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The Stairway 

Basin of Central 

- 1 -

is an Ordovician formation of the 

It can be divided into a lower unit 

coarse grained super-mature orthoquartzi tes; a middle um. t 

claystones (mainly and phosphorites f grading into c 

"red-beds" to the sooth-east; and an upper uni t mainly of 

then 

mature orthoquartziteso The heavy mineral assemblage of the formation 

is one typically 

well rounded 

Detailed textural 

mean and median U~QW.~ 

with orthoquartzites - almost 

zircons 0 

es of the arenites gave values 

standard deviation, skewnes~ 

which that the coarse sands were deposited a beach or 

water marine environment and the fine sands in a ow'marine shelf 

or lagoonal 

The 

an eroded northern 

maps show the Amadeus Basin to be a basin with 

of deposi tion 9 for the thickest the 

is abruptly cut off in the vicinity of the 

ow 

Stairway 

Macdonnell 

north-west 

studies suggest that 

south-east trending axis. Cross-bedding 

basin had a 

indicate 

the rrents from the south-east, e1 to the axis, 

'except in the middle rway where the currents assumed a more 

trend~ Other cross-bedding studies the presence 

of high zones at angles to the main 

co- conditions 

are the mineralogY9 textures 

of the s suggest a low average 

(in order 0,,1 romo per annum) t fairly uniform 

direction. 

times 

structures 

ons in the 
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and upper rway, current wi th a of 1 to 

30 cms 0, fairly warm conditions 9 normal es in the 

otte embaymmt), pH values of from about 7.0 8.0 and Eh 

es -0 (reduCing condi tions) • 

environment of deposition of the Sandstone is 

delineated by means of the detailed graphic It is possible to 

the. t the overall is 

.. From the basic sedimentation units it is possible to 

sixicomposite sedimentation B, C, D, F) which 

make up a compound sedimentation unit which can be related to 

a model. It is found that two modern environments -

the .... "".'vvu environment and the inteni f1 at envi ronment 

and a more hypothetical environment - the epeiric sea - are compatible 

with the compound sedimentation unit~ 

The phosphorites of the formation are considered in some detail 

ten of phosphatic material a~e , some of which are 

thought to be primary precipitates whilst others have replaced 

etc. The main appears to have 

taken during winnowing. It is thought that upwelling currents 

were probably the main source the The idea of upwelling 

currents is compati ble with a c picture. of the Ordovi Cian 

Basin situated wi thin the torrid zone, and probably wi thin a 

desert belt. The connection tothe open sea was tothewest. 

were derived mainly from distant and sedimentary sources located 

to the south in the more 

There are several economic of the sedimentological 

Various potential marker horizons are 



for detailed ..... ULL~'::-'- ati on. on is considered to be 

an excellen~ petroleum or natural gas prospect and it is possible to 

indicate areas where the of s are 

eved to lie. Finally, it is suggested that in to find economic 

deposits it is to find zones where 

- possibly the swthern n of the basin. Alternatively nch ,primary 

es luted by t s may be found to the north-

west of the 

... 
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INTEODumrON 

This sedimentological study 

resulting partly from the author's 

as a geologist of the of 

the product of' two years work 

ona in his capacity 

and. 

Geophysics, Canberra, and partly from endent inv·estigations 

y under the at the 

ion of Dr.K.A.W. 

The author has been involved in t he study of t he geology of 

the part of the 

rway Sandstone in particular since A t 

1961, and of the 

of three fi el d 

seasons, each of approximately five months duration, together with 

investigations for a total 

ample opportunity to study the 

8 months, have 

Sandstone in detail. 

studies have includ the and use of the 

), detailed 9 thin section studies (both 

mineral studies, the 

sections, and crossbedding these studies have been used 

to build up an of the provenance f 

the palaeogeography of 

origin of pelletal phosphorites has 

some detai 1 s e of its economic cance. 

ons were carried out on bo th 

<>CLI.LIj.J~C<:::S. Surface samples are referred to by a prefix 

name the 1:250,000 sheet area from which they were 

specimen LA 188 was collected from -the Lake n .... ""."" ..... '" 

of 

ed in 

and sub 

ated to the 

ected -

area 
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fig.l) .. Sub-surface core samples were obtained from four diamond drill 

holes APl, - , , AP3 and (see fig.l)" They are numbered by using 

the hole er as a second set of numbers is 

number of the sedimentation uni t (see Chapter 7) and the third set 

numbers is the distance in inches the top of the sedimentation 

unit. Hence, specimen API/762/13 is a sample collected from a point 

13 below the of on 762 in 1 core. 

The Sandstone is one of the rock uni ts of the =ill'''-U'',U. Basinjl 

a large sedimentary basin in Australia, stretching ,from about 

longi tude in Western east to about longi 

Northern and from Alice in me north to near the 

South Australian b order in the south (Fig"l).. The basin is approximat 

'- 500 miles and 170 mil es wide and covers an area of 60,000 

square miles .. 

The sediments of the Amadeus Basin in age from Adelaidean 

(upper to and are mainly of the 

miogeosync1inal ,type~ mickness of approximately 

30 feet" s by Wells, 

Forman and Hanford, and Skwarko 1 (1966); 

and Wells, (1966) 9 Is, Cook and 

Shaw, (1966). Sedimentation was in'i:;errupted by two major the 

of Late Proterozoic to Early rian age 

(Forman, 1966) am the ~prings Orogeny of Palaeozoic age 

Milligan and 1966)" Lower the 

Amadeus is into the Pertaoorrta Gr9UP9 the Larapinta 

(Cambro-Ordovician) and the ml"" .. ·.,"" ..... e Sandstone (?Ordovician)" 
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The ,Larapinta.. Group is made up of four formations :'-

'St Formation 

Stairway 

Horn Valley Siltstone 

Pacoota 

fOur formations are marine 

Ordovician 

Middle 

Lowei- OrdoVician 

probablyd 

to 
Ordovician 

ed 

under shallow ions t are describ ed by Cook, (1966). 

The Larapinta Group was defined the Horn of 

1892 and Watt, 1896), and was originally ed the 

(1935), was the to use the name "Stairway" 

and he refers informally to the unit as the Stairway Ridge or t he 

Stairway Quartzite. formation was formally named the 

Graywacke by Priohard and Quinlan (1962), and defined as being 

of greywacke 1IIUartz which at Ellery 

conformably overlies the Horn Valley Formation and is there followed 

unconformably by the Sandstone .. It conststs of 60 

of grained and medium ned quartz greywacke, usuaJ.ly rather 

silty, and about 40 percent of quartz sandstone" 0 

Wells, and , (1962) the on the 

has been d escri bed from vari cus areas 

of n by Wells, and (1962); , RamOI'd 

and Cook (1963); Hanford Cook (1964); Wells, Stewart and Skwarko, 

(1964); and , Ranford, Stewart, Cook Shaw It has 

been to briefly by Stelck Hopkins, (1962); 'Rarmeft, (1963) 

and Haites, (~963~. It is also described in various unpublished company 
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- Gillespie" (1959); Taylor, ); 

(1960);; Hopkins, ); on, ( 

(1959); Leslie, 

and Rai tes, (1963). 

Cook, (1963), recorded the of ~ .. __ ~ ... _ in the 

(1964), so discussed the 9 and e, 

(1964), gave the results of a dri in t 

Etairway stone. 

The Stairway one crops out cally throughout much 

of the Basin 2). it haa an out crop area of 

600 square miles or possibly even less, it is to 

underlie an area at least 20,000 square miles. 

map shows that in th e of The 

the Amadeus the Sandstone rest conformably on the Horn 

Val To the sooth it dis the 

Pertaoorrta Group a nd unconformably overlies Proterozoic 

a rocks. south west (eeg. , the 

Stairway Sandstone rests unconformably on igneous and metamorphic rocks 

of the Block. In most areas the is 

conformably overlain by the Stokes on but in the part 

of basin it is overlain ..... u''"'v ....... by th e mS'l"'SEm e Sandstone 

(Fig,,3). 

The StairwE\Y Sandstone ranges in thickness from 1840 feet in 

the ki to 100 feet or less on the southern 

basin. The isopachous map 12) clearly demonstrates that the 

of the 

the original limits of 

the maximum devel of the 

are markedl y from 

on, of the Stairway Sandstone. At 

rway Sandstone seas the margins 
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stretched well beyond the present limits of the basin. 

The Sandstone is Middle Ordovician in age with an 

range of e upper to 11 Han 

.. (J .G.Tomlinson, - equivalent to an interval about 

million years. Tomlinson (ap ix in Wells, Ranford and 

records a number of fossils from the Stairway Sandstone, 

trilobites, 9 nautiloids t 

various trace fossils and sponge spicules" of the 
I 

sils 

are notable for the size they at the author frund a trilobite in 

the Johnny Creek area wi th a pygidium more than 1 foot across.. Several 

specimens s feet in also been in 

the northern part of the Amadeus ) has 

a number of species of microfossils at ous int . within the 

formation. .In spite of this weal th of palaeontological material it has ... 
so far proved to erect one time-line wi thin the formation. 

This divides the formation into what Tomlinson ) refers to as 

the ( to the upper of the 

Sandstone, th e Valley Siltstone and the lower and middle of 

the ) the ent to the upper 

part of Stairway Sarrlstone, the Stokes on and the lower part 

the Sandstone). stone is therefore a rock 

uni t and not a t 

The has been divided on Ii thological 

into lower middle and upper which extend over much of the 

shows 31 I"B1"1rt:!H columns across the 

and carrel on lines have been drawn for the three rock units. Such 

a correlation diagram is subject to severe limi tationa when there 
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no fossil control, it is fully realiz that later 

may completely invalidate many of the ons • However f t he 

three units are 

three units 

e in most areas as mappable units. 

be referred to as instance 

uni t of theSandstone tl - however, from here on the 

unit s a.re im o:rm~ ly referred to as the lower ma.y, the· middl e 

and the upper 

The lower Stairway is the most unifonn the three units, bo th 

in lithology and thi "thickness about 80 feet 

in south (the Mount Charlotte area) to about 200 feet in t he north 

ki Range uni t is y a white or 

to very coarse sandstone • It is 

in places, thin to massively bedded, 

rounded and sorted, 

marked and cross-

bedded (fig.4l). 

of up to 20% of pyri t e 

the of limoni t e) • 

of bedding 

(many of which a re of an 

is the presence 

in places (generally weathered out, or 

lower Stairway oontains a 

markings (fig.. and trails 

eterminate nature) and one of the 

has a very tic texture referred to by Hanford, 

Cook and Wells (1966) as a "ropey texture" .. 40, appendix). ' The 

lower unit is frequently silicifed; it is expowed and 

CO!nm()lllY forms very prominent es (fig,,39, ). 

The middle Stairway ranges in thickness from less than 100 feet 

in to about 700 in the north. It is thol ogi cally 

the most varied of the three It is 

9 with silt ones, mudstones, and 

are grey green at the surface black sub- The 

a 

which 
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lutites are sandy and micaceous in places, easily weathered 

and very poorly They are interbedded with thin, very fine 

grey and white sandstones, and grey, brown or black pelletal 

and nodular In areas to the south-east (Seymour 

thin yellow, or brown (grey or white at th) dolomites and limestones 

are fairly common. Further to the south-east red and red-brown 'r\n,I'YI'""l"ll 

sorted sandstones and lutites are common; in the 

Charlotte area' these "red-beds" make up the whole of the W.!.'U,UJ.t:I Stairway 

Fossils are common in the middle interval; 

"churning" by infauna is particularly common 43,..appendix) . 

The upper Stairway ranges in thickness from less than 100 feet 

to 1,000 feet. It is made up of white and grey, very 

. fine 

crop out 

sandstones which are cross-bedded in ~~.~v~;o and may 

rly when silicified. erbeds of lutite, 

generally minor, ma;y fonn a fairly high pe:rcEmt;ag:e of the upper 

division in ~ ... ' ... "'~"" luti tes are green at the surface and black, 

grey or grey-green at they are very poorly exposed~ 

Interbeds of pelletal and nodular phosphorites are but not 

very common. Is and trace fossils such as 

(fig.43) and .::!:!~:.=~ are very common. 

Summary 

The Amadeus Basin is a Proterozoic - Palaeozoic 

basin in central Australia. The lower Palaeozoic of the basin is 

divided int a the Group, the and the 

Mereenie The Stairway Sandstone is one of the members 

of the Larapinta Group, and is of middle Ordovician age. It crops 

out over a of the basin and has a maximum thi ckness of 
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1840 feet. On lithological grounds the formation may be divided 

into three units; a lower coarse sandstone;a middle phosphatic 

luti te unit (grading laterally into carbonates and "red-beds"; and 

an upper fine sandstone with minor silts. 
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CHAPrER 2 

PETROGRAl:HY OF THE STAI.RWAY SANDSIDNE 

There are four basic rock types present in the Sandstone:-

z arenites, lutites, phosphorites and is some 

b these four types (e.g. 

the c types will be discussed separately. The c 

sediments are dealt with later, in Chap ter 8. All 

were Petrographi c 

200 mens are summariz ed in Tabl e 1, 

The vast majority of the arenits fall into the ortho~artzite 

of Folk ( ) or the arenite class of Crook (1960). 

arenites are for the most remarkable flpure" with little or no 

chert, , or rook A very few fall int 0 the sub-

< arkose of ); even fewer fall into the c 

sub-labile arenite field Crook 9 (1960) 0 

The ba.sic behind the "metamorphic" pole of ( ) 

is that this represents a c provenance and implies moderate 

tectonism. On this s there is some justification for includ 

II composi t e" in this t the "rock or 

"labile" pole of Crook (1960) includes chert because of its -relative 

instability. The author's observations on the quartz types within 

the Stairway Sandstone tha t compos i te iilJ less stable .. 
than other forms of quartz. ite , for instance, 

apparently more common in the em of the basin where it 

is nearer the source area; in addition9 in many specimens the 
, 

dis between a composite a stret metaquartzi te 
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plutonic or common 

undulose 

composi te 

s whatsoever 

FIG 5 

a - less 1 point per uni t area 

b - 1 to 2 points per t area 

c - 2 to 4 points per unit area 

d - 4 to a_points. per unit area 

e - 8 to 16 s uni t area 
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"'L~"-'-n is somewhat arbitrary. 'Blatt, (1963,1964), Blatt and 

Christie (1963) and Greensmith (1963), have also noted this apparent 

of composite If were to re 

included with rock fragments then 10 - 20% of the would 

fall into the 1i thic sub-labile arenite field of Crook (1960) or 

the sub-greywacke field of Folk (1961). A very small number of 

specimens with over 25% composite would fall into lithic 

labile arenite or field .. d e the 

advantages of this ap:prclach, it is proposed to avoid confusion 

the ed procedure and composite 

!",.I..:1> .... 1<0 with "normal" Rock are named in accordance 

wi th the scheme by Folk (1961). 

a) 

class. 

feldspar, 0 - 5% m",-t:J!'!mloT"ohi crock 

and 95 - 100% of qUl!i,rt,z-ex(~ludillg mi9ta,qu~Lrt:zj 

of the 

,essential minerals 

arenites fall into this 

is uniform, 

and for instance over 50 of the orthoquartzites contain less 

than 1% 

undulose 

The quartz is 

or "undu lose" 

to slightly 

undulose. "'A ............. 

IIComposi tell forms a of the total quartz 

(see Figs. 5 and 6). Chert and metaquartzite are present (Fig.4~) 

but rare, and no of reworked grains are known. The 

mineral is also uniform, representing a cal 

supermature assemblage of extremely well rounded tourmaline and zircon. 

Both ,the lower and upper Stairway in diamond drill hole API are 

of siliceous mature orth,o~la:~:~i There are 

however important differences between the two table 1 ~ 
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The lower orthoquartzites have a modal grain size of abcut l~ to 

2¢, and are quite commonly bimodal, with a secondary mode of 3~ 

to 4¢. The grains (particularly the coarse ones) are very round 

(Fig.45) and generally well sorted. Where the sands are bimodal, 

the individual modes are well sorted (Figo45). The feldspar 

content is extremely low and out of 20 specimens in the lower 

Stairway of API only one contained more than 1% feldspar. 

Heavy minerals are very rare or absent. Quartz cement is very 

common in many of the arenites. Six (out of 20) specimens have 

significant quantities of clayey matrix (see Table 1, appendix) 

and sever~ specimens have carbonate cements. Phosphate and pyrite 

(as cement and discrete particles) are fairly common. Glauconite is 

present in"7 out of 20 specimens and forms 10 - l~ of the rock in 

one specimen (API/?54/6~. 

The upper orthoquartzites are generally unimodal, with a grain 

size of 3¢ to 4¢. The grains a re angular to sUb-angu,.lar and the 

sorting mqderate. Chert is present in many of the specimens. The 

feldspar content is generally in the range 2 -~; the heavy mineral 

content is in the range 0 - 1%. Clay, carbonate, phosphate, pyrite 

and glauconite are either all absent or pr:esent in small quantities 

only. 

The orthoquartzites of the phosphatic parts of the Stairway 

Sandstone (i.e. the middle Stairway and the uppermost transitional 

Stairway) are very fine grained sub-mature to immature orthoquartzi tes. 

Their grain si ze ranges from l¢ to 4¢ and bimodality is fairly common • 

Grains are subangular and sorting is moderate. The feldspar content 

is in the range 1 - 2%. Clay, carb ana tes ani phosphate are all 
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common. Pl1ri te is comparatively common in the middle of the 

Stairway (1 - 2%) and is common in in the 

tra.nsi tional part of the Stairway Sandstone • 

The cons 

group is shown in 

Sandstone mineral 

e mineralogical variation within the orthoquartzite 

• is possible to divide the 

, into much the same three which have 

been in the 

The siliceous cements are a very common feature of the !Way 

Sandstone 

with the grains. 

cement (although the 

and the overgrowths are in 

they may be replacing 

continuity 

or carbonate 

ions were not examined under a 

stage to confirm this) t but there is little of 

and the quartz appea.rs to be pore filling. The siliceous cement has 

been found to 

rocks of the 

limit ies in the p reservoir 

and therefore it is to know 

when silicification took Considerable silicification of many 

of the Amadeus sediments is thought ~o have occurred the 

Tertiary era, but this is unlikely to be the cause of the 

as fonnation is found to be as Sandstone sili 

strongly silicified at thousand feet as it is at the 

surface. It appears there are a:xJ'i:>T'ft causes of the 

silicification during the silicification. It is due to 

Orogeny, or to sub aerial exposure and of the 

Sandstones er ition or it is due to the 

environment of deposition or it is the result of post-deposition 

solution pressure • 

There is Ii ttle evidence of sub-aerial exposure of the sands -
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such a thing may indeed have occurred but there are no clear 

diastems or faunal breaks as proof 0 The second alternative has 

more to commend itv It is known that waters wi th a high silica 

content are present in humid tropical areas (Krumbein and Garrells, 

1952), and there is evidence that the climate during Stairway 

Sandstone times was in part tropical. The mineralogy of the Stairway 

Sandstone orthoquartzites suggests that they may be what Krynine 

(1941) calls "first-cycle orthoquartzi tes". Such rocks are 

acknowledged to be the product of intense chemical decay and 

destruction and the conditions producing this intense chemical 

weathering also gave extremely high concentrations of silica alkalis 

in the sea-water to produce the authigenic or early diagenic 

silicification. Such silicification is extremely common in many of 

the classic orthoquartzites (e.g. theGatesburg and Potsdam of North 

America). However if silicification occurred in response to the 

environment of deposition then it occurred in some cases as a later 

stage diagenesis for in places phosphatic overgrowths on quartz are 

themselves overgrown by silicao 

The third alt~mative is the most widely accepted explanation 

for silica cementation. Solution of quartz will take place at a 

sufficiently high pressure, so that the silica is mobilized then 

later redeposit~d in some more favourable part of the sandstone. 

Heald (1956) found that there was no relationship; between faulting 

and cementation but considered that pressure solution occurred 

during structural deformation or if there was sufficient overburden. 

Siever (1959::1.962) a.grees with Heald's conclusion and further 

asserts that it is impossible for the cemenang silica to have come 
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from and Anderegg (1960) found that interstitial 

may considerably due to 

solution pressure resulting from deformation or overburden. Towe 

(1962) that considerable may be 

dissolved by the action of alkaline solut from the loss 

of from illite. 

A of the variation in porosity 

in the tone would establish ~he or otherwi se 

of the pos itional solution pressure If porosity was 

to decrease from south to north then this would suggest the 

is correct though Whether the ication would be due to 

the ,Orogeny or the increase of overburden to the north 
r"';, 

be established .. 

Conclusions: 

lack of recognisable or chert 

the lower Stairway orthoquartzites have a granitic provenance 

1961). However, the 1100 mmon fI (non -und ula tory) 

is considered by Blatt tie (1963) to be strong evidence 

of from a "'<;;;.J. .... ,"<;;;, source area. to 

chert in some of the upper indicates that the provenance 

fo 1" th e upper Stairway was mixed - both and 

sem mentary. 

The lack of fel that the source area was 

.. weathered, i.e. a humid climate.. Alt the sediments 

were subjected to very abrasion or are the product 

reworked orthoquartzites • increase in, feldspar content in the .. 
upper Stairway es that the may have 
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become more arid than it was in lower Stairway Sandstone times. 

.. The coarseness of the grains together with the high d:egree of 

rourrling and sorting of the basal orthoquartzite compared with the 

.. 
higher .orthoquartzites suggests a very much more vigourous depositional 

environment or one in which the rate of sedimentation was slow so that 

the "rounding mechanism" (probably a beach environment) was able to 

keep pace with sedimentation. 

The presence of bimodality wi thin the orthoquartzites suggests 

that mixing of sediments formed in environments of different energy 

levels has oc curred. Folk (1961) suggests that this type of thing 

commonly occurs in the neritic zone when for instance the sand grains 

on a sand bar are blown into a lagoon and mixed with the finer sediments 
/ 

being deposited there • 
.. 

b) Sub-arkose (5 - 2~ Feldspar; 0 - 5% metamorphic rock fragment; 

95 - 7ff% quartz) • 

Very few of the Stairway Sandstone arenites occur within the 

subarkose group. An example is APl/122/11, which is a very fi ne 

grained siliceous immature subarkose. 

The few subarkoses are in the very fine-grained sand range and 

are sl1bangular and moderately to poorly sorted;.' 

The quartz of the subarkose group is predominantly of the plutonic 

or undulose variety; there is however an indication that the percentage 

of chert is higher in the subarkose than in the orthoquartzite (see 

table 1, appendix). Heavy minerals are very minor and allochemical 

.. minerals (clays, carbonates etco) are absent. The feldspar is 

predominantly microc1ine together with minor indeterminate feldspar • 
.. 

GEnerally the feldspar is finer grained than the quartz and in some 



cases it is better rounded. feldspar grains are fresh in all the 

Conclusions: 

The predominance of microcline suggests that the source area 

was A rly climate is by the unweathered 

stage of the feldspar and by the degree of rounding relative to that 

of the 

c) 

of this group are very ed sandy or 

immature orthoquartzites but because of their distinctive red colour 

are 

grain size ranges from 3¢ to 5¢; the grains are angular and .. , , 
sorting is moderate to poor 

are the normal assemblage for orthoquartzites. It is thought that 

wi thin the "red es" the of C omposi t e and chert 

is ly less in adj non-red sediments. 

generally absent but makes up of the rock. HeavY mi~erals· 

are only in very minor amounts. 

and carbonate are absent, but clay is 5 - 20% 

the total rock. is matrix which 

the red colour to the sedimentsw are not in 

contact and each is clay~(Fige47 9 appendix) 0 

are how~ver of in wi th other 

grains, and wi th no red matrix between them but with an 

red coating round the group of 

.. ons made on the AP2 and AP3 cores further complicate 

the as in several the have a 
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gradational wi th white the possi bi li ty 

of anci ent circulating waters cannot be ignored. 

However the distinct the and their 

presence at depth are to hypothesis. 

The srurce area was of both ic and 

sedimentary rocks. red matrix implies that the red 

colour 

however some 

may resu 1 t from a of 

poor rounding and sorting imply a very t 

such as a lagoonf or relatively 

area, or both. 

Lutite 

This term is to 

50% or more of silt and/or 

(a) Siltstone 

These do not 

and may be considered as 

t 

in 

differences are of size (4¢ to 

grains, a sli~tly 

higher percentage of clay matrix in 

in the source area. 

part of red-matrix 

. environment. The 

1 of environment 

from t he source 

sediments which contain 

ogy the 

silt The only 

sub- of the 

the very much 

stone appendix) " 

The detrital grains may o be well sorted and rounded. 

Concius ions : 

There is no difference in provenance or climate 

es the lower of 

the siltstone is due to the envi LYL.lllI"'H tioD b less 
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than that in the were edo 

relatively high percentage of clay matrix suggests that the 

was either or lagoonal. 

tones may form as much as - 20% of thickness 

of the formation, but few thin sections were available for 

on. 5 ... detri tal of very sand or 

size is commonly present in the claystone the quartz types being 

the usual ass of 

very e 

(common) 

and chert. 

are present in the claystones. Fine 

undulose with 

and 

of mica are 

common. conite is ant and e is rare. c 

material varies o to 9%. The of carbonate is 

generally low, except in a few specimens. The carbonate (calcite, 

dolomite or siderite) may be .49 is an 

of a claystone, with patches of ?authigenic 

e about .05 mm. across. were posi 

identified from micros examination, but Crook (1964) has shown 

the is i1E te (70 - 100%) 9 with minor 

kaolinite (0 - 30%) and chlorite (0 - 12}b). 

Concl usi ons: 

The sand and silt grains wi thin the claystone indicate that the 

provenance was or and the e 

humid .. This is supported by the presence of kaolin which 

is gen erally as in areas intense weathering. 

e may be or near-shore 
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illite is most commonly found in an arid environment 

(Jackson, It is however of uncertain valu e as an 

indi eater as it is also formed by the transformati on of montmorillonite. 

(1959) has so shown that much illite 

has been obtained from the reworking of ancient sediments. 

Carbonates 

citeg and il'01omite are known to occur as thin interbeds 

sediments 

within Stairway Sandstone but are not common. Siderite is only 

in (s ee 49 II appendix) 0 Both the 1 i mestones and 

dolomi tes may contain significant amounts of terrigenous material. 

The are in the very sand to 

coarse silt. quartz is predominantly the usual plutonic and 

varieties and is angular sub-round and 

Feldspar and heavy minerals form a very minor part of the terrigenous 

fraction g but may form o - 2<>% the rock. 1-2%of 

phosphate and are commonly present and th~ phosphate content 

may be as high as lCY}&o oni te is 

(a) 

The limestones a re mainly 

(e.g~ API/184/0)and 

and biomicrites but 

tes (e"go _AP1/74/l) are known. 

The fossils which m~ form quite a bigh percentage of the biomicrite 

are brachiopods, and are 

general present as large fragments or whole Is, with few 

of severe places, it is clear that dolomite is 

replacing the calcite. 

the fication of (1961) the dolomites range 
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Plll:l.n<)C1Ystalline to coarsely _crystalline name 

be qualified by one or other of the IIclayey", 
.-

or "sandy". Some of the dolomite s show an 

well rhombic form (Figc50, are 

absent .. 

Conclusions: 

It would appear that much of the dolomite has 

ci te - this is supported by the texture the 

dolomi tes and by the lack of fossils (possibly destroyed 

the grained varieties ~ however 

primary .. 

The age of the terrigenous mat indicates 

the usual or mixed provenance and humid tropical 

.. The form of the cal and the 

?primary dolomite that the rock was~rce a micro 

.. ooze9 forming a very area 0 Folk (1961) considers that the 

four environments where this type of sedimentation occurs are in 

shallow protected on broad shallow platforms to the 

of barri ers; mod water in geosynclines; and in areas 

of organi c baffling 0 ssi 1 content implies that the first or 

second suggestipns are the more fact that the limestone 

beds are very ani ernate with arenites further suggests 

that the lagoonal environment is most likely" 

Summary 

Three basic rock types are dealt wi th - quartz arenite, luti te, 

and carbonate (phosphorites are 1 The tes are 

predominantly super mature from some of those 
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of middle Stairway which -may be sub-mature to immature. The 

orthoquartzi tea are strongly silicified - to e 

diagenesis but more probably due to late stage pressure solution. 

are present rare - th ey are gen erally 

the feldspar ~s most commonly microcline. "Red-beds" are also 

known - are red limonitic slightly sandstones .. 

luti tes are either ftorthoquartzi te~typetl of siltstones, or 

tones made up predominantly 

chlori teo The carbona t es are 

rarely 

with minor kaolinite 

or dolomites, or 

arenites that the climate was tropical or 

subtropical but hot arid in There was some 

lateritic weathering in the source area. The provenance is 

plutoniC (granitic) or mixed iC-9 

and 

is strong evidence of reworking of sedimenta:ry rocks during 

upper 

under 

times. areni tes may 

vigorous condi tiona but the l'liti tea and 

to have been la.id down in a quiet 

been 

" 
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CHAPrER 3 

General 

The methodology of the heaVy' mineral studies is given in the 

appendix. mineral were made at intervals 
of 

throughout the Stairway Sandstonel Tn addition to t he mineralogy 

it was also noted whether grains were rounded, or euhedral. 

The percentage ·of each heavy mineral was a 

of the whole heavy mineral content. It was so initially int ended 

to consider the total heavy assemblage as a 

percentage of the whole rock this proved because of 

the high T\j:I·I""'~'nT: of contaminating heavy minerals such 

as pyri te, dolomite and phosphate • .. 
Results 

The percentages of and euhedral proved to be 

so small most cases (2% or that it impossible to 

out on the the 

(Fig.?). 
,. 

1, the presence five heavy was noted in the 

Stairway uv,~~u=~.~~J:C, zircon, apatite, garnet and rutile 

but of only tourmaline and zircon are abundant. The other 

three s generally make up ohly I - the heavy 

.. oc curs as six stinct brown, green, 

grey, and colourl ess. The brown and fonns are by 

the commonest. Zircon occurs in three forms - brown and 

purple, which the and brown types are the commonest .. 
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The in the ratio of tourmaline to ziroon 

-
marked by extreme variations oommonly oocurring wi small 

). It was also diameter 

of the t is oommonly twice or three times that of zircon 

(Fig. - a refl ecti on on the 

of the two (tourmaline is tabular) and the sp 

(tourmaline is 1, zircon is 4.5). Both tourmal and zircon show 

an well rounded ha bi tthroughout ( gs .. ). 

Authigenic tourmaline and zircon forming as overgrowths on detrital 

have been ously described (Krynine, 1946); Awasthi, 

) one or two au ch overgrowths were noted the 

Sandstone (e"g. spec. API/640/0) .. Many of the and zircon 
..... 

grains a variety of inclusions, but no study 

of was 

The degree of rounding shown by 1he heavy mineral 

grains is a feature commonly shown by super-mature orthoquartzi tes 

and either extreme prolonged abrasion 

action) an source area or reworking of older sedimentary 

.. the ocourrence of extremely well d oped euhedral 

zircon, with extremely well rounded zircon at about 350 feet 

in can only be satisfactorily e ..... __ .~. by having a 

mixed wi th the euhedral d a 

primary (?granitic) source area and the well rounded grains 

being from sedimentary rocks (probably .. 

c e vertical variati on the tourmaline: 

ratio er with the extremely restricted nature of the 
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heavy mineral assemblage make it unlikely that heavy mineral studies will 

be of any great value for correlation purposes within tneStairway 

Sandstone. The form of the tourmaline :zircon graph (Fig.7) may be 

of some value in environmental interpretation however. R.L.Folk 

(pers.comm.) has suggested that the type of variation in the tourmaline 

and zircon percentages shown by the Stairway Sandstone is commonly a 

reflection of the dependency of the heavy minerals on grain size, i.e. 

a plot of modal grain size of the whole rock against percentage of 

tourmaline or zircon gives a straight line relatfonship. This 

however has been found not to be the case in the Stairway Sandstone 

and there is no correlation between grain size and the,,·tourmaline:zircon 

ratio (Fig.e). The variation is therefore probably dependent on one 

or more of the following factors:- (i) a change in the source area -

perhaps merely by a slight change in the river drainage pattern; 

climatic changes which will selectively remove one or other of the 

heavy minerals: (ii) progressive erosion of ruccessive layers of 

rocks, some of which are rich in tourmaline whilst others are rich 

in zircon: (iii) the heavy mineral assemblage may be related to 

the strand line position so that any variation is a reflection of a 

transgression or regression. Bruckner and Morgan (1964) found that 

the di~tribution of heaVy minerals on the inner part of the West 

African continental shelf is related to their specific gravity (and 
- -

also presuma'bly to their hydraulic behaviour). ¥egression or 

transgression in this area would result in laterally adjacent heavy 

mineral assemblages becoming also vertically adjacent. This could 

have happened during Stairway Sandstone sedimentati on. Because of 

the relative paucity of heavy mineral determinations, it is not 
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pas to sUbstantiate this hy])othe!3is for camot be 

with to see if there is any correlation bf!tween regression 

tran:sg:reI3si on and a son would only 

be possible by out heavy mineral counts for each of the 

sedimentation units. 

nWj~P'J'" a similari t y between tb e fOnD of the There is 

heavy mineral plot 7) and the plot of the vertical distribution 

of the number of sedimentation units per ten feet 

~ be a ren ecti on of the environmen tal 

mineral assemblage. 

