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SUMMARY 

Adelaidean strata crop out in three main areas within the Kimberley region: 
(i) in the Mount House district, where they are subhorizontal and rest 

unconformably on the Carpentarian sequence; 
(ii) in the East Kimberley district, where they rest unconformably on rocks of 

probable Carpentarian age and on older rocks; and 
(iii) in the Mount Ramsay Sheet area, where they rest unconformably on the 

Carpentarian sequence and on pre-Carpentarian rocks. 
In the Mount Ramsay Sheet area the sequence is divided into three groups — the 

Glidden, Kuniandi, and Louisa Downs Groups. The most complete sequence is exposed in 
the Louisa Syncline, a large north-plunging syncline, modified by faults, covering much of 
the central and southern parts of the Sheet area. Parts of the sequence are also exposed in 
the McKinnon and O'Donnell Synclines. 

The Glidden Group is of early or middle Adelaidean age; it rests unconformably on 
the Carpentarian succession and, in places, on the Lamboo Complex. The preserved part 
of the Group (its top is eroded) is about 550 m thick and consists essentially of shale, 
siltstone, sandstone, and claystone. It crops out in two small perched synclines north of 
the Glidden Fault. The folds are open structures with dips of 20° to 40° on the limbs. 

The Glidden Group is thought to have been faulted, folded, and eroded before the 
deposition of the Kuniandi Group, which crops out along the western flank of the Louisa 
Syncline and in the McKinnon Syncline. It is not exposed in the O'Donnell Syncline, and 
nowhere are contacts between the Kuniandi and Glidden Groups exposed; but there is 
ample indirect evidence to show that the Kuniandi Group is the younger of the two. 

The Kuniandi Group is up to 1 280 m thick and is made up of tillite (which occurs 
at the base); green siltstone and shale; purple greywacke; quartz sandstone; and other, 
subordinate, rock types. 

The Kuniandi Group is overlain disconformably and, in the subsurface, probably 
unconformably, by the Louisa Downs Group. The Louisa Downs Group is about 4 000 m 
thick and crops out extensively in the Louisa and O'Donnell Synclines. It consists of 
shale, siltstone, subgreywacke, quartz sandstone, a variety of carbonate-bearing rocks, and 
- either at or near the base — tillite. The succession therefore includes evidence of two 
distinct glaciations: the Landrigan Tillite in the Kuniandi Group and the Egan Formation 
in the Louisa Downs Group. The former is part of the Moonlight Valley Glaciation, of 
which relics are found elsewhere in the Kimberleys; but no trace of the Egan Glaciation 
seems to have been preserved outside the Mount Ramsay area. 

The strata in the Louisa Syncline have been folded into broad gentle anticlines and 
synclines which trend north-northwest and plunge slightly in the same direction. Some of 
the folding occurred before the deposition of the Cambrian rocks and some after. 
Substantial erosion accompanied the initial folding, particularly in the eastern parts of the 
area. 

The Adelaidean rocks are overlain unconformably by rocks of probable Lower 
Cambrian age. The basal unit is the Lally Conglomerate, which is up to 130 m thick and 
consists of rudites and arenites. It is conformably overlain by the Antrim Plateau 
Volcanics, a series of tholeiitic basalt flows which attain a thickness of at least 1 500 m 
(their top is eroded). 

On lithological and general superpositional criteria, correlations can be drawn 
between the Adelaidean-Cambrian succession of the Mount Ramsay Sheet area and the 
sequences in the Mount House district and East Kimberley region. 
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INTRODUCTION 

In the Kimberley region, a Pre Cambrian sequence containing glacigene rocks was first 
recognized in the Mount House district (Fig. 1) by Guppy (1953) and Guppy et al. (1954). 
Harms (1959, 1965) extended the knowledge of the Mount House exposures and 
discovered rocks of similar age east of Turkey Creek. 

During the systematic mapping of the Kimberley region by the Bureau of Mineral 
Resources and the Geological Survey of Western Australia, these rocks were re
investigated, and the Turkey Creek beds were mapped in a narrow discontinuous belt 
south-southwest to Halls Creek and beyond (Dow, 1965; Dow &Gemuts, 1969). Further 
extensive exposures were also discovered in the Mount Ramsay 1:250 000 Sheet area. 
They were mentioned by Dow & Gemuts, and summarized by Roberts et al. (1968). This 
Report is intended to amplify the descriptions given in the earlier volumes. 

The rock sequence lies in the Upper Proterozoic era in the period named, in Bureau 
of Mineral Resources usage, the Adelaidean Period, which spans the time interval from 
about 1 400 million years to the base of the Cambrian. In the usage of the Geological 
Survey of Western Australia it lies in the Upper Proterozoic Period (900-600 m.y. 
approx.). 

We are indebted to Mr A.R. Turner (Australian Mineral Development Laboratories), 
who provided many of the petrographic descriptions. D.B. Dow, Bureau of Mineral 
Resources, took part in the field work. 
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TABLE 1 - CORRELATION CHART - ADELAIDEAN AND CAMBRIAN ROCK UNITS -
KIMBERLEY REGION 

MOUNT HOUSE DISTRICT 
(Plumb, in prep.) 

MOUNT RAMSAY SHEET AREA EAST KIMBERLEY REGION 
(Dow & Gemuts, 1969) 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY 

Antrim Plateau Volcanics 

Lally Conglomerate 

Antrim Plateau Volcanics CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY 

UNCONFORMITY UNCONFORMITY 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY Louisa 
Downs 
Group 

Lubbock Formation 
Tean Formation 
McAlly Shale 
Yurabi Formation 

Albert 
Edward 
Group 

Flat Rock Formation 
Nyuless Sandstone 
Timperley Shale 
Boonall Dolomite 
Mount Forster Sandstone 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
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E 
A 
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UNCONFORMITY Louisa 
Downs 
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Egan Formation 

Albert 
Edward 
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CAMBRIAN 
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E 
A 
N 

UNCONFORMITY 

UNCONFORMITY UNCONFORMITY 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

Mount 
House 
Group 

Estaughs Formation 
Throssell Shale 
Traine Formation 
Walsh Tillite 

Kuniandi 
Group 

Mount Bertram Sandstone 
Wirara Formation 
Stein Formation 
Landrigan Tillite 

Duerdin 
Group 

Ranford Formation 
Moonlight Valley Tillite 

UNCONFORMITY (?) 
Frank River Sandstone 
Fargoo Tillite 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY 

UNCONFORMITY UNCONFORMITY 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY 

Glidden 
Group 

Maddox Formation 

Forman Sandstone 
Matheson Formation 
Harms Sandstone 

Helicopter Siltstone 

Wade Creek Sandstone 

CAMBRIAN 

A 
D 
E 
L 
A 
I 
D 
E 
A 
N 

UNCONFORMITY 

UNCONFORMITY UNCONFORMITY 
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Fig. 2a. Symbols used in Columnar Sections, Figs 3-9. 
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lig. 2b. Classifications of Sandstones. 
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ADELAIDEAN STRATIGRAPHY 

GLIDDEN GROUP 

The Glidden Group is exposed in two small perched synclines in the central part of the 
Sheet area. The larger syncline forms the Matheson Hills; the smaller lies about 10 km to 
the west and forms the Maddox Hills. The Maddox Hills are designated as the type area 
for the Group (lat. 18°26'S, long. 126°47'E). 

The name is derived from the Glidden River, which flows west past Mount Amherst 
homestead to join the Margaret River about 8 km southeast of Me No Savvy Yard at lat. 
18°30'S, long. 126°38'E. 

The Group contains four formations, the Harms Sandstone, Matheson Formation, 
Forman Sandstone, and Maddox Formation. 

Stratigraphic Relationships: The Group rests unconformably on formations low in the 
Kimberley Basin succession and on rocks of the Halls Creek Group and Lamboo 
Complex. It is unconformably overlain by the Egan Formation, the lowermost unit of the 
Louisa Downs Group. The relationships between the Glidden and Kuniandi Groups 
cannot be demonstrated because their exposures are widely separated. However, their 
contrasting compositions make it seem unlikely that they are contemporaneous. The 
Glidden Group bears a strong lithological resemblance to the Wade Creek Sandstone and 
Helicopter Siltstone (Dow & Gemuts, 1969) of the East Kimberley district, which 
unconformably underlie tillite that is regarded as the stratigraphic equivalent of the 
Landrigan Tillite; so the Glidden Group probably antedates the Kuniandi Group and was 
eroded before the latter was laid down. Preliminary age determinations support this 
conclusion (V.M. Bofinger, pers. comm.). 

Lithology and Thickness: The maximum preserved thickness of the Group is about 550 
m; its lithology is discussed under the formation headings. The main features of the 
stratigraphic column are shown in Figure 3. 

M A D D O X 

F O R M A T I O N 

F O R M A N 

S A N D S T O N E 

M A T H E S O N 

F O R M A T I O N 

H A R M S 

S A N D S T O N E 

>0 Shalt, siltstone 

Feldspothic sandstone, siltstone 

67 Quorli sandstone 

Sub -greywacke, feldspothic sandstone, 
siltstone, snot* 

t z C/aystone 

no Sho/e, sub-greywocte, siltstone 

45 Shale, siltstone 

2 4 Siltstone, ouarti sandstone 

24 Ouart/ sandstone 

I t Shale 

i t Quartz sandstone 

Fig. 3. Generalized Columnar Section - Glidden Group. Key to Lithological Symbols is given in 
Fig. 2a. 
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Harms Sandstone 
The Harms Sandstone is exposed in both the Matheson and Maddox Hills. The most 
complete section crops out in the southern part of the Matheson Hills, which is 
designated as the type area (lat. 18°25'S, long. 126°53'E). The name is derived from 
Harms Creek, which joins Dead Horse Creek at lat. 18°25'S, long. 126°47'E. 

Stratigraphic Relationship: The Harms Sandstone rests unconformably on the Kimberley 
Basin succession and older rocks. The base is marked by an unconformity and the top is 
drawn where arenite gives way to closely interbedded lutite and arenite. 

Lithology and Thickness: The Sandstone has been examined in two main areas — in the 
Matheson Hills, and along Dead Horse Creek where it cuts through the Maddox Hills. In 
the type area the unit is not fully exposed — less resistant beds in the middle of the unit 
are covered in rubble. A section from this area is: 

Thickness 
(m) Matheson Formation over 
24 Quartz sandstone,* blocky, thin to thick-bedded, moderately well 

sorted, fine to medium-grained, with a silica matrix. Grainsize increases 
upwards. Ripple marks and inconspicuous cross-beds common; 
prominent large ripples and bedding rolls near top. Black minerals in 
some zones. 

18 No outcrop 
18 Quartz sandstone, white to pink, fine to medium-grained, with a silica 

matrix; minor quantities of clay grains after feldspar. Ripple marks near 
top; cross-beds inconspicuous. 

60 
— Underlain by Halls Creek Group. 

In the Maddox Hills the same subdivisions are recognizable and the same order of 
thickness applies. The lowermost beds in this area contain abundant clay pellets which in 
places give the outcrops a pockmarked appearance. The upper part of the less resistant, 
middle, subdivision is exposed and consists of purple laminated shale with rare green 
laminae and minor thin inter beds of purple siltstone. This lithology is probably 
representative of most if not all of the middle subdivision. 

The uppermost subdivision in the Maddox Hills consists of: 
Thickness 

(m) 
18 Quartz sandstone, orange-surfaced, white, moderately sorted fine to 

coarse, with scattered black mineral grains. Matrix of silica with a little 
clay. Pink towards top. Cross-beds common. 

6 Quartz sandstone, purple, blocky, fine-grained, with matrix of silica and 
iron oxide dust. 

24 

In thin section the uppermost quartz sandstone consists of numerous subrounded to 
rounded quartz grains which have a wide size distribution, tending to bimodal, in the 
range 2.1 to 0.26 mm. The coarser fraction is concentrated into laminations associated 

* The sandstone classification used in this report is shown in Appendix 1 and the nomenclature 
applied to stratification and parting intervals is defined in Figure 2. 
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with grains of the finer fraction, but sorting is only moderate. Detrital quartz forms 95 
percent of the rock; most of the voids are occupied by silica cement or quartz 
overgrowths. The original grain shape is invariably preserved by a coat of either finely 
disseminated iron oxides or clay minerals which have recrystallized on diagenesis to 
sericite and chlorite. Detrital tourmaline grains are randomly distributed throughout the 
specimen. 

Matheson Formation 
The Matheson Formation crops out in both the Matheson and Maddox Hills; the southern 
part of the Matheson Hills is designated as the type area (lat. 18 25'S,long. 126 53'E). 

Stratigraphic Relationships: The Matheson Formation lies conformably between the 
Harms Sandstone and the Form an Sandstone. The base of the unit is marked by the 
appearance of closely interbedded lutites and arenites in the column, and the top is 
marked by the appearance of quartz sandstone. 

Lithology and Thickness: The Formation consists predominantly of shale, siltstone, and 
claystone, with subordinate arenaceous interbeds. The sequence in the type area is: 

Thickness 
(m) Forman Sandstone over: 
76 Subgreywacke, purple and grey, flaggy, laminated to thick-bedded, 

fine-grained, and ferruginous feldspathic sandstone, micaceous in part. 
Seen elsewhere to be interbedded with dark gray laminated shale and 
siltstone. Sandstone cross-bedded. 

82 Claystone, white to cream, pale pink-grey and rarely black, very 
regularly laminated, with notably smooth bedding surfaces. Massive and 
cherty near base, but becomes flaggy after first 6 m. Limonite staining 
along joints and manganese encrustations are common in some 
exposures. 

113 Shale, black, laminated, interbedded with grey fine-grained 
subgreywacke, pyritic in places, and black laminated micaceous 
siltstone. Dolomite may be present in matrix. Bedding rolls and current 
ripple marks fairly common in sandy beds. 

46 Shale and siltstone, dark green and black, finely laminated, containing 
flakes of authigenic mica, and, in places, scattered quartz grains. Very 
minor interbeds of greenish grey fine and medium-grained quartz 
sandstone and subgreywacke. Black shale mainly near base. 

24 Siltstone, purple and olive-green, thinly flaggy to fissile, laminated, 
slightly micaceous, interbedded with purple flaggy thin-bedded to 
laminated medium-grained quartz sandstone with a silica matrix; up to 
2 percent limonite pellets. Bedding rolls and large-scale current ripple 
marks common. 

330 over Harms Sandstone. 

Three thin sections of laminated claystone from the 82 m sequence show that the 
rock consists of crypto crystalline siliceous material, throughout which partly 
recrystallized argillaceous minerals and iron oxides are distributed. Concentration of the 
iron oxides imparts the lamination to the rock. Micaceous components are derived from 
the re crystallization of clay minerals and include sericite, chlorite, and poorly developed 
muscovite. The sericite is concentrated into very thin layers as well as disseminated 
throughout the rock. Carbonaceous material may be present in the darker rocks. 



In the Maddox Hills the formation is not as well exposed as in the type area, but 
the sequence appears to be essentially the same. 

Forman Sandstone 
The Forman Sandstone is exposed in the central part of the Matheson Hills and in the 
Maddox Hills. The type area is in the southern part of the Matheson Hills (lat. 18°25'S, 
long. 126 53 , E). The name is derived from Forman Creek, which joins the Glidden River 
at lat. 18°27'S, long. 126°53'E. 

Stratigraphic Relationships: The Forman Sandstone lies conformably between the 
Matheson Formation and the Maddox Formation. Quartz sandstone marks the base of the 
unit and the top is marked by the appearance of siltstone. 

Lithology and Thickness: In the type area the unit is 67 m thick and consists of white 
fine-grained quartz sandstone with a silica matrix; it is massive to blocky, thick-bedded 
and well sorted. Black minerals are concentrated in some bands. Apart from bedding no 
sedimentary structures were found. 

The sandstone consists of rounded to subrounded detrital quartz grains 0.15 to 
0.45 mm across. The grains have been cemented by quartz overgrowths; they contain 
minute acicular inclusions of apatite and finely powdered opaque minerals. Altered 
detrital pyroxene grains are randomly distributed throughout the rock. 

