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SUMMARY 

PETROGRAPHIC NOTES ON PERMIAN SANDSTONES OF THE SPRINGSURE 

1 '250 , 000 SHEET AREA, QUEENSLAND , 

Thin sections of specimens from the Staircase, Aldebaran, 

Catherine and Coli nlea Sandstones of the Springsure ' : 250, 000 Sheet 

area, were examined. Each unit has fairly distinct characteristics 

useful for c orrelati on . The absence of feldspars distinguis hes the 

Al debaran Sandst one and most of the Colinlea Sandstone, the Catherine 

Sandstone is generally feldspathic, and the Staircas e has intermediat e 

composition. Mos t of the Col inlea Sandstone is correlated with the 

Aldebaran Sandstone, but part may be Q correlate of the Catherine -. 

Sandstone. 

Sandstones on Reidl s Dome , at present referred to collective ly 

as the Aldebaran Sandstone, are here correlated with the Staircase and 

Aldebaran, separated by a thin coars e - grained facies of the Sirius 

For mation . Widespread erosi on of t he Sirius Formati on is believed to have 

occurred in the Reid ' s Do me area before deposition of the Aldebaran 

Sa ndstone, . . 
Two main source areas are postulat~d; one probably the Retreat '.; . 

Granite and the other t he Anakie Metamorphic! and adjacent sed i ments which 

s upp l i ed sands deficient in feldspar. A third source , pr obably to the 

south or s outh- west, c omprising the Timbury Hi lls Formati on and various 

metamorphics, may als o have contributed, 

INTRODUCTION 

This report presents results of a petrographic study of specimens 

from t he Staircase Sandst one, Aldebaran Sandstone, Catherine Sandst one 

and Colinlea Sandstone, on the Springsure 1 : 250 , 000 Sheet area, The 

spec imens were collected during 196' by members of a joint Bureau of 

Mineral Resources and Geological Survey of Queensland field party, and 

by the author and Dr . A. Fehr of the Institut Francais du Petrole. 

Altogether 112 thin sections have been described, including 26 

thin sec t ions of pebbles collected from congl omerates in these units . 

Comments on pr obable . pr ovenance and depositional environments are offered, 

and lithological correlations have been proposed. The Staircase, Aldebaran 

and Catherine Sandstones are Lower Permian units in the Denis on Trough ; 

they are here described in asce nding order of depos ition. The Lower Permian 

Co1101e8 Sandst one, on t he Springsure Shelf 1s descri bed la9t . I n each 

case, two su1tes of samples collected fr om measured sections at wi dely 

separated localities have been described to illustrate lateral lithological 
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STAIRCASE SANDS TONE. 

Measured Section 511, specimens SP11 1/1 , A to Ho 

Most of the sandstones it:1 'this section Bre protoquartz1tesJ 

specimens B, C and E represent gray ..... ackes in this seq.uenca. The 

sandstones are mainly medium to f ine- grained, and generally mOderately to .J 

..... ell sorted , having better sorting near the top. Mos t grai ns are 9ub­

rounded to r ou_oded j a few are s ubangu lar. Grain spheric ity i s generally 

fa i rly high. 

has ab out 

qusrtzit i c 

The quartz content ranges between 55 and 70%, except for E wh19h 

45~. The rocke als o contain about 1 ~ quartz grains with meta­

t~~tures ("quartzite"), which were included ",ith "rock 

fragments" f or the . purpose of ,naming t he rocks . The quartz commonly has 

many fluid inclUSions, and some grains ~how undulose extinct i on :caused by 

strain. Overgrowths on the q~artz are prominent , and pressur e solution 

is present . Microcr ys talline siliceous grains (Hchert" ) are plentiful 

(up t o 15% in B and E) but lessen slightly t owards the top . These grains 

closely resemble the groundmass of rhyolite. K--feldspar, mainly microcl i ne, 

does not exceed 5% in any s pecimen; plagi oclase 1s rare ~ Muscovite is 

minor ; mos t of the micas appear to have bee n leached and alter ed to kaolinite . 

Labile rock fragments are common, especially i n E, and are most ly s edimentary 

rock types such as fine - grained quartz sandstone, siltstone and shale . 

There are also · some fragments of pel itic metamorphic rocks (lI schist ll ) and 

volcanics. Accessory minerals are minor; tourmal i ne and zircon have been 

noted. 

The matrix is mainly kaolinite, which occurs interstitially as 

clumps of "books" . . This kaolinite was formed by hydration and leaching of 

micas; transiti onal stages in this process are represented by muscovite 

flakes which are greatly swollen by hydrat i on (described as "illite") and 

charac t erised .. bya reduced birefringence. In many t hin sections an advanced 

stage of the process wss eeen, in which the hydrated muscovite flakes hsve 

frayed ends snd have broken down into aggregates of kaolinite "books" which 

have spread into adj oining pore spaee8 ~ 

Pebbles from a c onglomerate (n) include quartz porphyry, vitrie 

tuff , and very fine - grained quartzi t ic sandstone ( orthoqu~rtzite), of a type 

similar to lithic material in the other specimens. I n thin section the 

sandst one is identical with sandstones, referred to the Timbury Hills 

Formation, forming basement to wells in the Roma area, e . g . A.A .O. Pickanjinnie 

Na G I . (Ass ociated Australian Oilfielde , 1964 G) 

I f the very fine - grained sandstone (E) is disc ounted., then i n 

general quartz increases upwards in the measurs d section, and the "chert" 

component decreases . Apart from these t re nds the succession haa qui te 
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consistent mineralogy . The! :,prbm1·nen.~ quartz overgrowths probably indicate 
. ., 

a good primary porosity in the rock . 
" ' ~ ' : 

Measured Section S18, specimens SP1J9/1, A to D. 

In this se"quanco two of the specimens are protoQuartz~t8s, and 

tvo (B and C) are 9ubgreywacks9 . The rocks are fine and medium-grained ; 

C and D being coarser than Bny of the specimens of sBction 511 . They are 

fairly well Borted, but generally not as well rounded 8S the 511 specimens, 

and sphericity is . poorer . 

Quartz (50 to 65%) shows moderate to fairly prominent overgrowths, 

but generally less than in measured section S11 . Peldspars occur in 

specim~ns A, Band Cj K-feldspar is much more common than plagioclase . 