This 

of the 

The C'! •• ~.: ____ Sandstone has a cal supermature heavy mineral 

made up predominantly well rrund tourmaline and 

zircon. The heavy mineral studies are of little value for correlation 

purposes but do the of a plutonic-

sedimentary source area" The relative' propcrtio:pa of tourmaline and 

zircon may b e on a veri ety of factors but it is suggested 

that the 

factor. 

ion of the strand line may be the most important single 
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CHAPrER 4 

Eighteen detailed textural analyses of 12 thin sections from 

API were ed out using Packham's (1955) method. The various 

) were obtained and the valUes for 

mean diameter (Mz), atandard deviation (d.), skewness (s~) and 

calculated by the method of Folk and 

Details of the method are given in the appendix. The 

and the textural parameters ~re tabulated in Tables 2 to 4 (appendix). 

~~~J~es (those on APl/5l/2, APl/112/70, API/GOI/O and A1! /755/0) 

were made as part of the investigations into ihe 0 of phoaphori tea 

and these analyses are discussed in more detai 1 in t he 

phoa phori tea. 

The cumulative curves (plotted on probability paper) 

for the 18 analyses are shown in There are three main 

textural groupings: the group on the extreme left of the graph 

(i.e. the very coarse is composed of counts of 

phosphatic lets, with the exception of APl/G48/6 coarse sand 

which occurs near, the top of the lower Stairway). middle group 

of sediments cOlnpl:'ises mainly the coarse basal sands the coarse 

sands associated with phosphorites. The group on the extreme ri ght 

of the (the fine end) is made ~p' of fine and very fine 

upper Stairway sands, very fine grained middle sands and 

fine and fine grained sand wi thin phoSlPmttj 

The discussion on the significance of the t is here for 

the most part limited to the sediments. The shape 
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of the curves be to some extent envi ronmental1y cant. 

(1946) suggests that there are 3 basic cumulative 

ency curves which are diagnostic the but as 

plots are c the of the curves cannot be 

those in 9, which is a logarithmic • is 

to look at ,thea ctual parameters 3) as 

calculated ,by the equations suggested by Folk and Ward (1957). 

(Mz) 

,Mz 1\; +fJ50 +, fJ84 
'3 

Both the mean and median diameters of the lower Stairway sands 

are the coarse sand range, whilst the and upper 

Stairway sands are in the very fine sand range •.. ,This ~;uggests that 

much more vi ltn:rrn:ls in lower times 

than was the case in middle or upper Stairway titp.es .. 

+ 
4 

Standard deviation is a measure of sorting of-a sediment. 

The the stone vary 

to d
l 

"" O .. 99fJ and indicate that all the sands fall into the moderately 

to moderately well sorted range of Folk a nd Ward (1957). 

appears to be a tendency for the sands to be sliehtly better 

sorted than the cr;>arser sands. The most poorly sorted specimen 

(AP1/648/6) occurs near top the lower 

(1962) ,shown that the environment of depesi ti on moderately 

sorted coarse sand may be or shelf and 
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that the envi romnent of deposition of moderately well sorted very 

fine 

wave base. 

(S~) 

therefore also 

in skewness of 

symmetrical 

fine skewed). 

near symmetn 

fine skewed. 

be river, beach, or continental 

2¢50 
+ 

- 2~50 

an indication of the assymmetry of curve and 

the "tails" of the curve. - The sands have a range 

05 to -to.47. The coarse basal sands have near 

(with the AP1/792/66 which 

very fine sands of the upper Stairway are also 

but the sands of the middle Stairway are strongly 

The fact that most of the sands are near symmetrical 

that the environment in which they were 

textural enstics was not modi 

ited and acquired their 

by winnowing or other 

processes, i.e. the textures were in effect acquired in situ~ 

strongly fine skewed sams in the middle suggest that some 

mixing ,of environments may have occurred to produce a bimodal sediment. 

Kurtosis (Kg) 

Kg ::: 

Folk (1961) states 

the range 0.85 to 104. 

sands is 0.90 to 1.33. 

lower sands from 

upper sands are 

,095 915 

44 (¢75 - ¢25) 

that most sediments have values in 

is found that the of the Stairway 

of the sands are mesokurtic. The 

to leptokurtic; the middle and 

or leptokurtic. The c form 
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of the the conclusi on obtained 

from the skewness that the sediments acquired their textures in 

the environment in vllich were finally deposited. textures 

were not ed an earlier remnent to be 

the case with some of the sands associated with the phosphorites) .. 

fine skewed - okurtic shown 

API/472/18 suggests that the coarser sands in s specimen 

in a slightly energy 

than the one which they are now fOUnd..rowever, the 1 of 

any extreme skewness or kurtosis valu es in Stairway 

sugges'ts that any mixing has occurred between similar environments 

(and adjacent ) .. mixing 

as has occurred been the t of coarse high energy sediments 

brought._ into a grained energy-

is no e of reverse having might 

produ ced some the l~ptokurtic values. 

Mason and Folk (1958) have shown that it is' possi bla to 

distinguish .,.+. • .".,.""" beach and environment s by plot 

skewness against kurtosis" Friedman (1962) distinguished between 

beach and river sands by using a plot standard against 

skewness. 

of these were ed to the Sa.ndstone 

(Fig .. lq)§ . b}lt in nEd thercase can any envirpnment~ significance 

be as There appears to be no 

H The on the plots are identified by the numbers Ito 

The specimen number equivalents are given in Tables 
2 - 3 (appendix). 
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. to stratigraphic posit ion, presenc~ or ab::3ellCe 

or are ...... "'!!fL to 

the author which 611.ml~.u.6n between two or more shallow marine 

environments size which could be used for the 

Stairway S~ndl3tclne a definite separation of points 

is achieved st~anclal~ deviation against kurtosis (Fig.IIB) 

and standard deviation mean diameter (Fig.llA). Two fields 

(I and III) are common to but Fields II and I"\T are 

unique to the standard deviation-mean diameter plot and Field V 

is to the standard 

Standard deviation against kurtosis produced a 3-field 

se]:>arat1on (FigollB). Field I is the field of ph()sJ.)iha·tj 
-

(b;oth pEl llet s count ed alone and pellet s plus detri tal quartz). 

III is the field of coarse grained sands assoclELteid with but 

outside the phosphatic pellets. Field V is the field non 
I 

sands the very fine sands frond within phos]pheLti.c 

The ... "'.j,I ...... vc .... .I..v.u of this is that similar environmental 

processes the nOlt'l-);)110Spl18 but that the 

processes pro~ucing the textures of the phosphatic pellets, and the 

coarse sands a.ssociated with the are rather' dissimilar 0 

; .', 
The position of V between Fields I am III ma;r1::e siFficanto 

It may indicate that· the textures of I and . were produced 

modification of Fiel d V by for instance ..... '.ll'~J ...... u"" or re\:Vorking .. 

Standard deviat~on against mean diameter . a 4-field . . . 

Field I is again the fi eld of phosphatfc 

with and without detrital quartz) III the field of 
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. coarse sands in phosphatic sediments but cutside the actual 

Field II is the of the ..coarse of the lower Stairway and 

d IV is the field fine sands the and 

upper and the very fine sands within the phosphatio 
I 

lets. 

~~., ...... ~.~ whil st it is from I that coarse and 

fine sands are ced in much the same environment it is ala 0 

evident the elds IT and IV that two different 

processes are acting within the same basic environment to produce 

" the coarse and fine sandso 'IV appears to be the environmental 

in which the is ed but is 

modi ed by or winnowing) to 

the environment in which the phosphate lets are concentrated. 

is discussed in more detail (Chapt er 8). 

Sahu (1964) has introduced the use of the criminant 

into the d thed 

environment. Working with both ancient and recent !.'ledimeytt s, Sahu 

has found that by the Folk and Ward (1 !:}57 ) 

various equations it is possible to distinguish between aeolian, 

beach, shallow er marine 9 (down to depths of 300 feet); fluviatile 

and turbidity current environmentso 

d between beach aeolian the used is: 

(1) Yu :::: 3.5688 (Mz) iT. 307016 Cd), 2) - 2 .. 0766 (s~) + 3,,1l35(K ) . g 

beach Yu ... -3,,9073 +. O. 

far aeolian Yu .,. .7824 + 1 .. 397 

Yu is less than -2.7411 for an aeolian envi ronmen t and 

than ,,74111 for a beach 



, .. , 

.. 

- 35 -

distinguish between beach and 

is:-

(2) Yu = 15.6534 (Mz) + 65:7?91 (d
1

2 ) + 

for beach Yu c::: 51 .. 9536 + 4. 

for shallow water marine Y == 104 

the 

... 0300 

addi , values for Yu above .,3650 cate a low water 

marine and below 65.3650, a beach 

distinguish between shallow water e:--

(3) Yu == 0 .. 2852 (Mz) .. 8~7604 2) - 4 .. ) + 0 .. 0482 (K ) g 

for shallow water marine Yu ~-503167 Z 2 

fluvatile Yu == 10.,4418 .:t:·3 .. l49 

than -7.4190 indicate a shallow 

values less than ~7.4l90 indicate a fluvial 

environment. 

l,I .... u.FS ..... JL,O., between fluviatile and turbidity current, the 

us is: ... 

for 

Yu less than 9. 

Yu er 9. 

On 

, it 

water marine the 

(Mz) - 0.4030 (d1
2) + 6.7322 (S~) + 5 

Yu ~ 10 .. 7115 W 1.197 

OllTent Yu :::: 7.9791 2.570 

indicates turbidity current deposition and 

cates fluvial deposition. 

from the Stairway Sa¢stone o these 

that all the sediments fe:p· into the 

or the fluviatile field .. 

additi on g 'every sediment fell into the turbidity current 

on in 4. this is inconsistent with every 

other feature of the it must be concluded that 

(K ) 
g 
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is an exception to t he rule, or 

Therefore, only sqbstit~tions in 

equati ons 1, 2 and 3 are as bei ng • The 

values obtained 

environmental 

(append ix ) • 

Sandstone 

values, are 

The maj of sediments 

with a shallow marine origin - this is parti 

fine sands 0 

into both the 

API/648/6 has a 

One of t he coarse 

ow water marine field 

value which indicates a 

and the 

in e 5 

consistent 

for the very 

(APl!S03!5) falls 

the beach field and 

environment 

(the coarse sands wi th c s give Yu 

values for beach) co it is apparent that'the coarse basal sands 

have some beach, low water marine (down to depths of 300 feet), 

and Ie characteristicso The the middle and 

upper the fine sands within c pellets) exhibit 

shallow water 

Summary 

are two 

fine 

characteristics 

- coarse and very 

coarse sands occur in the lower are 

mainly moderately sorted g near mesokurtic sands .. 

environment in which these sands were 

has little or no s 

the conclusions reached 

)and Sahu (1964) it 

ited and their 

moqification .. 

Mason and Folk (1958), 

apparent that the coarse sands 
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were prob~bly depos on a beach or shallow water marine environment 

'" with a few rare coarse sands subjected to some (or 

perhaps ti.dal 

The fine sanda Stairway are moderately or 

moderately well sorted, fine skewed lepto-mesokurtio .. 

that a from t wo or more environ-

ments has occurred .. a commonly occurs in a lagoonal 

or bavr environment .. 

The fine, sa:r,.ds of the upper Stairway Sarrlstone are moderately 

sorted9 .near symmetrical me sands 0 TherE! is no 

suggestion of any mixing of The wost l~kely 

for the fine is low water ma:r:i ne .. 
or shelf .. 

are no _ maj or between the 

coarse the fine 2 or 3 faoets or 

m;icroenvironments of the same overall maoro-environment .. 

.. 
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CHAPTER 5 

PALAEDCURRENT AND RELATED BASINAL STUDIES IN THE STAffiWAY SANDSWNE 

order to implications of palaeocurrent 

obtained from a of it is also 

necessary to consider maps of other current-induced properties of 

the opachous and lithofacies maps are 

iso-set and isc-angle maps are also 

considered to be of value. 

i map on the whol e of the Stairway Sandstone 

g.12) shows a \JVHD..LU. e thickening of the formation to the 

north wi th a marked cut-off on the Western Macdonnell Ranges (due 

to the e Orogeny) • In the eastern side of the 

the formation has been removed by erosion subsequ en t to the pre-

e 

a cons 

uplift 9 so that data is not now 

on of the area in which the 

was originally deposited. 

is impossible to derive the form of 

palaeoslope directlyp but it is a 

that the isopachs reflect the 

follows that 

the part of the it is not 

that the thick section in the may o reflect 

rate of subsidence. 

Fig.13A shows the limits of the 

the 

e ion 

ope. It 

seas lie in 

a more 

of the . 
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lower middle and upper Stairway seas and indicates that the 

lower and seas were fairly whereas the upper 

Stairway sea was extremely widespread. 

It is apparent from the i map 

that following the deposition of ·the Horn Valley stone, 

a ow fo;rmed in the sooth-east part of the 

The unifonn of the lower Stairway suggests 

that the y and that 

lower sand body was of "blanket" type with very uniform 

conditions prevailing over a wide area. palaeos was at 

the most (not for 1 foot per 

and was probably considerably (if ence is lowed 

for). gradients are in order of slopes found in ancient 

epeiric seas (Shaw, 1964). 

map on the middle rway shows 

.- a more complicated picture, with the suggestion of some sort of 

along a e line north 

the Seymour and the Chandler and then a more 

north-west line the northern of the James 

Range. Whether thinning is merely due to i tion or 

the development a nnno"V"J:lT\hi C high is uncertain. line 

of thinning effectively des up the Amadeus 

western basin with a thick sequence of sediments and with 

no e of restriction to the open sea; a 

area which there is o a considerable thi of 

and also a embaymen t with a very thin sequence of 

s. The relati on of rock to these sub-basins 
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is shown in Fig.16. this it is evident that the zone of middle 

.. Stain;ay is o the zone of maximum carbonate precipitation. 

This may be due to the on a topographic high. The 

carbonates are not however limestones - they are mainly thin~ 

bedded dolomites. ~herefore this zone also 

be due to the it was a zone of minimum terrigenous 

on was the 

sediments tion 'I"\""'jf\"'~'" • 

The upper map (Fig.14B) shows little 

rela. tionshop to the Middle Stairwa;y. The sub-basin in the 

has been delineated from a 

few known thicknesses the stratigraphy in of 

the southern of the basit; (the Mount Sunday Range is a 
.. 

little uncertain; therefore too much significance should not be 

attached to it at this would appear however that some 

thinning of sediments occurred along an east-west line running 

the • There is a very d e 

of the upper rway on the northern ma~gin of the basin so that 

1, the upper resembles the lower a1 

the s are both more widespread and thicker. 

of outcrop prevents anything more than a very 

map drawn up for the e of the 

stone .15) • To some extent this a e 

.. 
of Stairway Sandstone sedimentation for the map 

the northern margin of the Amadeus was the 
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cian margin. This has been shown not to be the case (see 

.. ). The high sand: os in the northern of 

the are due to the e thi of the 

upper Stairway Sandstone to the The high 8 and :shale ratios 

on the southern margin are a reflection of the absence of 

the predominantly silty middle Therefore any es 

interpretation based on must be treated with cau non; it 

however show that the most lutaceous part of the is in 

the middleo Source areas the sediments may have been situated 

on all sides of the basin to the north-west, where it 

the basin was to the open sea. of a 

north-west to south-east is strangthened by form of 
.. 

the lithofacies map .. that the 

direction is in part parallel to the axis of the embayment or basin. 

A very much more would be obtained drawing 

up lithofacies maps (both sand:shale and clastic to non-clastic) for 

the lower, middle and upper Sa~dstone, but this is at present 

because the on of 

the lithofacies picture these three units suggest that the lower and 

upper Stairway, whilst showing very little variation sand:shal e 

ratio, would progressive decrease of sand to the 

north and west. The middle Stairway Sandstone wou ld show a marked 

increase in sand to and would show its 

proportion of cs in Seymour area the .. 
... area of the lowest sand:shale ratio for the whole of 

the Stairway Sandstone - Fig.15) • .. 
!l( The term II is used because it is in usage -

it should not be taken as implying fissili i;y in the luti tes 0 
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The of the rock types the middle Stairway 

is shown in Fig .. 16, ani it that there is a 

marine shales in the north-west to carbonates and 

Nd-beds in the south-east. 

Wi th the exception of the coarse sands in the lower Stairway 

are both rare and poorly developed .. 

it is only pos to up a aeocurren t map 

the Sandstone as a whole. 

12 shows that in gene]~al the indi cates currents 

the south-ea.st. This direction is evident in the 

south-east and north-west parts of basin; in several 

south-east to north-west is to the isopachs. 

the middle zone of the basin the current pattern becomes somewhat 

and there is a 

southerly component in 

(1. e. current n'ewing from the 

down the palaeoslope - this is 

current studies (Potter and 

maps of the lower and 

tha t the currents from 

and stent in the areas with 

northerly component (and a 

) . This northerly component 

indicate currents 

found to be the case in 
! 

1963) .. Reference to the 

Stairw~ (Figs.l3B and 

south-east may have been 

palaeos1ope .. 
e south-easterly currents were probab~y completely independent 

of the palaeoslope • However, on moving into an area wQere the 

ope was steeper, the became modified and was 

more en t now on the ope. 

17 gives mean rose diagrams of the currents 
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for the entire basin. All of the rose diagrams show a fairly wide 

spread of results (as is normally the case in shallow marine 

sediments) • Howeveri t is evident that the mean current direction 

for the whole formation was from the south-east. The same south-

easterly current is also seen in the lower and upper Stairway. By 

contrast the main current direction in the middle Stairway is from 

the north-east. This may indicate that to some extent the 

development of the thick sands of the lower and upper Stairway is 

dependent on the palaeocurrent direction. The presence of phosphate 

in the middle Stairway may a;tso be dependent in part on .the palaeocurrent; 

the north-easterly current may have been the phosphate-bearing one. 
-- -

Alternatively the north-easterly current may have been one which 

carried little terrigenous material so that there was no"dilution" 

of phosphate. 

There is also a suggestion from Fig.l? that the si~e of 

detrital grains is in part dependent on the direction of the 

palaeocurrent, so that coarse and very fine sands show a 

palaeocurrent direction from the south-east whilst fine and medium 

sands generally show a curr~nt direction from the "·east;(ft ~ 

be relevant to note that bimodal sands generally rave the modes 

very fine sand a.nd coarse sa.nd). This change of grain size with 

palaeocurrent direction may be due to the variation of current 

veloci ty with the direction or could be a reflection of the 

provenance, ioe. coarse a~ very fine sands are derived from the 

south-east whilst fine and medium "sands are derived from the east. 
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Cross-beds were stOOi ed at a uu,:u ... ", .... of 10calit thrrughout the 

basin and in addition to the dip and of the sets 

(necessary for the determination of palaeo-current directions) the 

cross~bedding, the thickness of the cross-beds and the grain size 

of the cross-bedded units were all Table 9, 

The are ~nly the curved tabular or straight 

tYPE! (Crook, ), and be regarded as 

significant except that a re of sub-aqueous origin. Similarly, 

the values from the of inclination of the cross-beds 

be regarded as being of environmental significance except the 

. 0 
average value of 18 - see Table 6, 

indicates that they were in a sub-aqueous env~onment (McBride 

and " 
question of variation of palaeocurrent direction with grain 

size has been ment in addition is common 

to common in the coarse ":-'-t1.L<1 sandstones, common in the fine 

to very fine grained sandstones, and probably rare in t~e mediUm 

grained 

on whether there any variation of angle of 

size was not an 

map is up (Fig.1M) an interesting though pI,lzzling pattern emerges 

in which three low zones 

int high e zones th~ 200
). These zones trend 

apprax:imately south-west to north-east, i.e. at right to the 

~ Isoangles are of the same eof 

the cross-beds. 
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Iso set map- average values for cross-beds 
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, and bear no relati to the 

isopachous map. 

.. of this zonation may be that 

zones to a low energy environment whilst the low e 

zones correspond to a high energy environment 1963). 

reason for the change in energy may been a of 

but it is more to have been due to 

tides and currents 0 I t may be f to this possible 

of rurrent to the search for the 

the current, the greater the action and the 

the phosphate enrichment. (1963) has also shown 

an in the dip of can be related to an 

increase in the suspended load (probably due to an increase in 

of the current) and als 0 to a of the basin). 

The thickness of cross-bed sets were also plotted up (Fig.18B -

the is maps) 9 with the 00.1 idea that the sets would 

show thickening towards the source area but this was not 

found to be the case. isoset map on the rway Sandstone as 

a whole shows a distinct resemblance to the isoangle map except that 

the trend is more is however no correlation between 

the thickness of the cross-bed set the e of 

The lateral variation in thickness of cross-bed sets wi thin 

both the lower and upper Stairway show a trend opposite to the 

.. ed one for both show a thi of the isosets 

ets are lines joining with the same thickness of 

cross-bed set 
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to the west )" The on with the thinnest of the 

lower rway corresponds well to the area of the lower 

rway em baymen t - a low energy zone. presence 

the isoset minimum in the upper Stairway may be significant as 

this lid shows a general sort of correlation 

the zone of minimum sand: shale ratio 15) and may be a 

on a energy zone so cross-beds were poorly 

developed luti tea form a percentage the sequence. 

When isosets are 

somewhat onal 020) that set 

thicknesses are in part dependent on grain size (or on the current 

, which in turn influences are however 

a variety other factors such as the duration of a current, the 

on load of the current or bot tom which may 

the thickness of the seta. ority of the sets of 

the fine and very fine grain are 5.0 to !7.5 inches t~ick 

whilst the coarse and very coarse sands have sets 10 to 15 

thick. Apart from this on there is also a very marked 

difference between n size classes in that the isosets of fine 

sands thicken to the east whilst the coarse sands thicken to the 

west. that two distinct were 

operative at various times throughout the Stairway Sandstone times, 

- one system cross-bedded coarse and the 

other system produced cross~bedded fine sands. s does 

not mean that the environments were necessarily very 

it is for instance the same beach environment to 
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cross-beds inclined at the opposite direction to ea,ch 

other and 1964). Alternatively, the ion 

in the trend of the isosets ma¥ be a reflection of the fact that the 

coarse sands are found predominantly in the lower which 

the fine sands occur mainly in the upper 

which , though just how and why this wou ld 

the iscset 

maps clearly show that the limits 

the .ua."' ... ,u are not the limits of Stairway Sandstone ition. 

sea was probably fairly restricted 

sea even more with The .. 
upper $ and stone se~ was, very extensive and far outside 

the limits of the Amadeus Basin~ 

lithofacies map whilst tre~ted with some on shows 

the percentage of lutite in the middle of the basin and also 

the north-west south-east trend of the The 

connection to the open sea lay to the north-west. 

directions indicate from 

to the north-west, which was of the 

in most areas. There is however some modification of 

this in the central part of the basin where the palaeocurrents 

have a northerly component which some down the 

.. lope - possibly in respons e to a of the slope. 

The main currents appear to have, had a direction to the 

the embayment. The main source area the sediments 

to the east and south-east. is map suggests 
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the of al temations of 

zones with a 

to the palaeocurrent direction. 

of is one normally met 

isoset maps possibly 

of cross-bed sets may be 

or "low .. 

energy current 

approximately at right 

The range of valu es of the 

in sub-aqueous cross-

that the variation of 

whether the 

the sea was 

or trans may also have been an important factor, with 

is 

the sets thickening in the direction in which the sea is "moving" 

(Le. di rection of or regression). 

e 
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CHAPTER 6 

There are no e indicators in the 

Stairway Sandstone. Some of the fossils may have been subject to 

or this type 

palaeontological is not e. Therefore the mineralogy, 

grain size etc. of theStairway Sandstone have to be used as keys 

to physico-chemical conditions (Fig.21). 

(a) of Deposition 

.. Stairway Sandstone a maximum of 

1800 feet ani a time-span 20 million years. is 

equivalent an average rate of deposition about 0.3 mm. per 

annum in northern the basin Macdonnell 

area) • In the vicinity of APl the average rate of tion 

would have been about 0.1 mm per annum. n"":>""''' ..... , the grain size 

of many of the lower sands is in the order of 0.5 rom. 

diameter so that on was int"' ..... · .... ..,''f''ed by a 

great deal of erosion in between periods of fairly deposition. 

The presence of abundant the coarse sands the 

Stairway also suggests fairly deposition at times. 

The form and frequency infauna. is to be of value 

.. in the interpretion of rate of sedimentation (Middlemiss 9 1962) • 

straighter the vermiform burrow the more rapid the 

(e.g. as wi tb ::;.,;;;;.;=;..:..:.;:=" the more contorted the burrow the slower 



'- ~ .. I. 

(Jl 

8. Pil 

MODAL 

GRAIIIISIZE 

-l 
0 MAXIMUM 
» 
(') GRAIN SIZE 
(') 

0 
~ 

)g LIMESTONE 
Z 
-< 

:u 
ITI PYRITE (') 

0 
:u 
0 

'GLAUCONITE 
iD 
O'l 
O'l 
"- FREQUENCY 

OF FOSSILS 

PHOSPHATE 

I> 
C 
W 

::::: 
N 

;' 
i • 

THICKNESS 

LITHOLOGY 

GRADING 

CONDmONS 

RATE OF 

DEPOSITION 

AVERAGE 

CURRENT 

VELOCITY 

MAXIMUM 

CURRENT 

VELOCITY 

pH 

Ell 

CONDITIONS 

,tV 

< 
ITI 
::0 
-( 

0 
:to 
r 

;; 
" ::0 

~ 
0 
2: 

0 
'TI 

en 
~~ 
-~ 
~O 
~O 

I 
enO 
l>:t 
ZITI 
oS:: en-c1g 
Zr 
rng 

:z 
0 
=i 
(5 
2: 
en 
Z 
-( 
:t 
f'II'I 

" 
'" 



the rate of sedimentation (thus the burrower greater 

opportunity for reworking the sediments} 0 sedimentation is 

rapid then it is possible for the infauna to be 

completely destroyed as it is unable to keep pace with sedimentation. 

On this , in the lower and upper Stairway the lack of burrowing 

the fact that what there is is of th e verti cal 

the rate of rapid. 

The abundance of burrowing in the middle Sandstone 

that the on was slow. view 

is supported by the distribution of (rare in the 

and upper and the middle 9 abundant 

commonly as evidence a slow rate of 

depositiono 

In some the abundance of may be taken 

as an indication of rapid burial; .i.t.-may-however-ai:s·o-be-an' 

,,'lIT.,,"'."' ..... also be an indication 

of optimum condi . for the of a or of 

lack of scavengers9 or of mass mortalities. The presence or 

absence of fossils cannot therefore be used with any r 

for the on of conditions. 

(b) variability conditions 

presence of non-turbidi te ) 

may be taken as evidence of predominantly tranquil ons. 

However converse does not , i.e. the absence of graded 

... 
(the case th..."'Oughout most of, the Stairway Sand one) 

cannot be tak en as ence of' conditions. number .. 
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of s on un! t s per uni tint eIVal may some ind 

.. of the ty condi ti ons and Fig .23 that ions 

were thrrughout the formation and 

the middle where there are numerous al ternat thin beds 

~ lutite or phosphoriteG 

of the current 

t may be obtained from the the 

curves computed by Hjulstrom (1939). size 

may the average current velocity) indicates the current 

ranged from 7 ems/sec. in the lower and upper Stairway 

down 004 ems/sec. in the middle rway. current 

velocities obtained by use of the maximum siz e range from 

30 eeQ in the lower Stairway to 10 in the Upper. 

and to about 1 cm/sec. in the middle Stairway. 

phosphatic pellets are as detrital grains (as 

has been suggested by Crook, 1964), a very pattern 

with veloei ties up to postulated 

to move the lets. Velocities this order are considered to 

unlikely and the author believes the pellets 

are not detrital. is discussed in more detail later 

(Chapter 8). 

(d) Bathymetry 

The Stairway has many indications of e."..,..· .. "'''"''" .. 
shallow water sedimentation as ripple marks 1I and tracks 

and tra.ils of the mud is also possible to fit 
!III 

the sedimentary sequence into the barrier-bay, the inter-tidal 
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or the epeiric sea enviTOnments 7) all of which 

are shal Cloud ) suggested that glauconite may 

of 5 and 1000 fathoms but it is 

likely form between 10 and 200 fathoms so that the glauconitic 

the lower were probably UvliJV;::, ... ted at depths 

within this rangeo 

(1937) has that es form hetween 

depths of 50 and 200 metres but McKelvey, et (1959) have 

the depth range is 200-1000 metres. It is probable 

that much the St airway was deposited in similar 

to those by Kazakov (1937) rather than e of McKelvey, 

et )" The phosphori tes in the 

Stairway indicate a greater depth than is the case for the 

upper or lower :Stairway where are few es and 

abundant of very water However, 

the discussions in Chapter 7 that in the sea or 

at model, the may be a water 

environment that of the lower or upper Stairway. 

(e) 

Cloud has shown that e is of little value as 

an indicator of t that 

to be inhibited in "markedly waters. 

most commonly wi thin the 

approximately to the present-day zone 

on is 

Phosphorites are 

c belt 

o tp 30 S. 

zone the water temperatures in shallow marine seas 

warm to wann (about 

and all 

, 
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or climates with associated warm to very warm 

shallow marine seas. 

(a) 

There are few indications of abnormally high salinities in 

most of iss ome evid en ce of 

evaporites east of Mount on the southcEBst margin of 

the basin, Where a surface outcrop of the middle Stairway red-beds 

is gypseous; this may indicate saline conditions 

within the Mount Charlotte embayment. Some of the dolomi tea anI 

dololutites of the middle may be 

from abnormal salinities. There is evid ence of uncongenial 

conditions for marine fauna at the time of cs:rbclna.te ae'pof3~~ion as 

the only fossils are generally extremely small There 

is no evidence of abnormal salinit ies in the lower or upper 

(b) eondi tions 

The work of Krumbein and Garrels has .. ,-"",..,.",' assisted 

the of the chemical condi ticns at the time of ..... "'liJV;;; ..... ion 

of sediments; such chemical sediments as limestone and phos:ph()ri 

are of (Fig.22). 

sediments are fai rl~ rare in the lower Stairway wi th 

only minor e and 

granular calcite and S ........ Jc ..... " •• 

suggest that conditions were in 

but'with fairly common inter­

minor pyrite and phosphorite 

wi th the pH ranging from 7.0 to 7. 

pellets might be derived from other 

basin but this is thought to be of 

at least moderately alkaline 

Some of the phosphatic 

of theStairway Sandstone 

minor (see 
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Chapter 8). Some of the pyrite ooliths in the sandstones may 

be produced by reworking of the underlying Horn Valley Siltstone 

which contains abundant pyrite ooliths, but the ooliths show no 

signs of mechanical attrition to support the "reworking" hypothesis. 

The sediments are therefore probably a faithful reflection of the 

chemical conditions prevalent at the time of deposition. The 

intergranular calcite possibly suggests that below the water/ 

sediment interface conditions may have been slightly more alkaline 

wi th a pH greater than 7.8. Conditions throughout most of lower 

Stairway times were probably mainly fairly open circulation 

conditions with normal open sea pH values whioh according to 

Krumbein and Garrels (1952) range from 7.8 to 8.40 

In the middle Stairway the abundance of phosphorites suggests 

that conditions were generally within the pH range of 7.0 to 7~8 

for most of the time although the development of fail'ly common 

carbonates in the Seymour Range (Figo16) suggests that conditions 

may have become more alkaline to the south-east with pH values in 

the order of 8.0 or greater. 

The upper Stairway is very similar to the lower Stairway 

though intergranular carbonate is less common and phosphorites 

are more common. The pH value was probably within the range 7.0 

to 7~8 for much of the time. 

(c) Eh conditions 

The presence of glauconite, and pyrite ooliths (and possibly 

some marcasite ooliths) suggests reducing conditions in the lower 

Stairway with Eh values ranging from about =0.1 to =0.3. The 

abundant intergranular silica would also support the suggestion 
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condi tions. 

of the middle contains abundant and 

matter the black shales and within the phosphorite 

but 'glauconite is absent. This that conditions 

were strongly reclu(}in,g with an Eh range of to -0.40 However 

the presence of the "red-beds" in the Mount Charlotte embayment 

although probably wC>; ...... "." due to lateritic in the source 

area9 may also in be indicative of an oxidizing environment. 

Therefore the Eh prlDblibJ:Y inoreased to the south-east in middle 

Stairway times and attained in the of 

Mount Charlotte • 

. Eh in upper rway times were similar to those 

of lower ...... ,,=-~, H""V times with ... a.. .. ..!.Je.J common pyrite (with 

marcasi te) and glauconite (eog. in the MountCharlotte 'rhese, 

with the presenoe of matter a 

envi ronment .. The presence of siderite in places the 

environment may have been less strongly than that of the 

lower Stairway 9 wi th Eh in the mnge o to -0.2. 

Tbephysico-chemical conditions in Stairway Sandstone times 

may be summarized as follows g-

(a) Rate of deposition - fairly (grea t ~r than .. 1 rom 
per annum) 

.. ' (b) Condi tions - fairly constant 

(0) veloci ties - 5 to 30 ems/sec. 

(d) - shallow - 10 - 200 fathoms 
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(e) Temperature - probably very warm (75~ plus) 

(f) Salinity - normal 

(g) pH - normal open sea values - slightly alkaline vdth 
a range of 708 to 8.4 

(h) Ell ~ generally reducing 9 with an Eh range of -0.1 
to -0 0 3. 

. ., .. , . 
Middle Stairway conditions 

(a) 

(b) 

(c) 

Rate of deposition ~ probablyvery slow (less than 
.1 mm per annum) 

Conditions moderately variable 

Current velocities - generally 0 0 5 to 1.0 ems/sec. but 
occasionally higher 

Depth - shallow with a range of 50 to 200 fathoms 

(e) Temperature -probably warm (up to 75~) 

(f) Salinity - normal ex-cept to the south-east in the 
Mount" Charlotte embayment where they may have 
been fairly high 

(g) pH - slightly alkaline 9 generally 7.0 to 7 0 8 but 
increasing to the south-east to 8 0 0 or higher. 

(h) Ell - generally strongly reducing wi tll an Eh range of 
-0.2 to -0.4 but possibly becoming more oxidizing 
to t he south-east where the Eh value m~ get as 
high as +0.1 

Upper Stairway Conditions 

(a) 

(b) 

(c) 

Rate of deposition-= relatively rapid (in the order 
of .1 mm per annum) 

Conditions - fairly constant 

Current velocities ~ generally range from 5 to 10 
ems/sec. 

(~) Depth - very shallow - possibly as shallow as 
10 - 200 fathoms 

(e) Temperature - probably very warm (75
0F plus) 
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(f) Salinity ~ normal 

(g) pH ~ slightly alkaline range of 706 to 80 4 

(h) Eh - s lightly reducing wi th an Eh. of 0 to ~O.2 

.. 
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CRAFTER ? 

General 

and field are valuabl e in 

the interpretation of sedimentary environments. The basic 

tool is the detailed log (see "'VIJ.l,,~" .... ed 

API. Bouma (1962) has the detailed approach 

for the delineation of turbidity , but it 

has not ~ to the authoI,j s knowledge? been in the 

erpretation shallow marine sediments. The methodologyg 

the of the symbols the graphic may 

all be found in the appendix~ 

Any interpretation of a log of a cal sequence 

such as API hinges on Law Facies 1893 -

94) which in effect states that where are no time breaks, 

s which succeed each other vertically must also succeed 

each other laterallY9 i.e. the sequence is a on 

of the sequence. premise then be to the 

of s models obtained data on recent 

It bas been possible to demonstrate from the 

from the fossils, from the Ii thologica.l 

picture from the size analyses that the Stairway Sandstone 

is for the a low marine sequence and 

'! the search models m~ be limited to Recent shallow 

The marine environment includes such .. 
as open flat 9 

u68590
Text Box
Page 58 is correctly succeeded by page 60. There is no page numbered 59 in the original copy of 1966/1.
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lagoonal and estuarine. 

in this context. It is 

litt zone must also be considered 

for instance 

beach and by criteria such as size 

es. However, in most cases it to distinguish 

between the various shallow water marine environments by any single 

method. In spite the these sediments have 

been subjected to in, instance, the 

Andel and Curray, 1960) t no 

Shepard (1960) has suggested that it 

between lagoonal and 

(a) Lagoonal sediments do not contain 

sediments commonly do. 

(b) Lagoonal sediments show 

bottom fauna is 

there is little or no 

by chewing organisms). 

on 

(c) Eva],ltlri tes form in semi-arid lagoons. 

(d) Sandy clays low in silts are common 

the shallow shelf environment. 

co (e.g. Van 

have • 

e to distinguish 

the 

te whereas shelf 

on the 

shelf 

but rare 

It is however necessary to have most or all of these features 

before it can be confidently stated that the environment is 

(1965) gives a valuable series 

models for use in envi ronmental reconstruction, again us the 

overall picture of sedimentation to delineate the 

It is necessary to determine the 
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sedimen tary in the Sandstone reconstru 

the environment. 

Evidence of some kind of repeated sequence immediately 

in the Stairway Sandstone, wi. th the upper body of sand 

bearing a to the lower sand. 

The form of is elucidated by Fig.23. 

The of the variation thickness of sedimentation 

units has been oonstructed from graphio 1 da ta and may a 

quali tative to the or of oond ons 

in a given interval - the greater the number of sedimentation units 

per standard int erval, the the instability 0 It is 

however merely a guide to conditions as the thiokness of the 

uni t is governed to a considerable by the 

size and also there is no record of sedimentation units whioh were 

eroded away after What the plot does show 

however is the way in which the upper of the formation is the 

mirror of the lower part of the formation f with a point of 

symmetry at about 400 feet, ase to t he middle of the formation4 

The striking of the various parts of the lower 

the curve (A) to the equivalent parts of the upper 

(B) is shown in Fig.24; , 

of t he curve 

Such a mirror image in a shallow marine sequence can 

be in respons e to a or 

trans cycle" If the lower half of the formation is 

it evident that there is a 

(and from~althers Law a lateral variation 0) in a 
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number of features. 

.. The, main vertical changes from lower to middle are as 

v ........ "' ... ,' :-

areni te t 0 pred~om:irumt luti tee 

) coarse grained sands to fine silts and 

sediments to strongly chewed 

to phosphatic sediments. 

(v) to non-glauconitic sed~entso 

Ref'eren('~e to the trlm~)gresI3i,re and +egressive models of 

Visher (1965) that the lower part of the formation 

is a regressive sequence. This is further supported by the fact 

that the coarsest s are found near the top of the lower 

Stairway 0 If the sequence was trlmI3gJ:"eElsi.ve then the coarsest sam 
" 

would occur at the base of the sequence Conclusive 

proof is available from the field data - shows that throughout 

moat of the basin t he southern limit ,of·t he Horn Sil tstone 
-.. 

Sandstone) very ".1 ''' .... '~1 coincides with t he southern 

limi t of the lower and middle Stairway Sandstomh'< 

would not be the case had a major transgression occurred at the 

base of the Sandstone. There is a veI~ minor 

successive of the lower and middle Stairway but this is 

probably a reflection of reworking of the underlying sediment 

on the W(:L.L5~'''O of the lower and middle Stairway seas. 

it can be seen that the Cn;l'l1:l:'W9,V regJr'es;sion was not accompanied 

by a major in fact there was no change in the margin 

of deposition. there was a shal.l..u", .... L,'" of the seas am 

a seaward migration of near=shore environments. By contrast the 
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upper Stairway Sandstone shows very strong onlap and in fact 

.. well southern limits of 

Amadeus 

, the Stairway Sam sequence is 

regressive-;transgressive. 

Curray (1964) considers that ons and regressions 

are the result of one or more of following factors; the 

of sedimentation, the intensity of oceanographic processes which 

sort or e the the of 

rate and direction of changes in sea level c A modern regressive 

sand the of California been described by CurTay 

Moore (1964); the regressive sand foms by the rapid supply 

of sediment to longshore bars which coalesce and a new bar is 

formed seaward the old bar so that a sheet sand 

seawards. The basal sand of the lower Stairway may 

have devel in such a way although the texture the 

sands suggests an ext rem mature sediment a much slower rate 

of is the case Gulf It 

is impossible at this stage to establish the factors causing the 

lower and Stairway 

Wi th the generalized environmental condition (the mega-

, it now to establish 1he 

macro and from the logo 

.. 
s un! t as "that 

thickness sediment which wa.s deposi under 

constant conditions" c The smallest sedimentary dh1.sion of 
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the graphic logs to the sedimentation 

all, over 800 ed in the Stairway 

(see Appendix IV)" 800 units are 
=~ ........ 

the same and therefore it difficult to work out a 

simple a sedimentation unit or for a 

group of sedimentation s.. Also 9 as each s edimentati on uni t 

has up to 30 within it, such as graded bedd modal 

grain size. etc .. 9 there are in the order of 

25,000 sedimentary 

The handling of such a mass 

Crook (1964) conai 

up by making the base 

e in maximum grain occurs .. 

were 

the phosphate wa.s 

band at the base 

means Crook (1964) was 

were further grouped into 30 

The present author considers 

are not detrital and that on ese 

(1964) is not strictly valid .. 

the process) 

and therefore because of this, 

is marked by the incoming a new 

the of the phosphatic 

the whole fonnation. 

proved extremely difficult. 

uni tan cruld be set 

where a s 

his method, phosphatic 

qua.rtz p .on the 

meant in most CBses a 

"composi te unit"" By this 

2 11composi te uni ts11 which 

So 

phosphatic pellets 

approac~ of Crook 

of phosphate 

event 

s edimentation unit 

band irre~pective of 

a total of 192 composite 

units (many of wmch are identical with those of 

(1964) in spite of the By considering 
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other ogieal data it possible to set up six 

basic types of composite (A - F) 0 average 

characteristics of each of these six uni ts are 

in Table (Appendix) Fig .. 27 .. order of the 

sedimentation units is established mainly on order appearance. 

To some th e average in Table 10 are "'eM ......... "'" in that 

the modal of B in the lower is 

the order l¢ whereas the average grain size of unit B in 

the upper is 3¢ to .. This does not however invalidate 

type of approach for the sedimentary processes are still 

the are at energy 

difference of degree rather than of kind). -
The on six e on 

units shown in • The distribution of phosphatic material 

is also It is that on of 

phosphate occurs the middle part of the which is also 

of the l·o:t"Illl'i.'t:t composed lutaceous 

composite sedimentation units D and Eo no 

apparent c ion the 

size of phosphatic lets .. can be seen in .25 that in the 

lower of the formation, i .. e. below about 400' there is a well 

developed sequence of A = B -C - D ~ E - F. t he upper 

of the sequence is F - E ~ D - C - B - A. 

.. As it has already been established the basal s enee is 

regressi ve, tl;len t he A ... F Bequ ence mus t be regress! ve 9 whi 1st the 

F - A sequence be 

vertical distribution of the composite sedimentation 



,... 
n~ 

VERTICAL DISTRI BUTION OF COMPOSITE SEDIMENTATION UNITS 

AND THE ENVIRONMENT OF DEPOSITION 

:;;. 

< 

.. ... 
COMPOSlTE "' ... " COMPOSITE "' ... .. 

~~ 
... "'w :I "'", 

SEDIMENTATION "'w z SEDIMENTATION .... w 

"'" ~ ... <> "'~ 
"''' UNITS " UNITS ¥ 

u .., 
:> 

~~ ;; - z 
z~ :5 ~-

A 8 C 0 E F 
J?o~ .. 

o . 

160 
S 

100' 0 - 100' 

S - -

150' SO 150' 

200' 200' 
160 

D -_ 
2~o' 

S 

CO 

140 S '" 
CO 

0 

300' CO - 300' 

.; 120 

100 

80 

60 

40 

.. 
20 .. 

5~0' 550' OlC"""'Jt"eh'1I'tt, 
S "4,rG! 'JI".,,~ 

SO ,111"1",,* ott'IlIOIOff 

CO com.pouncl otCIlfOtOf, 

~ 
600' 

0 

TO ACCOMPANY RECORD 1966/1 AUS 11117 



.. 

- 66 -

shown in Fig.26. Each s unit is represented 

i.e. the vertical s a linear foot e 

footages are , because the thickness of the e 

unit is the type of uni t" form 

the cyclicity is now and can be seen one 

or regression-transgression but a series of re,=!3SEllons and 

The the sequence A ~ F is should 

not however necessarily construed at this stage as eating that 

instanoe ul)i t D in a shallower environment unit A, 

for in fact the reverse may hold if A -.."',,,.,..,, .. ,, a bar 

environment and D a environment .. 

The Compound s uni t is a uni t up of all 6 of the 

oomposite sedimentation units A, B, C, Dg E and F. It is the 

ete s (Fig.27) but as can be seen in ~ig.269 

there is no complete, unbroken A - F sequence formation .. 

of the shown in Fig" 26 

regressive (s) or transgressive (D) for 

uni t repeated (C '" C '" C .. C ete~) which 

be as 

up of the same 

oscillatory" (SO) 9 or ematively they cons repeats of adjacent 

composite sedimentation units (C - D ~ C - D "" C - D etc. h t his is 

designated oscillatory!! (CO). thin the Stairway 

there is of 25 episodes of regression'~nd 

transgression; 9 separate episodes of e oscillatory sedimentation 

and 8 

The in which 1 were 

place can be from the compound sedimentation unit. 
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.. To find a sedimentological in which to fit the 

Stairway data, we must look for a 

phase in the shoreward s are finer than the 

sediments .. are two wel1 environ-

ments in which this occurs - the barrier lagoon 

environmen t flat 

j:1he Barrier Island-Lagoon Environment: 

) in detail the sub~environments of the 

barrier complex of the of the Gulf 

Mexico .. are shown .28 together wi th the 

Stairway .. between the 

Stairway compound sedimentation uni t Laguna Madre environments 

are:-

A "" (fairly coarse cross-bedded 

B "" (Bedded sanis) 

C '" low bay (mixed ) 

D ::: Shallow bay 

E '" bay (mixed ) 

F = bay or upper bay (silty clay). 

Thee ronmental implications correlations for 

each sedimentation can now be consid 

All the information on the modern environment is from (1960) .. 

A • can be seen in Fig .. 27 ~ A is the most .. 
cross-bedded unit in the: sequence - this is completely 

compatible with a barrier and sand. The presence some 
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COMPARISON OF THE COMPOUND SEDIMENTATION UNIT 
WITH MODERN ENVIRONMENTS 

TO ACCOMPANY RECORD 1966/1 

- ._' - - --------- , 

Reference to Fig.28 

A - F ~ composite sedimentation units (see Figso25-27) 

LAGOONAL-BARRIER INTERTIDAL . FLAT 

fig~S 

AUS 11119 

a inlet (open sea) i open sea (below low-water) 

b barrier island j lower sand flat 

c barrier flat k lower mud flat 

d shallow bay (1) 1 Arenico1a sand flat 

e shallow bay (2) m inner sand flat 

f central bay n higher mud flat 

g central/upper bay o higher mud flat or 

h upper bay-beach sal t ma.rsh 
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some may have been 

unit. It 

is suspected 

composite S"',,"_LW.""" 

some of the ,..._.~_" ... _ A may have 

been derived, pellets and nodules been reworked 

from some other part of the basin and then due to wave action 

of the postUlated barrier island, in-on the 

corporated 

chewing by 

associated 

barrier beach s presenc~ of some 

organisms is not a feature normally 

islands. s may be duetto 

some inlet sediments being included within uni t A or 

barrier island been 

a considerable of its history. 

This unit the thickest of compound sedimentation 

unit; it may have been the widest zone. 

Most of the textural and other could be 

with barrier f~at environment 

burrowing - this 

be attribu to the sediments of Unit B having been 

deposited a depth sea than the 

c:equi val ent zone in the .. Deposition 

uni t- B sedimentation was probably too areni tic for r.ich 

to form, but some concentrations occur at the 

base of t. The is probably the result 

of occurring either as a result of 

or due to wav~s or currents 

or both. 

over the barr.ier 

The environment occurs on the i side 
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unit C there 

is ev.i:dence of an t infaunal 

a decrease in grain size. Phosphatic were able 

to form in the unit C environment and moderate 

of were produced when currents were c:r."''''' ...... L'' ........ '''' to 

winnow sands. As the shallow bay environment is some 

distance away from the source of the detrital quartz (the 

barrier .... o."c:w.J, ..... ) it is to be that by analogy unit 

C would be than unit B. This is found to be the case 

(see )? 

The bay side of the shallow of Rusnak (1960) 

which is beyond the zone of arenite sedimentation, 

is the likely zone for the formation of unit 'D. in unit 

C, the environment of unit D is' one of phosphate 

deposition, with a high ph'DS]ph()rj.te to luti te .1.·1:1." .... \/9 

because the shallow bay environment is within the reach of 

n ..... J'llHJn ....... ~ action. 

The most likely environment of deposition of unit ~ is the 

central in the zone of silt/clay sedimentation,where 

there is 1i ttle tel:T:1ge1rl.OtlB material. ,Unit E contains the 

thickness of lutite of any of the composite 

sedimentation , and pellets are rare. 

very (perhaps when a major 

breach of the IIU~,a.II''''U barrier island occurred), so that 

the proportion of ph'DS]phc)rj.te band to lutite is very low in 

unit E • 

A slight increase in size occurs in Unit F as compared 
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with E. This may indicate that unit F is equivalent in part 

to the upper bay environment of the Laguna Madre 0 The 
\ 

increase in grain size may not however be significant as there 

is a corresponding decrease in amount of infaunal activity 

in unit F, suggesting that it is probably equivalent to 

nearer the middle of the central bay environment of the Laguna. 

Madre. The environment represented by unit F is probably 

one of optimum conditions for the deposition of phosphate, 

as phosphate occurs throughout much of the lutite sequence. 

Enrichment does not however occur 9 as the environment 

represented by unit F is either at too great a depth or 

too far removed from the open sea for the effects of currents 

or waves not to be felt. 

Thus the comp~nd sedime~tation unit will fit satisfactorily 

into the barrier-bay facies of Rusnak (1960). The application of 

this model c~nnot be too strict as the type of lagoonal environ~ 

ment envisaged for units D9E and F d~ing Stairway Sandstone times 

is very much less restricted than that of the Laguna. Madre. 

There are however difficulties in this concept ~ the major 

one being the magnitude 6~ the lagoon. It can be seen in the 

Stairway Sandstone of API (Fig.25) that the interval 470 1 to 200' 

is made up of simple oscillatory or compound oscillatory sequences 

of D, E or F so that for the whole of the middle Stairway times 

a central bay (with minor shallow bay and upper bay) environment 

of the Laguna Madre. type prevailed over an area of abru t 20 9000 

square miles., Therefore in spite of the wa:y the Enid.ronment of 

the compound sedimentation unit fits the bay-barrier island 
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it cannot be as when it is neoessary to 

this restricted over many 

of square miles. 

The is not therefore satisfactory and 

is to look at the second modelo 

Intertidal Environment: 

The and its es has been 

well documented by who studied the intertidal 

of Wash. e co ons t he sub facies 

of the int zone and the composite 

units of the one are !Shown in 

oorrelations are as follows: 

A "" Lower • or no 

wave action, strong tidal currents, slow sedimentationo 

B Lower • (Lit waves or 

sedimentation) • 

c ... =-==~ sand flats. by waves 

slow 

D = sand flats. (Limi reworking by waves; extensive 

slow on) 

E mud flats (very limited reworking by waves and 

organisms. Fairly rapid sedimentation). 

F ::::: Upper of mud or the lower 

sal t marsh (no reworking by waves or'orgamsms; fairly 

on, filter plants) • 

The tenm II and flatU used by Evans (1965) 

field terms based on appearance and not on size 

the 

slow 

are 
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The mud has for instance a median diameter of 

3 .. 57¢ in would place it in the -very sand 

range. the information used below for the modern 

environment is (1965) • 

A.. Megaripples are extremely common in the lower 

part of ·the intertidal environment, due to very s ,.,..,..r'TH,. 

cu Had such currents been 

coml)OSll. unit A would have 

cross-b nguishable in the core from any 

other and could have in 

phosphatic ets from other parts of; the-ruisino 

sns are oommon both in the lower 

in composite unit A. 

The nrud zone is the most steeply' 

the int zone; it is generally poorly ed with 

ons of nrud (unlike unit B which is 

all sand) and it is rippled. 

are rare in both B and the lower mud flat zone. Ie 

reworking and of the lower mud flat zone occurs, 

consequently Ii ttle on of phosphatic pellets takes 

'place, in unit B and the ratio of phosphorite to areni te is 

low. 

Uni t C is thought be the equivalent of the Arenicola 

flat zone which is composed well sorted sands, with 

developed laminae, and with abundant infauna - especially 

Arenicola similar to the 

a common fossil in the StaiJ:Way 
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Arenicola sand 1'3 are apparently subjected 

to strong current action at times - by analogy, 

compos it e uni t C would be subjected to rurrent action, which 

would winnow away sand to pelletal bands 

and give a high phosphorite-arenite ratio. 

D. Composite sedimentation unit D may be a fine grained 

equivalent of the inner There is aT), abundant 

infauna in the inner sand environment -particularly 

Corophium sp. which leaves a trail not unlike that of 

and D shows the effects of 

intense burrowing is some reworking in the 

inner sani fl at Wash, by wave 

Wave acti on (even would produce the of 

winnowing of phosphorites which is apparent ;in e unit 

D from the e~lutite ratio. 

E. This unit is considered to be equivalent to part of (or possibly 

the wh9le of) the mud flat environment is made up 

of well developed laminat muds. The averafSe median 

of the 1'3 with E which is 

clayey silt (Table 10, The size ranges are 

therefore very Mud cracks are common the 

mud flat but could not be observed 'the 

core. The lack organisms reported by ( in the 

higher mud is somewhat different to the 