In the Maddox Hills the formation consists predominantly of sandstone identical 
with that in the type area, but near the top iron oxide coats the grains (giving the rocks a 
purple coloration), and large-scale ripple marks and bedding rolls are conspicuous. 

Maddox Formation 
The Maddox Formation is moderately well exposed along the course of Dead Horse Creek 
where it cuts through the Maddox Hills — the type area (lat. 18°26'S, long. 126°47 ,E) — 
but is only very poorly exposed in the Matheson Hills. 

Stratigraphic Relationships: The Maddox Formation conformably overlies the Forman 
Sandstone and is unconformably overlain by the Egan Formation. The base is marked by 
the presence of siltstone; the top is eroded. 

Lithology and thickness: The maximum preserved thickness of the Maddox Formation is 
approximately 90 m (in the Maddox Hills). The lower third of the section in the Maddox 
Hills consists of purple and grey flaggy fine-grained slightly micaceous feldspathic 
sandstone, interbedded with purple siltstone. Clay pellet impressions and mud-cracks are 
common. The upper two-thirds consists of black shale, interbedded with black laminated 
micaceous siltstone. The siltstone occurs in beds from 2.5 to 5 cm thick and makes up 
about 30 percent of the total thickness; bedding rolls, mud-cracks, and large and 
small-scale current and oscillation ripple marks are common in the siltstone. 

The siltstone consists of numerous quartz grains from 0.02 to 0.09 mm across, set 
in an ironstained partly foliated micaceous groundmass. A laminated texture is imparted 
to the rock by concentrations of finely disseminated iron oxides in the micaceous masses. 
The quartz grains have become considerably elongated, and silica has been deposited in 
voids between them. Accessory ?microciine feldspar fragments are found throughout the 
rock, together with aggregates of sericite and chlorite which may represent altered 
feldspar. Scattered plagioclase grains are also found. The principal micas are muscovite 
and sericite; minor amounts of chlorite are also present. The micas and iron oxides, which 
accentuate the laminations in the hand specimen, have made the rock somewhat fissile. 
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Dark grey cone-in-cone limestone occurs in the upper part of the unit as sporadic 
flat dome-shaped bodies, which are circular in plan and up to 60 cm in diameter, and 5 to 
8 cm thick. 

In the Matheson Hills only the lowermost beds of the formation are exposed. 

KUNIANDI GROUP 

The Kuniandi Group is exposed along the Kuniandi Range; in an area west of Hells Gate; 
and in the McKinnon Basin, near the northern margin of the Sheet area. Further 
exposures of rocks thought to belong to the Kuniandi Group occur near the southern 
margin of the Sheet area, to the east of Christmas Creek. 

The name of the Group is derived from the Kuniandi Range (lat. 18°39'S, long. 
126 36'E) a series of north-northwesterly strike ridges west of Louisa Downs homestead. 

The Group is made up of four formations, the Landrigan Tillite, Stein Formation, 
Wirara Formation, and Mount Bertram Sandstone. 

Stratigraphic Relationships: The Kuniandi Group rests unconformably on the Kimberley 
Group, the Halls Creek Group, and the Lamboo Complex. It is overlain at least 
disconformably and probably (subsurface) with angular unconformity by the Louisa 
Downs Group. It is not co-exposed with the Glidden Group but is thought to be much 
younger, and separated from it by a long period of erosion (see p . 38). 

Lithology and Thickness: The Kuniandi Group consists essentially of tillite, greywacke, 
siltstone, shale, and quartz sandstone. It has been studied at six main localities; these are 
shown on the map by numerals with a prefix K. The stratigraphic sequence at each 
locality is shown diagrammatically on Figure 4. All thicknesses shown on Figure 4, except 
those of Section K l , which was measured, are based only on air-photo estimates and visual 
inspection. The maximum preserved thickness of the Group, 1 024 m, is found in the 
northern part of the Kuniandi Range. The sum of the maximum thicknesses of each of 
the formations is 1 280 m. 

Landrigan Tillite 
The Landrigan Tillite crops out along the western margin of the Kuniandi Range and 
along the northern and southwestern parts of the McKinnon Syncline. 

Landrigan Creek, which joins Christmas Creek at lat. 18°50'S, long. 126°24'E, 
gives its name to the formation; the type area is 20 km west-northwest of Louisa Downs 
homestead (section locality K3, lat 18 37'S, long. 126°33'E). 

Stratigraphic Relationships: In the Kuniandi Range area the Landrigan Tillite rests 
unconformably on the Lamboo Complex and Halls Creek Group, and in the McKinnon 
Syncline it rests unconformably on sedimentary and basic volcanic rocks of the 
Kimberley Basin succession. The formation is overlain conformably by the Stein 
Formation except in the southwestern part of the McKinnon Syncline, where it is overlain 
with apparent conformity by the Wirara Formation. 

t h e base of the Tillite is marked by an unconformity; the top is taken to be at the 
point where tillite or dolomite gives way to well stratified arenite or lutite. 

Lithology and Thickness: Over most of its outcrop area the formation consists 
predominantly of tillite, generally capped by thin beds of dolomite; but in the northern 
part of the Kuniandi Range a thick lens of sandstone and siltstone is intercalated in the 
tillite. The thickness of the formation ranges from 11 m in the southern part of the 
Kuniandi Range to 335 m in the northern part. 

10 
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Fig. 4. Stratigraphic Sections - Kuniandi Group. Section localities are shown on Plate 6. Key to lithological symbols is given in Fig. 2a. 



At the type locality the following sequence is present: 

Thickness 
(m) Stein Formation conformably over 

150 Tillite, consisting of boulders (2%), cobbles (10%), and pebbles (8%) of 
silicified quartz sandstone and rarely granite and stromatolitic dolomite, 
set in a massive unstratified red-brown to pink predominantly clayey 
matrix (80%). 

30 Thin bed of pebble conglomerate underlain by purple to white blocky 
coarse-grained feldspothic sandstone interbedded with red flaggy 
micaceous siltstone. 

30 Siltstone, pink to yellow, thinly flaggy, finely laminated, containing 
slump structures and graded beds. Consists of fine-grained quartz 
fragments in matrix of primary detrital muscovite, sericite, and chlorite. 
Poorly developed graded bedding in allogenic quartz fraction. 
Lamination emphasized by change in grainsize and quartz/clay ratio; 

30 Feldspothic sandstone, purple to white blocky, friable, coarse-grained, 
poorly sorted, underlain by a thin basal pebble conglomerate. 
Sandstone of subangular poorly sorted quartz grains, subordinate 
decomposed feldspar and fine-grained volcanic rock fragments, and rare 
detrital tourmaline, in matrix rich in chlorite, sericite, and saussurite. 

90 Tillite, purple (slightly ferruginous), massive, unstratified, slightly 
indurated clay and silt containing randomly distributed clasts ranging 
from very fine sand to 2 m boulders (PI. 1, figs 1, 2). 

3 Quartz sandstone, massive to blocky, thin to thick-bedded, 
medium-grained. Contains silt pellets at top and becomes slightly 
feldspathic. Strongly cemented by secondary silica overgrowths. 
Scattered quartz granules in some zones. 

333 

Lamboo Complex 

In the lower tillite most of the clasts are ovoid and at least 80 percent are within 
the 5-15 cm size range. The megaclasts appear to be larger and more common than in the 
upper part; most are of quartz sandstone, though rare dolomite clasts are present. Many 
of the megaclasts are polished, some are striated, and a few are faceted. 

In the upper tillite the megaclasts are ovoid to angular and are scattered randomly 
throughout the matrix, although the dolomite and granite megaclasts tend to occur in 
bands. They could have been either dropped or rolled into place and are not 
preferentially oriented. The largest boulders are about 2 m across, but most of the 
megaclasts are from 1 to 3 cm across; many are polished, but few are striated or faceted. 

The 90 m sequence of sandstone and siltstone intercalated in the tillite thins out 
and disappears to the south; this is probably lensing, but it is possible that the beds were 
truncated by erosion before the overlying tillite was deposited. 

The quartz sandstone at the base of the unit extends intermittently along most of 
the northern part of the Kuniandi Range and in places is 15 m thick. 

To the south of the type section, at locality Kl (7 km west of Louisa Downs 
homestead) the unit is 11 m thick and is made up of 2 m of tillite, which occurs at the 
base, and 9 m of dolomite. 

The tillite consists of boulders, cobbles, and pebbles of white, black, and red quartz 
sandstone and rare igneous rocks, set in a massive green chloritic clayey matrix. Many of 
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the megaclasts are polished, some are striated, and a few are faceted. Most, particularly in 
the 5 cm and over size range, are ovoid, but angular clasts are also common. 

The overlying dolomite is cream, blocky to flaggy, and laminated; in thin section it 
can be seen to consist of euhedral to subhedral recrystallized carbonate grains. The 
laminations are due to the alternation of crystalline and non-crystalline carbonate. The 
dolomite contains vague megascopic structures which could possibly be of algal origin. 

To the south of section locality Kl the tillite is not present and the dolomite rests 
directly on the 'basement' rocks. To the north the dolomite becomes a purple thinly 
flaggy, finely laminated rock and contains thin partings of purple siltstone and shale. 

In the McKinnon Syncline tillite and dolomite are again the main rock types 
represented in the formation. 

The tillite is 30 to 60 m thick and consists of boulders (50%), cobbles (30%), and 
pebbles (20%), set randomly in a massive, unstratified red-brown or green clayey matrix. 
Towards the base the boulders are smaller and more angular, and the rock contains 
pebbles and subordinate cobbles set in a fine-grained sandy matrix. The megaclasts are 
generally ovoid; many are well polished and rare cobbles and boulders are striated or 
faceted. 

A thin section of tillite from near the base of the unit consists of subrounded to 
angular pebble aggregate set in a fine-grained ferruginous and arenaceous matrix which 
contains subrounded to angular detrital quartz grains, altered feldspars, and clay minerals. 
The megaclasts include quartz sandstone, arkose, fine-grained acid igneous rocks, dolerite, 
and oolitic dolomite. 

The boundary between the tillite and the overlying dolomite is sharp. The dolomite 
is generally about 9 m thick, but in a few places (for example Section K6) it is absent. 
The rock is a purple to pink flaggy thinly laminated silty dolomite. In thin section it can 
be seen to consist of microcrystalline dolomite and randomly distributed silt-sized detrital 
quartz grains (2%) and opaque minerals. Laminations are defined by the variable coating 
of finely disseminated iron oxides on the dolomite. The iron oxide gives the characteristic 
purple coloration to the rock. 

Glaciated Pavements: At two localities (lat. 18°03'40", long. 126°35'15"; lat. 18°00'40", 
long. 126°44'50"), along the northern flank of the McKinnon Syncline the Landrigan 
Tillite rests on polished, grooved, and striated bedrock. The bedrock consists of quartz 
sandstone with a strong silica cement, and as a result the pavements are very well 
preserved, although neither is exposed over more than a few square metres. In both 
pavements the grooves and striae trend almost due west, and although the evidence is 
inconclusive we interpret quarried faces in the eastern pavement as suggesting ice 
movement from the east. 

Stein Formation 
The Stein Formation crops out along the Kuniandi Range and in the McKinnon Syncline. 
Its type area is in the Kuniandi Range, 14 km at 337° from Louisa Downs homestead 
(section K2 locality, lat. 18 40'S, long. 126 34'E), and its name is derived from Stein 
Creek, which joins the Margaret River at lat. 18°4Q'S, long. 126°40'E. 

Stratigraphic Relationships: The formation lies conformably on the Landrigan Tillite and 
is overlain with apparent conformity by the Wirara Formation. The base is marked by a 
change in lithology from either tillite or dolomite to well stratified arenite or lutite. The 
top is marked by the appearance of green siltstone, sandstone, and shale. 

Lithology and Thickness: The formation consists predominantly of purple greywacke and 
its maximum thickness is 210 m. 
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In the Kuniandi Range area the formation consists mainly of purple flaggy 
thin-bedded poorly sorted coarse-grained greywacke with a ferruginous matrix. A 1-m 
zone of transition is commonly present at the base. The transitional sequence is well 
stratified and consists of pebbly greywacke, closely interlayered with fine to 
medium-grained greywacke. The pebbly greywacke is similar in composition to the 
underlying tillite. 

The greywacke which makes up the bulk of the unit can be seen in thin section to 
contain rounded and angular poorly sorted grains of quartz, severely altered feldspar, and 
rare fine-grained rock fragments set in a mica-rich ferruginous matrix. 

In the.Kl Section the lowermost 26 m of the unit consists mainly of green fissile to 
thinly flaggy laminated shale and siltstone. In thin section the shale can be seen to consist 
of well sorted grains of quartz and altered feldspar, set in a matrix rich in muscovite, 
sericite, and chlorite. Iron oxides are disseminated through the rock and euhedral grains 
of pyrite are present. Towards the base of this sequence beds of green flaggy thin-bedded 
sandstone become common. The sandstone consists of well sorted angular quartz grains 
and subordinate plagioclase, microcline, and tourmaline fragments set in a partly 
recrystallized clay matrix. 

Graded beds are common and rare cross-beds and ripple marks also occur. The 
formation is 210 m thick 5 km west of Bullock Paddock Bore, and thins to both south 
and north. In the central part of Kuniandi Range it has been deformed into axial plane 
folds with a plunge of 10° to the south. 

In the McKinnon Syncline the dominant rock is a purple blocky thin-bedded poorly 
sorted ferruginous coarse-grained greywacke, interbedded with purple fissile siltstone and 
shale. Towards the top, thin-bedded red to purple flaggy greywacke appears. Sedimentary 
structures include ripple marks, slump structures, graded bedding, and elongate 
needle-like casts of unknown origin. 

In thin section the greywacke shows poorly sorted angular to subangular quartz 
grains, altered feldspar and pyroxene fragments, fine-grained volcanic rock fragments, and 
rare detrital calcite and tourmaline grains, set in a matrix of chlorite, sericite, and opaque 
minerals. Finely disseminated iron oxides impart the characteristic purple coloration to 
the rock. 

Wirara Formation 
The Wirara Formation crops out along the Kuniandi Range, in the McKinnon Syncline, 
and in an area west of Hells Gate. Its name is derived from Wirara Creek, a tributary of 
the Margaret River, and its type area is 18 km at 303° from Louisa Downs homestead 
(section K3, lat. 18°37'S, long. 126°34'E). 

Stratigraphic Relationships: The formation rests with apparent conformity on the Stein 
Formation except in the southwestern part of the McKinnon Syncline, where it rests with 
apparent conformity on the Landrigan Tillite. It is conformably overlain by the Mount 
Bertram Sandstone. The base is marked by the appearance of green siltstone, sandstone, 
and shale, and the top by a change in lithology from lutite to arenite. 

Lithology and Thickness: The formation consists predominantly of green laminated 
siltstone and shale and has a maximum thickness of 490 m, in the northern part of the 
Kuniandi Range. 

In the Kuniandi Range green fissile to thinly flaggy laminated shale and siltstone 
make up the major part of the unit. Thin beds ci green fine-grained pyritic sandstone 
become common as interbeds near the base of ihe unit. The uppermost beds of the 
formation consist of purple fissile to thinly flaggy laminated micaceous siltstone with thin 
interbeds of fine-grained purple sandstone. 
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Along part of the Kuniandi Range the Wirara Formation is folded about a steeply 
dipping, closely spaced, axial plane (slaty) cleavage; these folds plunge 10° to the south. 
In the more deformed areas detrital quartz grains in the siltstone have been rotated and 
aligned (together with secondary sericite, muscovite, and chlorite) parallel to the axial 
plane cleavage. 

In the Hells Gate District the Wirara Formation consists of poorly outcropping 
green to grey cleaved fissile to thinly flaggy chloritic shale and siltstone (Section K4, Fig. 
4). The base of the formation is not exposed. 

In the McKinnon Syncline the formation is represented by poorly outcropping 
fissile, finely laminated green to grey shale with thin partings of a green cherty siltstone 
and fine-grained flaggy sandstone. The sandstone is current-bedded and contains small 
chert lenses and pyrite; subordinate purple shale partings were noted at the top of the 
unit. Only the basal part of the formation is exposed in this area. 

