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Dfl'RODUCTION 

The phosphate rock found at Rum Jungle in 1961 has 

been examined and tested in various w~s by several 

organisations. The restuts of this work have been scattered 

throughout several Bureau of Mineral Resources files and they 

are compiled in this report so that they will not be over­

looked during future assessments of the deposit. 

The mineralogical report forming section 4 of 

part 2 and the beneficiation tests reported in section 1 and 

2 of'part 4 were supplied by Esso Standard Oil (Australia) 

Limited; their permission to release this information is 

greatly appreciated. 



PliRT 1. 

CHEMIC.AL RESULTS 

Following the recognition of phosphate rock in the Rum Junglo 
area at the end of 1961 five samples wore submitted to the B.M.R. Canberra 
laboratory for partial analysis. 

Table 1. 

£lNliliYSES OF. RUM JUNGLE PHOSPH.'\TE ROCK 

Sample Si02 Fe20
3 

CaO MgO P205 F Ti02 Ignition loss at 
900°C 

(%) (%) ( 7£) (7b) . (r~) (%) (%) (%) 

A.D550, 20'-
41' 6" 18.68 20.28 23.80 0·50 11.25 0.15 0.90 5.50 

B.D550, 46' 6"-
49' 9.58 15·17 35.06 n.d. 24.60 1.89 0.80 2.70 

C. Gcolsec. 0·54 4.63 49.26 n.d. 37.40 3.0 <0.05 2.10 

D. D555 92' 2.54 5·27 35.34 13.10 14.53 2.86 <0.05 25.58 

( C0223.3) 

196211 0.04 6.23 50.37 n.d. 38.85 3.10 <0.05 0.45 

1. Analyst: S. Baker - B.M.R. Laboratory number 62/1082 

2. A, B and D arc composi ted spot samples from diamond and 2.ugcr drill 
holes, Sample C is compositod from surface samples taken at 26E 
12.7N, 25E 14.31N, 25E 15N at Geolsec. Sample 196211 is a surface 
:.:;:cmple from an apnti te vein at Stapleton North. 

3. Igni tion loss includes organiC matter, combined water and CO2, 

4. n. d. moans not detected, i ~ e~ <p. 2'/0. 

In September 1962 four drums of phosphate rock from Coste~ 1 at 
Geolsec. were submittod to the Australie .. n MineroJ. Development Lnboratories 
for assay and mineralogical determinations. (Soc the minornlogicnl report 
by Trueman and l~es on this m~tcrial). 

Table 2. 

llNIJJYSI.S OF RUn JUNGLE PHOSPHl' .. TE ROCK .. - ... -. --. . .. --- ...... .. 
COSTEliN 1. GEOLSEC. 

5..1JIlple ~~alysis as received 

P20
5 .Acid Soluble -

(dry basis) Moisture P20
5 

Fe20
3 Al 203 CO2 F 

(7;) (%) (%) (%) (ib) (%) {%) 

484/1 O'-90 t 11.85 2.11 11.60 21.0 25.8 0.10 0 .. 70 

484/2 265'-
305' 12.60 3.31 12.15 17,9 24.8 0.64 0.96 

484/3 305'-
320' 22.75 0.49 22.65 13.1 6.2 0.03 2.44 

I 
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Sample . ,Ana.l;VSi.s a.s reoei ved 

P205 . ~~oid Solublo Aciid Solublo 

(dxy basis) Moisturo P205 F0203 I lU.20
3 

CO2 F' 

(%) (%) {%) (7b) (%) (~~) (%) 

484/4 459'-
462'6" 37.35 0.42 37 .. 20 3.40 2.65 0.21 5.40 

I 

Analysts: M. R. Hnnckol, T.Franois, (A.M.D.L. 5.~1.62) .,. 

In September 1962 duplioa.te samples of ma.terial assayed by 
A, G. Frioker in tho B.M.R. field laboratory at Coomalio Creek were sent to 
A.M.D.L. far ohook assays for P205 end for further informa.tion on tho iron, 
aluminium, fluorine and oarbonate oontent of the Rum Jungle mnterial. The 
resul ts of thes~\ assays with Frioker's P

2
0
5 

assa.ys in braokets for oomparison 
are shown in Table 3. 

Table 3. 

1INl~YSES OF RUM JutTGLE.PHOSPHATE ROCK . . . . . .. 

" ., I , Analysis as recQivQc\, ' .. 

Sample * %p 20'> Moisturo 

(dxy basis) (%) 

2'-4' 

,A 117 , 20' -24 ' 

14.00 
(14.7) 
24.90 
(25.3) 
11.70 
(12.2) 

24'-26' 14.60 
( 14.9) 

A1027,32'-42' 10.30 
(10.7) 

42'-50' 14.50 
( 15.2) 

D550,30'-35 t ' 14.70 
( 14.5) 

35'-40' 16.30 
( 16. 6) 

40'-45' 19~90 
;,', -". (18.8) 

45'-50' 23.65 
(2403) 

D530,35'-38 t 15.55 
( 15.3) 

58'-63' 20.85 
(21 .. 3) 

1.79 

0,.67 

13·9 18.0 

24.70 9~7 

11.30 

14.45 21.4 

16.10 25.0 

15.30 33.0 

. ',' 

F 

(%) 

4.90 

5.00 0.30 

1.04 

0.23 1.41 

0.22 

0.25 

8.2 0.28 

0.39 

6.1 

8.3 0.14 

5.0 0.21 

.. ' '," 



I • 
• J 

' ... -

G/C1,450'-455' 

459'-460 ' 

G /C2, 82'-83 t 

83'-86' 

A3/C 1, 127 '-130' 

132' 6"-137' 

001,62' 3"-67' 10" 

82'3"-87' 

* 87'-9'1" 

111' 3 "-116 ' 

116'120'9" 

13.6 1.73 
(11.0) 

33.0 1.86 
(31.8) 

17.95 1.34 
(18.6) 

33.25 0.46 
( 33.8) 

34.70 0.37 
(35.8) 

13.451·59 
( 13.3) 

15.10 0.13 
(15.4) 

31.05 0.10 
(30.9) 

30.70 0.08 
(31.5) 

29.30 0.11 
(29.7) 

25.20 0.10 
(26.4) 

173'6~'-17814" 21.5 0.18 
'" (22.4) 

222'9"-227'7" 19.85 0.28 
( 19.9) 

13.35 

32.40 

17.75 

33.10 

34.55 

13.25 

15.10 

31.00 

30.65 

29.30 

25.15 

21.50 

0.14 

0.30 

0.17 

6.8 4.45 0.27 3.08 

4.10 0.31 3.21 

20.3 10.1 0.14 1.26 

2.20 0.22 

3.06 

3.00 2.15 0.40 

2.88 

2.85 0035 

8.0 0.25 

13.6 0.23 

Analysts : T.Francis and M. R.Hanckel. A.M.D.L. (5. 11. 62) 

'220
5 

analyses in bra.ckets A. G.Fricker. B.M.·R. 1962. 

* A45 - Auger drill hole 
D550 - Territory Enterprises Pty. Ltd. diamond drill hole 

001 - Bureau of Mineral Resources diamond drill hole 

G/C1 or A3/C1 - Bureau of Mineral Resources costeans .. 

,6-H Standard Oil Company of Nel-T Jersey had the follovTing analysos 
made in September 1962 • 

....... , 
"li"'! \";1'~;' Table 4. 

" "~.:..:...' 

.lINALYSES OF RUM Jt.lNGLl~ PHOSPHli.TE ROCK( 1) ... ,-.... .. -- ...... 

Sample (2) 

3 30' from 001 0.28 

4 Costean C1 32.16 

5 Costean C1(3) 31.05 

6 nOO1, 191' 4.60 

7 Buckshoo 32.30 

9 Auger holo 0.15 

56E 10N 30-40' 

3.67 

3·97 
13.10 

5.19 

5.20 

20.76 

C!~u. 0 
I. 2 3 

2.98 . 

. '.:.' f;67 

7.69 

2.49 

3.05 

14.68 

}bcaO 

0.53 

50.77 
35.61 

6.15 

41.56 

2.21 

90.83 

1.62 

6.38 

80.3 

3.70 

33.66 
2·99 
0.20 
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Analyses for Stando.rd Oil Co. Inc.' 
confidential. 

These aro 

2. Samples 3,4,5,7,9 "Tere assayed by Ledoux and Co. 
New Jersey. Sample 6 was assayed by J.P.R. 

3. X-ray powder diffraction pattern shows apatite 
and wavelli to. 

The beryllium content 'of the phosphate rock from tho C~stlumainQ 
Ilill area is given in Tablo 5. 

Prospect 

Easticks 

Goolsoo 

krea 3 

f.:rea 4 

Tablo'S 

BERYLLIUM IN RUH JUNGLE' PHOSPHATE ROCK . . ...... ' . . ... " ..... 

Numbc.r, 0f, samplos 

2 

6 

1 

3 

~\nalyses by A. ~, Haldane ( B.M.R. ) 

Average- Be contGmt p.p.m. 

10 

13 
8 

10 ' 
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P1ffiT 2. 

MnrEll.:i.LOGIC:ili IlEPORTS 

1. HADiATITE-BEARING l.PATITE ROCK F,ROM THE "GEDLS])J" 

n':J)IOMTImlIC ~',NOMi.tY, RUM JUNGLE 1JlE!., NORTHFllli TERnITORY 

by 

W.M.B. Robarts, S. Buker and'VT.B. DallvTitz 

Introduction 

~{o sample~ (Nos. 195932 and 195933) of slightly rndio-activ0 
material from the "GeolsGc" radiometric anomaly, Rum Jungle oxea, \vore 
submitted by the Ilum Jungle Geochemical Party at the requost of tho A/Asst. 
Chicf Goologist, for mineralogical and petrographiC examination. Sample 
No. 195932 Has of drill cuttings and sample No. 195933 consisted of small 
rock fragments ta.ken frem an outcrop. 

PetrographiC, X-RtW and' Chemical Results 

Specimen No. 195933 is a mnssive, finc-grained, purplish bro1ID rock 
with pockets and encrustations of a uhi to to palo brovm mineral. The 
brovm colouration is.due to inclusions of fino-grainod iron oxide. Encrus­
tntions of this minoral may tnka tho form of groups of small rosottes made 
up of fino acicular crystals; theso crystals were idontifiod as apatito by 
X-ray powder photography • 

A thin soction (No. 7670) of Specimen 195933 (Registered Rock No. 
R9415) was~found to consist almost entirely of apatite (90 to 95%) and 
haeIJU;'.ti te \5 to 10%). Very small 2JJlounts of hydrated iron oxide hnd been 
formed fram tho haomctito in places. The apatite is mostly granular (grain 
size 0.015 mrn to 0.25 mrn), but some of it has a fibrous-radiating, colloform 
structure. Tho grain size of the hacrnctite ranges from dust-sized particles 
up to about 0.15 mm. Some of tho fibrous-radiating apatite is densely packod 
vlith dusty.haematite. None of the apatite is free from haomatito. 

A small fragment of tho specimon from which the section lU1S cut \'las 
found to centain 36.8% P20

5
, 

Parts of samples No. 195932 and No. 195933 vTore ex...l.IIlined on the 
X-r~ spectorgraph, and the radionctivity (0.044% eU~OR for sC'JJ1plo No. 195932) 
was found to be duo almost entirely to uranium. Millor tr::..ces of thorium are 
present in .?.bout tho quantity usuo.lly found vIi th uranium in nnture. 

Attempts to isolate a separate uranium mineral from s~plc No. 195933 
were unsuccessful. 1 ... pinkish fibrous-radiating mineral, ,,,hich was 
separated from the crushed rock, was identified by X-r~ diffraction as a 
minoral of the apatite group. ~\n X-ray powder photograph of crushed material 
reprosenting the whole rock showed that it was mado up almost entirely of the 
sarno miner 0.1. 