abundant infauna E. The absence of wave activity is 

however ent the in t E 

where a very value the phosphor! t e to e ratio 



Iff 

.. .. 

- 74 -

suggests Ii ttle winnowing ocwrred during most of the 

F. 

Such as did occur in the unitE 

environment would probably have been in response to some 

exceptiona~ly high tide 9r storms. 

The afii nit ies of ~ni t F are a 1i ttl e 

position above uni t E (the equivalent of the 

it shalld be 

Its 

mud flat 

with 

the saltmarsh environment 9 s is also supported by the 

grain size; the median size in the 6fJ to 

7¢ for uni t F and 5.a'/J to 7.6.¢ the saltmarsh environment. 

In the salt environment is no waves .. 

This is accord the 

phosphatic wi thin unit F - the pellets have formed 

in s i tt? and have und ergone no or to 

give any concentration. EvanfJ considers infauna 

is rare - this does not fit in with the abundant i~auna in 

unit F; nor does the abundance such s\lrface as 

mud cracks or tracks and .. There is no evidence 

of exposQ,re in uni t F .. the salt 

environment is not one in which phosphorite would form 

of pH of 7 to 7.8 (the 

necessary for the formation of phosphorites - Krumbein and 

Garrells, 1952) are not candi tions attained in sal t """.L-;:U'''' 

Therefore F is e1 ther equivalent to t he top of u"-,,,,u':;:. mud 

flats or else s a somewhat modified version of the 

marsh environment .. 
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However, in general, tpe sediments of the intertidalmne 

have many similarit 

the Stairway 

with the composite sedimentation units 

but as with the 

there is a problem. is impos to imagine an 

intertidal. zone hundreds of miles wide. Once a shallow~water 

zone this it eS its 

characteristics because a very different w"" .... uc .. u. .... cal system is 

set up. is nece~8ary to look at a third model 

, 

which has no,present-day count 

as having 

The 

with 

but which may be con~idered 

ertidal zone model. 

environmental impli of sea sedtment on 

have been clearly set out byShaw (1964) and (1965). Both 

authOrs that are three environment s, 

delineated by their hydraulic (named X, Y and Z by 

1965). outer zone (X) is a wide energy 

below open sea wave baB~.. The second zone (Y) is fairly, nar~w 

and has it the zone where the oceanic 

waves on the sea-floor, ex10el'lJ11ng their 

inner zone (Z) is a ve~¥ shallow zone of very low 

energy in which even the effects of are not • 

Therefore in this inner zone the sediments are 'extremely 

evaporites , for the of c 

is likely to produce 

the zone of the 

sali ni ti es. high energy zone is 

and 

on 

consider that 

under the 

is the zone of biogenic sediments. However, 

v_.",,, .. ,, it can be the zone ot: qoarse 
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THE EPEIRIC SEA CONCEPT" APPLIED TO STA I RWAY SANDSTONE SEDIMENTATION 

(1) 

IAI B IclDI E F 
X Y I Z I 

I 

HIGH 
I 
I 

LOW ENERGY ENERGY 1 
I 

LOW ENERGY 
open sea wove 5 I 

(2) 

.~ 

1 96E? II AUS 1/120 
~ If -.; 
Reference to Fig .. 29 . 

A, B, C, D,E, F - composite sedimentation units (See Figs.25-27) 

x, Y, Z - the energy zone~ of Irwin (~965) 

a - sediment picked up at strand line 

b - sediment carried in shallow offshore wind-induced .current 

c - very fine grained sediments in lO'!V energy environment 

d - the offshore wind induced current me~ts the open sea 
,.. currents and waves 

.. 

-

e - the velocity of the sedtment-carrying current is reduced 
to zero here therefo+e the load of sediment is dropped 

f sediment being winnowed by oce~nic curreni!s so that only 
coarse sands remain 

g ~ winnowed-out fines are ca~ied into deeper water . 
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t particularly a 

wind or occasional s 

in offshore currents, and waves in the shallowest 

zone, i.e. the strand line, which is a zone of 

.. These ?wind induced shore currents carry s trand-::-

line unt they meet the c in the h7.gh 

energy zone, curren tis reduced to zero 

so that the load of detritus is now into t~~ high energy 

zone. thin the high energy zone a sorting 

and will take plac~ to e coarse well so;rted 

well rrunded sands .. The finer material may b e cam ed out into 

x Irwin (1965)~ Alt the of Zon€! Y 

may be carried into the zone by longshore currents, which would 

not neceesi tate having to move t sediments across the 

low energy zone of the epeiric sea .. 

(1964) is wrong ih an sequence of 

coarse sedimentEi overlain by fine implies trans~ession 

for can well ""; it depends 

whether the, overlY7.ng fine are those of' the deepEr Zone X 

or the shallower Zone Z. 

the compound sedimentation the Stairway 

the sequence is ~egreesive coarse into fine, in which 

,. the s of urn. t'e A, B and C aI"e th e h:i,gh energy 

zone (y), and D t E and F in the low energy (Z) • The sedime;q.ts .. 
zone X are ,not. represented in the sequence - they may be 

by the predominantly s of the 

Horn Vailey Siltstoneq presence of phoep~ate is 
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an added complication to t picture ;l.t may 

.. mean that cold "'" Olrrents (McKel ) are 

also impinging on the epeir;l.c sea • This unlikely to .. 
the picture The sea model its 

Sandstone equivalents are now discussed in. detail:-

Composite A t;he s eawaJ;'d 

of the high (mergy zone, where there is a great d of 

sands are 

Irwin consid~rs that this high, en zone is the 

zone of (due to the winnowing 

in the Stairway Sandstone is in fact famd tb4t uni t A 

has the highest poros~t~ g.27)~ Phosphori t es a;re probably 

not precipi tate4 in zqne but of OCOl,rs. 

B. Unit B is within the high energy zone but a ccnl3iderable 

on the energy has been in the zone of 

unit A sedimentation, therefol,"e effects of wi11llowi ng are 

pronounced. It is also the zone of ~enj,te 

accumulation, and this ed with the lessenedewirm,owing 

produces a t sand sequence with only rare, thin, 

pelletal bands. 

C •. Unit C is on the the high 2iQne, cpnsequ 

current action is only minor and e l,"ework~ of sediments 

occurs. is howeVer miI').or 

the the mtio "f phOsphor! te to sedi.ment 

high. energy do oCQasionally .-J~-~ 

on thi s uni t so. tha t ( sub chm~nt) 

phosphorites occurs. is a zone ow sedimentation, 
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therefore there is an i ty 

-r:i::- between uni t B and unit C. 

D. D is s on seaward side of the low energy 

zone Z and is outside the zooe or areni tic s 

Sedimentation is probably extremely so that the 

of to e would be 

high. is however coupled with the fact that whilst 

the oceanic will only on zone, 

it is nevertheless, compared with the other lutite units E 

F, a zone subjected (again, 

to hi energy reworking. Consequently t the ratio of 

e to e is very 

Uni t E is well wi thin the low energy zone (Z); sediments 

are tly es, s , inf~una.l 

acti vity is considerable. Because of its position within 

zone Z, unit E is 

winnowing a cUon. 

ever 

occur extremely 

to lutite is ver,y 

to high energy-

enti chments of phosphatic 

and the proportion of 

F. Unit' F is the most shoreward development of the low ~ergy 

sea represented in the 

unit of Stairway Sandstone. It is evident the 

is one of restricted circula and the 

fauna inhibited, for there is an appreciable decrease of 

infaunal activity in unit F as with unit E. 

is a slight increase in the grain size and this may be a 

ection of the the strand line. Sedimentation 
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is extremely ow in envi ronment so that phosphatic pellets 

can "make ir fel til e lack 

dilut material. There is no 

reworking in this zone it is very far removed 

from high energy zone so that there are no winnowed 

phosphatic concentrations in Unit F. 

It would therefore appear that the sedimentation 

unit can be fitted most into an sea 

model by modifying the model Shaw to acco~t for 

t sedimentationc Concentrations of c 

pellets are in most cases a reflection of the impingir.tg of 

the high energy zone. The reasons for of the 

energy zone are a Ii ttle obscuree TIle most likely reasons are:-

(i) local sub sidence the epeiric sea may take 

9 so that the enex g:r waves now e on a 

more landward zone. 

(ii) a general rise in the of the ooeans 9 involving 

global climatic is in view of 

the fr-eqt\ency of wi n.."'lowed phosphatic pellets., 

( ) may produce energy waves than so 

that they are able to further into the 

SFla. 

(iv) the of waves may vary so waves a 

ler ampli,tude than the normal impinging waves would 

also further into the sea. 

likely that all of these mechanisms acted some 

time or du the 
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The Stairway Sandstone a regressive-tratlSgressive sequence. 

Tbelarge number sedimentation the Stan-way 

may be grouped into six types of comp9Site sedimentation un:i, 'lis 

(A, B, C, D, E and F) which compound 

s unit (4 to F) or a tr~gressive compound sedimentation 

uni t (F to A). 

compound sedi~entE,i.t:i,qn uni t c~n be equated with two mooem 

nearshore barrier 

the intertidal zone environment and a more hypotheti 

sea mooel. 

STAIEW~Y SANDSTONE 

F Slightly phos 
fine silt 

E v phos 
clayey silt 

D Richly phos 
clayey 

C Ri chly phos v 
fine sand' 

A Slightly'"phos 
medium 

Both the mo<iel~ 

BAMlER-LAGOON 

Cent~al or ~pper 
ba.y 

Shallow bay 

bay 

er 

island 

modern 

INrERTIDAL EPEIRIC SEA 
FLAT 

Higher mud Inner low 
flat or sal t energy zone 
marsh 

mud low 
flat energy zone 

I riner sand Outer low 
flat energy zone 

Arenicola 
sand·frat energy zone 

J;iower Middle 
fiat zone 

sand Outer'high 
flat energy zone 

, are inadeq,ua~e pecause 

of their small areal EpCte.nt compared with the eno:l:'lJlous of' 

s. difficulty could 

possibly be partly resol,ved by the intertidal or lagoon~l 

environment over the so that 

(z) 

(z) 

(z) 

(Y), 

(y) 

(y) 
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coalescing bcrly of lagoonal or intert:i,dal sediments fonned. The 

third model .is more satisfactory and it is possible to aacount for 

most of the features of Stairway Sandstone sedimentation, with the 

sands being laid down in the high energy zone (Zone Y), the silts 

and clays being deposited in the low wnergy zone (Zone Z) and the 

pelletal phosphorite concentrations resulting from reworking of 

sediments brought abou~ by m:i,gration of the h;igh energy z on~ • 
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CHAPTER 8 

General 

Phosphatic s have been frond in the Upper Proterozoic 

and Lower Palaeozoic sediments of the Amadeus Basin, but it is only 

in the that are The ocrurrence 

of phosphori tee in the Stairway Sandstone was first noted by 

, Forman Ranford ) .. Subsequent by (1963) 

and (1964) showed that the Stairway is slightly phosphatic 

throughout but sediments regarded as phosphorites occur mainly 

in the middle as is in .21 .. 

phosphatic mineral is crypto-crystalline bUt X-ray stUdies by 

.comm., in Coo~, have shown it to be e. 

The phosphorites most commonly are pelletal or nodular and 

they are or brown in colour, purple 

phosphorites are present in the Mount Char£otte"area, and white 

phcsphorites are known the of 'fhe" 

the Mount Charlotte phosphatic beds range in thickness 

from less I inoh to about 8 but their 

would only be from 2 to 4 inches. ~tle-is known about the 

extent vidual beds a s poor exposure makes 

it impossible to follow such thin beds for more than a few feet. 

the same strati interval appears to be phosphatic 

over a wide area. Boundaries between c and non-phos~hatic 

sediments are extre!Jl.sly sharp, particularly the lower bounda.xy • 

induced s appear tc be ovt .... 'om.:.l ra.re 

in the actua.l phosphorit~s, though they are common 
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sediments (e.g .. ripple marks, c~ru?s-bedqing). Rare worm burrows 

have-been seen in very sli~tly phosphatic sandstones • 

The nodules are extremely varied in size and shape (Fig.54, 
. -

appendix) and P 205 content. Pellets and nodules may range in 

size from a t. inch or le~s, to 5 inches. The two main types of 

nodules are grey ~d brown. The grey pellets may have an 

extremely irregular form with surfaces commonly re~entrant. 

The surfaces are frequent~y finely pitted and have an appearance 

not unlike that seen in the surface of some fossil algae. The 

brown pellets are smoother than the grey pellets; they tend 

towards an eliptical shape, whilst the grey pelle~~ are flatter 

and slightly more disc-shaped. In hand specimen, the brown 

pellets appear to be more sandy than the grey pellets. The 

few analyses that have been undertaken indicate that the grey 

pellets are more phosphatic than the brown pellets, e.g. in 

analyses from a locality near API, a grey pellet was found to 

have a P205 content of 19% and a brown pell~t was ~rund to have 

a P20
5 

content of only 13% (probably a r.eflection on the higher 

sand content - see Fig.SO, appendix)~ 

Detailed study of many of the 219 phosphorite bands in the 

API core cqnfirmed the majority of the field observations. It 

was not however possible to distinguish different types of 

pellets in the core, all the pellets being black (chroma N3 

N4) • Il'l:subsurface, bound,a.r:i es between PflOsphatic and non-

phosphatic sediment were also found to be extremely sh~. 

In addition, 16 bands showed good positive grading (i.e~ coarse 

pellets at the base and fine pellets at the top) and negative 

graded bedding occured in 8 of the phosphorite bands. The 
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graphic (see Appenq.ix IV) that many of thf} 

show a cular type of bimodality, with a 

fine mode the pellets and a coarse mode :i,n 

sediment. This is discussed more fu;bly later. Both the modal 

am maximum size of wi th 

incoming phosphatic pellets. This will also be discussed 

more fully 

, the to show a r 

rounding sphericity than is shown by the 'pellets in outcrop, 

but as in cases, pel were'only e 

in two dimem , this differ~nce may be more apparent than real. 

The are (but not alw~s) aligned with their 

axeB para.l .. 

The results of and element analyse!=! <;>n s a~les 

from the one are LOULueu by , Cook 

Is (1966), and (1966) and Barrie, (1964). 

A t of 90 o~tcrop and subsurface have so 

been for (by , 
molybdo-vanadate)0 The highe~rt; valu e obtained i 6 27% 

a grey phosphatic nodule number LA701C) the 

'>-U.'-.!.Lye ... "" Bore area. The highest value obtained for a phosphatic 

bed (as to an 

LA 535(9) from the Lake ,Amadeus 

appears to be a variation in the content 
5 

or nodular but most into the range 

10 to l~ P205" Very few analyses of StairwaySandstone litho~ogies 
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indicat throughou t the 

contents are at least two 

to three times above the average es " 

(1964) considers that there may be some secondary enrichment of 
\ . 

content beds at the as so the 

value obtained for a about half that 

for nYU''' .. .,.'' ..... , this cannot be coilfirmed 

unt many more have been carried out ~ 

lack of an: adequate number of analyses mafce it impossible 

to reach any conclusions the eral or verti 

of content within tbe 

Sam stone" 

Fourteen of sedilll:t;lnts have been 

speotrochemicall~ analysed for nickel, cobalt, copper, 

and and Wells, 1966)0 of the 

were found to have somewhat higher for trace elements 

than is normal sediments. This is particularly for the 

values obtained for lead and in a "'''''.ll ........ ''' with a P 20q content of 

18% (ML3?) the lead oontent was 400 parts per million; in the 

same sample, , co;pper cont was 100 parts per million. The 

few resul ts avai lable show a in 

trace such as lead with an increase in theP 205 ent 

, but is impos to reach any O(!lolusiOl't. , 

at stage, wi th so few available. It-is; however, 

anticipated that more work will show a good conel-ation between 

phosphatic concentration trace element concentrat as is 

found for instance in the Phosphoria Formation (McKelvey 

1959) 0 
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Thin s 

there are a 

~enerally 

examination of the phosphorites has shown that 

number of forms in which the c 

m~ occur. Its overall colour may I' from 

col ess to almost black bu t the mos t normal 

pale brown to dark brown. It shows all the of 

the to under the colleC'~ive term of col:J.ophane, 

such as • 

'1'\'1'\""", ... to be ten main modes of occurrence phosphatic 

the ""'Je ..L<lI • ..L, most of whi ch a:!'e pelletal or ...... v ............ ... in fOlm. 

cation used 

t with some pellets showing 

es but in su ch cases compound names 

of course 

two or more 

be used to cribe 

the ets. Most of the pelletal names pre-suppose that the 

the pellet is rour~ed and cal necessary 

the class may be ied by 

to the phosphatic types a size 

for cos:::oser 

Classes of phosphatic types are now 

1. 

This is one of the commonest 

internal whatsoever 

have a.s e thin dark rim (Fig.56, 

(1958 r ~,s being CauB ed by the outward 

in the phosphatic pellet). 

e silt size and below to <Daree 

some cases, the modal grain size of 

, 

it is desired 

letal" may be 

above) • 

indi vi dually ., 

no 

~.V"'I">" it may 

by 

of carbonaceous 

ete may· range in 

sand size and above. 

lets is the same as 
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the modal grain size of the detrital quartz in the enclosing 

sediment, suggesting that the phosphatic material may have been 

swept in with the d~trital sand or that it may have been winnowed~ 

In some thin sections (e.~. ~3/44/0), there is a striking 

similarity of shape and size between structureless pellets and 

glauconite -pellets, and grains, suggesting that the structureless 

pellets may be in part the result of early diagenetic :replacement 

of glauconite (Fig.57, appendix). Alternatively it may just 

indicate tha~ phosphate precipitates are formed in a similar w~ 

to glauconite precipitates. 

2. Concentric Pelletal phosphate (Fig.59~ appe~dix) 

This type of pellet is distinguished by the dark and light 

bands within the pellets, which are concentric to the exterior of 

the pellet, even when the exterior of the pel~et is extremely 

irregular ':e.g. in LA 131 and in API/73/2 (Fig.59, appendix). 

Emigh (1958) has suggested that the banding must be a diagenetic 

feature otherwise it would not be parallel to t he irregular 

exterior of the pellets. He attributes the banding to the outward 

migration of organiC carbon. Some of the banding in the concentric 

pellets m~y possibly pe attributable to this migration but little 

evid ence for or against Emigh's theory could be fru~. 

There are however two special cases of concentric banding in 

which the banding is almost certainly a primary feature. In 
. . --

thin section LA 535 (A) 9 very fine mica flakes within a pel:iet are 

arranged with their long axes concentric to the outside of the 

pellet. It is thought that this type of banding developed by 

the rolling arrund of the relatively soft phosphatic pellet on 
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the sea floor and as it rolled the fine flakes of mica were 

picked up and subsequently inc9Tporated into the pellets. 

Similarly, in APl/596/0, very fine ooliths of ?pyrite are 

arrnaged in two bands conc!IDtric to t he exterior of a pellet 

of about .075 diameter. A,s with the mica, tpe ooli ths may 

have been picked up by the pellet and subsequept~y incorporated 

in it as it rolleq over them, or alternatively, they may have 

fonned within the pellets during diagenetic pyritization. 

3. Composite pelletal phospha,te (Fig~60, 'app~ndix) 

As is suggested by the name, this pell~tai form is made up 

of other smaller P?llets (generally structureless). The composite 

pellet is fairly common; a good example may be seen inAPl/97/3 

(Fig.60, appendi;x:). This type of pellet probably forms by the 

cementing together of earlier formed pellets or more rarely 

(generallyrestrict~d to the very fine grained pell~ts) by th~ 

II growing togetherll of pellet s. These processes either form 

primary coinposi te pellets or else beds which are subsequent,ly 

broken up to form pellets, or nodules. 

4. Structured p~llet~~. phosphate (Fig.6I, appendix) 

This pelletal type shows an internal structure but ~s 

distinguished from the concentric and composite pellets by 

the fact that the internal structure is neither concentric nor 

pelletal, but irregular. An example of this type of pellet 
--

may be seen in LA139 (Fig.6l, appendix), in which the internal 

strUcture of the pellet is strongly convoluted. Few examples 

of this type of pellet have been seen. ThEl convoluted form 

of the internal structure suggests that this type of pellet 
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may be formed by the phosphatization of s 

) that internal 

structuresLthought to be the result of algal activity are present 

in phosphorites the 

5 .. 

The this occurs as a 

around detrital grains (in most cases is 

thin to the or 

fragment it encasing; it is also commonly oolitic, as may be 

s,een in APlj398jO .62-63, The grains 

are generally ralnded and normally fine grained. The Sl,casing 

form in manner as ooli tha, i.e. by 
;0 

the detrital grains as nuclei on 1I'Ihi ch the crypto-crystalline 
~ .. e that- :;ts the are 

around, of tal e are 

This type of pellet may remain discrete or quite commonly, the 

layers appear to have continued growing until a1-"e sufficiently 

thick to come into contact with , so that movement 

of became impossible and prec~pitation of phosphate either 

CEased or continued as a cement, 

6.. Sandypelietal pho'sphate (Figs.64-55, appendix) 
, , 

c 

This type of pellet is one of the commonest (and possibly the 

most and is by the 

percentage detri tal wi thin it. The 

" al are quartz, or or 

such as Uta.JL ..... '" or zircon. crypto-crystalline 

apatite is present as a cement or matrix, forming up to 50% of "the 
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total pellet In most cases, there is a 

e size d tal 

the lets and that outside, suggesting that the pellets 

have been either .... ",,,1",,,,Ir,,"" or winnowed. It is whether 

the primary formation of the pellets resulted from the initial 

in a form of the crypto-crys 

around detri , or from the ceme:dation of bedded detri tal 

quartz tea which were later broken up 

and the rna terial r.ounded to form some of the pel 

appel1QJLXj, there is a d of the 

quartz within the pellets. In some cases, the sandy·pellets 

appear to have by of eta. 

7 .. 
... 

This type, in many cases, differs from the sandy pelletal 

phosphate only by its of a etal tead it 

has indistinct boundaries whi irito calci te, dqlomite, 

te or cements (Fig.66, were 

not examined with~ universal stage micros to confirm this. 

This type of that the phosphatic 

cement may have formed by the early diagenetic phosphatization 

of the original cement. phosphate has 

inclusions of mica (both muscovite and biotit which lends 

to the the was 

However, much of the ~trix is probably a primary p~osphatic 
.. 

cement. 

8" 

is a common of e 
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composed of thin 

also platey. 

to 2 mms. in length. 

and laminae which are 

They are very variable in size ranging 

average ranges fr9m 0. mm. 

to 0.1 mm. The laminae 

axes parallel (Fig.67, appendix). 

are aligned with their 

Many of the 1 aminae show a 

division into and lower layers, in 

ons" at right es to extremely fine 1'micro 

axis of the macro-lamina 

is 

outer layers. The outer 

.69 t, appendix) and a middle 

much thicker than the two 

of many of the lauq..nae 

of corrosion - "N ....... ,,","'., on possibly either 

the acti on of 

appendix) • 

rn·-n]~~m]sms or from chemical 68, 

The laminate either been formed by 

up of what was once thi nly bedded phosphorite or a1 ternati vely 

is phosphatic shell The second pas is 

the more likely b~cause of the tripartite form of the laminae. 

The original may have been .g. an 

inarticulate or it may have been a calcareous shell 

which VIas subsequ phosphati ;lied. 

9. 

In addition to the laminate whose fossil affinities 

are somewhat , fragments of phosphatized shells of 

?lamellibranchs, opods and other indeterminate fossils 

are fairly common in the phosphorites of the may Sandstone 

(Fig.70, cases of phosphatized 

fossil the centres or even 
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anywh ere at· is remarkably small. especially when 

compared with modern es such as those of Southern 

t where a many or nodules contain 

fossils .. 

10 .. 

There are number of seC9nd~y phosphate 

minerals in the Sandstone, resulting from the alteration 

crypto-crystallipe 

However, because of diagnostif optical properties, 

the form of many of the 

and search has not so far been 

one Ul~JlC~.·~~ has so far been positively ident~fied -

.. 

epee of corkite ~ a lead arseno.phosphate 

194'1) was comi med by Goadby ~. ~ , , 
, and 9 1964)9 by X=Tay diffraction on 

the southern margin of the Henbury a;re1;l, 

colI by and Stewart .. In thin section, 

appears to be mainly intereti tial, fanning from 5 to the 

it has the form of 

or , appendix) 0 It 

from Cryptocrlstal1ine 

green colour" 

A colourless phosphate mineral commonly with a ic 

habit .73, appendix) 9 occurs in vugs and 

crypto-crysta1line apatite .. 

HY 762 there is evidence of the both 
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replaced by and replacing corkite. It also occurs subsurface 

in AP3 (specimen AP3j710jO) at a depth of several hundred feet 

so that it is possible that it is also an early stage alteration 

produce of crypto-crystalline apatite, or a phosphate mineral, 

as well as possibly being a recent weathering product. The 

mineral has not been identified any more positively than 

?apatite. Its optical properties suggest that it may be 

dahllite. 

Previous ideas on the origin of phosphorites 

One of the earliest attempts to explain the origin of 

phosphorites was made by Murray and Renard (1891), who as a 

resu1 t of oceanographic observations made during the"Chal1enger" 

voyage suggested that mass mortalities of fish and other marine 

creatures are a major factor in the formation of phosphorites • 

They suggested that ammoniacal solutions derived from the ,decay 

of organisms would precipitate the phosphate. Blackwelder (1916) 

also considered the decay of marine organisms to be a major factor 

in the precipitation of phosphate 9 particularly in stagnant basins. 

He postulated that in this reducing environment, the phosphate 

may have replaced carbonate in placeso Mansfield (1918), also 

supported the idea that phosphorites result from the replacement 

of calcium carbonate by phosphate~rich solutions obtained from 

the decay of marine organisms • He later suggested (Mansfield, 

1927), that phosphorites may also be precipitated directly from 

a colloidal suspension of, phosphate • A third hypothesis which 

Mansfield (1940) put forward was that fluorine appears to 

playa vital role in the precipitation of phosphorites and 
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therefore times of vulcanism p When considerable quantities of 

fluorine are available, would also be times of maximum phosphate 

precipitationo Pardee (1917) invoked climate as bei~ of 

primary importance in the formation of phosphorites a~d suggested 

that phosphorites'such as those of the Phosphoria Formation were 

laid down under cold glacial conditions, when the seas would be 

unsaturated in calcium carbona.te 9 hence deposited calcium 

phosphate would not be "diluted" by an accompanying precipitation 

of calcium carbonate. Breger (1911)9 suggested that bacteria 

is of importance in the concentration of phosphate. This has 

been supported by Baas Becking (1957) who showed that'bacteria. 

in sea water is able to concentrate phosphate by a factor of 200. 

Phosphatic nodules and pellets have commonly been ascribed 

to the phosphatisation of fecal pellets (Hayes and'Ulrich,1903; 

Cayeux, 1939)9 but Emigh (1958) suggests that most phosphatic 

pellets were formed by the phosphatization of calcium carbonate 

pellets. Sauchelli (1962)9 also strongly supports the idea of 

replacement of calcium carbonate. Frondel (1943)9 points out 

that the phosphatization of coral limestones occurs on "guano 

islands". 

Poncet (1964) has good evidence to suggest that phosphatic 

pellets and nodules in the Ordovician of France are the product 

of the phosphatization of clay pellets • Jitts (1959) has shown 

that bottom muds may absorb considerable quantities of phosphate • 

Bushinski (1964) also considers that the phosphatization of 

silts and clays is an important process but believes that the 

phosphatization occurs in situ and that the silts are later 
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winnowed to remove sediments the silts and 

which have aggregated to a pelletal or nodular form. 

of other 

pellets and their surrounding sediments, many workers have 

the ets have been reworked from older 

formations. Hayes and Ulrioh (1903) oonsider that the Devonian 

have been formed by the 

of Ordovician phosphoriteso Adams 9 Groot Hiller (1961) 

that the phosphatic ets of the Brig~tsea formation of 

may have been " 
Kazakov (1937) that may out 

from the right 

considered that precipitation occurs as cold water ascends onto 

the shelf the the ocean on the western of 

the continents. Calcium carbonate would be first precipitated out 

as the of the increases and the 

pressure of CO2 decreases. The calcium phosphate would be 

out at depths between and 200 metres. The 

detailed work the States Geol cal Survey on. the 

of the Western ad has broadly 

supported the conclusions of KazakovQ McKelvey 9 Swanson and 

(1963) and Sheldon (1953)9 McKelvey et.alo( 

Cressman and Swanson (1964)9 consider that upwelling ocean 

are the source the also that 

much of phosphate is proba.bly precipitated out directly • 

They considered however that phosphate is precipitated out before 

calcium and also that the precipitation took place 
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at depths of between 600 m<::l-':,,""'''' Upwelling currents 

are now as a major (and possibly the 

major) source of e f although Bushinski (1964) has 

that in into barred basins are 

capable of bringing in dissolved phosphate to form 

many of the its .. 

on .I.'-e'CeI:lli 

phosphori tea on the e off southern California has shown 

that in the formation of 

phosphatic nodules for almost all the nodules are found on 

topographic hi and in a oxidising environment 0 

They considered that the ""1"\,,,,,,.,,,,, precipitated directly out 

... from a and formed in situ. Both topographic 

and tectonic have been found by Bentor (1953) and 

Altschuler (1958) to have influenced the deposition of the 

phosphorites of e Unlike the southern 

phosphori tea, they that the phosphorites occur in the 

synclines which topographic lows during 

The onal environment was apparently strongly 

Youssef o out that the phosphorites 

formed in a reducing 

considers that the precipitation of phosphate is a 

. biochemical process and o questions the the .. 
upwelling concept • McConnell (1965) also considers 

.. 
! that the phosphates is brought about 

biochemical encee and suggests that certain enzymes 

be of importance in these biochemical processes. 
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so far been advanced to 

the the Sandstone 

suggested -t the pellets fonned in situ, in 

or when the bottom waters which were 

phosphate, were ected to an influx of more 

also c detrital quartz and the phosphate 

the environment of of 

and that the were mainly 

highs. He also suggested that the Horn 

the stone as 

a of phosphate which was "tapped II in Stairway Sandstone 

times .. (1964) consi on that 

the c lets were detrital 9 i.e. that they 

were in one part of the basin and then later transported 

to by 'current act! on v 

brief summary is sufficient to show the diversity of 

QUs hypotheses and indi cate the difficulty in finding a 

to all features of the Sandstone 

es. 

From the of it is apparent that 

there are several things to be in the Stairway Sandstone 

es: 

i) the phosphatic pellets the t of reworking an 

formation; have been reworked and 

from some other part of Sandstone basin of 

tion or have they formed in situ? 
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ii) the phosphate pellets precipitated authigenically 

c or organic means or did by the 

phospha ti zat ion pre- 1 

mat " 

was the environment" 

iV) and/or tectonics the 

of phosphorites in any way" 

v) What was the primary source of the 

pellets are found in several pre-

of the Amadeus the 

Fonnation 9 the Tempe Formation 9 the Pacoota 9 and the 

Hom ey one, However? little of these 

is thought to have occurr~d during stone 

the quantit of in 

these are extremely smallo even of 

vast areas of these formations would ties 

in t..l1e Reworking 

of an formation c~n therefore be discounted as 

the source the Stairway Sandstone 

of whether the have been reworked 

within the confines of the Stairway Sandstone of deposi tion 

or whether have fo,rIlled in situ is a difficult question to 

settle. of thin sections of the lets immediately 

that the pellets have been into their 

Crook (1964) the 
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allochthonous origin of t he phosphate is indicated by the 

following 

lI(a) slight to major differences in modal size quartz 

.. between pellet and enclosing sediment" 

II (b) between let and 

sediment" 

n(c) cal to ovate, of 

eta" 

II (d) truncation of rounded quartz wi thin eta 

to conform with pellet 

It (e) dark,eni,ng of in some 

(1964) states that the c are 

transported, but no suppo:rting evidence. 

evidence which the 

pellets are transported is the almost ubiquitous relati 

and the quartz very 

fine to coarse size. A rise both the modal 

occurs with the of 

phosphate in the ority of cases. 

of size phosphate 

Rise 

the same 

Change maximum grain size with &~V'J~~ phosphate 

Remains the same 



" 

.. 

.. 

'",' 

.. .. 

- 99 -

it appears that there is strong to· 

thai; the are derived or detrital. 

If the is more however it 

clear that other valid. 

The pellets adds no 

whatsoever the for it is 

probably formed not rub-aerial been 

by Crook ) but by the migrat of organic material 

, 1958)? or by the partial diagenetic pyritization of the 

pellet or by the of more matter 

during the last accretion of the apati In addi tion, dark 

concentric zones which are not by 

exposure, occur within the (Fig.59 , and 

are identical with dark rone. 

The present author has seen few cases of truncation of 

rounded quartz in the Stairway Sandstone, phosphatic pellets. 

By t however t commonly ect out 

of the phosphatic such a texture could not 

be tributed to as the quartz grain very soon 

be torn from the pellet. Similarly, lets commonly have 

wi th knobs and faces; it 

is unlikely that such features would survive any 

e 

The difference in appositional fabric and grain size of 

quartz between the and the enclosir~ s 

can be the into the environment 

represent ed the surrounding sediment as is suggested by 
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Crook (1964). However the same effect may be achieved by the 

pellets remaining in situ new sediments (i.e. that now 

surrounding the pellets) into the environment which 

the pellets are forming and the pre-19X~ sediment being swept 

out. Alternatively the sediment may have been 

were precipitated and the sediment was winnowed so 

that the coarse detrital grains and the phIOS1?h8~tic pellets 

remained. 

It is relevant to return to the previous 

and to If the pellets were then 

the coarsest would be found in the most 

sedimentation unit. fact, precisely the opposite occurs, for 

the coarsest are found in composite sedimentation unit F 

- the most fine grained of the units. It is exceedingly difficult 

to explain this size distri but ion a "traJtlS1POJrt~:i.tjLon "thI90lC'V" 

In the author's opinion the of the pellets being 

is because of the considerable 

difference in 5.LC"'.LH size between the phoS1Ph~lti pellets and 

nodulesg which have diameters of up to 5 inches (approximately 

, and the accompanying coarse !;S.1.-':l-.LLlO:::U sand with a diameter of 

only qt1 to Thus, the two types of particles are out of 

normal equi Ii brium • Nor can the be 

invoked that the and nodules had much lower 

gravities than the associated quartz, as 

determinations on UV''''u.~.C''' II, appendix) have shown the 

average specific of grey to be 2~67 and 2.61 for 

brown pellets; both values are close to the specific 
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of quartz (2,65). is possible to explain away the grain 

size Cr€~paJlCY by on the reason for the 

absence of sand coarser than approximately o¢ is that coarser 

was not avai in the source area, or did not reach 

the depositional area. However 9 this argument is virtually 

invalidated by the fact that when conglomeratic or beds 

occur wi thin the Sandstone they are with exceptions 

complet non-phosphatic which is completely contrary to what 

would be if the phosphatic material was ed. 

The only exception known to the author occurs on the southern 

margin of the Basin Mount Sunday and the Erldunda 

Range) where phosphatic occur in the conglomerate at 

the base of the Stairway Sandstone. 

are also considerable hydrodynamic Cu~ties in 

nodules 0 The veloci necessary to a. 

nodule of 5 inches diameter would be in the order of 200 cms* 

per (HjulstroID 9 1939). This is faster the Gulf 

at its fastest and in the, times such 

current must have over the entire basin in order to give the 

and intervals 0 s 

would have produced tremendous scouring effects wi thin the Stairway 

these are not It is also cally 

impossible for of this magnitude to sweep over 40 ,000 

square miles of shallow seas 9 for the resistance with the bottom 

would be too and es water 

be moved so that areas of the basin would have literally been 

swept by the current. Also g times maximum tion 
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of do indeed times of current 

es, then it is remarkable the phosphorites should occur 

in a predominantly silty-clayey sequence which has all the 

of quiet, slow deposition. 

it is that there are many in the 

of a for 'the material. 

In order to establish the have 

been ed by or textural features 

the phosphatic pellets and their associated sediments must be 

examined in 

shows a number of cumulative frequency for specimens 

the Stairway Sandstone of As has al been mentioned 

in Chapter 4, curves at the left hand side (the ooarse 

end) the plot, e.g. API/SOljO (0) represent plots phosphatic 

and those at the fine end of the represent the 

size distribution of very grained sands and also the Eands within 

in the middle the , e.g. APl/792/6S 

are commonly coarse basal sands. The plot of APl/51j2 is of a 

phosphatic in which both the detrital quartz within 

the phosphatic pellets and those in surrounding sediment a.re 

in the size count. sinuous form of the curve is 

clearly the result of the combination of a unormsl" fine 

cumulative frequency curve with a UV.LW"', .... II coarse grained cumulative 

curve • 

Fig.31A shows four cumulative frequency curves from the one 

(API/60ljO) - a pelletal CUrve API/SOljO (A) 

a textural analysis of the fine quartz the 
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and is therefore an analysis of the sediment in vmich the 

formed originally. Curve API/SOI/O (b) is a textural of 

the coarse quartz associated with, but outside, the phosphatic 

(see Fig. - this therefore in effect assumes that 

the coarse quartz has not moved with the API/601/0 (c) 

is a size analysis of the coarse quartz plus the 

pellets- and therefore in this plot the is made that 

the pellets have moved with coarse quartz. API/60IjO (d) is 

of the pellets , and the 

assumption is made in this case that either the pellets were swept 

in, in an from which brought in the 

coarse quartz, or alternately that the have grown in situ 

and therefore their size bears no relation to that of the coarse 

The differences of median sizes between the four 

curves can be clearly seen, with for instance a median size 

of about for the detrital wi thin the phlOS1)hsLti 

and about IP for the in the surrounding sediment. 

This difference of about 2.3¢ in the median diameter is typical of 

of the 

The significance of the plots of skewness etc. have already 

been discussed er 4 pages 32 - 34); it is however of value 

to discuss here their "' ... j5HJL.J. .......... a. •. »V'" in terms of phlDS1Jha~te 

deposi tion. 

A of kurtosis against standard deviation (Fig,IIB) shows 

three - I, III, and V. Field I the zone of 

the textural paralme1~el's of the ,.,.n, .... """n .. field III is 

the zone of the detrital quartz which occurs within phosphatic 
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, but the c v 
,,' ,.,., is the eld into which the majority of es fall - it is the 

field into which the non-phosphatic sands and also the sands .. 
from the 

---"'..;..;....~ 
e fall. appears many 

of the pellets are formed in the environment represented by f iV, 

which was CVWt"VJ.,'" of on 

Stairway Sandstone times. Therefore it is field III which 

represents the atypical Stairway Sandstone 

plot of mean diameter ~6'~~J.,'O llA) 

shows fields to those deviation 

plot - I and III are and are the fi of 

phosphatic lets and coarse detrital quartz outside phosphatic 

eta Field II is the of coarse from 
... : - the non-phosphatic basal sands of the Stairway Sandstone. Field 

is field the of the sands of the middle 

upper part of the sequence together with the fine d etri tal quartz 

lets. again, the evidence 

that the occurs in the " 
one environment, particularly the environment of the very 

fine and this environment is to 

that of fields II or III. Therefore it is most unlikely that 

current with its cu..""",,,'u from field III field II) 

would also carry with it phosphatic , for the phosphatic 

material has 01 formed in an environment complet 

from that in which the coarse were laid down. 

is also significant that I field of the phosphatic 

is from field III (the field of the coarse 
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tal associated with pellets) by field II. 

the c pellets were detri tal then fields I and III 

should at least be adjacent and should in fact overlap, instead 

of widely separat by the 1n1"'l1n_T'" field II. 

The and Ward (1957) parameters of standard deviation, 

skewness and kurtosis tables 3-4, , of the detrital 

quartz within the phosphatic lets and that outside the 

s, furth er clues to the ional 

of the sediments. The standard deviation indicates that the 

of of the detrital is both more constant 

better outside the pellets inside. values show 

the tal within the let s are: near symmetrical whilst 

those outsi the ns are fine-skewed which tlhat it 

is not strictly unimodal. kurtosis as indicate that the 

quartz grains wi thin the lets are mesokurlic, but the quartz 

sand out the lets is 1 that it is not 

unimodal and that i t received its textural characteristics in an 

environment other than the. t in which it is now found. A 

of the textural parameters suggests that the coarse sands:were 

laid down in a energy and were later 

transported to a low energy environment. 

If the of (1964) are to API/60,l/0 

(see Chapter 4, pages 34-36~ and Table 5, appendix) in order to 

the environment of ion 9 the value of the dis 

function indicates a beach environment for the coarse sand outside 

the phosphate lets g ani a shallow water marine environment 

the fine sand wi thin th eon ... ,,,",,,, c the 
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on is calculated out for the 

on the that the phosphatic are , then 

a emironment is suggested. As it is known 

other and palaeontol that the 

pellets were not laid <bwn in a fluviatile 

's equations are incorrect or the. ini 

being detrital is incorrect. author 

is probably the initial assumption of t 

which is incorrect. It may be that the Sahu ons 

are to ate between fluviatile and tidal channel 

ts, t as there are no sedimentary structures 

as tidal channels wi thin the Stairway Sandstone, even this 

aus is e" 

• As mentioned an increase of 85% modal and 
<it 

'<11 .. 

maximum sizes occurs wi-th -(;he incoming of 

may be as ence of either or winnon ng , 

when the amount of increase of modal and maximum gram is 

the is in favour of winnowing. 

shows in histogram form the amount of increase in phi 

units for "!he modal and maximum grain size. If the c 

material was derived and the sandy sediment surrounding the ets 

in with the ets, then there would be no in the 

the increase of the modal and maximum grain sizes wi th 

the as both would reflect the current 

This is not the case, for there is a very much 

rease in modal n than there is in maximum grain 

the ori of units increases of modal size 
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from 2 to 4 phi units (mean of 2.85 phi units) but increases 

of maximum size of only from 0 to 2 units 

1 .. 12 phi units). ts my be adequately explained 

by which would remove the finer material produ a 

very marked increase in the s e, whilst tIe or 

no increase occurs in the maximum grain ze unless the winnowing 

current carries qUantities coarse sand. 

may be that the grain size which was previously the maximum 

size, on will beccme the modal size. 

Therefore it appears that the magnitude of the increase of modal 

and maximum e which occurs with the incoming phosphate 

favcurs the winnowing concept. 

If the and maximum sizes of detrital in 

the sediment surrounding the phosphatic pellets are examined 

(Fig.32) it is that there is no whatsoever 

between modal or maximum size and. increase in t he percentage 

of should be by 

such a correlation if it was of detrital origin, with the curves 

shown in g.32 migrating to the coarse side .e. to the left) 

as the percentage phosphatic material increases. However, no 

such migration occurs. The C'..lrves show a marked bi mod ali ty rut 

the posi tion of the remains constant with increase in 

diameter of maximum size is 

remarkably uniform in the four of phosphate. The values 

are as follows:-

of phospha ti c Median diameter 

1.25¢ 
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of phosphatic material diameter 

lQ-2o% 

1,,10~ 

1.20¢ 

lolO¢ 

stency of these values is inconsistent with a 

Even more s cant in Fig.32 than t he absence of any 

change in of the curves with increasing ".. . .,v_-P' •• _ 

is the presence of a fine tail in the modal g ze 

curves, which disappears with increasing phosphate. 

a This tail is 

brough taut by r the four modal grain size curves on 

probability paper that with low phosphate 

the fine tail is developed; as winnowing pro 

the fine material is with the consequent 

upgrading of the and the gradual lOBS of the 

fine tail" make its ence 

felt in the finer mat is borne out by the lower 

(coarser) halves of the curves are almost identical and 

by the median diameters which con stan t increase in 

phosphate contento The as of curves are as 

follows :-

Percentage of phosprAtio material 

1=5% 

5~lo% 

lO~2o% 

20~5o% 

200fJ 

1.7~ 

lo8~ 

200fJ 
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skewness, which is a measure 

curvet show a consistent variation, 

is of importance in 

tea. 'lhe r esuits obtained are as 

% of phosphatic al 

1-5% 

5-10% 

10-20% 

20-50% 

These results confirm that 

or importance in the formation and 

concentrati ons • 

(ii) Primary v Secondary origin 

of the a 

with in 

the of 

:-

-0.25 

-0.37 

-0.50 

-0.83 

is of 

of phosphate 

",," .. The question of whether the phosphorites are inorganic or 

.. 
'" 

primary precipitates or Whether are formed by 

diagenetic replacement9 has already been mentioned briefly. 

are few remains of macro-fossi associated with the 
" 

to suggest that control waa of importance. 

However, many the black ?organic material and 

the lutites in which the es occur are black and 

carbonaceous so a does 

not necessarily indicate a of organic mate:rial. is 

therefore impossible to say whether primary precipitation was 

organi cally or 

It is likely that at least some and perhaps even all of the 

structureless etal es are primary precipitates. 

phosphatic material in these lets has the appearance of 
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crystallized out as crypto~crystalline a colloidal 

The structureless pellets have extremely sharp well 

ned even when the 

the pellet been fonned by diagenetic of the 

then the boundar;y would probably have been d e. 

The encasing pelletal phosphate may also be a primary precipitate, 

ating out in much the same way as aragon! te does, with 

detri tal forming the neucleii. Patchy of 

cement occur in some sandstones which lack any 

that there would have been for 

the to replace and that therefore the cement 

be a tate" Final th ere appears to be a 

very common on between phosphate and detrital mat 

in the range to 4¢ that the precipitation of 

e may in some way be helped by the presence of detrital 

material this e range. Such an association is not however 

shown calci te, or glauconite, so that if the phosphatic 

material was by the replacement of one or other of 

these 9 it would not showthis association with 3¢ to 

4¢ materialo as this association is in fact found, 

then it f ows that the phosphate is in part a primary 

The phosphate is diagenetic in part, e.g. in the 

structured p where it may be replacing fecal pel or in 

the ed &70, appendix) - but both these types 

of phosphate are is, evidence to 

suggest that dolomite, glauconite 

and clay occurs in a number of cases. Some thin sections 
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.g • - Fig.66, appendix) show a a tional 

the form of 

and carbonate, glauconite and clay, thus 

of glanconi te is also s both the 

and e of the structureless pellets being identi with 

te in some thin sections. however 

merely show that phosphate precipitates are formed im a s.".w ........ ", ... 

way to te es. The suggestion of 

phosphati glauqoni te is also countered to some extent 
, 

the that numerous grains of glauconite with 

have o been observed within phosph~te pellets. 

, a 

alsoishow no 

int 

The 

It certai 

which 

the phosphatic 

ooli ths and other 

formed by 

of argument. 

have rims 

of d:1emical corrosion or alteration at the 

of ci te is known to occur 

ce in some of the Stairway Sandstone fossils 

The similari ty of some of 

(such as the encasing pellets) to calcite 

of suggests that they may have 

(1958) strongly advocates this line 

as with glauconite, it may well be that 

the similarity of form due a similarity in the mode 

of precipitation. 

The r of clays considerable 

chemical problems for it is a clay by a 

such as e of the obstacles 



however, it appears that such a repla.cement may take 

.. 
. " The has been mentioned as evidence 

of r In addition, mica which is common in a clayey 

(1JUt a or ci t matrix, is also Ov,"~~.m 

common in the phosphatic pellets. has also been found that 

of the lets, the one with the most poorly included 

detri tal and therefore the ones tc have 

had the amount of clayey (because of the of 

to be the with the highest 

quantity of clayey 

present, the the ul timate 

it appears that the Stairway both .. 
primary and (replacing e, carbonates artd clays), 

occur that· there no s e phosphatization 

process as has been suggested for many other phosphoriteso 

Fig. indicates in diagrammatic form theprocesses 

in the fonnation of the ·phosphatic S",U..LlU-';'" in the Stairway 

Whilst the terms "primary" and S" are us fact 

the two processes were probably F\~""'" on almost simultaneouslyo 

take before or 

The di agram es that without or winnowing or both, 

only slightly c arenites result. The richest nn,n<:ty\n es 

are probably when both winnowing take 

(iii) 

Cook (1963) (1964) that at the time 

precipitation of condi ti ons were in part oxidi 

Reference to shows that the main phosphatic portion of 
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the Stairway is also the zone of greatest pyrite • 

This t with the black colour of the interval 

N2 to that organic mf!l.tter is very 

common, that the overall environment was 

(Ell of about -0.2 - see g.22) • However the question of the 

Eh cularly relevant as the precipitation e 

is controlled. work cf 

shows that th~F,pHaay wi thin the 'range· to 7.8 the 

of the phosphorites. these 

were of the macro-environm(3nt, i.e. that of the 

bottom or as is suggested by ~u;~.~ ••• ~ 9 of the 

muds, is a little uncertain. The est 

e occurs in the interval 200' to I t the zone of the 

composite sedimentation units D, E and F which are thought 

(by to the epeiric sea model) to have been laid down 

in shallow water conditions. it may be that the 

conditions of the environment is a of shallower water 

sea conditions. 

Topography and Tectonics 

Barrie, (1964) that the of the Stairway 

Sandstone phosphorites on highs. He took as 

his evidence a ridge of erozoic sediments north of AP4. 

He considered that the was a submarine high during 

Stairway Sandstone times, and that the phosphorites found in 

were initially formed on this • There is however no geologi cal 

evidence that the ridge was an Ordovician high. The .palaeocurrents 

measured in the just Z).orth of AP4 flow due north, 
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across the ed high wi th no 

as the Upper oic ridge on which the "topographic 

hypothesi a of (1964) :is baaed has been shown to 

have exerted no on sedimentation, the entire 

must be carded until more iabl e evidence is available. 

(per-s.~) that in the 

south east of AP4 there is agical evidence a topographic high 

(probably an: island )in the rway Sandstone seas. However, no 

on the Stairway one phorphorites or Olrrent 

directions is availa.ble from this area to show or not this 

more "hight! influenced there been any 

submarine highs in the Sandstone seas it is extremely 

likely would have the depos of phosphorites. 

Phosphorites on a topographic high would have been more- susceptible 

to (and therefore of a higher grade) those deposited 

on the sea However such a process be invoked until 

sub-marine topographic highs in the Stairway can be proved. 

map of- Stairway (Fig.l4A) 

shows a mg-.. rr<>" thinning along a line throogh the ;-,c-,rm,n711", Range 9 

the and the (the area in 

Fig.l4A) , the basin two with the western half 

pos more conditions in which the 

phosphorites appear to be common the eastern hal which 

condi tions were more paralic. line of may merely 

be a line wmch,~deposition was minimal but it may o 

represent a topographic high influenced 

It would appear to have 1 picture 
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of sedimentation in the basin, but it also locally affected 

the and/or of is 

The present rather sparse suggests that the phosphorites 

were not in fact 

Tectonics are thought to have played little part in 

influencing sedimentationg for the Ordovician was a time of little 

or no in the n.1lH""-L'" Basin~ numerous 

disconformities Within the Stairway all of which may 

have influenced the deposition of phosphori , but there are 

certainly no· 01' of movement of any maj or 

kind wi thin the formation .. (except see 125) • 

Therefore, at the present time there is no evidence to suggest 

that the deposition of the Stairway Sandstone phosphorites has been 

influenced topography or tectonics. 

(v) 

Any attempt to establish the primary source of the phosphate 

in the Sandstone is fraught with difficulties 9 the 

one being that the laqk of an adequate number of P205 

makes it impossible to estimate the quantity of phosphate in 

Stairway with any u""";£r",,,, of as 

is some of the quantity of e 

tan at below: 

(a) The basic assumption made that the total quantity of 

P205 in section API is approx . to tha. t pres ent 

in any other section of Sandstone in ·the basin. 

philosophy this on is. as 

. has been shown to bean important ecJ1B.r:lism then in the 
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s it is has been 

extremely so that a thinner section results, 

with pellet , but the total 

of phosphate remains the same. 

(b) Density of the phosphatic materie:1 - 2 x 62 Ib/cu.ft .. 

(c) The quantity of apatite in API may be calculated 

the average obtained the composi te units given 

in Table 10· (appendix) : 

Unit A 

phosphate. :::2 x 4~25x 2 .. 8 ... 131 percent/ft 

B 

phosphate = 22 x x 701 :::2 66 perc~t/ft 

Unit c 

phosphate =48 x 0.54 x 7.2 = l86 

Unit D 

= 61 x 0.17 x 11.8 :::2 122 percent/ft 

Unit E 

'" 43 x 0 x 13.8 = 136 percent/ft 

tF 

phosphate" 8 .75 x 4.5 "" 99 percent/ft 

Total phosphate = 
~~~~~~~=-~~~ 