Mount Bertram Sandstone 
The Mount Bertram Sandstone crops out along the Kuniandi Range and the J13 ridge 
north of Hells Gate. The name of the unit has been derived from Mount Bertram (lat. 
18°38'S, long. 126°35'E) and its type area is 18 km at 305° from Louisa Downs 
homestead (section K3 locality, lat. 18 37'S, long. 126°34'E). 

Stratigraphic Relationships: The Sandstone rests conformably on the Wirara Formation 
and is overlain probably unconformably by the Egan Formation, the basal unit of the 
Louisa Downs Group. The base of the unit is marked by the appearance and the top by 
the disappearance of arenite. 

Lithology and Thickness: The Mount Bertram Sandstone consists mainly of dominantly 
flaggy and thin-bedded, well sorted, fine-grained purple micaceous sandstone. The matrix 
is ferruginous. Towards the base purple fissile shale and siltstone interbeds are present. 
Oscillation ripple marks and clay pellet cavities occur throughout. 

In thin section the sandstone shows equigranular angular to subangular detrital 
quartz grains and rare tourmaline fragments set in a matrix of muscovite, sericite, 
chlorite, and disseminated iron oxides. The ferruginous minerals are concentrated along 
the boundaries of individual grains. 

In Section K l the unit is 180 m thick. In Section K3 it is roughly estimated to be 
120 m thick and in K4 locality 180 m. 

Undifferentiated Kuniandi Group 
In the south-central part of the Sheet area, to the east of Christmas Creek, sedimentary 
rocks rest unconformably on the Halls Creek Group, and are unconformably overlain by 
the Egan Formation. Some of the rocks in this area closely resemble rocks of the 
Kuniandi Group; others appear to be atypical. The beds may belong to the Kuniandi 
Group and for convenience they have been mapped as 'Undifferentiated' Kuniandi 
Group. They are generally poorly exposed and were faulted before the Egan Formation 
was deposited. 

In the easternmost exposures, in a northeasterly plunging syncline, the following 
succession is present: 

Thickness (Top not exposed) 
(m) 
60 
45 

150 

Poorly exposed, not seen in outcrop. 
Quartz sandstone, white, medium-grained, siliceous. Strongly resistant. 
Siltstone, purple, finely laminated. 
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Thickness 
(m) 
60 Pebble conglomerate, brick red, blocky. Pebbles up to 1 cm in diameter 

in a ferruginous clay-silt matrix. Poorly resistant. 
30 Quartz sandstone, pink, coarse-grained, poorly sorted, may be slightly 

feldspathic. Matrix of clay stained with iron oxide. Poorly resistant. 
60 Quartz sandstone, white to pink, strongly cleaved and silicified, 

medium-grained. Strongly resistant. 
405 

Halls Creek Group 

The basal sandstone bed (which resembles the sandstone at the base of the Landrigan 
Tillite) can be identified at several localities to the west, but the overlying coarser-grained 
less resistant bed$ appear to be interbedded with leached laminated siltstone. In some of 
the western exposures the basal sandstone appears to be overlain by up to 30 m of flaggy, 
laminated grey-green cherty siltstone resembling the Wirara Formation, but the rocks may 
have been brought into juxtaposition by faulting. 

LOUISA DOWNS GROUP 

The Louisa Downs Group crops out extensively in the Mount Ramsay Sheet area. 
Exposures occupy large tracts of country in the central and south-central parts of the 
area, and extend, as outlying faulted wedges, into the northeast. Outlying exposures lie in 
the core of the O'Donnell Syncline. 

Type areas are designated fpr each of the Group's component formations, and since 
these are at widely separated localities, no Group type area is nominated. The name is 
derived from Louisa Downs pastoral lease. 

The Group contains five formations, the Egan and Yurabi Formations, the McAlly 
Shale, and the Tean and Lubbock Formations. 

Stratigraphic Relationships: The Louisa Downs Group overlies the Kuniandi Group with 
disconformity and, subsurface, with probable unconformity; it is unconformably overlain 
by the Lally Conglomerate, which is of probable Lower Cambrian age. Local 
disconformities occur within the Egan Formation and between the Egan and Yurabi 
Formations. 

Lithology and Thickness: The Group consists predominantly of shale, subgreywacke, and 
siltstone; tillite and associated carbonate-bearing rocks (which occur at the base of the 
Group) and beds of quartz sandstone, arkose, and pebble conglomerate are important 
marker units, but make up only a small part of the total thickness. 

The maximum observed thicknesses of each of the component formations combine 
to give a total thickness of about 4 000 m, but the top of the succession has been eroded 
and the original thickness may have been greater. 

A generalized columnar section of the Group is given in Figure 5. 

Egan Formation 
The Egan Formation is known only in the Mount Ramsay Sheet area. It crops out in two 
main areas — one occupies the core of the O'Donnell Syncline (PI. 2, fig. 1), and the other 
is to the south, around the margins of the Louisa Syncline. Small, isolated exposures 
occur east of Lilly Hole Bore, around Pavement Hill, and in an area several kilometres east 
of Lilly Lagoon. 
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M e t r e s 

L U B B O C K 
F O R M A T I O N 

1 9 0 0 + 
Grey, green and purple siltstone 

sub - greywacke, shale 

T E A N F O R M A T I O N 1 2 0 
Feldspothic sandstone, sub - greywacke, 

M c A L L Y 

S H A L E 
1 5 0 0 Black, grey and green shale 

Y U R A B I 

FORMATION 

E G A N 
F O R M A T I O N 

2 1 0 
Quarti sandstone, feldspothic sandstone, 
siltstone, shale, dolomitic siltstone, 

' r^-'Tp';^ sandy dolomite 

3 5 4 
Tillite, arkose , dolomite, limestone, 
sandstone, siltstone, shale 

W / A 2 3 0 

Fig. 5. Generalized columnar section - Louisa Downs Group. Thickness of Egan Formation derived 
from combination of maximum thicknesses of subdivisions. 
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Fig. 6b. Stratigraphic sections - Egan Formation. 



The most readily accessible exposure is in the Egan Range, where it is crossed by 
the Great Northern Highway (lat. 18 34'S, long. !27°06'E). Although the section at this 
locality does not include all the rock types of the formation, it does contain the best 
exposures of tillite (an important component of the unit) and for this reason has been 
designated the type section. The name is derived from the Egan Range (lat. 18°35'S, long. 
126 05'E). 

Stratigraphic Relationships: The Egan Formation is the lowermost formation of the 
Louisa Downs Group. It rests unconformably on the Glidden Group and older rocks, and 
is thought to rest with disconformity and possibly unconformity on the Kuniandi Group. 
No direct evidence of angular unconformity between the Egan Formation and Kuniandi 
Group has been found in the Kuniandi Range, but there is good evidence of 
disconformity. Near the southern-central margin of the Sheet area, rocks which have been 
mapped as 'Undifferentiated Kuniandi Group' are overlain with angular unconformity by 
rocks of the Egan Formation. 

The unit is overlain with at least local disconformity by the Yurabi Formation; 
aspects of this relationship will be discussed in a later section. The base of the unit is 
marked by an unconformity and the top by the base of a bed of medium-grained quartz 
sandstone. 

Lithology and Thickness: The Egan Formation contains a great variety of rock types 
which appear to be representative of a wide range of environmental conditions. In an 
attempt to reconstruct the sequence of events responsible for the deposition and 
preservation of the unit, 16 sections were measured through the unit at widely distributed 

S U B 
D I V I 
S I O N 

S E C T I O N L O C A L I T I E S 

W E S T S O U T H 

T~?^z: 

Deposition and erosion of C and D 
prior to E or non - deposition 

Deposition and erosion prior to 
Yurabi Formation, or 

non - deposition I 

Deposition and erosion 
prior to H, or 

non - deposition 

Deposition and erosion prior to C and/or E 
or non-deposition prior to C 

fatso applies to section 16) 

M A X I M U M 

O B S E R V E D 

IN M E T R E S 

Fig. 7. Graphical summary of Egan Formation showing subdivisions. 
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localities. The sections are shown diagrammatic ally on Figure 6; full details of the 
lithology and thicknesses are given in the Appendix and the section localities are shown 
on the map, where they are distinguished by the prefix E. A graphical summary of the 
main features of the unit is given in Figure 7. 

Tillite occurs in many of the sections, and although it is underlain and overlain by 
strata of laterally diverse lithology there is plenty of evidence to suggest that the various 
observed occurrences of tillite are representative of a single phase of glaciation and that 
they were deposited more or less contemporaneously. 

The tillite is shown on Figure 7 as Subdivision C. In the southern and eastern 
exposures of the formation the tillite is underlain by an arenite-lutite-carbonate suite 
which can be divided on the basis of lithology into four rock units, shown on Figure 6 as 
Subdivisions A. A l , B, and B l . The tillite is overlain by a carbonate-arenite-lutite 
sequence which can be subdivided on a simple lithological basis into ten rock units — D, 
D l ; E, E l , E2; F, F l ; G, H, and J. 

The thickness of the Formation ranges from about 30 to 200 m but is generally 
between 50 and 65 m. 

Pre-Tillite Sequence 
Subdivision A consists essentially of massive, thick-bedded white to pale green 
coarse-grained arkose and is present in the sequence only in the south and southeast. It is 
thickest in Section 11 (95 m), but is absent in exposures farther south. It is present in the 
Egan Range as far north as the type section (Section 13), but has not been recognized 
farther north or northwest, where (in Sections 14 and 15 for example) its stratigraphic 
position appears to have been taken by the strata of subdivision A l . A thin bed of sandy 
dolarenite occurs at the base of subdivision A south of Section 13 and can be taken as 
being evidence either that A interfingers with Al or that A is younger than A l . The first 
interpretation is preferred. 

Subdivision Al has been recognized in only two sections — 14 and 15; in both it 
rests directly on the 'basement'. In 14 it is 1.7 m thick and consists of sandy limestone; in 
15 it is 6 m thick and consists predominantly of calcareous sandstone with thin beds of 
dolomite, sandy domomite, and, at the base, sandy limestone. 

In thin sections the calcareous sandstone can be seen to consist of angular to 
subrounded quartz grains (50%) and other acessory minerals set in a calcite cement 
(40%). The other minerals (10%) include altered feldspar and rock fragments, secondary 
granular quarts, muscovite and chlorite laths, and opaque minerals. In some parts of the 
rock the calcite matrix has been incipiently replaced by dolomite. 

In Sections 14 and 15 the quartz-sand/carbonate rocks of subdivision Al are 
succeeded by the comparatively 'pure' carbonate rocks of subdivision B l . 

Subdivision B overlies subdivision A in Sections 11 and 12 and, like A, is not 
known in exposures south of these localities. It is not represented in Sections 10 or 13 or 
farther north. In Section 12 the subdivision is 12 m thick and consists of yellow 
laminated siltstone containing scattered grains of quartz and feldspar sand. The large 
quartz grains (10% of the rock) are extremely irregular and angular in shape and have a 
size distribution in the range 0.2 to 2.5 mm. Fragments of microcline (5%) have a similar 
size range, but are slightly more rounded. Small amounts of rock fragments, now 
composed of sericite, chlorite, and finely disseminated silica and iron oxides, are present. 
The matrix (85%) consists of triturated quartz, feldspar and rock fragments, and 
recrystallized clay minerals. The quartz grains are typically angular and irregularly shaped 
and have a size distribution in the range 0.02 to 0.1 mm. The feldspar grains and rock 
fragments are present only in accessory amounts. The remainder of the matrix consists of 
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sericite, chlorite, muscovite, and a few laths of a pale brown pleochroic ?biotite. The long 
axes of the grains constituting the matrix are oriented so as to impart a poorly defined 
flow structure around the coarser-grained fragments, suggesting that movement took 
place during deposition. The rock is finely laminated owing to the presence of finely 
disseminated iron oxides. 

In Section 11 the subdivision is 37 m thick and consists predominantly of yellow 
laminated siltstone, bearing a close resemblance in hand specimen to the siltstone in 
Section 12, except for the absence of scattered sand-sized grains. In thin section the rock 
can be seen to consist of laminae of clay-sized material alternating with laminae 
throughout which are scattered fine silt-sized grains of quartz. Finely disseminated iron 
oxides tend to be concentrated along the silty laminae. 

Subdivision Bl overlies subdivision A in Section 13 and subdivision Al in Sections 
14 and 15; it has also been identified in section 8. In all these localities the unit is overlain 
by tillite .(subdivision-C). The unit occupies the same stratigraphic interval as subdivision 
B but whether or not the two are time-equivalents is not known. 

The unit consists predominantly of pink, grey, or buff dolomite and only near the 
top in Section 14 are appreciable amounts of terrigenous material present. The dolomite 
is microcrystalline and consists of a compacted aggregate of dolomite grains of very even 
size, together with scattered fine silt-sized grains of detrital quartz; the quartz grains 
rarely constitute more than 2 percent of the rock; in some samples they are concentrated 
along specific bedding planes. Fractures and partings in the dolomite are characteristically 
filled with coarse-grained calcite, which appears to be replacing the dolomite. Finely 
disseminated iron oxides are present in some samples and impart a pink coloration to the 
rock. 

The Tillite 
Subdivision C is a tillite. It is up to 35 m thick (Section 11) and is the first subdivision 
recognizable over some distance (Fig.7). It is assumed that only one tillite occurs in the 
succession, and that it was deposited more or less simultaneously throughout the area. 

In the south (Section 11 and 12) the tillite rests with apparent conformity on 
subdivision B; in sections 8, 13, 14, and 15 it rests with apparent conformity on strata of 
subdivision B l ; in the northeast (section 15) it rests unconformably on pre-Adelaidean 
rocks. In the Kuniandi Range (e.g. Section 10) the tillite rests disconformably on the 
Mount Bertram Sandstone. 

The subdivision is not present in the Section 9 locality, and in the O'Donnell 
Syncline it is present only in Section 1, although it is also known to occur along the 
northern limb of the syncline (near Liga Creek), and in the south at Pavement Hill. In 
the O'Donnell Syncline the tillite rests unconformably on Carpentarian rocks — at 
Pavement Hill and near Section 1 the bedrock is polished, grooved, and striated (PI. 3). 
No pre-tillite sediments are exposed in the O'Donnell Syncline, but if such sediments 
were in fact deposited there, the presence of striated pavements indicates that they were 
removed at least in some places by ice erosion before the deposition of the tillite. 

The tillite is generally poorly exposed; in most places the matrix has been removed 
by erosion, leaving unconsolidated gravels and boulder-strewn soils. However, there are 
enough exposures to indicate that the matrix normally consists of a massive unstratified 
purple or grey-green mixture of clay and silt-sized grains. In some cases (e.g. in Section 
12) the matrix appears, in hand specimen, to consist mainly of silt-sized grains. Erratics 
are scattered more or less at random throughout the matrix, but their concentration, size, 
shape, and composition vary greatly from place to place. The most common erratics are 
boulders, cobbles, and pebbles of silicified quartz sandstone; these generally bear traces of 
polishing and some are striated or bear crescentic gouges. The erratics are 
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characteristically ovoid in outline (particularly in the 5 cm + size range) and less 
commonly are angular. Rare erratics are up to 3 m across, but in most exposures few are 
more than 15 cm. The quartz sandstone erratics are believed on general lithological 
grounds to have been derived largely from the Carpentarian Kimberley Basin succession. 
Erratics of dolomite are present in some areas, but constitute only a minor part of the 
total volume of erratics. Erratics of granite and other igneous rock types are also rare and 
have only been observed in the northeasternmost exposures of the tillite (Section 16). 

The megaclasts do not have any obvious preferred orientation,-but no statistical 
studies of orientation have been made. There is no evidence to indicate whether the 
megaclasts were dropped into position or rolled. 

