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SUMMARY 

In 1969 the Bureau of Mineral Resour~es conducted 
experimental surveys in the Rum Jungle area~ Northern TerritorY9 
to test the radon (or emanation) method of uranium explorationc 
The method used was to measure alpha particle activity due to 
radon in holes drilled speci~lly for the purposeo The main 
areas surveyed were the Rum Jungle Creek/Rum Jungle Creek South area 9 
the Mount Fitch/Mount Fitch North a~ea, and the Crater Formationo 
The results in the Crater Formation showed that ~ost of the 
radioactivity is due to the thorium decay series 9 but small 
amounts of radon 222 probably occura In the other areas numerous 
alpha anomalies were locatedo Although limited migration by 
diffusion of radon 222 from 'nearby sources probably occurs 9 
in general the results are inconclusive because it is not possible 
to interpret the results to the extent of determining whether 
migration of radon has occurred or noto 
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1. INTRODUCTION 

;- In 19691th~ Bureau of Mineral Resources (B~) conducted 
survey~ in the Rum Jungle area, Northern Territory, to test the radon 
method-(often called the emanation method) of uranium exploration. 
The method is based on the migration of radon. Radon can migrate 
from its parent radium by transport or diffusion. The radon method 
is to study the distribution of the radon to find the migration paths 
and so to locate radium and uranium. Radon is an alpha particle 
emitter and the method used to locate radon was to measure alpha 
particle activity in boreholes. 

The main areas surveyed (Plate 1) were the Rum Jungle Creek/ 
Rum Jungle Creek South area, the Mount Fitch/Mount Fitch North area, 
and the Crater Formation north and east of Batchelor. 

The element radon has three naturally occlirring isotopes, 
all radioactive~ radon 222 (radon)~ radon 220 (thoron), and radon 219 
(actinon) • These isotopes are produced in the decay seri_eJ? of 
uranium 238, thorium 232, and uranium 235 respectively and all are 
alpha emitterso Their half lives are 3.'825 days, 54.5 secondsi<.1:arld 3.92 
seconds respectively. The amount of radon 219 occuring.,·naturally 
is insignificant for the purposes of r~don surveys. 

Radon isotopes are inert gases. During their brief lives 
the atoms are capable of moving from the sites of generation by 
diffusion and transport through permeable rock and soil. The 
migration of radon 220 and radon 219 in the ground is severely restricted, 
in comparison with that of radon 222~ by their short half lives. 

Radon is soluble in water but the solubility is a steep 
inverse function of temperature. Radon is less soluble in aqueous 
solutions of elect~olytes than in pure water. 

Many variables are significant in the migration of radon 
isotopes (Tanner, 1964a, p. 165): the decay rate of the isotope~ the 
diffusion constant for the isotope in the pore-filling fluid, the porosity 
of the ground~ the velocity of the fluid, the composition of the fluid and, 
if the fluid has more than one phase~ the temperature-dependent distribution 
of the radon isotope among the phases. Two different mechanisms of 
migration should be distinguished: diffusion~ where the radon isotope 
moves with respect to the fluid filling the pores of the medium; and 
transport, where the fluid itself moves through the porous medium and 
carries the radon isotope along with it. 

Tanner (1964a, p. 174) summarizes estimates 9 based on experimental 
and theoretical work, of migration distances of radon 222 in a homogeneous, 
isotropic, porous, permeable medium (for example, undisturbed rock or soilL 
The maximum distance at which radon in soil gas would signal a buried 
deposi t:,of radium-bearing material is to the order of ten metres. The 
migration distance of radon 222 in l,n:-quid-saturated rock or soil depends 
on the rate of filiow of the underground liquids; this is variable and depends 
on lbeal conditions, but the maximum is estimated at about two metres per 
dayo The migration distance also depends on the rate of removal of radon 
from underground water. Tanner (1964a g p. 173) concludes that the migration 
distances of the radon isotopes are quite short at ~ormal groundwater 
flow rates. 

No reliable estimates can be made of the migration distance 
of the radon isotopes in anisotropic and fractured media. In unsaturated, 
fractured rock or disturbed soil, channels may be present in the ground 
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in the vicinity of a source of a radon isotope and migration will be 
unusually great along the high-speed pathsi but only in the directions 
traversed by those pathso The chance of detecting a radon anomaly at 
a distance greater than would be found for a homogeneous, isotropic 
medium will depend on the chance that a sample is taken at a fracture 
or channel. The migration of radon isotopes in saturated anisotropic 
and fractured rock or soil depends heavily on the rate of groundwater' 
flow along preferred channels 9 and the proximity of the channels to 
radon sourceso 

Tanner (1964a, po 178) reviews geophysical prospecting for 
uranium using radon detection methodso He states that "the success of 
many of the geophysical investigations cited (by him) suggests that 
substantial radon migration takes placeo Few of the investigations 9 
however 9 have permitted discrimination between migration of radon ,and 
that of its precursorso Migration of the several most mobile members 
of the uranium series 9 uranium 238 9 uranium 234~ radium 226 9 and radon 2229 
is probably responsible for many anomalies 9 particularly those which imply 
movement through distances of'many metreso" 

"Radon migration may even be minor compared with migration 
of its precursors in some placeso In a survey at a uranium prospect in 
Texas 9 the writer (Tanner) found a halo of enhanced radon concentration 
in soil gas at all sampling points within about 30 metres of a uranium 
ore bodyo Without further knowledge the halo might have been ascribed 
to radon migrationo However 9 the vertical distribution of radon in the 
ground was inconsistent with upward radon migration of more t.han a few 
centimeters 9 and the horizontal gradient of radon concentration was 
inadequate to account for the anomaly 0 Displacement of the anomaly in 
the downhill direction 9 correspondence between the gamma~ray intensity 
and radon concentrations in holes near each other 9 ~~d uranium series 
disequilibrium at the prospect indicated that the anomaly resulted from 
the migration of the precursors of radono" 

"Uranium series disequilibrium prevails in and about many 
uranium ores (Rosholt 9 1959; Granger 9 1963)0 Groundwater movement is 
common in fault zones such as are likely to be revealed by th~ emanation 
methodo Anomalies arising from the migration of radon only should ' 
probably be regarded as exceptionalo" 

Uranium series migration and disequilibrium are interconnectedo 
Two main t.ypes of disequilibrium are (1) uranium daughter=product 
deficiency and (2) uranium deficiencyo 

Uranium daughter-product deficiency can be caused by various 
processeso The uranium may have migrated to its present location in 
a time less than that required by its daughter products to reach approximate 
equilibriumo Alternatively 9 preferentially greater leaching of daughter 
products than of uranium may have occurred; this alternative is the more 
probable in carnotite and other types of deposits where uranium-fixative 
agents (such as vanadium or phosphate) are also presento Radium 226 
has been found to be the most common long-lived daughter product which 
can be leached (Rosholt 9 1959 9 po10)j deficiencies of radon 222 and of 
lead 210 (due to emanation of radon 222) are causes of only short-lived 
disequilibriumo Granger (19639 po62) gives examples of radium 226 migration 
and of the subsequent concentration 9 under suitable conditions j of 
radium 226 not associ~teti witn parent isotopeso Under ce~tain conditions 9 

thorium 230 (the parent of radium 226) iis also mobile &6rcmger-91963; po 61 L 
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Disequilibrium due to uranium deficiency is often the result 
of leaching of uranium. This type of disequilibrium is usually associated 
with an oxidized environment; it can also occur in pyritic ores from 
the differential leaching of all components. Sulphates formed would 
retain the radium even though it might migrate somewhat~ whereas the 
sulphuric acid formed would leach and remove uranium (Rosholt~ 1959g p.13). 

Radium 226 is easily leached in ~~y different environments 
(Rosholt g 19599 p.13) and is quite mobil~. One of the many processes 
that can remove radium 226 from water and immobilize it is precipitation 
as radium sulphate 9 as mentioned above (Tanner 9 1964b g p. 271)0 A common 
mechanism of radium immobilization is coprecipitation of radium 226 
with calcium carbonate (Tanner g 1964b 9 po 272)0 

Two of the principal gamma emitters in the uranium decay series 
are the radon 222 da.ughtersg lead 214 and bismuth 214,therefore gamma 
anomalies can be expected to occur associated with radon 2220 The 
strength of the gamma anomalies can be expected to depend to some extent 
pn the distribution of the radon 222 in the ground, this is relat.ed to 

.. the diffus'ion or transport rate of the radon. 

In the USSR the radon ~ethod has found wid~ practical application, 
more so than in other countries (Tanner g 1964a g po 177). Grammakov 
et alo (1958, po 737-738) refer to the investigation in the USSR of the 
relation~.ip" between radon and radium haloeso The interpretation of 
their radon data ie based not only on the activity of the orebody and 
the rate of radon diffusion but also on the radium distribution in the 
ground 0 They state that often the determination of the relationship 
between the radioactivities of the gaseous and solid phases is one of 
the most important steps 'in their interpretation. 
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20 METHOD AND EQUIPMENT 

The method used to measure radon was to lower an alpha­
sensitive probe down boreholes in the areas under investigationo The 
probe was connected to a power supply and coupter on the surfaceo 

The equipment for the Rum Jungle area survey was lent to 
the Bureau of Mineral Resources by the Australian Atomic Energy Commission. 
The alpha-sensitive area of the probe was a layer of zinc sulphide 
on the cylindrical surface of the one-inch diameter perspex rod eight 
inches long. The scintillation layer was shielded from light by 
aluminized mylar foil of one milligram per square centimetre equivalent 
surface densityo A one-inch diameter photo-multiplier tube was 
optically coupled to one end of the perspex rod. An outer cylindrical 
housing, ~4 ins in diameter and perforated in the vicinity of the 
alpha-sensitive surface, was fitted over the probe. A fine metal gauze 
covered the perforated area. The housing provided mechanical protection 
and defined a fixed volume of gas for measurement. The probe was lowered 
down the hole with a steel cable. A coaxial cable approximately 30 ft 
long connected the probe to the electronic equipment on the surface. 
This consisted of a power supply for the photo~multiplier:tube&arid-a 
pulse-counting unit. 

A protactinium 231 alpha source was provided to check the 
sensitivity of the probe. Checks made by the Australian Atomic Energy 
Commission in their laboratory in a simulated borehole filled with 
radon 222 in air showed that the sensitivity of the probes was about 
500 counts per minute per nano curie per litreo 

Host of the borepholes used for radon measurements were auger 
holes drilled specifically for the purpose. Gamma measurements were 
made in the holes immediately after drilling and the holes were then covered 
to avoid scavenging of the borehole gas due to venturi effects of the. 
windo The alpha reading were usually made twenty-four hours after the 
holes had been drilled and covered to allow a steady state condition to 
be reachedo The auger holes were nominally 29 ft deep. but the actual 
depth depended on drilling conditions and the limitations of the auger 
drill used. 

Tests made in selected holes over a period of months showed 
that meteorological effects did not measurably affect radon readings 
below 10 ft in the holes. However~ this was in the dry season when 
weather conditions were stable. Heavy rain saturating the ground~ 
variations in depth to water in boreholes I and variations in atmospheric 
uressure could be expected to influence the radon content in the holes; 
Tanner (1964a~ po 169) reviews these problems. 

Deposition of solid alpha-active daughters of radon in the 
probe causes a build-up of count rate and also contaminates the probeo 
Thus the longer the probe is down the hole the greater the count rate 
will be, equilibrium between radon and its daughters down to lead 210 
is reached in about four hours. The count rate is thus a function of 
the time elapsed between putting the prob~ down the hole and starting 
the count; it is also a function of the counting timeo These times were 
usually half a minute and three minutes respectively. 

