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SUMNARY,

The Crater Line consists of a series of rock exposures
outcropping in an arcuate pattern arcund the southwestern flank
of the Rum Jungle granite, The exposed rocks are believed to
represent part of the Brocks Creek group of Lower Proterozoie
age. The Crater formation, the major mappable unit in the line
of exposures, consists of metamophosed clastic rocks totalling
approximately 1500 feet in thickness.

Significant radiocactivity 1s restricted to three
stratigraphic zones within the Crater formation. These have
been mapped and are designated Crater Pebble Beds, Number One
Pebble Bed, and Number Two Pebble Bed, Number One Pebble Bed
appears to contaln the most significant anomsalies, The radio-
activity is restricted to conglomerate beds, There may be a
genetlc relationship to the greater permeability formerly
localized in the conglomeratic zones. The radioactivity 1is
not localized by tectonlc structures such as folds, faults, or
changes in dip,

No source of the radiocactivity has been identified.
The radiocactivity probably emanates from members of the uranium
disintegration series, The uranium has been leached from the
surface exposures by severe weathering. Exposed rocks must
exceed eight times normal background throughout a minimum length
of twenty-five feet to be classed as a significant anomaly.
Four areas contalning significant anomalies and deserving further
investigation were found along the Crater Line. The potential of
the Crater Line as a source of uranium cannot be estimated at
this time, If the anomelles represent former urenium deposits
then several orebodies could be discovered by further exploration,
Laboratory investigation of the exposed radiocactive rock as well
as unweathered cores from depth under the anomglies is required
to determine the source of the radiocactivity before extensive
fleld investigations are warranted. Core drilling of an
anomaly in Area "B" is recommended to obtain information about
the unweathered and, perhaps, unleached radioactive rock, If
uranium or radioactivity equivalent to ore grade is found then
getailid radiation surveys and extensive core drilling will be

esirable,

ANTRODUCTION,

Location,

The area discussed in this report is located in the
hundred of Goyder, County of Palmerston, about fifty-five miles
south of Darwin, N.T. It consists of an arcuate strip ranging
in width from 1500 to 2000 feet approximately seven miles 1n
length, This strip generally parallels the North Australian
Reilway (Darwin-Birdum) from a point three quarters of a mile
north of Rum Jungle slding to a position about three quarters
of & mile north of Batchelor Airfield, It then parallels the
Batchelor road and extends to the east as far es the Adelalde
River road,

Previgug Investlgation,

The first radloactive anomaly in this area was
discovered in June, 1951, by Matheson and Dyson near the
present site of the Crater Prospect, adjacent to a bomb crater
from which the name was derived, and from which the sequence of
rocks has received the name Crater formation, The line of
exposures along the strike of these rocks is called the Crater
Line, This area was mapped in a reconnaissance programme in
1951 by various members of the Rum Jungle Party of the Breau
of Minersl Resources on photographs with a scale of approximately
1200 feet to the inch, A detalled geological map prepared by
N. J. Mackay, and a radiometric survey made by Dyson, cover the
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locality of original discovery adjscent to the Crater Prospect
(Mackay, 1953). The area 1s alsc described in the general repo:
on Rum 5ungle investigations during 1951 and 1952 (Matheson 1853,
Two dlamond drill holes, 110 =znd 154 feet deep, were conpl'eed in
July, 1952, to test the Crater Prospect snomaly. Core recovery
was {en to twenty percent and only one zone produced sludge
samples assaying as much as 0,01% equivalent uranium oxide,

Jethod of Nspping.

The base map for this report was prepared from
photographs of the Darwin4Pine Creek series, Survey Number 1176,
June, 1951, The map scale is spproximately one inch to 1250
feet, the scale of the contect prints on which the mapping was
done, The orientation, crude control, and grid system were
transposed from the 1ncﬁ to the mile military maps, Rock unit
boundaries were drawn on the photos and later traced onto the
base map together with roads and drainages. Points of mo-e
detalled observaetions were pricked through the photos and numbered
on the reverse side to correspond with notes in a field book., The
data from the field book has been summarized on the map, Poing
locations, rock boundaries, and tracke are located within one
tenth of an inch on the photographsz basic rsdial lines were
used to orient and tie adjacent photographs, Maximum distortion
amounts to abound three tenths of an inch from one photograph
to the next, the maximum occurring along the side lap, There-
fore, maximum plsnimetric disiortion within the map should he on
the %hree hundred fiet per :ile with relatively greater accuracy
between sdjacent points, probsbly eb.ut 100 to 150 feet, The
detalled radiometric survey of Aree B, prepared by W, Compston,
is controlled by a grid based on tape measurements from a base
line, The origin of the bage line 1s assumed, and the bearing
is determined by compases at the origin station, Accuracy of
control should be within two feet in the hundred, The radicact-
ivity was recorded by a number 1011 portable rate metsr using
B=5 tubes (Carpet SBweeper).