Thin sections of the tillite, or more precisely the finer fraction of the tillite, show it 
to consist predominantly of material within the clay size range (80% of rock) with 
subordinate amounts in the silt range (5%) and sand range and above (15%) (PL 2, fig. 2). 
The silt and sand grains are scattered randomly throughout the rock. The coarser fraction 
of the clay component consists mainly of angular quartz grains with small amounts of 
calcite and possibly dolomite. The silt and sand grains are extremely ill sorted and 
predominantly angular, although some grains, particularly in the sand range, are rounded 
to well rounded; quartz is the main mineral present and makes up 10 percent of the rock. 
The remaining 5 percent includes grains of micro crystalline calcite; microcry stall ine 
dolomite (some resembling the dolomite of subdivision Bl ) ; quartz sandstone; and 
feldspar. 

In the two most northeasterly sections (15 and 16) thin lenses of dolomitic 
sandstone occur within the tillite. The sandstone consists of numerous angular to 
subangular well sorted detrital quartz and carbonate grains set in a crystalline carbonate 
cement. The detrital fraction has a size distribution in the range 0.05 to 0.25 mm, skewed 
towards the coarser sizes. Finely disseminated iron oxides occur in aggregates throughout 
the carbonate and impart a reddish coloration to the rock. The quartz grains (45%) are 
free of inclusions. Detrital cryptocrystalline dolomite grains (15%) occur throughout the 
rock. 

In Section 15 a small lens of dolomite breccia up to a metre thick occurs 1.7 m 
stratigraphically above the dolomitic sandstone lens. In outcrop the dolomite breccia 
consists of light grey massive dolomite, completely unstratified, containing finely pitted 
dolomite fragments ranging from 6 to 25 mm in size. Some of the fragments are 
rectangular in outline except for slight rounding at the corners, others are completely 
angular, but are bounded by planar faces. In thin section the matrix can be seen to consist 
of a homogeneous mass of cryptocrystalline dolomite containing randomly distributed 
minute grains of quartz. The fragments consist of microcrystalline dolomite and unlike 
their cryptocrystalline host do not contain grains of quartz; minute cavities have 
developed throughout the fragments and produce pits on the weathered surface. 

A few hundred metres north of Section 13 lenses of dolarenite up to 30 cm thick 
occur in the tillite and may be related in a time sense to the lenses described above. The 
dolarenite consists of rounded granules of cryptocrystalline dolomite (75%) set in a 
microcrystalline dolomite matrix (15%), which contains numerous well rounded quartz 
grains (10%). The quartz grains are randomly distributed throughout the carbonate 
cement. 

Post-Tillite Sequence 
Subdivision D overlies the tillite in Sections 8 and 19, and in Section 9 it is thought to 
rest unconformably on rocks of the Lamboo Complex, although the contact could be 
faulted. The subdivision rests on Carpentarian strata in Section 2; it is overlain 
conformably by arenites of subdivision E in Sections 2 and 8, but in Section 9 it is 
overlain disconformably by a distinctive bed of limestone-cemented conglomerate which 
is though to be equivalent to similar beds within subdivision E in the O'Donne 1! Syncline. 
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The subdivision consists of yellow, pink or light grey flaggy or blocky laminated or 
thin-bedded dolomite and is from 5 to 10 m thick. It is strikingly similar to the dolomite 
of subdivision Bl which directly underlies the tillite. In Section 9 a 1.5 m bed of massive 
dark grey limestone lies at the top of the subdivision and indeterminate stromatolites 
occur lower in the sequence. 

Subdivision Dl is believed to be stratigraphically equivalent to subdivision D . It 
rests on subdivision C in Sections 12, 13, and 15. In Section 10 strata overlying the 
dolomite of subdivision D are shown as being part of subdivision D l ; these beds are 
thought to be disconformabiy overlain by the strata of subdivision H. Elsewhere the rocks 
of subdivision D l are disconformabiy overlain by the Yurabi Formation. 

Subdivision Dl consists essentially of fissile purple slightly dolomitic siltstone, with 
local interbeds of pink or yellow blocky dolomite or sandy dolomite. If subdivisions D 
and Dl are, as suggested, time equivalents, it would appear that carbonates predominated 
in the northwest (Sections 8 and 9); that mixed carbonate and siltstone were deposited in 
a belt trending through Sections 10, 13 and 15; and that siltstone predominated in the 
south (e.g. in Section 12). 

In thin sections the dolomite shows a homogeneous mass of cryptocrystalline 
dolomite containing finely disseminated iron oxide. Quartz grains ranging in size from 
0.02 to 0.11 mm are present in most samples and in places make up 10 percent of the 
rock. The grains are generally randomly distributed, but some lie in weakly defined 
laminae. Detrital pellets of cryptocrystalline dolomite which are completely free of 
detrital quartz are present in some samples. 

The southernmost section (Section 12) contains the greatest preserved thickness of 
subdivision D or Dl (12 m), but it probably does not represent the full succession 
because of erosion before the deposition of the Yurabi Formation. 

Subdivision E is confined to Sections 1 to 9 and Section 16: that is, the most 
northerly parts of the area. In Sections 2 to 7 the top of the subdivision is readily 
distinguished because it is marked by a sharp, and probably widely isochronous, 
lithological change. Its top is not represented in Section 8, and in Section 9 the whole 
subdivision appears to be represented by only 1 m of section. 

Subdivision E can in most places be further subdivided into three: a lower 
arenaceous sequence; a median carbonate-rich sequence; and an upper arenaceous 
sequence. 

(i) The lowermost sequence has a maximum thickness of 23 m (in Section 1) and 
consists essentially of interbedded poorly sorted calcareous and dolomitic sandstones and 
quartz sandstone. The carbonate-bearing sandstones consist typically of grains of quartz 
and detrital cryptocrystalline dolomite set in a matrix of calcite or dolomite or, equally 
commonly, both. The coarser quartz grains are invariably well rounded, but finer grains 
are progressively more angular. The grains are generally poorly sorted and in some cases 
are distinctly bimodal; crude graded bedding is common. The grains of cryptocrystalline 
dolomite are generally well rounded and have a size distribution similar to that of the 
quartz. Chert grains generally make up about 5 percent of the rock. The matrix is also 
cryptocrystalline — where calcite is predominant it occurs as interstitial masses, but where 
dolomite is dominant the calcite occurs either in discrete laminae or as fine coatings 
surrounding the detrital grains of quartz. Pale green to yellow-green tourmaline is a 
common accessory mineral. 

Current and oscillation ripple marks have been noted in the strata and small-scale 
and large-scale (possibly aeolian) cross-beds have been observed locally. Well rounded 
granules, pebbles, and, less commonly, cobbles and boulders are scattered through some 
beds, particularly in the lower part of the sequence; the clasts consist of quartz sandstone, 
quartzite, chert, quartz, and dolomite. 
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(ii) The overlying strata are less resistant to erosion and are totally obscured by 
scree in Sections 1 and 2; they do not appear to be represented in Section 4, where their 
place may be taken by pebble conglomerate. In Sections 3, 5, and 7 the beds consist 
predominantly of pink or yellow flaggy to blocky laminated dolomite; the dolomite 
contains conspicuous proportions of terrigenous silt and sand. In Section 6 the less 
resistant beds are represented by a dolomite 9.75 m thick containing cobbles and pebbles 
of quartz sandstone, dolomite, and other rock types. This distinctive rock occurs at the 
top of the less resistant column in Section 5. This suggests that it may have been 
deposited in Section 6 at the same time as the laminated dolomite in Sections 3, 5 and 7. 

In Section 9 subdivision E is thought to be represented by a 1-metre bed of 
conglomerate consisting of rounded or subrounded pebbles, cobbles, and boulders of 
quartz sandstone and limestone (identical with that in the underlying bed) set in a grey, 
sandy, partly oolitic limestone matrix (PI. 4, fig. 1). It is evident from its texture that the 
conglomerate was deposited quickly. The middle sequence of the subdivision in Section 6 
has the same features and the two are thought to be contemperaneous. In both sections 
the clasts may possibly have been dropped from floating ice. 

(iii) The uppermost beds of subdivision E consist mainly of medium-grained flaggy 
to massive slightly calcareous sandstone; they have a maximum thickness of 16 m (in 
Section 2). Scattered pebbles are present in places. Some of the rocks contain detrital 
grains of cryptocrystalline dolomite and in some calcite or dolomite is present in the 
matrix. Cross-beds and current ripple marks are common. 

In the northeast (Section 16) subdivision E consists predominantly of fine to 
coarse-grained quartz sandstone; some of the beds may have originally contained a 
carbonate component in the matrix. A 30 cm bed of conglomerate occurs in the middle 
of the sequence and may be a correlative of similar strata in the northwest. 

Subdivision F consists mainly of pink and yellow flaggy laminated fine sandy and 
silty dolomite and dolomitic siltstone, and is usually poorly exposed. It is preserved only 
in the northern sections (1-7 and 16), though it may have been deposited and later eroded 
elsewhere. The maximum thickness of the subdivision is 12 m (in section 3). 

In thin section the silly and fine sandy dolomite which makes up most of the 
sequence can be seen to consist of cryptocrystalline dolomite containing abundant fairly 
evenly distributed silt-sized and fine sand-sized grains of quartz. The fine laminations are 
due to variations in the carbonate/quartz sand ratio. 

Subdivision G rests conformably on subdivision F in Sections 1-7 and sits 
probably disconformabiy on possible equivalents of subdivision E in Section 9. The unit 
consists predominantly of dark grey flaggy finely laminated silty limestone and fine sandy 
limestone. It is 30 m thick in Section 2 but only 6 m in Section 6: 

In thin section the limestone can be seen to consist of microcrystalline calcite with 
alternate laminae rich in silt-sized or sand-sized quartz grains. Minor aggregates of finely 
disseminated iron oxides are present in the rock. Tourmaline and muscovite occur in 
accessory amounts. 

Subdivision H has been recognized in Section 1-10; at the top of Section 14; 3 km 
east of the Section 14 locality; and south of Section 12, where its stratigraphic 
relationships are obscure. 

Subdivision H rests on subdivision C in Section 14, on D in Section 10, and on E in 
Section 8, and on G in Sections 1-7 and 9, and is therefore disconformable on at least 
some of the older beds; it is not known whether the missing units were not deposited or 
were eroded. The contact between subdivisions G and H is sharp and in some places (e.g. 
in Section 7) is marked by a limestone breccia. 
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The unit consists mainly of massive dark grey limestone. Light grey irregular 
dolomitic bands are conspicuous near the middle of the sequence, and towards the top 
oolitic beds are commonly present. Stromatolites have been noted at the top of the 
subdivision in Sections 5 and 7 and are known to occur at or near the base near Pavement 
Hill. When freshly broken the dolomite commonly gives off a fetid odour, presumably 
because of the presence of sulphides. The dark coloration is probably due to the presence 
of graphite. 

The limestone breccia which occurs locally at the base of the unit consists of 
numerous extremely irregularly shaped fragments of crystalline calcite which are 
crystallographically continuous with a partly dolomitized calcite cement. The 
fragments tend to be elongated, but range in shape from rectangular to subspherical. They 
are randomly oriented. Accessory quartz is distributed throughout the rock. 

The limestone breccia is interbedded with lenticular bands of pink to white 
dolomite which consist of a homogeneous mass of consolidated cryptocrystalline 
dolomite throughout which are distributed minute grains of quartz and finely 
disseminated opaque minerals. 

The overlying massive limestone is laminated and predominantly light grey near the 
base, where it consists of alternate layers of crystalline and microcrystalline calcite with 
accessory amounts of randomly distributed minute quartz grains, and equally randomly 
distributed areas of incipient dolomitization. 

The light grey limestone passes upwards into black massive thick-bedded limestone, 
which consists of numerous oolite-like structures optically continuous with a colourless 
matrix. The oolitic structures are slightly darker than the matrix, and although they have 
no internal structure, were probably originally oolites. 

Bands of light grey dolomite and dolomitic limestone occur in the upper part of the 
unit. In places these contain silt-sized quartz grains and are cross-bedded. The oolitic 
structures become more conspicuous high in the sequence and stromatolites commonly 
occur near the top in a black partly dolomitized limestone containing scattered grains of 
quartz. 

Subdivision J overlies subdivision H with apparent conformity and consists of pink, 
cream, and in places grey, flaggy laminated to thin-bedded silty or sandy dolomite with, 
in places, interbeds of pink and yellow dolomitic siltstone; it is represented in Section 10 
by purple fissile dolomitic shale. The beds have a maximum preserved thickness of 30 m 
in Section 10, but the top may have been eroded. The subdivision is exposed only in 
Sections 1-10; although the beds may have been deposited elsewhere they have not been 
preserved. 

In thin sections the silty dolomite can be seen to consist of cryptocrystalline 
dolomite containing, at regular intervals, laminae in which subround to round detrital 
silt-sized grains of quartz are concentrated. Microscopic current-bedding and ripple 
structures are apparent within the quartz-rich laminae. The sandy dolomite is similar to 
the silty dolomite. 

Yurabi Formation 
The Yurabi Formation is known only in the Mount Ramsa> Sheet area. It crops out in 
the centre, south, and northeast (in the Louisa Syncline) and in the O'Donnell Syncline. 
Readily accessible exposures of the Formation occur near the Great Northern Highway 
where it crosses the Egan Range; the area immediately north of the Highway is designated 
as the type area (lat. 18°34 /S, long. 127°06'E). The name is derived from the Yurabi 
Pastoral District. 
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Fig. 8. Stratigraphic sections - Yurabi Formation. 



Stratigraphic Relationships: The Yurabi Formation overlies the Egan Formation with at 
least local disconformity. It is conformably overlain by the McAlly Shale, but in places 
the boundary is diachronous and the lowest beds of the McAlly Shale grade laterally 
into the uppermost beds of the Yurabi Formation. 

The base of the unit is marked by the appearance of medium-grained quartz 
sandstone containing abundant clay pellets. The top is marked in most areas by a thin bed 
(1.5 — 6 m) of fine-grained pyritic sandstone, but where this bed cannot be recognized, 
the top is taken arbitrarily as the point where silty or shaly strata become predominant. 

Lithology and Thickness: Several sections have been measured in the Yurabi Formation 
as widely scattered localities; the sections are shown diagrammatically on Figure 8. and 
details of the thicknesses and rock types are given in the Appendix. The section localities 
are shown on the accompanying map by a numeral prefixed by the letter Y. 

In most areas the formation can be divided into three, although in the 
northernmost areas the uppermost division becomes indistinguishable from the McAlly 
Shale, and has accordingly been mapped as part of that unit. 

Subdivision I, the lowermost subdivision, consists mainly of sandstone, but 
siltstone and shale become of greater importance to the northwest. Although the 
subdivision generally crops out as a resistant strike ridge or cuesta, it is not always 
possible to assess the relative abundance of the finer-grained rocks; in the type area 
(Section Y6) exposures in road cuttings show a preponderance of siltstone and shale, 
whereas the natural exposures nearby suggest a preponderance of sandstone. 

The subdivision contains a great variety of arenite types and - particularly in the 
south and west - considerable lateral lithological variation is apparent. The lower beds 
are usually white in outcrop, medium-grained, and contain ripple marks, cross-beds in the 
lower part, and abundant clay pellets; the upper arenites are purple-brown, yellow-brown, 
or fawn in outcrop, and although ripple marks are common (notably near the top), clay 
pellets are rare. 

The lower arenites consist typically of detrital quartz grains (85%), feldspar grains 
(3%), and rock fragments (2%), set in a matrix of authigenic quartz and recrystallized clay 
minerals (10%). The quartz grains are generally well sorted and are invariably encased in 
secondary silica overgrowths. The rock fragments are mainly chert or quartz sandstone. 

The upper part of subdivision 1 tends to be more feldspathic, particularly in 
Sections Y3 and Y4. It consists of detrital quartz grains (70%) and altered feldspar grains 
(20%) set in a matrix of recrystallized clay minerals. Rare detrital pyroxene grains have 
been noted in one thin section. 

The subdivision is thickest (75 m) in section Y3; it is notable that this is in the 
general area where the most complete section of the Kuniandi Group is preserved. 

Subdivision II conformably overlies subdivision I and is overlain in places by 
subdivision III. and in other places by the McAlly Shale. The subdivision generally crops 
out poorly and lies at the foot of a dip-slope formed by the arenites of subdivision I, but 
in Section Y3, Y4, and Y5 the rocks are resistant and in part form a strike-ridge. 