if the average values quoted by Rankama and 

Sahama (1950) are f or the etal areni t m and es 

then there is a further quanti ty of 

x 0 .. 08 + 200 x 0.16) 

= 52 percent/ft P205 
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Therefore the total ty of 

(d) 

(e) 

t 

right 

in a. 1 sq 

the Stairway Sandstone near 

x 207 x 62 

600 lb. of (per 

cross-section) 

• column 

1 sq 

crops ou t over an a rea. 40,000 

square miles but it is estimated that 10,000 square 

miles of this is occupied by poorly c red-beds 

and 

The area of phosphatic sediments: 

= 30,000 x (5280)2 square feet 

= x 10+lsq"feet 

(f) Taking (a) as valid 9 the total q uant 

in the Stairway one: 

= tons: 

2240 

(vii) Stairway are thought to have lasted for 

approximately 20 million years. Therefore the average quantity 

of phosphorus per annum was: 

Buskinskii (1964) that rivers are capable of 
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supplying abundant ,..."· ... "'.'n; C phos]:lh()rt:lS He states that the 

amount of dissolved inorganic down the Hi ver 

each year is 6 9 000 tons. tons are to 

have been deposited each year during Stlii:I'Wsv times. 

is not outside the scope one river to 

down a quanti ty of phosphorus to f onn the 

However the presence of a river 

appears to be wi th t he slow rate of 

which occurred in Sandstone times 9 unless the river 

carried an small amount of detri tal mateJril!!Ll in 

the bed-load. 

