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Fig 1

LOCATION OF AMADEUS BASIN WITH REFERENCE TO AUSTRALIAN
1:250000 AND 1:253,440 MAP SERIES
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PHOSPHATE DRILLING, AMADEUS BASIN

by
J. Barrie

Records 1964/195

SUMMARY

Geologists of the Bureau of Mincral Resources (B.M.R.) commenced
mapping the Amadeus Basing N.T. in 1960s They observed and sampled
numerous outcrops of pelletal phosphorite which occur in rock units of
the Ordovician Larapinta Group, principally the Stairway Sandstone.

During the period 22nd July to 28th October, 1963, a programme
of core drilling to evaluate the phosphorite was completed in the Amadeys
Basine The objective was to test the Stairway Sandstone for distributiqn
thickness armd grade of the phosphorite beds. Analysis of core samples
has indloatai a range of P 05 content from less than 1 percent to 12 per-
cent, in contrast to surface samples which range from less than 1 percent
to 22 percent.

No deposits of economic significance were penetrated in the
four drill holes completed. The post promising interval of phosphorite
was encountered in the Inindia Bore area where an 11 foot section averaged
340 percent P, 5 )

The most abundant developments of phosphorite occur in the samdy
units of a silt facies of the Stairway Sandstone and their distribution
is controlled by topographic ‘highs' on the Ordovician sea floor.

The potential for the presence of extensive mineable deposits
of phosphorite in the Ordovician sediments of the Amadeus Basin appears
to be low,.

INTRODUCTION

The Amadeus Basin is located south-west of Alice Springs, in
the southern part of the Northern Territory of Australia (Fig. 1). The
Basin trends westerly and is approximately 500 miles long by 150 miles
wide. It is bounded on the north by the Arunta Complex and in the south
by the igneous and metamorphic complexes of the Musgrave, Mann, and
Potormarn Ranges. The Basin is filled almost entirely with Upper Proter-
ozolo and Palaeozoio sediments with a maximum thickness of over 30,000
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feot along the northern margin. The rocks of the Basin are essentially
shelf deposits and have been subjected to moderate folding and faulting.

The presence of phosphorite in the Amedeus Basin was first
mentioned briefly by Wells, Forman, and Ranford (1962) who fourd isolated
outorops of thin phosphate-rich beds in the Ordovician Stairway Sardstone
of the Mount Liebig Sheet area in the north-western part of the Basin.
More detailed examination of these phosphorites was carried out during
1962 (Wells, Ranford, and Cock (1963)) and during 1963 (Ranford and
Cook, 19643 Wells, Stewart, and Skwarko, 1964). The phosphorite are con-
fined to the Ordovician Larapinta Group, particularly the Stairway
Sandstone.

This report deals principally with a diamond drilling programme
to investigate the phosphorite occurrences in the Stalrway Sandstone.

Deofinitions @

1e Phosphate is a salt of phosphoric acid : most, if not all,
naturally occurring phosphates are derivatives of ortho phosphorioc
acid. Phosphate assays are generally expressed in terms of
phosphorus pentoxide P205. The maximum theoretical P205 content
of any rock is 42 percent.

2. Phosphatic rocks are those which contain more than normal
amounts of phosphate minerals. (generally > 1% P205).

3. FPhosphate rock is any rock composed mainly of phosphate
minerals. (generally ) 20 P205).

e Phosphorite is a sedimentary phosphatic rock.

REVIEW OF OPERATIONS

The 1963‘ phosphate survey of the Amadeus Basin principally
involved a diamond drilling programme to test the Ordovician Stairway
Sandstons in which phosphate had been detected in outerop by B.M.R.
field perties. A continuous core drilling programme provides for

Te the examination of the unexposed parts of the lithologic
section in any one locality.

2e The comparison of the grade of phosphorite in the urmeathered
zone with that in outorop.

3. a comprehensive study to be made of the environment of
deposition of the sediments,

During the period 22nd July to 28th Ootober four holes (DDH/AP{-
AP4) were drilled by Associated Diamond Drillers Pty. Ltd. for a total
footago of 2573 feet amd a total cost of £17,830.



FEET
DRILLED

Fig. 2

DIAMOND DRILLING SUMMARY

3000
2573’
R
2234} ,--
20004 .
vq‘b
= o
1 ¢
o2
1000 8’ e e
\
43
0 — ] s
20 01 " 3
July August September October 1963

Contractor:  Associated Diamond Drillers

Type of Rig: Mindrill A3000

Core Size: Bx, some Nx

Driller: 0.K. Fredericksen

Location : Central Australia .

Access : Good for 4 wheel drive vehicles

Distance fo water:
Price per foot drilled:

Min. 5:5miles May. 28 miles
0-600 feet £6:100
>600 feet £6:15 0

Core recovery banus per foot: 80-857 1/6
86-90] 2/6
91 -95] 5/-
96 - 1007 7/6
Total footage drilled: 2573 feet
Cost: Drilling rate - £16846 - 13-2
Core recovery - 839-5-0
Sundries 143 -11-8
Total cost £17829 - 15-10

_Average cest per foci £ 7-6-5

Bureou of Mineral Resources, Geolegy and Geophysics May 1964
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Four surface sections, loocated at the castern end of the Johnny
Creek Anticline, near Carmichael Crag, on the southern flank of the George
Gill Range, and in the Inindia Bore area, were oxamined and samples in
detail (Appendix 2). Many other localities were examined briefly.

Conourrently with the drilling programme the regional mapping
parties continued their examination of phosphorite in outcrop.

SURVEYING
Sections were measured using a tape and Abney level. Data was
recorded directly onto prepared sheets and, with the use of a graphical

conversion chart, converted to true thickness.

ASSAYING AND SAMPLING

Samples from drill holes or surface soctions were assayed by a
semi-quantitative method in a field laboratory at Rum Jungle and check
analysis by a quantitative method were made in the B.M.R. laboratory at
Canberra.

The quantitative figure for values less than 2 percent P205 was
found to be as much as four times that of the semiquantitativo figure.
This error decreased progressively for higher concentrations of P205 to
approximately - 1 percent for a 20 percent assay.

Core samples were split longitudinally with a broad chisel, one
half going for assay and the other remaining as a record of the lithology.
Later some samples were split with a diamond saw. Samples from surface:
seotions were collected by the channel method.