Carbonate-bearing strata are well represented in all but the three southernmost 
sections (Y3, Y4. and Y5), where arenites predominate; the two facies are thought to 
inteitongue. The arenites in the southern areas are mainly feldspathic sandstone, but 
subgreywacke and quartz sandstone are represented. The rocks arc purple in outcrop and 
either purple or pink when broken. They are generally blocky or flaggy and either fine or 
medium-grained. Current ripple marks and cross-beds are fairly common. Thin beds of 
fine-grained sandstone and siltstone occur at the base of the subdivision in Sections Y4 
and Y5. 



In Sections Y6 and Y7 subdivision II consists of two parts — a lower, poorly 
exposed succession, and an upper siltstone-shale-dolomite sequence. The lower beds 
consist almost entirely of purple siltstone or shale. The upper beds are predominantly 
purple fissile to thinly flaggy laminated dolomitic (or yellow, ex-dolomitic) siltstone or 
shale, but contain conspicuous more resistant beds of yellow and pink silty dolomite and 
sandy dolomite. The dolomite beds are between 5 and 60 cm thick. 

In Section Y8 similar dolomites are interbedded with sandy strata. In section Yl 
and Y2, and in fact throughout the O'Donnell Syncline, dolomite is more abundant in 
subdivision II than elsewhere. The dolomite is generally flaggy, laminated, and either pink 
or yellow. Sandy laminae and interbeds are common, and large clusters of tabular 
gypsum(?)crystals, of probably primary origin, are locally present on bedding surfaces. 
The sandy laminae commonly display graded bedding. 

The subdivision is thickest (59 m) in Section Y3, where arenites predominate. The 
thickest development of the non-arenite fades (34 m) is in Section Y7. 

Subdivision III conformably overlies II, and although it can be recognized over a 
wide area (for example in and between Sections Y3 to Y7), it cannot be distinguished 
from the McAlly Shale in the north (in Sections Y l , Y2, and Y8). 

Where the subdivision overlies the finer-grained facies of subdivision II it forms a 
gentle rise; where it overlies the arenite facies it forms a gentle slope at the foot of the 
dip-slope. 

The subdivision consists of closely interbedded siltstone, shale, and very 
fine-grained sandstone. In good exposures the rocks are mostly grey, fissile, or thinly 
flaggy and laminated. In poor exposures plates of sandstone obscure all trace of the 
finer-grained rocks. The sandstone is a subgreywacke consisting of numerous angular to 
subangular detrital quartz grains (75%), almost completely recrystallized, set in a matrix 
of rock fragments (10%), recrystallized clay minerals (10%), and detrital and secondary 
iron oxides (5%). The rock fragments have been altered to sericite, chlorite, and opaque, 
minerals. Muscovite occurs as short stumpy laths throughout the rock. 

The top of the subdivision is marked by a resistant 1.75 — 6 m bed of fine-grained 
manganese-stained pyritic sandstone. 

Like both lower subdivisions, subdivision III is thickest (82 m) in Section Y3. 

McAlly Shale 
The McAlly Shale crops out extensively in the Mount Ramsay Sheet area. The main 
exposures are*in the central and southern-central parts, but exposures also occur in the 
Ramsay Range, southwest of Moola Bulla, and in the O'Donnell Syncline. 

The complete section is nowhere exposed. The most complete exposure is along a 
north-flowing stream, north of a point 8 km southeast of Dickie Plains bore, in the 
south-central part of the Sheet area. This is designated the type area (lat. 18°49'S, long. 
126°48'E), even though small-scale faults and flexures and lateritization detract from its 
usefulness. 

The name is derived from the McAlly Hills (lat. 18°30'S, long. 126°55'E), a 
north-trending range northeast of Margaret River homestead. 

Stratigraphic Relationships: The McAlly Shale is part of the Louisa Downs Group. It 
generally conformably overlies the Yurabi Formation, but in places grades laterally into 
it. The Shale is conformably overlain by the Tean Formation. 

The lower boundary is transitional — in the south the top of a thin bed (3 m) of 
fine-grained pyritic sandstone forms a convenient boundary, but elsewhere the base is 
drawn arbitrarily where shale becomes dominant. The top is fixed at a point where pebble 
conglomerate or medium-grained sandstone becomes dominant. 
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Lithology and Thickness: The unit consists of fissile, finely laminated shale with thin 
interbeds of finely laminated siltstone and silty sandstone concentrated near the base. 
Because of poor exposure, and the prevalence of small-scale structural complexities, 
thickness cannot be measured. The best estimate (1 500 m) has been obtained in an area 
27 km south of Mount Tean. 

The shale, which makes up at least 95 percent of the unit, varies in colour from 
black to grey to green; black and grey shales predominate in most areas, but in some 
places, particularly northwest of Louisa Downs, there is a greater proportion of green 
shale. Where the shale has been lateritized, for example in the mesas south and southeast 
of Louisa Downs homestead, the colour ranges from white to brick red. 

Thin sections of the shale show it to consist of partly recrystallized clay minerals 
(95%) throughout which are distributed numerous lenticular aggregates of hydrated iron 
oxides and accessory grains of quartz and laths of muscovite. The rock is generally 
consistently laminated at approximately 2 mm intervals, emphasized by slightly coarser 
grains of quartz. Lenses of iron hydroxides have formed parallel to the laminations, and 
have subsequently been infilled with secondary hydrated iron oxides. The clay minerals, 
where recrystallized, have formed sericite and chlorite: the recrystallization is probably 
entirely diagenetic. 

The interbeds of siltstone and silty sandstone near the base of the unit are typically 
only 2-5 cm thick, and are separated by much thicker shale beds. The siltstone is dark 
grey, laminated, and commonly micaceous. The sandstone interbeds are grey, and fine or 
very fine-grained. 

Apart from rare flow casts, groove casts, and current lineations, bottom structures 
are lacking in the McAlly Shale. Near the base, channel-infillings stand out as raised 
graticules on some bedding surfaces, and shallow circular impressions up to 3 cm across 
(showing no evidence of organic origin) are found in places. Limonite pseudomorphs after 
pyrite are common in some localities. 

Tean Formation 
The Tean Formation is exposed in the central and south-central parts of the Mount 
Ramsay Sheet area. The most conspicuous exposures form the marginal scarp of the 
Lubbock Range. 

The type area is designated as lying along the Great Northern Highway 
(18°43'S, 126°48'E) south of Mount Tean, from which the name is derived. 

Stratigraphic Relationships: The Tean Formation lies conformably between the McAlly. 
Shale and the Lubbock Formation. The base of the formation is placed at the first 
appearance of sandstone or conglomerate. The appearance of coarser-grained rock marks 
the beginning of the transition which ultimately led to the deposition of the Lubbock 
Formation. The top of the unit is marked by a change from resistant fine and 
medium-grained arenites or rudites to poorly resistant interbedded arenites and lutites. 

Lithology and Thickness: Throughout the area the Tean Formation is about 120 m thick. 
The formation contains many rock types, ranging both laterally and vertically. In most 
areas over half the total thickness of the Formation is made up of brown-red fine and 
medium-grained leached feldspathic sandstone and subgreywacke; these beds are generally 
poorly exposed except in the north, where other, more resistant, beds are absent. The 
rocks are generally leached and porous and may origi't.illy have contained carbonate 
minerals. Cross-beds, ripple marks, load casts, and clay pellet impressions occur but are 
not common. In general the abundance of feldspar and its derivatives and the relative 
abundance of the matrix decrease from south to north. 
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In most localities conglomerate makes up about 20 percent of the total thickness of 
the unit. Pebble conglomerate is conspicuous in and south of the type area, but is 
progressively less important to the north. In the south three beds of conglomerate occur 
in most localities, but only two in some. In addition small lenses of conglomerate are 
locally important — these are most common near the base of the unit. The conglomerate 
is characteristically massive and more resistant to erosion than the associated strata. 
Diameters of the clasts range generally from 3 to 25 mm; most are 6 to 12 mm across, and 
occasional pebbles exceed 25 mm. The clasts are well rounded and consist predominantly 
of white and black chert, milky quartzite or quartz, banded quartzite, and black cherty 
quartzite. The ubiquitous association of the white and black pebbles is characteristic of 
the Tean Formation. The matrix, which makes up 10 to 40 percent of the rock, consists 
mainly of fine-grained quartz sandstone; in some places granular silica — possibly of 
secondary derivation — cements the sand grains; in others the matrix is entirely of 
granular silica, and in yet other places chalcedonic silica is the main matrix material. 

Another rock type represented in the Tean Formation is blocky, thick-bedded 
white fine to medium-grained quartz sandstone. Although locally conspicuous, it is not 
present in all exposures; it may grade laterally into conglomerate, but this has not been 
proved. In places quartz sandstone makes up from 10 to 20 percent of the unit. 

The least well exposed rock type is dark grey or grey-green laminated shale, which 
is commonly interbedded with laminated siltstone. The shale is present in all good 
exposures of the formation, but is generally covered by soil. It occurs as interbeds in the 
lower part of the formation and makes up 10 to 20 percent of the total thickness. Good 
exposures of the shale and interbedded siltstone crop out along a tributary of the Glidden 
River 19 km west of north of Margaret River homestead; here scour channels in the shale 
are filled by fine-grained grey subgreywacke. The subgreywacke is commonly slumped, 
and detached slump rolls are embedded in a shale matrix. 

A thin bed of grey-green flaggy dolomite occurs near the top of the unit south of 
Trigonometrical Station C32. 

Lubbock Formation Lubbock Formation 
Exposures of the Lubbock Formation are widespread in the central and southern parts of 
the Sheet area; the main exposures are in the Lubbock Range. No complete sections are 
known; the thickest section is probably west of Christmas Creek, but here exposures are 
generally poor; the best exposures occur in the western part of the Lubbock Range, 
which is designated as the type area (18°36'S,126°42'E). 

Stratigraphic Relationships: The Lubbock Formation conformably overlies the Tean 
Formation and is overlain with regional unconformity by the Lally Conglomerate. The 
base of the unit is marked by the appearance of alternating lutites and arenites. The top is 
eroded. 

Lithology and Thickness: Varying thicknesses of the Lubbock Formation are preserved 
beneath the Lally Conglomerate. The greatest preserved thickness probably lies either in 
the Lubbock Range, or in the southwesternmost exposures, west of Christmas Creek, 
where thickness has been estimated to be 1 800 m. The preserved thickness is much less in 
the Ramsay Range and farther northeast. The reduction in thickness is in part, and 
perhaps wholly, due to erosion before the Lally Conglomerate was laid down. 

The most outstanding characteristic of the Lubbock Formation is its regular 
lithological alternation. The alternation produces a distinctive air-photo pattern and 
permits ready identification of the unit (PL 4 , fig. 2). 

Several hundred alternating sets of subgreywacke and siltstone are present in the 
formation; the sets generally contain 1.5 to 3 m of subgreywacke and 1.5 to 6 m. of 

31 



siltstone. The subgreywacke beds crop out as moderately resistant bars and benches 
between the less resistant siltstones. 

The high porosity evident in most of the subgreywacke may be due to leaching out 
of the more soluble components. In a tributary which joins Christmas Creek 26 km south 
of Louisa Downs homestead the subgreywackes contain appreciable amounts of calcite, 
but the mineral may have been much more widespread and only fortuitously preserved at 
this locality. In general the subgreywacke beds are flaggy or blocky and thin-bedded. 
They consist of fine or medium grained, poorly sorted, generally angular to subangular 
grains of quartz and rare grains of detrital microcline, tourmaline, pyroxene, and 
fine-grained igneous rock, set in a matrix containing varying proportions of decomposed 
feldspar, saussurite, sericite, chlorite, unidentified clay minerals, and rare muscovite. 
Some of the quartz grains contain minute inclusions of tourmaline, apatite, and zircon; 
many are coated with finely disseminated iron oxide which gives the rocks their 
characteristic grey-brown or red-brown colour in outcrop. 

Quartz makes up 55 to 75 percent of the rock. The remainder includes varying 
proportions of feldspar and feldspar decomposition products, and allogenic and 
authigenic matrix materials. Although some of the beds may possibly be feldspathic 
sandstone, and some greywacke, it is thought that the great majority are (or were before 
weathering) of subgreywacke composition. Graded bedding is very common in thin 
sections of the subgreywacke. 

The siltstone is probably of essentially similar composition; it is rarely well exposed 
and its presence is usually signified by grey-black soil In outcrop it is normally thinly 
flaggy or fissile, weakly laminated, and grey or grey-brown, but in some cases it is green 
or purple; shale is commonly interbedded with the siltstone and thin interbeds of fine and 
very fine subgreywacke are also common. 

A few kilometres east of Mount Tean, in the Ramsay Range, and in the Forman 
Creek district, thin beds of purple, pink, and yellow flaggy laminated dolomite are 
present in the Lubbock Formation. In each locality they occur in the lowermost 300 m 
of the succession. 

Large and small-scale cross-beds and ripple marks, as well as graded beds, have been 
noted in arenites in the lowermost parts of the unit near Christmas Creek, and cross-beds 
and ripple marks are abundant near the top of the preserved section southeast of 
Trigonometrical Station J18. The middle part of the unit lacks macroscopic cross-beds 
and ripple marks, but contains many large and small graded beds. Silt pellets are 
commonly present in the arenaceous beds. 

CAMBRIAN STRATIGRAPHY 

The Adelaidean rocks of the Mount Ramsay Sheet area are overlain unconformably by an 
unfossiliferous conglomerate arenite sequence which/is up to 128 m thick, and this in 
turn is conformably overlain by about 1200 m of tholeiitic lavas. The 
conglomerate-arenite sequence is given the name Lally Conglomerate and the lavas have 
been identified as part of the Antrim Plateau Volcanics of Traves (1955), which crop out 
extensively in the East Kimberley district and northeastern Northern Territory. 

In the East Kimberley district the Antrim Plateau Volcanics rest unconformably on 
older rocks and are overlain, with at least apparent conformity, by sediments containing 
lower Middle Cambrian fossils (Traves, 1955). On tlu evidence of these relationships 
Traves assigned the Volcanics to the Lower Cambrian. 

In the Mount Ramsay Sheet area the top of the Antrim Plateau Volcanics has been 
eroded, except perhaps in a small area 16 km south of Louisa Downs homestead, where 
small outcrops of unfossiliferous limestone (mapped as 'Palaeozoic Undifferentiated') 
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could possibly be conformable on the Volcanics. However, the contact between the 
Volcanics and the limestone is obscured by alluvium. 

In the absence of local evidence of the age of the Antrim Plateau Volcanics, the 
conclusions of Traves ( 1 9 5 5 ) are followed and the Volcanics are assigned to the Lower 
Cambrian. Because it lies conformably below the Volcanics and sits unconformably on 
Adelaidean strata, the Lally Conglomerate is also assigned to the Lower Cambrian. 

Lally Conglomerate 
The Lally Conglomerate is exposed only in the Mount Ramsay Sheet area, in four main 
areas - the Lubbock Range, the Ramsay Range, east and west of Trigonometrical Station 
J 1 8 , and about 11 km east of Lilly Lagoon (southwest of Moola Bulla homestead). 

The type area lies in the vicinity of Mount Ramsay (18°35'S, 126°47'E) in the 
central part of the Lubbock Range. The name is derived from Lally Creek, which rises 
near Mount Ramsay and flows into the Margaret River near Margaret River homestead 
( 1 8 ° 3 6 ' S , 1 2 6 0 5 1 ' E ) . 

Stratigraphic Relationships: The Lally Conglomerate rests unconformably on the 
Lubbock Formation and is conformably overlain by the Antrim Plateau Volcanics. The 
basal unconformity cannot be demonstrated at any single locality, but can be inferred 
from regional relationships. To the north and east, the unit rests on successively older 
strata of the Lubbock Formation, and, in its northwesternmost exposures, directly on the 
Yurabi Formation. In the Lubbock Range and the J18 area the base of the unit is marked 
by the appearance of conglomerate in the column, and in the Ramsay Range and in the 
Lilly Lagoon district the base is distinguished by the presence of coarse and 
medium-grained arenites which contrast with the underlying finer-grained sediments. The 
top of the unit is marked by a change in lithology from arenites or rudites to basic 
volcanics. 

