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PORTIOI'i" OF TEE }70RTHERN TERRITORY. ----- _.. ---

I • S UM1I.!tRY • 

1. A geologIcal reconnaissance has been made of an area of 
approximately 27, .JOO square miles lying north and 'ivest of 
Katherine 1n the ~orthern Territory. 

2. A new Ceo1o[,lC8.1 r.la'p has been compiled and. an account of 
the stratigl'laphy and s summary of the economic geology has, 
been prepared. 

3. An attempt bas been made to re-organise the classification 
and nomenclatUl"'e of reel;: units in the nOl"thern por1tion of the 
Territory in accordaL1ce with the system adopted by the Bureau 
'('If Mine:~1al Resou::.'ce s. 

4. Sedimentary ro~~s of the region oonsist largely of folded 
Lower Prote~ozoic sediments which form the basement rocks of 
the reg1on~ Tbese are overlain unconformably by arenaceous 
Upper Proterozoic sedj.ments and these in tUi'n are overlain by 
Lower Cam.brian 111:16 stone s and sandstone s. .'1.n interval of eros­
ion is suggested between Upper i>l"otero:loic and. Lower Ca.;.1bl'ian 
sedimentation but tile eV1dence 1S not conclusive. 

5. SedimentatlClLl tool'" 'place during ?21aeo;~;oic time in tbe 
East Indies Goosyn'cline but this for the iilOst part lay to the 
we st of 't he lie rt hOI' n Tori'li tory and :its sediments are r'epre sented 
in this region only by a narrow belt of Upper Palaeo~olc'rocks 
which occur along tho western seaboard. 

6. 1'he greater par'.!.,; of t he region remained a land mass from 
Cambrian to Late Ju.;,"assic or Early Cretaceous time. Sediments 
were then deposited in fresh water lakes and were eventually 
overlain by marine sediments laid down in a shallow Lower 
Cretaceous sea. 

7'. There is no 11ecord of younger sediments, and the region 
has remaineG one of comparatively low relief Slnce Cretaceous 
time • 

8. Extenslve latc:clt).satj,on occurred in Tertiary time and the 
porcellani tc3 and the l'e1 lateri tic rock found overlying Lowei" 
Cretaoeous sediments are ~~mnants of this Tertiary laterlte 
pl"ofile. , 
9. Uplift b:T Yra~1pin0 and faulting tool-c place late in Tel'tiary 
time and initiated the present cycle of erosiop. Laterites 
have fOl"med clurj.ng the pre sent eye le of el"osion and osci llations 
in sea level in Pleistocene and Recent time have lead to the 
formation of rliar-ine cORstal plains and of extensive alluvial 
deposits aleng the lower cour':es of the major .streams. . 
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10. Igneous rocks consist of Lower Proterozoic amphibolites 
and granites which intrude the LO\ver Proterozoic sediments 
and of minor outcroos of volcanic rocks. EviQence for the 
age of the volcanic~ is not conclusive but all are believed 
to represent sporadic outbursts of volcsnic activity in 
Low~r Oambrian t';.r:1C ,prior to the deoosi tion of the Lovver Cambr ian sedlments. ., 
11. Mineral production in the northern )ortion of the 
Territory reached a very low level in 1946 when the value of 
mineral yroduction vias a:nroximately £1,346. 'l'his is due 
partly to the interuption of miniw; c.ctivi ty by .forld '.far II 
and partly to the fact that the establishe6 mineral fields at 
present offer few o~~ortunities to miners and 9rOS)ectors. ' 
Mineral production should increase in the in1IUediate future but 
it will remain small and largely de ,)endent on syndic£) te mining 
for some time. 

12. 'rhere are no areas V'li thin the rec~ion in v/hich a search 
for petroleum could at Dresent be justified. 

13. The region has a comparatively high rainfall and sup~lies 
of underground water are available at most places should they 
be required. 
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A. GENERAL. 

From June to September, 1946 the writer was attaol1ed 
as Geologist to a party from the Council for Scientifio and 
Industrial Researoh, which was engaged in a ~egional su~vey of 
-part of the nOI'thern portion of the r~ol ... thern Tej."ritory. Tl1e 
primary objects of the survey were to determine the -pastoral 
and agricultural possi bi 11 ties of t he country, and the scie',1-
tific personnel consisted of Mr. C.S. Chr1stian, ~COloalst and 
leader of the party, Mr. G.A. Stewart, 8o~1 ~u~vEy0r, M~.3.T. 
Blake, Botanist (on' loan from t he i~uGensland Depa.l"tment of 
Agriculture) and the writer. 

The Geologist was attaohed to the party mainly bcc~use 
the area to be surveyed had been very incompletely m&pped, ai~ 
the extst1ng geological records did not pl"ovide an adequate 
background for the svi ls and pastol'al worl~ to be undel"talcen. 
The primary function of the aeologiot was, therefore, to p~ov­
ide thi s background fOl" soi 1 interpretation, but it w.s.s also 
intended that he should gather as much infoI'iilation as possible 
on the stratlgraphy unO. minel'al possibilities of the area. 

During the course of the investiJation it was found 
that geological mapping provided an essential frwilework into 
which much of the other scientific data could be fitted anG. a 
fairly complete investlgation of the stratigrapilY and Geomor­
phology of the al'eo. bCCa,ii16 essentlal. ~n ClCCGUnt of the stl"'at~­
igra:pl'ly and geo;,1l.il'1~b0logy al"6 subrll).tted l.Ll th~s l'e)Ol'1t vflth a 
reconnai$sance ~eoluLlcal ~lan of th0 ~e:lon. T~is eeological 
plan is the ~.'esllLt of tl'le comblneJ. wtJ.L'l;: of ·~~1e i?£.J.'ty and coulLL 
not have been CUi-,ll?letGC. without the full co-upex';'ltlon of t:1e 
other members and )Cl.l"ticularly of 1<1". G4A .. 3tewal.-,t. 

An c..;.'ea 01: approximately 27, ).;:J.) sC.!.U8.re Dule s haC. to 
be mapped. by a series of traverses in a pel'iou of approximately 
four months, and the geology of the areas betv/ec..n these traverses 
had then to be filled in from available geological maps and. .poc-­
ords and f'rori1 aerial photographs which COVG1"ecJ. on13' parts of the 
raglon investigated. 

Subsequent field wOl'k will probably show inaccuracies; 
due to incol".i.'1Gct interpolations or to fault~~ intel'pl"'t';;tation ,1f 
air photugrephs, but the plan provides a fail'ly .\. ... ellable ;;ilctlJ..~1e 
of the regJ..oilal geology and should forril 8. useful '.:lasis for fU-GD:.'O 
geological wort: • 

.At.l attempt vias also made to review the potentialit;'Gs 
of the .i.'eC;lOn in l'egard to mining, petroleum and unde.1:'ground 
water sup)lies unO. the results of this worl-c are subnlltted in the 
eoonomic section of the report. 

The reconnaissance was carried out by a sories of 
traverse s wade fl'om a mobile base camp whic h moved ever~T t h.;. ... ee 
or four. weeks to sui t the _~equirements of the survey party. In 
general, the t ec hn ic al members of t he party worl~ed toe:;et bel" 2~S 
one team so that technical problems could be eli scussed in the 
field. This combination of Ecologist, Botanlst, SOll SU~V6JO~ 
and Geologist pl'oved illghly success'f'ul as ee..ch i,;Clilbel' benefi ttecl 
from the tee l1nical lcno'ivledge of bi s colle&LUe s. 

The a.'0a 18 Llot well ser'voCt by l.'O~;L!.;" bu·~ the .::)2.1"ty 
travelled 1n jee)s w~1ich provided. dCC63i3 lnto trc::.lc}·:lcss cuuntl'Y 
and the tot;;.l 6.i S-canc e covered by the se; tl"'dVG 1.' se s was approxhl-­
ately 30(),) miles. 
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ArtilY 3lU.·VG~i rllaps J;JJ.'uvlci.ed c." bc: .. s:J.s fOl' ::;eolosical 
mapping and those we:..'e sUJ;;)lel"ented, lU SOil;C o..i.'C2.S, by ael'ial 
photographs. T~1e ."-;.'1.131 l',:aps consisted. wi' o.n Gi[;"bt r;lilo to 1 
inch series whicll c0v0red the entire al'ea; a four mile s611 ies 
which covered s;.JproxLllately 65 per cent of the al"ea and a one 
mile series, compiled from aerial photographs, whic h covered 
approximately 20 per cent of the area. Tbe route of' each 
traverse was plotted in the fic'ld onto aerial p[lotographs 011 

onto the largest scale map available. Spot heights were takeil 
by barometel' and correc ted, as fal' as po ssi ble, from barogrs,phs 
made f'rotH regular barometer readings taken at the base car:lp. 
Where the maps lacked adeQuate topographic detail the l"oute was 
plott,ed. by compass tl'averses, using the speedometel' aaL~ an aCl'ial 
compasS mounteG in one of the vehicles •. Geological aata was 
plotted: 0,£1:; I) the maps or photographs as the 'Gi.."av0:,,'sC progressed 
and transfe ,:':l'ed to a maste,~:, glan Oil return to the base car,i:;;; • 

. l."i'16 '~l)~o;:;;~"aphical accuracy of both eic;t1t LaL(. ami four 
mlle maps 0'1'-"8 ~.eLlerG.lly poor, but few corl"ections or a<laitions~ 
beyond those o:{ sC11ient features, could be lilc:,.de dU~'lnc; tile 
ree onna133a(lce. . 

The :;cIJ1(I:J~' of tL1e areas lyin;; between the trave:L'St3 s 
had then to be filled In from ae:rinl ;.J~1ot03rapbs OJ.' £1"0;.2 11l'(:lVl0US 
recor6s and, where these were lacking, by interpolatlon. The 
greater part of this work waS carried out jointly by ~oakes a.~ 
Stewal"t at Canberra, wbere a master plan was assenlbled 011 a scale 
of tour miles to one inch. 

Geological boundaries ~stablished in the fiolC 0r by 
ate~eoscopic examination were marked on the vertical J~ot0gra)~S 
and then transfe~1l'ed to t.he master ;,"lla(l by ~)I·:i.nc".}8.l pOlnt 'plot" 
Geological boun~ar~es were also )lotted on 80:,£ of the oblique 
photographs f !'Oili t l'lidE.. t:.."o[;on ,i:'lll1S o.uc.. tl·ans:Z'(;j.'red JilO t be pl an. 
The' photograQl1ic :c'uno \,e:"1 e orienteL~ ..".le:. t~16 l.nfor'l,l<ltlon tl.'Ui.1s·· 
ferred by means 01:' ti :10 sy st em of cO-O:""Qlll,XG:~ s Cal";:':;' eu. on t 11e 
military plans. 1':'lGse co-ord.inates WC1"'C 2etD.J.~leci. on the ;::;6010::)­
ieal map to allow 1ucali ties to be accL1j."1a-ccly lndicated by s:~x 
figure references. Tbe completed geologJ.cal plan and sections 
wero then l"educed by photography to a scale of 8 miles to 1 lnc i1 
which was adopted as the scale of the final plan. 

Photographs covel'ing evel'Y aspect of the reconnalSS8.11Ce, 
were taken by C.S. Chri stian, and a number of thei:l have been 
selee ted to illustrate t he tee hnical re'port s. These photogl'apbs 
appear in a separate folder and refel'ence to tbo.se of geological 
interest will be fOQnd in the text of' this re~ort. 

III. TOP09-R.!..PHY ~ 

'£t-113 l'eZ;l0n lying nor'th and west of Kathel'inc may be 
descl'ibed as & lJl.:..tul~ely dissected tableland with a m.;l.Xllillliil relief 
of appro.xhlately 1, \)vO feet. Rer,mants of' the origil'lal tablela~ld 
still exist in tl1c f'Ol"1il 1 of isolated flat-topped hills along the 
main di vi de :;,nd lilo.~.'e extens.J. ve re sidual s al"1e founa in t be Arnl1cm 
Land Plateau and 111 ·the tablelands svuth of the Dal~r lhver. 

The main divide l"uns in a nOl" th-we ster ly (hj."' ec t :.0~1 
thl'OULl1 the centre of tho region but swings to the nOl'tb at ·~be 
be.J.u of' the Adelaide River. The topography, in general, l s 
l'aa·cure and in consequence the dividcs betweerl the princi-;?al wate:..·.· 
sheds are rarely well defined. The three ~')rlnclpal tOj;}o3".~'a1i:l .. 
ieal diviSions a ... ·e tbose uf the nO.1. .. tbern plains, the '."l6ate.}a plcu~1s 
and the Daly ~lver bclsln. 
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Tbe no~tbern plains 11e between the main divlde 
and the no~thern coastline and comprise a great a~ea of flat 
01" va!':! gGntl~T undulating countl"'y whic h extends from the rail­
way line no:,'thWC',i1 l.' to the sea. In the central pOl"tlon, the 
rei lway line lie s aJ?Px'oximate ly 80 il1i lea from thc coast but 
the average elevation is little mo~e than 3~J feet. The otl'OW~S 
flowing nort hward fj,"om the f:iain divide soon 10 se any sOi~lblancc 
of youth and are matui,'€ or senile ovel' f:iOSt of their course. 
The northern plains are bounded on the south by foot hills 
whic h lead back to the illain divide on whic h i solated i'i16SC~3 
attain an elevation of 900 to 1000 feet above Boa level. To 
the east the plains arc bounded by the .A.l"nhem Land ?lateau 
and to the west they are separated from the western plalns by 
a series of low ridges which rarely exceed 4JJ feet in elev­
ation. 

The western ~l~lns exte~~ ln12aC from the western 
coastline for dlstances up to 6J Eliles \'~H':l.i."G they tel'"'minate 
abruptly against lJrominent nort h-sout:1 .i."idses. The Daly Ri vel' 
traverses these plains for some 5.) 111i1GS fl"onl the ridges to 
the sea and :its floVl is subject to tl10 tiCes ove.i." the whole 
ot this dlstance. Lar·ge areas of these plains drain inwards 
into SWatjlPS, and ri vel'S, like the Reynolds, have no pCrrllanent 
channels connecting them with the sea •. The southern limit 
of the plains is an irregular boundary formed by tablelands 
which constitute the divide between the Daly and the Fit:.:;mauricc 
Rivers, 

In its upper reaches the Daly Rivor Basln has been 
to~ed in comparatively 80ft, horizontal strata. The broad 
shallow basin is about 180 miles long and 9'J-IJO miles wide 
and the topo[;raph.Y- here, though generally undulating, has not 
reached thG Sal~;e stage of maturity' as found on the nOl"thern 
and weste.i.'n ·~)lalns. The Daly Rivel' and its tributa!'ies are 
still acti vely eroding a series of low horizontal bat's of mOl'C 
resistant stl"c,:;.ta ovaI' which the r.ivers pass in rapids or falls. 
The Daly Rlver B~sin is bounded by the main divide on the north 
and by an incised tableland to the south, but to the cast it 
merges grad,ually into the mature upland country south of 
Katherine. 

IV. GEI~RAL GEOLOGY. 

A. Il-."'TRODutTIOli • 

The ~orthern Territory forms part of the Australian 
Pre-Oambrian Shield and has been a compal~ati vely stable al"C3a 
since Pre-Cambl"ian tj,i~le. -vvlth the exception or the western 
seaboard, the count.i.'Y to t he no rt 11 and we st of K2.t hex'i ne con~· 
tains the record of only tvv'O pe11 iods of subnlel'cence Since tbe 
Pre-Cambrian - onE; dur ing Lower Car!!b:rian anQ one during LO\16l" 
Cretaceous tlme. There is no reco~d of majo~ diastrophism 
s1noe the J?re-Car,lbrian era and. this long period of oomparative 
stabili ty and practically unlnterrUl)tcd ero sian has pl"oduced 
a region of low relief whioh conSists, for the greater part, 
of Pre-Cambrian rocks. 