Specimen C has abundant volcanic roek f ragments; these are mainly 

rhyolites, devitrified to microcrystalline silieeous material, but bentonitic 

roek fragments are eommon, and there are minor amounts of micrographic r ock 

fragments . R.byol i te ·fragments · also occur in the other specimens. and are 

more common than in measured section 511. In other respects the suites are 

similar. Matrices are composed of the diagenetic kaolinite, with the 

exceptio n of C. which also has plentiful montmorillonite, partially converted 

to kaolini te ~ . 

Di scussion . 

The most obvious difference between specimens of measured sections 

5 11 apd 518 is the greater amount of acid volcanic dfttritus in the latter . 

It is. however, probable that both successions had Similar provenance ; 

namely sandstones and siltstones, and, perhaps less important, acid igneous 

rocks such 8S granites. 

and - with the exception 

The slightly poorer rounding, coarser grain-size, .-tt-.. 
of D - higher content of feldspars in specimens 

from measured section $ 18, all suggest that this northerly suite is nearer 
i 

to the source area. On the other hand, the clasts -similar to Timbury Hille 

Formation lithologies imply a source area t o the south . Thus an intermixing 
I . \ 

of sands f r om va~iouB sources, perhaps one to the south and another to the 

north, seems most' \ 'i 'kel"y . A westerly source is not favoure~:9 because the 
,. . 

Joe Joe For mat-ion and a younger unit (" Und ifferentiated Lower Permian" of 

Mollan !! aI, 1964) were probably exposed at that time, and the clast 

assemblage in the ~an~stones of these units does not resemble the cla~t 

assemblage in the Staircase Sandstone. The rather anomalous feldspar- free 

3p~cimen D, may have been derived from a source which did not cOQtribute 

significantly to beds represented by ·other speCimens from the sequence. 

'. 
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SPECIMEN POSITION SORTING 
FIELD No. SECTION 

SPII2/IM 

SPII2/IL 

SPII2/1K 

SP 112/ IJ 

SPII2/IH 

SP 112/IG 

SPII2/IF 

SPII2/IE 

SPI12/ID 

SPII2/IC 

SPII2/IB 

SPII2/IA 

980' 

917' . 

908' 

846' 

640' 

538' 

360' 

331' 

235' 

182' 

Poor Good 

SPECIMEN 
FIELD No. POSITION SORTING 

SECTION 

SP I\I/IH 

SPIII/IG 

SPill/IF 

SPill/IE 

SPIlI/ID 

SPill/It 

SPIII/IB 

SPIII/IA 

690' 

620' 

410' 

270' 

255' 

230' 

75' 

10' 

Good 
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klolinife 

detrit.l; illite 
t, Silt(kaolinite) 

non - defrif<Jl; 
kaolinite 

non-detrital; 
kaolinite 

OHTHOQUAHTZ ITE 

ARGILLACEOUS 
SANDSTONE 

CLAYSTONE AN/) 
PRO TOqUAR TZITE 

LAMINAE 

PROTOQtJARTZIT£ 

PROTOQUARTZITE 
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kaolinite ,.." W " 
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PLATE I 
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Chert 
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ALDEBARAN SANDSTONE . 

Measured Section 518, specimens SP'39/1, E to K. 

These sandstones are protoquartzltes which are mostly mediurn­

grained, and moderately to poorly sorted at the base with improved ~orting 

upwards (J Bnd K are well Borted ) , Most have subangulsr to eubrounded 

grains, but G, being finer, has mostly subangular grains, and F, the 

coarsest, hast mostly subrounded grains. Sphericity of grains is moderate 

to high. One specimen (K) has fairly strong dimensional orientation of 

grains, but the others show generally little orientation . 

The quartz content (60 to 70%) tends to increase slightly .upwards 

in the succession ; atrained quartz ie comm on in aome s pecimens, and som~ 

grains have embayments suggesting derivation from volcanic rocks. Over­, 
growths are general l y moderate and pressure solution is slight . The 

quartzite content ranges between 5 and '10%, and the "chert" content ,iB 

generally les8 . The grains of "chert" look like the devitrified groundmas8 

material of rhyolite, but the occasional presence of s hards indicatea that 

at least some of the "chert" was derived from devitrified tuffs . Feldspars 

are absent throughout. The sediments contai n only a small amount of micas, 

but some mica may have been removed by leaching . The few fragments of 

labile rocks in t hese sediments inc~ude metamorphic rock types ("schist"), 

and shale and siltstone. G, a fine - grained sandstone, has over 10% of rock 

fragments, mostly s hale, Accessory minerals are generally unCommon, ' but G· 

haS nb~able tourmaline and zirc on; such concentrations of heavy minerals 
. ' ',. ' , ". : -

are ' characteristic of, fine- grained sandst ones. 

Matrices are all of diagenetic origin , the most common mineral 

being kaolinite, A less common type of clay matrix, seen i n J a nd K10f this 

s uite. is composed of curved colloform olay aggregates which line or nearly 

fill pores. These aggregates are weathering products, and may contain 

several clay minerals, and disseminated iron oxides which impart an earthy 

yellow or red-br ovn col our to the aggregates. This is a common feature of 

the more weathered sandst ones in the area. 

Measured Section S15, specimens SP112/ 1, A to M. 

This 'suite of specimens includes a wider variety of rock types than 

in meaBured section S18, mainly because of closer collecting. Specimens B, 
I 

E, K and L, which represent only subordinate lithologies, have no counter-
• 

parts in the specimens from measured section S18 . The diagram shows ,an 

average composition for each of these thin sections . Specimens A, D, F, G, 

H, J and M represent the 'main lithologies and can be directly compared with 

the S18 s~ecimens. 

Of the seven specimens representing ' the main lithologies, five are 
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protoquartzites ; A is a subgreyvacke and M an orthoquartzite. They are all 

tine to medium-grained, and in general slightly finer grained than the (S18 

specimens. Sorting ranges from rather poor to good, and is best near the 

middle of the unit. Grains are aubangular to 9ubrounded; only the 

siltstone and claystone specimens , E and K, have angular olasts . Spheljicity 

is generally not very high; in specimens G and L there are many elongated 

grains and dimensional orientation is strong . 

ranges 

In the eeven specimens used 

from 60 to 70~ and moderate to 

in comparisons, the quartz content 

thick overgrowths are common. D 

oontains nearly 25 peroent quartzite ~ ~hert'. Only 1n specimen A 1s 

there notable feldspar c ontent (about 1~). The Siltstone, B, and 

argillac60us sandstone, L, also have significant amounts of feldspar . 

Muscovite is present in all speCimens, reaching about 2~ 1n many. Roc~ 
fragments are mostly shale, Siltstone. "Schist" is common, and fragments 

of volcanic . rocks , principally rhyolite, are subordinate. The assemblage 

of rock fragments is vary s'imilar to that in the sandstones in measured' 

aectton 518. Matrioes are dominantly diagenetic kaolinite exoept in 

specimen M in whioh montmorillonite is the main matrix material. 

Specimen C which comprises selected pebbles from a conglomera'te, 

includes quartzi tic ail tstone, trachy-rhyoli te, vi tric rhyolite, and di,ffer_ 

ent types of crystal-vitrie tuff. QuartZite and Chert, which are the moat 

common pebbles in this congl~merate, were not sampled . 

The sandstones of measured section 515, excepting speCimen SP112/1A 9 

are very Similar to those of measured section S18, twenty miles distant; 

the fine- grained interbeds have not been closely compared. The anomalously 

feldspathic sandstone SP112/ 1A may indicate a prove nance for basal sanda 

different from that for the remainder of' the ·sequence . The same implication 

is seen in the anomalous feldspar content 1.n' speCimen SP112/1L. 

Discussion . " 

The bulk of the outcropping sandstones are non-feldspat~ic and no 

indications of leached feldspar, Buch as skeletal grains or priam- shaped 

kaolinite pockets, have been seen in thin seotions. These were readily .. 

s~en in material fr om other units (e.g. the Peavaddy Pormation - Baetian 

1965 ). Thus the lack of feldspar is not considered t o be due to weathering . 

The fact that the few intercalations of feldspathic sandstone contain fresh 

feldspar, does not point to progressive loss of feldspar from t~e main sands 

during transport, but rather that sand was essentially feldspar- poor on 

leaving the sourCe area . 

Thus nearly all of the Aldebaran Sandstone in this area was probably 

derived from a s ource poor in feldspar J with a possible exception that a 

metamorphiC source, containing partly metamorphosed feldspar that would 

diSintegrate quickly on exposure, could produce a feldspar- poor detrital 
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assemblage. Lack of biotite i n the unit likewise pOints to a source po br 1n , 
biotite . Hence the most likely sources for t he Aldebaran sands ware 

metamorphi~ rocks - either feldspar~poor or containing strongly altered 

feldspars - and feldspar- poor sedimentary rocks. The quartz grains with 

metaquartzitic textures, the numerous elongated quartz grains, a feature 

typical of quartz deriving from schists ( see Folk, 1964); and the 

sedimentary an~ metamorphic rock fra gments, all support this contention. 

The Anak1,e .Metamorphic!, "h1eh accordi ng to Veevers, Randal, Mollan $nd · 

Paten (1961), is comp osed of knotted achists, mica schist and quartz­

mica schist, with ~late and quartzo88 sediments, is the nearest source 

for the Aldebaran sands . Thin secti ons from these metamorphics ehow they 

have very little biotite or fe l ds par ; t extural features in the "schist" 

cla·ete of the Aldebaran sands are like those in the metamorphicB e 

CATHERINE SANDSTONE. 

Measured Section S21, specimens SP129/1 , B to J . 

Of these sandst ones, five are protoquartzites, and three 

(B, F and H) are subarkoses . The distinction between protoquartzite a nd 

subarkose is based on relatively slight variations i n the proportion~ of · 

feldspars to labile r ock fragments . All the sediments are very fine - grained 

to fine-grained ; the coarsest (F) having a mode less than O· 25mm. Sorti~ 

is generally good , but tends t o get poorer upwards; C is very well sorted . 

Most grains are subangular; a trend towards increaSing roundness upwarda 

in the succession was noted _ No noteworthy trends in grain sphericity 

and dimensional orientation were detected. 

, 

The quartz content (50 to 65~) tends t o increase slightly upwa~ds; 

fluid inclusions a nd undulose extinction i n the quartz are common . Over~ 

growths are moderate to thin, and pressure solution is fairly common. 

quartzite content is minor . The K- feldepar content rangos from 5% to 

The , 

plagioc lase is rare , Muscovite i s present in all speCimens, ranging up to 

about :5 percent , and biotite is present in some . "Chert" (devitrified 

volcanic glas~ is prominent only at the base. Micace ous rock fragment a 

are very common; some of these may have been derived from shales and 

siltstones, others from schists or other metamorphics . A few grains of 

gla uconite were noted in Band D. Accessory minerals, such as tourmaline 

and zircon, are c omm on, and in ....... E are abundant . 

Ma t rices, both kaolinitic and illitic, occur in patches to make up 

to 20% of the - sediments ; these are of diagenetic origin e Some detrital matrix 

material, mainly silt with some clay, occurs in H. In some specimens 9 

weathering has produced hydrated iron oxides, and in H there ar~ bTownish 

curved clay aggregates, probably ind i cative of incipi.ent weathering
6 
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Measured Section S15, specimens SP112/1, Z to BB, and SP134/1, A to G. 

The sediments in this measured Eaction differ significantly 

from those in the section 521. Two (E and F) are orthoquartzlt1es, and 

four (AA, BB, A and G) are protoquartz1tee ; Z, which is in a zone 

transitional from the Ingelara Formation, 1s an argillaceous sand9ton~ . 

Specimens B, C and D, from neBr the middle of the section are Bubg'rey­

w8ckes and are the only sandstones comparable with the sandstones in 

measured section 521 • 

Most of the rocks are very fine to fine -grained, F is medium­

grained, Bnd E is coarse t o very coarse- grained . Sorting is generally 

moderate to -poor. Many of the specimens, especially in the lOWer part of 

the section, are p olymodal. Grains are mostly s ubangular to subrounded, 

but angu lar grains are common in several specimens. SpheriCity is generally 

moderate to low, a nd some very elongated grains wera seen in AA and D; AA 

has a poor dimensional grain orientation, in contrast t o the common 

tendency for specimens with grains of low spheriCity to show good 

dimensional orientation. 

In the subgreywackes B, C, and D, there i8 about 50 to 55~ quartz, 

and from 5% to 15% K-feldepar, mostly fresh miorocline and 80me untwinned 

feldspars. Of the other specimens, only Z has an appreoiable amount of 

feldspar. The lack of feldspar in most of these specimens is the most 

obvious difference between the sandstones from measured seotions ' S15 and 

521. 

Specimens Z and AA have, in addition to quartz (45 to 50% ), 

labile rock· fragments, matrix, and alteration products such as ir9n oxides . 

BB, A, E, l!', and G, with from 65 to 75% quartz, comprise a quartz-:rich 

suite showing much closer affinities to the Aldebaran Sandstone than to 

the sediments in measured section 521. Overgrowths on the quartz are 

moderate to minor ; in specimen Z they are virtually absent . Pressure 

solution is generally pre8en~ , but only in D is it pronounced . 

Labile rock fragments are mos tly shale, silts tone and metamorphics; 

metamorphiC fragments tend to predo~inate in the lo~er specimens and shale 

fragments are more abundant in the Bubgreywackea, B. C, and D. ~bile rock 

fragments are more common in t he aubgreywackes than in the quartz- rich sand­

stones ; the , three specimens (E, F, and G) near t he top of meaeured seotion 

515 have very· few rock fragments. Accessory minerals are mos t c ommon in D, 

and are also ·common in BB, A and B; they are distinctly less common in E, F, 

and G near ·the · top of the succession in which micas are a l so uncommon. Micas 

are most common in the subgreywackes and fairly common in the l ower specimens . 

Matrices are mostly kaolinite "books", ~ith occasional illite ; 

several specimens near the top of the measured section have colloform 

aggregates of brown iron- rich clays indicative of weathering; Z at the baae 
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of the section also has this material o 

Discussion. 

The Catherine Sandstone of measured section 521 and the central 

part of section 515 has 8S its main sources a suite of shales, siltstones 

and perhaps sandstones, and an area of granitic r ocks, which supplied 

the feldspars. There was no significant contribution from a volcanic 

terrain or fr om active vulcanism. The Catherine Sandstone of Warrinilla 

North No.1 has essentially the same features, notably plentiful feldspar 

1n the sandstones (Arm~nf 1964), 

The feldspar- poor part of measured section 515 had a source 

similar to the source f or the Aldebaran Sandstone, namely a c lastic 

sedimentary suite and a feldspar-poor metamorphic suite ; acid igneous 

clasts, principally vitric ' tuffs and rhyolites, are also more common than 

1n the feldspathic sandstones. To generalize, t wo fairly distinct s ource 

areas can be postulated : -

(1) a source having granitic rooks and yielding feldsp~thic ~uartz sands 

( ii ) a source having metamorphics and yielding feldspar- poor sands . 

Grains derived from pre-existing sediments sediments seem to be common to 

both types of sandstone. 

The feldspathic portion of the Catherine Sandstone and the entire 

Aldebaran Sandstone probably rec eived material more or less exc lUSively 

from each source respectively o As noted previously, the less consistent 

Staircase Sandstone pr obably received material from both sources. "Chert" 

derived from acid flow rocks and tuffs, common in the Staircase Sandst one, 

suggests a third source in which volcaniCs are prominent. From the evidence 

a vailable, it is not kno .... n--whether these volcanics .... ere c ontempore.neous or 

ancient. 

The abundance of heavy minerals in the Catherine Sandstone of 

measured section S21 could be attributed to a supply from the granitic 

source. but is possibly merely a function of the fine grain- size of the 

sandstones 1n that section. Concentration processes, not operative in 

deposition of the other sand bodies, may aleo have increased the heavy 

mineral contents . Field observationS have s hown that crossbedding is not 

a notable feature of the Catherine Sandstone (Mollan et !l, '964 ). The lack 

of crossbedding sugge~9 reworking at the deposition Site, whioh may h~ve led 

to concentration of heavy minerals. 

The plentiful heavy minerals, ocoasional glauconite and planar 

bedding of the Catherine Sandstone, together point to a shallow marine 

environment, subject to normal tidal and circulation currents. This 

conc lusion is support ed by the fact that both Ingelara Formation below and 

the Peawaddy Formation above (Mollan, Kirkegaard, Exon and Dickins 9 1964) 

were laid down under marine conditions. The Staircase and Aldebaran 
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Sandstones, on the other hand , were laid down by streams . Meyers (1964) 

8ugkes ted that th~ Catherine Sandstone may be an erosional produot of the 

Aldebaran Sa ndstone, but ' this 1s not favoured because the deficiency of 

feldspar in the latter unit would make an unlikely source of feldspar for 

the Catherina Sandstone. However, their suggestion may be tenable if the 

Aldebaran Sandstone waS feldspathic in aress where it was subsequently 

eroded, such as in th~. vicinity_.of Warrinilla No.1. Arman (1964 ) 

f ound t hat the Aldebaran Sandstone in Warrinil la North No.1 has 

feldspars, indicating a fairly pronounced change 1n the unit eastwards, 

90 the problem remains open . 

COLINLEA SANDSTONE , 

Meas ured Section 55 (Type Section), specimens SP118 A to F, and SP120 A to G. 
". 

Most of thes e rocke are protoquartzites, and two (SP1 18D, and 

SP120G) are subgreywackes. O~e siltstone (SP118F) is included in the 

suite. The sandstones are mainly fine-grained, and some are medium to 

coarse- grained ; there are no general trends in grain-size above the 

oonglomerat.~o base. Most of the ~ediments are well sorted, som~ very well 

sorted except for SP120E which is rather poorly sorted. Grains are mainly 

8ubangular to subrounded, and the best roundness was seen in SP120F. 

SphericltY.·,Qf gr:&i08 is generally moderate, and grain orientation moderate 

to poor, but SP118C, SP120D and SP120G have quite marked dimensional 

orientation . 

.. The quartz content is about 65~ almost throughout, two exceptions 

being the eubgreywackes SP11SD and SP120G, which have about 50- 55% quartz. 

Fluid inclusions in the quartz are common, and embayed grains at volcanics 

are fairly common. Overgrowths are generally nClt prominent, except in SP120F 

which has ~ fairly thick overgrowths , pressure solution, although present, 1s 

never pronounced. Metaquartz1te occupies about 10% of these sediments and 

microcrys:t!1lline siliceous grains ("chert") resembling the devitrified 

groundmass . l'l!aterial of rhyolite, .occuPY about 5%. In only one speoimen 

(SP120G) is .. there any K ... feldspar . Musc ovi te is generally minor; except in 

SP118D in whioh it is common . There are variable amounts of rock fragm~ets9 

ranging up to about 15% in SP1 1SD a nd SP120G c Many of theae are quartz- mica 

rocks ("Schis t") ft:om metamorphics (Fig o 2); shalse, siltstones and fine- . 
• 

grained quartzitic sandstones are fairly common, and devitrified rhyolites 

are rare. Aocessory minerals are in general uncommon, but they are common 

in SP120C; tourmaline is the most common, zircon sligh tly less common, artd 

sphene and apatite have been noted. 

The main matrix mineral i9 diagenetic kaolinite in its us.usl 'form 

of clumps at small "books". Most of the SP120 specimens also have curved 



Fig. 2. Field .^MM. Mag X 150 crossed nicols. Specimen
SP1200, Colinlea Sandstone; showing a fragment of
metamoTphi7.:: rock; the quartz is microsutured, and.
musco-vite is differentiated into bundles.

B.M.R. Neg. G/7953

Fig030^Mae, X ,04 crossed nicols. Specimen
SP1::V:R, Aldebaran Sandstone; showing a fragment of

shale - note the discrete arrangement of silt grains
and mi3a, flakes in it (of Fig.2) - and at right a quartz
graf.n with crystal overgrowth.

B.M.R. Neg. G/7952
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colloform cla y aggregates which are probably weathering producta . 
, 

These 

are particularly noticeable in SP1 20A and B which wer e collec ted from · near 

~he top of a mess. 

Pebbles from the basal conglomerate, SP118A, include tourmalin~ 

1zed metaquartz1te, several full y cemented fi~e-grained quartz 

(orth oquartzites ), and a porphyritic r hyolite, The groundmass 

sandstones 
I 

material 

of the rhyolite has essentially the sa.me appearance 8S the "ehert" 

material in the sandstones. 

Measured Section S~ specimens SP124/1 to SP126/ 1B. 
J 

These are are nites which s how 8. much wider variety than in the 

t ype section . SP124/3 is a 9ubarkos e, SP124/2C 8. s ubgreywacke , and ~here 

are several protoquartzltes. Two specimens are interlaminated siltstone 

and sandstone (SP124! 1 and SP125/1B) ; the diagram gives an average 

composition for each of these r ocks, as several sand and silt laminae 

appear on the thin sections. Most o£ the sandst ones are fine - grained 

and SP124/ 2A is very fine -grained ; they are on the -whole we ll sorted ! 

and grains are general l y subangu l ar to subrounded . I n these respects , 

the rocks in this sequence are similar to those of the type section. 

If t he laminated rocks are disregarded ,. this section can be 
., ' 

readily divided into an upper part , fr om SP"124/:3 upwards, having app:r;ec1ab;Le 

amounts ot K- felds par ( up to 12% in SP124/ 2C), and a lower part deficient 

in feldspar. The lower part has a somewhat higher content of relatively 

s t able grains (quartz , quartzite and "chert" ), b~t there are no other,;' 

significant diff8rences ~ Quartz overgrowths are mostly minor, and o~ly 

SP124/3 shows much overgrowth . Rock fragments in both are from metamorphic 

and sedimentary suites, as in the type aection . I n three specimens (SP124/2A , 

-5P125/1B a nd SP125/ 1C ) accessory minerals are plent iful. They are especially 

concentrated in the fine - grained specimen SP125/ 1B probably because of its 

finer grain~8ize. Micas are als o plentiful in the Silty laminae of 

SP125/1B. Matrices are mostly ka oli nite and il lite, derived from leaching 

of micas ; colloform c lay aggregates occur 1n spe Cimens near t he top of the 

sequence, where the rocks aay have been more expos6d to weathering . 

Pebb les collected from thi s locality include a porphyri t ic 
! 

rhyolite (SP124/ 2D) and fully cemented quartz sandst ones (orthoquartzites -, 
5P124!4B). Resistant siliceous rocks such as t hese appeared to predominate 

, 

in the congl omeratic beds seen in this locality . 
-'.~ :.-.: . 

Discussion • 

. Only the l ower specimens of measured section 56 are markedly siatlar 
, I 

to the type section specimens ; thus t he upper t:~)dspathic sandstones may 

belong t o a stratigraphically hi,gher part of the unit not exposed in l the type 
, . ' .... 

section . 

. ,'<""t-



12. 

The non- feldspathic portion of this unit is correlated with the 

Aldebaran Sandstone ; their most obvious common feature 1s the absence ot 

feldspar. Quartz percentages and the types of rook fragment~ also are 

remarkably similar. Close similarity, rather than specific di fferences, 

is the most striking aspect of this correlati,on. It is clear that both 

the Aldebaran Sandstone and the c orrelative part of the Col1nlae 

Sandstone were derived from a feldspar and biotite deficient source ; 

probably the Anakie Metamorphics, as noted previously . 

The upper part of the sequence in measured section 56, is 

correlated with the Catherine Sandstone on the presence of feldspars. 

This suggests that the Ingelara Formation has wedged out westwards between 

the Aldebaran and Catherine Sandstones. However, there are too few 

samples from which to draw firm conclusions and ~he following alternative 

interpretation, is prompted by the presence of K- feldspars in a sandstone 

specimen from high in the Aldebaran Sandstone in measured section S15 

(SP112/1L), The feldspathic top of t he Colinlea could simply represent 

a westerly increase in the feldspathic content of the Aldebaran Sandst:one'. 

Thus the whole of the Colinlea could be correlated with the Aldebaran,. 

an~ the over~ying units, Ingelara Formation a nd Catherine Sandstone, both 

may have wedged out westwards between t he Aldebaran Sandstone and Pea~addy 

Formati on, ~ 

In either case, one or two important hiatuses are probably 

l-epresonted in the westerly section; also, Mollan et 81.(1964) detecte;d, by 

regional , mapping, a disconformity at the base of the Peavaddy Formation 

which gives way to a low- angled unconformity in Reidb Dome. 

REIn'S DOME SANDSTONES OF MEASURED SECTION 516 . 

These specimens ware collected from sandstones in Reid ' s Dome, 

which had in the past been identi~ied as the Aldebaran Sandstone. The 

petrographic work has indicated two main subdivisions" a lower portion 

containing appreci able amounts of feldspar (specimens B to J), and an . 

upper portion containing no feldspar (p to \II) ; Specimens K to M have 

lnt~rmediate 'characterl,stics, and a conglome.rato 9 N, marks the base of the 

non- fe1dspathlc part of the section • 

. ' ,. ' 

Specimens SP1,1/1. B to J. 
,: ' , . 

,Only one of '-these (J) is 8n orthoquartzite , five (B9 D. F, G and 

H) are p~otoquartzites, and two (C and E) are subgreywackes. The lower 

specimens are very fi ne- grained. and grainsize increases fairly steadily 

upwards, from fine- grained t o medium and coarse- grained. There is a r.elated 

trend tovards poorer sorting upwards~ C and D are well sorted and the iupper 

t hree are only moderately to poorly sorted . Grain roundness also improves ,/ 

, 
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markedly upwards , fro m angular to aubangular (B and C) to subrounded and 

rounded (H and J) . Sphericity increases upwards, corresponding with the 

better rounding, and dimensional orientation is much les9 obvious in the 

higher specimens. 