SEQLOGX. OF IHF CRAIER LINE.
tratl

In the Rum Jungle district the rocks of the Crater
formation and the metamorphosed sediments stratigraphically above
and below are believed to represent the Brocks Creek (roup of
Lower Proterozolc age (Noakes, 1949). In the area mapped the
Crater formation ics underlain stratigraphically by a 1light grey,
fine to medium-grained quartzite about 400 feet thick. Below
this are schistose slates and recrystellized limestones (dolomitic?)
for which thicknesses and other relationships are unknown hbedsuse
of poor exposure, granitization, or ahsorption into the Rum Jungle
granite., The rocks stratigraphically sbove the Crater formation
are quartgite, slate, and limestone in ascending order, The
upper and lower contacts of the Crater formation are not preclse,
both being quartzitic grit and quartrzite contacts, Metamorphism
end superficial deposits obscure the contacts,

The Crater formation which is from 1000 to 1500 feet
in thickness has bern subdivided into members on the bakis of
lithologic differences. From the bottom up the members ares

1. The Basal Grit is 100 to 150 feet in thickness and is
a fine to coarse grit weathering to a 1light tan or
orange~brown, Sericite is common, especially in the
slightly sheared portilons adjaceni to the granite.

2, The Hematitic Boulder Conglomerate ls thirty-five to
one hundred feet in thickness sni is composed of
lenses of pebhle, cobble, and boulder conglomerste,

The pebbles, cobﬁles, ané boulders ar- of grey and
black guartzite, and a finely banded, highly folded
siliceous henatitic rock bearing a rield classificatlion
of "iron formation", Grit and sand-size quarte,
quartzite, and hemstite particles fill the interstices;
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- the cement is silica and specularite. The pebbles and -

- boulders are sub-angular to rounded with -a tendency ‘
toward ellipsoid shapes resulting from dynamic metamor-
phism, It 1is believed that the hematite was derived
from the "iron formaticn" sediments and that it has
been redistributed and recrystallized by metamorphle
processes, This member is the most easlly recognized
unit and is persistent throughout the Rum Jungle ,
district forming an excellent stratigraphical marker,

3. The Crater Pebble Beds are fifty to one hundred feet
. in thickness usually separated from the Hematite Boulder
Conglomerate by a few feet of sheared sericitic grit,
The pebbles are unevenly distributed in lenses zero to
twenty feet thick in a bedded matrix of coarse grit, -~
Most of the pebbles are less than three inches in -
diemeter and represent the same lithologies present
in the boulder conglomerate, Specularite #f often
- present but i1s not as prominent as in the Boulder
Conglomerate.. This is the member in which the Crater
APrgipect i1s located., It is commonly slightly radio-
active, S . IS

4, The Upper Grit rests on the Crater Pebble Beds and is
-gradational with them., It 1s a sequence of coarse
clastic rocks ranging from sandstone through grit to

- pebble conglomerate., Portions of this zone are
quartzitic. apd cross bedded. The pebble conglomerate
beds appear to hold closely to two distinct strati-
‘graphical positions, Number One Pebble Bed about 350
to 400 feet above the Boulder Conglomerate and Number
Two. Pebble Bed approximately 900 to 1000 feet zsbove
the Boulder Conglomerate. Neither of these pebble
beds have been recognized west of the -Fettler's camp
but this may be due to cover. EKast of the 01,000E

- grid line the beds appear to be nearly continuous withln
‘the area mapped, Small gaps are probably present,
Number One Pebble Bed ranges in thickness from zero
to fifteen.feet and Number Two Pebhble Bed ranges in
thickness from zero to ten feet where they have been
observed, An average thickness might be slx feet.:

- The pebbles range in size from one-quarter to three
inches in diameter snd azre sub-angular -to rounded with

- good sphericity. The modal slze is estimated to be
between one~half and one inch in diameter. The .

- largest percentage of pebbles 1s quartzite, a lesser
percentage 1s of "vein" quartz, and a few pebbles

- are ferruginous slate (iron formation). The relative
" percentages of sach pebble type changes along the ‘

beds. ~ More often than not specularite 1s present and .

much of the cementling material is believed to be iron

oxlde and silica forming a quartzite conglomerate, o

These pebble . beds are usually slightly radidactive,

Structure, ‘
, The Crater Line crops out in an arcuate pattern around
‘the southwestern and southern flank of an area known to contaln "~
granitic type rocks, The form of the granitiec rocks is- -~ =
essentially unknown. The accepted hypothesis 1s that the Rum
Jungle granite emplacement domed the metamorphosed sediments
thus causing the radial pattern of dips away from the granitic
area, The pre-granite structure 1s unknown as well as the form
- of the granite. There 1s an alternative hypothesis that structures
_essentially similar to those observed today existed prior to
 granite emplacement, The granite may prove to be a series of
small intrusive bosses with surrounding granitized halos. If
" the latter hypothesis were correct, it would be better to
visualize the area discussed in this report as being located .
.~ on the south 1imb of a large anticline which is steeply plunging
- westward, The adjacent syncline to the north would then be :
represented by the “embayment area" of the Rum Jungle district.‘
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. Disregarding such interpretive data, the facts remain
that all of the beds observed dip westerly on the west and southerly
on the south side. The amount of dip ranges from a low of 40

~degrees to vertical., Changes in dip are both common.and sudden
along strike., .The most abrupt changes were observed at faults,

R ~ Small tight folds were commonly observed.  Some of
the folds may be interpreted as dragizing along faults, However,
similarvfolds~exist without evidence of faulting. -

' Numerous faults were observed and mapped. Most of the
faults have smsll displacements of 25 to 200 feet. These 'can be -
~Interpreted as elther dip slip or strike slip movements.. Ohe ’
fault having an apparent displacement of 1100 feet on the surface
would require 2250. feet of vertical movement to accomplish the

offset by dip slip movement, This might be questioned., A
radial pattern to the faulting is demonstrated by the mapping, -
The faults are more numerous and of greater displacement on the
-southwestern portion of the Crater Line (the axial zone of the:
plunging anticline?). Fifteen of the twenty-one faults offset
the beds on the east side of the fault to the south. This could
be accomplished by either strike slip movement in this direction
or, if the dip of the beds is considered, by upward movement of
the blocks to the east, A o .
: x -~ RADJOACTIVITY. o L
Relationship of Radioactivity to Stratigraphy and Lithology,
S - From observations made to date it can be stated that
all radioactivity in excess of twice normal backpround, using.a
portable Austwonic counter, 1s restricted to three stratigraphic
- zones, These are the Gra%er Pebble Beds, Number One Pebble Bed,
and Number Two Pebble Bed, all units of the Crater formation as .
defined in this report.. - Also, it can be stated that wherever -
these units were tested with a counter radioactivity in excess
of normal background was reglstered. A great percentage of the
exposed rocks of these units registered twice normal background
(100 counts perminute). Instrument readings from twenty to '
twenty-six timesbackground (1000 to 1300 counts per minute) were
‘noted in several localities (see map). The radiocactivity is not
homogeneously distributed throughout the rock even within small
_areas, Spots one or two feet in dlameter may exceed the radio-

‘activity in the- surrounding rock tenfold.

v As the significant radioactivity is restricted to the
three conglomeratic units of the Crater formation, it can be ;
stated that the radiocactivity is localized in conglomerate, In

‘the less restricted and more poorly defined Crater Pebble Beds

low values of radiocactiyity were observed but 'the activity was - -
widely disseminated., The Number Oné Pebhle Bed, which is - -

- characteristically well defined, restricted in thickness varia-
“tion, and better sorted, is also the unit with the most promising
anomalies, In this unit anomalies of nine and ten times back- =~ .
ground attain a continuous strike length of fifty t one Hundred . .
feet. The Number Two Pebble Bed, which is often tkinner and 7 .
possibly less continuous than Number One Bed, contelns some of. - -
the highest radiocactive spots, but the anomaléns values seldom” ~
extend more.than five or ten feet in length. R .