The estimate of 2.3 x lOll tons of P205 for the 

quantity of P
2
0

5 
U."'I.JV;::'''' a considerabl e 

particularly when it is considered that the present oceans are 

estimated to have 3.2 x tons of (McKelvey 9 1959). 

It is interesting to note that estimates the total quantity 

of in the Phosphoria as 1.7 x tons (therefore seven 

PhlosJPhc:>r:iLaX.) 9 and considers that such Sandstones equals one 

vast ties of phosphat,e could only have come from the cceans .. 

has good evidence to show that upwelling oceanic 

currents were the source of the phosphorus. richest 

are for instance found in the seaward direction. 

Such a is unlikely to occur if rivers were the source 

of the distribution of the red~beds? carbonates 

and and shales of the middle of the 

Stairway Sandstone )9 bears a close similarity to the 

distribution of the same three lithologies in the of 
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As in the Phosphoria, the 

of the stairway Sandstone occur on the seaward side 

of the basin.. Therefore, cOlnp~l.rison with the much better 

known Phosphoris it is likely that the phosphate of the Stairway 

from the oceans and from 

upwelling ·currents. .. 16 wi;;h Sheldon (1964, 

Fig.86) will show that such an analogy between the two fOI'lIlatioIls 

is 

The phosphorites of the S",I"1i'iC.+,.., .... .,. are 

but are found particularly in the middle part of the formation., 

The cannot be re,gaJt'O.erl as of high but 

beds do contain up to 22% There are ten modes of 

occurrence of phIOS1)ha~tic material, many of which 

look as if are origin. However, textural work 

has showed that the of pn()BpnOI~ have been winnowed in 

situ. Whilst some of the phosphate was probably a primary 

several of the phosphatic forms also have apparent 

formed by alteration of glauconite, carbonates and clays .. There 

is no to prove tha.t the phosphori tes have fonned on 

tOl)ogxal)hi c highs" 

ConsideJeab1e ph'Os]~ha~te are within the 

Sandstone and by analogy with the it 

is that ling oceanic currents were the major Tl'I':iml!ll"V 

source of the phos'phl:a.tE~ .. However it can be demonstrated that it 

possi ble for one la.rge river to bring the amount of 

per annum in the times .. 
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CHAPTER. 9 

In the Pl"4eOE~din~ ohapters va.ri.ous facets of the ... +""",, of the 

S",,'I/i ",i:",...." have been eluoidated. All these are now 

tO~lel;her to build up an integrated picture of the 

provenanoe; palaeogeography 9 and environmental 

during Stairway Sandstone times. 

Palaeoclimate 

The small amount of pa . .l,a~901lIagnet] which is available for 

the Ordovician of AUlstl:'a.lia was probably wi thin 

the Torrid Zone of the northern .tle!nlfJpl1lere Irving, 

A picture which is 

not inconsistent with the data is given in Figs.36-38. 

This ature that the postulat.ed opening of the Amadeus Basin 

to the nr,esEmt day north-west during Stairway Sandstone times would 

have been t awards the west. A westerly aspect would have been in 

the of cold phosphate-bearing currents "' .... 'u .... '6 up on the west 

side of the continent if Ordovician ocean currents were similar to 

present day ones. A palaeolatitude in the order of would 

place the Amadeus Basin within the trade a 

desert climate. 

The middle Stairway may contain p supporting an arid 

climate. of the middle ~d upper Stairway are 

also fresh and well rounded, .... w,"'..I...lr ... "lM a desert climate. 

the ma'tul:'i of the lower Stairway orthoquartzites may 

mean the climate was humid so that chemical action was 



severe. Alternatively this can be achieved 

weathering of a sedimentary provenance. 

the lack of feldspar in Stairway 

that the weathering in the source area was more severe 

than middle and upper times. 

petrology of the one is perhaps best 

a desert hint little or no mat 

is d but through this area ow a few rivers g bri.nging down 

from the more t areas to the Ordovician 

Within this source area severe weathering makes it 

diffi to be sure whether the nr'ovenance was plutOnic or 

the lower Stairway there lit obvi ous evidence of 

reworked sediments however 9 as mentioned in Chapter 2 the 

of common quartz in fact suggests that most of the quartz grains 

have In many areas at of the lower 

there is a prominent pebble band; the pebbles are mainly of meta-

e and silicified sandstcne. may a 

local source (a pebbly sandstone ~ such as 

uplifted of the upper Therefore the 

or source area in lower Stairway times was probably -sedimentary 

arenites) and probably lay some distance to the south, 

at the top of the unit the source area was in part at 

sedimentary rocks. 

times, the common 

a predominantly sedimentary provenance" Some of the fresh 
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rounded are d from the 

areas 0 The 

provenanoe is plutonio 

(See Fig.7) of 

well=rounded grains. 

the 

0) in part, for in one spe 

oocur in 

This suggests that 

with 

well 

rounded ziroon is seoond oycle material obtained by rt:lWI'\T'IM of 

sediments (mainly quartz arenites) whilst the euhedral zircon is 

first derived from a plutonio (?granitic) souroee 

The presenoe of red-beds in the middle Stairway of the Mount 

is t to indicate lateritic 

the source area of some of the sediments .. 

upper times oommon again 

a predominantly quartz arem te source area.. The presenoe of chert 

au that the 'I'\'1"I'\ve~YI.Ii:IITI~ may have been 

The absence of euhedral grains of heavy minerals support a wholly 

source" 

(See ,,36 ... 38'i~ ad from J.G 

mentioned it is that the 

Amadeus Basin was muoh of Stairway Sandstone times the major 

of an situated at a tude about 1 

The dominant palaeocurrent direction was from the present-day 

it is 

south~east and south for much 

that a land mass lay to the' 

Stairway Sandstone times .. 

e close of 

cted to a 

Valley Siltstone times 

deep9 small basin or embayment. 

the of a 

Lower 

embayment in the south-east either due to the breaching of some 

was 
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barrier or more , due to a local in the 

south-east • It seem that during Stairway times 

the of the basin were formed by fairly high 

cliffs of and Upper Proterozoic (there is 

evidence of up to 100 feet high in the Mount Sunday range 

area)9 but that once inlahd, the was flat desert 

with little relief andno local south and 

south was a mass of (and minor 

plutonic rocks), possibly with reliefe This area 

may have to the areas of Proterozoic sediments 

in South in the Flinders es 

area of South These areas wi thin 8 zone of higher 

A or rivers fl from this area, finally 

t sea. somewhere in the vi of the present 

,.To the present sou th east a 

(possibly a broad one with moderate 

which severely restricted the connection between the 

~""""'L' and the Ta.sman To the north-west 

a broad open connected the basin with open ocean which was 

situated in the position of the 

Seao 

same palaeogeographic 

Sandstone times sediment from the 

f or lower Stairway probably no longer the 

due to the a er or 

now carri ed very much detritus in response to a 

of the rainfall - due to an the 
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desert belt • The hinterland was probably a wide peneplained 

desert area. The east ridge was probably now more prominent and 
almost 

the Amadeus Basin l' completely cut off from the seas to the 

east. 

With the incoming of the Upper Stairway, the palaeogeographic 

picture changed fairly radically and seas transgressed over the 

peneplained land area. The dee~est area.s of the basin s till lay 

to the north but the south-east embayment had ceased to exist and 

the seas were very much more extensive. The term "basin ll was 

probably not applicable; instead there w~s a very broad shelf 

Connections to the open-sea lay to t he north-west but also the 

eastern ridge was breached and the upper Stairway "Amadeus Basinll 

was connected (possibly across a broad shelf) to the Tasman 

GeosYncline. Sediment from the rivers again reached the Amadeus 

Basin area from the tropical areas to the south. Nothing is known 

about the nature of the upper Stairway margin of sedimentation 

except that it was far outside the limits of the present-day Amadeus 

Basino 

Depositional Histo;y 

At the end of Horn Valley Siltstone sedimentation a fairly 

major change in sedimentation took place which resulted in a large 

body of coarse regressive sands being deposited over the deeper 

water sediments of the Horn Valley Siltstone. The area of deposition 

of this regressive bcxly of sediments was much the same as that of 

the Horn Valley Siltstone except for the formation of the Mount 

Charlotte embayment. This embayment did not however affect 

sedimentation and condi tions throughout the lower Stairway times 
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were extremely uniform. The regressive sand body probably 

formed by the gradual sea-ward migration of the high energy 

zone of an epeiric sea (see Chapter 7, Fig.29). Thereason 

for the regression is somewhat obscure. It may either be due 

to a relative fall in the level of the sea or to an increase in 

the quantity of sediments being transported into the area. 

At the top of the lower Stairway is a pebble band. This pebble 

band though only thin, occurs over thousands of square miles and 

probably represents a relatively important event, as it corresponds 

to the close of the fairly rapid sedimentation of the lower Stairway. 

It may be a refleotion of some fairly minor earth movements in 

the area,. which did 1i ttle to alter the shape of the basin, but 

was sufficient to influenoe the topography and possibly divert 

the previous source of sediments away from the Amadeus Basin so 

that sedimentation continued at a very much slower rate. 

The middle Stairway sediments are the product of this slower 

rate of sedimentation, and the depositional environment. pnce 

the main body of sand had regressed during lower Stairway times, a 

predominantly tranquil environment was established with the whole 

basin probably covered by the low energy zone of the epeiric sea 

(see Chapter 79 Fig.29). It is apparent that there was a well 

established connection with the open sea to the north-west so 

that phosphate=bearing currents were able to enter the basin and 

form the middle Stairway phosphorites. However to the south-east 

conditions became more saline - particularly at the south~eastern 

end of the Mount Charlotte embayment. Throughout this time 

sedimentation was extremely slow, 80 that the chemical sediments 
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were not "diluted" by ~~,~.~,yg material. e 

Stairway times it is that some form of barrier was 

set up in the Chandler Range area which 

restricted to the south-east. 

may however merely be th.e major terrigenous sedimentation. 

cf the Mount otte embayment are thought to be 

both a reflection on the environment of 

lateritic the source area. 

The advent of upper represents a or 

transgression together with a change. The 

was respons e to a or a rise 

sea .. It is thought that possibility is the more 

as up to the e 

there is evidence of fairly major 

Stairway sedimentation 

along the coast (e.g. 

in th e Mount Sunday Range area ence of Ordovi cian 

in the order of 100 feet This transgression 

reworking of the local Upper Proterozoic 

Cambrian rocks. It also profoundly ... ..... ':;:u",'e' ..... the palaeo-

D'T"j~Tlh,v and resulted in sea sedimentation 

7'1 Fig .. 29), which produced a very broad 

sea and ushered in the overlying Formation 

Sandstone; times the Basin was si 

at a in the order of a bout The major features 

of the periods of s can be summarized as 
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(1) Lower Stairway times 

Palaeoolimate: either humid or hot dry 

desert 

Provenance: a quartz source area 

to the in the zone of tropical 

weathering .. 

connection to t he open ocean to the 

north-west, with an embayment to the south-east" 

Probably a land or to the 

east but the major area of, land is to the south-east 

Depoei ti onal mainly a sequence 

response to relative or 

in the sediments 

(the second is 

body is due to the seaward of the 

energy of an epeiric sea" 

(2). Middle Stairway times 

hot dry with more humid 

in the source area. 

small amount of sediments deti ved 

but some derived from a distant source undergoing 

ic weathering .. Provenance mainly sedimentary 

(quartz , but vri th some plutonic rooks 

in the source areao 

Palaeogeography: as in lower but po~sibly 

even less relief now in the hinterland apart from 
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the development of a ridge or ed 

the major river (or rivers) reaching the Amadeus Basin .. 

er between t he and the open sea 

to the east is now well developed so that there was little 

or no connection between the two seas. 

Depositional History: a shallow sequence with only very 

minor terrigenous sedimentation bu t important chemical 

sedimentation. The Mount Charlotte embayment exerts 

a fairly strong influence on the of eediment~tion. 

The to the low 

zone sea. 

Palaeoclimate: probably hot dry desert locally with a 

more humid in the source area~ 

Provenance: predominantly sedimentary (both and 

Palaeogeography: a very much more extensive sea than in 

lower and e Stairway times9 with swell 

outside those of present day Amadeus • The 

eastern barrier was "'.,..'ill",'U so that th ere were 

to the open sea to both the north-west and theeasto 

tional tory: or t 

with ~ predominantly transgressive sequence. 

sedimentation 

The sand 

ion the 

zone of the epeiric sese 
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CHAPPER 10 

STAIRWAY SANDSTONE 

are direct economic implications sedimentological 

the Sandstone which be The 

most fundamental application of the study is to the stratigraphy of 

the but conclusions some importance 

can of and 

the potential of,the area. 

As more wells are drilled for oil and gasp it will become 

important to subdivide the one and to 

know the position of a horizon formation. The 

work has shown that the on of the 

into lower, and upper is valid; the three 

uni ts can be .,.."';,... .... ~'n over a e area: basin and could 

be status. indications of this 

division are:-

) grained sands are restricted to the 

lower Stairway. 

) Rounding is very much b in lower Stairway 

the middle or upper. 

) A predominance of es with phosphorites or es 

or "red-beds" is c of the middle Stairway. 

fossi Is of the and middle Stairway are of 

the upper Stairway are 
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In order to even finer stratigraphic control 

the Stairway marker must be 

Fos horizons would be the most 

but present palaeontological data that f08si Is 

be (for some time at least) to 

it is going to be necessary to use 

c 

Th e petrology the arenites could be of major importance 

in this regard. is suggested the owing are likely tore 

value: 

(a) Composite quartz and metaquartzi te are most abundant in a 

thin band at the top of the lower (Spec 

Table :+., • This band is characterized by 

pebbles. 

) Chert E;tre abundant interval 

feet in with a particularly rich band at 135' 

APl/llS/36 -

(c) The sub-arkose 

1, appendix). 

of arenite is probably of restricted 

range the upper ( erval 130 I' = 

in ). 

, 

(d) A ch band - Table I, appsna:LX) 

is thought to occur only near the middle of the lower Stairway. 

( Coarse of pyrite within a coarse grained 

are restricted to a single near the base the 

lower 

(f) es may be of value as marker horizons. can 
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be seen from Fig.25. there are four main concentrations of 

phosphatic in API - I _ 460 t ; 360 I _ •• , 
2201 -250 1 ; 100' 80 I. It is not known whether 

same concentrations occur in other Sandstone 

sections, but it is that some of them 

These horizons be of especial value in subsurface work 

gamma-ray logs are run, as there are to be major 

peaks at the maximum phosphate concentrations. 

, Heavy used in many other 

formations for correlation purposes, The present study 

has shown that normal xpineral counts 

tourmaline:zircon ratios) are of limited value correlation 

within a1 though it ma.;y be 

possible to decide whether instance the lower Stairway 

is of the au rye as a whol e. 

only the 

or the 9 detailed correlations would 

be possible. This would a careful s of colour, 

and inclusioIB, as advocated Kryni ne :( 1946) • The 

tourmaline group would be the best to use as it has 

a great number of fonne in the Stairway San1stoneo However, 

zircon may ala 0 be value; there is for instance one 

horizon in the middle the formation (see ) which 

has a of extremel y rounded 

zircon grains with well developed euhedral zirzon 

~ this may well be a marker 
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The 

of 

Sm~~~~T.~,nA has already produced significant 

gas in the Mereenie wells (Exoil etoal'~) 

and in the well (Magel1an ...::...::.._=_)0 In addition, 

nine feet of oil saturated sands were in the lower 

Stairway of API and fluorescence was common thrru ghout 

the lower Stairwayo One of the or obstacles to oil and 

gas accumulations is the very I CNI es in the 

sandstones due to silicification. Unfortunately? this study 

is unable to contribute very much to this the 

author favours a pressure solution due to overburden or 

tectonism for the origin for the silica cement. If this is so 

then the Stairway Sandstone is likely to have low pe:rm1eal)il.i 

the basin although they may increase to the south 

where the effects of the Alice Springs Orogeny were less marked 

and the of Pe]:'tnjaI~a b'~orn:18t:lon and 

very much less. accumulations might be found in 

areas adjacent to faults, or other structurally disturbed areas 

the work of Heald would not this., 

Discussion of this of is outside the scope of this study. 

If, as has been the isoset and iso-angle 

maps delineate high and low energy areas (see Fig.IS) then an 

attempt should be made to define the high energy zones more 

accurately for in such zones, to produce 

the highest intergranular no:ro~~i and the best 

reservoir rocks. Also if 

are found these are also probably the zones of maximum winnowing 
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greatest intergranular 

Overall, the 

prospects (providing the 

Horn Valley 

good 

is sufficient) for the 

app ear to be an 

source rock whilst phosphatic es (of the middle Stai rway) 

rank as an exceptiona~ly good source rock (Cheyney and Sheldon, 

). Both the lower and upper oontain known reservoir 

and both have an excellent --~'r-'~ - the lower Stairway has 

the luti tes of the capping it and 

has the tes the Stokes 

as a cap rock. 

the pos traps the 

most outst~ding example brought out this study is the pinch-

out the lower Stairway in the vi the Seymour Range. 

In this same area in the middle Stairway, there is also interw 

of lenses with the of the 

Mount te embayment so that any migration of oil 

·the shales stands an of being 

wi thin the carbonate facies. 

A belt of stratigraphic thinning is to run from 

the the Chandler the 

The belt is a zone where stratigraphic 

are likely. ..... .... , ... 4· ............. the west side of 

zone is an area where hydrocarbons the phosphatic 

es of the are likely to have • 

Theea.sts this zone is unlikely to have very much potential 

as it is on the "red~bed" side. whole of the 
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Mount Charlotte be as a low priority 

area in the oil search. 

The the area of minimum sand: 

shale ratio. an the amount of 

potential source rock amount of potential 

so concentrations 

should accumulate 9 on its eastern side, the 

sand eshale ratio ........................ .. s the postulated zone of 

thinning so that here should be the best area for oil 

and gas accumulation traps. 

Phosphate Deposits 

It is there are about 207 x lQll tons of 

apatite (equivalent 11 ) h.2 x 10 tons of P 205 in the preserved 

Stairway i.e. about 8 million tons of P 205 to the square 

mile. The phosphatic sediments underlie an area of about 15,000 

square but of is covered by considerable thicknesses 

of sediments. is probably about 500 square miles of phosphatic 

out 2) and approximately the same area 

an overburden less than 100 feete Therefore only 1,000 square 

miles may be regarded as being underlain by 

at workable depths. This means that there 

are somewhere in the order of 8 billion t8 x ) tons of 

a 

for in 

the 

to the surface. 

figure should not powever give to undue 

much of this P 205 is widely 

Sandstone and is of no economic 

whatsoever. The only ho~e of finding economic phos 
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lies in able to locate Recent work 

the Geophysical Branch of the 

shown there is a good known 

phosphorite occurrences (such as 

of Mineral 

between areas 

Creek) and 

anomalies, so that any radiometric anomalies wi th:i,n the basin 

should be :radiometri c surveys are 

of limited application only, because they have only a shallow 

depth of and even a feet of sand cover can be 

sufficient to mask quite bed~rock radiometric anomalies. 

Therefore only reliable method at present e for 

phosphorites is by drilling. 

It already been a hewn that winnowing ly 

been of or importance in enrichment of es, 

therefore any drilling ti es should be in 

areas winnowing is most likely to have occurred. As 

al 

earlier 9 such a 

through the 

However, 

zone served only to limit 

apparently takes place 

Chandler and 

eastern extension 

Ranges 

this 

the phosphate ... 

seas and was not a zone of phosphate 

it can be proved (by 

were sub-marine 

such areaa 

instance geophysical work) that there 

highs in 

close 

Sandstone times, 

for winnowing 

would produce phosphatio enrichment on the tops of such highs. 

of the Sandst one oc curs 

of the basin but here the question 

phosphatic pot is hampered by 

the southern 

whether the area 

of good 
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palaeontological control. 

at present possible is into 

di vision of the 

and Late Larapintan (JoG.Tomlinson, 

p ers • £2!!!!!!. ) Even this one is imperfectly known in 

south and poor outCJt"OtlS limit rock unit mapping. The 

sparse palaeontol data suggests that only the late 

to the UTll'll'>T' Sandstone rock uni t) is 

in the southern of the basin which wculd mean tha.t this 

area has little potential. However t if this southern 

sequence a condensed sequence of and 

or if the lower, middle and upper rock units 

are , then the southern could be of 

economic importance. The r esul ts of at suggest that 

the second may be correct, for that 

the phosphatic enrichment in AP4 was better than in any of the 

other three diamond drill holes. energy zones postulated 

from the isoset and iso-angle maps may also give an indication of 

where winnowing is to have occurred. 

In addi tion to phOs:ph()rj~tE1s which may have been enriched by 

winnowing, the of 

which have not been "diluted" 

cons idered. 16 

poor ph<oS])hELte nrl:'lRtlI'H::ta 

rich primary phosphori tea 

tel9':r:i.gemclus material must be 

the eastern half of the basin hELa 

as the sediments are of the red~bed or 

carbonate facies. The palaeocurrent directions flow §rom south-

east to north-west across the basin, therefore the area of least 

sedimentation would be to~the northawest o The best 

ph<)sl)ha~tic areas to the north-west may have been situated in t 

which suff'ered strong def'ormation the ...... 'LV"" 
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orogeny and subsequent erosion so that there is now no trace 

of the high grade phosphorites. Alternatively 9 theoptimum 

area may have been situated even further to the north~west 9 in 

the Canning or Fitzroy Ba.sins. A closer look at the Stairway 

Sandstone equivalents of the Ordovician of these basins could 

well bring good grade phosphorites to light. The Upper Cambrian 

and Lower Ordovician of these basins should not be neglected in 

the search as the phosphate-bearing seas may have been strongly 

diachronous ~ this is supported by the occurrence of pelletal 

phosphorites identical in form to those of the Stairway Sandstone 

in the Lower Ordovician of an area several hundred miles north of 

the Amadeus Basin (R.A.H.Nichols, pers.co~*) 

The scope of this study did not touch on the question of 

secondary enrichment of phosphorites apart from noting the 

presence of secondary phosphatic minerals in some of the thin­

sections. Also in the Johnny Creek area the author has observed 

quaternary gravels composed almost entirely of phosphatic pellets 

and nodules.. Therefore secondary concentrations may consti tute 

important potential sources of phosphate but little is known 

about them at the present time. 

Summary 

This sedimentological study is of stratigraphic importance in 

showing the validi ty of t he three-fold di-rision of the Stairway 

Sandstone and in suggesting that seven different mineralogical 

criteria may have considerable potential as marker horizons. 

These include quartz types 9 a sub~arkose horizon, a glauconite 

band, a band of pyrite ooliths, phosphorite concentrations Qand 

also gamma~logs) and tourmaline and zircon types (though not the 
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of the 

Stairway Sandstone is 

c 

- 138 

of fairly low neJr'IIlE!a. 

to be an ex cel 

, the 

hydrocarbon 

with source reservoir rocks and caprocks, all in 

In addition, it is possible to s out the 

Range area, the 

Range zone 

of the 

and the 

- Chandler 

of the 

:shale ratio minimum as areas warranting lar 

energy zones as ed by the oset iso-angle maps 

areas of phosphate ooncentration are y to be regi ons 

where porO!.~i ty is to be a 

It is estimated that there are 8 x of P205 

workable d i from ~ however of 

this is probably disseminated the 

of little economic potentia.l. is postulated 

the greatest e concentrations 

are to occur in areas of maximum which many 

cases will correspond to areas of - possibly the 

er line or the of or the hi 

areas from the isoset maps. In addition, rich 

es lie to the away from the 

sediment-bearing currents ... this area may be outside the 

limits of the ~ ...... """"'<'u Basin .. 



.. 

The to t 

- 139 -

ACKNOWLEDG ElVI ENT S 

D.A for making 

facilities of· the Department of Geology, National 

Universi ty, to the Dr .. KoA.Crook 

valuable. assistance advice at all of the work and 

also kindly read the manuscr~pt of this report. A great many 

(too numerous to mention individually) contributed 

considerably to this report through their disrussions wi th the 

author. 

Field data L.C. Hanford, A .. T 

and J.Barrie is used in this " All ological 

information was ed by Miss J.G.Tomlinson. Chemical analyses 

were the: of the of 

Mineral or the Australian Mineral Development 



- 140 -

REFERENCES 

J.K., GROOT, J.J., and HILLER, N.W., 1961. Phosphatic 

AWASTEII, N., 1961 

BAAS BECKING, L 

BAINS, G.W., 1963 

BARRIE, J. t 1964 

BENT OR , Y.K., 1953 

BLA CKWELD ER, E., 

UC'JU..I."'''' from the ghtsea l,I'Ol:'\'IIS'ticm of 

Marylani. 

p.546-552 

Authigenic tourmaline and zircon in 

Vindyan b'orm~~tj.on:s of Valley, 

Mirzapur ct, Uttar Pradesh, India. 

J.Sed p.482-483 

, 1957 and microbiology New Zealand 

Dep.Sci .Res 

Climatic zones throughout the ages Ia 

A.C .Munyan (Ed) Wamering and 

Continental Drift. .NoolO 

Soc.Econ.Pal.and Min 0 9 Tulsa.p.l00-130 

Amadeus Basin 

Phosphate 
Gaol.lnst .Israel 

The t=:t:'J.L\.JKJ.,\.i rol e of 

the Negev, 

,4th ser., v.42 9 p.285-298 



.. 

.. 

BLATT, H. f 1963 

BLATT f ;H., 1964 

active 

quartz in s 

p.1l8 

and 

quartz .. 

for 1963) pb16 

of undu 

e nvi ronment s • 

on 

(abstracts 

BLATT, H.~ <~m CHRISTIE, J .M., 1963 Undulatory extinction in 

BOUMA, A ., 1962 

D.L., 1911 

It 

quartz in and c 

and its significance in provenance 

J.Sed.Petro1., v o 33 No.3 p 

Sedimentology of some d 

A graphic approach to facies inter-

pretation. Elsevier, erdam, 

Origin of Lander oil and western 

Min.Eng.World p v.35 p.631-633 

ts. 

pp .. 

W .D~ and MORGAN, H.J., 1964 Heavy mineral distribution 

qn the continen~al shelf off 

West In L.M.J.U. Van 

(Edi tor) Deltaic a nd Shallow 

Deposits. Elsevier, Amsterdam, p.54-6l 



.. 

.. 

'I 

... 

LU.L ... U.I.:".., J" C ., 1964 

, G.I., 1964 

CAYEUX, .1., 1939 

- 142 -

Palaeolati tude Palaeomagneti C 

- with to the 

pre-carboniferous rocks of Australia. 

~Ph.D. Thesis, of 

'Advanced Studies, Australian National 

water origin 

• In 1 

e 

• Van Straaten 

, po62-70 

Phosphates de chaux sedimentaire 

de : France et 

d'outre 

Paris 

e 

CHENEY, T.M., and SHELDON, R ., 1959 Permian stratigraphy and 

oil Wyoming and 

montain Assoc.Petro1.Geol. Tepth 

CHEWINGS, C., 1935 The Series of Central 

Australia, with notes on the Amadeus 

Sunk1and. ,v. f 



.. 

-.. 

... 

C~OUD, P ., Jr~. Physi of .I.Cl.I.l.v\')lute formation .. 

, v.35, p.484-

COOK, ., 1963 Phosphorites in the Amadeus of 

No .. 2, p.55-56 

COOK, P.J., (in prep.) The Larapinta , A.T., 

CRESSl4AN, E.R., 

CROOK, K.A.W., 1957 

CROOK, K.A.W., 1960 

H',....""' ....... , D ., 9 L.C., and Cook, 

P.J • 

Bul~. 

SWANSON, R.W., 

the 

Montana 

of the Amadeus 

9 r.Aust. 

and 

rocks of south-western 

.Pap., 31 

Cross-stratification and other sedimentary 

the Narrabeen 

v.82 9 p.157-166 

Classification of 

v.258- p.419~428 



.. 

.. 

.' 

.. 

- 144 -

CroOK, .w. , A study the Ordovician 

Australia. Summary report for the 

of .... ................... ) 

, J.R .. , 1960 of 

tr~nsgression, Continental Shelf 9 northwest 

of Mexico In et . ( .. ) 

s, northwest of co, 

J .R., 1964 Transgressions and Regressi ons : lu 

R"L (Ed .. ) in 

Volume, 

New York. p.175-203 

CUR RAY , J.R., & MOORE, D.G~, 1964 Holocene regressive littoral 

DANA, S., 1947 

, R.S., 

t Costa de Nayarit, Mexico, 

L.M.J • Van S~raaten (Editor) Deltaic and 

Shallow Marine Deposits Elsevier, Amsterdam. 

p. 

A of mi~era1ogy. WileY9 New York 

, and SHEPARD, F.F., Phosphorite 

deposits on the sea floor of southern 

9 v.53, 

p.815-848 



• 

'. 

DOEGLAS ,D"J • f 1946 

EMIGH, G.D., 1958 

EVANS, G., 

FOLK, , 

- 145 -

Interpretation of results of mechanical 

, v.16., p.19-40 

petrography, mineralogy ori 

of phosphate pellets in the Phosphoria 

Idaho Bureau of 

Pamphlet 114. 

~ntertidal flat sediments and their 

No.4~29 po209 - 245 

in the Wash .. 

, v .. i2l, 

Petrology of sedimentary rocks. 

Hemphills, Austin 153 pp" 

FOLK, L., and WARD, wee., 1957 Brazos Bar: a study in 

the 

, vo27 p. 3 - 26 

IIRegional geology the Bloods RalltS'e 

Sheet, Amadeus Basin" 0 

1963/47 

, (unpub1.) 



FOmAN, D.J., 1966 

FORMAN, D. J ., MILLIGAN, 

FRIEDMAN, , 1961 

FRI EDMAN, G .M • t 62 

FROND:EL, 1943 

.. 
E, R. 9 1959 

... 

- 146 -

ogy the south-

west margin, Amadeus Basin, 

Austra:J,ia. 

87 

., and McCARTHY, W.R., 1966 (in press) 

Regional and the 

north-east margin, Amadeus 

Di,stinotion b dune, beach and 

sands from textural 

cs: 

On s ents 

the lognormali ty of the grain 

Vo70, No.6, P 

sandstones. 

oalcium phosphates in 
e rocks. Am.Min • 

The sou th"'!west Amadeus Basin geo1ogieal 

reconnaissance survey. Frome 

Co. 4300 - G - 23 



or 

... 

'" 

.. 

, J .T., 1964 

HArTE'S, T.B., 1963 

, T.B., 1963 

.,. :).47 -

Clastic 

sedimelltation. 

p.345-347 

Stratigraphy 

Group in the 

N • 

.) 

and 

v .197 ,. 

the Ordovician Larapinta 

ern Amadeus Basin, 

Canso oil and 

.Ltd .. (unpubl .. ) 

correlation. 

, v.47, p. 

HAYES, C.W., and ULRICH, E.O., Geological Atlas .. U.S. 

.Survey COlumbia Folio No.95 

HEAlD, M.T" 9 1956 Ceme~tation of the Simpson and St .. 

in parts of Oklahoma, ./1..l"l'i.l::LJtu:st:l.1::l 

J .GeoL, 

HEALD, M.T" and ANDEREGG, R .. C., 1960 Diffenmtia1 cementation 

HJULSTIDM, F., 

the Tuscorora Sandstone 

v~30, p.568~577 

Transportatioll of detritus by moving 

water.. In P.D. Trask ( ,,) • ,"Recent 

Marine Am. . , 
Tulsa, p~5 - 3J.-



.. 
HOPKINS, R.M., 1962 

HURLEY, P.M., 

E. , 

ImITN, M 
• 9 

.. 