Contamination of the probe is due to deposition of solid alpha­
active daughters of radon on the surfaces of the probe. This contamination 
is taken into account by background readings before making a reading 
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in a borehole. The daughters are short~lived and the time-dependence 
of the contamination has been measuredo The alpha readings are made when 
the contamination has reached a slow, steady rate of decrease. 

Thermal agitation in the hole stirs up the gas, but measurements 
showed that highest count rates were at the bottom of the holes; the 
count rate is a function of the depth of the probe down the hole. As 
the probe is not waterproof, the maximum depth of the probe in the hole 
is limited by the depth to water. Measurements were made as near as 
possible to the bottom of the holes. In dry holes, the only limitation 
was the length of the coaxial cable connecting the probe to the surface 
electronic equipment (about 25 ft). In wet holes, measurements were made 
about one foot above the water level except, of course, when the water 
level was deeper than the cable length. The accuracy of the method was 
not great, but, in practice 9 it was possible to distinguish between holes 
with low and high count rates. 

The method used to differentiate between radon 220 and radon 222 
in the field was to trap gas from a borehole in the probe and measure 
the alpha activity of the daughter products over some hours to establish 
half lives. After the probe is removed from the hole, ~he time-dependence 
of the count rate is complex for the first few hours owing to disequilibrium 
between the various isotopes. Radon 222 decays to polonium 218, to lead 
2149 to bismuth 2149 to polonium 214~ to lead 2'10, etco Radon 222 and 
polonium 218 and 214 are alpha emitters, and lead 2149 bismuth 214, and 
lead 210 are .. 'lbeta';emi'tters: The half lives !-oi' the 'isotopes are: such' -that 
after the decay series of radon 222 and its short-lived daughters (that 
is, down to polonium 214) reaches equilibrium~ the alpha ~ount rate in 
the probe decreases at a rate depending on the half life of the beta 
prodUii.;er 9 lead 2140 Similarly 9 radon 220 decays to polonium 216, to 
lead 212, to bismuth 212~ etc. and the half lives of the isotopes are 
such that after the deaay series of radon 220 and its sh~t=livedc~~nter 
polonium 216 reaches equilibrium9 the alpha count rate in ~he probe de= 
creases at a rate depending on the ha~f life of the beta producer, lead 212. 
The half life of lead 214 is 2608 mins and that of lead 212 is 1006 h 
and measurement of these half lives differentiates between the parents 
of lead 214 and lead 212 (and so between radon 222 and radon 220)0 
As the decay is exponential~ the alpha intensity of a particular half 
life plotted logarithmically against time produces a straight line 
of negative slope; examples are shown in Plate 80 In the cases in 
the Crater Formation where lead 214 and 2'12 are both present~ the tot.al 
intensity is plotted logarithmically and the slope of the plot gives a 
half life of 1006 h.; this is because almost all the alphi3- activity 
is due to the radon 220 decay serieso HOWeVe1'9 if the straight line 
plot of the 1006 h: half life is subtracted from the total intensity plot9 
the result should be a plot giving a half life of 26.8 miusQ Examples 
of this are shown in Plate 80 
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3. RESULTS 

Initial Tests 

The Australian Atomic Energy Commission made a brief field 
test of the radon equipment at the end of February 1969 in the Rum 
Jungle area. A line of auger holes was drilled across the Mount Fitch 
~sp~t and another line in the Crater Formation immediately north of 
Batchelor. Radon measurements were made in these holes and in existing 
diamond-drill holes in the area of Mount Fitch prospect. 

The tests were concerned only with the physical measurement 
of radon concentrations. The conclusion reached was that measurement 
of radon concentrations under field conditions is relatively straight= 
forward (J.K. Parry 9 pers. commo)o 

Crater Formation 

The radon survey proper began in July 1969 in the Crater 
Formation 0 Two lines of auger holes were drilled 9 one at the Crater 
prospect (Crater traverse N001) and one in the Shirley area (Crater 
traverse No. 2)0 Holes were 50 ft apart except towards the ends of the 
traverses where they were 100 ft apart. The positions of the traverses 
are shown in Plate 1. Gamma and alpha measurements were ~~de in the 
holes and the results are shown in Plate 20 The geology stown9 by 
DoJ. French 9 is from Needhamis (1970) Plate 280 