The record of sedimentation includes Older and Younsol' 
Fre-Cal~lbrian rocks, Lower Cambrian sediment s and a veneel" of 
Lower Cretaceous deposits. A geosyncline developed to the west 
of this portion of the Territory during Palaeozoic time and the 
we stern coast al area consi st s mainly of Permi an sedirl1ent s dep­
osited near the eastern margin of the trough. 

Ti1e 01der Fre-Cambrian sediment B have been folded and 
metamorphosed but there is little folding or metamorphism in 
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the Younzer Pre-Cambrian rocks or in any of the subsequent 
sedimentary deposits, althou~h there i3 evidence of a series 
of vertical movements. The only known igneous intrusives 
are the Pre-C&mbrian amphibolites and gran5_tes "vhich intrude 
the Older Pre-Cambrian sediments. The abssnce of younger ig­
neous intrusives i3 a fL~ther indication of the stability of 
the area since Pre-Cambrian time. Volcanic rocks occur in 
several places but all apnear to belon~ to the Lower Cambrian 
when volcanic activity vias v7ides~)read. 

1he nomenclature of rock units has presented a 
problem in preparing an outline of the geoloGY of the region. 
Much of the existing nomenclature vIas confusin r;, 'oartly be­
cause earlier v{QI'kers ha.d not follm!ed a definite-'system in 
naminG: units and partly because some units had not received 
formal names. ,t"~n 2cttem)t has been made to orGanise n01l1en­
clature of the nClrthern ~)ortion of the Terri tory hy follovling 
the system 0:1:' classification and nomenclature of rocle units 
adopted by the .oilIer iean bs 80c'1a tion of Pe troleW'll Geologis ts 
and by the United statss Geological 3urvey (Bartrum 1936). 
This system is widely used in America and has been adoDted 
by the Bureau of rbner3.1 Resources, Geology and' Geophysics. 

In attempting to org&nise nomenclature of rock units 
in the Northern Irerri tory all the formation names apgearing 
in earlier l'ecorc1s have been retained, although the classif­
ication of the uni t has, in some cases, been chan.c:;e:]. in accord­
ance with the rules of the system adopted. Since geological 
data is still very inco!TI?lete the suggested nomenclature 1s 
intended to form only a :C'x'amework into "vhich future workers 
can conveniently build. 

This suzgested system is set out 1:1 the accompanying 
stratigraphical table ('l'able 1.) and the principal changes vlh1ch 
have been made are discussed in the following notes. 

The beds were mapped &s Jurassic by Geologists of 
the Aerial, Geological and Geoph:ys ical Survey' of Northern 
Australia in 1936, (Voisey 1939a) but were not formally named. 
Earlier workers assigned them to different' aces and termed 
them Plateau sandstc-nes but no formal names VJere a'?'l?lied. The 
full stratigraphical interval represented by these beds is 
not known and they probably include conformable Jurassic sed­
iments at the base. They have a wide distribution and warrant 
classification as a group rather than as a formation. 

It is difficult to find a suitable formal name since 
few of the mesas 'dh~ch 'tho group char8.cteristlcally forms, have 
names, but the IIlullaman Grc'up is suggf3s ted after the Mullaman 
Tablelands 5 miles wast of Pine Creek, where fairly typical 
seotions of these bec3-s qere described by Rev. 'renison -vioods 
in 1886. The name Dari~in cannot be applied to the group as 
only the upner por~ion is represented in that locality. 

The Mu1laman Grouo oan be sub-divided into an upper 
part consisting of shales and a lower part consisting mainly 
of sandstones with some conglomerates. The shales are well 
developed in the Darwin area and the name Darwin formation is 
therefore propoD~d for these beds but further rub-division of 
the group is left fer fnture viOl'kers. 

k-R~alli.. 

Sediments of Permian Age were identified by 
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Commande ... ' Stokes noS,al' the riiouth of the Victoria River in 1886 
and were subsequently found to continue northward along the 
coast to the Daly Rivep. However no formal name or classif­
ication has apparently been adopted for these beds and the 
Port Keats Group is suggested. Portion of the Group is ex-, 
posed in the cliffs at Port Keats and boring in this vicinity 
has provided details of the stratigraphical succession over 
an interval of 730 feet (Browne 1906). 

3. YEper Palaeozoic. 

A forlilatl.On of U::'f1er i>al.:..(;o;:,oic l"OC:;:S has been 
mapped by the wl'ltel' to the nortb ,)f kount i.Jitcl1flGlcl in the 
westel~n portlon of tlw :,.'ci:sion but theil' x'clc~tJ.onsllil) to tlle 
Permian strata on the v/estern coa3t i12S not been established. 
Pa1aeontolo8iccil eV1QenCe is inconclusive ;.~ut su.:;gests tllat 
these rocks whici1 include, sandstonos~ shales and limos'GGcl0S 
are ei the ... " Devoni an or ?errai an in age. The se secliiile nt s bavs 
been nalued the .Elliott Creek forrl1ation, 8.fter Elliott Cl"eek 
which drains much of the 'area in WhlCh they outcrop and their 
relationship to the Port' Keats Group, of which they may fOl",'!1 
a part, could not be determined during the present survey. 

tt. c 8Jfib r!Jill. 

The only formal name given to Carnbrian sediments in 
the past 1S tJat of the Daly :tHver Limestones (Volsey 1939a) , 
applied to lii;!cstone, shale and sandstone beds in the Daly 
River area. ...{ecent observations suggest that the Cambrian 
sediments way be divided into two units - a lower consisting 
of limestone) shale and sandstone and an uppe:.. .. consistlng 
dominantly of sandstones. These two units should be class­
ified as grDups rather than formations as subsequent work 
will probably enable further sub-division on both lithological 
and palaeontological grounds to be made. The name Daly :;':U vel' 
Limestone Group is pro~osed for the lower and Florina GrouJ 
(after F'lorina Station) for the upper unit. 

~ Volcanic Roc~. 

Volcanic rocks have been found at 1;6.i ttl . .di vel", haude 
Creek and in the Oollia Creek area and have been refer~ed to 
as volcanic ser ie s (Voi sey 1939a). The se ruclcs inc 1 ude lavas 
and pyroclastIcs anu may riGhtly "oe tel"iiicd Volcanics in t.he 
new system of ClasSlficatlon. ~h0se ruc~s a~e therefore re~ 
ferred to as the ,;.:J(llth Opeek Volcanics~ t:w I,iaude C.L"eek V()l~· 
canics and the Collia Creek Volcanics. SG .. !21"ate naInes have 
been retained for the various outcrops of these rocks because 
the evidence for consanguinity is not suffiCiently conclusive 
for them to be mapped as one unit. 

~ Upper Proterozoic, 

The sandstones and q,uartzi tes of Upper Pl'1otero~oic 
age have been nruned the Buldiva Quartzites in the south­
western part of·the region by the Aeria~ Geological and 
Geophysical Survey of Northern Australia (Voisey 1939a). This 
name is therefore retained, although the raruc of the unit has 
been changed from formation to group. These beds are appl'1ox­
hlately 2'.)0 feet t hick in the Buldi va area but in other places 
they are probably several thousand feet in thickness and re~)­
re sent a sigrnflc ant period of sedimentat ion in Upper Prote:..~o .. · 
zoic time. 3ecause of similarity in age, stl"uctul"e and lith­
ology they 2re) tentatively correlated with the Kullagine, 
series of Western Australia. 
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Ar..... Granitic Int:;,,"usi ves - Thol'e are many outcrops of gram to 
in the region but fO:""t·::,al nar!les are suggested only tor thetwo 
major intrusives. The larger of these lies west of Mount 
Tolmer and has been nElJ'tled the Litchfield granite after l\'iount 
Li tchfield Vlbere typical outcrops of the gr'ani te are found. 
The eastern intrusive, which outcrops over a wide area east 
of Pine Creek, has been named the Cullen granite after the 
Cullen River which lies entirely within the area occupled by 
the granite. 

b. Brocks Creek Serles - A great deal of G.etalled mapping 
will be requlrod bofo~e the folded Lower Proterozoics can be 
Bub-divided but the work WhlCh h~a b6en done sUGsests that 
t he11 e are no unconi'LJl'iili t 1e S i:Vl t hi n the t;;;e bods. j... C lassit'iG­
ation of these ~ocks into three groups was sUGgested by the 
Aerial, Geolo&.;ical an6. Geophysical Su:~'vey of r;o.~1tl1ern Aust,ralia 
(Voi sey 1939a) al1o. t be name s Go lden Dylce 3erie 6~ Pi ne C.i."aek 
Series and kuldi va Sel"ies were applied. However, until. the 
age relationships of these three subdivisions oan be estab­
lished it is p11eferable to regard them as Grou·ps and the whole 
sequence as a Series. It is therefore suggested that all of 
these rocks be regarded as the Bro~ks Creek Series with poss­
ible sub-divisions into the arrove-mentioned three Groupe. 
The name Pine Creek might have been more appropriate fOl" tne 
Series but thlS has been used for a sub-diviSion and should 
therefore be ret ained as suc h. Sub-di vi Sl ons of the Pi ne 
Creek Grou;;) wel'-'e also suggested by the Aerial) Gcol.ogioal and 
Geophysical Survey of l~orthern Aust.t'alia but as detailed mapp­
ing could not be \.mdertaken during the present survey the fUl"-· 
ther SUb-Q.lvlslon of the Brocks Creek Serl.es is left "for fu .... 
t ure workm' s. 

C. STR~.TIGRAPI-IX. 

1. Lower Protero~oic. 

a. The BI'ocks O:c'eek Series. The Brocks Creel\: Sel'ies 
constitutes the baSGlilent rocle. of the northern portion of,the 
TG~ritory and outcrops over the g~eater part of the raglon 
lying north and west of Katherine. The Series consists of 
folded and intruded geosynclinal deposits which originated as 
sandstones with' occasional conglomerates, tuffs] shales and. 
unfossiliferous limestones. These have Slnce been converted 
by reglonal me tar,lOl'phl Srtl i nt 0 ~:illlC lfi. Gel ss,nd st O:le sand. t utf s) 
guartzites g slc-...toi::i anu JhyllltGS. In G(;ne:"'al tho gl".;;:Llc of ·ciw 
reglonal metalllOr,?lnSla 18 SU1'l.J.i.'ti.':i1n::..;ly luw. 311":"Cli':~C(~ contact 
metamo.t'phic roc:,:,s li1cluUln:=.; hO,imfols dnd clu2stvl1.-Ge slc(te a',I.'G 

found in prOXll:1l ty tu tl1l;; isneous :Li1ti1usi ves. \ 

The Se~~cs is estimated by the ~e~ial} GGolo~~cal \ 
snd Geo'physical Survey of ~~orthern AUStl"2lic:, (VCJlsey 19398,) to\ 
exceed 15,OOJ feet in thickness and has been ui v5.6.eG. lnto tl1,i:'(;8 
Group s. l~o uncOnfOl"ii1i t ie s have so r ar been not<;;d BI.1Ywhcl'6 in \ 
the conSlderable tb:Lckness of, sediments. The Goldon' Dyke G:L'ou;.?~ 
which is apparently the youngest, consists of sa.ndstones, con-­
glomerate s, quartz i te s and slate s Wl t h a total thickness of OVG1" 
2,000 feet. The GrouiJ is intruded by thin 6111s of amphibolite. 
The Pine Creek Group consists of slates, sandstones and tuffs; \ 
and the MU1G.iva Gl'OUp comprises quartzites, phyllites and. scbists., 
However) tbe Luh:.:t.va Group may l"'ep.i.~esent a ijH)l"8 higbly EwtamOl':, t 
phosed phase of the Pine Creek Group~ The folding of the Golden 
Dyke Grou'.:? aP.::Jears more open than that shown elsewhere in the 
Series but this probably reflects difforences in the competenoy 
of strata and, perhaps, in dept h of' burial. The strilce ot the 
Series is consi stont ly close to meridional over very wide al"eas 
althouc;h dome and basin structures are oonunon in the Golden 
Dyke Group. 
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The dist~lbutlon of these threG G~ou~s h&s not 
been deternlined but t be !..iolden .Jyko Gj, .... OUl) outcrops l;lainly 
between Adelaide "'lVe.i.' arld Gl"ove 1~111 along the l'ailway line 
and oxtends so ut h -cu tho nort:1ern cdse of the Camb,t'ian SG'd­
lments and north fOl" at least 15 miles. The Plne Cx'eel-c Group, 
as the name suggests, is typically developed in the ,?ine Cl"eek 
area but it may 'comprise nearly all the l'6illaining 0utcrops of 
the Brocks Creek Series. The sandstones an~ slates west of 
Adelaide River and south-west across the Daly River appear to 
belong to this group, but further to the west and south the 
grade of metamorphism noticeably increases and phwllites, 
quartzi te s and mica sc hi at s of the Muldi va Group are found 
along the b'innis8 River and near Fletcher! s Gully to the SOutt1 
of the Daly River. 

There is Etrong evidence that regional metamorphism 
increases west of Adelaide River and ,the lower grade rlletamor­
phics grac.e lntCJ schists and schistose sandstones which occu'py 
a meridional belt whose eastern margin runs roughly from 
Buldi va t hro ugh t he Daly Ri vex' Polipe Station to Rum Jungle 
on the RailwD-Y' line. This zone of intense regional metarllor­
pl1iSl" was subsCCluently intruded and the Litchfield granite 
now forms t he vIe stern bo undary of the sc hi stose rocks. 

The Brocks Creek Series appears much younceI' than 
the Archeozoic rocks of the Arunta Series found in other 
parts of the Northern Te1'ritory ancl may be cor.relatecl with 
the Mosquito Croek series of Western ~ustralia. The higher 
grade metamorphic rocks found in the .lYinnlss River area might 

, be mistaken for older sediments but there is no evidence to 
suggest that they are unconformable wit h the rtlEltamorphlcs of 
the Brocks Creek Series to the east. 

b _ Grani tlc Rocks • Granitic rocks ar'o Yf:;.,dely di st:.. .. lb u, .. 
4 •• ..-...... 

ted over the r6£:,loil. 'rhey intl"ude ,t~1e 3:.:'ooks C2ee~-: sorlOS 
but are olde,;.~ tl1al1 the 3uldlva G1'OUp 2nd ac"G ti'JOi'ofoI'U l'e­
garded as Lower Pi'oto,i.'ozoic. There a,L'e tWI) !i1ajor a,peas of 
granite - one in tho east and one 111 the \Vest Zlnd m6.ny srllal1e:L' 
outcrops. The raajo;.,' intrusive,s have bEJen nar."Jed t:w Cullen 
granite in'the east aad the Litchfield s:,,'anlte in 'che west, 
but no fori'JlEJ.l names are proposed fOl'" the sr:18.11e1'" intl"usivus. 

The major intrusives are cssentlally silil.i.lcl' J.n 
Llineral c onst i tut ion, and t here appears to be no evidence to 
suggest that they belong to different intrusive epochs. Tho 
most common typo 'is a medi UTI-grained biotl te-hornblende-gl';.::m­
i te in which hornblende consti tut6S only a sr.I~ll pOl"centage 
of the ferro-magnesium minerals. Marginal phases are common-· 
ly porphyl'titlc 1n quartz, biotite or fels'];)al'" and more baSiC 
dioritic phases are found 1n some places. Some marginal 
phases shoTI directional structures but in general there is 
little eviueQce of gneiSSic foliation. 