Lithology and Thickness: In the type area the unit is 4 1 m thick (Fig. 9 ) ; 

Thickness 
(m) Antrim Plateau Volcanics conformably over: 
2 4 Greywacke, pink, massive, friable, medium to coarse-grained, 

weathering brown, red-brown, and purple. Well rounded to subrounded 
grains of quartz (70%) in matrix of quartz silt and kaolin (30%). 
Cross-beds ubiquitous. Capped by 2 0 cm bed of fine-grained purple 
quartz sandstone containing quartz and quartzite cobbles; basal 15 cm 
also contains well rounded cobbles of quartz and quartzite. 

17 Cobble conglomerate, massive: ovoid well rounded pebbles, cobbles, 
and boulders of pink and purple quartzite, quartz, and gneiss (rare) in 
matrix of light brown medium grained quartz sandstone composed of 
moderately well rounded to subangular grains of quartz, chert and rare 
jasper. Clasts range from 2 cm to 60 cm. Rare lenses of quartz 
sandstone, up to 60 cm thick and 6 cm long similar in composition to 
the matrix. 

Underlain by Lubbock Formation 

North of the type area, in the northern part of the Lubbock Range, the unit becomes 
thinner and in places is represented by about 15 m of conglomerate and quartz 
greywacke. The unit is much thicker to the south, where 1 2 8 m of section was measured 
2.5 km east of Trigonometrical Station J 1 8 . 
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Thickness 
(m) Antrim Plateau Volcanics over: 
7.5 Subgreywacke, pink, poorly sorted, blocky to massive, thick-bedded, 

medium to coarse-grained, weathering red-brown. Subrounded grains of 
quartz and kaolinized feldspar in clay matrix. Grades upwards into 
coarse-grained subgreywacke, with well rounded granules of quartzite, 
epidote, and siltstone or schist. 

6 Cobble conglomerate, massive, well rounded boulders (5%), cobbles 
(40%), and pebbles (20%), in matrix (5%) of pink, poorly sorted, 
medium to coarse-grained feldspathic sandstone with clayey matrix. 

12 Subgreywacke, pink, pebbly and cobbly, micaceous, well sorted, blocky 
and flaggy, rarely cross-bedded, fine to medium-grained, weathering 
red-brown. 

43 Subgreywacke, pink, moderately well sorted, massive, jointed, thick-
bedded, medium-grained, pebbly and cobbly, micaceous. Surface 
weathers red-brown. Rare cross-beds present. 

20 Feldspathic sandstone, pink, massive to blocky, medium-bedded, fine 
to medium-grained, slightly micaceous. Weathers red-brown. Scattered 
cobbles and pebbles of quartzite and quartz sandstone near base. 
Current ripple marks. 

6 Cobble conglomerate, massive, well rounded boulders, cobbles, and 
pebbles of quartzite and quartz sandstone in matrix of medium-grained 
white to grey friable quartz sandstone. In middle of unit, 2 m bed of 
pebbles, sporadic cobbles and boulders, in resistant, purple, massive, 
medium-grained ferruginous silicified quartz sandstone. 

34 Cobble conglomerate, massive, well rounded boulders (5%), cobbles 
(40%), and pebbles (25%) of white, purple, pink, and grey quartzite 
(60% of total) and quartz sandstone (30%) and other rock types, 
including schist (10%), in matrix (30%) of medium-grained white 
friable quartz sandstone. 

Underlain by Lubbock Formation 

In the Ramsay Range (32 km east of the type area) the unit is less than 30 m thick 
and is dominantly arenaceous. Much of the unit is massive or blocky, purple-brown to 
pink, medium to coarse-grained quartz sandstone which consists of rounded to 
subrounded quartz grains in a minor kaolinitic and ferruginous matrix. Cross-beds are 
ubiquitous and shale pellet clasts are common. Rare thin lenses of quartz cobble 
conglomerate occur within the sandstone. 

Northeast of the Ramsay Range, in an area about 11 km east of the Lilly Lagoon, 
the Lally Conglomerate is about 15 m thick. It consists of brown to grey massive and 
blocky medium to coarse-grained quartz sandstone with a matrix of silica and iron oxide; 
the matrix becomes progressively less ferruginous towards the top. 

An unusual feature is that many of the cobbles and boulders in the conglomerates 
of the unit are depressed at their points of contact with other megaclasts. These 
depressions are up to 22 mm across and 6 mm deep. Other megaclasts have abnormally 
highly polished surfaces and may have been derived from the Precambrian glacial 
deposits. Some bear lunate or crescentic fractures, sometimes isolated but elsewhere 
virtually covering the megaclast. Megaclasts of this type are common in the Precambrian 
tillites and this provides further evidence that clasts derived from the tillites are present in 
the Lally Conglomerate. 
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Antrim Plateau Volcanics 
The Antrim Plateau Volcanics crop out extensively in northern Australia; their 
westernmost exposures in the Mount Ramsay Sheet area have only recently been 
recognized. They crop out in five main districts: 

(i) north, east, and west of Trigonometrical Station J18; 
(ii) south of Mount Ramsay in the middle of the Lubbock Range; 
(iii) in the northern part of the Lubbock Range; 
(iv) in the Ramsay Range; and 
(v) in an area several kilometres east of Lilly Lagoon. 
The name 'Antrim Plateau Basalts' was used by David (1932) to apply to the 

volcanics then known to be extensively exposed in the Kimberley region and in the 
adjoining part of the Northern Territory. Traves (1955) revised the term to Antrim 
Plateau Volcanics. 

Stratigraphic Relationships: In the Mount Ramsay Sheet area the Antrim Plateau 
Volcanics rest conformably on the Lally Conglomerate. No contacts have been observed 
between the Volcanics and the rocks of the Canning Basin, but it is clear from the 
structural setting that the Volcanics antedate rocks of at least Devonian age. The 
relationships of the Volcanics in other areas show that they are probably of Lower 
Cambrian age. 

The contact between the Lally Conglomerate and the Antrim Plateau Volcanics is 
quite sharp and is marked by the appearance of volcanic rocks. The top is eroded; the 
Volcanics can be readily distinguished from the younger rocks of the area, none of which 
contain volcanic rocks. 

Lithology and Thickness: In the area under discussion the top of the Antrim Plateau 
Volcanics is nowhere exposed. The maximum preserved thickness is in the northern part 
of the Lubbock Range, in an area south of the Maddox Hills, where over 150^m of section 
is present. Elsewhere the thickness preserved is considerably less. r 

Massive dark grey or black basalt makes up about half of the succession; the 
remainder consists of vesicular and amygdaloidal basalt with very rare sandstone 
interbeds. The frequency of alternation between the 'dense' and 'porous' basalts suggests 
that several hundred separate basalt flows may be represented. 

In this section two representative samples of the basalts have been described by 
A.R. Turner (AMDEL) as follows: 

'(i) This rock is an altered felsite. It consists of numerous chloritized and sericitized 
feldspar microlites, which have a random orientation, set in a severely iron-stained matrix. 
Throughout the matrix are minute, isolated masses of primary quartz which contain 
numerous acicular needles of lapatite. The altered nature of the feldspars prevents their 
optical determination. However, staining suggests that the majority, if not all, are 
plagioclase. The rock is extremely vesiculate. The vesicles are irregular in shape and have a 
wide size range, some being as large as 40 mm across their widest dimension. The feldspar 
microlites have a sub-parallel orientation to the vesicle surface for a depth of 
approximately 0.3 mm around each of the vesicles. The margins show evidence of 
chilling. Each of the vesicles is infilled with coarsely crystalline secondary quartz, 
accessory secondary calcite and fibrous crystalline mineral. The degree of crystallinity 
increases towards the centre of the vesicles. The quartz is often found included with 
finely powdered opaque minerals. The fibrous mineral associated with the secondary 
quartz and calcite is a pale coloured epidote which has a low iron content. The colour 
decreases from the centre to the margins of the crystal and it is possible that the epidote 
is being converted to ciinozoisite by the leaching out of the iron. The epidote tends to be 
concentrated towards the centre of the vesicles. Lack of definitive minerals make it 
difficult to classify this rock. However, the mineral assemblage suggests it to be a basalt'. 
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6(ii) This rock is an altered felsite. It consists of an interwoven felt mass of feldspar 
microlites which have been subjected to alteration (possibly deuteric). The feldspar 
microlites have no preferred orientation. The alteration prevents their determination 
optically. However, staining suggests that both alkali and plagioclase feldspars are present. 
No primary quartz was observed with certainty. Rarely relatively unaltered plagioclase 
crystals were observed and their composition appears to be calcic. Much of the feldspar 
has been altered to epidote and more rarely sericite and chlorite. The ground mass was 
probably felsitic but has been substantially chloritized forming a bright greenish chlorite. 
Anhedral aggregates of opaque minerals are found randomly distributed throughout the 
rock. The rock contains numerous irregularly shaped vesicles which have been infilled by 
secondary quartz and chlorite of various forms. The centres of the vesicles are commonly 
infilled with cryptocrystalline chlorite which has a distinct green coloration. These are 
sometimes surrounded along the margins by chalcedonic silica. In other vesicles 
chalcedonic silica infills the whole vesicle and is sometimes surrounded by a narrow layer 
of lopaline silica. The chalcedony is found as radiating spherulitic aggregates. The ?opaline 
silica forms fibrous colloform aggregates which crystallize perpendicular to the vesicle 
wall. If the stated feldspar composition is correct this rock would be a trachy-basalt.' 

STRATIGRAPHIC A N A L Y S I S 

Late Precambrian sequences containing strata of supposedly glacial origin have been 
reported from all continents (Hariand, 1964; Harland & Rudwiek, 1964). The glacial 
origin of many of the late Precambrian 'tillites' has been seriously questioned by 
numerous authors, and Crowell (1964) has been led to conclude that 'at present, . . . no 
Precambrian tillite has been sufficiently studied for us to accept glaciation without 
reservation'. 

Dow (1965) and Dow & Gemuts (1969) have presented what we regard as 
unequivocal evidence of late Precambrian glaciation in the East Kimberley region, and the 
Adelaidean strata of the Mount Ramsay district provide additional evidence. The Mount 
Ramsay sequence provides by far the most complete record of late Precambrian 
sedimentation yet known in northern Australia and is the only sequence to contain 
representatives of both the Moonlight Valley Glaciation and the Egan Glaciation (Dow & 
Gemuts, op.cit., pp.34-48). 

In view of the palaeoclimatological and palaeogeographic significance of the Mount 
Ramsay sequence we have attempted a geological reconstruction, despite the many 
obvious limitations of our data; a summary of our interpretations is given in Figure 10. 

DEPOSITION OF THE GLIDDEN GROUP 

The Glidden Group rests unconformably on a variety of eroded 'basement' rocks and it is 
apparent that its deposition was preceded by an aqueous (probably marine) transgression. 
The extent of the transgression cannot be gauged, but if, as has been previously suggested, 
the Wade Creek Sandstone and Helicopter Siltstone of the East Kimberley district (Dow 
& Gemuts, 1969) are stratigraphic equivalents of the Glidden Group, much of the 
Kimberley region may well have been submerged. The relationship between the outcrop 
of the Glidden Group and the underlying Carpentarian strata are such as to suggest that 
the Mueller Range may be an exhumed pre Glidden Group feature and thus that the 
surface on which the Group was deposited may have had a topographic relief of 60 m or 
more. 

The Harms Sandstone is thought to have been deposited mainly in shallow water, 
although the shale beds in the middle of the unit were probably deposited below 
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E 9 2 / A 9 / I 4 

Fig. 9. Stratigraphic sections - Lally Conglomerate. 

wave-base. Current ripple marks and cross-beds are common in the arenites and suggest 
the prevalence of strong current activity. 

The lithological change between the Harms Sandstone and the overlying Matheson 
Formation is abrupt and may be in response to marine transgression. Although current 
ripple marks are reasonably common in the sandy strata of the Matheson Formation much 
of the unit was probably deposited in relatively deep water (and perhaps, in part, on a 
sloping floor) and certainly below the wave-base. The presence of pyrite in parts of the 
Matheson Formation and the association of manganese oxides with parts of the 
succession are taken as being suggestive of a marine environment. 

The laminated claystone (82-m bed towards the top of the unit) is remarkable for 
the vertical and lateral regularity of its laminae and the complete absence of bottom 
structures. We infer that it was deposited from suspension in deep, current-free waters, 
and that the laminations probably reflect seasonal climatic variations. The reappearance 
of quartz sandstone in the sequence (the Forman Sandstone) possibly reflects marine 
regression. The high degree of sorting, the fine grainsize, the paucity of labile 
constituents, and the general absence of sedimentary structure in the Forman Sandstone 
suggest that it may be mainly an epineritic deposit. 

The lithological change between the Forman Sandstone and the overlying Maddox 
Formation is somewhat gradational and may be the result of a gradual lowering of the 
energy of the environment, perhaps as a result of further marine regression. 

The abundance of shallow-water bottom structures in both the lower and upper 
parts of the Maddox Formation shows that much if not all the unit was deposited in very 
shallow water. The dark colours predominant in the upper part of the succession suggest 
that the rocks may have been deposited under reducing conditions in an area of poor 
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Fig. 10. Summary of geological history. 
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water circulation, but the presence of mud cracks and cross-beds suggests the intermittent 
interposition of oxidizing conditions and stronger water circulation. 

Provenance: In view of the small areai extent of exposures of the Glidden Group 
and the lack of significant lateral lithological variations within it little can be deduced 
concerning the source area. Overall the sediments are mature and were probably derived 
from a terrain of igneous and sedimentary rocks. 

DEPOSITION O THE KUNIANDI GROUP 

The deposition of the Glidden Group is believed to have been terminated by a general 
marine regression. The ensuing period of erosion removed all trace of the Glidden Group 
from what were probably extensive areas. Ice is believed to have played an important part 
in at least the later stages of the erosional episode. The duration of the break in 
sedimentation is at present unknown, but preliminary isotopic age determinations (V.M. 
Bofinger, persxomm.) suggest that it may have been as long as 300 million years. 

The pre-Kuniandi Group topography of the region is thought to have been subdued. 
The outlying remnants of the Mount House Group, which lie unconformably on the 
Carpentarian strata in the Mount House district (Fig.l) , provide clear evidence that the 
Carpentarian strata had been eroded, at least locally, to a point approaching their present 
state, before the deposition of the Mount House Group (Plumb, in prep.). The Mount 
House Group is regarded as a stratigraphic equivalent of the Kuniandi Group (Table 1) 
and thus it would seem likely that before the Walsh and Landrigan Tillites were laid down 
the northwestern part of Western Australia (the present Kimberley Basin) may have been 
a land area with subdued relief. There is some evidence (Dow et al.,1964) to suggest that 
the Halls Creek Mobile zone (Fig.l) may have lain at a greater elevation than the 
surrounding terrain, but the orientations of the numerous glaciated pavements in the 
region and the composition of the erratics of the various tillites show that it had little 
effect on the subsequent glaciations. 

The Landrigan Tillite is thought to have been deposited during a major period of 
glaciation. The glacial origin of the tillite is indicated by 

(i) its virtually complete lack of stratification; 
(ii) its extreme ill-sorting; 
(iii) the presence of boulders up to 2m across; 
(iv) the presence of polished, grooved, and striated megaclasts; 
(v) its wide distribution; 
(vi) the fact that in places it rests on grooved, polished, and striated bedrock. 
The tillite is lithologically similar to terrestrially deposited Pleistocene lodgement 

and ablation fills, but until clear-cut criteria are established for distinguishing such 
deposits from their marine counterpart, the environment of deposition of the Landrigan 
Tillite must remain in doubt. However, the evidence for a terrestrial origin appears to be 
stronger than in many similar deposits elsewhere in the world. The main features 
favouring a terrestrial origin are: 

(i) The fact that the tillite rests with major angular unconformity on the older rocks 
and that it provides the first preserved record of sedimentation after a gap of (say) 300 
million years. Had the tillite been deposited from a floating ice sheet we should expect to 
find marine strata lying conformably below it. If the tillite were deposited from a 
grounded ice sheet (below sea-level), we should expect (although with less confidence) at 
least local evidence of pre-tillite marine sedimentation. A factor militating against both 
'marine' explanations is that a marine transgression would be required to occur 
immediately before the onset of glaciation — i.e. at a time when sea-levels probably fell 
drastically. 
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The thin bed of quartz sandstone at the base of the tillite is interpreted as being 
the produce of local fluviatile or aeolian deposition. 