A sample (Field No. F25EV15N/0) taken from the snme genQrnl area had 
previously beon chemically ~alysed by S. Baker and was feund to contain 
39.5% P20r:,1 50.3% CaO, 3.67~ Fe20~, loss than 0.5% Si02 and no· sulphate. 
MicroscopiC excmin~tien of this mat~rial showed th~t ~t consists of apatite ~d 
minor amounts of haemati to, rmd nn X-rny diffra.ction analysis confirmed that 
the prinCipal constituent is a minorc.l of tho apatite greup. 
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2. REPORT OF INVESTIGATIONS OF PHOSPHATE nOCK 

FROM TH}] GIDLSlOC: DEPOSIT NO:lTH1J]N TERHlTORY. 

by 

N • j~. TruomGl1. nnd D. E. Ayres * 

* Australian Minor~l Development Laboratories Adolaide. 
( Soe the assnys in To..ble 2 Part 1 of this record. ) 

General 

Two specimens of differ on t o..ppoarnncc wore solected from each 
sample to determino tho major constituents, the mineral cssociation and 
grcdnsizes of tho phosphate minerals. X-ray diffrnction methods were 
required for complete miner~l identification because of the fino-grained 
nature of the material and the probability that phosphate minerals other 
than apatite were present. 

SummarY 

Apatite is the major phosphate minernl present. Phosphnte minerals 
"Thich occur in minor amount are millisi to, a mombcr of the variaci to-strengi te 
series, and wavelli tel Other minerals, prosent in varying .:J.IDounts are 
quartz, a kaolinite grOUp minornl, seriCite or illite, haematito nnd probable 
goethite. For SimpliCity, throughout the report the k~olinito group minoral 
is termed knolinite. 

As cnn be seen frem the descriptions, there is of ton considerable 
variation between the two speCimens from each sample. Tho high grnde 
material has the most even composition. 

Table 1 

M:m:rn:.L CONTENT 

JlUM :TUNGL}~; PHOSPH! .. TE ftOCK - ,c.9.ST.IYP .1. 

Sample No. 

484/1 ( 0-90 1 ) 

484/2 (265-305') 

484/3 (305'-320') 

484/4 (459'-462'6") 

Mnjor mineral. 

kc.olinite 

millisite 

apatite 

apc.ti te 

Minor minor~ls. 

wavellitem millisite 

vcriscitc-strengito, 
kaolinite, wavellite, 
sericite or illite, 
quartz. 

qunrtz, ko..olinite, 
millisite. 

qunrtz, millisite, 
sericite or illite. ---------------_.,----------,---'._,-

Formulae of the less common phosphate minerals are:-

millisite - Na20.2CaOI61u.203'4P205"15H20 

varisci te - AII'O 4' 2H20 ~ end members of the 
strongite - FeP0

4
"2H20 ,~ sories 

wavellitc - A13(OH)3(F04)2e5H20 

lleferonce:-
"Dana's System of ~[inera.logy", Vol. II, 7th Edit., 1951. 
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Detailed Descriptions 

o to 90 feet 

Spocimen A: This is a reddish-brown, nodulox aggregate consisting 
predominantly of kaolinite and millisite with occasional, ~uler qunrtz 
grains und fine iron oxide (probably goethite). The colour of the spocimen is 
oaused by the iron oxide. 

The kaolinite and millisi te ore extremely fine-grained (loss than 
30 microns in diameter) und cnn only be differentiated by X-ray diffraotion 
teChniques. 

Speoimen B: This is ~ extremely fine-grained aggregate of kaolinite, 
wavelli te, millisi te and iron oxide (probably goethite). Generc..lly the 
knclinite, wavollite and millisite ere intimately aSSOCiated, however, some 
millisite.is also present as rims, less than 20 microns thick, bordering 
several cavities in the specimen. 

All grains 2.1'e loss than 30 microns in dic,meter. 

S::unple 484/2 265 to 365 foot 
SpeCimen A: This is a porous, fine-grained nggrogc..te of millisi te, 

kaolinite, sericite (or illite), qu~~tz and iron oxide (probc..bly goothite). 
There arc actually two differont colourod aggregates present in the specimen. 
One white, the other red-brovm. vlicroscopicnlly it c..ppeoxs t~~t the 
only difference between the tvTO is that iron oxide is more abundant in the 
red-brown aggregate. 

SpeCimen B: This is a rather more porous 8ggregate than A. 't<1hi to, 
compact, fine-grained 3ggregatos of vm~iscite-strengite, \mvcllito nnd 
knolinite arc cemonted by porous, red-brown material simil[~ to the red-brovffi 
material in 1~. . 

Snmple 484/3 ': 305 to 320 feet 

SpeCimen A: This is a !)recciated rock consisting predominC'..ntly of 
fino-grained apatite with minor amounts of quartz and haematito. The 
haomatite is extremely fine-grained and occurs interstitially to, or as minute 
inclusions in, the apatite. Soveral fractures cutting the rock contain . 
fino-greinod, yollow-brovm iron oxide (probably goethi to) <md [',.lso brmmish 
epati te. 

Apati te grains runge from 1 or 2 microns to 360 microns in 
diameter. Most grains aro less than 65 microns in diameter. 

SpeCimen B: This sQmple consists predominantly of angular quartzite 
fragmonts, ranging up to severel centimetres in diameter, and occasional 
apatite fragments, cemented by a fine-grained aggregate of kaolinite, 
millisite, quartz, apatite c.nd yellow-brO'iID iron oxide (prob .. '..bly goethite). 

~~pati te grc..ins nrc less tlk'l.l1. 65 microns in diameter. K<:.olini te 
and millisito grains are mostly loss than 5 microns in dinmcter and are 
intimc~tely associated. 

459 to 462 feet 

SpeCimen A: This is a massive, crystalline apatite rock cont~ining 
a minor amount of nnhodral quartz grains. Apati to is the predominant 
constituent. Numerous minute hc..omatite inclusions colour it red. Tho 
apati te grains range from fino to modium in gr~insize and the cOr'Xsest grains 
show gro\'Ith zoning. l~gregntes of apatite shew concretionnry b.::mcling emd 
radial cryst~llisation. The bends nro of ton frnctured ~d, commonly, tho 
fractures are filled by later apatito. Several finer-grained npntito 
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nggregatos ere rimmed by tho bcnded type. Qu~tz.occurs as scattered 
anhedral grains or as aggr0g:'.tes of several grnins. A fine-GTained micaceous 
mineral, possibly sericite, occurs 1'l'i th some of the finc-grcined apatite. 

Apatite gr~ins range from several microns to 700 microns in diameter 
and quartz from about 5 microns to 600 microns. The majority of the hacmatite 
grains nre 1 or 2 microns in cli.::Jlletcr but haemo.tite occurring interstitially 
ranges up to 150 microns diameter. 

SpeCimen B: This is 0. breccicted altered npatite rock which was 
originnlly fairly similar to speCimen l.. QUartz is much loss abundant but 
the proportion of micaceous minernls is higher. Apatite is the prodominant 
mineral md hcs similar fontures o.ncl I;Tainsizc to thnt in 1.\. li'ino-grdned, 
white aggregates occurring in fractures in the rock are composed of npatite 
n.nd millisi tel 

Bulk Sample 

Tho specimons from tIns snmple vary in composition from brecciated 
quartzite with minor apatite to a prec1omin::'..ntly apatite-rich rock, i.e. from 
approximately 25 per cent apatite, 75 per cent quartz to 75 per cent apatite, 
25 per cent quartz and miccceous minercls. The bulk scmple is thus 
generally similar to sample 48~/ 4. 

i~pati te grains in the specimens rangq from 1 or 2 microns to 
npproximately 700 microns in dLl,fllotcr. Both the finer and coarser-grained 
bandod aggrogates arc brecciatod. Tho fragmE:nts nre cemented by later 
apatite and minor amounts of sericite or illite. Most of the apatite contains 
abundant haemati te inclusions .. lhich range from less than 1 micron to o.pprox­
imatoly 100 microns in diameter. Quartz occurs as rulhedrcl gr~ .... ins or 
granular ~gregatcs r~ng from approximately 10 microns to 1.5 millimctreS 
in diameter. Sericite (or illite) is a common constituent of fraotures in the 
brecciated specimens, 

PETIlOGI'u:'U'HIC EXlJ-ITNj~TION OF nUH JUNGLE .. '..Pl~TITE ROCI{ .. -. . . -. . "-' . .. . 

by 

U.R. Morgan 

Herewith nre the results of a detailed petrographic exnmination of 
four samples of apatite rock collected in the Rum Jungle area, N.T. The 
speCimens examinod arel-

R.10792 D.D.H., 555, at 92 feet. 

R.12824 D.D.H., D.G.1, ct 119 feet, 4 inches. 

n.12825 D.D.H., D.G.1, o.t 31 foet, 5 inches. 

R.12826 D.D.H., D.G.1, o.t 86 feot, 6 inches. 

Generalized Qescriptions of R.12824 to n.12826 can bo found in my 
earlier report (file 64NT/1, 29th November, 1962). Specimen It. 10792 consists 
mostly of a mosaic of fino ::'..patite crystals together with granules and flnke~ 
of hematite; the hematite is anclosea within apatite crystals, and is not 
intorstitial. Small areas of hoo.vily ferruginized argillaceous material are 
surrounded by the fino apatite. The rock is cut by very irregulnr voins that 
are filled with calCite, subordi~~te chlorite, and small o.mounts of coc~se 
apatite and opaque iron oxide. In those veins, the opo.que iron minerals form 
crystals discrete from the conrse apatite. 

Tho table shows the grain-sizes and modal analyses of the specimens. 
Tho modal analysos should be regarded as .inaccurate for two mo.in reo.sons. 
Firstly, because of the extremely fino-grained nature of tho rocks: tho 
gro.in-sizes are smo.ller tlk~ the thickness of the rock slice (0.03mm.) •. 
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TABLE 1 

DISTRIBUTION OF APATITE AND ~~TITE 

IN RUN JUNGLE PHOSPHATE ROCK. 

Grainsize and B.S. seive apertures. 

Coarse 

Grain-
size nun 

0.13 

0~02-
0.1 

0.0,"-
0.3 

Apatite 

BS 
aperture 

100 

300-
150 

300-
45 

Fine 

Grain- BS 
she nun. aper-

ture 

0.018- <300 
0.045 

0.004- <.300 
0.012 

0.12- L300 
0.036 

0.012 <300 

Hematite Apatite 

Coarse 

Grainsize BS 
(nun) aperture 

-
0.0001- ~300 5 

to 
0.027 

0.0005- <300 67 
0.007 

0.0005- ,<.300 
0.013 

0.005- <.300 37 
0.018 

Modal analyses (%). 

Hematite others 

fine 

34 20 41 

25 3 4 

38 17 45 

31 20 12 
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Secondly, the effect of tho hematite; much of it is too fino-grained to 
bo seen properly (luring point-counting, resulting in an under-estimation of 
the amount present. Hm{Qvor, uh2.t cc.n be soen nnd counted during mockl 
analysis vli1l be over-estime.ted because of the "Holmes Effect" (Ch:).yes, 1956). 
Taking these tvTO effects of homati te into account, it is hard to judee vlhethor 
the ul tim['.te results are over-estimates or uncler-estimntes. 

Other minerals are:- R.10792: calCite, chlorite, subordinate quartz; 
R.12824: quartz, ferruginous argill:).ceous material, ~d somo sericite; 
R.12825: ferruginous slate, silty sl2.te, Siltstone, and quartzite~ n.12826: 
quartz and mica. 

In all specimons, hema.tite is enclosed within npatito cryst~ls, end not 
interstitial to them; this statement applies particularly tc tho finor­
grained apatite, although some hemntite is enclosed in the com-ser apatite. 