,The Cullen granite is elongated in a north-south 
,direction but it does not oonform closely to the stl"'uctures 
of the Bi..'ocks Creek t:eries. The contacts between t he Cullen 
grani te and the 13l"'ocks Creek, serie s are' fairly sharp. Contact 
metamorphic types such as hornfels are conm10nly found but no 
extensive granitisation was observed. Po~natites and ~uartz 
voins carrying tin and wolfram are found in some contact al"eas 9 

but high temperature mineralisation does not a~pear to be as 
extensive as that assoclated with the Litchfield granite. 

The Litchfield granite is the larger of the two 
major intrusives although a great part of it is nOYI rlluslced by 
Palaeozoic and Recent sediments. It forms c. lon[; i"llGl'ldlUnal 
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area of outCl"O) conform~ng wi th the structm'al tl"'ends of the 
Brocks Creek Scjl'les.' The eastern margin is Vlell defined and 
the west€l"n bou,ldary is exposed in the vicinity of FOG Bay 
but is masl;:cd tu the south.' The Litchfield granite has been 
traced for 100 l'\1ilos in a north-south direction and is at 
least 30 rniles w~.de in the vicinity of the,Daly Rivor. ~lthough 
petrologically similar to the Cullen granite, the, Li tctrfield 
granite seems to have been intruded under oonditions of high-
er stress, perhaps consequent on deeper burial. The aureole 
of metamorphic rocks shows a higher degl"ce of regional metamor­
phism than found elsewhere in the region and the granite itself 
shows directional structures in some contact areas. Granitis­
etion of the intrused rock has also taken place and this is 
well shown by the granitised schists found on the foreshores 
of Bynoe Harbour. High temperature mineralisation is common 
along the eastern margin where tin-and tantalite-bearing peg­
matitcs and greisen occur. 

The Sillclllej." C11 anitic intrusives a:..'"e l1etro,ogically 
similar to the Cullen and Litchfield granltes and a~ be11eved 
to be genetically aBsociate~ with t~em. 

2. Uwer ProterozoiC?, ,- The Buldi va Group. 

a'. General. The Buld1 va Group 'was fir st recoeni sed by 
the Aerial, Geological and Geophysical SUl"vey of r~orthern 
Australia in the area between BuldiYa and Reynolds River, 
(Voisey 1939a), but few ot'her exposures were recorded. Durinc; 
the reoent reconnaissance the Mount Tolmer Pl.ateau was found 
to consist of sub-horizontal san4stones and quartzites of the 
Buldiva Group and a considerable extens10n of these beels north 

. of Blackfellows Creek has been traced on aQrial photographs. 
The outcl'10P of the Group is vf:.ry distinctive in aerial photo~­
sraphs, :partlcularly where the dips are1ow~ and t~1cre soems 
1,1 ttle doubt t 11at the gt'eater part of the ,,~nhem Land Plateau) 
which'stretches from Katherine to the coast east of ,the Alli~ator 
lUver, is composed of gently dipping stl'ata of the Buld.J..va G~·OU.0. 
Out 1ie1"s of t11i s Gro up, faulted into the B .. " ocl{s Creel..: 3(3 r'l es, 
hav6 also been lQontif1ed in air ~hotographs between Burrundic 
and the Arnhem Land Plateau. Another faulted outlier of the 
~roup occurs along Hayes Creek, south of the Stuart Highway 
(Map ref-erence 455/27J). Part of this outlier ViaS rtla-pl;1cd by 
the Aerial, Geological and Geopi1Ysical SU1:'vey of Nortl1e.i."n 
Australia in 1939, but the map has not been published. .h.11 un­
conformi ty with the underlying Brocks Creele Serie s was recog­
nised and the quartzite outlier was mapped as liullagine. ;r:116 
quartzite shows a higher degree of silicification than :6 usual 
in the Buldiva Group but the outcrop abuts agal.nst a rl;ajol" fault 
andrnay have becn silicified by solution's from tbe.t channel. 

In the outcl"0VS eXbJoaeu. on Ii..0unt 'l'ol;der and at Blac:<­
fellow's Creek the Bululva Gl"0U'P con~ists l"llalnly of sanllstorws 
and quartz1 te s \H t h 80;,16 beds of 0;.",:'1 t 2nd. shale. T2e sandstones 
and quartzi tes in most places show abundant evidence of' s'halloVi 
water deposition in the form of' beautifully ~reserved riJple 
marks, rain pl":;.n"ts, sun 'cl"acks and S0nle incle·\je.r:llinable markings 
like worm tracks. (see photo 22(3) 22(r). The sandstones and 
quartzites are st:"'ongly jointed and p where the dips cu"e low, 
provide a distinctive tesseLlated pattern from t be aip. T:1G two 
dominant jOint planes are close to vertical and oommonly trend 
northwest-southQast and northeast-southwest. Furthermore sub­
horizontal bedding in conjunction with close vertical ~o~nting 
pl"oduces c ha:racteri stically rugged outcrops .. (photo s 22( g;' 22( b) 
22( i) • , 

ThlS distinctive jOint pattern and the structures 
within the G . .i."oUP constitute the principai evidence for c01":,:-e1-· 
ating the beds of the Almhem Land Plateau with the Buldiva G,:.1CJUp 
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(see photos 22( a) l' 22( b) 1 22( d) • EO-\lever 0 utcro f)S of the 
Buldiva Group were lnspected by G.A. stewart at Connon Hill 
near the edge of the Arnhem Land Plateau to the north p,Iap 
referenee 635/410) and these are described as h2~dened sand­
stones with some quartzites, grits and conglomerates (photo 
11 (0)). stewart also examined outcro~s of the Group in 
the Katherine gorge (Map referen~e 587/187) and found quart­
zites and hard conglome'rates, with well-worn boulders, lying 
sub-hgrizontally or dipping to the north-east at angles up 
to 25 (see photo 9 ( e). Furthermore, the edge of the 
Arnhem Land Plateau was examined by the Aerial, Geological 
and Geophysical Survey of Northern Australia appro:~ii'tlately 
28 miles north of Katherine in 1939. The similal'ity of 
these rocks to those of the Buldiva Group was recognised 
and the outcrops were mapped as Cambrian on the Illan pl'od­
uced in the hnnual Report of the Survey for 1939. 

'I'be Buldi va Group, al t l10ugh sub-horizontdl in most 
places, shows some steep dips, probably due to monoclinal 
folding, and shal~ folds have been observed adjacent to 
major faults such as those bounding the Roc~;: Candy Mountains 
in the Daly Valley (see photo 22 (e)). The beds exposed in 
the Arnhem Land Plateau cOImlonly show dips whic h range from 
sub-horizontal to 30 degrees in a north-easterly direction. 
Thene are in marked contrast to the sharp buckles developed 
again!3t major faults. One such fault is clearly shown in 
ail' photographs in the cliffs on the right bank of the 
Katherine River about 12 miles above the town. In this 
locality strata with a low north-easterly dip have been 'buckled 
against the fault an~ turned into a vertical position (see 
photo 22d). Identical structures adjacent to faults were 
observed in aerial P:1otogl'aphs aloniZ the edce of t:1e tableland 
to the nort h. 

The m .... '.xir.mm t hickne ss of t he Gpo u~) is not known and 
the thickness observed varies considerably with t:1e structux1e 
of the beds in relation to dd surfaces of eroaion. Sections 
which must aggreG2te several thousands of feet can be seen in 
the aerial photo{;i..'1aphs in place s where the Gi,."OUP bas been 
folded but no actual measurements have been made. 

b. Age of the Buldiva Group. The Buldiva Group was prev­
iously considered as Upper Proterozoic or Lower Cambrian in 
Age (Voi sey 1939a). The evidence now appears suff'icient to 
place the gl'oup in the Upper Proterozoic and to postulate 
either an In-~cl''val of erosion before the CambJ..'ian sediments 
were laid dc,wn or a definite overlap of the Buldi va Gl'10Up by 
the Cambrian Jeds. ' 

In t be k'ast the Group was considel'eCi. confol'1mable 
with the oVG.l."lying Cambrian limestones be.au~e both G.l'1oups' 
showed comparab~e dips in the sections examihed in the 
Buldiva area (Voisey, 1939a). No sections were found during 
the recent reoonnaissance in which the relationship between 
the two Groups could be clearly seE-n. The rond to the 
Daly Ri'vCl" Police Station passe s fl'om Cambl"ian limestoae onto 
the Buldi ·{a Group (Map reference 386/275) but hel'e tIle ooser\J'­
er passes from gently dipping limestones on to gently dipping 
quartzite across a wide zone in which an actual contact was 
not found. 

The real evidence of what may be termed a regional 
unoonformity between the two Groups lies in the fact that the 
Cambrian limestones al'e found in maay places to l:'6st J.l.pectl~l 
~n Lower Proterozoic Lwtamorphic or Lranitlc rocks. If the 
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,two groups are conform~ble t [leU, t he Cambrian limestones must 
have overlap[Jed the Bul(hva GJ.:'OU;l but ttus su'..:;!posit1.on appears 
untenable when thG widc distribution of the Buldlva Group is 
taken into account. 

A point of ,considerable interest is that the Buldiva 
Group appeal's vel'1y comparable to some of the str&ta mapped by 
Wade as Lower Cambrian in the Kimberley Di vi sion of ~I~estern 
Australia and in the northern portion of the Ko~thern Territory 
(Wade, 1924). Wade describes quartzi tee, indurated shales and 
siliceous flags with some calcareous horizons from t lle Osmond 
Range in the Kimberley Division.. These seqime.nts underlie 
the volcanics which lvIathieson and Teichert (1947») have identi·· 
fied as lying at the base of the Cambrian. '-cWade- descx'ibes 
well preserved ripple marks in the quartzites as well as worm 
burrows and a var1ety of unidentified fossil markings. 

dacle found. quartzites with, similar markings in the 
Victoria dlv8r 2ad along the Arnhem Land coast of the Northern 
Territory and mE~pped them as Lower Cambrian. The conglomOl'ates, 
quartzltes, gl'its and shales which Wade deseribes as Lower 
Carnbrian from Elc ho Island, Cape Wilberforce and from other 
places along the ~'-rnhem Land ooast appear referable to the, 
Buldiva Group uhich fo~ms the eastern and southern edges of 
the Arnhem Land Pl':tteau. Wade mapped this Plateau as "sand­
'stone of unknown age lf but he does not lilention visiting the 
area and presumabl;r based his conolusion on an older map by 
Woolnough (1912) ~ 

, 

The work of Mathieson and 'feichert '(1947)) in the 
Kimberley Division indicates that sediments lYlffg--bGlow the 
volcanics must be older than Cambrian. The Clua.t'tzi tes des­
oribed by Wade from the Muunt Osmond Ranee may, ti16l"efol'e, be 
regarded as Upper ~rote.i.-'02:0lC and} if. his cOl"":'ela"Glons a1'1e 
correct, t he beds al(JL1C the .h.x·nherll Land Coc:.st a11e of t he same 
age. This in tUl"r1 lnclicates thc:lt '~hc 30.1(11 va Gl'OUj? ~s Up'j}er 
Proterozoic and p:,,'obc~.b ly correlab 10 vn t:1 .~ ;16 I~ullaci ne SG.t'ics 
of Western Australia. 

There 1S no eVldence known to the vlrit.er f1'0r:1 els0-" 
where in Australia which indicates an interval of erosion 
between Nullagine and Cambrian sedimenta ti on, al t bo ugh some 
erosion of Nullagine sediments before the outpouring of basalt 
in the Kimberley Division could be inferred from a geological 
section (Section 1) sho'wn in Wade's report of 1924~ The appar-· 
ent regional unconformity between Nulla-gine and Oalilbl'ian sed­
iments north of the Daly River therefore warrants closer inves­
tigation. However, the volcanics of the Kinfuerley Division 
which oocu~ between Nullagine sediments ,and Cambrlan limestones 
represent a tlme interval, between the two periods of sedimen­
tation. No t 11ace of·t he se volcanic s has been recorded to the 
Bout h in the kacdonald Ranges J and they appe ar only spo.i.1 aclic-· 
ally north of the Daly River. If the volcanics are tCl'restrial 
they represent a definite break between l'iullagine and Cardbrian 
sedimentation in the northern portion of Australia and erOSLon 
of the Nullagine sediments might have taken place to the north 
of the Daly River where the protective covering uf volcanic 
~ocks was large~y absent. 

3. ±iower Cambri§.n (?) - Volcanics. 

§" The Volcanic Roeka. Volcanic l'oolcs have previo·usly 
been recorded from tEree localities within the reGion - on the 
Edith River ~~ .. Maude Creek in the Katherine area, and at Collia 
Creek, south of the Daly Ri vel'. .KOi.1e of t be se al'eas was exami ned 
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by the writol' but tvlO small additional outcrops vvel"G found. 
These t ilree SUl tes of voleanlc rocks for which the names 
Edi th Cl~eek VCt1can-ics, Maude Creek Volcanics and Co11i& CI'eel{ 
Volcanics J.i"e suggested have many features in common and, since 
there is no 6vidence to the contrw"Y, they are consi~eI'ed to 
be contemperaneous • 

Woo1nough (1912) describes the Edi tb Creek volcanics 
aB basaltic rocks, l"anging from dacites to basalts, acoompanied. 
by tUff, agglomerate and tuffaceous sandstone. These are fold­
ed into small anticlines and syneline's but the j,Jr'edorainent dip 
is towards the east. Woolnough considered that these volcanics 
were underlying the Cambrian strata 1n the vioinity of Katherine 
but Jensen (1915) disagreed with this conclusion and thought 
that the volcanic's wel"e Permo-Carboniferous. The w.t'iter ex­
amined exposures along the m;.lin roaCt. nOl"th of I'~athel"ine and' 
found Cambrian ll~'J!e8toL1e,s ovel"1YJ.n:.:; a l'Cl'l'ui.,lnous tuffclceous 
sandstone. In the &e1'lal photo;;l'aphs tins sunc:'stc':1G can be 
traced to the north in·to the v(llcanics '.U-·~:1 \:;ncl1 l'l; a;;>pe.;:.1"s 
to be interc8.1ateu. Hence the wri tC:i:' bell.eves t~1at ;!'loolnouC;l1 
offered the correct interpretation ~nd that t~e ~dith River 
volcanics underlie the Daly River Lime stone Gx'\'":' up. The air 
photographs indicate that on the Vlest these volcanics al' e 
fault.ed into Lower Pl"oterozoic metamor'phics and. on the east a1"0 
faulted against the Upper Proterozoic Buldiva Gl:'OUP 'ililich also 
dips gently to the east. The topographical relief and the struc­
t w."e of the Buldi va Grou'p in this area led Woolno ueh to consider 
them,as younger rocks overlying the volcanics • 

. Less infol"mation is available concerning the ~\:aude 
Creek volcanics but vioolnough (1912) states that volca:1ic roc~.;:3 
can be traced at intervals from Edith River to [, point t111"ee 
miles south uf Il'laude Creek where amygdaloidal basaltlc rocks 
occur. PUZ"ple tuffaceous rocks dipping south-east at 45° Ere 
recorded by doolnough (1912) along the Katherine .tU vel" about 
4 miles nox'ti.l of Katherine but theso are considered to belong 
to the Broc~s Croek Series. 

The Collia Creek volcanics w~ich outcrop in the h~ad­
waters of the Fisb Hivel" near Buldiva are described as gritty 
felspat hic quartzi te s passing upwards into tUff and overlain by 
porphyritic lavas (Voisey, 1939a). These volcanlcs rest on the 
Buldi va Group and al."e ovel"1ain by X:Iezozoic sediments of the 
Ivlull aman «tr.o up. . 