JACKSON, M.1., 1959 

, H.R., 1959 

JOPLING, A.V., 1963 

.. 

- 148 -

"liitratigraphio Measurement,' Amadeus 

46, N.T.II. 

Magellan Petroleum Corp. (unpubl.) 

,1959 Authigenic versus d etri 

sedim~ts. (abstract). 

illite in 

_.....;....0 _______ . 

, v. 70, P .1622 

• Wiley, New 

General t of o 01 ear water 

sedimentation • 

v.49, No.4, p. 

in major great soil groups as to 

the of soil In A. 

Swineford .) Clays and Clay Minerals 

.2, Pergammon. New York 

The of esturine 

bot tom depos! ts • .....;;,;;,~"--;;;.."...;; __ =..;;_;;;...;;.~;.;.;;;.;.;;;...;;;..;;.. 

.. v.lO, No.1 p~7-2l 

on the bedding. 

Sedimentology v 9 No.2, p.115-121 



..... 

.. 

- 149 -

KAZAKOV, A 9 1937 e facies and the genesis 

of phosphorites cal 

Ores: 

for the 

17th Internat.Geol. 

Leningrad) p.95-1l3 

KRIJMBEIN, W. ,and GARRELS, R.M.., 1952 Origin and cation 

KRYNlNE, P.D., 

P .D. 9 

LESLI R.B. 9 1960 

of sediments in t enns of pH 

and oxidation reduction potentials. 

,v. ,p.1-33 

significance 

The tourmaline 

c and tectonic 

sedimentary 

52, p.1915-1916 

in sediments: 

Jour.Geol., v. p. 

The geology .of 

the Amadeus 

(unpubl.) 

southern part of 

, Northern 

tea. 



... 

- 150 -

LOGVlNENKO, N.V., and REMIZOV., I.N., 1964 Sedimentology of 

beaches on the north coast of the Sea 

MANSFIELD, G.R., 1918 

MANSFIELD, G.R., 1927 

MANSFIELD, G.R., 1940 

of Azov. In L.M.J.U. Van Straaten 

(Editor) Deltaic and Shallow Marine 

Deposits. Elsevier, Amsterdam, p.245-S52 

The origin of the western phosphates 

of the United States. Am.J.Sei., 4th 

Sere v.46, p.59l-598 

The geology, geography ~nd mineral 

resources of part of southeastern 

Idaho, U.S.Geol.Surv.Prof.Paper 152, 

p.361-397 

The role of fluorine in phosphate 

deposition. Am.J.Sci., v.238, p.863 -879 

MASON, C.C. and FOLK, R.L., 1958 Differentation of beach, dune, 

and aeolian flat environments by size 

analysis, T.exas Jour.Sed.Petrol., v.28, 

p.211~226 

McBRIDE, E.Fo g and HAYES, M.O~, 1962 Dune cross-bedding on 

Mustang Island, Texas. BuII.Am.Assoc. 

Petrol.Geol., vo46, p.546-552 



McCONNELL, D. p 1965 

D.B., 1963 

, V .E .. , 

MoKELVEY, V .E., and 

McLECID 9 J .H. 9 

McNAUGHTON, D.A~, 1962 

.. 

- 151 .. 

Precipitation phosphates in sea 

water. , v .. 60, P 

Rotation of spherical prOjections, 

Technical No .. 7, 

College, 

, RoW .. , and SHELDON, . 9 1953 

Permian phosphate deposits of western 

ted States 

Sec.XI, 

,1959 The Phosphoria, Ci ty and 

Shfildhorn in the 

Prof" Paper, 

northeast of the 

Amadeus Basin, Frome-Broken Hi11 Coy. 

V.I."l. .. ll Prospects$! Permits 43 

and 46, Terri tory, A us tralia II • 

Report 

(unpubl,,) 

Magellan .. 



... 

.. 

MIDDLEMISS, F.A., 1962 

MILNER, H.B., 

- 152 -

Vermiform burrows and rate of 

sedimentation in Greensand 

Geol.Mag., v.99, Nool, p.33-40 

Pe1;roGrrI:l:Dl'llV, v.l & II Sedim en tary 

George Allen and 

J., and REYNARD, A.F., 1891 Scientific H.M 

OTTO, G.H., 1938 

OTTO t G.H., 1939 

PACKHAM, G.H., 1955 

PARDEE, J.T., 1917 

Challenger. Deep sea d .. 

p .. 391-400 

The sedimentation unit and its use 

field sampling. Jour.Geol., v.4l, 

p.569-582 

A modified logarithmic 

the interpretation 

mechanical analyses of sediments. 

J.Sed.Petro1o g v.9, p.62-76 

Volume, weight and number-frequency 

of sediments from thin section 

J our.Geol., .v.63,. p.50-58 

and Phillipsburg 

fields • 

9 No.640,p.224-228 



- 153 -

PETTIJOHN, F.J., 1949 Sedimentary Rocks Harper, New York. 

pp • 

. , 
FONCET, J., les a 

galets primitivement mons dans 

I' OrdoVicien moyen de la region de 

Straaten 

Del ilai c and Marine 

f Elsevier 

p 

FOTI'ER,P"E., and PETTIJOHN, ., 1963 Palaeocurrents and basin 

Berlin 

pp .. 

PRICHARD ,P • W • , COOK, P.J., Phosphate the 

Northern Territory Geology of 

Ore 

(Ed. ) .1, 8th~.Mi.n.Met.Cong. 

, p.219-220 

RAMSAY, J.G., The folding upon the 

orientation of sedimentation 

structures. Jour.Geol.,v.69, 

p.84-100 



- 154 -

HANFORD, L.C., and COOK, P.J., 1964 The of the 

1:250,000 sheet area, Amadeus Basin, 

Northern Territory 

1964/40 

BANFORD, L. C. ~ COOK, P . , and WELlS, A.T. , 1966 press) 

geology of the central part of the 

Amadeus Northern • 

86 

RANKAMA., K., and SA.Hll.MA, T.G., 1950 Geochemistry. University 

, Chicago. 

RANNEFT, T. S.M., 1963 Basin eum 

Australian Petroleum Exploration 

, Journal 1963, p. 

RUSNAK, G.A., 1960 of Laguna Madre, Texas 

SAHU, B .K., 1964 

F Shepard, F.B.Phleger and Tj 

(Editors). Recent 

Northwest Gulf of COt 1951-1958. 

p.153-197 

Deposi tional mechanisms from the 

size analysis of clastic sediments 

.;;;..;....;;...;;;.;;;;...;.......;;;;..;;.~, v.34, No.1, p.72-83 



... 

SAUCHELLI tV! ~ ~96~ and processing of 

w cular 

benef! ciati on .. 

Fen .Soc. .70 

A.B., 1964 Time in , 
New 365 pp. 

SHELDON, R.P., 1963 cal 

, F.P., 1960 

R. , 

, C.R., 

resources of 

Wyoming. 

313-B 

Gulf Coast barriers 

F.B.Phleger and Tj 

Recent 

Mexico, 1951-1958. 

Tulsa, 

and 

rocks in Western 

F. 

(Editors) 

Gulf 

8i 

cementation in some' Pennsy1vanian 

sandstones In R.A.Ireland 

in Sediments. Special Pub. 

No.7 Soc.Econ.Pal.Min., Tulsa p.55-79 

, R~M., 1962 Early sequence of interesting 

shelf deposits, Central Australia 

Jo~r.Alberta ~Soc.Pet.Geologists,v.10, 
No.1, pol-12 



- 156 -

TANNER, W.F., 1955 

p.2471-2483 

R.~and , J .A. ~ Geology Report on the 

work of the Horn Scientific Expedition 

to III London 

and Mel bourne 

TAYLOR, D.J., 1959 Palaeontological report on the southern 

Coy.Rep.4300-G-27 (unpubl.) 

TOWE, K.M., 1962 Clay minera.l diagenesis as a. pOBsi ble 

source silica cement in 

==-;..;;:;..;;=..;...;;..;;.;;;..;;;;.;;;..' 9 V. ,No.1, 

.H., and , J.R., 1960 

modern B eclimentation In F.P. Shepard f 

F and (Editors) 

Recent sediments, Northwest Gulf of 

co 

Tulsa. 

VAN BTRtATEN, L.M.J.U., 1~59 Minor structures of some recent 

and neritic sediments Geol. 
No .. 7, p.197-216 



- 157 -

iii 
TISHER, G.S. t 1965 " Use of vertical e in 

"'<.. 
reconstruction 

1!!ll. , 9 pc41-61 

"! 

WALTHER, J., 1893-94 Einlei tung in die Geologie. Jena 

WEEGAR, A.A., 1959 report on the of the 

southern part of the Amadeus 

N.T. FromeeEroken Hill Coy 

4300-G~25 (unpub1.) 

WELLS, A.T., FORMAN, D ... J., and HANFORD, L.C' 9 1961 
- . 

reconnaissance of the .. "" ......... '"" • ..,'" MacDonald 

1961/59 (unpubl.) 

WELLS, A.T., FORMAN, D.J.j, and BANFORD? L.C .. , 1962 . Geological 

:reconnaissance of the Northwest Amadeus 

Basin. 

(unpubl .. ) 

WELLS, A .. T., FO:mJlAN, D.J., and RMil!'ORD, op 1965a Geological 

reconnaissance of t"he Rawlinson-

MacDonald Western Australia .. 