Specimen R.12824 is the one most freo of hematite. The totn.l 
a.mount of ap<:lti te present is reduced to 621G if the vugs (represented by holos 
in the slide) r~e taken into account. Some of the vugs nrefilled by quartz, 
and may be more completely filled in other par1;s of the rock at this horizon. 

Chayes, F., 1956 I 

Reference 

Tho Holmes Effoct and the Lower Limit of 
l\10dal Lndysis. Ming. M~, 31, 276-281. 

nUM JUNG LIJ ?HOSPHATE ORE * 

by 

J.n. LaM 2.1'lc1 S.H. Fra.zier 

Here is an informal report covoring a preliminary cxrunination which 
you requested for the two prospect s2.ffiples of phosphate are submitted by 
R.A. M •. :cDonald of Standard Oil. Thoir field descriptions end analytic.:'.l data 
nrc cited in their lettor of September 20, and reference to this information 
is made in my report (Table 1). 

Prospect Sample 1 

This rock speciman, vlhich is described as a greyish reel, highly 
phosph~tic Siltstone, contn.ins fluorapatito as the only significo.nt phosphatic 
phase aml it dso represents the bulk mineral constituent. Next in abundance 
but minor by weight are tho iron oxicles - mainly micacoous :.',ml fibrous 
hema ti t e with minor goethite. The detrital minorn.l group consists of qtt;.'l.I'tz, 
degrcded muscovite, tourm~line (var. c1r~vite), epidoto, an~t3se, zircon, and 
possibly others of loss significance. Collectively, the detritals reprosent 
an extremely minor weight frnction. 

The npa.tito speCies L'..ppenrs to be exclusively fluorc.pL'..tite, juclging 
from its pL'..lo groan colour, absence of CO2, and uniform rcfrnctivo indices 
(N a 1.628, N = 1.631). It is present as subhedral to ouhedrnl stubby o 0 

* Confidential roport to Standard Oil Co. of Now Jersey from tho 
Tennessee Valley Authority U. S. A. 

( See the D.osnysin Table 4 of Part 1 of this record. ) 
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hexngonal prisms terminated by pyr~idal forms. Crystal faces nre smooth 
and unscarred. Crystals show zon~l growth bends (hopper effect), vrith 
inclusions of scalar hematite frequently concentro.ted o..long these growt;h 
bands, or during interruptions in tho cyclic precipitntion of the np~tite 
crystals. The unit crysto..ls range from silt sizes to a mnximum of about 
80 microns. They nre ran~omly oriented and lightly interpenetrnted, and it 
is this intorgrowth which nppears to be the primary cementation in the rock. 

The hematite - goethite phases are found in sizes Gonerally not 
exceeding about 5 microns. The micaceous to fibrous crystals, and loose 
agglomorates of these crystalS, fill the interstices in the o..patite mass but 
do not appear to have contributed Significantly to the cemontntion. 

~a.rtz is found in the unusual form of rough surfaced, skeletal 
grains tlmt have boon severely pitted bJ chemico.l erosion. Of the 
remaining detritals, muscovite shous chemical weathering to hyc1romuscovite, 
as indicated by depressed refractive indices, birefringent halos, LUld the 
physical condition of the mica scales (deformed, crimped, curfod scales often 
mnrked by a nett-Tork of shrinkage fissures). 

Prospect Snmplo 7 

This grab snmple, vlhich is describecl as having a similar t01turo 
and chemical composition to sample 4, comprises nearly tho same suite of 
minerals as samplo 4. 

Fluorapatite is the only significant phosphatic phase, rold it 
is also the bulk mineral species in the specimen. Hematite (and possibly 
some goethite) is the important iron mineral. ~artz is extremely minor, 
less than that found in sample 4. On the other hand, muscovite in 0. 

partio..lly degrac.ed condition is much more abundant than in snmple 4, and 
accounts for most of the Si02 and lu

2
0
3 

reported in the chemical analyses. 
Of the remaining detri tals, ~ourmc.line (var. dro.vi te) was the only phase of 
any signifi·cancc. 

l~:~in, tho fluorapatite exists in a microscopically coarse 
crystalline form. The clonsor texture of this specimen is cuusecl by 0. c:reo..tcr 
degree of cementation of the apatite crystalS. The unit crystals range 
from silt sizes up\vard to about 110 microns, and there hus been extensive 
intergrowth during the final stnges of cyclic BTowth. Also bec.::.use of this 
more extensive interc;rowth, much of the scc..lar hemo.tite is occluded in the 
apatite crysto..ls - notably in bands representing interruptions in the cyclic· 
grovlth process. ' 

The 3.gf.'lomeratos of deuO'J:'adecl muscovi to, reSidual hemnti te, end 
possibly very minor clay ~e seon to fill the interstitial voids in the 
~patitic mass. 

Discussion 

The co<U'sely crystc..lline form of the c.po.tite is quite unlike MY of 
the domestic sedimentary phosphates nOi'1 beine oxploi ted. The uniform 
coarseness of the crystals, their euhedro.l form, smooth unscarrecl surfaces, 
the hyper fine interno..l {,;rowth bend structure, and the nature cncl loco.tion of 
the inclusions clearly indicate thnt it farmed by recrystc.llizntion in situ of 
the orieinal sedimentary phosphorito, collophane. In both s~plos, remnants 
of tho precurser phospho.te 'Here cletected in the form of porous, rounded, 
fine-grained ngr,rceutes of collophane (cryptocrysto.llinc apatite) henvily 
stuined with limonite. This hydrolytic 0.1 toration' o.ppenrs to hava been 
cuused by fluoride-bearine lmter, since the upati to is' nOvT exclusively fluor­
apati te, and the primnry silica ph .. '..so shmvs extensive chemicc..l erosion. 
Recontly, ,a sio1lar example of this typo of rccrystallizo.tion in situ \1:l6 

observed in u deep-seated francolite deposit' from a S.A. prospect. 
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Laboratory studios of tho four component system CaO-P20 -HF- H20 
showed that very dilute fluoride solutions attacked various basid calcium 
phosphates to produce the equilibrium phase, fluorapatite, in periods of time 
as short as 24 months. ~le crystnlline apatite obtained in those pcrticulnr 
oquilibrations possessed tho s"me coarse, euhedral form, hc.bi ts, nnd 
hyporfino growth bnnds as founc1 in samples 4 and 7. 

Chemicnl f~mlysos : The phaso composition of samples 4 end 7 cc.nnot 
be reconciled closoly with the chemicnl analyses supplied for matorinl 
reportod to bo from the srune location. The cause for tho discropnncy appe~s 
to be related to the foregoine discussion. 

Both grab sc.mples nro essontially binary mixturos of fluorapntito 
and hematite, but the CaO/P ° retio is too hiGh for such c. pure form of 
fluorapntite, and no other 8c.~oium phc.ses were detected in significant amounts. 

If by chanco tho c.nalyses wore obtained on specimens lThich h[1.(l not 
undergone extensive recrystallization, the presence of n siG~ificc.nt fraction 
of the orieinnl phosphatic materinl (francolite) and tho usually associnted 
rhombic carbonates could account for the high CaO/P 20r:, ratios reported here. 
On the other ll.:md, "TO have confirmod that the hcmat~ ttl phnse is belm·, 5?b . 
in somple Ii- or 7. Disrec;nrdine; this minor cinount of iron oxiclo, tho apatite 
in either snmple 4 or 7 approaches the purity of the high-[;Tado iGneous apatite 
deposits of Templeton, ~ebec. 

Beneficiation: The amount of ' iron prosent weuld probably discournge 
usine those ores directly as electric furnaco burden. Calcinina would not 
be expected to cause any sienificant chnnee in its phase composition, In 
semple 4 where the apatite is as microscopicelly conrse crystals, and the 
very fine-£,To.ined hematite is found t'..S weclc r..sclo[;1eratos nnd as froe fines 
Inrcely unoccluded by the apc.tite, considerable iron oxide could be recovered 
in le.boratory tests by crushine follol1ed by washing, bluneine, or sedimentation. 

In sample 7, howevur, the hemntite is largely occluded in the apatite 
crystals, c.nd little iron oXicle could be removecl by pby"sicr:.l methods. 

Matorial similar to sample 4 mi~ht also be processed by c. modified 
flotation by depressinG the c.pc.tite c.nd removing the iron OXides, muscovite, 
clays, otc., by deslimine. Or, a hiGh-f~ade he~atite concentr~te mieht be 
removed by mnf~otic or electrostc.tic soparntors, using dry crushed ore. 

vTot methods of cxtrc..ction of the phosphatiC phr:.se usinG ,,-cid may not 
bo practical becauso of a problem involvinc, rates of solution. Tho rate of 
solution of the apatite is clecreased because of its coarsoly crysto.llin8 form 
(lovi specific surface), ,·rhilo the dissolution rate of the iron oxide is 
increased because of its very fino pl'.l'ticle sizes. The tuo mnterials could 
not be spearated in the lc.boratory by digestien with various ncids, but not 
nll acids wero tested. The first c.ttcmpts certainly "rore not promisirlt'S. 

It is not possible, theroforo, to drc..w firm conclusions o.s to how 
the phosphatic rock mieht be processed or bcneficic.ted, basec1 on the preliminary 
exc.mino.tion of theso two grr..b 68lIlples. The exceptionally hiCh c:;rn<.le of this 
unusual rock, h 01'1 ever , shouhl cncouracc considerably more oxplorc.tory stUdios. 
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SAMPLE 

AUST 1 

AUST 2 

AUST 3 

AUST 4 

AUST 5 

AUST 6 

NO. LOCATION 

2.0 miles due east 
of Batchelor. 

Geolsec Prospect 
Castlemaine Hill, 
approx. 100 feet 
from DDH G.1 of 
B.M:a.:phosphate 
group. 

Geolsec Prospect, 
Castlemaine Hill, 
approx. 30 feet 
from DDH G.1. of 
B.M.R. phosphate 
group. 

Geolsec Prospect, 
Castlemaino Hill, 
in trench near 
DDH G.1 of phosp­
hate group • 

Geolscc Prospect, 
Castlemaine Hill 
in trench near 
DDH G.1 8f phos­
phate group. 

Geolsec Prospect, 
Castlemaine Hill 
in B.MR. DDH G.1 
of phosphate group. 

. " 

Table 1. 

SM1PLE LOCALITIES - PHOSPHATIC ROCK - RUM JUNGLE. 

STRATIGRAPHIC 
POSITION 

Coomalie Dolomite, Lower 
Proterozoic. 

~ Upper unit of Depot Creek 
Sandstone Member; 25 feet 
above base of member. 

Base of middle unit of Depot 
Creek. Sandstone Member. 

In lower (phosphate) bed of 
Depot Creek Sandstone Member; 
20' ! below top of unit. 

In lower (phosphate) bed 
of Depot Creek Sandstone 
Member; 46 1 ::!: below top 
of unit • 

Core in lower (phosphate) 
unit 191' below surface. 

FIELD DESCRIPTION OF SAMPLE 

Delomi te, grayish red to bluish gray, rhombic to 
sucrosic. Contains approximately 15% vein-
filling dolOmite/calcite. 

Sandstone, grayish-red, fine to medium grained, 
hematitic. 

Sandstone, breccia, grayish red, fine grained to 
pebble sized. Coarser material pale red to white. 

Siltstone, sandy, clayey, grayish red, highly phos~' 
phatic. 

Siltstone, clayey, light to pale brown, highly 
weathered, highly phosphatic. 

Ss., v.f. - coarse grained, silty, grayish red, 
contains abdt. fragments of white SSe up to 
pebble size. 

.. 
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SAMPLE NO. LOCATION STRATIGRAPHIC 
POSITION 

FIELD DESCRIPTION OF SAMPLE 

AUST 7 

.A.UST 8 

AUST 9 

1 

Buckshee Prospect, 
approximately 1 mile 
west of TEP's Whites 
openpit. uranium 
mine. 

Buckslee Prospect 
approximately one 
mile west of TEP's 
Whites openpit 
uranium mine. 

Auger hole 
56/1 ONI 30'-40' 

In lower (phosphate) unit of 
Depot Creek.Sandstone 
Member. 

In upper? unit of Depot 
Creek. Sandstolle,Meinber.:.. 

In lower (phosphate) unit of 
Depot Creek Sandstone. 

Siltstone, clayey, grayish red (\-leathered 
surface lilac coloured), highly phosphatic. 

Hematite, medium, light gray, weathered surface 
rust coloured. 

Reddish brown powder, probably from clayey 
siltstone. 

These samples were collected when the phosphate deposits were thought to occur in the 
lower part of the Upper Proterozoic Depot Creek Sandstone shown on the B.M.R. Rum 
Jungle Special 111 : 1 mile geological map. 

" 
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BOT:iNIC:.L . TESTS 

REPOnT ON POT TffiTS HITH S.',MPLES OF RUM JUNGLE 

PHOS1'HLTE nOCK. 

by 

M.J.T. Norman :1. 

S::unpl(;s of tl'IO 
c.reo. 't'lere recoived from 
sornples l'1ere : 

typos of phosphc.t0-rich rock from tho Rum Juncle 
the Burer.u of Mineral Resources for nssay. The 

2 
1. Rum June;le No.1. - 1'e.le red colour 

2. Rum Junelo No.2. Ochre colour 

Hethods 

The assny method ndopted wr.s to compare the responses of grain 
sorghum plL'1l1ts grovnl in Tippera clay lorun (a phosphorus-deficient soil from 
Katherine, N.T.) to the two phosphates ~d to Christmas Islc.nd rock phosphate 
(lust and superphosphate at 4 levels of. fertilizer. The 17 trec.tments were: 

num JUrlB"le :No. 1 ( 1 cwt/ac (equivc.lont) 

Rum Jungle No. 2 

1 
4 cwt/ac 

x 
Christmas Islo.ncl Rock 8 cwt/ac 

Superphosphate ~ 16 cwt/ac 

Control •••••••••••••••••••• No phosphate 

(vTith 3 replicates) 

Fertilizers 'tiere milled to a fine pOl'l(ler and mixed '"lith Tippera 
clay lOMl soil. Five-inch enc.mel pots lTere filled 2nd each plnntod with 
12 soads of "Hegari" grain sorGhum on October 26, 1962. The pots "TOre plnced 
in the greenhouso and watered 2 - 3 times a dny. On DecemlJor 12, all plants 
were harvosted. The tops wero cut off o..t ground level :mel the roots washed 
free of soil. Tops Mel roots 'Hero dried separately at 85°C for 24 hours and 
l'lOighed. The dried snmples lwro milled i.'1l1d Malysed for totc.l phosphorus. 

1 C.S.I.R.O. Division of LMd Research nnd Regional Survey. 

2 Both samples were tclccn frem Costenn 1 at Geolsec. S::-..mple 1 cc.rne from 
459 to 462.5 feet and 'semple 2 from 260 to 350 foet. 



-. 

Tho total phosphorus content of tho fartilizarswns 

Rum Jungle 1 

I~um June:lu 2 

Christmas Island 

Superphosphnto 

159 rne;rn of fertilizer uas mixed in eo.ch PQt for e~'.ch equivalent 
1 cwt/o.c of fertilizer. Porconta.co recovery of the total phosphorus mixecl 
in each pot, at tho 4 cwt/nc level, HUS therefore I 

Hum Jungle 1 1.44% 

Rum Jungle 2 

Christmas Island 2.57% 

Superphosphate -
nlUS, compared with Christmo.s Isl~d rock phosphate, Rum Junelo 1 

had a similar totnl P eon tent but co.ve a. substantially lower recovery by 
Vlants; Rum Jungle 2 hnd a low total P content but gave a recovery of the 
s:::JIle order as Christmas Isla.ncl rock. Pcrconta.ge recovery from suparphosphate 
wns hiGher than that from 0.11 other rnntcrials. 

Conclusion 

1 .. 11 tho rosul ts, dry matter yield, phosphorus centent, phosphorus 
yield ~d phosphorus rocovery, support the conclusions that the rumount of 
phosphorus in the Rum Juncle sa.rnples irnrnodia.tely availnblo to plenta uas low. 
'Hhother the rock is sui table o.s 0. base for tho manufactUro of superphosphnto 
is a mo.tter for industrial chemists and economists to decide, but from this 
test it would sCum that unloss the m~terial shows a componsntin{~ lone-tarm 
roshlunl effect of a. very hiGh order it is not sui table for direct use ns a. 
phosphate fertilizer. 



Table 1 

POT TESTS. 

PHOSPHOROUS CONTENT OF I'LlINTS 

Plant Equiv~lent Fertilizer ilum Jungle Rum Juncle C:P..ristmo..s Supcr-
:I.ttribute Level Srunple 1 Sa.mple 2 Islo..nc1. phos-

Dust phate 

1 cwt/ac 0.072 0.049 0.066 0.044 

4 cwt/a.o 0.063 0.047 0.064 0.123 

Phosphorus 8 cwt/ac 0.061 0.062 0.06t1 0.238 

Content 16 cwt/ac 0.071 0.064 0.062 0.221 

of 

tops Mean of all levals 0.067 0.056 0.064 

(fop) r.lo~m of 1 & 4 cwt/o.c 0.061 0.048 0.065 0.087 

Control ~ contGnt with no fertilizer 0.036 

1 cwt/ac 0.046 0.0t10 0.036 0.036 

4 cwt/ac 0.037 0.040 0.039 0.075 

... I'hosphorus 8 cwt/ac 0.040 0.042 0.0..';.2 0.101 

;; Content 16 cwt/o..c 0.041 0.040 0.050 0.138 

of 

roots Mean of all lovels 0.041 0.040 0.043 
(%p) Mean of 1 & 4 cwt/ ac 0.041 0.040 0.038 0.058 

Control P content \'Ti th no fertilizer 0.044 

1 cwt/ac 0.058 0.045 0.051 0.040 

McDl'l 4 cwt/..1.C 0.050 0.044 0.052 0.100 

cwt/nc 
0 

Phosphorus 8 0.051 0.051 0.055 0.168 

Content 16 cwt/ac 0.054 0.051 0.057 ·0.181 

of 

whole Mean of all levels 0.053 0.048 0.054 
plant Mean of 1 & 4 C1vt/ ac 0.054 0.044 0.052 0.073 
(%p) 

Control l' content with no fertilizer 0.040 
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2. REPORT ON POT TEST HITH S.i.MI'LIS OF Ci.LCINED 

RUM JUNGLE PHOSI'ILTE ROCK 

by 

1 M.J .T. Norman 

Introduction 

Samples of tl'10 typos of phosphate-rioh rook from the Rum Jungle 
nre[!. woro received from the B.M.H. in 1963 for biological asse-y. A pot 
tE:lst with sorghum on Tippera clay loam soil from Katherine, N. T. ,"ms carried 
out, in l'lhich the fertillizers wore compared, at 4 rates, v7i th suporphosph[!.te 
and Christmas Island rock phosphG.te dust. The results l'1ere clisG.ppointing, 
though with the possibility of long-term residual vr;.lues, a 4-yenr field 
experiment with the t\OTO materials \oms established d Kuthorine in December, 
1963. 

Following a report from tho British Phosphate Commissioners 
concerning the benefioial effects of caloining low-grade phosphate rock 
from Christmas Islcnd, small samples of the Rum Jungle matcri.:~ls vTere cnlcined 
at 8000C for 2 hours and givon a further pot test. 

Mcthocls 

The mothod adopted vIaS to compare the responses of gr~1in sorghum 
plants gTOl'm in Tippora olay loam (u phosphorus - 1eficient soil from 
Katherine, N. T.) to the tl'10 calcined phosphates and to superphosphate and 
Christmas Island rock phosphute dust. at 4 levals of fertilizer with 3 
replicates. 

Tho 17 treatmonts were : 

Calcined Rum J~le No. 1 

l 
( 1 cwt/ac equivo..lent 

Culcined Rum Junglu No. 2 
( 

4 cwt/ac " ( 
Christmas Island Rock 

1 
8 cwt/ac " 

Superphosphate ) 16 cwt/ac " ) 
Control ••.••••.••.••.••.••....•...••• No phosphute 

1 C.S.I.R.O. Division of LanQ Research and Regional Survey. 
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Fortilizers '\'Tore milled to a fine powder Md mixed. with Tippora 
olay loam soil. Five-inch enru!lol pots 'vere filled Dncl eaoh pl.:mted l'Tith 
12 seeds of Tcxr.s 620 gra.in sor[~hum on November 26, 1963. The pots 'Here 
pla.oed in the groenhouse ~cl ",<::.tered 2-3 times a clay. On J(.muary 7 ( 6 
weeks later) all plants were hr..rvosted. The tops \vore cut off nt 
groundlevel ::'.nd tho roots washed free of soil. Tops t'.lld roots Here (lried 
separately at 85°C for 24 hours nn~ weighed. The dried samples have 
been retained for future phosphorus nnalysis, but it was thoUC.;ht that in 
view of the interost attachirle.'; to the results 3ll interim roport on clry 
matter yiolds ~lone would be desirabla. 

Resul tEl 

(Soc attaohed table) 

Tho plants responded l'loll to nIl fertilizers up to the 8 cwt/nc 
level. Consiclorine tops only, thero lTaS an approximately linoe.r response 
to Uum Jungle Nos. 1 and 2 Dnd to Christmas Island up to tho 16 ol'n/ac levol. 
Tho interaotion between rates end fertilizers wa.s sienific~t at P - 0.01, 
owing to a depression in yield at the highest level of superhosphntc. 
Differences betwc;on fertilizers 3llcl rates in reot yield of sorchum ,vere 
not signifioant, and henoe the oompcrison of total yield (roots ~d tops) 
was similar to thnt of tops alone. 
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Tnblc 1. 

POT T:iJ3TS. 

SOnG HUM TIELD FROM 3UI'IlU'HOSPHATE 

iiND Cl~INED nOCK FHOSPHATE 

Sorghum"yiold(gms per pot) 

Fertilizer ~uiv. nato 
(cwt/ac) Tops Roots Total 

1 2.64 2.35 4.99 
Supcr- 4 3.16 2.14 5·30 
phosphate 8 6.49 3.22 9·71 

16 5·32 2.67 7·99 

Mean t1r .40 2.60 7.00 

1 2.46 2.82 5.28 
Calcined 4. 4.21 3.04 7.25 
Rum Jungle 8 4.43 2.88 7·31 
No. 1 16 5.70 4.09 9.79 

Moan 4.20 3.21 7.41 .. 
1 2.69 2.26 4.95 

Cc..lcined " 2.72 2.55 5·27 L~ 

num Jungle 8 3.70 3.18 6.88 
No.2 16 4.41 2.24 6.65 

Moan " 3.38 2.56 5·94 

1 2.69 2.47 5.16 
Christmas 4 3.80 3.02 6.82 
Island 8 4.39" 2.68 7.07 
Dust 16 4.61 3.79 8.t~0 

Moan 3.87 2.99 6.86 

1 2.62 2.47 5·09 
Mean 4 3.47 2.69 6.16 
of 8 I r .75 2.99 7.74 

fertilizers 16 5.01 3.20 8.21 

Mct1ll 3.96 2.84 6.80 

Control 2.16 1.72 3.88 
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Table 2. 

ST~l.TISTICil.L LNALYSIS OF THE YIELDS 

Main effect of 1" 0.16 N.S. at + - 0.32 

fertilizers (1' 0.001) P os 0.05 (1' 0.05) 

Main effect of ! 0.16 N.S. at 
+ . 
- 0.32 

rates (1' 0,001) l' os 0,05 (1' 0,001) 

Interaction, fertilizers + - 0.32 N.S. at ! 0.64 

X rates (1' 0.01) P os 0.05 (p 0.05) 

(Ste.ndard errors refer to ::mnlysis of all figuros cxcludin(~ control) 

Discussion 

In comparison with tho previous test with uncalcined snmples of Rum 
JunGlo phosphato, those results m'e very promising. The increaso in citrate 
solubility following calcining D.ppO~s to have incre~sod tho availability of 

. phosphat 0 to tho plant (under pot conditions, it should bo stressed) to a 
markod degree. 
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REPOTIT ON POT TTISTS IlITH SlJJIPLr':.S OF 

RUM JUNGLE PHOSPHATE nOCIe. 

C~\LCINING Tnm-Tl:W:EfJ~TURlTIS VS. UNTREl~TED ORES. 

by 

1 H.J .T. Norman 

Introducti6n 

~~ rOQ.uost was rocoived from the Bureau of Mineral Resources in 
1963 for biological assay of tvlO grades (high and 1m.,) of phosphato rich 
rock from Rum Jungle, N.T. Tl'lO pot oxperiments wore conducted, using 
GTt~in sorghum as test plant, on Tippora clny loam (a phosphorus deficient 
soil from Katherine, N.T.). 

In the first experiment, finoly ground Rum Jungle phosphates wore 
compared, at four rates of np:clication, . with superphosphate md Christmas 
Island rock phosphato. llum Jungle phosphato performed vary poorly. 

Following a report that calCining low grade Christmas Island phosphato 
oros, to increaso their citrato solubility, was rocommended to the British 
Phosphate Commissioners, a soconcl exporiment .. ms carried out. Cnlcined 
Rum Jungle phosphates wore comparocl ui th superphosphate:: and Christmas Island 
rock phosphate, again at four levols. CalCining increased the effectiveness 
of tho high grade matorial to approximately that of superphosphate, and the 
low grade material to that of Christmas Islnncl rock phosphate. ~!hen a 
third experiment was p~a.nnecl to mo::'..sure directly the effect of cnlcining Rum 
Jungle phosphate, it ,ms ·founcl that the s:::.mples used in the second experiment 
had beon calCined, by error, nt 800°C for 2 hours instead of 8~00F for t hr. 
Further ~amples were obtained end half of each calcined at 450 C for 40 mins. 2. 

Methods 

High and low grado Rum JunCle phosphates, calcined at 800°C 
for 2 hours, 450°C for 40 minutes end uncalcined, were comparod at four rates 
of application and with a control. 

1 C. S. I.ll.O. Division of Land nose~ch and Regional Suryoy. 

2'The snmples calCined at 800°C for 2 hours wore port of tho material 
used in botanical tost 1. The material used in this GXp0ximcnt 
is part of the uncalcinod phosphate rock used in field tests started 
in Katherine in 1963. . 
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Tlto twenty.f:i.vo treatment coobin::.tions woro 

800°C 2" hr ) 

1 
Calcined 

Rum JUZl.{.;lo UQ.1 
jx Cclcined L1r50 °c /,0· min~ 

Rum Jun[-;lo No.2 Unc~ci.nec1 

+ Nil. 

Tho closign Wo.s !.'O{llicnteel three timos. 
conducted in the greenhouso in Canbarrn. 

) 

1 cut/"c c0..ui v:-.lent 

x 2 cut/t'.c oquivniont 

• CHt/-;C equivC'-lent L} 

8 cut/nc equivnlont 

Tho experiment 1-ms 

~ 
) 

l 

The fertilizers, obtnincd in tho form of poudor from B.M.R. vlorO 
mixcc.l ,,,i th sieved Tipporo. cluy lorun mll placod in fi vo inch ennl1101 pots. 
Ench pot l'lns plantod with SO'lCnto:.)(')D r'!.:)crl8of Toxl:'.s 620 Cl'nin sorghum on 20th 
Fobru..-:'.ry, 1964, nnd wnterccl 2-3 tiraoe POl.' clay. On 28th ]::'ob:!.·ur:.ry, tho nUl"'ihor 
of rlc.nts po!.' pot wr..s roducod to oiGht. Tho trinl wns rcrc.mlomizoc.l. oo..ch 
woek. 

, On 20th Mnrch, 0..11 p1L1nts 1lOre hnrvostccl not ground lovel, ::mel tho 
roots wo..shocl frcc from Goil. Tops C'ncL roots trToro drio:l SOl'nro.toly nt 105°C 
I)v.:..rniGh-t. .;.nll w<:;:i.r.:;hod. The (',rioel. sr.mll10s h:::.vo boon rotninod for phosphol.·us 
::'.l1alysis, tho results of 1·;11ic11 nro not yc:t ~wnilablc. 

(soo nttr..chod table) 

The plants did not rumoml to fertilizer as uoll ns in tho first 
t .. l0 oxperiments. Tot(1.1 G.t·Ol-fLh- par pot waS ;:s low 0.8 20j~ of thnt rocorclocl 
p!.'EJViously, possibly clue to two Hocks shorter erouinc period 2.ncL lo'HCl' 

. Clcsshousc tumper:J.turos. In Qclr.1i ticn some p1c:nts showocl ovic:once of :J. 
nutri tion:J.l disorder, probc..b1y clue to unsatisfcctory vratcr relc..tions. 

~\.l)proxiI!1ntely lineal.' responses were obtcincd in to:, {,Touth to ro..tos 
up to 8 o .... 1t/2.C 'I,,,ith 0.11 forms of fertiliZe!.', o.lthough response to rntos of 
uncnlcined phosphate "Tas not sicnificent. There .. ms no intorc..ction bot"roon 
ratos ~d farms of fertilizer. 

Co.lcini~Z consiclerably iL1provocl· tho effect on IjI'd.n scrt-;hum G,Towth. 
Tho most intoresting effect, hOvlever, ,,"ms tho incroaso in yield obt2.inod with 
hicher [;Tncle ore cnlcinecl nt 8000e for 2 hr compnred with th::;.t cnlcinoc1: at 
450

0
0 for 40 min. 

Tho appr:.ront t;Tndo x cnlcininc intoro..ction, a1 thouch f'c.iling to 
re[.ch significnnco at tho 51~ lovel is probably n ronl effect cluo to hieher 
phosphorus content of the frosh oro Snml)le obt:'.inecl for cc..1cinine nt tho 
Im"rer tomporc.ture. 

Vnricbili ty in root yiolc1.s lICS much higher then in top yiolcls. 
SiCnifio2.l'lt tliffcrencos wore obtc.inocl. bot't'leen mo:m rates of fertUizer, 
but tho differonces botween typos of fertiliZer fc..i1od to rOC'.cL si[;11ificunco 
at tho 5% lovo1. Thero wero no siGnificant interactions. 

Discussion 

~500C for 40 mins c1osoly "-l)proximntos the t1mO/tcml')orc.turo 
combino.tion of 800 0 F fo!.'~ l~our roconU!1Cndcel to the British I'hosphate Commission. 
Thero ~s no obvious re::1.son f:or tho incre[~so in yields obtcino(l by calcining 
c.t 800 C for 2 hours. 

Before l:c.villG lr..rGer qunnti tics ca1cinod for fiolcl e:x:porimento.tion, n 
furthe!.' pot experimont is plnZlnocl. This will bo closiGl'lOcl to ev:-~luc.to tho 
affocts of times ['.ne:. tompornturcs of. co.lcininr;, coverinG tho r2.:nc,e 400-800 0 C 
at 30 l:1.ins-2 hours on both hiCh nnel 101'i crnde ores. 
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Tnblo 1 • . 

POT TESTS. 

YIELDS OF OVEN DRY lflATERIAL FROM CALCINED PHOSPHATE ROCK POT TESTS. 
K384C 

Roots yield Tops yield 
i' (gmsLI2ot) (gms/pot) 

~emperature-time * 8 Grade 1 2 4 Neans 1 2 4 
(cwt/ac) (cwtLac) (cwt/ac) (cwtLac) (cwt/ac) (cwt/ac) (cwtLac) .. • High Grade 0.853 0.967 1.390 1.260 1.120 0.770 00857 0.983 

. 450 C for 40 min 
Low Grade 0.740 0.767 0.883 1.200 0.898 0.740 0.840 0.907 

0 High Grade 1.100 0.893 0.897 1.370 1.070 0.947 0.913 1.050 
800 C for 2 hr. 

Low Grade 0.853 1.130 1.050 0.917 0.986 0.800 0.843 0.873 
\ 
1 

High Grade 0.700 0.953 0.903 1.060 0.903 0.690 0.840 0.731 
'I." Uncalcined 

Low Grade 0.693 0.827 0.747 0.900 0.792 0.667 0.777 0.843 

Means 0.822 0.922 0.977 1.120 - 0.768 0.845 0.899 

* See the assays in Table 1,. Section 1, Part 5 

1: 

' . • f. 

8 Means 
(cwtLac) 

'1.270 0.970 

1.160 0.912 

1.400 1.080 

1.050 0.891 

0.823 0.772 

0.847 0.783 

1.090 
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STATISTICAL ANIJ.,YSIS OF ITELDS. 

noots TOEs 

~ Stnndoxd 0l'ror Probc.bilit;[ Sta.ndar<.l error IT obnbilit:L 

TYl)O ! 0.0786 >0.05 + -- - 0.044 0.001 
Unto + - 0.064 0.05 ! 0.036 0.001 

nates x type + - 0.157 not si[,nificnnt ! 0.089 not sig-
nificnnt. 
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PART .1. 
E~TIFICIA~ION TESTS. 

1. PRELIMINARY STUDY OF THE KiliElFICIATION OF A PHOSPHATE OP.D :BY PHYSICAL 
HErHODS . 

. . b:Y' 
The Colorado School of Mines Research Foundation ~c. 1 

Introduction 

This project, for tho proliminary investigation of tho benoficiation 
characteristics of a phosphnte ore (reportedly from l .. ustr~lia), 1'1o.S 

ini tiated by Mr. ~·T. E. 1'1a11is, Elcploration Manager for tho Standro-el Oil 
Company of New Jersey, by 0. lotter elatod October 9, 1962. 

Objective c.nd. Scope. 

The present investigntion was limited to 0. preliminary stuc\y to 
determine whether or not n mnrketr.blo.phosphate mineral concentrate might 
be recovered from tho oro by conventional mineral benoficiation methods. 

Swamnry and Conclusions 

The following surrunC'..l'izos the rosul ts of test work l')erformod with a. 
composite samplo hnvinc the chemical analysis 17.1 per cent r 20

5 
r.nd 15.0 

per cent F~203' 

1-.. hit:;h crade marketablo phosphate product contc::.inine less than the 
permissible r.mount of iron oxide impurity c~not be recovered oconomically 
from any Ilo.rticle size ran(i;'o by conventional benefiCiating mothous. Tho 
reasons for this are :-

(c..) Much of the iron is loss than five microns in size c..nd is 
intimately bouncl 'VTithin the phosphate minoral crystnl. 
Consequently, ~y concontration of fluoroapntite particles in 
sizes larGer than 325-mesh still contains too much iron to be an 
acceptable product. 

A~out 25 percent of the P 205 in the semple is represented in this 
size fractl.en. 

Approximately 15 per cent of tho P20 and 67 per cent of the 
Fe20 aro contained in tho subsievo ~r minus 325-mesh primary 
sll.m~s and clay mnterial. AlthOUGh the possibility of obtaining 
a satisfr.ctory preduct from this size ranee exists, there nre no 
commerCial pr~sicnl methods that successfully and economically 
boneficiate tIns colloic.1.-like mr.terial. 

Uecommencln tions 

Ol'TinC to tho 10v7 v~.lue of the fina.1 product, the boneficintinc 
methods ordinar1y applied to luuerican phosphate deposits must necessarily 
be 10vl in cost. These methods, unfortunately, aro not nplilicnble to the 
project snmple. 

If, hOl-TeVOr, othor consic1.Grntions such as the size of the deposit, 
the e~'~8e of mining, Md the extent of tho locnl market are favourable, then 
further investiga.tion into now c.nd llorhr.ps moro costly beneficiatine 
procodures may be in order. j~on[; these possible mothocls nre: 

1 

1. The selective chcmicn1 leachirlB' of oither the desired 
material or tho soluble impuritios. 

2. Tho separntion Gnd removal of tho phosphatic particles 
by selective floccu1ntion. 

Confidential report to the Standard Oil Co. Inc. 
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3. The uso of flotation for the ultrafino materiel. 

Bo..sic research Hill be roquired to cletermine the sui tn.bili ty of, 
and to develop the procedure for, ~ of tho methods mentioned. 

The princi11n.l cleterrent to the floto..tion of sli!ilo mo..toria.l h2.s been 
the enormous quanti ties of rO.:l€cnt required to effect flotc.tion. The 
considerable amount of phosphn.te boinG' cliscardocl .. Ti th the slimes in the 
Florida operations h2.s boen of some concern, and investign.tions into the 
possible recovery of this mo..terin.l by flotation have been !ilo..de. Some 
success 11:'.s been achieved by tho use of oiled. auxilliE'..I'Y collector minera.ls, 
upon which the desired slime materi~l collects and is recovered, but this 
techniquo requires further development. 

. Discussien 

Three samples of phosphate oro, markecl IlN"-29 (37) , DN-29(3el and . 
DN-29(42), were received and these wore cemposited into one 8~mplc, This 
cemposi te semple, \~hich l'1o..S c~esiGl'latecl Composite Srunplo No.1, Hn.S the feed 
mn.torial for all tests reported here. 

Deto..ils of the procedurq usecl in mo.kinc the composite semple for the 
invostigative progro.m [!.I'e givon in Exhibit 1 of the ll.pponclix. f. pnrtial 
chernicn.l r..nalysis is given belol1 (To..blc 1). 

Table 1 

CH:BlUC;;.1 ;;Nl.:LYSIS Cm.rr-OSITE S:J-lPLE NO.1. 

17 .1 15·0 

Particle size and r 20
5 
~~ibution 

A screon assay tOEt "\Ims conductecl to cletormino the particle size and 
r: 20 distributions in tho p:oc'joct srunple. In this test, the minus t inch 
oom30si te mc.torial 1-1[:1.S Ci v(m tm attrition mixing scrub in or~ler to roduce any 
agglomerates, both cln.y anc1. mineral, to cliserete particles. Tho complete 
ua ta for this test are Ci ven in Dxhi bi t 2 of the Apponclix. 

The pnrticle size clistribution results, 1I1hich nre also shoun 
e:rnphicnlly in FiGure 1, roveo..lecl that 77.0 per cont of tho matorial uo..s 
smo..ller than 270-mesh and that 73.t, l1er cent was smn.ller thr..n /;.00-me8h (38 
!ilicrons) • 

&'1ch mosh ral1f;o above 270-me8h 1-1c.e not submi ttod sel1o..rntely for 
chemical analysis bec2.usQ so little of the tot<:'.l snmple uas represonted by onch. 

* The s~ples origino..lly sent to &:80 Stanclnrd Oil (.~ust) I'ty Ltcl Horotnkon 
from costoan 1 at Goolsec over the followinc intorv~ls. 

So..mplo 1 280' 295' 
" 2 295 I 315' 
"3 315' 330' 
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Instoad the screen fractions were combined to form-

1. A coarse fraction as ropresented by tho plus 28-mesh material. 

2. A minus 28 plus 270-mesh fraction. 
of phosphate mineral flotation. 

3. A minus 270-mesh slime fraction. 

This is tho normal range 

Tho chemical analysis, \'lcight distribution, and P20S and Fe203 distribution of thoso throo broad categorios aro shown in Table 2. 

Ta.ble' 2. 

CHElUCP.L ANALYSIS~ ~\TEIGHT, P 205 lIND Fe203 
DISTRIBUTION IN SCRUB SlIMPLE 1. 

Analysis Distribution 

Screon Product Height 
%2°5 ' ,~e203 %2°5 ~e203 

(Tyler) Mesh % ,0 p 

Foed (computed) 100.0 17 .1 15.1 100.0 100.0 
+ 28 8.6 15.9 21.6 8.0 1203 

-28 +270 14.4 11·5 13.9 9.7 13;2 
-270 77.0 18.3 14.6 8203 74.5 

The important facts revealed by the screen assay test ,,,ere that the 
major portion, 82.3 por cent, of the P ° vms present in tho ultrafino (minus 
270-mesh) material und that tho Fe20~ &i~tribution closely followed that of 
the P20 li • This indicated close pliySical association of iron 'Vlith the 
phospliate mineralization. 

Material dqgr~dation 

It vms reasoned that the scrub us ad to prepare the srunplo for the 
scrown assay m8¥ have boen too severo, und that material dcgrc.dc.tion from this 
treatment may have beon responsible for much of the subsievo material. 

To determine whether or not this wore possible, u. test vms performed 
in which the sc.mple vl2.S scrubbed in st~cs. The material vlas given first a 
light blunging in .. 1. rotary-type scrubber to soften and loosen the primary 
slimes and then a series of ana-minute c.ttrition scrubs. The minus 270-mesh 
material was removed 3ftor each scrub nnd only the plus 270-mesh subjected to 
further trea.tment. 

Exhibit 3 of the Appendix pres~ts the details of this test, nnd 
Figure 2 is n graphical representation of the test results. 

The 44.2 per cent minus 270-mesh shown at zero time in Figure 2 was' 
the runount of fine material removed by the rotary blunge. The amount of 
slime production was fairly ri..~pid for tho first throe attrition scrubs and than 
decreased to a uniform rate of approximately 1.5 per cent for each minute of 
scrub. It wn.s deduced from this that tho rotary blunge and the threo minutes 
of attrition scrub effectively removed the primary slime material in tho sc.mplo, 
nnd that further scrubbing served only to reduco particlo size by autogenous 
grinding. 

Figure 2. 
A1 thoug~ only 71.8 per cent of the samplo "might lIns loss than 

270-mcsh <.fter the three-minute scrub, versus 77.0 por cent in Screen Assay 
Test No.1, the differenCE) ,·ms insufficient to make ;:my significnnt change in 
the screen ass~ results. Evan nt re~son~bly mild scrubs, ~t lo~st 75 per 
cent of the P20

5 
may be expected in the ultr~ine sizes. 

Floatation test 

Al though' most of tho P ° uas in tho fraction "Thich vTaS outside thE) 
rango normally considered for flot~~ion, a flotation tost ,·ms performed with 
tho minus 28 plus 325-mcsh fraction to dotermino tho typo of product that 
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mieht bo ~chicvcd by this bonefici~tion method. 

First nttempts at flotation wore'nmde with samples which had been 
scrubbecl only milclly in ordor that more materio..l would be in the flot~tion 
size; rnnc;o. ThoEle wero unsuccessful, hOllever, because consicloro..ble runounts 
of slimes were produced (luring tho re.:lGont concli tioninG stop, c.nc~ 'oven large 
qU2.nti tics of reagent 'Hero ineffective in coatine the apati to particlos. 

Tho finnl proceduro usod to obtain tho food for tho flotation test 
is outlinoel in Scrub Test No. 2, Exhibit 2 of the Appenr:'.ix. Briofly, this 
procc:c1.uro includod stngo crushinG tho oriGinal material in minus 14-mosh, then 
blunr;inc this in a rotary scrubber, end finally scrubbine in n lc.borc.tory 
Fn..:,;orgron flotc.tion machine. Tho lo..tter scrub lfCS considor.:::.bly milder than 
that obtained v1i th ~ Homco c.ttri tion scrubber, cmel tho fin:'~l proc:ucts 
resultinr; from tho trec.tment c.bove nre shovID in Tc.ble 5. 

Tnble 3. 

CH:EMIC;.L ;lTl.LYSIS; ~TEIGHT, P 205 AND Fo20
3 

DISTIU:BUTION IN SCnUB SJOO'LE 2. 

Chemical 
::.nc.lysis ( computed) Distribution 

Scroen Product tveic;ht P205 F'e 0 % 2 3 P205 Po ° ci2 3 ( Tyler) Mosh % % % fJ 

Feod 100.0 16.8 15.0 100.0 1CO.O 

- 14 + 28 9.6 17 .1 20.2 10.1 13.0 

- 28 +325 19.8 13.6 15.1 16.1 20.0 

-325 70.6 17·5 14.2 13.8 67.0 

The feocl pre~")m'11tion procol~ure rosul ted, in moro mc.torial vwiCht and 
more p 205 in tho intormoclic.te size ranee (comparo with Screen i..ssC'.y Test No.1) 
but much wus still in tho form of hc.rc'. clay balls. 

The minus 28 plus 325-mosh mnterial vms condi tionod for four minutes 
wi th the follo,dnc reagent qunnti tics; 

TC'.ble 4. 

FLOT1.TION T::lST - CONDITIONING n:C:l.GENTS 

, ilencont 

Sodium Hyclroxido 

Acintol D29LR (a partially 

distillo~ tall oil) 

Fuel Oil No.2 

Pounds ~or Ton of If'.lo'tn u10n It'ooel 

0.33 

1033 

1.1;.8 
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A considornble excess of collector ~eD.f·ents "T:18 2..(lc:ed purnosoly 
to allovT for tho Qons~pti9n by 'the· sli~e~ proq.~c'oci. (l~ine cC?nditibm,~. 

• ".1 • \) • • • '., 

Tho conco~t~r.~() ~bt3:inecl f+o~ tho ;t'ow,hpr f!otat;on!m!3 gi.yen 
clcnnings., The t~ilincs from the first threo cleaning operations 
~o!I1O\:T~a::t "simil<:g' in' 2..pl~e[]!L1.l199 Cflcl thQref;i'"o wqf~ cpm1j;ncc1 for 9hsmj,.cal 

analysis. 

four 
vTo;t'O 

test. 
The tn-ble below sunun:'1,l'izes the rcsul ts obtained from tho flotation 

q~~l;let()' f~ot~tio~test datn nrc" i;iyon in E;hibi1;' t~ of the !~pPondi~. 

J 0' . ,,'. 

1'rocluot lTeight '. -... '~'. " 

~ .'~' - ,", 

Feed ,~ computed) 100.0 

Fim~l c0l1.ccmtrntc 1O~8. 
4th ~lonnor t::..ilir,G 1.Q 

3rtl ()lcanor tailinG 1; .• 8' 

1 
2ncl cleaner tni1il1{.s 1.2 

1 st cleaner tailinc 10.6 
l~oucher taili~ 64.7 

: '.: ).'" '~. 

T2..1')lo 5. 
',,' . 

, "',Chemical' 
~ , l' . i "U'la: ' ys]'s 

1'2°5' "fE3?Q~' 

13.6 15.1 

34.~ 9.44 
24.6 16.2 

11.6 10.2 

" , ','''Per' Cent 
Di~tribution 

l' 0' , 
,2 5 

,,' 

100.0 
" 

?1.2(1) 

", . 1" -

. /": ,',," 

100.0 
. ' 

6.8 

2.0' 

15.3 

. ',. 

~ con~entra~~on qf thq ~ ° ~d somp rejo9tiol1. qf the ~ron ~inera.ls 
was accompli,shqcl by flot'?t~on. ~:,!rtqreas tho feed"materia.l c0l1.tainod ' 
apl,)r6ximat9~;V equal q~:1rt:j. ~ios of p,p ~ pnd F020'l.1ih~ finnl co~centrate p~otl:uct 
P205 c~ntent' 'Vl'<:tE! alm9s~ four times ~hct.~ of tp,e Fe203• , 

f~thouch th~ cqncen~rate product Imd a sn~isfa~t~ry ?20S ~~lys~s, 
tho 9.44 pe;r pent Fo20

3 
qq~tont '·1<.1f\l mtl-ch too high fo~ this mc.ter1:1l to bo 

ac cept. eel c~mmerc~ all!. ' ' 

The P 295 ~ecoyory' rep;,olllon:tqcL by the flote,:t;ion concentrate 1ms only 
4.37 Per cent of the r 205 ~n the oriGinal s0ffiple. 

Fr,om the te£?t rosul t~ it 1-1['.S ~oncluclcd th:1t the n.o~ation methocl of 
minoral b,onofici['.tion was not appl~c[1.ble to tho project ~t'1.lIlp~e ootorip.l. 

Gravity concontration 

A Gravity concentration test was po;-fQrmod \'1itll thq min~s 1L. plu~ 
28-mesh materi:1l to (lctermine the tYl)O of 'p:roc:t1ct 9btq.~ablo f?:'om th~s ~~zo 
ranee. In viow of tho cktc. obtainod.f'lom prior tost work the rosults from 
this test l'lOulcl be of acaclcmic interest only. 

Tho Sink-float procedure W[1.S used in this test to sep~ate minerals 
of different specific GTc.vi ty. Tho sample wns t~oa ted first "lith a liquid 
hnvinG the specific gravity 2.88. The particles hnvine a specifio GTnvi ty 
higher than 2.88 v/'Ore collected in n sink product, ~lhilo those floatinc ::::.t this 
(~onsi ty wore further tro[1. ted 1'1i th a liquicl of 101fOr svecific C:,Tavi ty, 2.61; 
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thus, thre(; proclucts were obtninecl. The lO"twr liqui~l gravity lms just 
sufficient te float quartz. Test (letnils nrc given in EKhibi t 5 of the 
.Al")pen.:~ix. ,Test rosul ts nre roprcuuccd below. 

Table 6 --
RiISULTS OF GP~WITY CONCnTTI"u~TION T~T 

Ch€Dice.l Per Cant 
J\n~!lsiB Distribution 

PrO(~uct HoiGht 
l' ° Fo20

3 ?205 ~e203 c,l2 5 % 10) % % 7" 

Fooel (compu tea) 100.0 17 .7 20.2 100.0 100.0 

Float ~t Sp_ Gr. 2.67 29.6 10.4 10.7 17 .4 15.7 

Float at 2.88, Sink 
~t 2.67 34.8 1/~.5 29.4 28.5 50.7 

Sink at Sp_ Gr. 2.88 35.6 26.9 19.1 54.1 33.6 

These results C'.Gain tlomonstro..tecl the intimate association of 
phosphorus and iron and. the imlJrC'.ctico..bili ty of pro<.luc~ng a sa.tisfactory 
concentrate by conventiona.l phosphato beneficiation tochniques. 

?otro{',raphic oxamination of the flotation concentra.te. 

To ~otermine the roason for the hieh iron content of the flotation 
concontrate, this ma.terial wa.s sized into tho four fino fractions, minus 100 
plus 150, minus 150 plus 200".minus 200 plus 270, and minus 270 plus 325-
mesh, rulcl exruninecl under the petrographic microscope. The l)rimary phospha.te 
mineral, fluoroapo.ti te, occurrecl ,1S stout subhedral forms in each of theso 
frnctions. ~hero liaS alse some liGht to d2.Xk-brown structuroless mo..torial 
that was identified tentatively Cos clay. This "TaB oxpoctecl becnuse the 
mnterial ha.d not boon given the viGorous scrub necessnry to re<.luco clay lumps. 

J .. few GI'ains of fibrous 't-Tavelli te were observed in each fraction, 
and the small amount of quartz present 'l-1D.S most ~buncla.nt in the plus 150-mesh 
fraction ~~d decrea.sed to essantia.lly none in the minus 270 plus 325-mesh 

I rD..rl(5e. 

Scales of micaceous hematite occurred in zonal-like arrc.nc;oments 
wi thin tho fluoroapnti te crystnls. These iron particlos rangocl in size 
frem 0.5 to 5 microns, and appeared to have boen incorporated into the 
fluoro.:-..pati te during crystal :\To1'rth. The extremely fino siZe of the iron 
mineral, toeethor with the m:umcr in lThich it is a.s(;ociated "lith the 
fluoroapa.ti to, indicated that the possibility of recoverinG r'.. sui tnblo IOvl 
iron phospha.te product by physico..l mothocls was very romote. 
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Exhibit 1. 

Sample Description nnd I?repc..r::,.tion 

Sponsor's Desienation of Srurrple 

Date lleceived at Foundation 

SOJIIlllo Heic;ht 

Container 

Snmvle Description 

Method of Preparation 

DN-29 (37), DN-29 (38), DU-29 (42) 

I November 9, 1962. 

Lpprox. 10r 1 bs. 

, Three 45-1'!:l oil drums. Tho st:mplos were 
further onclosod in doublo durlap sacks. 

, DN-29 (38) - 1':.'.le yellmr-br01m fines 
nnel ckyo;y :.'..Gclomerates up to 211 in sizo. 
DN-29 (37) - Similar to the s::'Jllple above, 
lJut morc rG(~dish in colour. ,;.lso more 
C02.rsc m::.. t o1'i.:1l, rmel some pieces about 3 II. 
m~-29 (42) - Similar to (37) above except 
there W2.S loss of the conrse m~1torio.l. 
Thore wore ,~lso 2 or 3 Imrd rock pieces. 

i~ftor crushinc; the conrse pieces to i", 
o2.ch of tho 3 indiviclue1 so.mplos uas 
mixocl thorouchly '-'.ncl split oncc. Then ~-
of oach incli vi(~uG.l s.:'.Jnplc: lT2.S to.kon and 
combined to form a composite sC'.mple \-1hich 
Uo.s desi:;;nated Composite Sc.mp1e No.1. 
The c,omposi te s[,mple I'Tc..s further crushed 
to til, mixed thoroughly, c..ml smell samples 
spli t out for the test Hork. 
The moisture content of the Composite 
Sc..mplc ''las 9.3%. 

T2.ble 1. 

Screen Assay Test No.1 

Sample 

Procedure 

?205 Fe20
3 

U
3
08 

(J 
P 

ci 
;0 % 

·17.1 15·0 0.018 

Exhibit 2 

~pprox. 670 crams of Composite Sc..mplc 
No.1 (-In). 

The snmp1e lfas pulped to !~O~~ solids and 
scrubbed for 5 min in 2. laboratory vlcmco 
attri tion scrubber. The sClInple was de­
slimed by screening at 270N. Since the 
+270M fraction 2.ppenred to still contain 
clay particles, this fraction W2.S given 
an additional 4 min scrub before Het 
screening to produce the size fractions 
listed. below. 
The individual fractions represented so 
li ttle matorie.l that they vTore not 
nnc..lyzod separatoly but combined into tllreo 
fractions; 0. +28M coarse fr2.ction, a. size 
r~e (-28+270) suitable for flot2.tion, 
c.ncl a -270M sizo. 
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Results: 

Table 2 

RESULTS OF SCnI.'£N J.8S;"Y TEST 

Chemical 
~i.nalysis Per Cent 

Distribution 
Uoif"'ht ji 'f, h 

]'°2°3 P205 Fo
2
0

3 Screen Procluct " ,. 2'''5 
( Tylor) Mesh Direct Ctunulativc 

Head ( computed) 100.0 '17.1 15·1 100.0 100.0 

+ 10 2.5 2.5 

- 10 + 14 2.2 4.7 

14 +20 2.3 7.0 15.9 21.6 8.0 12.3 

- 20 + 28 1.6 8.6 

- 28 + 35 1.2 9.8 

- 35 + 48 1-3 11.1 

48 + 65 1.7 12.8 

- 65 +100 1.8 1L1.6 11.5 13.9 9.7 13.2 

-100 +150 2.3 16.9 

-150 +200 2.3 19.2 

-200 +270 3.8 23.0 

-270 77.0 18.3 14.6 82.3 74.5 

Note: The -270 +400M fraction l'R"l.S dotermined later C'.lld found to be 
3.6% of the toto..l s2.mple HeiGht. 

Scrub Test No.1 

Purpose· : 

Sr..rnple 

Procedure 

Exhibit 3 

Scrub Tosts 

Beco..use Screen Assay Test No. 1 he-s shown 
thc..t most of the snrnple lms less than 270M, 
tlus test was performed to Qetcrmino the 
effect of the o.ttrition scrub on sample 
clog-:rc,ckt i on. 

1"nprox. 670 grams of Compcsi te S2.Jllple NO.1 
(:'..:1.,,_ 

4: -. 

The s~~plo wc..s eiven a Gentle scrubby 
blUllG'inC o.t 20% solids in c, rotc..ry scrubber. 
Follmving this, the pulf uas screened at 270M. 
The +270M fraction l'1T['.S then pulped to 501; 
solicls and scrubbod in a l:J,boratory T'fCInCO 

, c,ttri tion scrubber for 1 min. 'l'ho scrubbed. 
procluct was ocain screened at 270M. The 
attri tion scrub procedure 'l'TC,S reponted for a 
tote'.l of five 1-min. scrubs, a 2-min. scrub, 
.~d c.. 3-min scrub. 



Results: 

T~blc 3 

RESUJ~TS OF SCRaB TESTS NO.1. 

Scroon pro~luct 
mesh (Tyler) 

-270 

-270 

-270 

-270 

-270 

-270 

-270 

-270 

+270 

Scrub Typo 

Blunge 

l~ttri ticn 

li.ttrition 

Ji.ttrition 

l .. ttrition 

i:..ttrition 

Attrition 

l .. ttrition 

Scrub Test No.2 

l'urpose 

Sample 

Procedure 

Sc;ru"b time 
(1:1:",1. j --------... ~ .... -Direct Cu~uJativo 

15 

1 

1 2 

1 3 

1 4 

1 " 5 ' -
2 7 

3 10 

Weight 

Direct Cumulative 

//',.2 ttL';..2 

17 .3 61.5 

6.9 68.4 

3.4 71.8 

2.5 74.3 

1·5 75.8 

2.3 78.1 

3.3 81.4 

18.6 

To provide material for Flotation Test No.1 

Lpprox. 1.380 grams of Composite Sample No.1 
That had been stage crushod to puss 14M:. 

The sample vms bl1.lDGed for 15 min in the 
rotary scrubber and then screoned at 325M. 
Tho +32511 fraction was tr[:.Ilsferred to a 
laboratory Fagergren flota.tion cell and 
given a series of 2-min. scrubs, each 
followed by scroening at 325M. Total 
scrubbing time was 10 min. 

The +325M material vms scrocnocl at 28M, and 
the -28 +32~~ fraction 2€ain scrubbod in 
the flotation cell. ScrubbiIl[; "lim,s clis­
continued even though it vTaS eviclent that 
additional scrubs would produce marc -325M 
material. 

Tho type of scrubbiIl[,' :.ction obtnined with 
tho flotation cell was conSiderably milder 
than that with the Wemco attrition. 
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Results : 
Tc.b10 4 

RESULTS OF SCRUB TrsT NO.2. 

S~ple 
(Screen product in l~eicht 

Tyler mesh) 0'; 
70 

Feed 100.0 

- 14 + 28 9.6 

- 28 +325 19.8 

-325 70.6 

Ch0micnl nnnllsis 
( Computed) 

1'2°1=\ Fe20
3 .' -' 

% % 
--. .. -~-..... 

16.8 15.0 

17·7 20.2 

13.6 15.1 

17 ·5 14.2 

Exhibit 4 

Distribution 

100.0 

10.1 

16.1 

73.8 

100.0 

13.0 

20.C· 

61.0 ' 

Flotation Test 

Flotation Tost No.1. 

Purpose 

Sample 

Test Conditions 
• . • I ;' •• ~'" •. .: ", ," . ~ 

Time % 
Process min. Solids 

Condition- 4 
ing 

Roucher 
flotation 3 

60 

15 

To test the amenability of tho phosphate 
mineral to the flotation process. 

The -28 + 325M fraction of Composite Sample 
No.1 obtained from Scrub Test No.2. 

Reagents'~ Pounds.1'or Ton of Ore 

pH 
Stnrt Na.OH 

Acintol 
D29LU 

Fuol Oil -
No.2 '~ . .. -" .. 

0.33 

8.5 

Note: The rOU[;hor ooncentrate WD.B [)'i.ven 4 clennings • 

. ". 
" 

" ',: 

'. ,,',,' 
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Rosults , 

Table 6. 

RESULTS OF FLOTi.TION T:EST. 

Chemicc.l 
f~alysis 

Per Cent 
Distribution 

rrocluct vTeight Fe C 2 3 

Feed(computed) 

Final concentrate. 

4 th cleClllor 
tailinG 

3rd' cloroner 
tailing 

2nd cleaner 
tailing 

1st cleaner 
tailing 

ROUGher tailinc 

Rcmnrksa 

% 

10C.O 

10.8 

1·9 

4.8 

7.2 

10.6 

64.7 

13.6 

3f1,.2 

11.6 

10.5 

10.2 

100.0 

27 .2 

50.1 

lOe.o 
6.8 

2.0 

75·9 

:on excess of re<:'.Gent w~s usocl purIloeely 
to help counteract the deleterious effect 
of the slimes which ~i(~re proclucocl during 
concli tioning. 
T11e row;her tailing was aGain renccntizcd 
after the 1st float, but vcry little new 
materia.l was floc.ted. He,lover, whon this 
tail was roscrubbod, tho slimes removed, ~d 
then reagcntized, about 37 {:,Ta.ms of material 
was floated. This product contained a 
considorable amount of ~uartz, so it was 
recombined with the rQuchor tailine. 
The first 3 eleanor tailincs \'Tero somewb.at 
similar in appearance (each contained 
considera.ble ~unrtz) so they were combined 
into 1 sample for chemical analysis. 

Exhibit 5. 

Gre.vi ty Concentration Test 

Gravity Concentration Test No.1. 

Purpose 

Samplo 

l'rocodure 

To ~loterminc whethor a hiGh phosphate 
ma.torial can be proclucocl by {;revi ty con­
centration. 

Tho -14 + 28M fraction obtained from Scrub 
, Test No.2. " 

The sample was treated by the heavy li~uid 
Droccdure for sopnratinc minerals of 
di~forent specific bTc.vitios. 
Usinc; first a li~uid havinr; tho specific 
c,TC1.vity 2.88, the matorinl \'1hich uas 
hec.vior thOll this spocific [;rc.vi ty 'tmB 

rocovered c.s a product, w"hilo tho ma.tGrial 
\<1hich floated wc.s further separated with a 
li~uid medium hc.ving c. specific GTavity 
of 2.67 • 
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A.cetylene tetrabromide, diluted as required 
"d th carbon tetrachloride, vTaS the heavy 
liquid used. 

Table 7. 

RESULTS OF GRAVIrr 90NCtliITRATION TEST 

Product Weight 
% 

Head (computed) 100.0 
Float as sp. gr,. 

2.67 2.67 29.6 
Float at 2.88, 
sink at 2.67 34.8 
Sink at 2.88 35.6 

Observations 

17.7 

10.4 

14.5 
26.9 

Chemical 
Analysis 

20.2 

10.7 

29.4 
19.1 

The float 
sisted of 

at 

Per Cent 
Di str:l. bu:li.9iL-

100.0 

17.4 

28.5 

54.1 

li'e ° 2 3 

100.0 

"15.7 

5°.7 
33.6 

specific gravity 2.67 
quartz principally. 

con-

2. TH8 USE OF RUH JUNGLE PHOSPHATE ROCK TO PRODUCE A NITROG:r;}rOUs li'Ef1.1'ILIS:BR. 
f 

In May 1964 Esso Standard Oil (Australia) Ltd reported. that Q. split 
of the 100 lb. sample sent to the Colorado School of Mines Res8::xch Foundation 
Inc. by the Standard Oil Co Inc. vms given to tvTO companies 1'T1;.0 used a secret 
corr.minution process to obtain a ni tl'ogenous phosphatic .product giving the 
analysis in Table 1. 

Table 1. 

J.,f3SAY OF NITROO:ElWUS PHOSPHNrE PHODUCT. 

Item 

Moisture 

Moisture 26. 4. 64 

Total nitrogen 

Nitrate nitrogen 

Ammoniacal nitrogen 

P
2
0
5 

Citrate unsoluble P205 
Hater soluble P 205 
Iron Fe 

" Fe
2
0
3 

Alumina Al 

" Al203 
Fluorine F 
Siliceous material 
Acid soluble calcium Ca 

" II " CaO 

Percentage 

8.86 
8.98 

14.31 
7.57 
6.05 

21.40 
0.06 
2.40 

1.23 
1.76 
4.27 

8.06 

0.59 
0.10 
6.56 
9.2 
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l~ssC'~yocl by Shuey & Co. U.S.: ... 

Tho Esso pOODlo in :.mcric<1 m<'.cle the following comment-

"Tho mosturo content of this procluct nas 13. 86~;' 
ii.n unusually 1m·; cri ticr.l relative humicli ty ( 20;b) 
inclicntos thc.t tho fortilisor is very hybToscopic 
0.1 thoUGh tho semplo wC'..s roceived ~'.ry 2ncl froe flouinQ:, 
and rom:-..inecl tho.t vTo.y on overniGht axposure to 
ntmcsphcric mcisture. Tho high moisture content 
r..nd low critical rolc.ti vo humidi ty sug(~ost tho for-
mation of stable snlt hydrates. The fertiliser 
was 56% vmtor soluSloo The w.;:.tcr solublo 1'2°5 
accounted fer 11.2% of tho total ?205' l .. 10% 
slurry of this r>roc'tuct had 0. pH of 4. n ' " 
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PART 5 

TJ~TS IN PROGRESS 

1 • LA.BORATORY TESTS. 

S::'..IDples of calcined mntorinl from CostC31l 1 at Geolseo l"TerO 
sent to Dr. Norman of the C.S.I.R.O. in February 1964 for further pot 
tests. Some of tho results from these tests nre reported in Seotions 
2 mld 3 of Part 3. 

Sa.rnple 

1 • 

1.(ignitod)2 

2. 

2. (igni ted) 2 

Table 1. 

ASSAYS OF RUM JUNGLE PHOSPHATE Si\MPLES 

FOR POT JillD FIELD TESTS. 1 

Looality 

Geolsoc Coste:'ll 1. 22.5 

315'-330' 24.8 

Geolseo Costoan 1. 33.8 

459'-460' 34.2 

1Assayed by S. Baker (B.M.R.) 

2Cnlcinod for 40 minutes at 450°C. 

Ignition Loss 
d 
1° 

3.0 

The srunples '-Tere orushed nt the Mount ~!ells Stamp Bnttery in the 
Northern Territory and are taken from tho material sent to the C.S.I.R.O. 
exporimental station at Katherine in 1963 for field tests. 

2. FIELD TTISTS IN THE NORTHEIDT TEPJUTORY 

Uncaloincd orushed scmples of the material described in Table 1 
were sent to the C. S. loR.O. Experimental Station at K..'1.thorine :md to 
Mr. J. Tumour of Coom~lie Creek for field tests. 

The testing to be oarried out at Katherine is outlined in the 
follm'1ing programme • 
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C. S. I • Il. O. K.: ... THErLIl~"E ll.ESEiJl.C H ST~l.TION 

I'HE-SCHEDULE 

K.361 - mJM JUNGLE rHOSPH1~TE ASSEMENT. 

by 

M.J .T. Norman 

INTIl.ODUCTION In 1963, at tho requost of B.M.IL., L.R.H.S. conc.ucted 
6-woek pot tests with sorGhum on two s2.mples of rrum Jungle phosphnto rock. 1 
nosl')onses were poor. l>&".in at the request of B.M.rr., L.Ll.D.. S. is' unclertakine; 
a field tri~l to mensure the residual v~lue of these matorinls. 

OBJIX:TlVE To compar0 tho ini tinl cnc .. residual vp.lues of tvTO 
s:1.mples of r~um Jungle phosphnte rock Hi th those of Christmns Islc..ncl rock 
phosphate dust on n permanent pnsture of birdwood grnss. 

TRE~TMENTS Initinl applicc.tions 1963/64 

A. Rum Junclo No.1 4 cwt/ac 

B. " 11 8 cwt/ac 

C. " " 12 cwt/nc 

D. rrum JunGlo No.2 4 cwt/nc 

E. tl " 8 cwt/nc 

F. 11 " 12 cwt/nc 

G. Christmns Islc.nd 4 cwt/nc 

H. 11 11 8 cwt/acl 
I. " " 12 mit/cc 

J. Control Nil 

applications 

(from 1963/64 on) 

X (1 cvTt/ a.c super 

(Nil 

(S) 

( 0) 

DESIGN + }.B.EA,: H.5 (Hest). The 10 initial trec.tmonts on main plots 
35 x 30 ft. Rcndomizod block w'i th 3 replica.tes. 

Total Gron 210 x 300 ft. 

Will AGEMENT (a) i~t end of first year, forage harvest in April( 1964). 
(b) In subsequent years, for~Je harvest in February and 

April. 

1 

(c) Apply super troatments in lato dry senson ench 
year. 

(d) Boc;innine November, 1963, top (':.ress lTholo experiment 
by (lrill with 3 cwt/ac. sulphnto of ammonin 
o .. nnually. 

Two srunples of phosl')hnto rock i"Toro collected from Costonn 1 Goolsec. 
soo Part 5 T~blo1 of this record • 
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S:J'D?LING (a) In first yeDX, sample in April only 1 

(b) In subsequent years, sample in ro~runry ~nQ again 
in i.pril. Both inunec1intely bafore foro.{;o 
hc..rvestinc. 

(c) l.t s2-mplinc;, cut 3 random 1 x 1 ycl. quaclr~ts per 
plot 2J1cl bulk together. \:TaiCh s2lIlples, t2..ke 
200 @Il. chopped s2JIlple end clry. UmTOigh. Mill 
dried sub-samples for subsequent Nand r analysis. 

3. BLlfSFICH.TION TESTS 

Two snmples have beon collected from Costean 1 Goolsoc. for 
beneficiation tests in France by Cerphos. 

2. 

Table 2. 

:i?HOSPHi~TE SilMPLES FOn BENSFICIL.TICN TTISTS BY C1T~HOS. 

Semple Sito 

Costoan 1 Goolsec. 

459'-460 1 

Costean 1 Gcolsec. 

315'-330' 

CONCLUSICN. 

Semiqu~titGtive P205 l;nalysis. 

28 

12 

At present tho hiGh iron anc1 aluminium content of the RUr.l Juncle 
phosphate rock, its fine [~ainsizo nnd itsconscquent tendency to form 2-
large proportion of slimes "Then crushed, make it unsui tc>.ble for use as 
rm'l mcterial for conventional methods of superphosphate mnnufacture. 

Considerable hope exists that the current C.S.I.i"l..O. exporiments 
.. Till prove it to be sui table for use as calcinec1 c,Tound rock phosphate 

vThose value as a. fortiliser vTill equ2..1 that of supcrj!hosphate • 
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