. Two very small outcrops of volcanic l"OC:;:S were mapped 
recently - an outcrop of basalt Wl1ich fOl'~ns a bal" 3.Cl"OSS -che 
Daly Ri ve.p neal" the sou the1"n end of the Rocl-c Candy RanGe (Map 
reference 375/236) (~t1oto 22(k) ) and an OU-CC1'Or of t1'2.chyte 
near the Daly Hlver r:J":d. (Illap l"efel'GnCe 383/278). Doth tbese 
outcrops appeal" t.o .. 'est on rocl:.s of tile Bulu.j. va Group but ttleil" 
relationship to the C2,~lbl'1ian LLilcstonG could not be determined. 

b,. Age ot the. Volcanics. The AGe of these volcanic ;:'oc1;:s 
has been a source of contention fOl' many years and t:10 f:u;11d . 
evidence is stlll not sufficient to establish their age beyond 
doubt. However, it is suggested that all of these volcanics 8.,,;"6 

of Lower C~lfurian age and that they overlie the Buldiva Grou~ 
and underlie the Daly River Limestone Group .. 

The eVldence for thi s may be SUl11iilarl sed as follo'ws .. 

In t he first place all of the volcalllc 3 :£'6 st on P re­
Cambl"ian roc:cs of either the Brooks Greek So ... ·1es 01' of the 
Buldi va Gi'o up and have not 'been found OV01"lying Cambl'1ian Lime-
stone or any younger deposits. . 

In t he second place the volcanic rocks ap-)eal.'1 to be 



• 

genetically &ssociated.with.the extensive volcani.s found to 
'Dha south and typically developed in the Kimberleys. Jori'sen 
recognised this clod suggested a correlatio.i1 in 1915 (Jensen, 
1915). Howevel', he placed the volcanic s in the Permo-Cal'bon­
iferous, partly from hi s own observations of the outcrops of 
volcanic rocks betwee n t he Upper Daly Ri ve.C'" and Tanami tot he 
sout ht an<l pt;lrtly from old report s, inc luding one by Hardman 
(1903), in Yl"hich the age of the volcanics in the Kimberley 
area was considered to be Devonian or Post Devonian. However, 
since 1915 it haa been established that the volcanics in the 
Kimberleys._un9:erlie the Cambrian limestones and Mathieson and 
Teichert (1947~ placed these volcanics in the Lower Cambrian -
between the Cambrian limestone and the quart;;;i tes of the XiIount 
Osmond Range which a~"'e regarded as Nullagine. 

A perus..::.;,.L of Jenson' G j.'e~)o.~ ... t 111 VJhich he considered 
the volcanics' as youn2;er than tbe Ca.iilb:~'i2n limestone shows 
t hat the 0 utcro ps he de scribed in 1915 fl:'OU south of the :Only 
River were V61'1y simile j,,' to those fo und in the Eimberleys and 
he may have been mislead by the fact that tho volcan:i.cs al"e, 
in places, topographically higher than the limestones which 
overlle them because of the basin structures developed by 
folding subsequent to the deposition of the limestone. 

It seems therefore that the Lovrer Cambrian volcanics 
of the Kimberley region can be traced to t:10 nort h almost to 
the Daly River itself, and' hence, vel'1y substantial eV1dence 
will be .i.'eCJ.u1red before the volcanics of the 1':2.thel'ine and 
Daly Rivel" areas can be reasonably considered as jllJUngel' than 
the extensive volcanics to the south. 

Howevel", vulcanism was apparently much less extensive 
in t hi s nOl"t be:.:-n al"ea and regional evidenoe sUGgest s t bat sim·· 
1Iar conditions applied to the east and south-east, since Lower 
Cambrian volcanics are not represented at the base of the 
Cambria.n sediments in north-western Q,ueensland, The Edith RivOl', 
Maude Creek and Collia Creek volcanics and the two small out­
orops of volcanic rocks in the Daly River basin are therefore 
oon~idered to represent isolated outburste of vulcaniem in 
Low.,. ClUDla~1. an '1me. 
4. CMlb.£i iO' 

a. Gener!l... The Cambrian sediments 11e entil"ely wi thin the 
DalY River watershed, in t he southern part of the region. I'io 
details of t he sequence have been establi shed but t he sediment s 
appear divisible into two Groups, the Daly :aiver Limestone G;:,oup 
and the Florine Gl"OU·p. These two d1 vlsions of ·the Cambl'ian 
were reeognlsed in the field but there 1S not sufficient data 
to map the .Flol"in-J. GrollI1 with any accuracy. How-evel', a very 
approximate bounq.ary is indicated on the lilap fOl'" the benefit 
of the. soils and ,;'Jastoral work and t bi s boundary will do ubtle ss 
require considel"able rllodificat ion. 

The Cambrian sediments in this l'e::;:..on lle in a struc­
tural basin to which tho name Daly Rival'" Bas1n may be applied. 
Course basal phases a1"e apparently lacking which sugGests tlla.t 
the sediments were deposited in a quiet transaressive sea. 

at Dal~ River Limestone Groyp_ This lover group consists of 
limestones, sandstones, ferruginous sandstones and Shale. The 
basal beas appear to be un:fossiliferous but a Girvinella h01~:\.~-
on has been found higher in the G;l"OUp. :rbese sediments dip 
at very low angles and have been ~ently folded. Outcrops arc 
comparati vely few so that no estimate of thickness Can be made 
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without more detailed structural and stra tigra;;>hical work. 
Sediments near the base of the atoup are v-veIl exoosed in a 
section at the foot of a m~sa on the Tipperary Road, (Map 
reference 420/275). At ihis point about 150 feet of al ter'na ting 
flaggy silicified limestone and sandstones are exposed. The 
sandstones are soft and unaltered and are largely composed of 
the fine angular quartz grains which are characteristic of' 
the sandstones of this Group. These beds rest on the Brocks 
Creek Series, although the actual contact was not observed. A 
close search failed to reveal any fossils, and the lower por­
tion of the Group~ here and in other areas such as Katherine, 
appear to be unfossiliferous. Further south, along the Tipp­
erary Road, same 9 feet of marls are exposed on the bank of 
Station Creek (Map reference 410/260). These are higher in 
the sequence and may contain fossils although none was found 
on this occasion. 

The only fossils found in the Group came from a 
limestone horizon outcropping 5 miles south-west of Tipperary 
Station where the rocl( was, almost entirely composed of Girv­
inella (photo No.22e). A similar occurrence has been des­
cribed by Voisey (1939a) from near the head of the Fish River 
south o~ the Daly and if this proves to be the same horizon it 
will be a useful key bed in the Daly River Limestone Group. 
It probably lies in the middle or upper portion of the Group 
and appears to be several hundred feet above the base. 

The strike of these sediments varies but is generally 
northwest-southeast in the Tipperary area and, although gentle 
folds are apparent the general dip appears to be to the south­
west at angles which range from ~ 'to 10 degrees. 

Although individual horizons are not vey thick the 
limestones and sandstones of this G'roUL) :,)rovide good aq,uifers 
and the apparent basin structure suggests that artesian water 
may be obtained from the central portion of the Daly River 
Basin. The Buldiva Group underlies much of the Basin and the 
sandstones of this Group should also contain water. 

<h. _The Florina..QrQ1ID..- This Group forms the upper part of 
the Cambrian sediments and consists very largely of sandstones. 
Some thin beds of limestone may be present 'out fairly soft sand­
stone appears to be the predominant rock tY'pe. In are8.S occ­
upied by the Florina Group the soils are sandy and appear not 
to be calcareous. These sandy soils can be traced west~ard 
into the centre of the Daly Basin between the Douglas and 
Daly Rivers. In this locality the ferruginous sandstones and 
shales on Gypsy Creek (Map reference 441/238) maf lie near the 
base of the Florina Group (see photos 22(m) 22(n) ). 

Sandstones of the Florina Group form flat-topped hills 
in the vicinity of the Daly River, belmy its confluence wi th 
the Flora, and these hills are 'remnants of an old land surfaoe 
on which Mesozoic sediments were eventually deposited. For 
this reason they were classed with the "Tableland Sandstones" 
and mapped as Permo-Cefboniferous by Jenson in 1915 • 

d. Comparison with Cambrian Sediments._in ~1~~~r~Australia 
and Que,e,nsland - The Cambrian sequence in the Kimberley 
Division of Western Australia has been worked out in some de­
tail by Matheson and Teichert ~947J. They divide the Cambrian 
sediments into two conformable Se-ries - the Ne~ri Series over­
lain by the Mount Elder Series. The Negri Series consists of 
limestones and shales, some of which are fossiliferous, and 
the Mount Elder Series is compsed largely of s2.ndstones. Teichert 
has reviewed the palaeontological evidence for the age of these 
Cambrian sediments and places the Negri Series in the Lower 
Cambrian. 
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The sediments of the Daly River Limestone Group 
appeal' comparabl~ with·:the ~egri Series and are Jl therefol~e, 
regarded as Lower' Cambrian and the Flol'ina Group appears 
equivalent to the Mount Elder Series. 

The oldest Cambrian sediments known in NOl."th-
western ,~ueenslClnd occur at the base of the Templeton Se.i."ies 
(named afte: .. ' the Templeton River) and consist of sandstones, 
Siltstones, chel~ts, and non-calcal"'eous sediments (Bl"yan & 
Jones, 1945). '.L'he olde st of the se sediment s al"'e refer:,'ed to 
the uJ?perlilo'3t ~).;::.rt of the Lower Cambrian. The Templeton Seri'E.>s 
is developeG. to tbe west on the Barkly Tablelands, but it is 
here l'epresentoQ by a limestone facies. It is therefore 
likely tl1at tl1C Dal~7 l:11ver LiElestone Group can be correlated. 
with at least a part of the Templeton Series of Queensland. 

5. Upper Palaeozoic. 

j!. Permian - Port Keat§...Group - Sediments of the POl~t Keats 
Group outcrop in a belt along tbe westel'n seaboard of the reGion 
south of Port Blaze.. In the latitude of HO'unt Greenwood the 
belt extends inland' fOl'" about 40 miles and to tho south the 
belt appeal"s to be even wider. In som6 places the De sediments 
are masked by recent all uvit:t.m ane:.. by me sas fOl'i,led in Ilie 8030ic 
sediments but they outcroiJ consistently in tbe \1eadlands south 
of the mouth of the ;Jaly ;,:(lvcr. 

Pe.t':;lian fo S:3:i.l S were fL..1S·i; :LO unL~ ':Jy CO;.lr.-lam:' C1" Stol:e s 
near the mouth of the Victoria :aive.;''' in 1886 and t;1e ("l1tCl"0"9S 
here and at Port Keats were subsequently Descl"ibcd by 3 .. "owne 
in :, ).:'905. Browne states thatthe l"ocks at F'OGsil :;:Icad consist 
of sandstone, shale and sandrock and provide the most tYJical 
section of the beds. These lie almost hori~ontally but sho'li 
a tendency to dip westward. BOl"es were subsequently put down 
at Port Keats to test for coal seams and these establiShed the 
following sequence of beds (Browne, 1906). 

Micaceous sandstones and shales with a little 
coal b6tvleen 360 and 362 feet from the top 

Micace0ub Grgillaceous shale slightly carbon­
aceOU8 1n part and containinG Estheria 

Green anQ blue fOSSiliferous arenaceous shale 
wlth blue argillaceous sandstones 

Fossiliferous ]olyzoan limestones 

Sandstone 

l?yri tes and fossilifel"ous limestone 

Blue sandstone, etc • 

Black carbonaceous shale with Glossopteris 
and Noeegerathiopsis • 

Surface 
----.leet 

43 

112 

9 

30 

16 

94 

6 

730 

Durlng tho :('ccent l"econnais:.3'::',i1CG ai'l attom;it w:}s 
made to reac:1 the CC',o~Gt at Redcliff, -"':1io:1 l:;.cG south of 
the Daly Ri vel", but tile coastal plains proved tOQ wet and 
the PaI'ty was obliged to turn back when 8 miles from the 
coastline. The Port Keats Group in this area occupies low­
lying, very gently undulating country (photo 8(a) ). Very 
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few outcrops cou~d be found but the compositton of the soils 
indicated that sandstone was the precl.ominant .~10cl;: type. The 
only good exposure of tlle G1"OU:) vIas found at tl1e base of !riount 
Greenwood under a c Ci.i? .. Jl ng of r·,~e sozoic st .l'~.".ta. The sec'c 1 on 
showed approximately l.YJ feet of sandstone Yiith int.el"c~lations 
of sandy shale but a careful seal'ch failed to x'eveCll any ident­
ifiable fossils. l<ost of the sandstones ':'".nd )8.1'ticula:.:'ly those 
exposed at J~he base of the section we11 e noticeably :i:"'l"ia.ble (;;.~1d 
appear com-parable wit h the IIfriable suga11 Y sand-l'1ock'l which 
Bowne (1905) describes from Fossil Head. '1'11e beds at Hount 
Greenwood wer'e striking nOl,t h-we st aad di BPi ns so ut h-we st at 
low angle s whic h averaged approximately 5 • 

On the geological plan,_an outcrop of the Port Keats 
Group is shown between Anson and ~'oe; Bays, north of the Daly 
River. One traverse was made aCl"OSS this a1'ea but most of the 
outcrops conslst of laterite and the geology is based on soil 
interpretatIon. The underlying rocks a1'e apparently shales, 
sandy shale s and. sandstones. Argillaceo L1S l'oc1:: aLJpears pred­
ominant and some of the shales are calcareous ps.rticularly in 
the western )2Ll"'t of t~1e area. Fragments of shala and sand­
stone were foun& under a laterite in one locality near the 
western ed'::;l3 0:2 the D.rea but thse gave no clue to stl'uctue 
and contai~eG no palaeontological evidence beyond occasional 
worm tr8.cl{s. 'l'he age of the sediments in this area is, t:le11 e-· 
fore, in doubt but they have been provisionally ma-pped as Peri!l­
ian because of their lithology and geogl"aphical position. 

b. Elliott Ore~k Formation. - Sediwents of the ~lliott Creek 
Formation occupy a gently undulating terl"lain to thl3 nOl,tll of 
Mount Litchfield. The formation includes a succession of 
apparently thin beds of sandstone, she.le and lime stone wl1ic h 
lie horizontally in most of the outcrops exrunined. Outcrops 
are infrequent and geological infol'mation was based on augel' 
hole samples ovell t he grea~r.· pa11 t of t he traver se made 3.C1'03S 

the formation. 

The ~asal boGs Qre h~~dcned 8~ndBtune overlain by 
brown somewhat fl.::,.::;::.,Y :c"ocks whic:l 2.1:'8 va .'Y simila.r In appe6.r·-· 
ance and grain-size to sE,ndstones of t~1e :J2ly .:hver LLlestone 
Group. Shales, scmdstones and limestones appear iliE,'her' in 
the sequence anG. these appear to alternate anG. ).~1ovide r:lany 
ob.a~lc;es in soil across the gently undulatin:.; ·cerre.in. Only 
one bed. of flaggy limestone waS found in outcrop End this app­
eared to be 2 to 3 feet thick (see photo 22(p)). The bed 
le.y hO):'izont ally but had been exten si ve ly w'eat hered and. (1 id 
not fOl'm continuous OUtcl'Ops. SOllIe outcrops showed marl.:ings 
which strongly resembled the relllains of coral. M::'ss 01'espin, 
Commonwealth Ealaeontologist,. has examined specimens from this 
outcl"OP but has found no conclusive evidence of the age of the 
limestone although it is conside.l'ed to be Up,)er Palaeozoic 
and possibly Devonian. The thickness of the ~lliott Oreek 
Formation cannot be estimated but most of the outcl"OPS appear 
to be ap~roxl~&tely horizontal and if. this is so a thickness 
of less than 500 feet is indicated. 

The stratlzraphy of the western po~tion ~f the 
l"egion sug.:-.;e at s t l1dt ·i::.he Elliott Ol'eek Porilla tion is Perlilian 
but additional field and palaeontological work will be 
required to e stab li sh -c he relati onshi p of t he Elliott Creele 
formation to the P01~t Keats Group. 