, A.T., FOIMAN, D.J., and RANFO 1.0. 9 1965b 



- 158 -

WELLS, A.T., HANFORD, L.C. and COOK, P.J., 1963 The geology of the 

Lake Amadeus 1:250,000 sh area, N.T. 

~~~~~;!;...!.:;~~~.1963/51 (unpubl.) 

WELLS, A.T., RANFORD, L.C., STEWART, A.J., COOK, P.J., and SHAW,R.D., 

The of the 

the Amadeus Basin. 

,1965/108 (unpubl.) 

WELLS, A.T., RANFORD, L.C., STEWARr, A.J., COOK,P.J., and SHAW, R.D., 

1966 prep.) 'The of the north-

eastern part of the Amadeus Bas 

'" 
WELLS, A.T., ~, and SKWARKO, S , 1964 The ogy of the 

south-eastern part the Amadeus 

=:....::====:...::..:;;;;=..;:...::..:..;.:;.:;;..1964/35 

WELLS .T., STEWART,A.J., SKWABKO, S.K., 1966 ( press) The 

of the south-eastern of the 

No.8S 

,G.E., 1960 Geology of the south-eastern part of the 

Basin. l:":rr)me-l::rrO}l~en HillCoy .Rep. 

4300-G-29 (unpubl.) 

YOUSSEF t M.r., 1965 Genesis of bedded phosphates 

v.60, p. 



.-<a (only. U.L.Luu.L 

A 

Acknowledgements, 139, 

, J .K. , , 94, 

Aeolian s, 34, 

Springs Orogeny, 5, 38, 137 

Amadeus Basin, 
geographi c81 

of, 5, 

structure of, ,5, 

, , 81, 

of, 5 

- 1 

Arenioola sand flat environment, 71-73, 

e, 
classification, 12 

c 

quartz, 13, 

Areyonga , 97, 

, N., 26, 

B 

, 13, 

Becking, L.G.M., 93, 

Bains, . , 
0, 71, 81, 83, , 97,112-114, 

Barrier flat environment, 67,68 

er island environment, 67/,68 

Bathymetry, 51, 52 

Y ., 95, 

are 

Beach sediments, 

Biochemical 
92, 93 

, 35 

Bimcda1 , 14,43,83,107 

er, E., 

t 9 H., 13, 17, 

Bouma, A.fI., 

,G . , 93, 

Briden, J. C., 120, 

on ( 
Maryland), 94, 

BI'I1ckner, , , , 
_. -

, G.!. t 93,95, 

c 

e,' 219 22, 23, 
94, 110, 111 

Carming , 137, 

Caprook, 133, 

Carbonates, 40,42,111, 
112, 118, 133, 

Cayeux, L., 93, 

Central bay 
67, 69, 70, 

92, 

, 114, 



.--. 

C •• continued 

Cheyney, T.M., £.!.a1., 

Chert, 12, 13, 19, 130, 

Chewings, C., 6, 

Clay, 19, 21, 110, Ill, 

Clay mine:rals t 21, 

enlori ~ef 21, 

illi te; 21, 22, 
kaolinite, 21, 

c.nay pellets, 93, . 

Cloud, P.E.Jnr., 52, 

Cobalt, 84, 

e sedimentat:ion 

- 160 -

, 64, 65, 66, 

Compound sedimentation unit, 65, 66, 

Cook, P.J~, 7, 81, 96, 112, 

ell 9i, 92, 

71, 73, 

84, 

Crook,···K.A. W·. II 7., 12, 13, 21, 44, 
51, 64, 96, 97, 100, 

, 
dips of, 44,45, 

thickness of, 45, 46, 

9, 44, 72, 82, 
" 

of, 44, 49, 

Cumulative curves, 29, 102, 

J 

vel es, 51, 101, 102 

D 

ion history, 124, 
, , 

125,126, 

10, 72, 

e, 21, 
110, 

E 

Eh, 55, 56, 

0, 

18, 20, 
53, 54, 55,'60, 
112, 124c>126 

23, 

, Ill, 

seas, , 77, 
78, 79, 113, 125, 126, 

Erldunda 

Evans, G." 71', 72, 

Evaporit es, 60, 

F 

Facies relationships 
the middle , 

Fecal pellets, 93, 110, 

Feldspar, 
abundance of, 

, 



F •• • • continued 

of, 18, 

of, 17, 19, 121, 122, 

Fitsroy , 137, 

Fluviatile environment, 35, 196, 

, 93, 

Folk, R.L., , 13, 17, 29, 195, 

, D 

Friedman, G , 
Fronde!, J., 

G 

Garnet, 25, 

Gillespie, H ., 7, 

Glauconite, , Ill, 112, 130, 

J./ Graded bedding, , 82, 

Graphic log 
data, 58, 

interpretation, 

Greensmith t J.T., 13, 

Greywacke, 13, 

93, 

53, 

,-, 

H 

es, T.B o , 6, 7, 

, M.T., 16, 17, 132, 

Heavy Mineral s , 
abundance of, 

oo:rrelation 

provenance of, 

Higher mud 
71, 73 t 74, 

,131, 

, 27, 122, 

trom, F., 51, 101, 

Hopkins, R.M., 7, 

rn Expedition, 6, 

Horn Valley Siltstone, 
39, 54, 62, 96, 97, 
133, 

, P.M., 22, 

, 132, 134, 

I 

, 50, 60, 

Inindia , 83, 

flat environment, 
71, 73, 

flat environment, 

Irving, E", , 
Irwin , '9 75,76, 77, 

Isoangle, 
data, 44, 

map, 44, 

Isopach, 
Stairway 

lower 

middle 
upper 

on, ~5, 132, 136 

, 7, 38, 42, 

, 
, 



-
'-

...... 

I •••• continued 

Iaoset, 

J 

data, 44, 4.6, 

maps, 44, 46, 

int ",.,.,,,.,.c,t .. 

Jackson, M.L., 22, 

Range, 39, 

ts, H.R., 93, 

Creek, 83, 

A.V., 46, 

K 

, 

, 

.fi. V ., 52, 94 , 

Range, 114, 

103, 104, 

on of, 31, 

interpretation of, 32, 

W.C.,·et.al.; 

, P.D., 16, 26, 

L 

·environment, 60, 

Madre, 67, 68, 69, 

Group, !Dc, 76, 

tic weathering, 20, 

Lead, 

ie, 0, 7, 

- 162 '!" 

, , 13(?, 

, 136, 

, 

, 1,04, 105, 

, 54, 74, l13, 

, 

67, 70, 

70, 

55, 

, 
petrography of, 

of, 170, 

significance of, 

, 40, , 
Logvinenko, W. V., , 47, 

mud flat 
71, 72, 

sand flat environment, 
, 72, 

Lutite, 

M 

Mansfield, G. R., 92, 93, 

e, 54, 

Marker hori zons, 130, 

size, 98," 106, 

,.E. ,et.al., 44,· 

McConnell, D., 95, 

Mean di 
data, 

si 

data, 

, V. ,et .a1 .. ; 52, 
9 118, 

on, D ., 7, 

30, 104, 

ion of, 30, 

cance of, 33, 34, 

analysis, 29, 

104, 

of, 103, 107, 



'" , \ 
.1 

M ••••• conti nued 

Mega ripple, 72, 

Mereenie Sandstone, 7, 8, 

e, 12, 13, , 
abundance of, 12, 120, 

sf , 121, 

Miqrbfossils , .8, , 
, \' 

, F.A., 49, 

Middle East, 95, 

Modal size, 106, 

MouDt CharI 

Mount Charlotte 
134, 

, 9, 10, 

t 

, 81, 

- 163 -

, 

Mount Range, 40, 101, 123, 126, 

Mudcracks, 74, 

Murray, J~t , 92, 

, 
composition of, 13, 14, 

defini 

18, 26, 

"«>; 13, 

of, 17, 

Otto, G .R., 63, 

P 

of, 
silica, 16, 132, 

tourmaline, 26, 

zircon, , 

Pacoota Sandstone, 6, 8 g 

97, 

, 17, 

, 
Musgrave Block, 7, 43, 44, 122, 

41, 42, , 

N 

Natural 129, 

Nautiloid, 8, 

Ni , 84, 

Nodule, 82, 83, 85, 

o 

Oil, 134, 

Organic matter, 55, 99, 109, 113, 

.. ' 

122, 123, 

ogy, 7, 
124, 127, 128, 

Palaeo1ati tudet' 120, 

43, 

Pardee, J.T., 93, 

, 132, 133, 

Pertaoorrta Group, 57, 

123, 

132, 

ermann Range, 7, 

Petermarm Orogeny, 



) 
'-: 

I 
I 

- 164 ~ 

Po 0 0 

Petrography, 
arenites ) , 

of carbonates, 22, 23, 

of 1utites, 20, 21t 

of phosphorites, 85-92, 

, 132, 133, 

pH, 53, 55, 56, 74, 113, 

e, 
cementing,-14, 89, 110, 

e , 8.7, 

con cent ra ti ons of, 116, 

concentric pelletal, , 87, 

economic prospe ,134, 

encasing pelletal, 88, 110, 

, 90, 91, 110, 111, 

lam , 89, , 
mineralogy of, 81, 91, , 

les, 85, 93, 

ori gin of f 92-97, 109,115, 

P 205 content 

1~6, 

, 82, 83, 84, , 

pel ts, 82, 85, 93, 
103, Ill, 

96, 97, 100, 

precipitation of, 97, 109, .110, 

reserves, 135, 

sandy , 88, 89, 102, 

, 91, 92, 

structural aI, 87, 110, 

structureless pelletal, 85, 86, 110, 

tectonic control of, 95, 97, 

t control of, ,97, 113:-115, 

trace ement content of, 

vertical distribution , 50, , 113, 
116, , 131, 

on, 93, 
94, H8, 119, 

, 133, 

, J., 93, 

Potter, P .E., 
42, 

plots, 29, 
102, 

Prlrnard, PoW., 

, 121, 122, 

Pyrite, 14, 53, 54, 

Q 

e, 
.121, 130, 

plutonic' 
13, 17, 

undu e, 

13, 

, 15, 

common), 

, 

gravels, 137, 

R 

Radiometric anomalies 

K. , , 116, 

, T. S.M., 6, 

of deposi tion, 49, 
50, 118, 



- 165 ... 

R ••••• conti nued 

, 10, 19, 42, 55, , 122, 
133, 

f .66, 67, 
124, 

rocks , 15, , 
marks, 9, 51, 82, 

, 9, 

diagram, 42, 

G.A. , 67, 

Ie, 25, 

s 

, B.K., 34, 105, 

environment, 71, 74, 

system, 4, 

Sand:shale ratio, 41, 134, 

Shallow 

Shaw, 

, V., 93, 

49, 7.3, 

on unit, 51, 61, 63, 

cal model, 67, 

10, 39, 41, 54, 114, , 
environment, 67-&9, 

marine envi ronmen ~, 35, 60, 

., 39, 75, 76, 79, 

Sheldon, R 0' 94', 119, 

,F .,60, 

Siever, R., 16, 

Siderite, 21, 

'Silicification, 132, 

tstone, ll, 

Skewness, 
data, 31, , 109, 

defini tion ,31, 

significance ,31, 33, 
34, 105, 

Solution pressure, 
17,132, 

Sou them Calif 

Stairway Sandstone, 
age of, 8, 49, 

, 

di 7, 

, 

pala eop.:to ;l bgy"-o; , 50 , 

previous of, 
, 6,' 

stratigraphy of, 6, 8, 129, 
130, 

thickness of,?, 9, 

Standard deviation, 
data,'30, 103, 104, 

definition of, 30, 

significance of, 
105 9 

., 33, 

Stokes Formation, 6, 7, 
126, 133 

Sub-arkose, 18, 130, 

Ste1ck~ C.Ro, et.al., 6, 

T 

, et. al .. , 6, . 



- 166 -

T •••• conti nued 

Tectonics, 125, 12'6, 132, 

Tempe Formations 97, 

Temperature, 52, 

Textural analyses, 29, 102, 

Topography, 
of land, 122, 123, l25~ 

sub-marine', -95, 113, 

Tourmaline, 25, 26, 27, 28, 131, 

Towe, K.M., 17, 

Trace-elements, 83, 84, 

Tracks and trails, 8, 9, 51, 74, 

Transgression, 28, 61, 62, 63, 65, 
66, 126, 

Turbidites, 35, 

U 

Upper bay environment, 67, 70, 

Upper Proterozoic, 113, 114, 121, 123, 
126, 

Upwelling currents, 77, 95, 118, 119, 

v 

Van Andel, Tj., et .a1., 60, 

Vanadium, 84, 

Vermiform burrows, 49, 

Visher, G.S., 60, 62, 

VulcanisTJl, 92, 

W 

Walther, J., 58, 

Walthers Law of Facies, 
58, 61, 

Wash Estuary, 71, 

Weegar, A.A., 7, 

Western Macdonnell Ranges, 
38, 49, 

Wells, A. T ., et. a1., 5, 
6 , 81, 83, 91, 

Winnal1 Beds, 121, 

Winnowing, 77, 78, 9.4, 
100, 106, 108, 109, 
112, 116, 132, 135, 
136, 

x 

X-ray work, 81, 91 

y 

Youssef, M.l., 95, 

Z 

Zircon, 25-28, 122, 131, 



:;a... .. 
...• 'cJ .. , 

r. ,. 
~ . 

" 

.. 

i;;) 

i .. ct::, ; 
i, ~ .' 

r ;1(-, ;;, 

:-" :- ' . . 
, .-. .r .. 

~ 

,. ".l, 

.. 

~".':\ ~ 
. ~ 

-.J -
'"., 

I 
, -
.' 

i 

COMMONWEALTH OF AUSTRALIA 

DEPARTMENT OF NATIONAL DEVELOPMENT 

BUREAU OF MINERAL RESOURCES 
GEOLOGY AND GEOPHYSICS 

Sym~ 

RECORD 

1966/1 

(APPENDIX) 

APPENDIX TO 

THE STAIRWAY SANDSTONE 
A 

SEDIMENTOLOGICAL STUDY 
BY 

P J COOK 

._, -- - - -----... , 

I 

lEast 

I 
I 
I 



APPENDIX TO 

THE STAJ)iW,AY SANDSTONE -

A SED]llENrOlDGlCAL STUDY 
.~ 

.-,. 



40 

41 

42 

CONTENTS 

APPENDIX 1 

dipping ilower 

texture" .. ~~~~:2:J 
George Gill Range area 

in 

Glen Helen Gorge 

Stl'!.U'WB,V Sandstone of the 

Ripple marks and worm tube WG, .... "".L.<e,O in the Jlower 

Indeterminate in the lower 

43 Horizon of weathered out Diplocraterion in the middle 
Stairway 9 Charlotte area. 

44 Poorly sorted 9 well rounded orthoquartzite a coarse, 
well rounded metaquartzite in the centre of 
the field of meals). 

45 of a bimodal 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

lamellae due to structural 

"red-bed" lithology with 
""'-'''.LIL1''', and clayey cement. 

rounded quartz 
'l'rsmsrni tt ed 

in reflected Shows'the clayey 
contact between 6 .... '~~llOO 

cal clayey silstone of the middle 

Sideritic claystone -
dark crystalline formo 

matrix and sideri te 

Partly recrYstallized 
rhombic form", 

uv,J..uu.u.te QUIJVV.J..L.I,!>'i well developed 

Typical heavy mineral '::all" .... ""6". "' ... , ........ ,up:, tourmaline (well 
r01llIl(ied 'low 

t some 
angular) '" 

Typical t ourmal ine -

Typical super-:ma mre ""'.!Jf"H'l! 

V ... ",'''''''' area", 

ramded, high 
, and quartz (light, 

well rounded. 

well rcunded. 

from a 

Well 
by 

structureless phosphatic pellet 
rounded quartz grains", 



56 

57 

59 

60 

phosphatic 
Calcareous cement. 

let with a dark rim. 

c s (dark), similar in to 
Grain size approximately equal to 

surrounding 

A s pellet with a of phosphate. 

banding concentric 

Compound pelletal made of small 
pellets. 

61 Structured pelletal phosphate with a well developed 

62 

63 

fom. 

Encasing phosphatic pell 
ooUths. 

Encasing phosphatic 

around, quartz grains and pyri te 

around a pyrite oolith. 

64 Sa,ndy phosphatic pellet. 

65 

66 

phosphatic 
included quartz 

wi th relict banding 

Cementing phosphate around 
cement (dark) into a clayey cement 

by the 

67 Laminate phosphate in quartz sandstone. 

68 Laminate phosphate the e division the 

70 

71 

72 Se 

73 

74 

laminae and the corrosion (or erosion) of the outer layers. 

phos the fine rod-like structure in the 
outer layer. The have their long axes at right 
angles to the long axes of the laminae. 

fossil - probably a an 
calcareous brachiopod or a lamellibranch. 

c o:rl<:ite (fairly I 
of crypto-crystalline 
(light) • Some quartz 

c orki te (dark oolitic form) 
(light, high relief). Some quartz 

?dahlli te with an e 
spherulitic habit. 

ght grey, low reli with 
e te, relief 9 

) middle zone 
a core of e 

with ?apati te cement 
ns (white) • 

well 

secondary int 
form) • 



... 

~ 

75 

76 

77 

78 

79 

This considerable difference in 
grain size between in a c pellet ) 
and quartz (with a calcite 
but outside the phosphatic 

in the same thin section, 
s (lower). 

Sandy phosphatic with an included 
(dark) showing a very indistinct • 

te grain 

grain 

Extremely 
of a sandy 

let (dark 
showing 

with an included 
shaIp • 

te 

quartz with intergranu1ar dolomite cement. 
c cement with indistinct boundaries 

of dolomite. 

between dolomi te and the phosphate 
c let. No of 

80 This illustrates the difference between the grain size 
of detrital in grey (upper) and detrital 
quartz in brown pellets (lower). 

81 Hand specimen of nodular phosphor! t e from the middle Stairway, 

82 

83 

84 

85 

Creek 

("sponge rootsl!) \'1i thin a ly 
of the lower Well developed 

current ible. 

Disturbed laminae in sandy tone of the middle Stairway. 
Disturbance due to both II chewing" by infauna and 
"loa,d-casting". A coarse sand overlies the claystone. 

Strongly di 
Sta,irway 

laminae in sandy siltstone of the middle 
mainly to IIchewing" infauna). 

claystone of the middle Stairway 
by 

THIN STUDIES 

General 

Method 193 

of Table 1 193 

Number 193 

size 194 

Roundness 194 



Appelldi.x II. •• continued 

.' 
% 195 

% 195 

% Heavies 196 

% etc. 196 

HE.A VY MINERAL OOUNTS 

Method 197 

DETAILED TEXTURAL ANALYSES 

General 198 

Method 198 

Calculation of 199 
;.. 

CROSS-BEDDING srUDIES 

General 201 

Correction for tectonic diP. 201 

Symbols used in cross-bed data 202 

DETAILED GRAPHIC LOG 

Genera.l 204 

Gra.phic 205 

Thickness in feet 205 

"'I Core 206 

Rock type 206 

plane es 206 

direction 207 

es 207 



;; 

.. 

.. 

.. 

Li thology 268 

Porosity 209 

209 

SUpplementar,y data 209 

210 

Colour 

Properties of phosphat! c material 211 

Number of layers 212 

number 

Remarks 213 

Table No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

of rock from the 
Sandstone .. 

in Sandstone. 

Numerical values of textural parameters. 

........ ,,,,,,,,,.. on of ers. 

Det "'.uu .... ,...,. of depositional environments. 

dip values for the stone. 

Variation c~oss-bed sets with 
grain size and 

of" the thickness of cross-bed sets with 
graphic and 

Cross-bed field data and values after correction for 
tectonic 

I>V, ....... ,.'uJ.> values of various cal "' .... "m.::·yers in 
the compound sedimentation uni t. 



Log Reference 
No. 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

Graphic Log 
No .. 

1 

2 

3 

4 

5 

B 

7 

APPENDIX IV 

Core on 

Rock type 

properties 

Textural representation 

Calcium carbonate content 

Porosity 

Supplementaxy data 

50 t - 150' 

150 I 250 1 

250' 350' 

350' - 450' 

450' 550' 

550' 650' 

.,. 700' 



.. 

APPENDIX I 

PHOTOGRAPHS 



• 

Fig.39 Vertically dipping lower Stairway, Glen Helen Gorge 

Fig . 40 "Ropay texturel! (Cruziana) in Stairway Sandstone 
of the George Gill Range area. 
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Fig . 41 Ripple marks and wonn tube markings in the 
lower Stairway 

Fig.42 Indeterminate bedding plane markings in the lower 
Stairway . 
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Fir.43 Horizon of weathered out DiplocrF. -rion in the 
middle Stairway , aunt Charlotte area 

Fig.44 Snec. LA 133 linear mag x 00 

Poorly so-rted, well roonded orthoquartzite witr ? cn8rse, 
well rounded grain of f!'etaquartzi t e in th e centre of the 
field of view (crossed nicola) . 
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Fig.45 Spec.Hl linear mag x 80 

Extremely good exampl e of a bimodal orthoquartzite (coarse 
grains show strain lamellae due to 8truc~rnl deformation). 

Fig. 46 Spec . Rd 148 linear mag x 80 

Tyoi(.;al "red-bed" li tho:'ogy with poorly ro nded quartz 
grains, ADd ?limonitic clayey cement . Transmitted light. 
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F' "' . 47 Spec . Rd 148 linear mag x 80 

A. in Fi /", . 46, but r eflected light. Sho 8 t he clayey 
cp~e,t preventi ng contact between grains . 

Fig . 48 Spec . APl/214/0 linear mag x 150 

Typicpl clayey siltstone of the mi ddle Stairway. 
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Fig . 49 Spec .APl/110/0 liIlPar mag :x 80 

Sideritic claystone - clay~ mat ;7 Ii ht 
dark crystalline form. 

iderite 

Fig.50 Spec.LA 188 1 ineer mag x 130 

Partly recrystallized dolomite sbowing well developed 
rhombic fom. 
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Spec .AP1/628/6 li neRr mag x 80 

~ntCAl h eavy mjneral assemblage s ha i n tou rrr.sline (well 
~nunded 10 relief) and zircon (we 1 ro nd ed , hi~h relief), 
also some pyrite (da r k , angular) • .gnd anartz ( light,anp:ular 

Fig . 52 Spec .AP1/628/6 linear x 400 

Typical super- mature tourmaline - extremely wel l rounded. 
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Fig.53 Spec.APl/623/6 linear mag x 400 

Typi cal super-mature zi rcan - extremely well roonded • 

F"g.54 Typical phosphatic nodules collected from a 
quaternary gravel, in the Johnny Creek area. 
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Fig . 55 Spec.AP1/244/0 linear mag x 150 

Well rounded structureles8 phosphatic pellet surrounded by 
poorly rounded quartz grains • 

Fig .56 Spec .AP1/97 /1 linear mag x 150 

Structure1ess phosphatic pellet ith a prominent dark 
rim - calcareous cement 
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Fig . 57 Spec . AP3/44/0 

St:ructu reless phosphatic pellets 
to glauconite ~ra·nB. Grain eiz 
to tha.t of the surrounding quartz 

Fig.58 Spec.AP1/244/0 

line mag x 00 

inform 
equa.l 

linear ma x 150 

A structurE'les6 pellet with a small sarny core. 
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Fill . 59 Spec.APl/?3/2 linear lJlB.g x 80 

Concentric pelletal pbosphate . Internal banding 
concentric to the irregular outline of the pel let . 

Fig . 60 Spec • Afl/9? /3 linear mag x 80 

Compound pelletal phosphate - co posed of small 
structureles8 pellets. 
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Fig.61 Spec.LA 139 linear mag x 150 

Structured pellet~1 phosphate with a wel l developed intern 
convoluted form • 

Fig. 62 Spec .AP1/398/0 linear m~ g x 00 

Encasing phosp atic nellets around quartz grains and 
pyri te ooli the . 
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Fig.63 Spec .API!39S!0 linear mag x 700 

Encasing phosphatic pellet around a 'Pyrite oolith. 

Fig.64 S c.AP1/51/2 1 . near ma g x 00 

Sandy phospha ti c pellet. 
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Fig.b5 S'Oec. APlj97/l linear ma g x 00 

SAndy phosphpti c pellet with relict barding shown by 
the included Quartz grains • 

Fip;.66 Spec .APl/2 4/0 linear mAg x 400 

Cementing phosphR t e around Quartz grains. The phosphatic 
cement (dArk) grR es i nt o a clayey cement (light). 
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Fig .57 Spec.AP1/149/0 linear mag x 80 

Laminate phosphate in quartz sandstone • 

Fig.58 Spec.APl/149/0 linear mag x 150 

lamina te phospha te showing the tripartite division of 
the laminae and the corrosion (or erosion) of the outer 
layers. 
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Fig.69 Spec.APl/149/0 linear mag x 700 

Lami nate phosphate showing the fine rod-like structure in 
the outer layer . The IIrods" have their long axes at 
r i ght angles to the long axis of tre Ie inae. 

Fig.70 Spec.AP1/746/l0 linear x 150 

PhosphAtized fossil - probably a ira ent of an originally 
calcareous brachiopod or a lame11ibranch. 
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Fig- . 7l S c.HY 762 linear IIJCIg x ISO 

Secondary corkite (4'airly light outer ri:n) wi th middle 
zone of crypto-cry tallinp apatite (d~rkJ ard a core of 
?apatite (light) . Some quartz grains (whi e). 

Fig.72 Spec.HY 762 lin ar g x 150 

Secondary corld te (dark ooliti c form) with ?Apatite 
cement (li ht, h ' gh relief) . So e quartz sins (white). 
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Fig . 73 Spec.Rd III linear mag x 400 

Secondary ?dahll1te with an extremely well developed 
spheruli tic ham t . 

Fig . 74 Spec.Rd 111 li near mag x 150 

Quartz (light grey, low relief) with eecmdary intergre.:rrular 
? dahllite (white, !lighrelief, Sphel"lli ic form) . 
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Fi . 75 Spec .AF1/97/1 linear mag x 80 

This figure illustrates the considerable difference in 
grain size between quartz in a phosphatic pellet (upper) 
and quartz (with a calcite cement) in the same thin section, 
but outside the pbospbatic pellets (lower). 
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Fig. 76 Spec.APl/51/2 linear mag x 1 50 

Sandy phosphAtic pellet with an included glauconit e grain 
(dark) showing 8. very indistinct margin. 

Fig.?7 Spec.APl/51/2 linear mag x 89 

PbosphRtic pellet (dark grey) with an included glauconi te 
grain (hlack showil'l8 e ery sharp margin. 
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Fig.78 Spe c .APl/ 648/6 linear mag x 80 

Coarse grains of quartz wi th int ergranular dolomite cement. 
A "wisp" of phosphatic eement with indistinct bcundariee 
possibly indicates some replacement of dolomite. 

Fig.79 Spec .LA 139 (A) linear mag x 80 
Extremely sharp bouniary etween dolomite and tha phosphate 
of 8 sandy phosphatic pellet . No evidence of replacement. 
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Fig . eo Spec.LA 534 linear ma g x 00 

This figure illustrates the difference between the grain 
size of detrital quartz in gre-:( pellets (upper) and detrital 
quartz in brown pellets (lower). 



• 

.. 

- 189 -

02: 

Fig. 81 Hand specimen of ncxiular pnospherite from the 
middle Stairway, Johnny Creek 

Fig. 82 Spec.LA 535/(10) 

Hyalostelia australis ("sponge roots ) wi thin a slightly 
pbosphatic aarrlstone f the lower Stairway. ·~ell developed 
current lineation is visible. 
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• 

Fig.83 

• 

Fig . 84 
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i ','I '1"' 1 1'I't 'I 
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I 

............... .",..-==----= 

Disturbed laminae in sandy clays tcne ~f the 
middle Stairway. Disturbance p08si bly <be 
to both "chewing" by infauna. and "loa d-casting". 
A c oarse sand overlies the claystone. 

- - -­
~--------------oz 

" ' .. 

Strongly disturbed laminae in sandy siltstone of 
the middle Stairway (due mainly to "cbewing" by 
infauna. 
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Fig.85 StroJlf!' l y distu rbed sandy claystone of the 
middle Stairway (due mainly to "chewingll by 
i n f auna) • 
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.. (see Chapter 2) 

A total of 188 thin sections were examined the course 

of the investigation. Approximately half of the thin sections were 

ani half (core) es. 

geographical distribution of the sample localities is as follows 

(see .1 for on of 1:250,000 sheet areas 

localities) • 

• of thin section 

? 
71 Johnny (API) 

( 13 Mount ( 

,;.. sub-surface ~ 16 Mount Holder (AP3) 
( 

~ 
7 Inindia (AP4) 

5 No .. 1 (H) 

~ . 37 Rodinga sheet area (m) 
( sheet area CRY) 

~ 15 Lake Amadeus sheet area ( (LA) ( 

~ 
2 Bloods area 

(BR) 
area (K) ( 2 Ku1gera sheet 

( 
1 Ayers Rock area (AR) 

~ 1 Mount ~iebig sheet area eML) ( 
t~' 

( 
1 area (H) 

,... The from API, ses Bluff No.1, and the Rodinga, Henbury, . , 

Lake and H ermannsb erg sheet areas were by the 

author. from AP2 f AP3 and were collected by .A.WoCrook, 

and those from the remaining sheet areas were collected by A.T.Wells, 



.. 
D.J.Forman, L.C.Ranford and A.J.Stewart • 

Both textural and ogical observations were made on the 

thin sections; modal and maximum grain sizes (in phi units) were 

noted, together with roundness, and sorting. Estimates were made 

the of quartz (plutonic. composi te and 

chert), feldspar, heavy minerals (tourmaline, zircon and opaques), 

clay, te and conite; 

cements and quartz overgrowths were ignored. The petrography of 

all the is ed in 1, .. 

The purpose of 1 is to summarize the maximum e 

amount of useful petrographic information without having to resort 

to, tabulation scheme is as 

follows : 

(a) Specimen Number 

The letter prefix of a specimen number denotes the 1:250,000 

sheet area or the sub-surface location from where the specimen 

was originally collected previous page). the case of 

subsurface es, the s set of numbers to the 

number of the sedimentation unit within the core (see Chapter 7) 

the set of numbers is the distance (in inches) from 

the top of the sedimentation um t, to the point where specimen 

was numbers wi th es are the 

field number by means of which the specimen can be located 

by to the geological maps of the 

appropriate 1:250,000 sheet area, published by the Bureau of 
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Geophysics. 

(b) 

(c) 

This is in uni ts. Figurea au the 

are modal are gj, ven as a sing1 e number 

(e.g. 2~) or as a range (e~g. 2¢ - 4¢) or in-the case of 

a bimodal sediment, as two modes, the first mode being the 

or mode (e.g" 1¢&~). '.The within the bracket 

is the maximum grain size. 

The divisions of roundness are in accordance with the scheme 

by (1961).. Where the is bimodal the 

value given is that of the primary mode. scalE;' 

abbreviations used are 

v ang 

ang 

sub ang 

sub 

v rnd 

The scheme 

where 

here is that 

are the 

primary mode .. 

below: 

very angular 

angular 

sub angular 

sub round 

round 

very round 

by (1961) ; 

value is that of the 

the 
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scale the are 

v well at well sorted 

st 

mod st moderat sorted 

poor st poorly sorted 

-v poor st very 

) ?& quartz 

The r·ll-at given (outside the brackets) :tis 

of quartz in the rock as a whole.. The letters within the 

to the types: 

p., - plutonic (common) quartz - straight to 
slightly undulose extinction 

u quartz .. strongly undu10se extinction 

C - composite quartz 

Ch -

The number 1.m'mOl'" after the letter gives the percentage 

of quartz the 

Hence, meaning of 70 .. 80 (P.70; U.15; C.lO; 5;) 

as follows: Quartz makes up 70 ... ao?& of the total 

and that the this is 7afo , 
15?&undulose, 10?& composite and 5?& chert. letter lit" 

is used to e "trace", there is than l?& 

the constituent present. 

(r) ?& 

The ip this column (or the letter "til) the 

amount of as a 

the total rocko 
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(g) % Heavies 

The number given (outside the brackets) is quantity 

of heavy minerals present in the thin section, expresse~ as 

a the total The letters th~ 

brackets give the order of importance of the individual 

heavy lI(o)n would mean that only 

minerals were present. II(OoT.)u would mean that major 

and minor were present 

II (T. & Z.) II waul d mean that t ourmal ine and zircon were 

in amounts. 

(h) % clay, carbonate, phosphate, 

Clay, oarbonates (Carb), 

te, glau coni t e. 

(Phos), e CPy), 

and glauconite (Glauc) have their percentage expressed 

as a percentage of the total rook. 
) 

'. 
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3) 

method of the mineral concentrate was as 

follows:-

Because of the highly nature the es it waS 

first neces to crush the samples using a rubber 

e. there was a hi of 

such as pyrite, the sample was boiled in weak dilute 

was then added to a t 

bromoform and centrifuged to concentrate the heavies in the bulbous 

end of the test-tube. They were retained whilst the "lights!' are 

poured off e1 ther by the bulbous end of the test-tube or 

by freezing the end with solid carbon dioxide. The heavy mineral 

on was then mounted in arochlor on a 

the location of grains under the microscope. 

slide to facili 

It was found thE:,t by far the quickest way of carrying out a 

heavy count was by a rather than 

the grains down on paper or using a point counter - this technique 

the time to do a count to than half the t 

previously taken. Wherever possible a minimum of 200 grains were 

counted; however in many of the slides 

the small number of grains. 

was not possible because 

The were 

numbering system b 

sections. 

from the APl core, 1:he sa1D-ple 

exactly the same as that used for thin 
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DETAILED TEXWRAL STUDIES 

Chapter 4) 

A total 18 detailed textural were made of 12 

from core APL Wherever possible, 

were chosen with only minor quartz overgrowths, to facilitate 

of Packham ( was used in the textural 

studies. This involves the use of a Leitz integrating. stage 

mounted onto a llLL'''''''-'''' consi of six 

each of which can be rotated individually and on doing so will 

move across the and record the eli stance t .. 

Before commencing textural measurements, the is 

e sh the and range the sizes 

present. The six spools on the integrating stage arffi then 

allotted size (measured in units), with spool 

No.1 being allotted to grains greater than a certain phi 

spools .2-5 are allotted to equal intervals 

(generally phi unit intervals, unless the sediment is poorly 

which case it may be necessary to use 1 phi 

intervals) • Spool No.6 is allotted to 

a certain value. Hence, a 

stage would be:-

Spool No. 

1 

2 

3 

grains less than 

range for the 

greater than l.¢ 

l¢ to 1.5¢ 
1,,5~ to 2.¢ 



size 

Spool No" 

4 

.5. 
6 

are the 
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Range 

2¢ to 2.5¢ 

2.5pJ to '9/ 
less than 3¢ 

of the 

(measured by means of the calibrated cross-wires). When the 

centre of the cross-wires is on a boundary, the of 

the class into which the n falls is rotated until the line 

across the has been traversed. The same is done for the 

grain and so on, until a distance of at least 100 XiS the 

diameter of the has been 

The d~ stances by the six sp are then "' ..... ''' .... ~, ... 

on percentages the total distance traversed and plotted on 

log paper 9 and 33). the probabil1 ty 

graph are obtained the values for the 95th percentile (¢95)' the 

84th e (¢S4)' the 75th (¢75)' :he 

e (¢50) 9_ 25th percentile (¢25) t the 16th percentile 

(¢16) and the 5th percentile (¢5) " 

values may then be used to calculate the and 

(1957) values for mean (Mz), standard deviation (dl ) , skewness 

(Sk), and kurtosis (K ) :-
g 

Mz "" 
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Chapter 5) 

The information noted down in the field included geographic 

and tion, the and the of 

tectonic dip; the dip of the cross-bed and the azimuth of the dip 

of the cross-bed; the thickness of the cross-bed in inches; the 

grain size of the cross-bed and type cross-bed. 

cross-bed were not measured. Actual cross-bed 

dips were measured 

was exposed or 

splitting the rock until a cross-bed face 

a until it was to 

the cross-bed and then the and the azimuth on the . 

• 

Corrections were not made for plunge (Ramsay, 1961j. 

The normal way of for tectonic by a fBi 

well known technique using a stereographic net. However the 

author decided to use instead the CDC 3600 computer 

the Computing Research Centre, C,S.I 0., Canberra. At various 

in the development the programme the author was helpe~ 

very considerably by .Madden, Mr.T.Quinlan and Mr.J. 

The programme is basically an adaptation of a programme used 

by (1963) for the rotation ections 

was ed to 

programme of McIntyre was 

~_,~+r,_6 considerable 

problems. The 

written for a 7090 computor and 

was the 
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correction for tectonic had to be made by means of the 

stereograpmc net, it probably would have been quicker for 

the author than 

great deal of time. 

accurate and also the 

the programme, which t oak upa 

However, the computor technique is more 

is now e for 

use. The is able to work out about 400 

in one minute - a very considerable saving time compared 

the 

The method of the data the given 

in the "commentlt section of the programme. In fact only the dip 

and azimuth information is necessary for the correction - the 

other data is optional. It is recommended that this method ot 

tabulation is adhered to in the field so that it is unnecessary. 

to 

(a) 

ANG 

AP3 

CHA 

CSP 

ECK 

EGR 

EMC 

GHN 

GEe 

IN! 

data before the cards can be punched. 

location 

10 miles N.W. of Angas Downs Homestead 

drill hole 

Chand1 er Range 

near Mt 

About 12 mils north-east of Curtin Springs Homestead 

Ellery 

Eastern end of the Gardiner Range 

Eastern end of Johnny Creek Ant 

end the Mount Charlotte 

1 mI. south of the George Fimge 

Near Bore - close to u .... ::w.u\JUU drill hole 
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LEV Levi 

Mount 

MTE Mount Ebenezer 

MTS Mount Sunday 

NOM 2 mle north of Bore 

OLF 

RC3 Sect RC3 - in the middle the Mt. Range 

North flank of the Seymour Range 

Stokes Pass 

WJC end of Johnny Creek cline 

WGR Western end the Gardiner Range 

end of the otte 

LST Lower unit of the Stairway Sandstone 

MST of the rway one 

UST Upper uni t of the Stairway Sandstone 

(c) of cross-bed 

CT Curved Tabular 

ST 

.0: (d) Grain ze 

VF Very sand 

F grained sand 

M Medium sard 

C Coarse grained sand 

VC Very coarse sand 
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General: 

A variety of types of detailed graphic logs have been 
, 

proposed in the past for the study of sedimentary sequences, 

the parameters incorporated in the logs depending on the 

purp investigation. 962) summariz ed 

more methods. The of all methods 

present clear a fashion such features 

litholoty or sedimentary structures, so that any basic cyclicity 

of sedimentary environmenis is apparent. Bouma (1962) has u~ed 

the method to good effect in his investigation of turbidite 

sequences of the Peira-Cava area of France. Because of the 

proven the metl1od, the of its 

of s structures etc e it is in a 

available form, Bouma and symbols. 

used sible. Some has of cours 

necessary because of particular features of t he Stairway Sandstone. 

Bouma was not for instance concerned with phosphorites and 

therefore special columns have been added to incorporate this 

additional phosphate information. Also) a major part of Bouma's 

work concerned with sections in the field 

the log studi Stairway Sandst 

restrict core from a cored·diamond drill 

Thus, whilst the vertical information was very much more detailed 

than that which Bouma had access to, there was no lateral control 

whatsoever .. 
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The core which was studied was obtained from site on 

the south of Johnny cline ). 

hole, which was one of four drilled to test ph?sphate in 

of the Sandstone, was drilled to a total 

, but only the interval 50-700 feet was logged as it took 

about 1,000 hours to obtain all on and 

plot up this 650 feet of core in the nE;lcessary detail. The 

investigation was a laboratory one and the easiest 

way of conducting 1 t was by the use of a "questionnaire sheetH 

on mich the of the various were noted. 

values were then plotted up on graphic log sheets 

at a scale of 1 inch to two However, as a 

graphi clog over feet it was necessary to photographically 

the down to a seal e of I inch to 4 to make them 

more convenient to handle. 

1. Thickness in feet 

(a) Apparent thickness; This is the vertical distance in 

feet from the top of the holee This thickness 

is noted on the graphic log at 2 foot intervals. 

(b) True thickness: This is the true thickness of the 

Sandstone from the of the 

fo:nna.tion at an thickness of 69 

feet 10 inches) and with a correction factor applied 

for the of the beds in the core! This , 