DIAMOND DRILLING

The diamond drilling contract is summarised in Fige 2. All
four holes were logged geologically, and the last three were also logged
electrically with a (B.M.R.)"Widco 1,000 foot Logmaster", by T. Quinlan
and J. Barries All core was tested for on5 using a field reagent com-
posed of a mixture of dilute nitrioc acid and ammonium molybdate. In the
beginning all core found to be phosphatic wes split, crushed and assayed
for phosphate. Later, only relatively rich pelletal material was sampled.

All core was transported to Canberraz for storage at the B.M.R.
Core and Cuttings Laboratory, Fyshwick, where it is available for
examination. Logs of the digmond drill holes are presented in Appendix 1.
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Nx casing remains in the top of each hole. AP1, AP2, and AP3
have acrewed metal caps, and AP4 a wooden plug. AP1 was plugged at 650
feot and cemented with a quarter barrel of Fondu and one bag of Portland

oemants.

TENTATIVE CORRELATION OF ROCK UNITS Fio.

|:-—-— RAWLINSON ——- BLOODS RANGE ~——+~—— LAKE AMADEUS —to—— HERMANNSBURG —

PERTNJARA FORMATION

\

\SMM
Toxesy FORMATION
LEd

Ay a
o *Har ameywacxe ]
ORy ]
ALY sivaTon -
=
z
a i
PACOOTA SANDETONE g |
< |
" o |
\_—’_ ’
¢, - !
[-3 i
X wewsen g ]
E) -
2 8
WINNALL BEDS h
WINNALL L2V E
LT
? BEDS §
ELLIS SANDSTONE e =
P4 argywacee NEMBER b
PERTATATAKA H\__q o
?W S FORMATION
CARNEGIE SANDSTONE v\.\-\‘“"ﬂ\ PERTATATAKA FORMATION
ININDIA  BEDS )
a ININDIA
- BE0S L et |
—7?  DISCONFORMITY P mana 2 Anan P amans 7 annnd ?mu DISCONFORMITY i
BITTER SPRINGS LIMESTONE BITTER  { Morthern half of shest) g
{ Northern holt of aheat } SPRINOS LIMESTONE
v (Southarn haif of shaet ) BITTER SPRINGS LIMESTONE BITTER SPRINGS LIMESTONE
PINYINNA BEDS i
DEAN QUARTZITE DEAN QUARTZITE ) ? ; ? 2 HEAVITREE QUARTZITE
Burecv o/ Miraral Resources, Gaoiagy and Cecphysics,  Morch I963 Te gccompony Recore Mo 0{(195 e

PLOUGHING

Outcrop is poor in areas where the Stairwsy Sandstone dips at
a low angle. However, in many places the bedrock is less than 1 foot
below the surface. To provide a cheap, portable, and easy to use item of
equipment to expose bedrock in these areas, a 'plough' was designed and
fabricated. Briefly, a one horse Plough frame with a fabricated 'snow
plough' type shear or blale was towed behind a Land Rover (Figs 3).
After initial experiment amd modifiocation trenches to a depth of 9 inches
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could be dug in soil and rock debris with relative ease. This euabled
as much as 50 percent of the unexpected section to be exposed,

However, at the onset of the diamond drilling, sampling surface
sections was curtailed, and the usefulness of the equipment was not fully
exploited.

It is suggested that such equipment, adapted to fit dircotly
onto a Land Rover with provigsion for hydraulic manipulation, would serve
a useful purpose in any investigation where it is desirable to determine

the nature of the near surface bedrocks

FPige 3 ¢ Trenching using a modified plough.
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REVIEW OF GEOLOGY

The rock units, their distribution and relationship, are
summarized in Plate 1 and Fige 4.

Figure 4, with minor modifications (Forman, and Ranford pers.
comme), and the information contained in the following section have
been a&apted from Wells etals 1963 and Forman, 1964

HISTCRY (Wells, et als 1963)

The oldest known sediments of the Amadeus Basin are of Upper
Proterozoic age ani lié unconformably on Precambrian igneous and meta~-
morphic basement, The basal Heavitree Quartzite and the overlying
Bitter Springs Limestone are considered to be shallow marine sediments
énrl were probably deposits on an epiocontinental shelf. The deposition
of the Bitter Springs Limestone was followed by minor uplift and erosion
in some areas) In the noFthern part of the basin the overlying Areyonga
Formation (siltstone, samdstone, and tillite) contains fragments of
the older sediments and basement rocks, and has been interpreted as a
water-laid deposit formed in a glacial environment, On the southern '
half of the basin the equivalent Inindia Beds (chert, chert breccia and
dolomite) were deposited apparently conformably on the Bitter Springs
Limestonee« These sediments were followed unconformably by the Winnall
beds (sardstone ard siltstone) in the south, 'a.xﬂ conformably by fhe
Pertatataka Formation (dom:.nantly siltstone) in the north,

Sedimentation probably continued late into the Upper ?roterozom,
after which the seda.men'bs in the sou‘bhern half of the basin were s‘brongly
folded and upli,.fted. During the Ceunbri.an the uplif'ted arcas were eroded
resulting in the deposition of a suite of sediments ranging from deltaio
in the south to marine in the north, , | |

Deposition of the basal sandstone of the marine Larnpin‘ba Group
during the Upper Cambrian marked the beginning of a period of cyclio
marine deposition of sandstone, siltstone and limestone which contimued
into the Upper Ordovician, These Larapinta Group sediments are largely
if not wholly shallow water, marine, stable shelf deposits. The Ordovician
seas supported é. prolific fauna ard the distribution of the sedimeh‘h_s
indicated that each successive unit transgressed the previous one a.n:l
that the seas were probably most ﬁidespmad in the Uppexr Oxdovibian.
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The succesding Mereenie Sandstone (?0rdovician-Devonian) has a
gradational contact with the Larapinta Group and appears to have been
deposited in a combination of deltaic, aeolian and littoral environments.

The Pertnjara Formation wos deposited in a continental environ-
ment of Upper Devonian age as a result of a series of orogenic movements
near the northern margin of the basin. Orogenic movements continued
after the deposition of the Pertnjara Formation and caused folding and
faulting which affected the sediments throughout the basin.

The folded and uplifted Amadeus Basin sediments then underwent
a long period of weathering and erosion forming the strike ridge and
valley topography featured in the present land surface.