Quartz (about 45 to 50% in the lower two specimens) increases 

upwards unti l in J there 1s over 75% quartz. Metaqusrtzite 1s also 

present in subordinate amounts. Overgrowths are minor almost throughout, , 
but are more noticeable in specimens Hand J. Pressure solution 19. 

g,nerally moderate. except 1n E where it 1s marked. The amount of 

K- feldspar . increas8s from B to D; the latter specimen has over 10% 

K-feldspar (microcline ) s "nd minor plagioclase. The feldspar content then 

decreases, and remains generally around 51t in the upper specimens. ! "Chert", 

mostly devitrified glass derived mainly from rhyolites, is common, ,and 

reaches nearly 15% in C. Labile rock fragments are most abundant fn C, 

and tend to decrease irregularly upwards. The most common fragments are 

of metaMorphiC rocks ("schist"); siltstone fragments are fairly common, 

but shale fragments are uncommon to rare, except in Band C. 
, 

Fragrpents 

of rhyolite and micrographic rock occur in Borne of the specimens o Micas 

are common in Band C, but decrease sharply above, and are very subordinate 

from F up",ards. Their abundance in -the lower specimens is probably 

a function of the very fine grain- size of these specimens . Accessory 

minerals are rare throughout this suite . 

Matrices are the usual diagenetic kaoli'nite in clumps, a·orne 

illite, and occasi onal clay aggregates developed by weathering. 

Specimens SP'31/'! K to M. 

These rocks have only minor amounts of K- feldspars . . K and M 

are both fine to very fine - grained; M is coarse to very coarse- grained and 

has s ubrounded to rounded grains. The quartz in these specimens ranges 

from 50 to 65% and has moderate or rather minor overgrowthS. The , most 

s ignificant feature here is the shar~ incoming of reworked shales ' in K, 
, 

and even more 90 in L: t hese had been on the whole very subordin~te in 

the lower suite. 

Specimen SP131/' N (Conglomerate) 

Pebbles from this conglomerate include quartzose Siltstone, very 

fine- grained quartz sandstone, tuffaceous siltstone, tuffaceous sandstone, , 
Bubgreywacke, microgranite, and silty shale. This is a much wider variety 

of rocks than in any other pebble suit~s examined. The pebbles are sub-, 
rounded to rounded, but on the whole les8 rounded than pebbles from other 

specimens ; angular and subangular pebbles 'and CObbles, especially of the ., 
shale lithology, were noted in the field . The ehale clasts are ~imilar to 
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the shale detritus in specimens K and L t Several of the sandstones are 

very similar to sandstones 'of the Tlmbury Hills Formation, notably 1n 

their poor sorting and feldspar deficiency . 

Arman (1964) observed a conglomeratic interval with very similar 

features, especially 8S regards the angularity and the shale pebbles, in 

an equivalent stratigraphic position in Warrinilla North No. 1 . 

Specimens P to W. 

This suite of specimens 1s much more consistent in mineralogy 

than those stratigraphically lower . Al l the specimens are fine to medium. 

gra~n~d protoquartziteB~ and, in contrast to the lower part of this section, 

show no trends in grain-size; specimens' P and T have minor coarse modes . 

They are moderately to .we11 sorted and grp.ins are mostly subangular to 

subrounded, except in, R and S where they are mostly subrounded and rounded. 

SpheriCity is gener,ally fairly high, and is best in those specimens with 

rounded grains. Dimens~.onal orientation is present throughout but is 

not marked. · 

Quartz (60 to nearly 70%) haa moderate to rather thick overgrowths, 

distinctly more pronounced t han in the lower specimens B to J. Pressure 

solut ion is moderate. to fairly strong . There is from 5 to over 10% 

metaquartzite. "Chert" is, in general, less common than in the lower part 

of the section. Feldspars occur i n only one specimen, where they are very 

minor. Labile rock fragments are most common in specimens Sand T, but ' 

even in these they do not exceed 1 ~. In contrast to the lower specimens 

B to J, shale is the most common ' lithic material 1n this suite (+ig~3) . 

Clasts of other sedimentary rocks such as siltstone and very fine - grained 

sandstone- are also present . Metamorphic clasts (n schistn) are fairly 

common, and -volcanics such as rhyolite, are very minor . Muscovite is 

uncommon -to rare, probably due largely to leaching of the mica. Accessory 
\ minerals are · uncommon, and onl,y tourmaline and zircon have been noted • 

. Except in specimen T which has some detrital silt, matrices are 

of the . usual non- detrital origin; kaolin! te p.redominates, and i IIi te lis much 

lesa common . Some of the specimens have clay. aggregates; it is interesting 

to note that these are all in about the middle of the section. 

Correlation with other sandstones. 

The upper part of measured section S16 can be readi~y correlated 

. with the Aldebaran Sandstone. The absence of feldspar is t he main feBt?re, 

and the percentage of quartz is remarkably consistent. Specimens from ~ach 

of the Aldebaran sections contain from 60 to 70% quartz. 

The mineralogy of the lower portion, specimens E to J, is closer 

to the Staircase Sandstone; t he most diagnostic feature being the presenoe 

" 

;.~, . , 

'. 



PLATE 5. 

MEASURED SECTION S16- REID'S DOME 

V> 0 0 ~ ~~~"';:~"" KEY 
SPECIMEN GRAIN-SIZE MAIN MODE 

.., ,., < <> '" ... l ;;,.-~ ROCK MATRIX ROCK 
POSITION SORTING • ROUNDNESS 

x ;;; ,., 
MINERALOGY '" ITt "" 

.. ~~"""to" ~':::l 
FIELD No. RANGE AND MODES MINOR MODE "" z G> .... ~: ~~~ ~~ FRAGMENTS MINERALS 0 NAME n -t "" ., 

::j ?t 0 ::;: ~ 

~ • 2': ,,' 
G ., .2. ·3 '4- ·5 ·6 7 ·8 ·9 0 2 3 • • • -< 0 -4 

.. .. K.Feldspar z x 100 

SPI31/1W 1324' L- I. -- non-detritll; 
kaolihite, (illiff) 

TZITE 
Plagioclase • 

SPI3111V 12S3' -+- ., ---4-- shill" (slfsf) norr-def.ritql i Quartz ~ ~ 
kMJIiJtih 

e SPI3111U 1207' -+- ., Sh%" sftsf., non- detrd<ll; Quartzite 
CI) 

·s, ist" kaolinite 

~ ti.trital silt; D SPI31/1T IISO' Micas 8- accessories 
~ 

-I fHln-tf#,triW 
kaolin' '. il ite 

SPI3111S 1112' I . , .. , "$Chist" non-detritll; 
k<lolinife TE Chert 

~ Rock fragments 
~ 1009' SPI3111R '. non-dnrifal; 

~ 
klIOlinite • ~ 

Matrix 
Q 

888' non-detrital; .... SPI31/1Q • sltst., sst . kaolinite l. clay 

~ ~ aggr,gafes Cement/alteration 

SPI31/1P 787' shale, "SChist; non-detrital; 
sltst., y.f: sst. kaolinite &- clay PROTOQUARTZ ITE 

aggregates 

SPI31/1N 690' 
PEBBLES: SILT'( LE, TUFFACEOUS SILTSTONE 

,CONGLOMERATE g, SANDSTONE, ORTHOQUAI?TZITE(v.f 
SU8GRErWACK£ , E 

~ non-detrit;}1 
SIO' sltst i:: SPI31/1M --e- kilolinite, -few PROTOQUARTZITE 

i c/~y a!lgregafes 

~ 
LC SPI3111L 513' -..- sha/e(abdf};" SUBGR£YWACK£ 

~ ...... 
~ 
(,0) 

SPI31/1K 442' ~- "schisf~ sh.ille non - detrital' PROTOQfJARTZITE 
C\.. iI/de, kaolinile 

SPI3111J 386' 
non-defrtfiJ/ ; 

r-- kaolinite I clay ORTHOQUARTZITE 
!liltes 

SPI31/1H 33S' ~ granofoh!fre non- uefrif"I' PROToquARrzlrE 

~ I "ole. f ow rocl< illite. kaolinii. 

~ SPI31/1G 273' • --L sltst., schist;' non-detrital; PROTOQUARTZITE CI) (gr3nophyreJ kilolinife 

~ 
~ 

SPI31/1F 154' • sHst., (rhyolite, non-detrifal' PROTOQUARTZITE "schisf" il/ite, kilolinile 

non - detrital; 
SPI3111E 125' • SIJ8GR[YWACI<£ 

~ 
sltst., kaolinite, 

T(lrruginized 

~ SPI31/1D 52' -+---+-<- "schiSt," sltsl. non-detrital; PRoroquARTZITE 

~ 
kaolinik 

CI) 
sltst., non - defrital ; SUBGRl YWACKE 

SPI31/1C 23' kaolinite 

SPI31/1B 9' 
non-detrital; 
illite detrital 
silt .. 

PROTOQfJARTZITE 

• Y. common 
• commt1n 
• uncommon 

Bureau of Mineral Resources, Geology and Geophysics, August 1965. To accompany Record 1965/230. G55/A3/51 
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of K ... feldspar . It has somewhat more volcanic deh:itus and fewer metaquartz-

itic grains than the upper specimens. These features are typical of ·the 

Staircase Sandstone. However in other respects the lower portion differs 

significantly !':rom the Staircase Sandstone in measured sect.iona 511 and 

518 . In particular, the average grainsize is much finer J only in the 

highest specimens is grainsize comparable with that of the other suites. 

Roundness is in general poorer (a function of the f'ine't' grain-size), and 

quartz overgrowths are much l ess developed than in the other Staircase 

Sandstone suites. 

Thus correlation of this part of the succession from Reid ' a 

Dome with the Staircase Sandstone cannot be made on petrogr.aphic data. 

alone, but the petrographic differences can be simply explained by assuming 

that the Staircase Sandstone in Reid1 s Dome was further from source rocks, 

and that a loss of porosity accompanied the resultant trend towards 

deposition of finer sands. 

The alternative interpretation, one that has been generally 

assumed (e.g. MalIan et aI, 1964), is that this thick lower section is a 

l ower part of the Aldebaran Sandstone. This is not consistent with the 

fact that the upper part of the succeasion in the Reid's Dome area can be 

readily correlated with typical Aldebaran Sandstone ; this alternative involves 

* a thick basal section of the Aldebaran Sandstone not sampled elsewhere. 

Specimens K to M probably come from a reduced equivalent to the 

Sirius Formation. Evidence for this is afforded by 

(i) the numerous beds containing vertical worm burrows in the vicinity 

of specimen K and the overlying 200 feet. 

Sirius Formation. 

This is a feature of the 

(ii) the s"udden" inCOmi"r:~ of shale detri tUB in K and L. 

As already noted, this d"~tritus is probably similar to that in 

the conglomerates immediately above, and the angularity of the pebbles 

suggests that the conglomerate was derived from relatively close by. 

Thus this interva~ is probably an attenuated Sirius Formation, the 

thinning being mainly effected by absence of the shale beds by penecontempor-

aneous erosion. The eroded shales were derived as clasts into the coarser 

interbeds. The relative abundance of shale clasts in the lower part of the 

Aldebaran Sandstone indicates accelerated erosion of the Sir.ius Formation nearby 

accompanying an influx of sand from more distant source areas. In the type area 

the Sirius Formation contains much siltstone and sandstone (Mollan et aI, 1961) 
and only a minor facies change Vlould make it difficult to distinguish from the 

Staircase and Aldebaran Sandstone . Molla."l eul (1964) also recorded southward 
thinning of the unit . 

* P.E. Power (pers ocomm.) recently reported a thick lower Aldebaran Sandstone 
interval in the Springsure Anticline , which was not sampled for this study ; I the 
lower Reid I S Dome section probably correlates with this interval. 
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Thus, in spite of some petrographic differenoes, the Stairoase 

Sandstone and the lower sandstones of measured section 516 in the Reid's 

Dome area can be correlated . The Sirius Formation, previously correlated 

with an . upper part of the Cattle Creek Formation, is thought to occupy 

a stratigraphically higher position9 and the whole of the Cattle Creek 

Formation may .... el1 be a correlate of the S t anleigh Formation . Fau nal 

correlatlQn . of these marine unite is not conclusive (Dickins in Mollan 

~ aI, op . cit.) . 
, . 

SOURCE AREAs ', 

·· Two main s ource areas have been distinguished, one dominated by 

granites, the other dominated by metamprphice; sedimentary rocks are 

common ~o Fboth. The most likely s ource for the metamorphic detritus is 

the Anak1e Metamorphic!, and that for the grani t1c:',~detri tue is the 

Retreat Granite only 50 to 60 miles north of thi~';,' :~Q~a. The Retreat 

Granite . is composed mainly of granodior ite and adamellite (Veevers, Mollan, 

Olgers and Kirkegaard, 1962 ); it also contains pl~'ktiful biotite but lacks 

muscovite" . and its feldspar is entirely orthoclase. Although, theBe tvo 

, rock '6:Qdies nov crop out close to each other, the Anakie . metamorphic! could 

have b'een covered from time to time by sediments "'hile' the granite alone 

was being eroded. :~he · Anakie Metamorphica are the only . exposed metamorphic -- ' 
" rocks near -this area . 

Alternatively, .. 'the s ource for the sandstone with abundant meta­

morphic .e.las.ts may have been an area now buried, perhaps south or south~ 

west of the Springaure area. THere is plenty of support for- this in wells 

"hich 'have indicated that Lower Permian rocke are abs ent on t he Roma High 

and upper Permian and younger units rest directly upon basement rocks. In 

many wells on the .Roma High pre- Permian metasediments of the Timbury Hills 

Formation have been encountered . Certain sandstone lithologies in the 

T1mbury, Hills t·,Formation are in the p'ebble -sui tes from the Aldebaran and 

Staircalile '· S an~9.tones, and per haps also the Colinlea Sandstone. Thus at 

least some of the detritus in these units coul,d have been der.ived from the 

south. · An interplay between several source areas seems likely. 

CONCWSIONS, 

Examination of thin sections has disclosed diagnostic features in 

rocks which 1n hand specimen appear to bB' -sim"1lar. This applies particularly 

to sedi ments of the Aldebaran Sands'tone and Stair case Sandstone. The main 

tool has been the 'mineralogy of the rocks, although other parameters, suoh 
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as grain-size and quartz over growths, have provided useful supporting 

evidence . 

The principal c onclusions from this study are : ~ 

(1) the bulk of the Colinlea Sandstone is a correlate of t he Aldebaran 

Sandstone 

(11 1 the top of the Colinlea may be a c orrelat e of the Catherine 
",.' " 

Sa ndst onei this 1s not certain 

( ii1 ) a thick sandstone int erva l in Reid's Dome, usually all referred to the 

Ald ebaran Sa ndstone. may represent both th e Staircase and the 

AldebllrA.n, with 8. t hin development of the Sirius Formation between. 

( iv) an area of f e lds par-p oor meta morphic rocks. probably the Anakie 

M()t R.morphics~ Bnd an area of grRnit i c r oc ks, pr o'ba bly t he Retrelilt 

Gra nite. provided the main s ources for s edi ment. 
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Field No. 

SP1 1 lhA 

SP111/l B 

SP111;'C 

SP111/1D 

SP111hE 

SP1 11 / 1F 

SP11 1/W 

SP111/1H 

SP139/1A 

SP"9/1B 

SP"9/1 C 

SP139/1D 

SP139/1E 

SP139/1F 

S,p"9/1G 

SP139/1H 

SP139/1 J 

SP139/1 K 

SP112/1A 

SP112/1 B 

SP11 2! 1C 

SP112/1D 

SP112/1E 

.' '"SP1t,2/1 F 

SP112;'G 

. ~ SP11 2/1H 

SP11 2/1J 

,SP11 2/rK 

SP112/n 

SP112/1M 

SP129/1B 

SF129/1 C 

SP129/1D 

SP129/1E 

SP129/1F 

SP12 9/1G 

APPENDIX A. 

LIST OF SPECIMEN FIELD NUMBERS AND REGISTERED ROCK NUMBERS 

Registered NI?. 

R16240 

R16241 

R16242 

R16243 

, R16244 

R16245 

R162 46 

R16247 

R17112 

R17113 

R17114 

R17115 

R17116 

R17117 

Rn118 

R17119 

R1 71 20 

R17121 

R1 6267 

R16268 

R16269 

R16 270 

R16271 

R16272 

R16,273 

R16274 

R16275 

R16276 

R16277 

R16278 

R16289 

R16290 

R16291 

R16292 

R16293 

R16294 

i 
. i 

- " 

Flell.. No . 

SP129/1 H 

SP129/1J 

SP1,2/1Z 

SP112/1AA 

.. SP11 2/1BB , 

SP1 34/1 A 

SP"4/1B 

SP13 4/1 C 

SP134/1D 

SP134/1 E 

' SP134/1F 

SP134/1 G 

SP1 18A 

SP11SB 

SP11SC 

SP11SD 

SP11SE 

SP11SF 

SP1 20A 

SP120B 

SP120C 

SP120D 

SP120E 

SP120F 

SP120G 

SP12 4/1 

SP124/2A 

SP124/2B 

SP1,,24/2C 

SP124/2D 

SP124/3 

SP124/ 4A 

SP124/4B 

SP1 25/1 A 

SP125/1 B 

SP1 25/1 C 

•• 

Regis tered No . 

R1 ~2 95 

R16,296 

R16 299 , . 
R16"309 
R16301 

R17087 

R170SS 

R17089 

R17090 

R17091 

R17092 

R17093 

R16075 

R16076 

R16077 

R16078 

:R16188 

R16189 

R1621 1 

R1~2 12 

R16,213 

R1621 4 

R162 15 

R16 216 

R1621'C 

R16196 . 

R16197 

R16198 

R16199 

R16200 

R16201 

R16202 

R16203 

R16204 

R16205 

R16206 

I 

,.'. 

i 

." 

...•.. 
, . ... . ' . .. .., . 

; 
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Field No. 

SP' .26/1 B 

SP13' I, B 

SP',' /1 C 
SP",!1D 

SPD,!1E 

Sf'" /1]' 
SP13,;'G 

SP"';'H 

SP131/1J 

sPll1/n 

SP13'/U 

·Registered No . 

R,6208 

R'62'9 

R16248 

R'6249 

,R1 ~250 

R1625' 

R,6252 

R1625' 

R1 6254 

R16255 

R'625"6 

, 

. field 110. 

81'1,,;'i!. 
"13,/111 , 
.1'1"/1p'" ..•. ,, 

"13,;'Q 

81'1"I'R , 
8',,'/1S 

SP",;, T 

SP1,' /10 
sp",/w 
SP1,1/lY 

. 
I 

~R.!.!gl!.1!!..t!:.!.~r~.d!....!!N!Co, ' 1' .. 

Rl~257 

R16258 

R,6259 

R,6260 

R,6261 

R,6262 

R1626' 

R16264 

R'62~5 

R16266 

. ., 

\ 
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