Radioactivity and Structure, -

No evidence of tectonic structure localizing the zones
of radiocactivity has been observed to date. There is a tendency
- for the stratigraphical top of the pebble beds to be slightly :
more radiozctive than the bottom of the beds, Observed anomallies
bear no fixed relationship to crests, limbs, or troughd of the
minor folding of the beds. The anomalies are located in zones
of intermediate dip, neither the steepest nor flatest dips are
known locl of major snhomalies. This 1s probably coincidence.
Anomalies do not appear to be located on or adjacent to faults
which offset the beds. In several localitles where minor faults
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were filled with quartz veins the radioactivity appeared to
dlminish as the velns were approached snd the quartz was barren,
This would seem to Indlcate that the silica veln emplscement
removed some 0° the material responsible for the radiocactivity,
in which Instance the guartz is post radiosctive minersl, or
that the siliea prohibited the iniroduction of the radiocactive
materials The former hypothesis 1s favoured,

Radiocactivity and Minersalogy.

Ro radloactive minersls have been identified in the
field, No fluorescence stiributable to radiocactive minerals has
been observed, In a report of laboratory investirstion of soiae
samples of the more radicactive rock, November 17, 1952,

We Be Dallwitz lists the following heavy minerals ot er than
hematite: zlrcon, monazite, ilmenite (°), anatase, cessiterite(?),
leucoxene (7). Tn the summary Dallwitz séates "Al%hough this
work has been wssentlelly qualitative, the cuantities of zircon
and monazite obtalned in the separations are quite insufficlent
to account for even the small degree of radioactivity shown by
the sample, The fact that the radloactivity was reduced by
about half through washing off the finer material shows that,
elther the radlosctive substence is comparatively 1ight ond
easlly powdered, or that decomposition-products or ur:nium are
contained in hematite, quartz, or mica, No fluorescing ninerals
were noted in the rock®, To date the laboratory has failed %o
ldentify the source of radioactivity,

Source of the Radloactivity in the Crater Conglomergtes.

No source for the radloactivity in the Crater formstion
has been ldentified, The following comments are the best estimate
of the situation from the information at hand.

Specimen number R81/52 (ses map), assay number 4111,
was radiometrically asssyed and found to contain 0,077% equivalent
uranium*“aAnother portion of the same specimen was concentratetl
by panning to asboubt one elghth of the volume, It was radio~
metrically assayed (no. 4112) and found to contain 0,454 equivalent
urenium{*’-Dyson made absorption tests (betagemma ratio) snd
concluded on *his scanty evidence that the radioactlvity comes
from tle uranium serles,

The only uranium minersls ldentifled ot the surfoce
in the Rum Jungle district have been phosphates of urenium. The
lithology of the Crater formation conglomerates does not appesr
favourable for abundant phosphate, Phosphate minerals are not
mentioned in the laboratory reports; therefore, secondary uranium
minerals should not be expected at the surface.

Uranium minerals are generally believed to be smong
the more coluble minerals found In nature, and uranium 1s readlly
transported in elther alkeline or acld waters, It 1s postulated
that uranium was once present in the radinactive rocks now exposed
at the surface. It 1s believed that the long and rigorcus
weathering of the ~xposed rocks had lcached out the uranium,

How much of the ursnium daughter products has also leen removed
cannot be estimated at this time., ‘The conclusion is that the
radlcactivity comes from residual daughter products of the
uranium series, probably radio-colloids intimately mixed with
and absorbed énto the iron oxide. It has been recommended that
alpha plates be used for gutoradiograph studies of the alphs
tracks as a possible method of verification, Also concentrated
leach products from a large volume of sample mlight be %tested
with the fluprimeter for traces of uranium,

Siznificent dnomalies.

A question which cannot be conclusively answered
at this stsge of knowledge is "what is s significant anomaly?Y,
Therefore, certaln arbltery criteria have been used to clascify
radioactive anomalles found in the Crater formatlon. We are
relatively sure that the very soluble uranium minerals are not
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in chemical equilibrium in the present surface environment of
Crater rock exposures, If ursnium were once present, 1t has
probably been removed by natural lesching processes,  How
daughter products behave In ‘his weathering environment is not
known, They also might be expected to be partially leach but
to a much lesser extent than the yarent uranium,

Even assum ng seventy-five percent leoching of the
daughter products, and this may prove to be an excessive estiuate,
it would require radioactivity equivelent to shout 0,03% uranium
oxide to make an anomaly interesting for exploratlion and possible
mining, I we assume the seventy~flve rnercent leaching of
deughter products and a 0.03% equivalent uranium oxide cut off,
then the parent uranium once present, prior to lcaching, would
be In the order of 0,12% uranium oxide, close to the minimum ore
rrade, It ie bellieved that an outerop must reglster at least
nine times normal background, and probably somewhat higher, on a
geleger counter toc contaln 0.63% ecuivalent urenium(““- If in the
future we find that less complete leaching of daughter products
has taken place in the weathering envlironment, then s higher stan-
dard for signiflicant anomalles will be established,

The widébh and length of an anomaly reouired to make
it significant would necessarlly depend on the grade. However,
at this time 1t does not seem advisable to consider lengths of
less thsn twenty-five feet of minimum grade ss significant, This
is especlally true where dr1lling will be used to explore the
snomaly as smeller snomalles could not he assumed to extend
downwsrd sufflciently to assure intersections at depths imsosed
by the weathered zone,

Four areas of anomalies were mapped in this reconngls-
sance programme which recuire further investigation, These areas
have btern desighated 4, By C, and D and are indicated on the map
of the Crater Line.

Agggig, located at coordinates 39,000N-03,000B, consists of three
small exposures of Number One PebﬁlesBed. Tach cropping is about
f1fteen to twenty feet long and four %o ten feot wide intermittently
exposed along & distance of 700 to 800 feet, The Austronic counter
indicated radiocactivity eight to twenty times background. Two
gpecimens, (of the most madicactive rock in the area) numbers
R78/52 and R79/52, gave radiometric assays of 0,05% eU308 and

0,067 eU308 respectively.

Area B, located at coordinates 38,160N-04,750F, conslsts of flve
groups of anomalles in Number One Pebble Bed each exceeding nine
times background. W. Compston mede a detailled radlometric
survey of the srca over a2 strike length of 1600 feet. Spot
counts up to twenty times background were noted,but this area

1s most significant for one hundred foot lengths of continuous
radioactivity ninc times background with ten to £fifty foot lengths
of twelve and fourteen times background. The dip of the beds is
50-60 degrens to the south, This arca 1is particularly suitable
for immedlate testing because of the easce of accessiblility and
possibility of devcloping s local supply of drilllng watcer.

Ago% C, located et coordinates 38,900N-07,900E, is a gone in
Number One Pebble Bed 600 fert long which contalns one cnomely
elight to sixteen times background seventy feet long, one anomaly
of seven to sixteen times bockground fifty feet long, end another
anomaly of srven times background fifty feet long, The beds

dip 65-70 degrees south, This area 1s also easily accessible by
the Batchelor Gold Prospect track. Water for drilling would be
available sbout one mile distant in Coomalle Creck,

Aren QE loceted at coordinates 39,400N-09,200F, is a zone in Number
One Pebble Bed 150 feet in length with s seven to tixteen times
background anomsly. The conglomerate bed forms a "reof" five to
aix feet wide stonding five to fifteen feet above the surrounding
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rocks on a ridge and dips 70 degrees to the south, This locality
must be investigated further to determine easse of sccess and water

supply. It is belleved that no great problems in exploration
would be encountered,

USJONS 710
Longluglons.

The following conclusions have been drawn from the
geologlcal investigation of the Crater Line:

1, 8ignificant redicactivity is restricted to three strati-
graphical zones within the Crater formation, These have
been mapped and are designated Crater Pebble Bed, Number
Ore Pebble Bed, and Number Two Pebble Bed, Number One
Pebble Bed appesrs to contain the most significant
anomalies,

2. The radlosctivity 1s restricted to conglomerate beds,
There may be a genetic relationship to the greater
permeabllity once localized in these beds,

3. The radioactivity does not appear to have been localized
gz g;otonic structures such as folds, faults, or change
Pe

4, ©No source of the radioactivity has been identified to date.
The radicactivity probably emanates from daughter products
of uranium, The uranium has been leached from the surface
explosures by severe weathering processes,

5 It is believed that to be classed as a signifieant radio-
active anomaly exposed rocks must exceed eight times
normal background throughout a minimum length of twenty-
five feet,

6. Pour areas were found along the Crater Line which can be
classified a8 containing significant radioactive anomalies,
These anomalies deserve further investigation

7. The potential of the Crater Line as a source of urasnium
production cannot be estimated at this time, No uranium
has been found in the rocks of the Crater Line. However,
the density of significant radioactive anomalies lends
weight to the opinion that 1if the radicactivity stems
from partially leached members of the uranium series,
and 1f it represents former uranium deposits, then several
uranlium orebodles could be discovered by fur%her exploration
of the Crater Line radiocactive anomalies,

Wﬂm.

Further work on the radiocactive anomalles of the Crater
Line 1s strongly recommended, This work 1s divided into two
types, laboratory investigation and field investigation.

Recommendations for laboratory work are:

1., Chemically anslyse portions of specimens R73/52, R81/52,
and the pan concentrate from R81/52 for uranium and thorium,

2. If negative results are obtained from the chemical
analyses, leach portions of specimens (R73/52 through
R81/52), concentrate the leach product into a wafer
for fluorimeter determination of trace amounts of uranium,

3. Make alpha plate autoradiographs to determlne the source
of radiation and if possible the identity of the source,
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5,
1.

" below the surface, . This.depth is believed to be below the
-~ water table and perhaps below the zone of rigorous weathering,
“ If the 100 foot test indicates the presence of uranium or an

" appreéiable increase in equivalent radioactivity then 200
- foot intersections are recommended to assure sampling of
. * " the bed below the zone of oxidation ‘and weathering, -

~  ‘made as outlined above,

. 2.\

v': further testing of this anomaly by drilling will be -
. _necessary,  Also testing “of adaacent anomalies 1n Area B
. will then be warranted o .

3,

17 exploration programme $r the known anomalies and furbhep
. prospecting of the favourable szones of the Crater fcrmation
E throughout the Rum Jungle district. ‘ . o

 Matheson; R.8. 1953 : Rum Jungle Investigations 1951 and. 1952,

Noakes,‘L,C;5\194§}

"are causing the radioactive anomalies before extensive

 detailed map), The Number One Pebble Bed dips 55 degrees

- radicactivity equivalent to ore grade then detailed radio-
metric surveys of Areas A; C, and D should be made with a
j scintillometer to 1ocate %es%i

" 1f at any time the source of the radioactlvity is aiscovered

- 8 --

Make complete petrographical and mineralogical 1nVest1gations
of specimens ‘and similar investigations of any drill cores.
Electron microscopic work and spectroscopic ‘analyses are
recommended as a phase of the mineralogical inVesxigations.

It 1s imperative that every effort be made to- determine
whether or not uranium or uranium decomposition products .

and expensive field 1nvest1gations can be properly planned
and executed, IR .

Becommendations for field work ares ”

Test the radioactive anomaly IOCated 125 feet south of ,A'
the base peg of the detailed survey of Area B {see '

south at this point, - Two to four holes will be required -
depending on the results., Vertical drill holes of NX or
BX size are recommended to assure reasonable core recovery
and large samples, The vertical hole will test more of
the interesting zone than a hole normal to the dip, The
favourable zone should be tested ata depth of 100 feet

Complete laboratory: investigations of the cores should be

If the first anomaly tested produces uranium or the ‘radio=
activity increases to the equivalent of ore grade then

If one or more of- the Area.B anomalies contain.uranium or -

ng sites fbr core drilling.

The best sites should be ‘tested below the weathered zone
by ecore drilling. - Favourable answers from the laboratory
investigations of the cores will require laying out-a general

%o be other than uranium series elements then the programme
recommended here should be discontinued, Discovery of
submarginal urenium deposits will require policy decisions
before continuing the work

B a2

. . . . . v . R
L. N P . - . R s . - -
et A s S

~ Progress Report, Bur
Records Rept 1953 A24. o

~,Craten Prospect 1951., r. i
- Geol Beccrds 3ept 1953/28. B

" A Geological Reconnaissance: of the
.Katherine~Darwin Region, N, T., =
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