true thickness is noted on the at 10 foot intervals. 



•• 
2. 

'" 
(a) 

(b) 

4. 

Recovery: This is a 

given by 

the footage drilled 

recovered. 

Condition: (see Log 

majority of the core 

amounts were either 

operations. In 
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was in 

cal representation of 

(1964) and is based on 

with the footage of core 

1, appendix IV). The 

condition but minor 

or broken up during 

f the core was taken 

analysis. In the more shaly units, splitt 

core into many laminae parallel to the bedding 

(see Log II, IV) 

This column the main rock type of the 

Wherever possible the of Bouma (1962) are 

used. Bouma's designation of t'shale ll is replaced by 

more term lutite because of the 

fissility implication of the name shale o In the case 

the Stairway the t arm IIsandstone ll means 

quartz arenite and in most cases means 

(after Folk, 1961). 

present in the same 

the log. 

Type: (see 

used 

there are two rock 

proportions are 

III, appendix IV). 

types are 

those used by Bouma (1962) and are essentially an 

on 
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indication of the degree of sharpness of the contact 

between two layers. To a certain extent the classification 

into very sharp, sharp etc. is a somewhat qualitative one. 

It is however of value if the classes are considered relative 

to each ot her. 

(b) Structures on the bedding plane: This column was included 

should any features have been present on the small area 

available on the few bedding planes visible, but in fact no 

recognisable features were seen. 

5. Current direction 

This column was included so that should this type of information 

be available from surface outcrop or from orientated core, it 

can be shown on the log. In the case of .the API core, no such 

information was available. 

6. Layer Properties (see Log Ref~rence IV, appendix IV) 

The symbols used are identical with those of Bouma (1962). 

The main column is in this case divided into 10 sub-columns 

each of which represents a layer property or sedimentary 

structure. Variations within the basic layer property are 

indicated by the position of the "blocks" within the sub-column 

so that in all it is possible to represent a total of 31 

different layer properties by the method given on Log Reference 

IV (appendix IV) 0 

One symbol which was left out of the graphic log and which 

would have been extremely useful is a sub-oolumn for showing 

the degree of churning by burrowing organisms. The lack of 

such a sub-column is overcome by for instance representing 
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very strong by infauna the "blocking inll of the 

:3 columns to show IIstrongly diSturbed parallel lamination", 

"strongly disturbed lenticular wavy lamination" and "tracks 

and burrows in all directions". would however be simpler 

and more correct to have had a single separate sub-column for 

the purpose .. 

7. 1i thology 

The term !lli tho10gy" is nere for with 

(1962), but is somewhat as "Ii is 

normally taken to mean "rock typelt and not "texturell • 

(a) (see Log IV) 

The term texture is used here in the sense of Bouma (1962) 

and may be taken mean the modal Bouma's 

scheme has been modified so that the sizes of 

units can be .. size is measured under 

a binocular a cross-wire in 

the is the 
il' 

scale by means of the conversion given by 

Folk (1961)0 grain B with their 

equivalent on the scale the Wentworth Bcale are 

below:-

) 

Coarse gravel -2¢ to -3¢ 4 mm to 8 mm 

gravel -l¢ to -2¢ 2 imii to 4 mm 

V.coarse sand Op to -l¢ 1 mm to 2 mm 

il' phi (¢) is equivalent to 
(Krumbein, 1934). 

of the diameter in millimetres. 



Class 

Coarse sand 

sand 

- 209 -

Range 

1,0 to c¢ 

2¢ to 1;; 
3;; to 2,0 

Wentworth ) 

0.5 mm to 1 mm 

mm to 0.5 mm 

0.125 mm to 0.25 mm 

V. fine sand 4¢ to 3;; 0.0625 mm to O. mm 

silt 5/> to 4¢ 0.0312 mm to 0.0625 mm 

Fine silt 691 to 5,¢ 0.0156 mm to 0.0312 mm 

7¢ to 6¢ 0.0078 mm to O. mm 

Mud 0.0039 mm to 0.0078 mm 

Clay 

to 7¢ 

ow 8¢ below .0078 mI!l 

(b) Maximum Grain 

This is in the phi scale, the phi value 

measured directly with a binocular microscope. 

(c) Calcium (see e VI, app IV) 

is imated by means of a 10% solution of 

acid is a of 

the calcium carbonate content the rock. 

8. (see Reference t appendix IV) 

The and vuggj are visually 

from inspection under the binocular microscope. 

9. Log VIII9 

Bouma ) proposed five grades of induration. In 

most of the only 3 and 4 are 

present. 

10. (see Reference IX, Appendix IV) 

The pres ena e of te, glauconite, free and fluorescence 

is noted under the data. 

addition, the pyrite column distinguishes between oolitic 
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and non-oolitic forms. quant division of pyrite and 

glauooni te into "rare", "common1' , and livery common II , is 

vi suaIly.. "rare" the component is 

only with the of a hand lens or • 

"cibmmon" implies that the component is easily visible to the 

naked eye and ''very is used wh en the is 

considered to form a major of the rock type. 

Only the presence macrofossils is noted. Parts of the core 

been submitted for 1 on but 

of these examinations are not available as yet •. 

The are 

"triangular" symbol), gastropods f and lamelli branchs 

by the symbol. presence 

general is shown by the lIammonite symbol ll
• A diagonal line 

across the fossil symbol 

fragment ary f onn • 

es that the fossils are in a 

(a) Fresh 

The of the units is observed in 

a Geological ety of Colour Chart 

(Goddard , 1963) for comparison. The colours 

by the symbols used on are as 

N8 very light grey 

N7 grey 

N6 medium 

N5 grey 

, 

ows:-
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N4 medium dark 

dark grey 

lOY4/2 - greyish olive 

lowish grey 

5Y7/2 - yellowish grey 

5Y6/l - light olive grey 

olive 'grey 

5Y4/1 - olive grey 

5G6/1 sh 

5GY6/1 - greenish grey 

5GY5/2 - green 

10YR8/2- very pale orange 

10YR7/4- orange 

'~ lOYR4/2- dark yellowish brown 

13. 

.... 

(b) Weathered 

Weathered colours are not in fact given for the core. 

(a) Approximate percentage of phosphatic pellets and grains. 

is estimated 

log as one of 4 broad 

lO ... 20~; am 2O-5~. 

because of the of 

and edon the 

are used 

the 

percentage of phosphatic material. The most satisfactory 

way of this would in fact be to d 0 

quartitative chemical analysis for P205 content. This 

is for parts of the core only, am 



.. 
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14. 

(0) 

(d) 

- 212 -

therefore visual estimation is used throughout the 

log for consi 

following 

The es would the 

contents for the 4 classes of vi~ual 

estimates. 

% phosphatic mat % P205 

1 - ff/o 1 -2% 
5 ... 10%. 2 4% .: :::. 

10 ... 20% 4 - 6% 

20 ... 50% 6 - 10% 

This is measured 1!y binocular inspection as is the grain 

size of the t on. 

are measured directly. This column could equally well 

be called 

textural 

s iz e" as the upper 

is also the maximum grain size. 

The roundness is obtained from estimaticn 

in which 5 of roundness are distinguished. 

the 

As in roundness the 5 

estimation charts. 

(e) Colour. 

of sphericity from visual 

in the the of 

es 

America Colour Charts (Goddard , 1963) are used for 

the cation colours .. 

This column is used by Bouma (1962) in a broad 



way. Here, it means the number of individua,l laminae 

within e unit and is the small 

uniform sediment. It does not represent a major change 

in the environment of but a 

small fluctuation in for instance the current velocity. 

the log of the units 

as thin as t inch are considered invidually, most units 

to a e .. 

15. 

of th e detail the work, the unit in 

the Stairway Sandstone corresponds to the sedimentation unit 

Pettijohn (1949), Otto (1938), is 

uniform. The numbering of sedimentation unite commences 

at the rstunit so that the numbers of 

sedimentation units increase down the core. They range 

from urn. t number 14 at 50 feet to number 842 at 700 

• 

column is used for the location of es, the 

in this both I and reason for the 

sample .. 

T - thin section sample 

H - heavy s 

S detailed size analysis carried out on the 
thin section of this 

.. 
M Q sample submitted for microfos determination 

c e for determination of ay 

X sample for X-ray determination of phosphate 
mineral present ' 
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The following numbering has been adopted for specimens:-

The i'8 used in all s es to 

from subsurface samples from AP3 or AP4. 

number is the unit number. The last number 

middle 

the 

distance of the from the of the , measured in 

inches. , the number APl/76l/13 indicates that 

vv."U""'" has been collected 

uni t 761 in core API .. 

13 inches the of 
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APPENDIX III 

TABLES 



Table 1 
(Sheets i to xi) 

THE PETROGRAPHY OF V ARroUS ROCK TYPES FROM THE 
STAIRWAY SANDSTONE 

i 



(i) 

ze % quartz types % Fdr .. % % Clay % Carb % Phos % % 
No. API/ (phi) ness Heavies 

41/2 2¢-4¢(1¢) sub-rnd mod at 60-70(P.70 e25;C .. 5;Ch.0.) t(T) 3Q ... 35 2-3 

42/9 3¢-4¢(.5¢) sub-rnd poor st 85-90(P.84;U.14;C.2) 1..2 i(Z.T) 1 .. 2 10 2-3 

51/2 1~ & 4¢(0 .. E¢) v rnd well 70 ... 80(P.70;U.25;C ;Ch.t) 1 29-30 t 

55/0 3~-4~(1.75j1!) sub eng poor at 85-90(P .. 69;U.30;C.l;) 1 t(O.T.Z.) 5-10 5-10 t 

61/1 (it) 1¢ '& 4¢(0.5¢) sub. eng mod at 50-60(P.64;U.35;C.l) t (T .Z.) 40-50 

.. 61/1(1) 4¢(1 .. 5¢) ang poor st 85-90(P .. 90;U .. 10;~ 2-3 10,,15 .i;. 

64/3 4¢(1 .. 7E¢) st 70-80 (P.75 ;) 1 l(T .) 20-30 1 20-30 
"" 

73/1 1~.& 3¢(0.5¢) rnd well st pO-70 .69; U .28; C .3) t 

"-..": . 74/1 2¢(0.5j1!) sub-rnd poor st 40-50 (p .85;U ;15;C.t; J t l(T & Z) 50-60 1 

78/1 Ij11 & 3~ poor st 60-70(P wO;Ch.t.) 1 I(T & Z) 25-30 5-10 .. 

l¢ & 4j1!(0 .. 75,¢) sub-rnd mod st 70-80(P .. 60;U .36;C .2; Ch .1} t(T) 10-15 10-15 -
,"!" . r' 

.'~' 

... .;:-::-. ~ 93/1 3¢(0·~E¢) mod at 70-80(P.95;U. ) 1 t(T) 15-20 5-10 ... 

96/4 5¢(3.7S¢) .. sub-eng mod at 5-10 2(0) 20-25 70-80 

97/1 1¢ & ·4i!(d¢) v rnd v well et 70-80(P.85;U .. 15;): t t (T & Z) 5 ... 10 10-20 

97/1 8¢ I' 

_. 100 

"" 101/8 3¢(1.5j1!) sub-eng poor at 85-90(P.90;U.9;C.l;) t t(T.Z.) 1-2 10-15 

105/8 6¢(2 .. 75~) eng 5-10 teO) 90 ... 95 .. 
110/0 5¢(3¢) eng poor at 5-10 t t(T) .59-60 ( 

111/4 3¢(2¢) poor st 60 .. 70(P.75;U.24JC.l;)- 2 l(O.T.Z.) 16-20 
\' 

112/14 . 3¢(1.75¢) sub-ang poor st 5O;U.50;C.0 ;) 3-4 l(O.Z.T .. ) - 1 

112/70 3¢(1.75¢) poor at 95(P .. 75;U.25; C.O .. ;Ch.t;) 1-2 t(T.Z.) 2 .. 3 



) 
Grain Size Rmind- Sorting % Quartz % % % % Ca.rb~' Phos % % Glau No. API/ (phi) 

Hea.vies 

118/36 3p(lp) sub-rnd mod 95{P.70; 20;C.Oo; .10; ) 5 1(0) !'" 

118/nO 3¢ (2 .. 5p) mod at 95(P .. 55;U.40;C.3;Ch.2) 2-3 I(O.rr & Z) - t 

4f1 aub-ang mod at 95(P.80;U.16;C.0;Ch.4) 2-3 t(T.Z.) 

122/11 3¢ ang poor 90-95(P .. 89;U.9; ; Ch .. 2) 5-10 t(T) .... 

128/3 411 ang poor at 95(P.75;U.25;:) t(T.Z.) 

128/3 4¢{2f1) 1 t(T.Z.) ... 4-5 
. " , 

136/0 4¢(3.75f1) . ang, mod at 5-10(P.75;U .. 25;) teO) 90 ... 95 I -.. 
. ; 

140/0 4f1(3 .. s,0' (P.85;U ;) t(O.T,&Z) ang mod st 1 1-2 2 .. 3 1 

142/0 4¢(3f1) well at 90 (p .. 4"U .. 55;) 2-3 t & 2-3 1 

143/0 4¢(3.5¢) sub-ang mod at 00 ... 90 t l(T.Z.) 10-20 ... ... 

149/0 4¢(2.5¢) sub-ang mod at 70 .. 80 1-2 1-2 19 ... 20· 5 

184/0 4f1(3f1) ang mod at 5-10 teO) 10-00 1-2 t 
I'. 

185/7 3¢ rnd mod at (p .. 85 ; U .15; ) t 5 

"" 
214/2 4¢ (3¢) mod at 60-70 85;U.15; ) t ICO.T.) 30-40 1 

, 

4¢ • 75¢·) sub-rnd mod st 20-30(P.85 .15;) 1 70-80 1-2 

244/0 4~(3. aub-ang mod st ) 2-4 teO) 45-55 -
. 60-70 .45; ) 2-3 (O.T ) -

259/0 4¢(3.5p) mod at t 40-50 10-20 ... 



. (iii) 

Grain Size Sorting % quartz types % Fdr ... % % Clay % Carb % Phos % Pyr % 
N_o.APl/ (phi) ness'" , , ' 

262/0 1 'I: 

272/5 3¢(h5¢') rnd mod at 75 ... 80 U"35;C,,t) t 5 15-20 1-2 

398/0 3¢(2~) rnd poor st 60-70(P.75;U" ) 5 20 ... 30 1-2 

462/2 3¢(1.25~) aub-ang ,poor at 70-00(P.65;U.15;C.t;Ch.t) 1 l(Z.T.) 10-15 ... t 

577/5 3¢(2 .. 2E¢) mod 6O-90(P.90;U,,10;C.t) t l(OZ"T.) 5-10 5-10 
.... .. 

596/0 3,0(0,0) sub-rnd ' 
,T :-

70 .. 00 (P.90;U ;) 1 15-20 1 ... 2 1-2 

~ 640/0 3P(1~) sub-rnd mod st 65-90(P.75;U.25;C ) 1 l(Z.T.) 1 t 

648/6 O¢ v rnd \ mod st 75, .. 80(P .35; U.3,5; C .. 30; Ch .. t) .,.. 15-20 

1~(0~) v rna. mod st 99 t;U ,,34;C ;Ch"t) t(O.Z.) 

696/6 1~(0~) vrnd well at 95(P.S5,U.25;C.IO) & z) 1 t 

704/7 3¢(2 .. ~) sub rnd mod at (P.90;U.IO;) t t(T & Z) 1 

704/64 l~ & ~(O~) sub rnd well at 99(P.64JU ,,15;C.1;Ch';t}' t t(T) .... 1 1 

708/0 ~(1.5¢) poor at 30 .. 40 t ('Z) 60 .. 70 t 
'l' 

723/57 1¢ 0,0 v rnd mod at 99(P,,84;U,,15;C.1) 1 

... 
746/6 ~(2¢) 9)(P. .15) 

, 
) .. poor at t , ' 1-2 1-2 1-2 1 1-2 en· 1\, •• • 

746/10 2~ & 4¢(0 .. 75¢) rnd mod at 60 .. 70 (P,,65 ;) t 
\:\S 
\ t(T &Z) 5-10 10 ... 15 5 ... 10 1-2 1 ... 2 

754/6 4¢(2¢) rnd mod at 70-60(P .. 90;U.I0) t ) 10-15 1 10-15 
~~. " 

'<r,~ . /:-



(iv) 

Specimen Grain size Round- Sorting % quartz types % Fdr. % % Clay % Carb % phos % Pyr % G1a. 
API/ (phi) ness' Heavies 

7 1¢(0¢) v rnd well 95(90 .10; ) t (T & Z) 1 ... 2 2 ... 3 1 1-2 

761/13 4,0(1 .. 5~) v st S5( ~35; ) t l(Z & T) 5-10 1 5 

775/14 1,¢(0,.75¢) v rnd well st 95(P.75;U ) teO) 

788/20 l¢ (0,0) v rnd at 99(P.84;U.15;C.1) t(O.Z.&T.) -
792/66 2¢(0.5¢) v rnd mod st 99(P.75;U.25;C.t) teO .T.) 

.. 794/8 I¢ 091 v y- et 100(P .. B5;U ;) 

.' 

795/5 2¢(0 .. e¢) v rnd well st 95(P.75;U,,25;C.t} 

803/5 1,0(0 .. 5~ v rnd poor st 99(P .. 65;U.35;C.t) t 1-2 

811/10 2¢ (1 .. 75,0) v rnd mod st 95 (p .65;U .35;) t(T) 3-5 1 

81B/8 ~(2¢) v rnd at 95(P.75;U.25;C.p;Ch.t.) t t & Z} 2-3 

, AP/2 
3~(1.5¢) (p .90;U .10;) 136/4 sub-a.ng poor st 1 5-10 

'!!' 
195/2 3,0(2.75¢) mod st 85-90(P" ;U .15;) 1-2 t(T.Z.) 5-10 5-10 

314/3 3~(2¢) sub-eng mod st 99(P" ;U .20;) l(T & Z) 

388/1 3,¢ well SO-90(P.90;U.I0;) leZY 5 

505/1 3,¢(2,¢) 20-30(P .. 90;U.IO;) t(Z.T.) 70-SO 1 

549/30 4,¢(2¢) sub-rnd v poor at 95(P.90~U.IO;) 1-2 leT & z) 2 1 



(v) 
~-, 

.::;". , 

Specimen Rcniiid- Sorting % quartz types % % Clay % Carb % Phos % % Gla. 
No' 'AP2/" . .-. 'ness-"'" - - . . '" 

570/1 Rnd well at 90.95(P.90;U.9;C 1 4 
- . 

, 

675/0 ' 1¢& 3.¢ -v md well at 95(Po75;U~i5;C. ,Chet;) 1 ..; 4 

'T:~' 

740/4 l¢(o¢) y'md mod at 95(P.7~;U*20;C.4; .1) 1 1-2 1-2 , 
-";.: 

well at 95'(P .85;U .15) t 3-4 1-2 

-836/22 2¢(b .. 5¢) md well at 85-90(P.85;U.15) 5 1 -
" ," 

858/15 4¢(3") eub-md well st 98(P .85;U ;15) 1 t(Z) 1 

.. 
AP3/ 

7/0 5fJ(4¢) ang mod st 95 l(T .) 

44/3 2¢(2'¢J y well (Pt. ;U.15; .) t(T) 5 

140/S 4¢(3.¢) sub-ang st 70-80(P. 75;U .25;) 1 t(T & z) 20-30 

227/0 3.¢(~) sub-ang poor 90 .. 95(P .. 75;U .25;) 1 l(Z.T.) 5 1 

248/12 sub-md mod at 95(P :S5;U .35;) t(T) ... 

300/27 4.¢(3¢) sub-ang mod at 97 (P. 75;U .25;) 1 t(T & 2-3 

419/0 3¢(2. 5") __ mod -at (p" ;U .. 15) 1 t(T & Z) 1 .. 2 2-3 

488/0 3¢(2¢) sub-md at 75(P .. 90;U .10;) 2(T & Z) ,10-20 3-4 
I 

I 

710/0 3¢(1 mod st eo-90(P.90 .10; ) t t(T & Z) 3-10 t 

799/0 4¢(3¢) eng mod st 60-70(P.90;U ) 1 I(O.T .. ) 30-35 5 



(vi) 

.. 

Size "P...uild ... Sorting "quartz types " Fdr " ; Clay " Carb !'hos % Py " Glauc. 
" No (J?hi) 11ess -. ".' .. 

8O!"'90 1 1 5 

'. 913/0,~ 4{> at 80 ... 90 (P.80;U ;) 1 t(T) 1Q-15 2 ... 3 
(red) 

967/3. .O¢ & 4,¢ rnd mod at 80 ... 90 ;C.IO) 1 t(T) 
(red) 

._ 1055/19 1¢(C¢) -:-. rnd well 95(P.89;U.9;C.2) t(T) 5 

.. 
. , 1089/8 ... , .. rnd well st 95(P.89;U.9;C.2)' 5 .... ... 

... AP4/-': 

11/5 l¢ & r¢ v rnd at 95(P.S5;U.30;C.p) 1 1-2 3-4 

",61/3 2¢(1.S¢) well at 8O-90(P=75;U.15;C.I0) 1 "" 10-20 

":-4, 100/0 3¢. ang mod'st 80 ... 90 (P.85;U.10;C.5) t t(Z) 5-10 5-10 

";, 

31S/0, l¢(o¢) 8O-90(P.90;U .. 5; rnd ,at 5;) . .. ... 5-10 5-10 ... 

,384/0'" 2¢(0.S¢) mod 8O-90(P .. 79;U .. 19; 1 1(0 & T &Z) - 10 ... 20 ... 

444/2~ 1¢ & '3)6(-2{» vrnd v well at 98(P.70;U.15;C.15;) 1 ... 2 
~ 

483/2' l¢& 3¢( .... 5¢) v rnd poor 9S(P .. 70;U.20;U.10;) 1 

... 
HI 45 3¢ rhd well st 90-95(P .. 80;U .. C ;Ch,.t) 1 l-?(Z. T.) 1 ... 2 ... 

HI 46 2¢(0.25)6) rnd mod at 95(P .. 5) l-2(Z & T) ... 2 ... 3 -
51 3¢(2.5{» sub-rnd mod at 70 .. 80(P.95 .. 2;C.2) t 1 .) 20-30 



(vii) 
:t 

-. I 

SPecimen Size RoUnd- Sorting % quartz types % Fdr. % % Cla.y % Carb % Phos % % Glauc. 
No.' , ) .. ,~. , ' .. ":.: ," !" " '~"''''''~>--' • '. - ~ - 'Heavies 

. ": 

BY 55 3¢(1~) mod 60-70 (p .. 85;U .10; C~5J t "l(Z"T~r :1..;2 ... , 

, .. . -'" .. ~.' . 

BY,57 4~(1.75¢) well st 70-80 (P,,95;U .5) 1-2 1-2 (T&Z) 1-2 10-15 2 ... 3 
.... : . 

BY'120(:S) 3p(1~) 75..085(P .,90 ;U~5;C .5; =tJ 
' " 

2(T & z) aub-ang mod st 1- -
-" 

BY 123(A) 3p(2.7!5¢) Bub-ang well st 9O-95(P,,85;) 1 l(Z) 5-10 

... 
BY 123(C) 4¢(2~) l(T & Z) Bub-r'nd mod at 60-70 t 30..;40 '1 . 

" 

.. BY132 4~_& 2~(o¢) at 60(P .. 95;U.2;C,,2) - , (Z.T.) 30-40 5 
::' 

3¢(1 .. 5p) aub-rnd mod at 60-70(P .. 90;U .. 5;C .5; (h"t) 1 1 ... 2(Z.T.) 30 ... 40 -, -" 
-, 

~ . ~ r 
,~ ,'" ''':';" ,,-

BY 149 3¢(1.!5¢) ang st ;U,,5;C .. 1) l(Z.T .. ) - 1 ... 2 -, 
~:. 

BY 154 3,¢(1.5¢) aub-rnd -mod st 5O-60(P.90;U,,5;p.5) 1 (X) 35-45 5 
~ 

BY 2¢(1¢) rnd mod at 60-70 (P.70;U.20;C .. 10;) t & :30: .. 40 30-40 1 
, , 

"- - .~' 

BY 705(C} 3¢(1¢) mod st (P .. 80;U .. 20;) 1 ) 20-30 1 -
.. ¥. 

762 3¢(0.75¢) sub-ang poor at 70-80(P.90;U.5;p,,5) - l(Z.T .. ) 20-30 1-2 ... 
~ .- ... : 

,LA 18 3¢(2 .. 25~) sub-rnd mmd at 70-80 (Z.T .) 10..;15 1 

... 
LA 54 3¢ 5O-100(P,,90;U.5; '5) 2(Z) El)-90 5-10 sub-ang poor st 

LA 101 ' 3fJ ang poor at 1 95 2 

103(A) 3~ & 1¢(0 .. ?5¢) mod st 5O~60(P.90;U~5;C.5) t (T & Z) - 40-50 1, 
" 



) 

Gram Roiliid ... . Sorting % quartz % % % Clay % Carb %-Phc-s % 'pY+ % Gla uc • 
No" . ... ', . ~phi·)-.- . ,'·ness:.,· "','-' '-'-~ ~ .. -" 

LA (B) 4~(3¢) ang mod: at 10-20(P~95;U.3;C .. -.. .... 

LA 131 1,0 & 3,0 ( 1¢) md well at eo ... 90(P,,95;U,,5) 1 1(Z) 5-10 
.. 
2 .. 3 ... 

LA c¢ & 3¢ ( ... ,,5.0) well st 60-70 ;U .. 15;C .. lO) ... .... 30:"35 

LA 139(A) 3,0(0,,75¢) sub-rnd poor at 4O-50(P,,90;U~10) t l-2(Z) 40 ... 50 5-10 
,. ,. 

.. LA 139(B) 2.0 & 4,¢(0 .. 5,0) sub-rnd well at 70-80(P .. 75;U.10;C .. 15) t l(Z) 20 .. 30 -
LA 3¢ &t 1¢( 0.5¢) st 8O-85(P .. 85;U,,10;C .. 5) 1(Z) 1-2 

-
LA 188 3)1 (2.0) sub ... md well st 1 .. " eo 5";'10 .. -

534(A) 4)1(2 .. 25.0) . 70(p.a5;U,,35;) 2"3(O.Z,,T.) -
::<, hi . '",' sub-ang mod at 1 - ' .' -.. ..... 

(P,,85JU:15; 
_. !:-. 

LA 534(B) 3p(1 .. 25¢) md at .) l(Z.T .. ) -., ~., • .:. : , :! 

-~ -- .. '. , .. .. 
LA 535 491(2 .. 5)1) sub-ang mod at 60 ... 70(P .. 90;U .. 5;P~5;) t 2 ... '3 (Z.T .) '25 ... 30 

~:':"" .. ~ '. 

", ".",. 

LA 491 sub-ang mod at 70-80(P .. ;U~3;C.2) t 
.. ... 

h·2 .T .. l - . ... 20:"30 ... 

Ed 103(A) 3¢ & 1¢(0¢) 70-eo(P~85;U.10;C. 1-2 l(Z~T .. ) 20-25 i 

~ Rd 109 3,0( 0,,75¢) ang poor at 85-90 ~90;U .. 5;C,,5) 1(Z.T .. ) ... 5-10 ,. 

... Rd 1¢ & 3P}(,,5¢) st .90 ; U • 5 ; C • 5) t 1)-15 -
112 3p (2)1) sub-rnd mod st 98 (p"eo;U. C .. 15; .~) "Ii 1-2(Z & T) ..:. 

- .. 

4P (295) 
.. 

mod st 90(P~90;U,,5;C ;~h.t.J t 2.3(T.Z .. ) 5' .::." 0 
(r~d) 



;0- --;. .",,4' . , 
(ix) 

'. 

% qua.r;tz types %.Fdr % % Clay % Carb % Phos %?y' % Glat:C. 
No .. ness' 

(ii .. 90 
. ~ 

191 & 391(0 .. 25.0) well at· ;C .. 5) 1..;2(T &: Z) -. '20;';'30 t .... 
, t, ~ 

-
Ed 119 3¢(2.0) ang mod at (P .. 90;U.7;C .. 3) .1 t(T & Z) 10-15 -
Rd 4¢(~~5¢) mod at 90-95(P.90;U,,5;C,,5) I(Z) , 

(red) 

130 1.0 & 3¢(-1 .. 5¢) rnd at (P .. 70;U .. 10;C.20) t(Z} .. .. .... 
.. 

Ed 29:'<0.5.0) v rnd poor st 99(P,,95;U .. 2;C,,2) t(O.Z.) ~',J' 

'" 0.0 &: 391("",,25.0) (P~85;U ; C.1p;) 1(0) Rd 134 v v st ..,:, -. '.' 

m 135 3¢(0¢) 90-:-95(P.70;U ;C.15) (O.Z 1;;.;2 .-
~.: ... 

(ted) '" 

. Ed 137 3.0(291) ang mod st (P.70;U .10;C .. 20;) '1 2-3(0. T .Z.) 2 .. 4 ... 

m 138 3¢(2,0) sub-ang mod at 98(P .. 90;U ;C .3) 2(0.T .. &Z.) 1 "'! 

3¢(0 .. 75¢) sub-ang mod 70 ... 80(P.a- .10;C .. l0) 2(0 .) 1. 
r: . -

./ 
. , 

Ed 140 4¢ (2,,2S¢) poor at 70-80 (p .90; U .. 5; 5) 3(0.T.Z.} 5-10 10-20 
.. 

ang '- - -" 
141 4¢(3¢) sub-ang mod st 8O-90(P,,90;U,,5;C,,5) 2(0 Z.) 5 ... 15 ... -

~ 

Ed 4¢ & 1.0(0 .. 5.0) rnd mod at 80-85 8o;U.l0;C· .. 10) 1 2(0.Z.) 5 
. 

10 
. . - -

-. .. 
Rd 146 \. 3.0(1 mod st 85-90(P ;U .. 5; ;Ch .. t) 2(0,,,T & Z) 5-10 

2.0(0 .. 591) 2(0.Z .j 
_.-

Rd 147 v rod poor at 95 i U .. 15 "to) 
-

Rd 148 4.0(2 ang mod at BO-90(P.90;U.8;C .. 2) 1 . 1-2(0.Z.T.) 10-20 



cimen Grain Roiind- Sorting , ,% ~rtz types % Clay % Carb ~ % Glauc. 

" 
Rd 151 4,0(1 85 ... 90 ;U,:5;'C,,5) t 2-3(T"Z.&O.) 2 

m. 152 4¢(2¢) 90(P.85;U C .. 5) 1-2 1-2(0"T.Z .. ) 5 

153 1,0 & 49(0 .. 5,0) sub ... ang mod at 85-90(P" ;U.I0;C.5) 2(Z.& 0 .. J 10-15 ' ... 

.. Rd & rnd at 75(P,,80 ;C .. 5) 2-3 2-3(0"Z.T,,) ... 20 

Rd 155 4¢(1¢) ang mod at 98(P .. 95;U ,,5;C .. 0;Ch .. t} t. 2(0 & T) 

Rd 157 4,0(2 .. 5,0) ang mod st 8O-90(P,,95;U .. 5) t(T & 10-20 --
- . _. - (red) 

158 4¢ ang poor at 90 ... 95(P,,95 5) 1-2(0 .. &Z) ,5-10- . ... ... 
(red) 

-,- :~ 

162 O¢ & 3,0(-2,0) v rnd well at 90-95(P ;U.15;C .. 25;} 1-2(Z.T.) 5-10' ... - ~ 

(red) 
."". 

Rd 163 v rnd mod at 99(P .. 80;U.10;C.10;Ch.t) Z.) --
Rd 165 4,0 .75¢) ang mod st 95(P .. 90 ;C .. 5) , 2(T & 2;"2 ... 1-2. 

" 
(red) 

Rd 168 3¢ mod at 95 .. 2; C.2) (T & Z) 5' 
(red) 

1-2 

!'.' Rd 177 O¢ & .7,0) v rnd well at 99(P .. ;C.IO;Ch ) t(T &Z) - t -
178 S¢(3¢) ang poor at l(T & Z) 50 1 ... 2 

Rd 179 .5¢) eng poor at 99 teO & Z.) 

BR 15(1) 3¢(1 ) mod at 70-80(P.85;U .. 15) .&Z"T) .5 ... 10-20 ... 



/ , 

(xi) 
,,' 

Specimen Size Rotiild- Sorting % qUarlz ,types % Fdr % % Cla.y % Carb % Phos %PY % G1l:\1ol 
No .... :, ' ' "- .,,', 'ness' ~ ~.",.' ... " ~ . Heaview 

: : 

BR :1:5(2) 4¢ m~ 60-70 ' t I-2(0 .. T&Z) 5 
, , 

25~35 ,.. 
" ; 

" 

HI 1,0 & 4¢(0¢) 'v rnd at 80-90 (p .. 45;U C,,5) (0) 2 ... 3 ' ... 
" 

H 2 3\1(1,,75,0) a.ng mod st 95(P .. 25;U.75) t t(Z) 3 ... 4 1:"2 ... 

, H 3 4¢(3~) 'ang mod at 96(P,,35;U,,65) t 1(0 ) 
III! / 

r' 

:~ -' 

H 315(2,0) mod st 99(P,,25;U,,75) t t(Z.T.j ," ... -
~ .. _. 

H 5 4¢(~) ang 00-90 (P.45;U" 55) ... l(O .. Z .. ) 10 .. 20 

K28A Z¢(0 .. 5,¢) v poor at 90-95(P,,30;U.25;C ;Qh,,20) ... 1 .. 2(0) 5 5 

--

K196(ii) 2'; sub-rnd st 99(P,,65;U .35;) t(T) 

ML 37 3¢81¢ rnd well st 00 ... 90 (p"OO;U .10; c .. 10) t t(T & Z) 10 .. 15 - -

L 



Table 2 

PERCENTILE VAL UES IN THE STAIRWAY SANDSIDNE 

Specimen 1i th charact of Phi values for given percentiles 
No AP1/ material counted 95 84 75 50 25 16 5 

51/2 Pellets inc in 3.46 2.76 1.63 Oe72 0.17 -0.10 ~0.6l 

grain count 

108/110 Indurated sand- 4.33 3 e76 3.68 3.20 2.83 2.67 2.34 
stone 

112/70 (a) Indurated sand- 4.17 3.77 3.57 3.12 2.70 2.50 1.95 
stone 

112/70 (b) Within phos 4.70 4.38 4.23 3.86 3.45 3.29 1.95 
pellets only 

122/108 Indurated sand~ 4 .. 71 4.27 4.09 3.78 3.47 3.26 2.87 
stone 

243/27 Sandy-silty 5.38 4.80 4.46 3.85 3.55 3.43 3.17 
claystone 

472/18 Bimodal sand 5.25 4.20 3.78 3.17 2.83 2.72 2.54 

601/0(b) Grains wi thin. 4.60 4.18 3.94 3.37 3.03 2.88 2.70 
phos pellet s 

601/0 (0) Phos pellets & 1.52 0.93 0.75 0.31 ~0~83 -1.20 -1.79 
detri tal gns 

601/0 (d) Only phos pellets L15 0 0 43 0 0 10 -0.83 -1.40 -1.60 -1.93 

648/6 Lower Stairway 1.33 0.,55 0.25 =0.33 -0.87 -1.20 -2.30 

755/0 Grains outside 1.67 1.07 0.90 0.65 0.37 0.26 0.07 
phos pellets 

755/0 Grains wi thin 4.55 4.17 3.99 3.60 3.20 3.00 2.62 
phos pellets 

755,,0{ c) Phos pellets & 1.20 0.68 0.50 0.03 ~0.79 ~1.12 01.76 
detrital gns 

761/13 Lower Stairway 3.95 3.48 3.30 2.85 2.40 2.18 L60 
J 

792/66 Lower Stairway 2.45 1.65 1.30 0.80 0.40 0 .. 20 -0.10 

803/5 Lower Stairway 2.53 2.05 1.84 1.35 0.85 0.65 0.55 

601/0(a) Ont~ §raiRs t~90 ou i e E os .Ee1le 1.46 1025 O,,<n 0.73 0.58 0.37 



Table 3 

NUMERICAL VALUES OF TEX'IDRAL PARAMETERS 

(after Folk and Ward, 19Q7) 

Specimen No. Median Mean Diam.. Standard Skewness Kurtosis 
Diam. (phi) Devn 
(phi) (phi) 

1. 51/2 0.72 1.13 1 .. 34 0.33 0.93 

2. 112/70 (a) 3.12 3.13 0.66 -0 0 02 1,,05 

3. 112/70(b) 30 86 3.84 0.54 -0.01 0.93 

4. 118/110 3.20 3.21 0.57 0.08 0.96 

5. 112/108 3.78 3.77 0 .. 53 -0.01 1.21 

6. 243/27 3.85 4.03 0.67 0.39 1 0 00 

7. 472/18 3.17 3.36 0.78 0.47 1.17 

8. 601/0(a) 0.97 1 .. 00 0.45 0 0 17 1.20 

9. 601/0(b) 3.38 3.48 0 .. 63 0.27 0.90 

10. 601/0( C) 0 0 31 0.01 1.03 -0.35 0.86 

II. 601/0 (d) -0.85 ~0.67/ 0.98 0.28 0.84 

12. 648/6 ~Oo33 -0.33 0.99 -0.05 ;1..33 

13. 755/0 (a) 0.65 0.66 0 0 44 0.16 1.24 

14. 755/0(b) 3.60 3.59 0.58 -0 0 02' 1.00 

15. 755/0(c) 0 .. 03 -0.14 0.90 -0.25 0.94 

16. 76~/13 2.85 2.84 0.68 -0.05 1.07 

17. 792/66 0.80 0.88 0 0 75 0023 1.15 

18. 803/5 1 .. 35 1.35 0.67 0.07 0.90 

.....--



Table 4 

VERBAL EX.PRESSION OF TElCIDRAL PARAMETERS 

(after Folk and Ward 9 1957) 

Speeimen No. Mean IUameter 
API/ 

Standard Devn Skewness Kurtosis 

51/2 

112/70 (a) 

112/70 (h) 

118/110 

122/108 

243/27 

472/18 

601/0(a) 

601/0(b) 

601/0 (e) 

601/0 (d) 

648/6 

755/0 (a) 

755/0 (b) 

755/0( e) 

761/13 

792/66 

803/5 

Med sand 

Very fn sand 

Very £ri sand 

Very fn sand 

Very fin sand 

Coarse silt 

Very fn sand 

Poorly sorted Stro~gly fn Mesokurtic 
skewed 

Mod well sorted Near 
symmet 

Mod well sorted Near 
symmet 

Mod well sorted Near 
symmet 

Mesokurtie 

Mesokurtic 

Mesokurtic 

Mod well sorted Near Leptokurtie 
symmet 

Mod well sorted Strongly fn Mesokurtic 
skewed 

~od sorted Strongly fn L~ptokurtic 
skewed 

CoarseQmed sand Well sorted Fn skewed Leptokurtic 

Very fil sand 

Coarse sand 

Very coarse 
sand 

Very coarse 
sand 

Coarse sand 

VeTy fine sand 

Very coarse 
sand 

Fn sand 

Coarse sand 

Med sand 

Mod well sorted Fn-skewed Platy/ 
Mesokurtic 

Poorly sorted Strongly 
coarse 

, skewed 

Mod sorted Fine 
skewed 

Mod sorted Near 
symmet 

Well sorted Fn skewed 

Mod well sorted Near 
symmet 

Mod sorted Coarse 
skewed 

Mod well sorted Near 
symmet 

Mod sorted Fn skewed 

Mod well sorted Near 
sy-mmet 

Platykurtic 

P1atykurtic 

Leptokurtic 

Leptokurtic 

Mesokurtic 

Mesokurtic 

Mesokurtic 

Leptokurtic 

Platy/ 
Mesokurtic 



S;gecimen No. 
API/ 

51/2 

112/70 (a) 

112/70 (b) 

118/110 

122/108 

243/27 

472/18 

601/0(a) 

601/0 (b) 

601/0(c) 

601/0(d) 

648/6 

755/0(a) 

755/0(b) 

755/0(c) 

761/13 

792/66 

803/5 

DETERMTNATION OF DEPOSITIONAf,- ENVIRONMENTS 
Cafter Sahu, 1964) 

Values obtained for discriminant functions 

Yu oeach: Yu beach: Yu sn marine: 
aeolian sh marine fluviatile 

.. 1.3270 159.1490 -17.0159 

~6.2310 96.9745 ~208134 

~9.7142 96.1936 ~1.4494 

-7.4484 90.4870 -1..6320 

-8.6715 99.6209 ~1.2705 

=10.4130 118.2148 -4.6529 

-7.0664 123.5812 -606289 

0.5547 54.0786 -2 02409 

-8.6973 102.3000 -3.7895 

7.2924 79.3843' -9.1110 

7.9785 73.2065 -9.9307 

12.4483 85.4085 -8.2647 

1.8764 48 .. 6583 -2.1396 

-8.4097 96.4243 -1.9137 

6.9438 63~9GQO -5.8672 

2.0799 93.5761 -3.2087 

2.0353 76.0166 -5.7368 

-1.3185 59.6551 -3.8563 

Table 5 

Inferred 
environment 

Beach 

Sh marine 

Sh marine 

Sh marine 

Sh marine 

Sh marine 

Indet 

Beach 

Sh marine 

Fluviatile 

Fluviatile 

Fluviatile 

Beach 

Sh marine 

Sh marine 

Sh marine 

Sh marine 

Beach/ 
sh marine 



Table 6 
cm SS-BED DIP VALUES FO R THE STAIRWAY SANDSTONE 

LOCALITY NO OF READI NGS AVERAGE DIP OF CROSS BEDS 

ANG (18) 22.1 ° 

AP3 (18) 14.0 ° 

CRA (15) 21.8° 

CSP (22) 25~7° 
---

ECK ( 6) 23.5° 

EGR (14) 21.4° 

EJC (34) 20.0° 

ElVIC (12) 18.1° 

GHN ( 4) 11.7° 

GID (23) 18.8° 

INI (20 ) 21.8° 

LEV (11) 16 .. 2° 

MPY (23) 19.3° 

MTE (24) 18.1 ° 

MTS (18) 18.7° 

NOM (25) 19.7° 

OLF (26 ) 2100° 

RC3 (29) 1900° 

SEY (24) 22.8° 

STP (12) 1605° 

WJC (25) 19.8° 

WGR (27) 1707° 

WMC (24) 19.5° 

Average value throughout the basin 18.0° 



Ta1;>le 7 

VARIATION OF THE THICKNESS OF CroSS-BED SETS WITH 
GRAIN SIZE AND LOCAIITY 

LOC. FINE AND VERY MEDIUM GRAINED COARSE AND WHOLE 
FINE GRAINED SAND VERY COARSE FORMATION 

SAND GRAINED SAND 
A B A B A B 

ANG (9 ) 582 (7 ) (7.2) 6.2 

AP3 (18) 6.4 (1) 4.0 5,2 

CRA (8) 7.3 (2) 800 (5) 5.2 6.8 

CSP (13) 3.9 (8) 13.8 8.9 

ECK (n) 6.3 

EGR (5) 5.6 (15 ) 15.0 10.3 

EJC (10 ) 2.5 (6 ) 5.1 (19) 24.1 ]0.6 

EMC 

GHN (3) 6.3 

GED (15) 9.4 (2) 4.5 (5) 7.6 7.2 

IN! (20 ) 7.3 

LEV (4) 3.2 (1) 3.0 (5) 10.2 5.5 

lVIPY (18) 5.6 (3) 6~3 (1) 480 5 .. 3 

MTE (23) 4.5 (1) 12.0 8.3 

MTS (2) 3.0 (3) 1200 (13) 14.7 9.9 

NOM (16) 4 .. 7 (4) 6.0 (3) 13.3 8.0 

OLF (10) 6.1 (13) 71) (1) 3.0 5.6 

RC3 15 5.9 



Table7(cantinued) 

LOC. FINE AND VERY MEDIUM GRAINED COARSE AND 
VERY COARSE WHOLE 

FINE GRAI NED SAND GRAINED SAND FORMATION 
SAND 

A B A B A B 

SEY (14) 5.9 (3) 7,,0 (7) 9.8 7.6 

STP (4) 8.5 

WJC (14) 3.7 (4) 8.5 (9) 11 .. 1 7.8 
.~, 

WGR (5) 4.0 (11) 6.0 8.0 

WMC (15) 5.4 (4) 6.2 5.8 

Average 
value -for all 5.4 6.8 7.5 
localities 

A - number of readings available at the locality 

B - average thickness of cross-bed sets, in inches 



... Table 8 

VARIATION OF THE THICKNESS CroSS-BED sms 
WITH STRATIGRAPHIC IUS! TION AND .. 

LOC. LONER STAIRWAY STAIRWAY UPPER STAIRWAY WHOLE 

A B A B A B 
FORMATION 

ANG (6) 7.3 (5) 2 5.0 

AP3 (3) 300 (11) 7.6 5.3 

(8) 6 .. 3 (7) 7.1 6.7 

(10) 12.4 (12) 3.7 8.1 

ECK ( 5 .. 7 (2) 5 .. 0 5 .. 4 

(18) 13.6 (3) 1.7 7.7 

EJC (24) .. 2 (9 ) 2.5 .9 

'''!:' FMC 

GBN (3) 6 .. 3 6.3 
"t .. -

GEO (13) 5.2 (7) 17.1 11 .. 2 

IN! (20) 7.3 7.3 

LEV (7) 8 .. 0 (4) 2.7 5.4 

MPY (12) 5.5 ( ) . 5.8 5.7 

MTE (25) 4 .. 6 4 .. 6 

MTS (12) .. 9 (6j 3 .. 1 ' 10.5 

NOM (11) 7 .. 4 (6) 3.5 (6) 6 .. 1 5.7 

-
OLF (17) 6.7 (6) 6.6 (1) 9.0 5 .. 4 

"!I 

RC3 (10) 6 .. 5 (1) 6.0 (4) 4.5 5 .. 7 

SEY (14) 8 .. 3 (1;0) 5.6 7.0 



.. Table8(ccntinued) 

LOC. LOWER STAIRWAY UPPER ffi"AIRWAY WI OLE .. FORMATION 
A B· A B A B 

STP (4) 8.5 (2) 8.0 8.3 

WJC (15) 9.5 (12) 3.6 6.6 

WGR (15) 5.2 (4) 5.0 5.1 

WMC (4) 6.0 (9) (6) 5.0 8.4 

Average 
value 

8.3 5.4 5.6 6 .. 9 
locali ties 

A - number of at the 1 

.,.' B - average thickness of cress-bed , in inches 



... 

Column 1 

Column 2 

3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

10 

Column 11 

CORREm'ION. J!UR TEC'IONIC DIP 

(see over) 

azimuth 

- Tect dip 

- CroBs-bed azimuth 

e 9 

Thiokness of cross-bed set in inches 

of 

- Grain size 

.. e. cross-bed 

- Corrected (i.e. true) cross-bed dip. 
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F --
Lower ail 55% 0 0 

"- -- ;....'.'.-

E 
LoWer 2i'1 +0% 

.' 

, .. 4 , , . O. 0 

Upper -§if I'. 45% 0 0 

D 
20%' 0 

, - . ' - -, .,,"' -

C 

:B 
LO\!~r 5'" 0 ,g, ,. 0 .. 

33%' . 0 30% 
-, 

A 
Lower 4i' 35% 24% 30% 

• 
~- -" 

clayey 

diSin " 
, .. (phi) 

2 .. 1¢ 
'I, 

V . sa,nd2.,5P 
:, .. 

Clayey 
silt 

3 .. 3¢ 

fn sand 1,,7¢ 
, _. - ".: "', ~ ---~ . .. 

. : •. ! .. 

Med J.~, 

Med sard 0 .. 4~ ,. _. _ ....... ~. .. - " .' '':." 

sand 1 

Med sand 0 .. 5¢ 

Carb. 

Nil Low 

Nil- .... L9W' 
loW 
Nil . Nil 

Low 

Ni~ 

Nil ~(JIR 

MQIl 

Nil Mod 

Porosity 

Nil 

Nil 

Nil-

N:p 

1.Uire-
f'n 

.. 
in 

Degree, 
of -
Indum. 

4 

• 
4 

-'4 

4 

4 

3-4 

Rare 

Com .. 
Rare 

Rare 

Rare 

Rare 

pres. diam. 

4.46 ... 2.36 

l3.8'fo 2.51' 

Nil 

ll .. 8'fo 

7!2%. ,:,,1. 

7 .. 1% -1.39' 

. -Nil .;.- , 

2,,8'fo ... 2,,11' 



Table 10 

... 
(See Fig.27) 



.. 
Ta.ble 11 

• 

A. Brown nodules 

1 2 .. 61 gros/cc 

2 2.52 gros/cc 

:3 2 .. 70 gms 

Average for brown nodules 2.61 gJ!lsLcc 

B. Grey nodules 

4 2.76 gms/cc _ 

5 2. 

6 2.67 gms/cc 

for grey nodules 

.. 



APPENDIX IV 

DE'TAILED 

• 



' .. ' 

, 

LOG UFUERCI I 

core in good condition - no gape 

core has split into many laminae parallel 
to the bedding 

core broken into irregular fragment. 

half the core haa been removed for deter­
mination of P20S content. 

core mie.ing (lost during drilling 
operations) 

TO ACCOM PANY RECORD 1966/1 AUS 1/130 



LOG REFERENCE I I 

.. 

sandstone 

lutite 

limestone 

sandy limestone 

lutaceous limestone 

calcareous sandstone 

calcareous lutite 

phosphorite 

phosphatic sandstone 

phosphatic lutite 

phosphatic limestone 

oolitic pyrite 

minor sandstone with lutite (strata 
either alternating or interf ing) 

equal sandstone and lutite ... 

major sandstone with minor lutite 

alternating or interf ng sandstone and lutite, but 
with the proportions varying from top to bottom. 

TO ACCOMPANY RECORD 1966/1 AUS 11131 



.. 

-!'" 

LOG REFERENCE 11 I 

very sharp flat contact 

sharp flat contact 

distinct flat contact 

transition gradual but rapid ange of transition <a.Scm) 

transition gradual but fairly rapid (range of transition 
O.5-1cm) 

transition gradual and slow. hardly visible 

undulating contact; ions distinguished as above 

ar contact; gradations distinguished 4S above 

TO ACCOMPANY RECORD 1966/1 AUSJlI32 



.. 

LOG B.EFERENCE IV 

Layer Properties 

graded bedding (negative (bottom fine) ~ 
(positive (bottom coarse)~ 

(coarse grained laminae predominate 
( 

parallel lamination (equal coarse and fine 

slightly disturbed 
parallel lamination 

strongly disturbed 
parallel 

wny lamination 

lenticular wavy 
lamination 

~f1ne gr,a1ned predominate 

(coarse laminae predominate 

fequal coarse and fine grained 

~f1ne laminae predominate 

~predominati ng grain size not indicat~ 
ed 

(predominating 
( as above 

grain size indicated 

(predominating ·grain size indicated Z ( as above 

crolB bedding 

tracks and burrows in all directions ~ 

bed pulled apart 

lens (coarser than surroundings 
(finer than surroundings 

00 

i I! (coarser than surroundings 
irregular nc us ons (finer than IIIlJrroundings 

clay pellets • 
TO Aceo M PANY RECOR D 1966/1 AUS 1/133 



.. 
LOG REFBUHCE V 

Textural representation 

fine gra1ned sandstone 

equal very fine grained sandatone and 
sUty lutite 

very fine graiued sandstone aDd minor 
muddy lutite 

sUty muddy lutite and minor very flne 

grained sanda tone ~~lf~~~~~~~~~ 
bimodal coarse and fine grained sandstone E 

silty lutite with very fine laminae of 
very fine grained sandstone 

fine grained sandatone with very fine 
.Uty 1_1nae 

.adsto~ grading frOID very fine to 
eoarse grained. 

TO ACCOM PANY RECORD 1966/1 AUS 1/134 



... 

.. 

LOG REFERENCE VI 

Calcium Carbonate Content 

low ffevescence very weak) 

moderate (effevescence fairly 

high (effevescence very strong) 

TO ACCOMPANY RECORD 1966/1 AUS 1/135 



,'" 

LOG UFDlRCE VII 

Porosit,. 

( low (approx. 1-51) 
( 
( 

intergranular( moderate (approx • .5-15"1.) 
( 

YU88Y 

( 
( high ( > 151) 

(common fine (lmm or le •• ) 
( 
( 
(common coar.e (l·lOmm) 
( 
( 
(common very eoarlle ( > 10 mill) 
( 
( 
(rare fine (u above) 
( 
( 
(rare eoarle (u above) 
( 
( 
(rare very eoarse (u above) 

TO ACCOM PANY RECORD 1966/1 AUS 11136 



\ 
'", 

.<IS 

\ 
\ 

LOG UFEUNCE VIII 

Induration 

1. loolle: grdu fall1ug aput in dry condition 

2. niMble: grdu can be detached udug a fluger­
aaU 

3. moderately luard: 81'du can be detached with a 
knife 

4. hud: 81'aiu cannot be detached with a knife 

s. weAkly met.-orphic: fracturelll pU8 through the 
81'du 

TO ACCOMPANY RECORD 1966/1 

., 

AUS 1/137 
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I. 

LOG UFEUNCI IX 

Supplementary Data 

pyrite 

(rue 
( 

pyrite Bnd oolitic pyrite &8 above 

oolitic pyrite (grad.atiou u above) 

glauconite (gradationa &8 above) 

(present as il'l'egular patchea 01' in 
I"Ivli'l"tlll!A'l!'b."ftllll ( 

~ saturating the core 

~weak patchy developments 

( 

~8trOng dev~lopment 

TO ACCOMPANY RECORD 1966/1 AUS 11138 
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