6. Meso~. 

Mullaman GrouE - Sediments of the ~Eullaman Group outcl~Op in a 
narrow belt along the north-west coastline in the ila11 win a:::>ea· 
and in flat-top~ed hills in the higher cQuntry tu the GOUttl 

and south-east l see photos 10 (a) 10 (b) ). 'The Gl'OU;) may be 
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divided into at least two portions - an upper portion consist­
ing mainly of shale and sandy shale bearing LOwer Cretuceous 
fossils to wl1lch the name Darwin fo~"mation has· been &i ven and 
a lower portlon WhlCh consists of sandstones and basal con­
glome~,,'ate8. l:U formal name is proposed for these lower beds 
since their relat10nship to the overlying shales has not been 
adequately o..:.r['1l1ea. and consequently the sed.iments of the 
Mullarllan Gruup he.ve been'mapped 'as one unit. 

The lower beus of the Group appear to be freshwater 
lacustrine deposits of Late Jurassic or Early Cretaceous age 
and may represent passa.ge beds in that the3T appear to pass 
upwards into marine Lower Cretaceous Shales. Voisey (1939a) 
found plant fossils neal" the base of the Mullaman Group in 
the Buldiva Area. These were in situ and included Ota.ZEl.iilltes 
bengalins1s which has been found only in strata of JL •. .t'assic -
age in Australia, although fairly abundant 1n both Tl'l8.Ssic 
and Lower Cl"etaceous formations ·in o'tilel" ;;;laces. ::Su plant 
fossils were found .Ln otl1er loccllities dUi'iLlQ; the limited ti;:'.e 
whic h could be uevot (;d to the se arc l1 for th';%l. 30weve:,:" t hel'e 
is evidence that SC.1tlG.stone and con~lui1le.r'o.tes occ U):' at the bc..se 
of the Eullaman G,CCJu:j ove::, G. ve:~y wlG.e ..1:('0:::., in tho centl'~'tl, 
southern and soutb-ec~stern parts of t~1'':; :c'eGlon G,.nLi. this sUGc;eoto 
that fresh ws.te:,:' lakes developed in these c·.:,:'cas towal'10.3 the 
010 se of J-urassic 0:_' at tL1e be~inning of C:.'ctEceous t irlle. ..~ 
section described by Jensen (1914) at B001'001001a includes an 
uppermost formation containing fossilised wooel which nlay well 

) represent the ~.ower bed of the Mullaman Group and 'dh'Ltehouse 
(1945) records a fraginent of quartzi tea bearing Ot~~ 
from the Barkly Tablelands. There is little eVJ.dence of these 
lower beds under the Cretaceous sediments in the J)a.i:'win area 
and it is doubtful if they are re-presented at Iv:ount GJ:,eenwood 
to the south and. this suggests that a westerly or north-westerly 
limit of JGhc lacustrine sediments lies between .. -..delaide i.hve:t:1 
and Darwin. 

Lowe~ Cretaceous sediments were first descrlbed from 
the Dal'v/in c;;.:L'ea by Bl"own (1906) a'nd the palaeonto logy was de s­
cribed by Etheride (1906). The beds originally consisted of 
fine shales and sanely shales resting unconfo1"lrHably on the fol<led 
Brocks Creek Series. In some places beds of grit 01" fine 001}­
glomerate occur at the base of the fOl'mation. Tbe c;:C'eatest 
thickness observed in the Darwin area amounts to about 4,) feet 
and the total thickness of the format'Lon in this a.i.'e2 :LS px'ob-­
abl';,'" 11 tt le more than 50 feet. 

The original shaly sediments have been extensively 
lateri tised and the upper layers converted ,into a tough fine·­
~rained rock to which the name porcellani te has been applied 
~Voisey 1939a) {'Magnesite ll of Tenison Woods.) T:1e l"'ock is 
usually whi te~ yellow brown 0:. ... mottled cle:.)enc..ent on the di st·· 
ribution of lill1onite--sta:;'ninc. ':rhe ·thickness v.o.l"leS and up 
to. 30 'feot of thls r;lc~t0:,11al 18 exposea. in sectlonG in the 
vicinity of Darwin (0hoto 10(c»). This ~o~cellanitG lG con­
sidered to be of blOCec,loGical o.Pibll1 anC !'e;Ji.'osents· the :32 ox· 
lower pedoloGlcal :lO:d:.:;on formed 0.UJ:,in::; lato.l'itis&tion of 8-

Tertiary land sUl'f'ace. Movement of silica.n c~.nc. ll"on took p12.ce 
duri ng thi s pl"oce ss and the shales were leac bed of 11"0 n but 
cemented by l"edeposi ted silica. The s011 cover and the upper 
soil horizon of massive laterite we~e eventually X'3moved by 
e11 0sion and the porcellanite exposed as 2. fO:C'l11 of d.ul'ic:rust. 
The porcellanite is therefore not a stratiGraphical ~orizon 
although it behaves as one i'n most places because t[1e stl'ata 
are predominently flat. The extent to whicb the porcellani'l:i6 
is transgr'essiv(J will not be known until detalls of the Lov/er 
Oretaceous seguence are worked out. The source of the readily 
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soluble silica is not known but thel.'e seems to be a close 
oonnection between radiolarian shale and ?orcellanite and it 
appears likely that the radiolaria have t hemsel va s 'provided 
the silica. The porcellanite is very widespread and radio­
laria have been found in specimens of the rock in widely 
different localities. It seems significant that the only 
outcrops of Lower Cretaceous rocks upon which a cap rock of 
porcellanite was not found were those in the vicinity of Fog 
Bay where the sediments were more arenaceous than those in 
the vicinity of Darwin and where radiolarian shales have not 
been identified (photo 16(a). 

G.A. 8tewart believes that the texture of the 
parent ms,tel."ial was an important factor in the formation of 
porcellanite and he suggests that it was formed in shales which 
were intermediate in texture between the coarse sandy phases 
and the fine clay material. The pedological processes in­
volved in the formation of porcellanite are discussed by 
G.A. stewart in his report on soils. 

The Darwin formation is found occupYin~ flat-topped 
hills south and east of Darwin (photos 10(a)9 lOtb)). These 
me~as owe their characteristic sharp profile to the porcell­
ani te which forms a tough cap rock over the unde-rl;ying shales 
and sandstones. There is little doubt that porcellanite was 
formed only in shales of the Darwin formation and Lower Cret­
aceous radiolaria" have been identified by Miss Crespin in 
porcellani te from Darwi n, Buldi va and from mesas between Pine 
Creek and Adelaide River. A cast of Dimitabelis has been 
identified by Miss Crespin in a specimen of cap rock from 
Mount Greenwood. Marine fOSSils of probable Lower C.petaceous 
age have also been found at Yeuralba north-Gast of Katherine. 

The thlckness of the outliel"s of the Mullaman Gl"OUp 
mapped from air photoGj,"aphs on the .AJ.'1nhem rrableland is pl"ob-· 
ably less than l,jO feet. The cap :C'ock has been oroded off 5.n 
some places buJe; is present in others and hence the Dal'win 
formation is almost certainly represented (see photo 22 (a) ). 
The charactel"istic outcrop of the cap l"ock became the pl'in­
cipal criterion of rocks of the Mullaman Group in extending 
the mapping by air photographs and outcrops of this Group 
have probably been mi 8.::1ed in areas where t he cap rock has 
been eroded away. 

The maximum observed thickness of the Mulla.lTlan Group 
was approximately 210 feet in a mesa south-east of Bl"ocks Creele 
(Map reference 464/267). ' 

In this section the Group consists of sandy sediments 
wi that le ast u ne congl'omerate bed toward the base. The uper 
20 f'eet consists of white or buff coloured porcellanite over­
lying two feet of conglomerate. The porcellanite shows a ten­
dency to develop vertical cracks like columnar jointing but 
traces of bedding could, be seen in the material and this lay 
approximately horizontal. The lower portion of the section 
was covered by detrital material and the detailed sequence 
could not be established. 

At I',~ount Greenwood the upper 90-100 feet of sediments 
probably belong to the Mullaman Group and consi st of 70 to 80 
feet of shales and sandy beds overlain by 16 feet of porcell­
anitic'material which includes an interpolation of ferruginous 
sandstone. The sandstone bed is horizontal and shows little 
alteration by pedological processes. 
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7. T"tia~y and ~uaternary Laterites. 

~eas of laterite have been delineated on the 
gQological plr:;.n v{herever possible on account of their import­
inee 1n 8011 lnterpretation but the underlying parent rook 
18 indicated in all laterite area8e The extensive areas of 
laterite all lie in the northern and north-western parts of 
the region because in these areas the landscape is more 
matuF6 and the rate of erosion comparatively slow. Laterites 
and partly formed laterites are found in many localities and. 
at various levels in other parts. of the region but are not euff­
ie1ently extensive. to appear on the plan. 

The laterites have been fully described by G.A. Stewart 
in his report on soils but the two main diVisions may be men­
tioned here. The laterites capping the Darwin formation along 
the.north-west coast are considered to be Tertiary laterites. 
They were formed during Tertiary tlme on a low-lying land aUl"­
face which was eventu~lly upli:Cted and klartly el'oded in Pliooene 
t1me. They are contemporane ous wit;1 the j;)orcellani te and belong 
to the same soil pl"oi'ile (photo 13 (c) ). FUl"tbel" inland, on 
the mesas, these .1at(H'ites have been removed, for the most . part, 
but l'emnanta of thelL in t he form of pisolitic ironstone gravel 
can be found overlying porcellanite. 

The lateri te~ shown overlying grani te and Lower PI'ot- • 
erozoic rocks are post-uplift laterites which ro~ed in Fleis­
tooene and Recent time. These occur at various levels ~ 
tormed wherever geology and topography were suitable over .utt. 
1010nt intervals of time. These laterites mawced all outC~op8 
inmost places but the character of the underlying rook Qould 
bo deduced from an ezamination of lateritised mate~ial obtained 
f»om auger holes. ' 

e. ~st~ene and Recent Depostts. 

·Plel stocene and Recent deposits consi st mainly of 
river and coastal plain alluvials which occupy large apeas of 
tbe northern anQ western plains. The marine coastal plains 
are the more extensive of the two and extend inland for many 
miles along the valleys of the principal streams (photos ll( a) 
ll(b». They consist. of mud anG. fine sand deposited in 
droWned river valley s. The se re suI ted from the last signifi­
cant submergence of the coastline which Browne (1945) places 
toward the close of Pleistocene time. Well preserved crayfish 
are found in these estuarine deposits at several plaoes around 
the coast. 

The ri.se in base level consequent on this submergence 
caused extensive alluviation alon~ the river channels inland 
from the estuaries ano. some of these stream alluVials on the 
northern plains cu"e s ufficlen-cly e::·:tellsl VG to apQeaY' on the 
geological map (photos 2(a), 2(b). These alluVl&ls consist 
lal:'goly. of fine Sand a:1d silt Yfit h SOiile gravels at the base 
of the deposlts. The thicl;:ness and si:::e of the gravel under­
lying the alluvi urn probably increases upstrear.l tov/arod the 
head waters whe;:e eI'osion is still active. 

In Mid-Recent time the final eustatic movement took 
place and sea level fell about 20 feet to expose the estuarine 
deposits and slightly rejuvenate the lower courses of the 
streams. The exposed estuarine depOSits became the coastal 
marine plains and these carol'Y raised beaches and silell l'emains 
for some miles inland from the ·p.i.'esent coast line. 
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Eustatic rlloveraents in Pleistocene ane. :1ecent time 
produced a se.i.'ies of coastline oscillations (Bl'ovme,l945) 
and the deposition and subsequent exposU).'c of the marllle 
coastal plains have been referred to the latest of these 
movements - a uubmergence which Browne places at the end of 
the Pleistocene flollowed by an emergence in Middle Recent 
time. More detailed mapping in the region r.1ay provide evid­
ence of some of the earlier Pleistocene oscillations which 
cannot be satisfactorily traced at present. 

Some small lakes were formed by valley constric-
tion during the present cycle of erosion. Conglomerates and 
sandy sediments \l"le1'e deposited in these and eventually removed 
or partly rcrlloved by stream erosion. Remnants of Recent con­
glomerate 'dere noted at the head of the Margaret River, 5 miles 
south of Grove Hill and similar lacustrine beds we.l.'e observed 
in t he banks of a .small stream between the Douglas and Daly 
Rivers (Map ~efel"ence 445/242). 

V. STRUCTURAL GEOLOGY:. 

~FOLDING. 

The only close folding found in the region '-,!as noted 
in beds of the Brocks Creek Sories and some details of these 
structures have been published in reports of the Aerial, Geological 
and Geophysical Survey of' Northern Australia. 

Bot h the Buldl va Group and Daly Rivex' l.,ime stone Group 
show some degree of foldul[; but there is not sufflcicnt data 
to determine whether both these Qroups we~e folded tOGether 
after the Cambrian scdiment s were deposl ted 01' whet her some 
struotures in the Bul~iva Group are referable to Pre-Cambrian 
movements. Certainly both Groups have b.cen subjected to simi18.:c' 
broad folding movements although the ·pronounced jointing and 
monoelinal folding observed in the Buldiva Group a9pear to rep­
resent stronger forces than those responsible for the jointing 
and folding uf the Cambrian beds. 

The structure and distribution of the Buldiva Group 
suggests a pattern of very broad domes and basins. Basin Stl'uC­
tures are apparent in the Daly River area where dips are to the 
east or south and on the Arnhem Land Plateau where the beds 
dip consi stently to t he north-east. The sediment s V/Cl"e appa.1.'ent.­
ly arched between these areal and remnants of the domal structure 
are preserved near Hayes Creek and south of Adelaide River. The 
distribution of Upper ProterlJzoio and Cambrian sedil"!!ents in 
the vic ini ty of Haye s Creek s ugge st s that folding and some 
erosion of the Buldi va Group may have taken place before Cam­
brian sedimentation but further field work will be required 
before the se~uen~e of events can be established. 

B • FAULT ING. 

Prominent faults encountered in the field or ident­
ified in aerial pnotographs are shown on the geological plan •. 
Some of' the se can be referl"ed' to the Late Tertiary uplift and 
other unmineralised faults which traverse the Brocks Oreek 
Series or the Buldiva Group are probably DO\ youngor than early 
Paleozoic. On the Arnhem Land Plateau the faults against wh.ich 
the Buldiva Group is buokled, probably belong to this older 
Group. 

The 'most pl'ominent faul ts in the area wel'e associated 
with the Late Tertiary upllft and are flla.:,'::ed by str'ong topogl .. apb-· 
ioal expression and, in place s, by hot, sp:c'i nc G. Tbe illost prolil­
inent of these bounds the westel'ln edGe of the Illount Tolmer 
Plateau and trend.s a little west of north fOl' at least 5,J miles. 
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Upper Palaeozoic beds of the Elliott Creek f'orl11ation and over­
lying Mesozo,ic sediments are down f'aulted against the Pre­
Cambrain ,i."ocks exposed on the Tolli1eI' Tableland. The attitude 
of the Mesozoic beas on either side of the fault suggests a 
throv." of at least 100 feet. Another prominent norlllal fault 
trends in a north-westerly direction normal to the Douglas 
River some 30 miles above its confluence with the Daly. Here 
Cambrian Limestones on the south-west huve been faulted down 
against metamcrphics of the Brocks Creek Series. 

Hot sp~ings occur in many places, particularly in 
the Daly River bdsin and all those encounte~ed we~e associated 
with limestone and, probably, with faults. 