(ii) The wide variation in the thickness of the tillite (9 —335 m). 
(iii) The presence of rhythmites within the tillite. The lenticular body of sandstone, 

laminated siltstone, and conglomerate in the middle of the tillite in the northern part of 
the Kuniandi Range is probably a record of an ice retreat and a period of fluvial 
sedimentation. The laminated and slumped siltstones have many of the characteristics of 
glacial-lake varves and consist of alternate silt-rich and clay-rich laminae. The coarser 
grained laminae commonly display graded bedding. Although the interpretation of 
rhythmites is hazardous the association of these sediments with tillite suggests that they 
may have been deposited in freshwater glacial lakes and thus may provide further 
evidence of a terrestrial origin of the tillite. 

(iv) The presence of patchily distributed, though widespread, deposits of possible 
lacustrine or coastal lagoonal origin above the tillite. These beds consist mainly of 
dolomite or silty dolomite with thin interbeds of purple siltstone; they are 
characteristically very finely and evenly laminated, in places with almost varve-like 
regularity. Probably the best evidence that they were deposited in lakes or coastal lagoons 
(following a partial ice retreat) is in the Mount Elizabeth Sheet area, where a 'basement' 
ridge protrudes through the Walsh Tillite and appears to have acted as a shoreline to a 
shallow, calm body of water in which beds similar to those described were deposited. 

Nicolini (1959,p.49) has discussed similar strata in the Congo Basin of Africa and 
suggests that the laminated dolomite may be genetically related to periglacial varves, but 
unlike varves were deposited in a carbonate milieu. 

Provenance of the Landrigan Tillite: The glaciated pavements which underlie the 
Landrigan Tillite (and its stratigraphic equivalents) provide a means of assessing the 
direction, and variability in direction, of ice flow. The composition of the erratics in the 
tillite provides an independent means of establishing the principal ice-flow direction (if 
any) and, additionally, the composition of the glaciated terrain. 

Neither of the two glaciated pavements known to underlie the Landrigan Tillite 
provides conclusive evidence of the direction of ice flow, but in both pavements the 
grooves and striae trend at about 260° and on one pavement a quarried surface suggests 
that the flow may have been from east to west. However, in both cases the orientation of 
the grooves and striae could, perhaps, have been influenced by the local topography. At 
both localities the regional strike of the strata forming the bedrock is roughly east-west 
and the pavements occur high on the dip-slope of ancient (pre-tillite) cuestas. 

In the Mount Elizabeth 1:250 000 Sheet area the Walsh Tillite (a probable 
stratigraphic equivalent of the Landrigan Tillite) rests unconformably on pavements that 
indicate ice movement to 190° (Roberts & Perry,1966), but again the direction could 
possibly have been influenced by the local topography. However, the pavements occur 
over a wide area of subdued terrain and are accordingly more likely to reflect the gross 
pattern of ice movement than the pavements under the Landrigan Tillite. Thus from the 
evidence of the various pavements it seems likely that the regional tendency may have 
been.for ice flowage from the northeastern quadrant, perhaps mainly from about 10°east 
of north. 

In both the McKinnon Basin and the Kuniandi Range some of the erratics in the 
tillite can be positively identified as having been derived from the Kimberley Basin 
succession, and there seems little doubt that most of the remainder are of similar 
derivation. At the time of deposition of the tillite the Kimberley Basin succession had 
already been eroded from the area south of its present outcrop limits, and thus the 
composition of the Landrigan Tillite in the Kuniandi Range may be taken as evidence of 
ice movement from the northerly quadrant. Had ice movement been either from the 
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northeast or northwest it might reasonably be expected that igneous and metamorphic 
rock types would be abundant in the tillite, but they are extremely rare. 

Thus there is a good measure of agreement between the evidence of the glaciated 
pavements and the evidence of the composition of the erratics — both point to a 
northerly source for the tillite. 

The Stein Formation is thought to have been deposited in a shallow transgressive 
sea during a phase of general ice retreat. The mineralogical composition of the greywacke 
making up most of the unit is similar to that of the underlying tillite and this suggests 
that the Formation may be the product of the aqueous erosion of unconsolidated tills. 
Annual or longer-term climatic pulses may be responsible for the graded bedding which 
characterizes much of the unit. 

The absence of the Stein Formation along part of the southern limb of the 
McKinnon Syncline is probably due to its non-deposition and provides evidence that at 
least local areas remained above the level of the transgressive sea. Judging from the 
abundance and distribution of iron oxides in the unit, oxidizing conditions prevailed. 

The marine transgression appears to have culminated with the deposition of the 
Wirara Formation, The Wirara Formation is in general much finer grained than the Stein 
Formation. Except for the uppermost beds it is predominantly green in colour, suggesting 
that reducing conditions prevailed during most of the sedimentation. The presence of 
pyrite in sediments of this type is taken as being evidence that they are deposits; the fine, 
even, laminations which characterize the unit suggest that deposition took place from 
suspension in a quiescent environment, below the wave-base. 

The Formation has counterparts in the Mount House and East Kimberley districts 
and these provide evidence that the sea transgressed over large areas. 

The Mount Bertram Sandstone contrasts with the underlying Wirara Formation in 
that it is much coarser grained and was deposited by traction currents. The unit is 
possibly a record of a general marine regression, perhaps associated with the build-up of 
ice responsible for the ensuing glaciation. 

Provenance: While there is reasonable evidence to infer a northerly sedimentary terrain as 
a source of the materials making up the Landrigan Tillite (particularly if terrestrial 
deposition is accepted), data are lacking for the remainder of the Kuniandi Group. We 
have suggested that the Stein Formation may be made up of detritus won by the aqueous 
erosion of newly deposited tills. The Wirara Formation contains little testimony to the 
nature of its source and the Mount Bertram Sandstone was probably derived from a 
sedimentary terrain. 

DEPOSITION OF THE LOUISA DOWNS GROUP 

The regressive sea in which the Mount Bertram Sandstone is believed to have been laid 
down retreated further before (or perhaps because of) the onset of a second major period 
of glaciation. The newly deposited Kuniandi Group was completely eroded from some 
areas, but appears to have remained essentially intact in others; tectonic adjustments 
probably had influence in this regard. Some of the erosion may have been accomplished 
by ice action. 

The erosion was followed by the deposition of the Egan Formation, which appears 
to have been deposited under a series of contrasting conditions. For the purposes of 
discussion it is assumed that the correlations postulated in the account of the lithology 
and thickness of the unit are valid. A summary of our interpretations concerning the 
environment of deposition of the various components of the unit is given in Figure 10 
and Table 2. A summary of the distribution, stratigraphic relationships, and composition 
is given in Figure 7. 
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The arkose of subdivision A is generally coarse to very coarse-grained and appears 
to have been derived mainly from coarse-grained granites — the grainsize and the high 
feldspar content of the subdivision suggest that the granitic terrain may have been 
reasonably close at hand. The thickness of A falls considerably between Sections 11 and 
12 but remains about the same between Sections 12 and 13 (Fig.6). 

Subdivision A1 (Sections 14 and 15), which is possibly contemporaneous with 
subdivision A, consists essentially of grains of quartz and feldspar sand and finely 
crystalline calcite; the relative proportions of these constituents vary laterally and 
vertically. Thus, while coarse-grained arkose was being deposited in the south, 
medium-grained quartz-feldspar sands may have been deposited, along with carbonate 
minerals, in the north. Most of the materials making up subdivisions A and Al were 
deposited by traction currents. 

Subdivision B and Bl were possibly deposited contemporaneously. The laminated 
siltstones of subdivision B, like the rocks of subdivision A, are found in Section 11, but 
not farther south;-they are both thickest in Section 11, No sedimentary structures apart 
from bedding have been recognized in subdivision B, but the regular bedding lamellae 
suggest that the strata were deposited in a quiescent, possibly lacustrine or coastal 
lagoonal environment. The scattered sand grains in the subdivision could possibly be of 
aeolian origin. 

Subdivision Bl consists predominantly of laminated pink, grey, and yellow 
dolomite. The dolomite has many features in common with the dolomite of subdivision D 
and with the dolomite at the top of the Landrigan Tillite. Since in each case the dolomite 
directly underlies or overlies tillite, we infer that there is some genetic connexion 
between the two rock types. In the preceding discussion of the dolomite at the top of the 
Landrigan Tillite we concluded that the dolomite was deposited in lakes or coastal 
lagoons following partial ice retreat, and by analogy it is suggested that subdivision Bl 
was deposited in lakes or coastal lagoons at a critical stage during ice advance. 

Subdivision C is a tillite. The criteria advanced in support of the glacial origin of the 
Landrigan Tillite apply equally to subdivision C, and again, although the evidence is 
inconclusive, a terrestrial environment of deposition of the tillite is likely. The case for a 
terrestrial origin rests on: 

(i) the fact that at least in places the tillite rests unconformably on older strata. In 
many areas subdivision C rests directly (with unconformity) on Carpentarian or older 
rocks. In some places (e.g. Section 1Q) it rests directly on the Mount Bertram Sandstone 
and in others (e.g. Sections 8 and 11-15) on strata of the Egan Formation. The variations 
in the thickness of the pre-tillite beds of the Egan Formation (0 to 130 m) suggest that 
they may have been eroded before the deposition of the tillite, but nowhere are 
exposures good enough to permit study of the contacts. 

(ii) the patchy distribution of the tillite and its variation in thickness (0 to 37 m). It 
is probably significant that the maximum thickness of the tillite (37 m) is found in the 
area (Section 11) where the maximum thickness of pre-tillite beds of the Egan Formation 
is preserved. This could be taken to imply that more tillite accumulated in the pre-tillite 
lake or lagoon depressions that in the surrounding (more elevated) terrain. 

(iii) The presence of deposits of possible coastn lagoonal or lacustrine origin 
(subdivisions B, B l , D, and D l ) both below and above the tillite. 

Provenance of the tillite: The two glaciated pavements which are known to underlie the 
tillite in the O'Donnell Syncline both bear north-south grooves and striae; in the eastern 
payment, quarried surfaces show that the direction of ice flow was from the north. At the 
eastern pavement the attitude of the strata of the Egan Formation shows that the glacial 
grooves and striae were cut on the dip slope of a north-dipping pre-tillite cuesta. Since the 
ice moved directly up-slope the pavements may give a reasonable indication of the 
regional flow pattern, particularly if, as we suspect, the region had a subdued topography. 
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T A B L E 2 - S U M M A R Y O F L I T H O L O G Y , S E D I M E N T A R Y S T R U C T U R E S , A N D P O S S I B L E 
E N V I R O N M E N T O F D E P O S I T I O N O F S U B D I V I S I O N S O F E G A N F O R M A T I O N 

SUB- PRINCIPAL DOMINANT BEDDING SEDIMENTARY SUGGESTED WATER CLIMATE 
DIVISION ROCK TYPES COLOURS PARTING STRATIFICATION STRUCTURES AND DEPOSITION AL CIRCULATION 

OTHERFEATURES ENVIRONMENT 

J Dolomite and silty 
dolomite 

Pink, cream Flaggy Laminated to 
thin-bedded 

Micro-cross-beds Marine, 
lagoonal (?) 

Moderate Temperate (?) 

H Limestone Dark grey Massive to 
blocky 

Thick-bedded Pyrite, oolites, 
stromatolites, 

Marine, neritic, 
intertidal. 

Poor for 
most part 

Warm 

G Sandy limestone, 
silty limestone. 

Dark grey Flaggy Laminated Micro-cross-beds Marine, neritic Poor to 
moderate 

Warm 

F Sandy and silty 
dolomite, dolomitic 
sandstone 

Pink, yellow Flaggy Laminated Micro-cross-beds Marine, 
lagoonal (?) 

Moderate Temperate (?) 

Calcareous 
sandstone 

Buff, grey Flaggy to 
massive 

Laminated Cross-beds, 
current ripples 

Marine, neritic Moderate Cool 

E 
Dolomite; silty 
sandy, cobbly 
dolomite 

Pink, yellow Flaggy to 
blocky 

Laminated Impacted 
erratics 

Marine Glacial 

Pebbly calcareous 
sandstone, dolomitic 
sandstone 

Buff, brown Flaggy to 
blocky 

Thin-bedded Current and oscill
ation ripples, cross-
beds 

Marine, littoral Strong Cool 

Dl Dolomitic siltstone, 
dolomite 

Purple, pink, 
yellow 

Fissile to 
blocky 

Thin-bedded Stromatolites (?) 

D Dolomitic siltstone Yellow, pink, 
light grey 

Fissile to 
blocky 

Laminated to 
thin-bedded 

Lacustrine or 
marine (lagoonal) 

Weak Cool 

C Tillite Purple, grey-
green 

Massive Unstratified Abundant 
erratics 

Terrestrial (?) ? Glacial 

B Siltstone Yellow Massive to 
flaggy 

Laminated 

Bl Dolomite Pink, light grey, 
buff 

Flaggy to 
blocky 

Laminated to 
thick-bedded 

Stromatolites (?) Lacustrine or 
marine (lagoonal) 

Weak Cool 

A Arkose White, pale green Massive Thick-bedded Cross-beds Strong Cool (?) 
Al Calcareous sandstone, 

sandy limestone 
Buff, grey Flaggy Laminated Rare cross-beds Weak 



The composition of the erratics in the tillite provides confirmatory evidence that 
the regional flow was from the northern quadrant: numerous erratics of sedimentary 
rocks from the Kimberley Basin succession can be identified and few erratics are unlikely 
to have come from this source. The only igneous rocks found in the tillite were in the 
extreme northeast (Section 16), and it is significant that this is the only place where 
igneous rocks are likely to have been exposed during deposition of the tillite north of 
occurrences of the tillite. 

Subdivision D consists mainly of dolomite and is confined to the west (Sections 8, 
9, and 10). It is probably a lacustrine or coastal lagoonal deposit (see discussion of B, Bl ) . 
In the east its likely equivalents (subdivision D l ) consist of purple dolomitic siltstone, 
pink and yellow dolomite, and rare sandy beds. The terrigenous detritus in Dl decreases 
in grainsize to the southwest and thus may possibly have been derived from the northeast. 

Subdivision E is found only in the north. Its absence in the south may be due 
entirely to erosion, but the marked thinning of the subdivision between Sections 7 and 9 
shows that — at least in some places — it was lenticular. The presence of slightly polished 
pebbles, cobbles, and boulders and the poor sorting in the lower part of the subdivision 
suggest that much of the clastic material may have been derived from a landscape 
recently relieved of its ice burden. The strata may possibly have been deposited in a 
shallow sea. The middle part of the subdivision consists essentially of dolomite, but in 
places the dolomite is host to megaclasts of quartzite, dolomite, and other rocks, some of 
which appear to have been impacted, suggesting that they may have been deposited from 
icebergs. Thus if ice retreat resulted in the deposition of the lower part of the subdivision, 
ice transgression may have once again protected the source of the terrigenous elastics and 
permitted only the accumulation of dolomite (and iceborne erratics). Subsequent retreat 
may have once again bared the landscape to fluvial erosion, giving rise to the deposition 
of the upper part of subdivision E . 

Subdivision F is reasonably consistent in lithology both laterally and vertically and 
in contrast to subdivision E it consists of dolomite relatively free of terrigenous clastic 
material. It may be a shallow marine deposit. 

Subdivision G marks the beginning of a new regime - terrigenous silt and sand 
reappear and the carbonate becomes predominantly calcareous and dark grey; the colour 
is probably due to the presence of finely dispersed carbon and iron sulphide. The volume 
of carbonate minerals deposited exceeded the volume of terrigenous detritus supplied. 
The latter was deposited at regular intervals and is responsible for the fine lamination 
which characterizes the rocks of the subdivision. The carbonates are probably detrital and 
may have been derived from the erosion of contemporary stromatolitic biohermal and 
biostromal accumulations such as make up part of the succeeding subdivision. 