Remants of sediments deposited during the Permian glaciation
are known from the western (Ligertwood Beds) and south .eastern (Crown
Point Formation) parts of the basin and some valley fill deposits of
possible Mesozoic age were deposited in the north-east part of tho basin.
A climatic change during the Tertiary resulted in the deposition of
conglomerate immediately adjacent to the ranges, and the formation of
& lake gystem with lacustrine sediments. An arid phase, probably during
the Quaternary, formed extensive sand dunes, which have subsequently been
fixod by recent vegetation.

STRUCTURE (Forman, 1964)

The Upper Proterozoic rocks along the margins of the Amadeus
Basin, particularly in the south-west and north-east, were folded during
two orogenies.

The older folding (Petermann Ranges Folding) occurred in the
south-west after the Upper Proterozoic sediments had been deposited, and
caused the recumbent and isoclinal folding of sediments beneath the Bitter
Springs Limestone and FPinyinna Beds. The sediments overlying the Bitter
Springs Limestone probably slid northwards on a decollement surfaco.

The younger folding (Amadeus Basin Folding) took place along the
northern margin of the basin,; probably late in the Dovonian. The Arunta
Complex and the Heavitree Quartzite were foldod into isoclinal and
recumbent folds beneath the Bitter Springs Limestone, and the sediments
overlying the Bitter Springs Limestone slid southwards on a decollement
surface in the limestone and were only moderately folded.

It is suggested (Forman, 1964) that the Upper Proterozoic sedi-
ments represent stable shelf sedimentation and pre-orogenic sedimentation,
and the Lower Palaeozoic sediments include orogenic and post-orogenio
sediments related to the Petermann Ranges folding. Overlying these are
stable sediments of the Ordovieian Larapinta Group.
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The Middle Palaeozoic sediments comprise a pre-orogenic sand-
stone, the Mereenie Sardstone, and post-orogenic conglomerate sandstone
and siltstone of the Pertnjara Formation related to the Amadeus Basin
Folding.

Upper Palaeozoic, Mesozoic, and Cainozoic sediments are typically
flat-lying and unconformebly overlie the older sediments of the Basin.

Diapiric structures with cores of gypsum and salt are known
from the Amadeus Basin (Prichard and Quinlan, 1961, Wells et al, 1963).
Gypsum and probably evaporites may be present in the cores of many of
the anticlines resulting from decollement folding.

The Larapinta Group

The age of the Larapinta Group ranges from late Cambrian to
early Upper Ordovicians The Group is composed of four formations. The
oldest, the Pacoota Sandstone, comprisos a sequence of silicified sand-
stones conformebly overlying the Cambrian Pertacorrta Formation and
succeeded conformably by the Horn Valley Siltstone, Cross-bedding, ripple
marks, and sun cracks are common. A distinctive 'pipe-rock® bed occurs
near the base of the formation and the top of the formation is typically
glauconitice Fossiliferous bands are rare but tribolites of Upper
Cambrian and Lower Ordovician age have been collected from a section in
Ellery Creek (Prichard and Quinlan, 1961). The thicknest known section
(3,000') is along the Finke River in the MacDonnell Ranges, but thins
progressively to the west, south, and east. The Pacoota Sandstone contains
negligible amounts of phosphate. Two samples of sandstone with phosphate
pellets are regarded by Ranford and Cook (1964) as exceptional lithologieé
in the Pacoota Sandstone.

Horn Valley Siltstone is a siltstone containing thin limestone
and fine grained sandstone beds which conformably overly the Pacoota Sand-
stone and is succeeded conformably by the Stairway Sandstones The thickest
known section is about 1400!' in the Western MacDonnell Ranges. The pattern

of isopachs of the Horn Valley Siltstone is similar to that shown for the
Stairway Sandstone (Plate II). The formation is richly fossiliferous.

The feuna, which includes gastropods, brachiopods, trilobites, nautiloids,
pelecypods and graptolites, indicates a late Lower Ordovician or an early
Middle Ordovician age. Thin phosphatic beds have been found in silty fino-
grained sandstone near the top of the section.

The term Stairway Sandstone (Wells et al. 1962) was originally
named Stairway Greywacke (Prichard and Quinlan, 1962). The dominant
lithology is fine armd medium grained quartz sandstone but o friable and
easily eroded siltstone sanly siltstone and sandy limestone facies (here-—
after called the 'silt facies') is present in the Idirriki Range and is
common in the thimner scctionse Some thin basal conglomerate has been
fourd along the southern margin of the Basin. The formation is richly
fossiliferous and bedding planes are characterised by abundant miscellaneous
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tracks and trails. The age of the formation has been given as Middle
Ordovician. The thickest known section (1840') occurs in the west
Idirriki Range (Plate II); Details of the occurrcnce of phosphate in
the Stairway Sandstone are given in the next section.

The Stokes Formation, which conforxmably overlies the Stairway
Sandstone, is the youngest foxmation of the Larapinta Groups The Forme
ation is composed of siltstone with numerous fossiliferous thin beds of
calcarenite typically located near the base of the sectione The maximum

knowm thickness of 2,000 feet occurs in the type section at Stokes

Pass. Thin pellet banis, found at the base of the section may ‘'represent
a contimuation of Stairway Sandstone conditions into the Stokes Formation'
(Ranford and Cook, 1964).

PHOSPHATE OCCURRENCE IN THE STAIRWAY SANDSTONE

Since the first recognition of the occurrence of phosphate in
the Stairway Sardstone in 1961 many observations of phosphate in outcrop
and as surface rubble have been made throughout the Amadeus Basin by
B.M.R. field geologists. Over 100 samples have been assayed for P205.
Reports on these observations and assay results are recorded in Wells,
Forman and Ranford, 1961; Wells, et al. 1962, 1963, 1964, Forman, 1963;
Ranford amd Cookj; 1964 and Forman and Hancock, 1964.

In addition to this work many sections were visited and examined
during the 1963 drilling programme.

Positive field reagent tests have boen obtained from pelletal
(also includes granuiar ard nodular) sandstone, siltstone, and limestone,
from limestone, calcareous sandstone and siltstone, and from some non-
calcareous sanmdstone and siltstone. Numerous assays of surface samples
of these lithologies show that the highest results are obtained from
those lithologies containing pelletal material. Other materiel typically
contains a 'trace' but some gives a few percent P205. This characteristic
is clearly demonstrated in the continuous sequence of assays in DDH/AP{
(Appendix 1), Thus it must be concluded that only pelletal material is
of any consequence for concentrations of P205.

Pellet beds (pellets dominant constituent), pellet bands (pellets
scattered in sand/silt/lime bed) and pellet horizons (pellets random
along bedding plane) have been observed through all parts of the Stairway
Sandstone section, but the most abundant developments are in sandy bands
within the silt facies.

The best exposures of pelletal material observed on the ground
are in the vicinity of AP, in the Johnny Croek area. However the thinner
sections of the Stairway Sandstone, and especially the silt facies, are
poorly exposed.



BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS FIQ 5
GEOLOGICAL LOG OF DRILL HOLE

PROJECTJ‘}MQEQS345/4(/0(‘{05;’”(4715/
HOLE NO ... B i e ANGLE oo B oo BEARING ovsorsonns ...‘..........ELEV&T!ON....‘.?‘.2.7.?9...‘..(./(ff{f‘.‘.l.'iﬁt,).....

wocaTion. . LLOHNNY. . CK.....Four MLE.. L AKE. AMADEUS...... aTTubE.. 24T S ... LonaTupE . 43/ 241 £ (APPROX)

’
e I T O B S

A
& :
o & s &
=/ o/ N6 ) S 6? & 3>
AT TS Q S _ & MINERAL
&/ f < é"& § & ,.52-‘& LITHOLOGY A CONTENT
€ S § Qg? 4«
]
NX w0 Sand, grovel and clay 's E
' 4 St 70 ] , 1) g
BX oY . vrg | Colcoreous sittstone, samdy sittstone Q Al core registered ]
20 rminor | PG Sondstane and thin beds Limestone. S | *ve P05 with field |
AV. ramg ty | rEOPRN!. Assay from -
8 : Colcoreous sano'stone, sondy silfstone 3’;;’."}3;9 6;'.‘95 ;’“. 3
8% » Vr=rg |and silfstone ond thin bonds pellels, o Tl g
100 1rodules and minor lime ’ 0905 and 706°9
18" e 7289°10 " ronged yp fo
- 90 Sondsfam_e ono occossonal thin bond's fv‘if ffé, oy i
K 10 Fg | sandy silstone ond siltslone; rore . 1
[ peliers. 1
[ 100% | 0 .
E ® Sand'stone and siltsrtone, slumps, burrows| -
i VF-1g | and trois common; occasinal thin b
200 petlef bonds. B
= 20" .
(300 s 18° i
- ] Siltstone and shale colcareous inport g 7
L v ond thin bedls sondy siitstone ond sitty | Q J
_ N sondsione; mony thinpelle! bonds, rare |~ 4
B 3 ltimestone: cisseminated pyrite. § i
L S ]
: 3 : 3 :
" a0l § 20" & i X
L S X &
[ 3 R ]
& ]
& L R N J
L 3 e} 4
- \ -
L W
C < 486 A
500 g 20° -
8 § . j
B - 543 4
i '§ White | Fm, ]
L o mnor| and | Sandsfone, more or /ess siicified, with ]
5 s . e mony rhin peltel bomds v yoper pariy; d
L [ 384 | grey 1 C9 i Stitslone ond sondy siltsfone bands -
600 20% occur fhrovghout =
o) :
= 20° :
- ° i
- . :
- 682' . 2
100} 6’ ; o
¢ I Is° Dork A 'i" i
i 20 : .| grey WV Rl . ]
[ 754 | 4 Shale and siltstone with thin beds limestone| |3 |0/ ~bearing sonds/one -]
i 21° Black and sty sandstone : thin oolitic pyrife N | occurs belween |
L : bedls of fop, cisseminoted vFg pyrite |G |652'5"-656 107 4
ek p with throvghour: several Flight fractures, | \ | ‘37~ 661'0" 4
800 16 minor mostly Filed with coleite ond midor iy 659 5 e Sy o
& grey res/dval fyorocarbons. N | ond 67407 675'2". ]
i 20" R |Resiaval hydrocorbons
5 . X | gre present in 1
s 17 Froctures fo the ]
E § bottom of 1he hole.
i 20’ 88!’ . : . X 5
: Grey \vr-mg Sitty sonastone ord glovcomre, minor i
9001~ 20° 901’ pyrite, hyarocarbons and limeslone. ]
9 T. D 38" [ White | Facg 05 I0nE Ond GlouconiTe, lydrocardons. |, T.D.
§ PACOOTA g
B SANDSTONE 3
1000

.

REMARKS

DOrilling fluid — waler - consumpiion less
thon 400 gallons per 10 hour shift.

Drawh b R GW.



10.

DRILL HOLE DATA

AP{. (AP = Amadeus Phosphato)

The site chosen for AP1 was at the eastern end of the Johnny
Creek Anticline adjacent to the section where the highest grade
and greatest number of phosphorite beds had been found. Since pellet
bands had been observed also near the base of the Stokes Formation the
hole was designed to intersect the lowest 100 feet of Stokes Formation
before reaching the Stairway Sandstone, and to carry through to the top
50 feet of Horn Valley Siltstone. However, the Horn Valley Siltstone
was fourd to give a strong field reagent test and drilling continued
through to the top of the Pacoota Sandstone.

Fig. 5 is a summarised log of the hole.

Phosphate
In order to obtain a suite of data for correlating phosphate

content with lithology, the core was sampled continuously from O' to 256'10Q%
and thereafter only atlselected intervals. Assays ranged from not detected
to 11.3 percent P205. Sample intervals ranged from 1" to 10'., Psllet
beds ranged from 1" to 5" and with rare exceptions, only samples of pellet
material contained more than 1 percent P205. In terms of thickness and
average grade the most interesting interval was 93'1" to 101'53" (8'43")
which averaged 1.9 percent P,0;¢ The 1'4" interval from 837" to 84111"
averaged 4.8 percent P205- _
Semi-quantitative assays of samples from the top of the Horn
Valley Siltstone gave less than 1 percent Péosl These results are contrary

to expectation based on the strong reaction to field test and the presence
of scattered grains and pellets,

ite
Fine-grained disseminated pyrite was common in the top 30 feet
of the Horn Valley Siltstone. A 23" bed between 711'8" and T711%108" was
composed almost entirely of pyrite. This zone is equivalent to tho oolitio
ironstone (limonite/hematite) beds observed during geologic mapping of the
Amadeus Basin.