VI. GEOLOGICAL HISTORY. 

Archeozoic rocks have not been identified in the 
northern portion of the Territory and the geological history 
of the area opens with the deposition of the Brock's Creele 
Series in Lovrer Proterozoic time. This thick series of' 
marine sediments was deposited in a great geosyncline which 
probably extended to the south and west into north-western 
Australia whel'e the Mosquito Creek Series appea.t's of comparable 
age. 

The Brock's Creek Series was subsequently folded and 
intruded by granite. Folding and intrusion of Brock's Creek 
Serie s provided the only evidence of major di astrophi sm in the 
region whicl1 has maintained a remal"kable degree of 'stability 
since Lower Protero~oic time. 

Uplift anti a considerable period of erosion ensuod 
until the ~'1ea was again submerged and the sandstones of the 
Buldi va Group deposited. The Buldi va Group was probably illany 
thousanqs of feet in thickness and consisted mainly of sandy 
sediment s depo si,ted. in the Upper Proterozoic Sea beneath whic h 

. vast areas of the ~ustralian continent were submerged. The 
Buldiva Group rests v{ith a marked unconformity on the Lower 
Proterozoic rocks whic h appear to have been reduc,ed to a pene­
pla~n before the Upper P~oterozoic marine transgrcssion. 

The dl5pu rnt1.on of the Bulcliv,::" (:-:."oup vvas followed by 
isolated outbursts of vulcanism in eal"'ly Cambrian time and 
this in turn by the deposition of limestones and sandstones in 
a quiet transgre ssi ve Lower CaE1bri an Sea. The x'elat i onships 
between these transgressions is obscure, but there is a sugGes­
tion that a period of uplif't and erosion may have intervened 
between the deposition of the Buldiv~ Group and that of the 
Lower Cambrian sedimcnts. 

The uplift which followed Cambrian sedimentation 
was accompanied by little deformation and conseQuently the 
Lower· Cambrian sediments show little alteration and very 
gentle folding. 

In the r-iorthern Territory this uplift ushered in a 
• period of reiLlal'l;:able stability which has extended, with only 

minor interl'uptions, from Cambrian to Reoent Time. As a 
( result of t:llS stability, the area has remained one of com­

paratively low relief over the greater part of this period. 
The fact thctthe Cambrian sediments vlere not entil"ely ·removed 
during the long Palaeozoic era, despite the apparent lacle of a 
protective covering, implies that the relief of the area was 
never high fo~ any considerable period of time. The Lower 
Cretaceous land surface ~epresented by the surface on which the 
sediments of the l\Iullaman Group now l"oSt included large areas 
of compal'1ati vely soft ]Lower Cambrian sedimont s in the Daly Ba'sin 
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which were not to be extensively eroded until late in the 
Tertiary era. 

EJ '\~ver1 active sedimentatlop t00k pL.:'.ce c~ul"'ing the 
Palaeozoic in t he bc~st lnuie s geo S~1l1C li ne to the immec..i ate we st 
of this region and t:1C fringe of Uppel' PO.L:cc':6oic sediments 
along the westel~n coast suggests that, a.uring much of fc'.laeo­
zoic time, the noy't hern portion of the Ter:C'i tory l"emained a 
low-lying stable block which formed the caste.t'n mal"gin of the 
East Indies troug~1. 

, The Upper Palaeozoic sea probably reached 1 t s gl'eat­
est eastern extension during Permian time when sediments of 
the Port Ke2.ts Group were deposited. The margin of the geo­
syncline moved westward after the deposition of the Permian 
sediment s and by t he end of the Jurassic t he l~e gion was apparent­
ly a peneplain cut in Pre-Cambrian, Lower Carnbrian and, to the 
west, in Permian rocks. 

Cllff sections along the north-western coast provide 
some interesting evidence of the nature of this Mesozoic land 
surface. Remnant s of laterite were f'ound at ·t he base of the 
Darwin forrl;atlon at Point Charles (photo 13(a) and although 
these could belong to the Tertiary laterite p~ofile, they appear 
to be older than the Darwin formatlon. The laterites rested 
on leached. and kaolintsed Pre-Cambrian metarnorphics v{hich are 
characteristically found beneath the Darwin formation along 
the north-west coast. These remnants may indicate that the 
climate prior to the r.larine transgression in the Lower Cl"et­
'aceous must have been conducive to lateritisation with high 
rainfall. 

The sandy beds at the base of the Mullaman Groll'p 
suggest that fresh water lakes developed in the central east­
ern and southern parts of the ared at the end of the JUl'asslc 
or at the begimunii of the C.cetaceous, but the nO.I.,th-·V"iestel"n 
portion of the reglon was not ef~Gcted until a epieric sea 
submerged the entLl'C 81"ea in Lowc:r Cretc..ceous time. Fine­
grained sediment s inc 1 udi ng radiolQ.j:>ian 3 ~lQ.le s were deposited 
in thi s sea whic:1 c an be traced eastw2i"G. of Kat l1eri ne and may 
have been continuous with the great Lovl{er Cret2\ceous sea which 
covered much of Queensland. . 

The Mullaman Group includes the latest marine sed­
iments of any consequence in the northern portion of the 
Terri tory. The Mullaman Group was probably never very thick 
and the maximum thickness of the present exposures beneat'1 the 
Tertiary land sUl"lface is little more t han 2~)O feet. The :~:aC't 
that this Tertiary peneplain in the northern ?art of the 
Territory was cut solely in sediments of the Mullaman Group 
clearly suggests that the uplift in Mesozoic time must have 
been slight and comparati VGly even. 

Thus the cycle of erosion which was inLtiated in 
Cretaceous time and continued without interruption until the 
late middle 'rertiary began with a fairly flat low-lying land 
surface which presented little scope for erOsion. Under con-' 
ditions of high l"lainfall and with a substratum of soft sandy 
shales conditions for lateritisation were ideal and a very 
deep laterite profile vias developed. The so-called i'po:,,"cell­
ani te" of the Darwin formation was fOl'med as a soil horizon 
below this Tertiary land surface. The toughness of this 
material played an impo11tant part in the ensuing cycle of 
erosion and little would remain of the IvIullaman Group if it 
were not for the protection afforded by this fossil soil 
horizon. . 
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The final movements wnich initiated the present 
. eycle of erosi-on cannot be accurately· pl2.oed but prolJably 
oc curred in ·l.,<lt e Miocene or Plioc'ene time and were probably 
sync hronous wi t h late Tertiary folding in New Guinea and 
wi th Late Te.i. ... t·iary uplift s in .ot her :?art s of Australia. The 
present position of the porcellanite. representing the' older 
land surface provides a us~tul clue to ,the nature, of the 
late Tertiary uplift. The movement probably took place 
gradually over a considerable period of time ancl t he prin­
cipal structure was e. broad warp, 'made somewhat irl"egular by 
normal faulting, by which t~e .old surface was warped, up.­
wards to the sout h-sout h-east. (See Gcologieal Sections). 
The·maximum elevation appears to.have been attained in the 
vicinity of Pine Creek, as the porcellanite cap rock is 
lower to the south, across the Daly, and to the south-east 
near Kat berine. 

VI1. G~OI~iO.d.t'HuiA)Gl!. 

At the COl'lUllCncement of the j).i. ... esent cycle of e1"osion 
the r.e gion laad a low but defini te- .t'elief and it is possible 
to trace the development of the three main topographical 
di visions- the northern plains" the we stel"n 'plains and. the 
Daly River Basin. 

All the stream erosion below the level of the 
porcellani te has occurred since late Tertiary tliTIe and some 
idea of the amount of erosion ,can be obtained from the sec­
tions accompanying the geologi'cal plan • 

. ,; ~ 

,.:.. NORTHER:K \ PL.~INS. .' 

The development of the· morthern plains is the 
easiest t.O trace. ConseQuent streams developed dovm the 
slopes of ,the v/ar.ped Tel.,tiary su;. ... face· •. Thqyprobably l"un in 
a nort h-nort h-westerly direction. at ·.first· and slowl;)" cut ·t hl"O uSh 
the: porcellanite and entered the LOYier Proterozoic rocks belovl. 
The dominant ,.north-south structur.e '''of the Brocks Creek Series 
then determined the drainage patter.n and produced' a nO.i.'t l1e'rly 
flowing ,r'ive=:1 Syst61i'l. ··This structural control is still eVid­
ent in tl1e upper portions of the rivers which' flow north-west 
from the main ·divide. With the advancing cycle the outcl"OpS 
of the Mullanlan Group became an ''incised tableland· and even­
tually this was' converted into isolate "doab Sil by headward 
eroston·of the streams. In Pleist'vcene time the northern plai113 
reached an advanced stage of maturity with a wide distribution 
of laterite particularly in the northern portion iv-here active 
erOSion had almost ceased .•. ' Lateri te shad alsu fOl"med in al"eas 
to the south whe~ever the local topography and geology were 
suitable. 

The pr'lncipal ·features whicb alluiicd lrlatuPity to be 
reat!:ll-.l- '.~' il'~c~rJy .. {;;!"tJ - the nortberly slope of the tel'11ain 
bofore ""I)sion commenced; hie;h. mons'oor-tal Ni.inf'li!l·; r the deep 
leaohing of much of the old erosion surface underlying the 
Mesozoic rocks and 'the fact that tho' rivers eould follow the 
nort he'rly' struct ural trend of the Brocks 'Creek Series with 
few barriers to· hold up erosion~ The sandstone and Que 1"tzi tes 
of the Buldiva Group had'apparently been removed from thlS are~ 
before Cretaceous time with the exception of one or two infaul. 
ted,blocks which now' form ,outliers' towards the western.edge 
0'£ the plains. . . 

The final stages'of aeveloprnent of the northern plains 
were brougl1t about by eustatic movements which affected all 
the Austj;la.lian Continent in~ Pleistocene and Recent time. J... 
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oonsiderable rise in sea level submerged. the frin~e of the 
mature nort~1ern olain and. drmmed the valleys of the ',')rin­
oioal rivers. 3~nd and mud were deoosited in these b~oad 
shallow estuaries and the rise in base level caused alluvia­
tion of stream channels for many miles to, the south. dea 
level then fell about 20 feet durin~ rtecent time and this ex­
posed the wide silted estuaries whi~h no~ form the coastal' 
marine black soil plains. The streams iJere sli:.;htly re­
juvenated and carved neViT channels throl:v;h their Dlluvial o..e1)­
osi ts and through the nei'Y esturine ~l$.ins -to the sea. Raised 
shallow beaches, sand. dunes and marine benches are found 
everywhere along the Northern Territory coastline and Drovid~ 
abundant evidence of this Ie.. test marine recessi,on. -

The development of the western nlains followed much 
the same pattern. ivlaturi ty was reached guiclcly in this area 
because of the down faulting of the western block; the or ig­
inal slope of the terrain and the softness of so much of tho 
rock beneath the M1111am8.n Group.. In acldi tion, considerable 
areas of the 'rertiary peneplain may not have contained a 
fully developed porcellanitic substratum~ 

The rise in sea level in Pleistocene time flooded a 
great area of these plains causing alluviation :;:'urtller inland 
and the dumpin~~ of grc8.t 'luanti ties of sand alonz the foot of 
the Tolmer faultscarD. ,'rhe subse-;:Jent fall in seo. level crea­
ted great areas a::::' bl.s.cl;:: soil pla.in and swami) snet. rivers such 
as the Reynolds have not had sl1fficient fall" to cut ci1annels 
through to the sea. 

0.. THE DALY RIVER 3.i>.SIN. 

South of the r.1D-in divide, conse c: \.18nt streams ')ene t­
r~ted the hlullaman Group into the Lower da.rnjrian sedim~nts. 
These rocks in themselves did not Q:i~fer :~~'rea'i:; reSistance to 
erosion but their sub-horizontal attitude Drevented the streams 
from maintaininz their channels in the mosi, favourable strata 
as they could in areas of folded Lower Proterozoic rocks. Thus, 
erosion 'i1i thin the Daly Ri ver 38.sin i1Z,S :Jeen helcJ. up in many' 
nlaces by n)rizontal bars which have imDosed temoorary base 
levels on the streams erodinG them. Se~eral lo~-bBrs fo~med 
by tough limestone and in one place by ~asalt are still evident 
in the channel of the Daly i:1iver itself. PerhaDs the orincin­
al reason why the Daly Hiver Basin has not,been-more extensively 
eroded is that a barrier of tough Pre-Cambrian rooks lies normal 
to the course of the ivor :Lor many' miles downstream from the 
Rock Candy Range. Both the ql1artzi tes of the Buldiv:a Group and 
the metamorphics of the Brocks Creel;;: Series strike approximately 
north and south and they presented a forr.1idable barrier. The 
Daly River swin s sharply to the north and north-west against 
the quartzi tes of the Buldiva Group and. has been forced to follow 
structure in the series of gorges cut thrOUGh to the western 
plains • 

The Daly aiver Basin is still being actively eroded and 
has not reached the same degree of maturity as found to the west 
and north. 

In this scction of tl18 rc ")ort 'chc: "):"'esent 1)osition of 
the mining industry in the resion is sUD~2rised and" some comm­
ents made on the future prospects of fl1ineral development. Some 
notes on undergrCJund water Bnd on ~)etrcleum pros':,8cts ere includ­
ed and sU'Gestions for 8ssisting t~1e minin,,': industry and. for 
future geol03ical work are submitted. 
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It v~s not possible to carry out detailed examin­
ations of individual mines or of mining fields during the 
reconnaissanoe, but an attempt was made to visit all of the 
mines at present operated in the region, and brief inspeotions 
were made of Qining activities in the Pine Creek-Adelaide 
River area (Agioundi and Woggaman Goldfields), at Batchelor, 
at the Finniss River (iivoggama.n Goldfield) and at Fletoher's 
Gully in the Daly Rt vel' Goldfield. It VIas intended to visit 
mining oentres at tiolfram Hill and ]iiaranboy, but these visit,s 
had to be abandoned on aooount of s io1\::ness. 

Mining leases at present held in the northern portion 
of the Terri tory are shown in Table 2. 'rhese £.re grouped 
under Goldfields, and mining areas are discussed under the 
same headings. ~-. table show·in~ the rJiner21 9ro("L1ction from 
the northern 90rtlon of the Il'erri tory from 1869 to 1946, has 
been included as an appendix to the reQort, but ?rOdllction 
figures from the individu&l mining areas ere not available~ 

The information provided in :eolocical and mining 
reports (;lnd :?£.rticularly in those of the ~1.erial, Geological 
and Geophysical 8urvey of Northern dustr~lia has been used in 
compiling the followinG summary an& a list of these reports 
appears in the bibliography. 

B. THE MINI~G INDUSTRY. 

(1) qeneral Metalliferous deposits of commercial signif­
icance have been found only in Lo'.:er Proterozoic rocks of the 
Brooks Creek Series and are genetically associated with granitic 
intrusives. The metals introduced include gold, copper, silver­
lead, tin, molybdenum, tantalum ~nd tungsten. Oxidised ores 
have presented no treatment problems but many of the sulphide 
ares are com91ex a~d diffioult to treat~ 

A broad zoning of the me.tals in relation to the major 
gran.ttic intrusives is apparent in the regional distribution 
of the deposi ts. The widest distribution of the high temper­
ature minerals tantallte and cassiterite occurs along the 
eastern margin of the Litchfield granite in metamorphics whioh 
show a higher grade of regional and thernw.l metamorphism than 
found elsewhere in the northert1 portion (:Ii' the Terri tory. 
Deposits of cop)cr, silver-le8d and gola. are found at greater 
distances from this contact in the Daly ~iver Goldfield. 

The same brOEld zonal arran::ement is found associated 
with granite contacts in -the more easterly mineral fields. 
Deposits of tin, molybdenum Bnd tun3stan are foun& close to 
granite, as at Mount Shoobridge, I\:-)L1nt .iells, 1Jolfram Hill, 
eta., and silver-lead ane;. ::010. deposits ore .;.' onnd. at greater 
distances from the oonts.ct betvlecn ·G~1e eremite anci.. the illetam­
orphic rocks. 

The metallife:.."ous deposits OOCU\?Y fracture systems 
in the Brocks Creek metamorphlos or, in rare cases, occur as 

• replacement bodies. In :;:;eneral 6.11 of these de;?osi ts are 
comparatively small. 

The total value of mineral prodLlction from this region 
from 1869 to 1946 is £3,261,984, of \<1hioh approximately t~V'o­
thirds has been derived from gold, The value of annual prod­
uction attained a max 1m W:,1 of £107,778 in 1891 but declined 
to approximately £43,000 in 1919/20 and has since fallen to 
£1,346 in 1946. No gold production has been reoorded since 
1938/40 but production of tin and wolfram continued through­
.out the Second World ·~Var. Wolfram flas produced in 1943, 1944 
and 1945 and small parcels of tantalite in 1943 and 1944. 
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The total value of tin and wolfram produced since 1938/40 1s 
£32,665 but the v&lue of production in 1946 V/ftS only £1,346. 

(2) The Agicondi Goldfie~d - The .:-[;icondi Goldfield. includes 
mining centres in the neighbourhood of Pine Creek and extends 
approximately from Burrundie eastv/ard to Mount Todd. Mining 
commenced in the 1870s. on this fieln and the maximum produc­
tion was ~ttained before 1900. Mining activity became inter­
mi t tent during the present century and virtually' ceased in 
1935. 

Deposits of gold, tin, vrolfram, silver-lead and copper 
have been found mainly in zones marginal to the granitic in­
trusives, and alluvial tin has been \vorlced wi thin the areas' 
occupied by the granite. Most of the past produption, partic­
ularly in the earlier days of the field, has come from rich 
ore shoots in the oxidised zone. Very little mining has been 
done below v.rater level and very feV] individual mine records 

have been kept. Thousands of Chinese, were em~)loyed in the 
early days of minin&; and many' of these eventually vvorked 

alluvial and lode deposits as tributers, but their mining 
practices lacked method and co-ordinction. 

In consequence, most of the easily acces3ible payaDle 
ore has been removedfi'om the mc:..ny old. mines and rrorkings in 
the Agicondi Goldi'ield and, :Lor most of these mines, there 
appea~ to be no adequate records of the c;rade G.nd tonnage of 
ore which was extracted or v/hich Vias exposed in developoental 
\,7orkings. 

The only mines ~!hich are still held on the J.gicondi 
Goldfield are the Hercules, the ~leanor 2nd the ~nterprise. 
These gold mines may warrant further investigation or dev­
elopment but as none of them has a treatment plant or adequate 
proved reserves of ore, there is no assurance that production 
can be resumed. .It is probable that patches of allL1vial will 
be sluioed for gold or tin durins wet seasons but proCiuction 
from alluvial mining in the inlrnedia te future is likely to be 
small. 

(3) Wor-~ga~tLGoldfield The Woggaman Goldfield includes 
a number of mining localities between Burrundie and the 

Western Coast. These include the BurI'undie-Adelaide River 
district, the Batchelor district and the Finniss River district. 

(a) Bur~~n£ie-AGe~aide River Distriot: This area inoludes 
some of the oldest mininz localities and the general remarks 
;,l::lde in l'·e:'jt:'.rd to i,1ininz ahd j'.:'utu.re~·';>QS;Ji',.}ili:!iies on ·the 
hgicondi GolG.fie10. ap)lies equally well to this district. Gold, 
tin and cop"}er deposits have been mined in the past, but pres­
ent production is limited to :301d and tin and is very small. 
Ten gold mining leases 2re held in the district and one mineral 
lease is held at Mount Shoobrid(;e • 

The only producing centre at )resent is a syndicate 
mine near Grove Hill where a quartz strinzer only 1 inch in 
width is sufficiently rich in gol~ to re)ay minin~. The 
Fountain Eead mine has the only battery' in the area ~:.nd this 
mine should be producing in the near future. Hmvever~ it is 
small and only partly develc)e6. and i8 not lilcely to become 
a rna jor producer. Production of ,Jolci. 10 expec ted from alluvial 
deposits in the 8hackle Creek locality and some tin should be 
produced from Mount Shoobridge. 

Althou3h there are no major mines from which orod­
uotion can be confidently anticipated there are severci gold 
mines which may V/ccrrant further investigation, 9articularly 
the Golden Dyke, the Iron Blow and the Cosfilopoli tan Howley. 
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The extensive alluv·:io..l J?l~·.ts [~l'-Jng the E8ry, IVicKinley 
and Margaret Rivers have received some attention as 90tential 
dredging areas. dome of these flo. ts on the U')~)er If.cKinley 
',Jere ins,?ected during the recent reconn<. .. issnnce ano. it is 
considered. unlikely the. t the gravels unc1erlying these alluv­
ials have been sufficiently. enriched to \\farrant cD.'ea:-;ing. 
Flats on the McKinley have been drilled recently lU a syndicate 
or company but no reliable information on the rC8ul ts of '~his 
testing hap been obtained. 

(b) ~~tchelQ£~trict: A gold-beerinz quartz-tourmaline 
vein was discovered fn the ~~a tchelor area in 1943 and many 
leases were subsequentlY pegged in 1946. Fifteen leases are 
still held in the area but geological examination and flll'ther 
prospecting has shm-m that the area is unlilcely to contain 
significant mineral deposits. Small high temgerature vein 
deposi ta, similar to the original discovery', may occur in the 
locality but it is not one in which further prospecting can 
be ;reoommended. 

(c) Finnias River.~is~~ct: The Finniss River distriot lies 
in the meridional zone of pegmatite and greisen dyl;:es which 
ocour alon~ the eastern margin of the ~ount Li tchf1eld grani teo 
Many of these dykes contain de~osits of tin and tantalite. ~in 
he.s been Droduoed from this area at intervals from about 1882 
but tantaii te V-I6.S not produced until 1906. 

The district is divided into a northern und southern 
portion by the l~inniss .faver. The Northern are£', between the 
Finniss River and Bynoe Harbour hus been the more extensively 
worked 1n the past. The terrain oonsists of well defined 
meridional red.ges intGrspersed with illc"Le flats I:7hio11 cOf.1prise 
at least one-thir~ of the total area. outcro)s are only found 
along the ridges and in conseguence the c'x'es. h£:,s been well 
prospeoted in the )ast. It is )rob2'ole that fecr new outcrops 
of pegmatite will ~e fODnd in thi2 are~ ~ut investigBtiop of 
abandoned rlOrkings is ·\7orth'iJ'hile. T:lis:o: ;YJ 118S ');:;1_r tic 111arly 
to eluvial materic.l \'1hich consists of' soil &11~ d.etri tus oov­
ering the . slopes belo\! the ()utcro~s 0:2 )e:-;i:1atite dyl(es an~ 
which, 1n many pl&ces, contain signific8.nt Cjuantitie3 of 'Gin 
or tantali teo dome eluvi<:.-l c-:'e-:)08i';;8 :le.ve ~}eel1 il01';eed in the 
past but only by the most primitive 0~tho&G un~ the ap)lication 
of groun~ sluicing by nOL'.~ho ;.:-·no. pun~p should oe prof'i table at 
some of these deposits. 

The lode depOSits are typical of those found in 
pegmatite dylces in that values are patchy· and mineralisation 
erratic. :Por this reClson these deposits are not lil;:ely to 
justify eXploration on a le,rge scale but some r.lay be suitable 
for syndicates or small parties who could extract the patches 
of pa.ya ble or e • 

There are no batteries or sluicing plants operating 
in the northern area at present but twelve mineral leases are 
held. Some prospecting is being oarried out and a small 
oompany hopes to slUice the tin and tantalite-bearing eluvial 
material at Mount Finniss. 

The southern portion of the area has good prospects 
and has not been intensively pros)f3cted. The B&mboo Creek 
tin mine at :C'1E.mboo Creete is producinG tin from a pesme.ti te 
dyke and at least two other pc<,rties at Bambo() Creele and c.i.t 
Wall{ers Creek 'v;ere prGpareo. to [-::r.ounc.".. sluice elL1vial tin 
before the recent VIet season. .L~el,'ovc.l of the eluvial cover 
will allow prospecting in the be~rack for loGe de)osits. 
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At the BGE\boo Creek mine, tin ore, extraoted by 
following err.atic shoots rlfi thin a pegmati te dylte or pipe, is 
treated in a small battery. 'llhe area may well contain other 
lode deposits su:;h as this and future development rilay prove 
a sufficient number of small denosits to w2.rr&nt the erection 
of a central treatment plant. -

Seme of the long n&rrolil fla ts in t,bia area should 
oontain old creek channels under the alluvimn. Such channels 
may contain tin-bearinz gravels, &nd it is suggested that a 
selected flat be drilled to test. for tin-bearing gravel. 

The major problems in the Finniss River district at 
present are trans!)ort and communication dur ing the rret season 
when the minin~; camps a.re com~)letely isolated by flood waters 
for several months. Fo.milies cannot be established in the 
area ~ith any degree of safety while these conditions pertain 
and it will be necessary to im~)rove them if it 1s desired to 
establish a mining community in the area. Consideration might 
be given to methods of devel09ment of an aerial service and 
a teleradio installa.tion \~ich would orovide essential trans­
port and communication throughout the" year. 

4. Jhe Daly: Ri ve~:_Go~.clf:h~l9:. 

The Daly River Goldfield lies in a narrow meridional' 
belt of Lower Proterozoic rocks which extend north and south 
of the Daly RivE?r, from Buldiva in the south to the Reynolds 

River in the north., Gold, copper and tin have been produced 
from the field and deposits of silver-lead are known to 
occur. Much of this goldfield is very isolated and the only 
ground at present held ls one gold mining lease Qt Fletcher's 
Gully. 

There ap:Jears little chance of mining being re­
established in that portion of the field that lies north of 
the Daly River. One prospector hopes to recover alluvial 
tantalite in the vicinity of Noltenius Billabong but the pros­
pects of any significant pI'oduction ap'gear slight. 

Tin and gold have en 0roduced from Fletcher's Gully 
and from the Buldiva-Collia area, in the southern portion of 
the field. One gold mine is at present bein3 ~orked at 
Fletcher's Gully but only a small production from narrou veins 
of higher grade ore is likely to result. 

Both alluvial and lode tin have been nroduced trom 
the Buldiva and l:Iuldiv8. arGas ana. a little aliuvial tin has 

been produced from Oollia. Re;)orts of the Aerial, Geological 
and Geophysical clurvey of Norti:ern Australia sur:;.:::.;est than large 
deposi ts are not likely -Go be foune!. in these are:::.s, but the t 
small depOSits of alluvic.:.l and lode tin may be found suitable 
for syndicate. or 8(.1':;,:L1 party o'gerations. 

The prosgects north of the Daly River and at Fletcher's 
Gully appear uninviting but tin depOSits in the Buldiva-Gol11a 
area warrant further investi;;a tion. 'rhe ma jor problem in the 
Buldiva-Gollia ~rea is that of access but if miners are pre­
pared to return to this area the possibility of establishing 
an aerodrome and tele;~adio service should be considered as 
this would provide them with eS:Jential communications through 
both wet and dry seasons, 

5. The _Ivla~?t_n b9LGQd...df t~]._d.. 

The I'{.aran'boy Goldfield includes the Maranboy and 
Yeuralba localities and extends ·westward to Mount Todd and 
Wolfram Hill where the Agicondi Goldfield adjoins. Gold, 



wolfram and tin have been mined from this field but the 
production of these minerals in the immediate future will be 
small. 

In the MaranQQ:Y Area~40 miles east ot' Katherine, 
small deposits of lodG tin have been worked at 1nte~vals 
since 1913. Twelve mineral leases are at present held 1n 
the area and a Govermr.3nt Battery is still operating. This 

• Battery can treat parcels of gold or tin ore railed trom 
other areas as well as crushings ot tin ore mined trom the: 
Maranboy deposits. 

Four mineral leases are held at Yeuralba a~prax­
imately 25 miles north ot Maranboy and wolfram mining will 
probably be revived. Small deposits of both tin and wolfram 
have been worked sporadically in the past and an inspection 
of the Yeuralba and Maranboy' areas is required to assess 
the future prospects of these areas. 

The western portion of the Mars-nboy goldfield 
embraces the Mount rrodd, 'dolfram Hill, Hidden Valley and 
Driffield Areas but th 3 only iiillTIedia te pros:lects &ppe8r to 
lie in the Mount 'roc"'i.d zold mine. Sufficient ca)ital has 
been raised recently to enable this mine to be opened up and 
preparations are now in hand to comrnence procllJction. 

6. ~~sits of Non-M§talic Minerals. 

Bary·tes has been rep'orted from the }'letcher t s Gully 
area, ocbre from near Burrundie, and magnesite from Stapleton 
Siding. 

S!,)eciments of the barytes have been eXamined and 
are of good quality but the size of the cieposi t is not known. 
The deposit lies south of the Daly River where access is 
difficult, and this would add considera1:,l~" to cost of prod­
uction. Opening up of the deposit could only be regarded ser­
iously at the !,)resent time if a large prodl1ction of high grade 
barytes could be maintained at low cost. 

No information has been found on the quality or size 
of the ochre deposits near Burrundie, and further investigation 
is suggested as a high grade ochre would probably find a 
ready market in Australia .. 

The magnesite depo~ts near Stapleton Siding were 
not investigated but the specimens eXamined are high quality and 
Mr. Sargeant of Stapleton Siding stated that analyses have proved 
the material to be sati3factory for refractory purposes. The 
mineral has been found in wells and.)ost holes over a consider­
able area and the deposi t would IJe w'orth investip;a ting if a 
profi table market could be fDtln0.. the l11e:;hest gl.'ade of mag­
nesite realises approximately £2.10.0. per ton Australian 
ports and hence, unless some s)ec18.1 :Jack-lo<.:,din,z; s.rr&ngements 
could be made, the cost of mining s cc...rting (by rail or roa.d 
70 miles to Darwin) and shi)ping wQuld be 9rohibitive. 

In brief, the present pros)ectB of' W'orl{ing deposits 
of barytes, or magnesite at a ')rofi t under the present marl~et­
lng conditions &re poor but the type, size ~nd grade of the 
ochre depost should 'IJ6 investi-:;a ted. These deposi ts would 
be valuable should 10c&1 industries be established, suoh as 
paint and refractory works which would provide a local market for 
barytes, pchres, magnesite and other non-metals. How~ver such 
development is most unlil~ely while the )o~)l1lation of the Northern 
Terr1r~ry remains small. 
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It is possible that new ore bodies will be discov­
ered by surface pros~)ec tin:::; in the es tablis hed goldfields, 
but the prospects for discoveries are brighter in geologically 
favourable but more remote areas where little prospecting has 
been carried out in the ~ast. Geologically favourable areas 
are those in which outcroos of the Brocks Creek Series are 
associated wi th granite. - One locality' in which these conditions 
are fulfilled lies approxima~?ly 40 miles north of Grove Hill, 
another lies approximately 65 miles north-east of Burrundie 
(see geological plan). In addition to these~ the margins of 
the Cullen granite have probably not been e xhausti vely pros­
pected, particularly toward the northern end, and minera1-
bearing areas may also be exposed in the valleys and gorges 
of streams which dissect the Arnhem Land plateau. 

In the 1Jf8st the Bamboo Creek area, and the eastern 
mar gin of the Li tchf ield grani te, south of the Daly River, 
have not been exhaustively prospected, but no new prospecting 
areas can be indicatedn 

Apart from surface prospecting, new ore bodies may 
be found in the established golclfields by the application of' 
geological and geophysioal methods, followed or accompanied 
by diamond drilling. The Brocks Creek Series has been strongly 
folded in most of the mineral-bearing areas and insufficient 
worle has been done on the structurel control of ore deposition 
particularly in the Brooks Creek area. 

Detailed strUctural work was carried out in this area 
by the Aerial, Geological and Geophysical Survey of Northern 
Australia in 1939, but the detailed seolocical plans of the 
area have not yet been published and the uorl{ of atter;lpting to 
find new are bodies in this area b~l strLwtural metll0ds v;ras not 
completed. ' 

This work should be completed to 9rovide some in­
dication of the results ~hich are likely to be obtained by 
applying structural ore-finding met~lods to other similar min­
eral-bearing areas. 

lk.~llQlus).ons • 

(I) Gold, wolfram, ti n, tantali te, s il ver-lead 6. nd copper 
have been produced in the past from the northern portion of 
the Territory but a comparatively small production only of 
tin, tantalite, wolfram &nd 80ld can be antiCipated in the 
immediate future. 

(2) At present a total of only 39 gold mining leases and 
45 mineral leases are held in. the nOi.'thern portion of the 
Territory and production is now at a very low level. However, 
present tenure is not a true indication of the potentialities 

-< of the mineral fields i-rhere mining vras seriously interrupted 
during the latter h9-lf of the 'Seoond \Vorld Ylaro 

(3) The princi;~l reasons for the present lack of mining 
activity are believed to be -

(a) There are no oper&ting mines to offer employment; 
equipment for individual ventL~es is hard to ob­
tain, and, owing to the high demand for labour, 
men can find \vork entailin:j less hE·.rdship and 
uncertainty than doei minin~ or prospecting. 
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(b) Dn the less remote, miner~l fields the e~si1y, 
accessible Gxidised ore h&s been extr~cted from 
the lCnO\vn de ":;los i ts. li10St ()f these lode deposi ts 

,are too small to ',varrant further eX'91oration by 
mininz companies and without records of the 
grade of ore belo~ ~ater level sLlch ex)loration 
is beyond the means of small syndicates or 
individuals. 

(4), .FutLlJ.:'e )rus:)o':.:ts of metalliferous mining may be 
summarised as follovvs -

i1. 

~la ~jor Mi nes. Only one ma jor gold mine (a t l~ount 
,Todd)ha'"'s the. established ore reserves and the 
nlant \1ith which to Droduce. The FO,untain Head 
mi'ne has ~ nlant but - the mine is small' and 'only 
partly deveioped~ There are no ether mines ,~vi th 
pl~nt ci~ with est~blished ore reserves'f~om ~hich 
production can be antlcipated in the immediate future. 
However, there are several gold deposits whi~b warr­
ant further' investigati.on and new ore b}Jdi,es may 
yet be found by p~dspecting or .by geologica~ and 
ceophysical methods, follo~7ed or accompanied by 
diamond drilling., 

~ndicate MiQing. The present production of tin, 
tantalite and gold, both lode and alluvial, is 
the result of synaiQate mining which will remain 
the principal source of production for some time. 
Tin and tantelite are produced from a promising 
field in the Finniss River Dhere at least.five 
parti'es are operatinG. Small tin de)osi ts are" 
being worked at Maranboy .andwolfram mining will be 
revived at Yeuralba '2nd l)ossibly at ;/0 Ifr 8,111 ,Hill. 
The ,.deposits·of· &lluvi&l"tin 8.t.Bulc3.iv& would '9rob­
ab'ly' , attract attention if the loca'lities 'Vrere less 
isolated. ,. 

(5) Deposi ts of iron ore are Lmm{O near Rum Jungle but the 
quaritfty and grade of'ore available has' not yet been estab­
lished. ' 'Deposi ts of 1~1agnesi te, "barytes and ochre have been 
noted. The present cost of mining and transport is too high 
to allow magnesi~e.or barytes to be ~rofitably eX910ited al­
though a sufficiently high grade of ochre might be profitably 
mined. 

. Dr. Wade ~ after· his reconnaissance in 1924, reported 
that there were no prospects of petroleum in the 'northern 
portion of the Terri -eery" at present. under' revieiJY, ("\vade 1924) 
and subsequent geologiual lirork has produced no new evidence 
on which a more optimistic opinion could be based. 

The Palaeozoic sediments of the E&st Indies Geo­
syncline offer the best prospec~s for the occurrence of pet­
roleum and these for the most part are submerged beneath the 
Timor Sea to the ~ast of the Territory Ooa~tline. However. 
they outcrog in the Burt Range Basin of 'Ii/estern Australia and 
in the adjacent portion of the Northerti Terrttory and these 
areas t'l1.erefore w'arran t investigation. A 'oompany has reQently' 
commenced a geolo~(ical reconnaissance of the Burt Range Basin 
with a view to examininp its oil 90ssibilities. 

Uoper Palaeo~oic sediments &re also eXJosed (S8 a 
narrow belt; alon~; the \'festern coastline of the Territory south 
of the Daly River, but no evidence hes bsen found as yet to 
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suggest that they might contain oil. 

D. SUPPLIES OF UNDERGROUND WATER. -... .. -.,.-- -..... ~.--.---.-... "..-...- .. - ........ 

Unde~ground water resouroes iB tne aorthern po~tioft 
of the Territory have not been closely s·tudiecl in the '[)e.st 
beeause the region receivs a comparatively high rainfall 
which ranges from 35 to 60 inohes per annum ~nd in con­
sequence most of the areas occupied by miners or graziers BIte 
adequately supplied viTi th vvater fr,om wa-ter holes and streafl1s 
or ,from shalloVl. well,s. However, -t.he e::~istinG WE.L terins fac­
ilities were inadequat.e for surface reguirements durinG the 
Second VVorld dar end many bores "vere ;;:>u-t down-)rincipally 
along the north~south road and' railway line. 'rhe Department 
of the Army has provided a very c oID?lete rec0rd of tl1.ese 
bores and much of the faIlor/in::; in:eormc:,t,ion is besee on bore 
logs supplied by that De·~artment. 

From these bore logs and from the evidence ;!rovided 
bY' mines a.nd wells it is apparent that supplies of potable 
ground water are available over the greet tel' 'Part of the 
region and can be ta1ned by comparatively shallow bores. di th 
the exception of s i tea 'ilThi'dll are topoc;rc.y l1ically una l.li table, 
such as the crests of ridges and the tops of some of the 
mesa~ supplies of sub-artesian ilia tel' ce.n probably be obtained 
at most places at depths of lesfJ t.han 300 feet. IioViTever, the 
depths.at which significant supplies are found depend largely 
on geological factors and consequently geological advice is 
advisable in the location of bores n8.rticularlyin areas 
occupied by Pre-Cambrian or. granitic rooks. 

The greater part of the rezion in'whic~ bores are 
likely to be required is occupied by metamorphios of the 
Brocks Creek Series by Cambrian sediments or by' grani ti.c 
rocks. 

Many' Army bores were put down in metamorphics of tho 
Brooks Creek Series s-nd very few of t.hese failed to produce 
sUb-artes ian wa ter. ,:~ue.nti ties of potable water ranging 
from 500 to 2, 000 gallons per hour were pumped from depths 
which ranged from 25 to 300 feet below [;round level. ,In 
most places major supglies ~{ere d,r[;.;.vm i'rom depths of 100 to 
200 feet. There appears to bo no diti'ioul ty in obtaining 
supplies of about 1 .. 200 [;al1008 ~)el" hOClr by ')uiil}in{; from 
this depth, al thou:':h flue tuG. tion must be e:':?6ct.ed from ;;"ot 
to dry seasons. '1,111e etc·.tic '\if8."(,a1" level in old mine \,V'orkin£;s 
and in wells in, ~rec.s occupied by the J.;h"'ocks Creel.: Series 
along the railw-G'-Y line comrl.ionly l1es between 20 and 50, feet 
beloVl the surf'ace and similar ste. tic Wi:. tel" levels were noted 
in the Army bores. Underground v{;;'l.ter in t.he Brooks Creek 
Series is contained in fractures and joints in the rook 
rather than in porous strata and in many ',jl~,oestJol"'es COUld 
be ai ted to pene t.ra te the most f'avour[tble; shs ttered beda~ 

Cambrio.n rocks consist larr.;ely of limestone aod 
sandstone wlthvarying decrees of silicification and under­
ground Vlater is conta.ined in' porous limest;one'and sandstol'le., 
aquifers as well as in fractures in the mors silicified rock 
types. Between the north-south road. .s:.nd the DalY' River and 
to the south-east of Katherine guanti tics of up toO 4.,300 
gallonaof water per holl!' have beem obtained by pumping trOOl 
depths which range from 70 to 170 foot. It is Pt'obable that 
arteSian water can be obtained in some Oambrtan areas, parti~­
ula:rly along the Daly River" but more intormat:i.en w11l. 00 
reQuired ()Il the structure of the CambI'ian sedil11ents before 
artesia.n basins cen be delineated. At least one bore in th~ 

._. -.--------------
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vicini ty of I'llanbaloo encountered artesian water in limestone 
at a depth of 91 feet below the surface. The bore ~lowed 
at the rate of 800 gallons per hour but 4,000 gallons per 
hour were produced by pumping. , This artesian basin may only 
be small but similar basins could probably be found in other 
Cambrian areas. 

In general, supplies of sub-artesian water should be 
readily obtainable throghout areas occupied by Cambrian sed­
iments and the quantities available should be comparable with 
those obtained from the Pre~Cambrain rocks. 

According, to the Army bore logs, supplies of under­
ground water are not as readily obtainable in areas of gran­
itic rocks as in the areas of Cambrian and Pre-Cambrain sed­
iments discussed above. In granitic areas underground water 
is generally stored in joints and fraotures and in weathered 
sections of the rock3 and the yield at any bore site Will, 
therefore, depend largely' on the extent to which such frac­
tures are developed 1n the underlying rock and in the shape 
of the under surface of weathered areas. tlupplies of sub­
artesian water comnarable with those encountered in areas 
occupied by the Brocks'Creek Series should be obtainable from 
granitic areas if the bore sites are located in strongly join­
ted rocks. 

Areas which are occu:)ied by sediments of the Mullaman 
Group include the low-lying country frinGinG the north-west 
coastline and the table-topped h:ills w'hich are tound farther 
inland. SU9plies of sub-artesian water up to 1,500 gallons 

per hour have been ob'tainecL from bores in the vicini ty of 
Darwin but this 'I'/a ter is not drawn from the Cre taceous sed­
iments but from the Pre-Cambrian metamorphics 'uhich underlie 
the Mullaman Group. Some water is probably stored in the 
basal beds of the Mullaman Group, but the re18,tively imperm­
eable cap rock which is commonly found overlying the Cret­
aceous sediments has doubtless caused an unusually high run­
off and has acted in places as a seal over any underlying 
porous beds. Very few springs were noted j.t the base of 
mesas composed of sediments of the t.1ullaman Group and this is 
probably due to the impervious character of the porcellanite 
cap rock. 

~ REOOMlv1ENDATIQl!§.. 

It is suggested that the mining industry can best be 
assisted in the following ways:-

1. hQ.hnical b§.§1.§.tance. 

A commendable policy of financial assistance to min­
ers 16 1n force in the Northern Territory but most of the men 
at present engaGed in min1n3 in the Darwin District require 
technical assistance in ~ros)ecting, or in sampling and dev­
eloping mineral ,deposits or in selectin;~ and operating mining 
plants. Such assistance could best.be sup?lied by a geolo81st 
and an Inspector of Mines stationed in the northern 90rtion 
of the Territory. 

The re-:';)Qrts of the Aerial, Geological and Geo9hysical 
Survey of Northern Australia and some of the older records 1 

provide detailed geological accounts of r!1any of the mines and 
of' some of the minin2; 'loca11 ties in this region. HO\vever, 
there is no report in which all the relevant information and 
reoommendations ere com9iled to provide a complete summary 
of the minin3 prospects in each of the recognised distriots. 
It 1s suggested that suoh sunwary reports should be compiled - -
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as the first step toward assessing the ]resent potentialiti0s 
of the mineral fields. In these reports? it sh~uld be 
possible to delineate those areas in whic~ further pros­
pecting or field work is warranted and to indicate those 
mines and leases on which recommendations made by previous 
workers have not been carried out. 

(Note: Plan already agreed to betvvecn the De1)artments of the 
Interior and SUDply and 8hi~)ping will ensure that the sub­
jects dealt with in Hecomrnenda tions 1 and 2 are G,deguately 
covered) • 

3. Government Treatment Plants. 

A Government battery ,is still o'~erating at Maranboy', 
but there are no other mineral'fields on which the erection 
of a central treatment plant can be reconwended at present. 
Future development may warrant the re-instalment of a Gov­
ernment battery in the Pine Creek-Adelaide River area but 
until sutfie·tent tribute ore is insight, small parcels of 
high-grade ore can be treated at f!Iaranboy, under the cartage­
subsidy scheme, or, by private arrangements, at the Fountain 
Head Mine. 

A central treatment plant cannot yet be recommended 
in the Finniss River district, but future development may 

disclose sufficient tribute ore. 

4. QQmm~nications. 

Oonsideration should be given to improvement of fac­
iIi ties for transport and communication with the outlyin2: 
mining fields, to encourase the growth of stable filinin:::; comm­
u.'1ities, and it is sug[(ested that one method of doing this 
would be by inauguration of subsidised aerial and teleradio 
servic~s in those areas which are isolated durin: the wet 
season. 
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Fountain Head 2 30 

Grove Hill 1 20 
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1900 
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,~ 
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295 13675 
) .15463 
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~ 
j 
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61Ll-0 
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67 
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2345 
1813 

55 
27029 
16336 
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15031 
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3-/L!.2 
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lL!·70 
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1.].82 
11860 
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5517 
96L~8 
23,1-1·9 
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68,53 ~494 885 11~060 1~465 23qlOO 

4 Estimated. 
I 
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167 1386 
130 1303 
232 2355 2.10 
297 2093 

2 30 

107 820 
j08 2228 
90 550 

) ) 178 J.068 
) 275 

26 . 200 
12 132 
17 2S19 

191 617 
61 59L~ 
31 379 0,07 

2 22 0.33 
12 79 0.97 

I' 37 2.70 
8 160 LLJ·2 

0.76 
24· 411 

8 11 ,0.38 
1.07 

26 ·328 0.28 

0.58 
0.12 

2P00 51892 10~78 

lL~O 

8 
66 

207 
1013 
1.~50 
240 

65 
26LJ· 

180 

2p33 

~ 
1 

710 

1230 

523 
20 

1~061 

This table gives, so far as it is possible to trace from records ot present 
availa"ble production i:'rom the Northern (Darwin) District of the Northern 
Terri tory. Production from Tanmni 2nd ),.rl tunga is known to be included in 
figures for early years, "but exact ~uantities and volues ~re not available. 
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78, 7L~9 
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89,659 
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69,423 
95,631 

107,778 
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81, 02L~ 
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60,828 
76,48 
65,832 
69,177 
52'~ 457 
99,201 
93,335 

126,077 
88,219 
67, 19}-1-
6LJ·) 736 
60,706 
55,145 
55,299 
44,626 
53,734 
30.013 
27~395 
61,461 
1,l5,784 
LJ·2 ~ 798 

8,800 
6,050 

14,468 
15,12L!. 
18,897 
16,897 
19,609 
11,346 

7,796 
5,131 
5,386 
6,027 
7,418 

11~, 360 
12,429 

8,267 
10,839 

8,820 
7,851 
9,850 
L~, 076 
L~, 041 
6,627 
7,289 
4,120 
5,148 
1,36L~ 

3,266,984 
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