Subdivision H is made up mainly of massive dark grey fetid limestone. The presence 
of stromatolites and oolites in parts of the limestone suggests (if uniformitarian principles 
are applied) that the subdivision was deposited in warm shallow seas. The massive 
bedding, the presence of stromatolites, the lack of terrigenous detritus, and the presence 
of carbon and sulphur suggest that the limestone may have been built up as bioherms and 
biostromes during a period of prolific organic growth. It seems likely that subdivisions G 
and H were deposited in similar climatic conditions but that subdivision G was deposited 
in slightly deeper water than subdivision H. 

Subdivision J is made up mainly of dolomite and silty dolomite and resembles 
subdivision F in many respects. It is regarded, like subdivision F, as most likely to be a 
shallow marine deposit. The remarkably sharp contacts between the dolomite of 
subdivision D. the limestone of subdivisions G and H, and the dolomite of subdivision J 
are almost certainly symptomatic of important changes in either the climate, or more 
likely, the water depth, salinity, or pH, but the actual significance is elusive. 
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Either before, during, or after the deposition of subdivision J at least part of the 
Mount Ramsay Sheet area was subjected to erosion. In the O'Donnell Syncline the 
subdivision is overlain with apparent conformity by the Yurabi Formation, but in 
Sections 8 and 11 to 16 the subdivision is absent and the Yurabi Formation rests 
disconformabiy on older strata. 

The Yurabi Formation marks the beginning of a new sedimentary regime. Whereas 
the sediments of the Egan Formation were deposited on land in lakes or lagoons and in 
shallow oscillating seas the strata of the Yurabi Formation provide a record of marine 
transgression culminating in the establishment of an extensive, deep, steadily subsiding 
marine basin in which upwards of 4 000 m of strata were eventually to accumulate. 

The abundance of current and oscillation ripple marks in the arenites of subdivision 
I of the Yurabi are taken as being evidence that the subdivision was deposited in shallow 
water. The arenaceous facies of subdivision II were also probably laid down in shallow 
water synchronously with the deposition (in possibly slightly deeper water) of the 
lutite-carbonate facies in the north. Subdivision III differs from subdivision I in that it 
contains far less sand-sized material and from subdivision II in that it contains no 
carbonate rocks. Pyrite is common in the uppermost beds of subdivision III and is 
interpreted as being a reflection of increasing water depth. 

The McAlly Shale is laterally and vertically uniform in lithology over wide areas; 
this, together with its complete lack of shallow-water bottom structures, the presence of 
pyrite, and the dark colour of the strata, suggests that it was deposited in a poorly 
circulating, deep-water marine, reducing environment. The lithological change between 
the Yurabi Formation and the McAlly Shale is gradational and no doubt resulted from a 
further deepening of the sea. The progressive deepening was probably due to continued 
epeirogenic subsidence, although the melting of polar ice could possibly have played some 
role. 

The Tean Formation is lithologically transitional between the underlying McAlly 
Shale and the overlying Lubbock Formation. The transition is of the regressive type — the 
deposition of shales in deep poorly circulating marine waters eventually gave way to the 
deposition of arenites and rudites in shallower waters. The ingress of coarser-grained rocks 
may indicate (1) rejuvenation of tectonism in the source areas, (2) the activation of a new 
and perhaps closer source, or (3) the development of turbidity currents. Although 
shallow-water sedimentary structures are rare in the Tean Formation, parts of the unit 
were almost certainly deposited above wave-base; other parts were deposited below 
wave-base in a neritic environment. The northward reduction in the general order of 
thickness of the pebble conglomerate beds suggests that they, and possibly the other 
rocks of the Formation, had a southerly provenance. 

The Lubbock Formation is made up essentially of siltstone, alternating with beds of 
subgreywacke. The subgreywacke beds have many of the features described by Ten Haaf 
(1959) as being characteristic of turbidites: 

(i) they are commonly graded and poorly sorted; 
(ii) they are bounded by continuous parallel stratification planes; 
(hi) they are interstratified with non-turbidites; 
(iv) the tops of the beds are commonly vague; 
(v) mineral grain alignment is common. 
The gross features of the subgreywacke beds conform well to Ten Haaf s criteria, 

but until the succession has been examined in much more detail, their mode of deposition 
must remain conjectural. 

Whether or not turbidity currents were involved in the deposition of the 
subgreywacke beds it seems likely in view of their association with apparently deep water 
marine sediments (the siltstones) that they were deposited for the most part in a deep 
marine environment. 
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DEPOSITION OF LOWER CAMBRIAN 

In the reference area for the Lally Conglomerate and in the J18 measured section locality 
the lower third of the unit consists of cobble conglomerate, but the average size of 
cobbles is significantly smaller in the type section. Further, the J18 section contains 
conglomerates and pebbly horizons in its upper parts, and is thicker than the type 
section. These features suggest that the sediments were derived from the south. 
Comparison of the strata in the Ramsay Range and Lilly Lagoon districts with the type 
section shows further decrease in thickness and a corresponding reduction in the relative 
abundance of megaclasts to the east and northeast. This is accompanied, as might be 
expected, by an increase in the proportion of coarse-grained sandstone and a decrease in 
the importance of feldspar. We may thus infer a southwesterly provenance. 

The prevalence of cross-beds indicates that most, if not all, of the detritus 
constituting the unit was delivered by traction currents. Highly polished cobbles and 
boulders present in the Conglomerate may well have been derived from Precambrian 
glacial rocks, although wind action cannot be entirely discounted: an aeolian sandstone 
bed lies at the base of the Antrim Plateau Volcanics in the East Kimberley district. 

The general lack of terrigenous clastic interbeds in the Antrim Plateau Volcanics 
both in the Mount Ramsay Sheet area and elsewhere leaves little doubt that they were 
extruded, for the most part, onto a land surface. 

The discovery of the Volcanics in the Mount Ramsay Sheet area is of particular 
interest not only because it increases the known extent of outcrops of the unit, but 
because it greatly expands its possible original extent. The Volcanics or their equivalents 
are known to underlie large areas in the northern part of the Northern Territory and the 
East Kimberley district of Western Australia. The outcrops in the Mount Ramsay Sheet 
area are the westernmost and southernmost known exposures of the unit. 

4 6 



REFERENCES 

CROWELL. J.C, 1964 - Climatic significance of sedimentary deposits containing dispersed 
megaclasts. In N A I R N : A.E.M., ed. - PROBLEMS IN PALAEOCLIMATOLOGY. 
London. Pergamon. 

DAVID, T.W.E., 1932 - Explanatory notes to accompany a new geological map of the 
Commonwealth of Australia. Melbourne, C.S.l.R. 

Dow, D.B., 1965 - Evidence of a late Pre-Cambrian glaciation in the Kimberley region 
of Western Australia Geol.Mag., 102 (5) ,407-14. 

Dow, D.B., GEMUTS , I , PLUMB , K.A., and D U N N E T , D., 1964 - The Geology of the Ord 
River region, Western Australia. Bur.Miner.Resour.Aust.Rec. 1964/5 (unpubl.) . 

Dow, D.B., and GEMUTS, I., 1969 - Precambrian geology of the Kimberley region. The 
East Kimberley. Bur .Miner .Resour Aust.Bull.106. 

GELLATLY, D C , and DERRICK, G.M., 1967 - Lansdowne, W.A. - 1:250,000 Geological 
series. Bur.Miner.Res our. Aust.explan.Notes SE/52-5. 

GEMUTS, I , and SMITH, J.W., 1968 - Gordon Downs, W.A. - 1:250,000 Geological 
series. Bur.Miner.Resour.Aust.explan.Notes SE/52-10. 

GEOLOGICAL SOCIETY OF AUSTRALIA, 1964 - Australian code of stratigraphic nomen
clature, 4th Edition, revised. ].geolSoc.Aust. 11(1) , 165-71. 

GUPPY , D.J., 1953 - The geology of the Fitzroy Basin. Bur.Miner.Res our. Aust.Rec. 
1953/146 (unpubl.)-

GUPPY , D.J., LINDNER, A.W., RATTIGAN , J .H., and CASEY, J.N., 1958 - The geology of 
the Fitzroy Basin Western Australia. Bur.Miner.Res our. Aust.Bull. 36. 

HARDMAN , E. T., 1883 - Preliminary report on the geology of part of the Kimberley 
District. W.Aust.parl.Pap. 31. 

HARDMAN , E.T., 1885 - Report on the geology of the Kimberley District, Western 
Australia. Ibid., 34. 

HARLAND , W.B., 1964 - Evidence of late Pre-Cambrian glaciation and its significance. 
In NAIRN , A.E.M.. ed. - PROBLEMS OF PALAEOCLIMATOLOGY. London, 
Pergamon. 

HARLAND , W.B.. and RUDWICK, M.J.S.. 1964 - The great infra-Cambrian ice age. 
Sci.Amer., 211 (2),28-36. 

HARMS, J.E., 1959 - The geology of the Kimberley Divison, Western Australia, and of an 
adjacent area of the Northern Territory. MSc.Thesis, Adelaide Univ. (unpubL). 

HARMS , J.E., 1965 - The geology of the Kimberley Division, Western Australia. In 
GEOLOGY OF AUSTRALIAN ORE DEPOSITS, 2nd Ed. 8th CommMin.metalL 
Cong., 1, 66-70. 

47 



MATHESON, R.S., and GUPPY , D.J., 1949 - Geological reconnaissance in the Mount 
Ramsay area, Western Australia. Bur Miner.Re sour. Aust.Rec. 1949/48 (un-
publ.) . 

NlCOLlNl, P., 1959 — Le synclinal de la Nyanga (zone de la boucle du Niari) Contri
bution a 1'etudes des mineralisations stratiformes du Moyen Congo. Biril.Dir. 
Min.GeoL A.E.F., 10. 

PLUMB, K.A., in prep. - Precambrian geology of the Kimberley Region. The Kimberley 
Basin. Bur.Miner.Resour.Aust.Bull. 

ROBERTS, H .G. , HALLIGAN , R., and PLAYFORD, P.E. 1968 - Mount Ramsay, W.A. -
1:250,000 Geological Series. Bur.Miner.Resour.Aust.explan.Notes SE/53-3. 

ROBERTS H .G., and PERRY, W.J., 1966 - The geology of the Mount Elizabeth 1:250,000 
Sheet area,.Western Australia. Bur.Miner.Resour.Aust.Rec. 1966/136 (unpubl.). 

T E N HAAF , E., 1959 - GRADED BEDS OF NORTHERN APPENNINES. Gronmgen, V.R.B. 

THOMAS , G.A., 1958 - Noonkanbah, W.A. - 4-mile Geological Series. Bur.Miner.Re sour. 
Aust.explan.Notes 10. 

TRAVES, D.M., 1955 - Geology of the Ord-Victoria region, northern Australia. Bur.Miner. 
Resom. Aust.Bull. 27. 

WADE , A., 1924 - Petroleum prospects, Kimberley District of Western Australia and 
Northern Territory. W• Aust.pari?ap. 142. 

WELLS , A.T., I960 - Mount Bannerman, WA. - 4-mile Geological series. Bur.Miner. 
Resour.Aust.explan.Notes 19. 

48 



APPENDIX : STRATIGRAPHIC SECTIONS 

Descriptions of stratigraphic sections measured through the Egan Formation and Yurabi 
Formation are set out below: all have been measured with tape and Abney level and most 
have a reasonable order of accuracy (say ± 10%). Photo-reference numbers refer to air-
photographs of Mount Ramsay 1:250 000 Sheet area taken by the Royal Australian Air 
Force in 1947. 

EGAN FORMATION 

SECTION EI 

Location : O'Donnell Syncline, 7.4 km at 250° from Mount Dent. 

Photo-Reference : Mount Ramsay Run 5A, Photo 75, Points A-B. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

J 16.8 Dolomite, yellow and grey, thinly flaggy. Crops out as resistant beds 
and comprises 30-40% of succession. Non-outcropping portion 
probably mainly dolomitic siltstone. 

H 3.4 Limestone, grey, massive. 

G 15.2 Limestone, grey to pink, laminated, Fine-grained, sandy. 

F , E 10.1 Siltstone, pink, thinly flaggy, dolomitic; interbedded with pink 
thinly flaggy dolomitic quartz sandstone. 

2.4 Sandstone, brown weathering, pink, massive, medium-grained, 
dolomitic. Quartz grains well rounded. Ripple marks and cross-beds 
present. 

3.4 No outcrop. 

21.3 Quartz sandstone; reddish brown, massive, medium-grained. Angular 
pebbly beds common near base. 

1.8 Conglomerate, well rounded pebbles of dolomite and other rock 
types, in medium-grained calcareous sandstone matrix. 

10.1 No outcrop. Scree suggests presence of clay containing pebbles 
(tillite). 

Unconformably underlain by Hibberson Dolomite 
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SECTION E2 

H 4.6 Limestone, light and dark grey flaggy, laminated. 

10.1 Limestone, dark grey, fine-grained, sandy, with thin interbeds of 
pale grey and fawn weathering pale grey limestone. 

2.0 Limestone, dark grey, flaggy, laminated. 

6.7 Rubble. Rare outcrops of pink flaggy dolomite. 

15.8 Quartz sandstone, grey weathering, massive, thick-bedded, slightly 
ferruginized, medium-grained. Porous; probably a leached calcareous 
sandstone. Quartz grains angular. 

7.0 No outcrop. 

7.6 Quartz sandstone, grey weathering, massive, thick-bedded, slightly 
ferruginized, medium-grained. Porous; probably a leached calcareous 
sandstone. Quartz grains angular. 

7.3 As above but contains thin pebble beds, and thin beds of calcareous 
sandstones. Cross-beds. 

D 3.0 Dolomite. Grey, thin-bedded with interbedded less resistant pink 
laminated shaly dolomite. Some thin dolomitic sandstone beds. 

0.6 Pebble conglomerate: angular and rounded pebbles of quartz 
sandstone and dolomite, up to 20 mm across in coarse quartz 
sandstone matrix. 

Unconformably underlain by Hibberson Dolomite 
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Locality: O'Donnell Syncline, 6.1 km at 250° from Mount Dent. 

Photo-Reference: Mount Ramsay Run 5A, Photo 75, Points A-B. 

Sub- Thickness 
division (m) Yurabi Formation (Section Yl) conformable on: 

J 3.0 Dolomite, yellow weathering, yellow, blocky, some flaggy bands. 
7.6 Dolomite, grey weathering, grey, flaggy, thin-bedded with some 

softer shaly bands. 
3.7 Dolomite and dolomitic shale, yellow weathering, yellow and grey. 



SECTION E3 

H 6.1 Limestone, pale grey weathering, dark grey to medium-grey, massive, 
thick-bedded. 

1.2 Limestone, pale grey weathering, blue-grey, massive, thick-bedded. 

1.5 Limestone, interlaminated dark grey and pale grey, flaggy to blocky, 
laminated. 

11.0 Limestone, dark and medium-grey weathering, grey, massive to 
blocky, thick-bedded. Brown ramifying ferruginized stringers 
throughout. 

16.2 Limestone, grey weathering, pinkish, flaggy, finely laminated, 
granular. Some interbeds of secondary calcite. 

3.0 Limestone, grey weathering, grey, flaggy, thin-bedded. 

9.1 No outcrop 

3.0 Dolomite, yellow and pink, flaggy, thin-bedded with occasional 
sandy bands. 

4.9 Pebble and granule conglomerate: rounded pebbles of quartz 
sandstone and less commonly quartz in brown or mauve-weathering 
medium to fine-grained quartz sandstone matrix. 

5.5 Mostly rubble. Rare outcrops of brown and grey weathering, pink 
and yellow, flaggy, thin-bedded dolomite; may be calcareous. 

Unconformably underlain by Pentecost Sandstone 
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Locality: O'Donnell Syncline, 2.4 km at 335° from Mount Dent. 

Photo-Reference: Mount Ramsay Run 5, