex in this area consists mainly of granitoid and migmatitic

rocks with occurrences of schist and gneiss. Geologists (Watchman pers. comm.)

have suggested that the area may have originally contained sills of dolerite

which have been eroded, leaving small pockets of dolerite. Thus the magnetic

pattern is due to a combined effect of several sources and no one source can

be singled out from the others.

The areas designated as zone 2 are continuous with areas to the south

in the Alligator River Sheet area. The BMR stratigraphic drill-hole, Cobourg

Peninsula 1, has shown that chlorite-tremolite schist is present at a depth of

60 m (Hughes, 1973). The magnetic data suggest that this schist may be con-

tinuous with the Koolpin and Fisher Creek Formations, which are associated

with magnetic anomalies in the Alligator Rivers region.

Zone 3 contains an anomaly due to a body deep-seated in the basement.

Depth estimates place it at 3300 m below sea level.

Zone 4, near Danger Point, contains anomalies which range up to 2300 nT;

the estimated depth of the source is between 300 and 700 m. The zone to the

northeast is probably a continuation of the same anomaly. As the other large

anomaly to the southwest is similar in shape, amplitude, and depth to source,

it is thought to have a similar source.

The anomalies in the two zones of type 5 have a similar shape and

strike direction. Their cause is not known.

Several depth-to-basement estimates have been made, and these are

shown on the interpretation map. All depths have been corrected to mean sea

level (M.S.L.).

Very generally, the basement is about 100 m below M.S.L. in the

southeast with a gradual deepening to 900 m in the northwest. This agrees with

results of the offshore work flown under the Petroleum Search Subsidy Act, in

which the depth to basement between Cobourg Peninsula and Melville Island was

estimated as about 1000 m belowM.S.L. (Flinders Petroleum, 1969; Shell

Development, 1965). Some depth estimates do not fit into the general pattern;
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3300 in below M.S.L. in Mount Norris Bay obviously refers to a source deep

within the basement.

Alligator River and Mount Evelyn (Pls 2, 5)

The pattern of magnetic anomalies in the Alligator River and Mount

Evelyn Sheets (Pl. 2) is mainly associated with the Nanambu Complex and

associated dolerites.

The Nanambu Complex consists of migmatite masses named the Jim Jim

Mass (zone 10), Mnnmarlary Mass (zone 11), and Magela Mass (zone 12). Several

other zones (e.g. 17) may also be due to migmatite masses.

The magnetic field over the masses is undisturbed, in contrast with

the disturbed area bordering the masses - zones 6, 7, 8, 9, and 13. These

disturbed regions have been used to define the boundaries of the masses.

The Magela Mass, zone 12, is well defined by zones 7 and 13 in

which the magnetic disturbance is mainly due to Koolpin Formation equivalent.

The Mnnmarlary Mass, zone 11, is bounded on the east by zones 6 and

7 and on the west by zone 9, which can be correlated with Mount Partridge

Formation. The northern boundary of zone 11 is difficult to define. BMR

drill-hole EA9, 31 km NNE of Munmarlary homestead, intersected migmatite,

probably part of the Munmarlary Maas.

South of the Mnnmarlary Mass is the Jim Jim Mass (zone 10) bounded

by zones 8 and 7. Zone 8 is attributed mainly to dolerite in the form of

steeply dipping bodies and Zamu Complex dolerite. The magnetic data suggest

that the Munmarlary and Jim Jim Masses are connected. Geologists have not been

able to confirm this because of the swampy ground between the masses.

Zones 2, 6, and 7 form continuous magnetic features through the area.

The magnetic anomalies in zone 6 are mainly due to Koolpin Formation equivalent

and dolerite.

In the part of zone 7 east of Mount Basedow, the rock types are mainly

Koolpin Formation equivalent and Zamu Complex dolerite. Ranger 1 uranium deposit

lies close to the edge of this zone, and the Koongarra deposit lies well within it.
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Individual anomalies within the zone have amplitudes up to 300 nT. Farther

south in zone 7, near Mount Partridge, the magnetic anomalies correspond with

exposures of Zamu Complex dolerite.

Zones 17, because of their lack of magnetic features, may represent

migmatite masses. Two BMR drill-holes, EA 10 and EA 11 in the northernmost

zone 17, intersected Koolpin Formation equivalent at depth. This is apparently

part of the Koolpin Formation equivalent found in zone 6. The anomalies in zone

13 are due to Koolpin Formation equivalent as confirmed by geological mapping.

Zones of type 9 can be correlated with the Mount Partridge Formation.

Mount Basedow, which consists of Mount Partridge Formation, is included in

zone 9.

Large sills of dolerite occur throughout the area. In the Kombolgie

Sandstone some of the dolerites had been mapped as volcanics, but more recent

mapping has changed this.

In general the magnetic response of dolerite is markedly different

from that of the volcanics. Dolerite tends to give a larger anomaly and in

some cases good linearity. Volcanics, on the other hand, commonly give small

anomalies.

Using these criteria, zones 14 15, and 16 have been interpreted as

Oenpelli Dolerite. This was confirmed by the recent geological mapping and

the magnetic zones may outline the subsurface extent of the bodies. Anomalies

range up to 150 nT in these areas, and it is apparent that some of the dolerites

may be reversely magnetized.

East and southeast of Oenpelli Mission are three zones designated

as 18. These also correlate with the Oenpelli Dolerite and may define the

edges of one large sheet. A profile along a 3300 line across the area (Fig. 3)

indicates a strong negative anomaly across the northern zone and a positive

one over the southern zone. Normally a north-south profile over a flat-lying

magnetic sheet would give a positive anomaly over the northern edge, a flat
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field across the central portion of that sheet, and a negative anomaly over

the southern edge. The situation here is opposite to this, and a reasonable

explanation is that the dolerite is reversely magnetized. It seems that all

other dolerites are reversely magnetized, giving negative anomalies where

positive anomalies would normally be expected.

Zones 19, north and northwest of Nabarlek, are all obviously due to

dolerite which is part of the Nimbuwah Complex (zone 1).

Interpretation of the magnetic data has indicated that the zone 19

10 km north of Oenpelli Mission is due to a source very near the surface and

dipping at a low angle to the east. This suggests that a sill of dolerite may

exist in this region and the magnetic anomalies reflect only the edges of it.

It is possible that the dolerite extends under the Lower Proterozoic sediments.

The magnetic field over the Kombolgie Sandstone is generally undis-

turbed with the exception of linear anomalies ascribed to dolerites (zone 26)

which are thought to have intruded the joints. The joints trend northeast,

northwest, and east through the area. Depth determinations indicate that the

anomalies are due to shallow sources in the sandstone. This leads to the

conclusion that the dolerites postdate the sandstone.

In contrast with the undisturbed magnetic field over the Kombolgie

Sandstone zone 21 is quite distinctive. It has become obvious with the more

recent mapping that the magnetic anomalies are due to the Oenpelli Dolerite

which crops out in a few places. The dolerite is probably quite extensive

under the Kombolgie Sandstone, and zone 21 outlines its probable extent. Also

present are exposures of the Nungbalgarri volcanic member and the Gilruth

volcanic member. As these are non-magnetic elsewhere, the magnetic disturbance

is attributed to the dolerites. As mentioned above there is little magnetic

effect associated with the Nungbalgarri volcanic member. This is demonstrated

in the region 30 km east of Koongarra uranium prospect. An explanation for

the low magnetic response over these volcanics is that they thin to the south
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and are only a few centimetres thick in places (Needham, pers. comm.).

Samples of the dolerites and volcanics have been collected from the

survey area for measurement of magnetic susceptibility. The average suscept-

ibility for the Zamu Complex dolerite was 65 x 10-6 cgs units and that for the

Oenpelli Dolerite 1190 x 10 -6 cgs units; the Nungbalgarri volcanic member

varied widely, making a meaningful estimate of susceptibility difficult.

Several other zones interpreted as dolerite are 22, 23 24, 25 and

30. Their disposition suggests that the dolerite once existed as extensive

sills, now fragmented by erosion. One sheet may have extended from the eastern

boundary of zone 21, along Deaf Adder Creek and then south along the Nourlangie

Creek. Another Sheet probably extended south from the vicinity of the Jim Jim

Granite to encompass the zones of dolerite exposed in the south. Zones 28,

29, and 31 are thought to be due to Koolpin Formation, but there may be some

influence from the dolerite as well.

The South Alligator River Fault zone (zone 32,) is characterized by

anomalies of several hundred nanoteslas. Correlation of the magnetic contours

with the detailed geology of Walpole et al. (1968) dhows that the anomalies

are due to the Stag Creek Voloanice.

Zone 33 can be correlated with the Plum Tree Volcanics.

Zone 34 represents the Cullen Granite and zone 36 can be correlated

with the surrounding contact zone between the granite and the Hasson Formation.

In an aeromagnetic survey of an adjoining area (Goodeve, 1966), it was noted

that the Cullen Granite is magnetically undisturbed, the few anomalies present

being possibly due to small roof pendants of Lower Proterozoic sediments,

Outcrops of Masson Zonation farther north and east of this metamorphic region

do not exhibit any magnetic anomalies. Therefore it is assumed that the

anomAlous field over the Masson Formation, zone 36, is due to its association

with the Cullen Granite.
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Zone 35 in the southeast is a weakly disturbed zone and can be

correlated with the Mullaman Beds which are Lower Cretaceous ferruginous

sandstone and conglomerate.

Several faults have been interpreted from magnetic data. Most,

but not all, of these correspond with faults recognized in the geological

mapping.

5. RADIOMETRIC RESULTS

Acquisition of data

The radiometric equipment used for this survey was a four-channel

differential gamma-ray spectrometer with two 15 am x 10 cm sodium iodide

detectors.^The four channels were set as follows:

Channel^Energy range (MeV) Common name

1 0.84 - 3.00 'total-count channel'

2 1.30 - 1.60 'potassium channel'

3 1.60 - 1.90 'uranium channel'

4 2.40 - 2.80 'thorium chAnnel'

All radiometric data were recorded in analogue form with a time

constant of 3 seconds. A radar-altimeter record of ground clearance was

recorded on the same charts as the radiometric data.

On each flight, measurements were made of background radioactivity

(of non-geological origin) and along a baseline flown at survey altitude.

Background measurements were made by flying at 600 in above the ground and

recording for several minutes. Background and baseline measurements were made

before the first survey line and after the last line of each flight. Some of

the northern lines over Cobourg Peninsula crossed considerable areas of sea.

This provided up-dating information on the background levels during a flight.

Background levels were calculated by interpolation between the 600 in measure-

ments for lines which did not cross such areas of sea.
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Presentation of data 

Radiometric data have been presented in two forms: total-count

profiles and anomaly maps.

'Total-count' radiometric profiles were produced at a horizontal

scale of 1:100 000 by reduction from smoothed original records. The back-

ground radioactivity was subtracted during this process. As the reduction

factor varies from line to line the profiles do not have a constant vertical

scale. The average vertical scale is 135 counts/s/cm. Preliminary editions

of these profiles, together with flight path maps at 1:250 000 scale, were

released through the Australian Government Printer early in 1973. They are not

presented in this Record.

Radiometric anomaly maps show the positions of selected anomalies

and various numerical data related to count rates measured in channels 2, 3,

and 4, together with a reference number. The reference number is derived from

the flight-line number and a fiducial along the line; e.g. anomaly 2860/176 is

the anomaly recorded with peak at fiducial 2860 on flight-line 176. Below the
^1

reference number four numbers are shown. The left-hand number is the peak

'total-count' count rate (in counts/s) above non-geological background. The

three figures to the right are derived from adding the count rates in channels

2, 3, and 4 and expressing each of the individual count rates as a percentage

of that sum. E.g. anomaly 988/288 has channel 1, 2 3 and 4 count rates of

130, 34, 10, and 6 counts/8 above non-geological background. The percentages

work out as 68, 20, and 12 for channels 2, 3, and 4 respectively and these are

the numbers shown on the map together with the reference number and the total-

count figure of 130 counts/s. The source of each anomaly is shown symbolically.

The method of determining the source is explained in the next section.

To facilitate comparison of results with other spectrometer systems,

the spectrometer used in this survey has been calibrated against a radium-226

source and has a sensitivity of 58 countsis/e/h (counts per second per
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microroentgen per hour). This is the sensitivity of the 'total-count' channel.

Use of this figure makes it possible to compare results with other such

calibrated systems.

Principles of interpretation

From a study of the total-count radiometric profiles, together with

the most recent BMR geological mapping, anomalies were selected for further

analysis. The selection was made on the basis of local increases in total-

count count rates over given rock units, and/or anomalous distribution of count

rates between Channels 2, 3, and 4. In practice a lower limit of about 50

counta/e (in total-count) above the local geological background has been used

in anomaly selection. As background terminology is often a source of confusion,

Figure 4 has been included to show how such terms have been used in this record.

No strict mathematical definition of anomalies in terms of multiples of back-

grounds and restricted widths has been used because it would be unnecessarily

restrictive. In selection of anomalies, the radiometric records have been

compared with the ground clearance record, to ensure that spurious anomalies

generated by variation of ground clearance have been omitted as far as possible.

A figure of 10 percent variation in total-count count rate per 15 metres of

altitude variation has been used to estimate the correct amplitude of such

anomalies. This percentage applies only to the geological component of measured

radioactivity.

For each anomaly, peak count rates in all channels were measured and

compared with the count rates over the adjacent area. From the peak data,

percentage figures were calculated as explained under 'Presentation of data'.

Each anomaly was then compared with a triangular diagram (Fig. 5) to assess

the composition of its source. This diagram was used to divide anomalies into

four groups based on their source content:

(1) Predominantly due to potassium

(2) Predominantly due to uranium
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(3) Predominantly due to thorium

(4) Of mixed source no component being particularly dominant.

The divisions within the triangular diagram are based on airborne

measurements over known sources and on theoretical considerations.

The count-rates in each channel can be expressed by the following

equations:

ch2 = K2 + aU3 + bTh4 (1)

ch3 = 113 + cTh4 (2)

ch4 = Th4 + dU3 (3)

where ch2, ch3, and ch4 are the count rates in channels 2, 3, and 4, respectively,

after removal of non-geological background and after height correction to the

standard terrain clearance (in this survey 150 m);K2, 1J3 and.Th4 are

the contributions from potassium to channel 2, from uranium to channel 3, and

from thorium to channel 4 respectively.

The constants a, b, c l d are usually called the Compton Scattering

coefficients or stripping ratios. Grasty & Darnley (1971) showed that these

coefficients depend on source geometry and that their accurate determination

requires conditions similar to those encountered in survey operation. These

conditions have been simulated by the Geological Survey of Canada by using

calibration pads 7.6 m square and 46 cm thick which contain known amounts of

radioactive material. In Australia there is no similar facility and the

accurate determination of the coefficients is difficult. For the equipment

and survey parameters of this survey, approximate values for the coefficients

would be:

a = 1.1
^

b = 0.75^c = 0.70^d = 0.04

The data from this survey have not been processed to produce outputs

of K2, 133, and Th4 because:

(a) The data are not in digital form and therefore not amenable to

bulk processing.

(b) The data have not been corrected for variations in terrain
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clearance, as would be necessary before using equations (1),

(2), and (3).

(c) The data have low statistical accuracy because of the low

detector volume.

(d) Accurate values for the Compton Scattering coefficients are

not known at present.

As comprehensive processing was not possible an alternative method

of using triangular diagrams was used. In addition to providing useful visual

displays it is also possible to derive approximate values for the Compton

Scattering coefficients.

At various places in this Record the ch3/ch4 ratios have been con-

verted to uranium-to-thorium ratios by means of the equation:

U/Th.o.0.5 ( ch3/ch4 - 0.70).

RESULTS - COBOURG PENINSULA (Pls. 3, 6)

The main radioactive zones in this area are covered by the 1:100 000

Sheets of Cape Don, Croker, Cobourg, and Wellington Range (Fig. 1). The only

other Sheet with much land area is Murgenella, in which the radioactivity is

low, as would be expected as it has extensive areas of marshland and very little

outcrop. The most important results are as follows:

Correlation between thorium anomalies and areas of bauxitic laterite 

Comparison of the Cobourg Peninsula-Melville Island geological map

(1:250 000 scale) with a plot of radiometric anomalies shows a clear correlation

between many of the thorium anomalies and areas of bauxitic laterite north of

11o15 1 S. The radiometric profile maps (1:100 000 scale) of Cape Don, Cobourg,

and Croker show that in general the radioactivity increases towards the north.

Figures 6 and 7 show the anomalies from these sheets plotted on triangular

diagrams. These show that most of the anomalies fall well within the thorium

area on the diagram. The following table shows the main numerical data for

these anomalies.
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Anomalies Max. total-count ch3/ch4 mean ch3/ch4
amplitude range
counts/s

Northern
mainland

200 0.7 - 1.5 1.1

Croker Island 150 0.7 - 1.4 1.0

The mean value of 1.0 to 1.1 for the ch3/ch4 ratio corresponds to

a thorium-to-uranium ratio of about six. At the time of writing it is not

known what causes the thorium anomalies or the reason for the correlation with

the bauxitic laterite. It is possible that the thorium radioactivity could be

due to the presence of zircon and/or monazite in the laterite.

XRF determinations of uranium and thorium content of samples from

six sites on the coast gave uranium contents in the range less than 3 ppm up

to 12 ppm (average about 5 ppm), and thorium contents in the range 35 to 54 ppm

(average 42 ppm).

Anomalies in the Wellington Range area 

A number of anomalously radioactive areas have been detected over

the eastern part of the Wellington Range and adjacent areas. Radioactivity up

to 260 counts/8 (at anomaly 748/167) was recorded in the airborne data. Most

of the anomalies in this area appear to be over Kombolgie Formation and are

mainly due to thorium although a small number indicate mixed sources and potassium

sources.

Anomaly 1456/164 was detected about 1 km north of the Black Rock

uranium prospect. The prospect lies between lines 164 and 165 and was not

detected by this survey. Anomaly 1456/164 indicated a thorium source with no

anomalous uranium content.

RESULTS - ALLIGATOR RIVER AND MOUNT EVELYN (Pis 5, 7)

Uranium anomalies 

Anomalies have been classified as uranium anomalies if:

1. The ratio of the count-rate in the 'uranium channel' to that in

the 'thorium channel' is four or greater; and
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2. Potassium is not the major contributor to the radioactivity.

With the above definition, 44 anomalies are classified in the

uranium group. It should be noted that it is not possible from the airborne

data alone to make any deductions about radioelement concentrations or areal

extent of the sources of anomalies. The uranium anomalies are described in the

following text in an order based on their location from north to south on the

Alligator River and Mount Evelyn map sheets. Numerical and geological data

together with copies of spectrometer records are given in Appendix 3.

Anomaly 2127/200.1.. This is a high intensity anomaly (700 countais

recorded over the Nabarlek uranium deposit of Queensland Mines Ltd. The

anomaly is Sharp and relatively narrow (half-height width = 8 seconds). The

ch3/ch4 ratio is 14, which partly reflects the local geology in addition to the

uranium mineralization. If allowance is made for the local geological back-

ground the ch3/ch4 ratio becomes about 20. The uranium indication was detected

on only one flight-line, as would be expected as mineralization occurs over a

strike length of only 270 m.

AnomAla. 1595/206. This anomaly lies on flat ground about 4 km SSW

from Cannon Hill airstrip. The source of the anomaly appears to be within sand

overlying Kombolgie Formation. It is also close to a postulated extension of

the Bulman Fault. The anomaly has an amplitude of 120 counts/a with a ch3/Ch4

ratio of 4. The ch3/ch4 ratio of the surrounding area is about 2. This

anomaly thus shows a local increase in the uranium-to-thorium ratio but is

probably of little importance.

Anomalies 376/212, 370/216, 2063/217. These three'anomalies are

very similar and close together near the western boundary of the survey area.

They are all of low intensity with total-count figures of less than 100 counts/6.

They all appear to be located in Quaternary alluvium and to indicate minor

local increases in the uranium-to-thorium ratio. It is considered unlikely

that these anomalies are associated with mineralization...



20

Anomaly 1991/217. This low-intensity anomaly (90 counts/s) lies

within the Munmarlary Mass of the Nanambu Complex. Only the Total-count and

uranium channels show noticeable increases in count rate. The maximum ch3/ch4

ratio is low (4), but the anomaly probably warrants ground checking.

Anomaly 1055/215. This anomaly lies just inside the northern margin

of the Magela Mass of the Nanambu Complex about 2 km east of the Ranger 4

prospect of Peko-EZ.. The anomaly is of low intensity (90 counts/s) and has a

ch3/ch4 ratio of about 6. The thorium Channel count rate is very low (3 counts/s)

hence the accuracy in determining the ch3/ch4 ratio is low; an error in

measurement of + 1 count/s in this channel would change the ratio from 4 to 8.

The position - close to a prospect and close to the margin of the Complex -

makes the anOmaly worth further investigation. The position relative to the

margin of the complex is important as most of the known uranium deposits and

prospects lie within the outer zones of the migmatite complexes.

Anomaly 822/216. This anomaly is of very low intensity (40 counts/s)

but has a high ch3/ch4 ratio of about 11. However, the thorium Channel count

rate is only 1 count/s and therefore the high ratio is suspect. The anomaly

lies within Kombolgie Formation and adjacent to a large mass of Oenpelli

Dolerite,

Anomaly 871/223. This anomaly was recorded over the 'Beatrice'

uranium prospect Of Queensland Mines Ltd. The total-count channel recorded

130 counts/s and channels 3 and 4 produced a ch3/ch4 ratio of 5. Drilling at

this prospect failed to locate significant uranium mineralization at depth

(de Ferranti, 1973).

Anomalies 1178/227.4, 1071Z228.1, 1042/22645/230. These four

anomalies were recorded over the Ranger 1 uranium deposit of Peko-Ez. The

deposit was crossed by four flight-lines between Mount Brockman and Magela

Creek, and one anomaly was recorded on each line. Anomalies 1178/227.4 and
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1071/228.1 were particularly intense, with total-count values of 790 and 1460

counts/s respectively. Their ch3/ch4 ratios are about 15. If allowance is

made for the local geological background the ch3/ch4 ratio is increased to

over 20. Anomalies 1042/229 and 645/230 are less intense, with total-count

values of 100 and 310 counts/s and ch3/ch4 ratios of 5 and 9 respectively.

Anomaly 2242/227. This anomaly lies near West Alligator River in the

Kapalga area. The geological map (Pl. 4) shows this to be an area of Cainozoic

cover with no outcrops. The anomaly is moderately intense (190 counts/S) and

has a maximum ch3/ch4 ratio of 4. Over the surrounding area the ratio is

about 1.5. The position of the maximum ch3/ch4 ratio is displaced from the total-

count peak by about one fiducial (6 seconds).

Anomalies 1089/233 and 1616/238. Both these anomalies are located

near Baroalba Creek, on the western side of Brockman Massif.- Anomaly 1089/233

occurs in black soil about 2 km from the Kombolgie Formation; it is well defined

and has a total-count intensity of 200 counts/s and a ch3/ch4 ratio of 16. It

seems probable that the source of uranium in this anomaly is farther upstream,

nearer to Brockman Massif. Anomaly 1616/238 is not as strong (100 counts/s),

but this may have been due to the increased ground clearance as the aircraft

would have been climbing to clear the Brockman Massif. Both these anomalies

warrant further attention.

Anomalies 483/240 and 2822/241. Anomaly 2822/241 was recorded over

the Koongarra uranium deposit of Noranda Australia. This anomaly shows well

that, with the equipment and settings used in this survey, a uranium anomaly

is characterised by:

(a) a high ch3/ch4 ratio.

(b) a ch2/ch3 ratio of about 1.

(c) a narrow, well defined anomaly in channels 1, 2, and 3.

This last characteristic is not always seen because the anomaly

intensity can be markedly reduced by material overlying the source of radioactivity.
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Anomaly 483/240 was recorded on the survey line to the north of

Koongarra, and indicates that there may be more uranium close to the eastern

side of Brockman Massif.

Anomalies 1682/238. 811/239, 827/239 and 2757/241. These four

anomalies are on the top of the Arnhem Land Plateau and adjacent to an area of

Nungbalgarri Volcanics. The anomalies are all of low intensity (less than 80

counts/s) but stand out quite distinctly above the low geological background of

the Kombolgie Sandstone. The first three were visited in August 1973; Anomaly

1682/238 lies in a black soil area, and 811/239 and 827/239 within laterite.

It is considered that the laterite is developed at the base of the Nungbalgarri

Volcanic Member of the Kombolgie Formation. Ground measurements at these

anomalies showed radioactivity up to 15 p.R/h.

Anomalies 2147/248 and 1268/249. These two small anomalies are over

and adjacent to a small outcrop of Masson Formation. Both show an increase in

ch3/ch4 ratio from about 2.5 over the surrounding area to about 5 over the

anomalies. However, the count rates in channel 4 are so low that these increases II

are of doubtful significance. For both anomalies the ch2/ch3 ratio is about

1.7.

Anomaly 1326/249. This very low-intensity anomaly (50 counts/s)

would not have been selected except for its channel-3 response. It appears

to be near or over an exposure of Koolpin Formation. The ch3/ch4 ratio is low

(4) and this anomaly is probably of low significance.

Anomaly 557/251.1. This anomaly, on the Arnhem Land Plateau was

examined during August 1973 and found to be due to radioactivity in laterite

probably developed at the base of the Nungbalgarri Volcanic Member. Ground

measurements showed radioactivity up to 15)1R/h.

Anomalies 2980/255., 29841255.3, 882/261.2, 898/261.2, 923/261.2,

1735/262.2, 1792/262.2, 1802/262.2, 1897/263.2, 1570/268.2.,758/269.2,

1389/273.2, 1405/273.2, 1409/273.2. 1414/273.2.  This group of anomalies is
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situated high up on the Arnhem Land Plateau within the Kombolgie Formation in

the southeast of the area. The anomalies recorded in the air were not part-

icularly intense (up to 170 counts/s) but were distinctile above the very low

background over the surrounding sandstone. Ten of them were visited during

August 1973 and found to be associated with laterite. The radioactive laterite

is developed down-slope from the base of a thin volcanic member within the

Kombolgie Formation. This volcanic member was discovered during 1973 field

work and is currently referred to as the Gilruth Volcanic Member.. Photogeology

and some brief field mapping indicate that all the anomalies in this group are

within or near the laterite associated with the Gilruth Volcanic Member.

This member is probably less than 5 m thick and consists of lateritized tuff

and tuffaceous siltstone (Smart et al., 1974). Measurements on the ground

showed radioactivity Url to about 25 laR/h except for one anomaly (1570/268.2)

where up to 170yR/h was recorded. Airborne and ground measurements indicated

high uranium-to-thorium ratios. Analysis of samples from this locality

yielded 280 ppm uranium and 9 ppm thorium. The anomalies are thought to be

only surface features and not of direct economic importance. If uranium is

found in the laterite in significant concentrations it could assist the

study of the original source or sources of uranium in the area.

Figure 8 is a triangular diagram showing all the anomalies

associated with the volcanic members of the Kombolgie Formation. It shows

all the anomalies (not just the uranium group) recorded over the areas where

the latest BMR geological mapping shows outcrop of the Nungbalgarri and

Gilruth Volcanic Members. The anomalies associated with the Nungbalgarri

Volcanic Member are more widely distributed on the triangular diagram than

those associated with the Gilruth Volcanic Member. The August 1973 field

work indicated that many of the anomalies on top of the Arnhem Land Plateau

are associated with laterites developed down-slope from the volcanic members

rather than directly over them.
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Anomaly 1267/273.2. This anomaly is located in the southeast of the

Five Sisters Inlier which is an inlier of Fisher Creek Siltstone surrounded

by Kombolgie Formation. The soerce of the anomaly is in phyllite of the

Fisher Creek Siltstone. Ground measurements showed radioactivity up to about

55 iaR/h. This anomaly coincides with a uranium prospect. Analysis of rock

samples yielded 40 ppm uranium and 20 ppm thorium.

Anomaly 2203/264.2. This anomaly is apparently over a soil-covered

or alluvial area about 1 km from Coirwong Creek. The geolo 'teal map (Pl. 4)

shows an outcrop of dolerite to the east and Koolpin Formation to the west.

The anomaly was recorded for about 36 seconds along the fliOlt-lines; this

indicates thnt the radioactive zone is about 2 km wide. The count rates in

channels 1, 2, and 3 are roughly twice those of the adjacent area, but the

count rate in channel 4 is unchanged. This corresponds to a ch3/ch4 ratio increase

from about 2 to 5.

Anomaly 1798/276.3. This anomaly is located in alluvial fill in the

core of an eroded fold structure of Masson Formation. As it has low amplitude

and involves only a minor increase in the uranium-to-thorium ratio, it is un-

likely to be significant.

Anomaly 2052/286.2. This intense anomaly was recorded over the waste

dump at Teagues uranium mine in the South Alligator Valley. The records went

off scale in channels 1, 2, and 3; hence the amplitude was at least 600 counts/s

in channel 1, and the ch3/ch4 ratio exceeded 3.5. Extrapolation of the records

suggests that the total-count anomaly was about 1500 counts/s and the ch3/ch4

ratio about 6.

Radioactive granites 

The granite masses in the area all display ancmelous radioactivity.

These granites are:

1. Cullen Granite

2. Jim Jim Granite
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3. Jim Jim Granite (South), about 20 km south of the main mass

4. A granite 7 km east of Nabarlek which is here referred to as

the tNabarlek Granite'

5. Three granite masses which crop out 7 km east of Myra Falls,

8 km southeast of Myra Falls, and about 23 km south of Myra

Falls. These are referred to here as the 'Tin Camp Granites'

The granites listed under 4 and 5 are not shown in the earlier

mapping (Dunn, 1962), but are included in the preliminary geological maps

produced by the Alligator River Geological Party (1971-1973). Similarly the

names 'Nabarlek Granite' and 'Tin Camp Granites' have not yet been formally

accepted.

Table 1 shows the main numerical data for these granites. Figures

9 and 10 display the various anomalies on triangular diagrams. The main con-

clusions are as follows:

1. Cullen granite, of which only the northeastern part was covered

by this survey, displays the highest radioactivity of any of the

granites. It also appears to have the highest potassium content.

The mean ch3/ch4 ratio corresponds to a thorium-to-uranium ratio

of about four. Heier & Rhodes (1966) made laboratory gamma-ray

analyses of rocks from the Cullen Granite. They reported that

the uranium content was up to 12 ppm thorium content up to 47

ppm and potassium up to 4.7 percent. The thorium-to-uranium

ratios were in the range 3 to 13. The 1971-1972 airborne work

showed that the highest radioactivity occurs over the outer part

of the granite.

2. The airborne radiometric data from Jim Jim Granite and the granite

20 km south of it are very similar, both in total-count intensity

and in source type. This latter granite is regarded as a southern

extension of Jim Jim Granite and is here referred to as Jim Jim

Granite south. A small number of ground measurements on each



Granite Max. total-count
intensity^Channel 2
(counts/s)^Range^Mean

   

Cullen (northeastern^450^49-67^56
part)

Jim Jim 260^39-63^51

230^45-52^51

290^42-56^49

 

Jim Jim (south)

 

'Nabarlek' *

 

^

'Tin Camp' • north
^

300^53-55^54
^south^150^43-47^45

TABTR.1 NUMERICAL DATA FOR ANOMALIES OVER GRANITES

Percentage sums
ch3/ch4
Mean

Channel 3
Range^Mean

Channel 4
Range Mean

18-27 24 13-26 20 1.2

19-32 25 14-35 24 1.05

22-31 26 22-24 23 1.15

20-27 25 22-31 26 1.00

28
33-37

28
35

17-19
19-21

18
20

1.55
1.75

* Name not yet approved

INN 111111 OM VIII MI OM NI GM MO 1111111 MIN INS 11111^11111^11111 NM MI MI
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granite were made in 1973 and indicated radioactivity up to
about 22)4R/h.

3. The results from the 'Nabarlek Granite' are very similar to

those recorded over the Jim Jim Granite. The airborne data

indicated thorium-to-uranium ratios of about Six.

4. The three areas of outcropping 'Tin Camp Granite' seem to be

somewhat different, both from each other and from the other

granites. The two northern areas of outcrop seem to have higher

potassium contents and higher thorium-to-uranium ratios than

the southern area. The thorium-to-uranium ratios (about 2)

over these granites are lower than those dbserved over the other

granites. However, as the areal extent of outcropping 'Tin

Camp Granite' is relatively small, these conclusions are based on a

very limited amount of airborne data and should be treated with

caution until any further work is done.

Mount Basedow

Radioactivity over Mount Basedow was detected by the 1957 BMR airborne

survey (Livingstone 1958). That survey Showed a number of anomalous areas

associated with the Mount Basedow range. Radiometric assays of rock. samples

taken from several of these areas indicated up to 0.03% U308. It was con-

cluded that both uranium and thorium were present. The 1971-1972 survey

indicated that the uranium content was low compared to thorium particularly

at the southern end of the range. At the northern end the ratio is higher but

here the radioactivity is predominantly due to potassium The highest radio-

activity recorded was 770 countsb3 at anomaly 363/251.2. It is thought that

the radioactivity is due to potassium and thorium in arkose and conglomerate

of the Mount Partridge Formation.

Spring Peak

The 1957 BMR survey detected four anoamlies in the Vicinity of Spring

Peak. One of these was in an area *here thorium-bearing arkose of the Mount

Partridge Formation had previously been found, and from this it was inferred
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that all four anomalies were due to thorium. Interpretation of the 1971-

1972 data suggests, however, that most of the radioactivity is due to potassium.

The highest radioactivity recorded was 160 counts/s.

Groups of thorium anomalies

There are four main areas where thorium is the major contributor to

the radioactivity. These are:

1. About 20 km northeast of Oenpelli Mission. This Troup is

probably due to laterite.

2. In and adjacent to the northwestern Dart of the Magela Mass of

the Nanambu Complex (Magnetic zone 12 Pl. 5).

3. About 10 km west and 15 km southwest of Mount . Basedow, in Lower

Proterozoic sediments.

4. In the southeast corner of the area, in sandstone and conglomerate

of the Mullaman Beds.

Numerical data for these anomalies are shown in Table 2. Figure 11

is a triangular diagram showing anomalies from area 4 • Of the four areas,

area 4 has the highest radioactivity (up to 250 counts/s) and the highest

thorium-to-uranium ratio (about 5).

South Alligator Valley and area to the northwest 

Radiometric profiles across the Mundogie 1:100 000 Sheet area show

a number of anomalous areas. These include the Cullen Granite (described

above) and anomalies over outcrops of the following geological units:

(a) The Plum Tree Volcanic Member; east and southeast of Goodparla Homestead.

(. Anomalies 385/285.2; 2098/286.2; 1417/287.2; 1425/287.2)

(b) Fisher Creek Siltstone; on the east bank of the South Alligator River.

(Anomalies 1090/273.2; 3094.274.2; 2416/275.2).

(c) Gerowie Cert; one area between Gerowie Creek and the South Alligator

River (Anomalies 2406/275.2; 1766/276.3; 1768/276.3; 1775/276.3; 1085/277.3;
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TABLE 2 NUMERICAL DATA FOR VARIOUS GROUPS OF THORIUM ANOMALIES

Area Max. total-count
intensity
(counts/8)

Percentage sums
Mean

ch3/ch4
Number of
anomalies

Channel 2
Range^Mean

Channel 3
Range^Mean

Channai 4
Range^Mean

I 32-57 45 27-36 32 19-29 23 1.4

210 34-48 42 26-41 34 19-28 2k 1.4 13

3 210 32-49 41 26-39 32 21-30 27 1.2 13

250 25-50 41 24-42 31 19-36 28 1.1 22

ts)



2231/278.2; 843/279.2); one area near Coirwong (Anomalies 2203/263.2;

2218/264.2; 2981/265.2; 2987/265.2; 2205/266.2; 2210/266.2).

(d) Koolpin Formation; in the Coirwong area (Anomalies 1162/252.1; 685/256.2;

688/256.2; 3422/257.3; 1195/261.2; 1198/261.2; 1405/262.2).

(e) Masson Formation; 18 km northwest of Coirwong (Anomalies 663/256.2;

3446/257.3; 3450/257.3; 1650/258.2; 1659/258.2); and two anomalies north

of Namoona (1942/272.2 and 1948/272.2).

(f) Zamu Complex dolerite: anomaly 1078/277.3. Numerical data for these

anomalies are summarized in table 3. Most of these anomalies are

classified as mixed-source or potassium anomalies. The ch3/ch4 ratios

are generally low. The highest mean ch3/ch4 ratio is 1.7 for anomalies in

the Koolpin Formation. This corresponds to a thorium-to-uranium ratio

of approximately 2.
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TABLE 3 NUMERICAL DATA FOR VARIOUS ANomALIES IN SOUTH ALLIGATOR VALLEY AND ADJACENT AREA

Geological unit Max. total-count
intensity
(counts/8)

Percentage sUMB

Mean
ch3/ch4

Channel 2
Range^Mean

Channel 3
Range^Mean

Channel 4
Range^Mean

Plum Tree 230 57-67 17-28 23 13-19 16 1.4
Volcanic Member

Fisher Creek 60-69 64 18-25 21 11-21 15 1.4
Siltstone

Gerowie Chert
at Gerowie Creek 190 5944 61 19-26 23 13-19 16 1.4
at Coirwong 180 48-66 58 17-52 24 16-22 18 1.3

Koolpin Formation 160 42-66 51 22-37 31 12-23 18 1.7

Masson Formation 210 51-69 58 19-35 25 12-20 17 1.5
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6. CONCLUSIONS AND RECOMMENDATIONS 

Many of the magnetic anomalies are of shallow or surface origin,

and their correlation with geological units has been helpful in tracing these

units below the extensive overburden which covers most of the area west and

north of the Arnhem Land Plateau escarpment. The more magnetic of the geological

units appear to be the Stag Creek Volcanics, Zamu Complex dolerite, Koolpin

Formation equivalent, and Oenpelli Dolerite.

The magnetic data show that the Nanambu Complex is only weakly

macnetio (anomalies generally less than 30 nT). The complex is surrounded by

rocks of the Koolpin Formation equivalent and locally by Oenpelli Dolerite, both

of which have stronger magnetic expression (anomalies up to 300 nT). Mapping

these magnetic features permits indirect interpretation of parts of the margins

of the complex. Magnetic interpretation has also indicated the likelihood of

two further areas of Nanambu Complex north of the main ones and this has been

confirmed by drilling. The Nimbuwah Complex, however, has a very variable and

complex magnetic expression, and its extent seems impossible to determine from

the magnetic and radiometric data.

The Koolpin Formation equivalent has a very variable magnetic

expression with anomaly amplitudes ranging from less than 10 n• (in the Myra

Falls Inlier) to possibly as high as 300 nT (west of Koongarra).

Dolerite appears to be much more widespread than originally mapped.

Magnetic anomalies are associated with both the Zamu Complex dolerite and

the Oenpelli Dolerite. Interpretation of the magnetic data indicates that

many of the surface exposures are parts of larger continuous bodies in the

subsurface.

The airborne radiometric results have identified areas of above—

average radioactivity, and provided an indication of the predominant sources

of the radioactivity, i.e. whether due to uranium, thorium, or potassium.
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The radiometric anomalies of highest amplitude were recorded over

three of the major uranium deposits (Ranger 1, Nabarlek, and Koongarra), various

uranium prospects, granite masses, and Mount Basedow (Mount Partridge Formation).

The BMR survey did not fly directly over the Jabiluka uranium deposit, which

appears to have been too far from the nearest line to be detectable.

Forty-five anomalies have been classified as 'uranium anomalies'.

For this purpose a uranium anomaly was defined as one where the channel 3/

channel 4 ratio was 4 or greater and potassium was not the major source. This

value of channel 3/channel 4 ratio corresponds to a uranium-to-thorium ratio

of about 1.6 assuming equilibrium in both the uranium and thorium decay series.

The principal host rocks for the 'uranium anomalies' are Nanambu Complex,

Nimbuwah Complex, Koolpin Formation equivalent, Mount Partridge Formation, and

laterite associated with the volcanic members of the Kombolgie Formation.

All the granite masses are anomalously radioactive, potassium and

thorium being the major sources. Similarly the high radioactivity of Mount

Basedow is due mainly to potassium and thorium.

The sandstone of the Kombolgie Formation is very low in radioactivity.

But laterites developed down-slope from the Nungbalgarri Volcanic Member and

the Gilruth Volcanic Member are somewhat radioactive with moderately high

uranium-to-thorium ratios. Laterites associated with the Gilruth Volcanic

Member have generally higher uranium-to-thorium ratios than laterites associated

with the Nungbalgarri Volcanic Member. It is considered likely, however,

that these are only surface features and that the uranium has been concentrated

in the laterite.

On Cobourg Peninsula good correlation exists between areas of bauxitic

laterite and thorium enrichment. The thorium concentrations are high enough

(up to 54 ppm in samples from six coastal sites) to be detectable in the

radiometric measurements.
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APPENDIX 1 

STRATIGRAPHY OF THE COBOUPG PENINSULA 1:220 000 SHEET AREA

(Adapted from Senior & Smart (1974))

Age
^ Rock unit

^
Maximum
^

Lithology
thickness
(metres)

Sand, soil, silt, alluvium. Ferruginous to
bauxitic pisolitic laterite.
Coquina, calcarenite, minor conglomerate.

Mainly sublabile sandstone, siltstone, and
mudstone calcareous in part (lateritized in
outcrop).

^50
^

Sublabile sandstone, carbonaceous siltstone.

^220^ Mudstone siltstone, minor sublabile sandstone,
scattered nodular pyrite.

Quartzose sandstone, siltstone, and mudstone,
micaceous and sparsely fossiliferous.

^250^ Cross-bedded quartzose sandstone. Basal con-
glomerate beds of quartzite and vein quartz
°lasts.

Cainozoic (

( Bathurst Island Formation

Upper Cretaceous^(^Moonkinn Member

Wangarin Member

Marligur Member

Carpentarian
^

KOmbolgie Formation

DOlerite.

Granitoid and gneissic migmatite of granitic to
granodioritic composition; lit-par-lit gneiss,
amphibolite, minor schist, and quartzite.

Lower Proterozoic^( BolSrite

Nimbuweh Complex
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APPENDIX 2 

STRATIGRAPHY OF THE ALLIGATOR RIVER AND MOUNT EVELYN (NORTHERN HALF) 1:250 000 SHEET AREAS 

(Adapted from Walpole (1962) and Needham (1974))

Rock unit^Maximum
thickness
(metres)

Lithology Remarks

Cainozoic Alluvium Soil, river and estuarine alluvial deposits

Superficial de^site Laterite, sand, rubble, soil,and
ferruginous deposits

Lower Cretaceous Mullaman Beds 60 Lateritized sandstone, conglomerate, and
shale.

Flat-lying.^Unconform-
ably overlies Kombolgie
Formation and Nimbuwah
Complex

Adelaidean Mudginberri and
Maningkorrirr Phonolites

1.5 Phonolites and trachytic differentiates Randomly oriented dyke
swarms

Carpentarian Rombolgie Formation Fair to poorly sorted coarse quartz sand-
stone, clayey sandstone, conglomerate,
thin siltstone bands.^Intercalated
volcanic a.

Maximum thickness 500
metres, north of 13015'S

•Gilruth Volcanic Member Amygdaloidal basalt, tuff, tuffaceous
siltstone, jasper.

Nungbalgarri Volcanic.
Member

60 Basalt flows, amygdaloidal, minor inter-
bedded sediments.

Plum Tree Volcanic Member 350 Andesite, rhyolite, and dacite.

Kurrundie Member 130 Quartz greywacke with pebbles and bands
of quartz conglomerate.

Lower Proterozoic ? Edith River Volcanics 1200 Rhyolite, dacite, tuff.

? Cullen Granite Biotite-hornblende granite Anomalously radioactive

* Informal name
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Rock unit
^

Maximum
^

Lithology
^

Remarks
thickness
(metres)

Lower Proterozoic ?Jim Jim, *Nabarlek
and *Tin Camp Granites

*Oenpelli Dolerite
^

300

Nimbuwah Complex

Nanambu Complex

Zamu Cemplex

South Alligator Group

Fisher Creek Siltstone^7000+

*Koolpin Formation
^

6000
equivalent

Altered biotite granite

Differentiated dolerite sill, minor ophitic
gabbro, gabbro pegmatite, and chilled margin.

Granitoid and gneissic migmatite of granitic
to granodioritic composition; lit-par-lit
gneiss, amphibolite, minor schist and
quartzite.

Leucocratic granite and gneiss with minor
schist, mantled by schist, gneiss, and
quartzite.

DOlerite and gabbro with diorite and
syenite differentiates. Metamorphosed
to metadolerite and amphibolite north of
Graveside Gorge.

Siltstone, minor arenaceous siltstone.
Metamorphosed to phyllite north of
Graveside Gorge and schist north of
Jim Jim Creek.

Quartz mica schist, chlorite schist, carbon-
aceous schist, amphibolite.

Anatectic granites.
Anomalously radioactive.

Predominantly migmatized
Lower Proterozoic
sediments.

Large core of partly mig-
matized Archaean
crystalline rock sur-
rounded by migmatized
Lower Proterozoic sedi-
ments, predominantly
Koolpin Formation
equivalent.

Numerous sills, folded
to give appearance of
NW trending dyke swarm.

Transitionally overlies
Koolpin Formation and
Koolpin Formation
equivalent.

Associated with uranium
mineralization. Lateral
equivalent of Koolpin
Formation.

*Informal name.
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URANIUM ANOMALIES;

NUMERICAL DATA
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SID MR 111111 111111 SO NO MI OS 11111 1111 11111^ BD NB 11111

3
8

4

5

3

3

4

3

1

3

7

14 :

3

5

5

3

Anomaly Channel I^Channel 2

Max^big^Max^b/g
Chskunel

Max b/g

1636/132.1 70^10 12
2127/200.1 700^20^136 6 101 4

1595/206 120^40^22 8 17 9

376/212 130^60^28 14 22 10

370/216 70^-^16 4 12 .

2063/217 90^30^20 6 13 -

1991/217 90^50^16 12 15 2

1055/215 90^10^12 - 16 3

822/216 40^30^8 6 12 4

871/223 130^40^26 6 15 4

1178/227.4 790^40^146 8 116 5

1071/228.1 1460^40^271 8 221 5

1042/229 100^36 8 15 5

645/230 310^40^56 8 50 6

2242/227 190^50^32 10 22 6

1089/233 200^40^44 8 38 5

40 48 12 Quaternary alluvium
3 56 41 3 Nabarlek uranium deposit

Nimbuwah Complex.

4 51 39 10 Koolpin Formation equivalent?

4 51 29 20 Quaternary alluvium

_ 52 39 9 II^
"^(close to outcrop

of Mount Partridge Formation)

- 55 37 8 It^II^It

4 46 43 11 Nanambu Complex

39 52 9 Nanambu Complex

1 38 57 5 Kombolgie Formation

2 59 34 7 Beatrice uranium prospect
Nimbuwah Complex.

4 54 43 3^)_
)

4 53 44 3 ) hanger 1 uranium deposit

)
- 3 67 28 5 ) Koolpin Formation equivalent

)
3 50 45 5)

4 54 37 9 Quaternary alluvium

2 52 45 3 Nanambu Complex

Percentage sums
Channel^CH2^CH3 CH4^Geology and comments
Max b/g



811/239

827/239

2757/241

2147/248

1268/249

1326/249

557/251 . 1

^40^10^18^2

^55^lo^8^-

^

70^-^16^-

^

150^loo^34^lo

^

130^80^32^20

^

50^50^lo^6

^

40^20^8^2

13^1

•1

9

19^lo

20^12

15^6

14^4

ell On IMP ell IMO IND MI OS SNP AI 1111111^1111111 INS SIP MO III UM INN SW

Percentage sums

Anomaly
^

Channel 1^Channel 2^Channel 3^Channel If^CH2^C113 C114^Geology and comments
Max^b/g^Max^b/g^Max^b/g^Max b/g

^1616/238^100^30^12^4^12^3^2

^

483/240^120^10^24^4^16^1^2

^2822/241^345^40^60^lo^56

^

1682/238^4o^20^8^2^12^2

46^46^8^Koolpin Formation equivalent?

57^38 5

5o^46^4^Koongarra Uranium deposit.
Koolpin Formation equivalent

2^36^55^9^Kombolgie Formation
(close to Nungbalgarri Volcanic
Member)

3^-^53^38^9^ti^U

2^—^38^52^10^/1^tl

2^—^59^33^8^II^ ft

If^4^60^33^7^Masson Formation

5^5^56^35^9^It^ft

If^4^35^52 13^Koolpin Formation

2^31^54 15^Kombolgie Formation
(close to Nungbalgarri Volcanic
Member)

55^38^7^Kombolgie Formation
(close to Gilruth Volcanic Member)

^298o/255.3
^

80^20

^

2984/255.3^90^20 14^6

1 1
^

2

8^3^2^1^58^33^9 ft



11^Kombolgie Formation
(close to Gilruth Volcanic Member)

12

9

9

9

5

If

5

5

5

3

9

7

8^Fisher Creek Siltstone
Known prospect.

9^Alluvium

12^Alluvium

Teagues Dump

II

OS MI OM Ili 1111111 SO OS QIN MIN 11111^SO IIIIII MN INS IND SIR ill SIMI INS

Anomaly^Channel 1^Channel 2^Channel 3^Channel 4^Percentage SUMS^Geology and comments

CH4Max b/g Max b/g Max b/g^Max b/g 0H2 CH3

882/261.2 100 30 18 6 15 3 4 1 48 41

898/261.2 70 10 6 4 8 1 2 1 3 50

923/261.2 120 30 24 6 17 6 4 2 53 38

1735/262.2 170 40 22 4 17 3 4 2 51 40

1792/262.2 130 50 22 4 17 7 4 4 51 40

1802/262.2 130 30 20 4 15 4 2 2 54 41

1897/263.2 150 40 26 6 24 5 4 2 48 44

1570/268.2 50 10 10 2 8 2 53 42

758/269.2 110 20 20 4 16 3 2 2 53 42

1389/273.2 90 20 26 4 9 1 1 71 24

1405/273.2 150 30 40 14 18 4 2 2 67 30

1409/273.2 100 30 20 10 12^3^3^1 .57 34

1414/273.2 90 30 16 10 12^3 53 40

1287/273.2 150 70 30 16 29 10 47 45

2203/264.2 160 80 32 16 19 4 57 34

1798/276.3 100 40 14 12 16 4 4 2 41 47

2052/286.2 600 40 170+ 10 84+ 5^24
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Personnel 

Part,' Leader: 

Geo~sicists: 

Draftsmen: 

TechDicalStaff: 

PilotS (TM): 

Equipment 

Aircraft: 

Magnetomewrs: 

Gamma-re.,- , 

spectrometer: 

APPENDIX '+ 

Operational Details 

K. Horsfall 

B. Wyatt 

R. T~lor (1971) 

P. Wilkes (1972) 

I. O'Donnell 

A. Parvey (1971) 

T. Kimber (1972) 

M. Johnson . . " 

D • . Park 

J. Walker (1971, 1972 Part Onlj) 

P. MendrinoB (1972 Part Only) 

First Offioer Joei (1971) 

J'irstOfficer Manning (1972) . 

Aero Commander (VB-BMR) 

Airborne - Proton~precessioD MN8-2 coupled to 

Moseley 71008 recorder 

Ground - Proto~prec.s6ion MNS-1 coupled 

to Esterline Angusr.cord.r~ 

Detector - ho Harsha .. 15 c~ x .10 em thallium 
. " " 

activated Hal crys~~ optlcall1 coupled to 
. . ' 

. ' . 
: :" - ' 

Bleotronics - Hamner modules : · 

atabilization - Cs-13'1 .' . 

Recorders - Two Speedoluax Hark 3 

3-channel 
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Radar Altimeter: 

Camera: · 

Timer: 

Equipment Settings 

Magnetometer 

Sensiti-ritiesl 

Spectrometer 

Senei ti vi tiee: 

44 

BOnzer TRN-'70 with output coupled to one · 

SpeedDmax recorder 

V.iDten 35 IIIIIl with wide angie lens 

BMR eolid state 

Airb.orne 4/40 . gaJIIIIIB.S/ CIl 

Ground 9 gammas/ CIIl 

Channel I - 100 counts/IS/em 

CJ:t,ElJmel 2 - 20 counts/S/CIIl 

Channel 3 - 10 counts/s/cm 

Channel 4 - 10 counts/e/om 

Spectroll8ter time 'secs all channels 
constantsi , 

Recorder Chart Moseley 7100, 5cm/min 

Speeds: Esterline AngUs 15 cm/b. 

Survey Detai18 

Height: . 

Line Spaoing I 

Speedomax Mk3 5 cm/min 

Nominally 150 III above ground· level 

Nom1~ 1.5 kill " 

Traverse Direction: East-west 
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AIRBORNE SURVEY, ALLIGATOR RIVER, MOUNT EVELYN, 

COBOURG PENINSULA, NT 1971/72 

PRE L1MI NARY TOTAL MAGNETIC INTENSITY 
~ILOMETRE5 5 0 , 10 " 20 25 30 KILOMETRES -- -- --

MILES 5k ... ="" ... == ... .:0i=========''.. ..................... ..:IO'========:3'1 MILES 

CONTOUR INTERVAL 10 NANOTE$LAS 

Record No. 1975/89 

-y--"------ -

EXPLANATORY NOTES 

This mop was r;"mpl/t1d from on aIrborne magnetic 
survey mode by file BtJreoIJ of Mi":.;rol Resources IfI 1971/72 
Tile survey aIrcraft flew 010 helgM gf 150m above qround level 
along lines spaced I 5 km aport. 

The tolal magneltc mtensify hos been corrected for regIonal gradient. 
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GEOLOGICAL LEGEND 

Sill m~dcoastol olJu~ jim 

Sund, s"~l/y sund, ccosial sand dd'1~$ 

SJIf cloy,S(md so! ,erreslral OIIUYlUm 

Uflconrolldoled s(1nd clayey sond 

LoI.file lerner.lo mol/Jed rone 

Phonal 111 dy/ltls 

Ferru{/ nous (logflY '" blady ~ne 10 meli <1m sonds/ane feldspolh c sands lone 
blocky 10'11 I. quorlz 50""510"" 

Tuflor:eous S I/s/ol>e sll/slone '" nOr Dmygdafo dol basO}1 los~r Itl 

Quar/r soodslane m liar r:onlJlom8fOr. ond sll5/one cross bedded rpplll marked 

Bosal! amygoalOidal m Places mf1lH8/a180 s IIs/ons and /uffacl/OliS 5110 m8n/s 

Quartz stmds/OM ~nglam"a/e minor SI//stonll c,au lJerJded , pplll marked 

Andes fe IV tI, '" I'Ior amygdala dol valco" cs m"or Iufloc8aus sed "'8"/5 

Purpl8 quarlz 9r8l'woc!t8 wllh p"bbles ond bands of quor!r conglom8ro/" 

Rnl'al18 doc t8 Pfraclos/le breCCIa canl}lomtJrolll 

8 "f fd- hornblende gran 10 

P.r>/f b 0119 gran t. 01/8("8d D"omDlo~s')' rod ODel" 

PIHphyr" C DP" I C and g Dnop"yr C dO/8r'. sl'"n /8 d fler8nl a/os 

Sel> st gnlliss m na, gf(mifO d m groat/!8 

HomDgeneoliS fDl D!8d 10 non 101 Dlod, I>ornbl8"de b DIll. gran 10 d m gm",ll" 

-- ----:c=:-c::::=-=--~-
Hornbl.nd8 biOI I. gran to d m 9moll!8, comp8~ nI9!pllnelra/on fabr es 

Isoclila/ly 'aldlld SChl#, gniS SS 181d5Pa/h c. some /eucosom8 btJnds 

Ooler ff, m~lrldo/~r Ie amph bafrle 

I./nd/v ded sed.m9nls 

$/1I5/on(l phy!lle m nOr quarlz t" 

Si 15101'11/ Phyli'e quarUile C(1rbOllolll roclt cMr! briMs 

Cherf quorlr IS I/sfan. dolom III, mlnar carbonoceous pl'r Ie s Ifslone IV Ih 
chllrf ItJllsU bonds and nadulu 

OI.lOrtl grlly",ockfl,'" Ih COflg/O(1le,OIS lenses 

Feldspolh t: Quorllf/s IT! caceous Quar/II/lil qllor/II/e 

Pill'''''' mlnaf 5C/l sl 

Cong/amero/e fe/dspOlh C $unds/0"8 arltose m nor $/(1111 

S}(1le pill' / Ie m nar me/a orl<050 

SOfldslan" Cafll;J/omefo/, m nM s/(1/e and s I/s/onll 

I Ply I AJt8rtJd husoll olld baso/t Qgglom~rot. 

G QU(1rll greywQclt~ carbofloceol!s 5/1slone CO/COrl/OilS s (fS/(",~ COflglam8fal8 

Geology east of longitude 1320 5' ofter AllIg.lIor Rivers Region 

Envlromentol fact finding study (Needham et ul 1973) West of 

132°15 geolol)y ofter B M R Alligator River, f rst edition 1962 end 

B M R Mount Evelyn, f rst ed tlDn 1963 

TOPOGRAPHICAL LEGEND 
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Road or track 

Named piece 

Homestead 

Aerodrome or landtn~ ground 

River or creek 

La,. 
HilI feature 

REFERENCE 

, 

PLATE 4 

G .. M~g co boundary 

1 ) AM cl nil show "fI P <ll1g8 

, ;< Sync! fll1 show or; pl/,/II98 

Fault ( 0 U J cotes fJ 01 v~ avemenl d"",,, up/ 

. 
Foull h 91, (Jog e n"".r.fJ 

F"u" ne ned 

Fa,,! show m; reial vB hor Tantal ma~eme"f 

Foull ... /" S eNUls d. 

Where 10 0/ ,M ~f bOl/nilor es fOlds ond fau" • .s oppro)( mol8 

'ne 5 liro*ef1 wheNI nferr/lrf quer ed ",heM conceoled 
DOU 7001 e5 and folds (II" du/ted fa<l 1$ a 11 ~haw!1 0)' 'i/><Nt d<JV'I1S 

3-7 P/unqe of m nor on! cl ne 

-E--7 P/unrJe of m nOr syncl n9 

Plung' of fold 0:< S 

Plungli odd"d 10 Ir8nd '''8 

Sfr !t8 and d p 01 glrotD 

PreV(J I ng sfr M and d p 01 slraro 

-+- Veri co SlrQ/o 

+ Hor zoMof strolo 

~ DV8rlurn8d slrata 

T Curvngdp 

T op 5" IS" 

Op 15° 45° 

Trend I "95 

Jo nl pal/9rn 

o P siapli 

G8nera/ sed sl ir8 and d p 01 "ndl.l/ol ng slr% 

S!r K8 and d p af}o nls 

"""-"0 Slr!te (1nd d p ot tol a/ on 

5/ "" ond d p 0' '01 ~t on unmeasured 

-I- VeN col leI 01 01'1 

'&ii' Slr"6 and d p of Clllo~olJe 

SIr I<e (1nd d p af c/eav(1ge unmeasured 

Veri col c/eovalJe 

Apporonl d P of cleovalj8 on bedd ng plane 

Sir *e of bedd nl} (1nd c!,rlvogll Co nC denl 

Sfr til and d p of DlSddlng /I' 1/1 ~er I co! eleOyor/8 

l nea! on On bMd nlJ 

Fa at (1(1 10' /~ (1 unge of r neallon 

P ury flaw ncl 8d 

Plaly flo ... 110 zonlol 

D ~cl/On af sed menial on • cross sI{(1f(1 (>al on 
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• Mac otO$l locally 

01';;(1 (lr ve n q '1110 II ph pllanOll(l d do ent(l 
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;/' ProspeC/ 
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Au Gold 

Cu Capper 
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Zn Z ne 
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GEOLOGY 
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GEOPHYSICAL INTERPRETATION 
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