0il
Sandstone containing free oil was intersected between 652%5" and
656'10", 659'3" and 661', and 674' and 675'4". Residual hydrocarbons were
present also in fractures throughout the remainder of the hole. These
intervals and other parts of the core fluoresced under ultra violet light.
The occurrence of oil in DDH/AP1 is described in Record 1965/78 .
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AF2

AP2 was collared in the top of the Stairway Sandstone ard drilled
through to the top of the Horn Valley Siltstone. Fig. 6 is a summarised
log of the hole.

A1l the core gave positive tests for P205 with field reagent
but pellet occurrences, though mumerous, were poorly developed. Several
samples selected on the relative frequency of pellets were obtained from
the interval 69'5" to 91', but semiquantitative assays gave less than 1
percent P205.

Disseminated colitic pyrite was abundant from 490' to 511' amd a
1 foot bed of ocolitic pyrite occurred at 505' to 506's The oolites aon= -
teoined from 10 to 20 thin concretions of pyrite and ranged up 1 mm,
diameter. Many parts of the core gave superfiéial fluorescencs urder
ultraviolet light, but was clearly due to contamination from drill rod
grcase. One small patch of fluorescence near the centre of a freshly
broken face of core was probably due to the presence of natural hydrooarbons.

Lost circulation and no core recovery from 511' to 519" was pro-
bably due to an open near-vertical fracture.

AR3

AP3 was collared in the top of the Stairway Samdstone and drilled
through to the top of the Horn Valley Siltstone. Fig. T is a summarised
log of the hole.

All core gave positive tests for P205 with field reagent but
although occurrences of pellets were numerous pellet bands were thin and
poorly developed. In view of the results obtained from AP1 and AP2 no
samples were takon for assay. Oolitic pyrite was common from T12' to 732!
ard oolites ranged up to 1/10" diameter. This zone of pyrite rises upwards
in the stratigraphic column from west to east (AP1 and AP3) and is thinnest
in the east. This trend in thickness agrees with surface observations of
the oolitio ironstone bard ranging from 4 feet thick in the central westé
ern Amadeus Basin to a few inches in the Levi Range. If this zone is
continuous across the basin then it may serve as a useful marker for sedi-
mentological ard palasogeographic studies. Probably the genesis of the |
pyrite is related to biochemical products from the diagenesis of the Horq
Valley Siltstone. |

The colour of the Stairway Samdstone from 500 to 650! ranges from
dark pink to white with minor green and grey. This apparent oxidation of
the sediment may be due to non-reduction of the sediment during lithification,
a hiatus in the Stailrway during which the sediment was weathered, or the
sediment may be terrestrial. Also it may have some relationship to the
erosion of the Stalrway Sandstone in the Waterhouse Range area, 60 miles
north-east of AP3, (Ranford and Cook, 1964) e.g. it may be a marker for
the time of erosion in the Waterhouse Range area.
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AP4

AP} was collared sufficiently high in the Stokes Formation sect-
jon to allow for intersection of the Stairway Sandstone in the unweathered
zone. The hole bottomed in Upper Proterozoic Winnall Beds. The base of
the Stairwey Sandstone is weathered and the unconformable contact with
the Winnall Beds is marked by a 1" conglomerate bed and an abrupt colour
change from white to purple and brown. It was oonsidered at first that
the soft silty sandstone from 291% to 298" andl the white sandstone from
298! to 326" may be equivalent to the Horn Valley Siltstone and Paccota
Sandstone respectively. However, the soft silty sandstone contains the
gsame conodont assemblage as the sediments above ity no conodonts were
found in the white sandstone. (P. Jones, pers. comm.). This data, while
not conclusive, is consistent with the interpretation that these beds
are part of the Stairway Sandstone.

Pollets occurred throughout the Stairway Sandstone with the
axception of the weathered siltstone and sandstone at tho base. Accumulaj-
jons of pellets were well developed between 246' and 260%'. The 11 foot
interval from 248'4" to 259%4" averaged 3.0 percent P205 and of this the
first 7'6" averaged 3.3 percent P,O.. A 4" sample of pelletal sandstone ?
from 274'T" to‘274'11“ assayed 12.0 percent ‘P205 and represents the high-
o8t assay obtained from unweathered phosphorite. This contrasts with the.
many surface samples from the Amadeus Basin which range up to 22 percent
P205.

The basal part of the Stairway Sandstone intersected in AP4 crops
out near a ridge of Winnall Bods approximately 2,000 feet north-east of
the drill site. Samples (from this area) of sandstone with phosphatic
pellots (Wells et ale, 1963 Nos. LA 228 and 229) assayed 15.6 and 10.4
percent P205 amd semples of 'coarse sandstone' (Wells, ot al, 1964 Nos. T01B
and D) assayed 16 and 17.8 percent Py0se A singlo pellet (701C) assayed
27 porcent P205.

This apparent surface enrichment was investigated by trenching
to expose the near surface bedrock (see S4 Apperdix " )« The depth of
the trench varied from 6 inches to 3 feet. Assays of the chamnel samples
obtained do not vary significantly in value to thosgbbtained in the drill
hole. Thus it ie concludedy 1e that the ‘enrichment' of surface samples
is due to removal of non~-phosphatic material by weathering amd 2, that
such enrichment is confined to the surface and does not persist through
the upper part of the weathered zone.

Socordary deposits

Throughout the Amadeus Basin vast amounts of siliceous, calcareous,
forruginous and phosphatio material has been removed by the mechanical
and chemical processes of weathering and erosion. Secondary deposits
of silica, lime and iron are prosent in many parts of the basin, but none
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of phosphate have been found., This may be expected since informe ation

from known secondary deposits indicates that an alkaline environment

is required to concentrate phosphate, that such phosphate rock is difficult

to recognise without chemical assay, and that the phosphate is a lesser

fraction of the chemical weathering products than silicaj iron, or lime.
During the field programme some brief cxaminations were made of

outerops in the Tertiary (?) weathering profile in the Henbury Sheet

area. The following is a diagramatic comparison of the chemical profile

of secondary deposits at Rum Jungle, South Australia (Jack 19 , Johns 19 ),

and Dead Bullock Plain (Amadeus Basin) s-

Rum Jungle South Australia Dead Bullock Plain
e S:i.O2 ;“"“ Travertine or = 3102
i h~+'Kunkar in part
P, Fe, Mn, U ; i P, Fe, Mn [} Fe Fe
"1 caco, ["e Caco, ™™ caco, ?seds.,
Lower Proterozoic Cambrian Upper Proterozoio

In any search for eecondary deposits in the Amadeus Basin
probably an ideal combination to look for would be Stairway Sandstone
"(as source) in contact or close proximity to limestone (to provide an
alkaline environment) within the Tertiary weathering profile (to induce

concentration).

CGENESIS

The genesis of phosphate will be considered from three basic
attitudes, field data, geochemical cycle, and comparison with known
depositse. Since the Amadeus Basin phosphate is undoubtedly of sedimentary
origin 211 argument presented will have regard to this special case and
also to the form of the phosphate viz. as pellets, grains and nodules.

In this section it will be shown that 3
1e The distribution of phosphate in the Amadeus Basin was probably
controlled by topographic highs on the Ordovician sea floor:
2u The source of the phosphate may have been localt
3. The process of accumulation ard restriction of phosphate
to the Stairway Sandstone has yet to be fully explaincd. A discussion
on the source and the development of phosphorite is presented as a basis
for argument.

Field Data

The principal field evidence pertinent to any hypotheses on
the genesis of phosphate in the Amadeus Basin is =
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1e The oxidising marine environment. It is generally agreed that

the Stairway Sandstone is a product of a stable shelf environment, with
shallow oxygenated waters and probably variable currents ard directions

of sedimentation.

2e The association of phosphatic pellets with lithology. Typioally
the pellets are associated with sandy units of the silt facies of the
Stairway Sandstone. This association is apparent from the log sheets
(Apperdix 1) and is being supported in detail by a sedimentology study
(Crook and Cock, in prepe)e

3. The association of pellets with pyrite. Pyrite is a common con-
stituent of the Stairway Sandstone and is commonly associated with phosphatio
pollets. In thin section pyrite is present in the matrix between pellets
and in some ceses is also present in the matrix of the pellets. This
assooiation does not refute the concept of an oxidising marine environment
and is discussed at the end of the section.

4e The presence of the most promising concentration of phosphate in
AP4, near the southern margin of the basin. This may be typical of the
margins of the basin or it may be peculiar to the local conditions at

and about AP4. The site of AP4 is adjacent to a ridge of Upper Proterozoic
rock mapped as Winnall Beds. The Stairway Sandstone laps onto the side

of this ridge. Eastwards of AP4 Stairway Sandstone abuts against similar
ridges of older rocks. '
5e The apparent absence of lower units of the Stairwoy Sanmdstone in
the southern parts of the basine The four drill holes may be broadly
correlated in terms of an upper and lower sandstone separated by o silty
lithologye It has not been demonstrated that these rock units also correl-
ate in time. The correclation may be a product of a transgressing sea and
consequently would emphasise the importance of the environment and type

of sedimentation,

6. The pellets are detrital.

The field data alone does not define any principal factor con-
trolling the distribution of phosphorite in the Amadeus Basin. The data
suggests three possibilities viz. marginal distribution (shoreline?),
control by topographic highs on the Ordovician sea floor, and restriction
to the thinnest section of the Stairway Sandstone (less sediment=less
dilution of phosphate deposited).

Consideration of the geochemistry of phosphate and comparison
of the Amadeus phosphorite with that of the 'Phosphoria'! and the 'Sea
off Southern California' suggests that the Ordovician sea floor topography
was a major control of the distribution of phosphate in the Amadeus Basin.
The Geochemical Cycle ond faotors affecting the accumulation and distribut-
ion of phosphate. )

It is assumed that the ultimate source of phosphate in sea water
is from the weathering of phosphate minerals on land. Since phosphate
minerals are a very small percentage of the total mineral content of the
earth's orust, the content of phosphate in the solid state (e.g. ag detrital
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apatite) will remain proportionately small throughout that part of the
cycle from weathering to sedimentary rock. Consequently proformed
phosphate is not significant in the formation of phosphorite.

Phosphate in solution however, is available for accumulation
and concentration and the ultimate formation of phosphorite.

Presumably the relevant part of the cycle is 3
1. phosphate in solution
2., solution to suspension
3. Suspension to sediment (deposition).

4. Formation of the pellet form (which may begin during 3)e
5« Accumulation and oonéentration of pellets to form phosphorite.

Concurrent sedimentation and/or chemical precipitation other
than phosphate, at stages 3 ard 4, would dilute the product (5) amd
defeat the formation of phosphorite. These factors therefore, must be
considered when delineating those areas on a sea floor where, ultimately,
phosphate may accurmilate to form phosphorites.

Co-precipitation of other chemical products such as lime amnd
silica is not significant since the sam¢ conditions, or change or condit-
ions, e.g. of Eh and pH, that precipitate phosphate will act as natural
selectors and essentially only one product will dominate at any given
time or place.

The rate of torrigencus sedimentation is greatly reduced in
still or stagnant watcrs, areas of strong current or turbulence, in back-
reof areas; in seas which have a poor supply of sediment (c.g. where the
ad jacent land has reached base level of erosion) and on the tops of high
ridges and hills on the sea floor.

In the Amadeus Basin the Ordovician sea during Stairway time
was shallow anl its waters were 'mobile'. Small local stagnant basins may
have existed but no cvidence for this has boen found. Locally, strong
currents prohibit the deposition of phosphate. High submarine ridges and
hills of 'basement' rocks existed (Wells, pers. comm.), and also it is
possible that some of the fold structures of the Amadeus Basin Folding
were growing during the Ordovician and had formed ridges on the sea floor,
Since aburdant sediment wes available, either from adjacent land with
appreciable relief and/or from the reworking of older sediments, attention
is focussed to 'highs' on the sea floor as the principal factor controlling
the distribution of phosphate in the Amadeus Basin.
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Comparison with known phosphate deposits that have been extensively

investigated and documented.

1o Phosphoria Formation (McKelvey et al, 1953) McKelvey states :
"The phosphoria formation accumlated in a large shelving embay-
ment bordered by lands of low relief that contributed little detritus
to the sea. Cold, phosphate-rich waters upwelled into this basin from
the ocean reservoir to the south or south-wost. Phosphorite was deposited
from these ascending watcrs, probably in depths of 1,000 to 200 metres,
as their pH increased along with increase in temperature and decrcase in
partial pressure of CO,. Carbonates were precipitated from these waters
when they reached more shallow depths, at a somowhat higher pH. The
phosphate rich waters nurtured a luxuriant growth of phytoplankton, as
well as higher forms of plant and animal life, some remainq/%%ioh were
concentrated with fine-grained matericls in deeper wators away from the
shore. Part of the phosphate and probably some of the fine-grained silicg
in the formation were concentrated by these organisms. Finally these ocone
ditions persisted over much of Permian time". ;
In addition, McKelvey postulates a reducing environment and _
draws attention to the typical association of phosphorite with limestone
and chert.
In the Amodeus Basin the marine environment is regarded as oxidising
and the association of limestone and chert facies is absent.
The lack of correlation of diagnostic features between the
Amadeus and Phosphoria deposits precludes the Amadeus phosphorite as
'Phosphoria' type. )
2a In the 'Sea off Southern California' phosphorite has formed on
high areas in an oxidising shelf environment by the influx of cold,

phosphate-rich ocean water (Emery, 1960). The concentration of phosphate.
on high hills, ridges, and some parts of the shelf slopes appears to be h
directly related to the very low rate of deposition of detrinl material
in these localities.

The Staoirway Samdstone has a similar marine environment, and during
Ordovician time highs were present as remnant Proterozoic sediments. The
ridge of Winnall Beds adjacent to AP4 probably was such a high. Phosphate
forming on this high may have spilled down flank to where it is inter-
sected in AP4 or it may have formed only on the high with subsequent
redistribution down the flank of the 'high' at the onset of stronger sur-
face currents associated with later sedimentation.

Thus thce Amadeus phosphorite has affinities with the Californian
type and a potential exists for doposits of phosphorite on or adjacent to
Ordovician bathymetrio highs in several localities within the present
outerop area of the Amadeus Basin,.
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Source of phosphate in the Amadeus Basin.

A fashionable and convenient source of phosphate is from upwelling
of cold phosphate-rich waters from the deep ocean. This is considered to
be the source for the Phosphoria and Californian deposits, and those off
the coast of South Amerioca.

The nearest Lower Palacozoic ocean to the Amadeus Basin probably
was far distante The adjoining scas to the Amadeus were those of the
Canning Basin to the west, the Georgina Basin to the north-east, and the
Artesian Basin area to the south-ecast.

From a roview of the small amount of geological evidence avail-
able and interpretations based on this evidence, together with gravity
and magnetic data, it seems probable that the Amadcus Basin was connected
to its neighbours by low sills. However, no evidence is available to
demonstrato whether or not appreciable channels existed for the passage
of deep ocean water into the Amadeus Basin. Purthermore the known
Ordovician sediments in the neighbouring basins are typically shallow
water. Any phosphate-rich ocean water moving towards the Amadeus Basin
would be vulnerzble to changes of its physical and chemical properties
and would be expected to deposit its load of phosphate long before reaching
its destination.

Therefore, the alternative of a local source for the Amadous
phosphate must be considered.

Any explanation of a local source must account for the rostrict-
ion of phosphorite to the Stairway Sandstone and it is apparent that some-~
thing more than the broad factors controlling the sedimentation of the
difforent lithologies of the Larapinta Group is responsible.

A local source for phosphate may be obtained by 1. a sudden
abnormal increase in the supply of phosphate from land. 2. the develop—-
ment of a set of circumstances causing the Ordovician sea to accumulate
phosphate in solution in its early history followed by precipitation during
Stairway sedimentation or 3. the development of a special set of
circumstances that precipitated and accumulated phosphate during Stairway
timey, from the phosphate 'normally® present in the sea.
1e In the absence of pertinent evidence it is particularly ewkward
to manipulate climatic conditions, relief of the land, and/or the chemioal
content of the denuding land surface to provide a sudden sbnormal supply
of phosphate from the provenance areas. However, the prolific marine
fauna of the Horn Valley Siltstone may be an indicator of such an event,

A prolific marine fauna requires a substantial supply of nutrient rich

water of which phosphate is a principal constituent. Thus the contrast

of abundance of fauna between the Pacoota Sandstone and the Horn Valley
Siltstone may be the result of an additional supply of nutrient rich

water, the phosphate content of which would be occupied with the biological
environment until the advent of the Stairway Sandstone. With the less
favourable living conditions of the Stairway environment a surplus of
phosphate may have been available for the formation of phosphorite. However,
the relative abundance of fauna in each of the Larapinta Group units may be
solely the product of environment. (i.e. favoursble habitat).
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2, Sediments, both modern and ancient contain some phosphate other
than detrital or pre-existing phosphate minerals, which shows that phosph=
ate in solution may precipitate in any sea and probably in most parts of
the seas« The 'richness' or othorwise of the sea water would affect the
issue only so far as the relative concentration of phosphate doposited

is concerned. - : ——

Thus the factors 6} evaporation in somi-closed parts of the Basin
where wators were relatively still, pressure changes where water moves :
up and over bathymetric rises, coupled with special conditions of low
rate of sedimentation, local minor concentrations of phosphate in solution
brought about by organic activity, silt or other absorbtion processes,
may be invoked to explain the thinness amd low grade of the Amadeus Basin
phosphorites Of course, if such events happened then it must be concludéd
that without an enriched sea wator to begin with any phosphorite result-
ing from these processes would be thin bedded and low grade, and that
such occurrences would be common in other sedimentary basins,.

3. Assuming that the provenance providing sediment and phosphate ta
the Ordovician sea was essentially the same throughout the deposition of
the Larspinta Group and that a mechanism is required for accumulating
phosphate in the sea as a basis for subsequent precipitation and accumul-
ation, it is considered that the Hormn Valley Siltstone, unmderlying the i
Stairway Sanmdstone, played a fundamental role in the restriction of
phosphorite to the Stairway Sanmdstone. :

Jitts (1959) has shown that silts are capable of absorbing relat-
ively large quantities of phosphate (experimentally up to 3 mg. phosphate
P for 1g silt), and that, in the natural state they seldom approach sat-
uration with phosphate. Areas of silt sedimentation on a sea floor would
localise the existing phosphate in the sea and would constitute a con=
tinuous trap for phosphate being supplied from weathering and denudation
of land masses. Tho Horn Valley Siltstone is righly fossiliferous
indicating an abundant supply of nutrients including phosphorus .

Jitts has also shown that organic matter suppresses the absorption
of phosphate so that while silt (during deposition) may bring phosphate
down to the sea floor, it may be returned to the séa by the action of
organic matter. The marine fauna would secrete a significant fraction of
available phosphate in its skeletons amd also a significant amount would
be represented as coprolite. Thus, while silt particles may localise the
distribution of phosphate in the Horn Valley sea and bring phosphate to
the. sea floor, a complex and continuous interchange of phosphate would
take place, in that part of the biosphere located at the.sediment-water
interface and the upper part of the unlithified sediment. _

With reference to the occurrence of phosphate in the succecding
Sfairway Sandstone, the product of the factors mentioned above -could be. 3
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(i) The Horn Valley sea could become enriched with phosphate
ripe for precipitation during the changed physico-chemical conditions of
Stairway timee.

(11) Areas of the Horn Valley sea floor above the location of
silt deposition (with its associated fauna and organic matter) could
acocumilate phosphate (by precipitation from sea water) as pellets and
constitute a supply for subsequent redistribution during Stairway time.

(ii1) Phosphate held by the Horn Valley sediments could be avail-
able to the Stairway Sandstone if the reworking of these sediments was
a source for Stairwey sediments.

Thus, during the deposition of the Stairway Sandstone :

(i) Phosphorite in the basal sand of tho Stairway may have
derived from redistributed Horn Valley pellets.

(i1) Later Stairway silt facies may represent a time marker for
further pellet formation on highs in the Stairway sea.

(1ii) Sandy units of the silt facies of the Stairway Sandstone
represent periods of stronger currents with redistribution of pellets
from the highs in (ii) anml/or further redistribution of Horn Valley pellets.

THighs! have been emphasised principally as areas of minor con-
current sedimentation. However the same effect may be obtained by
twinnowing's. For example =

During deposition of the Stairway Sanlstone tﬁe gilt fractions
may have acted as a continuous trap for phosphate at the expense of the
phosphate-enriched sea watere. This would produce a sediment containing
a few times the normal oontent of phosphate.

During diagenesis physico-checmical, and possibly biological act-
ivity formed foci of concentration of phosphate (6eg. concretions) and as
diagenesis progressed these developed into pellets, (i.0. a large grain of
concentrated phosphate). Thus a column of sediment containing widely
scattered pellets of phosphate would be obtained. If this sediment wore
to be winnowed, the fines would be removed leaving the pellets and any
other coarse or heavy fractions as a residusl sediment. Any number of
variations of association of pellets with grain size and type of sedimen§
could be obtained in this manner, depending mostly on the composition of the
sediment winnowed and the sediment that followed. A thin phosphate band
therefore, may represent the passage of a oonsiderable period of time.

It is unlikely that any one of the many possible mechanisms
suggosted is the sole explanation of the occurrence of phosphate, rather
soveral or even all of these could be represented amongst the hundreds
of phosphorite bands in the Stairway Sandstone.

In conclusion it is relevant to note a consistent feature of studies
of modern sediments namely that where phosphate occurs as pellets it is
associated with areas of little sedimentation and relatively coarse detritus,
and where phosphate occurs in a non-pelletal form it is associated with
silte
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Association of pyrite with phosphate

The association of pyrite with phosphate does not appear to
present a critical problem. Pyrite is gererally considered to be indicats
ive of a reducing environmont whereas the Stairway Sandstone is regarded
as the product of an oxidising environment.

Although the sea water may be well aersted and oxidising the
micoro-environment in the interstitial waters of the unlithified sediment
on the soa floor may be either reducing or oxidising. Emory states that
"Walues of Eh in the water column are invariably positive with valueos
between +200 and 4300 mv. The surfoce of the sediment is also positive
but Eh becomes zero at average depths of about 2 metres whereafter it is
nogative. Typically the zero mark coincides with the arrivel of hydrogen
sulphide",

Tho presence of pyrite within some of the phosphatic pellets
implies that the pellets formed in a reducing environment viz. the zone
of unlithified sediment: Howover, pyrite may have filled voids after
formation of the phosphate pellet.

Gravity Data

A reconnaissance gravity survey of the Amadeus Bosin and the
South Canning Basin was carried out by the Burean of Mineral Resources
during 19624 (Lonsdale and Flavelle, 1963)a

The site of AP4, in whioh the best intersection of phosphate was
obtained, is adjacent to a gravity 'hlgh‘ on the 'Angas Downs Gravity
Ridge!',

Providéd that there has been no pronounced structural deformation
of the Amadeus Basin in the area of the gravity ridge since the depoaition
of the Stairway Sandstone, it is possible that a correlation may cxist :
between phosphate distribution and the gravity ridge.

It follows, from the basic assumption stated, that the gravity
ridge was present either as a basement fecture before Proterozoio sedi-
mentation, or was a result of the Petermann Ranges folding (Forman, 1964).
In either case it oan be argued, from a study of the isopachs ard relation-
ships of rock units, that the gravity ridge was probably reflected as a
topographic ridge on the Ordovician soa floor.

Since geological data indicates that phosphate distribution in
the Stairway Sandstone may be controlled by topographic highs on the
Ordovician sea floor, the gravity data may indiocate an area favourable
for phosphate accumulations.
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CONCLUSTONS

1. Phosphate occurs as pellets in the Ordovieian Larapinta Group

in the Amadeus Basin. With minor ocxceptions the phosphate is restrioted
(to the Stairway Sandstonc. The best developments of pellets occur in the
sandy units of the silt facies of the Stairway Sandstone.

24 Distribution of the phosphate was probably controlled by high
areas on the Ordovician sea floori

3. The source of the phosphate is unknown. No evidence is available
to explain the source in terms of ocean phosphate-rich waters upwelling
over the shelf of deposition of the Larapinta Group. Alternatively, in
considering a local source for the phosphate, it is thought that the Horn
Valley Siltstone may have played an important role in the accumulation of
phosphate in sea water and the restriction of phosphorite to the Stairway
Sandstone.

4, No economic deposits of phosphorite were intersected in the four
drill holes and the potential for the existence of such deposits is low.

RECOMMENDATIONS

Any further work in the Ordovician units of the Amadeus Basin
should be directed towards an investigation of the likely inorease in
grade on or immediately adjacent to high areas on the Ordovician sea floor.
Potontial 'high'! areas moy be delineated (i) by selecting combinations of
Stairway Sandstone unconformably overlying Precambrian sediments partic-
ulaxrly those resistent to ercsion (ii) on structures thought to be rising
during the Ordovician and (iii) over the Angus Downs Gravity Ridge.
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