Plate 2 shows anomalies in the down-hole alpha and gamma 
readings~ and the surface gamma readings due to radioactivity in the 
Crater Pebble Beds and the beds immediately above them. The Noo 1 
and Noo 2 Conglomerates form narrow discont;nuous bedso The surface 
gamma readings show anomalies due to both Cpnglomerates on Traverse 1 
and to the Noo 1 Conglomerate on Traverse 2; the Noo 2 Conglomerate did 
not crop out on this traverseo The down-hole gamma readings show an anomaly 
only on the Noo 1 Conglomerate on Traverse 10 Evidently the holes 
missed the other occurrences of the Conglomerateso No down-hole alpha 
reading was made in the hole on the Noo 1 Conglomerate on Traverse 1 
because it caved ino 

Measurements of half lives of daughters in the decay series 
of gas in the probe were made as described earliero The results (Plate 8) 
show that the alpha activity is due to radon 220 9 a member of the thorium 
232 decay serieso However~ subtracting the 1006 half life curve from 
the total alpha activity curve shows that some activity may be due to 
radon 2229 but this is somewhat uncertain because the count rates are 
50 low that significant statistical errors may be presento These 
measurements were made in auger holes at 005N9 Traverse1 9 and at 605N~ 
Traverse 29 and in rotary hole 69R36~ which is about 300 ft west of 
605N~ Traverse 20 All these holes were in the anomalous zoneo 

For comparison 9 measurement was made of half lives of daughters 
in a sample of gas from rotary hole R140 (drilled in 1968) at Rum Jungle 
Creek Southo The position of the hole is shown in Plate 30 The 
results 9 shown in Plate 8 9 are totally different from those from the 
Crater Formation and clearly show a half life of about 27 min. 

The positions of the alpha and gamma anomalies coincide well. 
As the radioactivity is due mainly to the thorium decay series this is 
to be expectedo The half life of radon 220 (thoron) is so short that 
migration is negligibleo 
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At this stage 9 alpha measurements were stopped in the Crater 
Formation because of the presence of the activity due to the thorium 
232 series 9 and measurements were started in the Rum Jungle Creek/ 
Rum Jungle Creek South areao 

Rum Jungle Creek/Rum Jungle Creek South area 

Holes were drilled as shown in Plate 3 around and to the 
northwest of the Rum Jungle Creek South open cuto The holes are all 
~uger holes except the group of rotary holes. on Traverses 40E~ 42E~ 44E9 
and 46E south of the open cut. The geology of the area is shown in Plate 49 
which is Needhamos (1970) Plate 24. The area includes the Golden Dyke 
Formation and its contact with Coomalie Dolomite to the south and hematite 
quartz breccia to the north9 and also the syncline in the Golden Dyke 
Formation in which the Rum Jungle Creek South orebody occursoo 

Alpha and gamma measurements were made in the holes; results 
are shown in Plate 3. These results show the alpha activity in each'hole j 

the maximum gamma activity in each hole and the depth at which it occurred 9 

and the gamma activity at the bottom of each hole and this depth. Holes 
with alpha activities of 1000 counts per minute (cpm) and over are 
marked as anomalous. Although activities of about 600 cpm and over are 
probably anomalous~ less ambiguity arises in interpretation if only 
the definitely anomalous holes are considered. 

No gamma readings are shown for the rotary holes on Traverses 
40E to 46E. The water~table depth on these traverses ranges from 20 ft 
on the western ends ,to 40 ft on the eastern ends; all the gamma m~ima 
are well below the water-tableo Radon emanation in these holes is from 
material on the sides of the holes or from the top of the water in the 
holes 9 and gamma anomalies below the water-table are not relevant except 
in so far as they may influence the radon content of the water. 

Alpha anomalies occur in most of the rotary holes south of the 
Rum Jungle Creek South open cut. Gamma peaks in the holes vary greatly 
in occurrence and intensity and cannot be matched between adjacent holes 9 

suggesting radioactivity of a small poddy nature (Needham 9 1970 9 po29)o 
The holes are in the southern extension of the Rum Jungle Creek South 
uranium mineralization. Although the maximum gamma readings are below 
the water-table 9 the soil here is known to be anomalous. Ruxton & Shields 
(1963~ po11) consider that radioactive minerals have migrated downslope 
laterally from about 8N/4oE towards 4N/40E along the soil/bedrock boundary 
(about 10 ft depth) and gradually upwards through the soilo The alpha 
anomalies here are probably due to radon from radium at about 10 ft dep~hc 
The gamma anomalies in the soil are probably from radon daughterso The 
area is known to contain sporadic low-gr~de uranium mineralization 
(Miezitis'~ 1967). It appears that neither the radium nor the radon 
here has migrate'd faro 

A traverse (A-J) skirting the open cut and waste tip areas and 
crossing a paddock of Meneling Homestead was auger-drilledo The position 
of the traverse is shown in Plates 3 and 4; the radiometric results 
are shown in Plate 30 Numerous near-surface gamma anomalies occur and 
these 9 except for the one around AB200 discussed below (AB200 is 200 ft 
from A towards B)9 are either a result of surface contamination from the 
mining operation.s· or are similar to the anomalies in soil south of the 
open cut and discussed above 9 or a combination of both. The alpha 
readings are variable 9 the highest being at AB800 9 AB1000 9 BC600 9 

EF2509 and FG2000 Near-surface concentrations of radium could account 
for these anomalies; the gamma counts are mainly from daughters. 

I () 
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The radiometric anomalies around AB200 and AB200/400E were 
known before mining operations commenced. Sporadic high- and low-'grade 
uranium mineralization, mainly between 140 and 210 ft9 occurs in this 
area (Niezitis 9 1967, p. 67). Plate 3 shows that high gamma readings 
occur in the first few feet of each hole, and concentrations of 
near-surface radium probably account for at least part of these anomalies. 
In addition diffusion of radon from nearby radium associated with minor 
uranium mineralization and from the water-table (arising from deeper 
mineralization) probably occurs. 

Radiometric anomalies occur at the Rum Jungle Creek prospect 
(Plate 3). Niezitis (1967) summarizes the exploration here and states 
(P. 6S) that sporadic low-grade uranium mineralization was found at the 
prospect. High gamma readings occur all the way down holes 9N/8\" 9 

6N/4W9 9N/4W9 and SN/lW and high alpha readings (up to 4,500 cpm) 
were obtained in these holes. These strong gamma anomalies are not 
related to commercial-grade uranium mineralization and are probably 
associated with the uranium decay series in disequilibrium. Strong 
concentrations of radium could produce the radon for the strong alpha 
anomalies. If the radon does not diffuse far, then the strong gamma 
anomalies would result from the gamma-emitting radon daughters. 

A very high alpha reading (7 9 500 cpm) was obtained in the hole 
at 10.5N/22E, and high gamma counts were obtained all the way down the 
hole. This hole is adjacent to hematite quartizite breccia of the 
Castlemaine Beds (described by Needham 9 1970 9 p.9). Ruxton & Shields 
(1963 9 p. 11) describe an auger hole in a similar geological position 
at 26075E/lOoS5N (Rum Jungle Creek South grid)p adjacent to the hematite 
quartzite breccia and about 950 ft south along the contact from 1005N/22E. 
The hole described by Ruxton & Shields passed through silts and clays. 
The average radiometric reading was above 0.096 mR/h (somewhat higher 
than the 1969 hole). The silt between one and three feet was fOIDld to 
contain 2S percent P205 and that between 10 and 14 ft, 22 percent P205. 
The 1969 hole may be similar and the radioactivity could be associated 
with uranium fixed by the phosphorous. Alternatively the radioactivity 
could be similar to that at the Rum Jungle Creek prospect described aboveo 

A group of holes with alpha anomalies is shown in Plate 3 
on and south of the Rum Jungle Creek grid "baseline from 4E to 20E o These 
anomalies are en the flood-out of the small creek showno This creek . 
rises in the Castlemaine Beds (known to contain uranium mineralization 
associated with phosphate) and crosses the Golden Dyke Formation just 
east of the Rum Jungle Creek prospect. It is possible that some of the 
radioactivity in the flood-out area is from radioactive material washed 
dO~i the creek. The anomalous holes are mostly in Golden Dyke Formation o 
One of the holes (4S/l6E) has gamma values increasing with depth9 and 
the gamma anomaly was later investigated by deeper rotary drillingo This 
revealed isolated gamma anomalies, and the area may contain weak 
sporadic uranium mineralization (Needham 9 1970 9 po 2S). Most of the 
auger holes show gamma anomalies in the first 10 to 15 ft, and the 
radioactivity may be due partly to sporadic weak mineralization and 
partly to near-surface radioactivity from uranium series decay products 
out of equilibrium. 

Other holes with high alpha readings not yet mentioned are at 
l2S/l6Wp' 0/4W, SS/4W 9 SN/12E p and 4N/16E. The anomalies may be 
associated partly with radioactivity in the near~surface layers and 
partly with deeper radioactivitY9 as in the previous cases o 
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Plate 5 shows the gamma logs of holes along Traverse 8s 
across the flood-out mentioned previouslyo The logs show anomalies 
only in the near-surface zoneso The alpha anomalies indicate the 
presence of radon, the gamma anomalies could indicate the presence of 
the radon daughters bismuth 214 and lead 214 in the top 15 ft or SOo 
Thus on this traverse both the alpha and gamma readings could be interpreted 
as an indication of the presence of radon. Neither the alpha nor the 
gamma readings indicate whether migration of radon or of its pre~ursors 
has taken placeo The gamma log of the auger hole at 4S/16E (PI. 3) 
showed maxium radioactivity of 0005 mR/h at the bottom of the hole (1e ft)j 
the alpha reading was 2600 cpmo A series of deeper rotary holes was 
drilled subsequently at 40Q-ft centres along Traverse 4s to test the gamma 
anomaly; the only significant radioactivity located was 0014 mR/h between 
118 ft and 119 ft at 4S/8E (Needham~ 1970 9 po 28)0 It is possible that 
some radon migration occurs from this and other radioactive material 
at depth and contributes to the auger hole alpha anomalieso The presence 
of deeper radioactivity cannot be inferred from either the alpha or the 
gamma readings in the auger holeo Essentially~ all the information obtained 
from interpretation of the alpha results was also available from interpretation 
of the gamma resultso 

Mount Fitch/Mount Fitch North area 

Auger holes were drilled as shown in Plate 6 on traverses 
crossing the Coomalie Dolomite/Golden Dyke Formation boundaryo The 
geology shown is from Needham's (1970) Plates 22 and 230 Alpha and 
gamma measurements were made; the results are shown in Plate 60 Holes 
with alpha readings of 1000 cpm and over are marked as anomalous as in 
the Rum Jungle Creek/Rum Jungle Creek South areao 

The area has been thoroughly prospected and all gamma anomalies 
are known from previous surveys 0 'The gamma logs show high values 
occurring in the Golden Dyke Formation; the 0003 mR/h contour closely 
parallels the Coomalie Dolomite/Golden Dyke Formation boundary (Needham 9 

1970 7 po 26 9 and plo 21)0 The alpha results do not correlate so 
readily with the geologyo In the northern part of the surveyed area. 9 

alpha anomalies were found at the Mount Fitch North prospect (Traverse 
544N9 pIa 6)0 This prospedt has been -well tested by Territory 
Enterprises Pty Ltd and only minor uranium mineralization was found 
(Miezitis 9 19679po 5)0 South of Traverse 544N9 occasional alpha anomalies 
were found as far as Traverse 490No All these anomalies may well be 
associated with minor uranium mineraliza.tiono Alpha anomalies occur more 
consistently from Traverse 482N southwards 0 This is in an area of known 
minor mineralization north of the Mount Fitch prospecto No auger holes 
were drilled at the prospect itself because of preliminary mining operations 
going on at the time! but auger holes were drilled to the east and 
north as showno Secondary uranium mineralization is known to occur in 
the Coomalie Dolomite immediately east of the Mount Fitch prospect9 and 
the numerous alpha anomalies may be due to radon which has not migrated 
any significant distanceo No gamma logs were made in the holes immediately 
east and north of the prospect~ but from previous survey results summarised 
by Miezitis (1967 1 plo 3a) the area is known to be highly anomalouso 
A general interpretation of the alpha and gamma anomalies is that they 
are associated with radioactive haloes around the Mount Fitch prospecto 

About a quarter of a mile south of the Mount Fitch prospect~ 
alpha anomalies were found on Traverse 4'18N 0 High readings were obtained 
in the holes at 136E9 134E, 132E9 and 131E in the Crater Formation. 

It 
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High readings were obtained also at 137E in the Rum Jungle Granite 
Complex; these may ~e due to radioactivity in the Complex or in the 
nearby Crater Formation. Alpha anomalies were also found in the Acacia 
Ga·p Tongue at 127Eg 126E. The reason for these is unknown; the Acacia 
Gap Tongue is described on this traverse as quartzite and black slate 
(Needham 9 19679 plo 23)0 One alpha anomaly was found in the Golden Dyke 
Formation (at 113E) 9 though all the a'ipna readings in the Golden Dyke 
Formation here were fairly higho 

Rum Jungle East area 

Alpha measurements were made ~n one line of auger holes (20W) 
in the Huandot area, Rum Jungle Easto The approximate position of the 
traverse is shown in Plata 19 and the radiometric 'results in Plate 70 
The traverse (from north ~o south) is in Golden Dyke Formation and the 
transition zone between Golden Dyke Formation and Coomalie Dolomite. 
The results show associated high alpna and gamma anomalies at around 
2905 in the Golden Dyke Formation, with an associated surface gamma anomalyo 
The anomalies are inte~reted as being due to radioactive material in the 
near-surface Boil, between 10 and 15 ft depth9 with the maximum 
radioactivity ,located in a particular soil layer (Needham 9 1970, p.p. 14~15) 0 
The alpha activity probably comes from radon em~ating from radium in 
the soil. 
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40 CONCLUSIONS 

In the Crater Formation the alpha activity is due ma1TIiy to 
radon 220 (thoron)o Field tests made by determining decay curves of 
radon daughters showed that ~ll amounts of radon 222 probably occur 
in the Crater Formation. No quantitative estimate could be made from 
the testso 

In the other areas surveyed 9 limited radon 222 migration by 
diffusion has probably occurred from nearby radium in many cases~ for 
example~ at the known occurrences of uranium mineralization such as 
the Rum Jungle Creek prospect~ the northern and southern extensions of 
the Rum Jungle Creek South mineralization 9 the Mount Fitch North 
prospect9 and the holes around the Mount Fitch prospecto However 9 

in general it is not possible to interpret the results to the extent of 
determining whether migration of radon or·oJ its precu!'sors has 
occurred over significant distances or not. . . . 

An interpretation of the Rum Jungle area results could be 
that the existence of ·the radon anomalies indicates the existence of 
uranium mineralizati~no Explor~tion has shown this mineralization 
to be widespread i~ the area 9 though mostly uneconomico Probably 
innumerable radium and radon haloes exist around mineralization~ 
generally overlapping adjacent haloeso Thus the widespread distribution 
of uranium mineralization~ mostly minor 9 hampers detailed interpretation 
of results to locate individual mineralized zoneso 

Tw.o of the principal gamma emitters in theuran~um decay 
series are the radon 222 daughters9 lead 214 and bismuth.~21~9~and 
therefore gamma anomalies can be expected to occuraSEociated with 
radon 222 anomalies. As it .is simpler to make gamma measurements than 
alpha measurements 9 in general gamma measurements are preferredo 
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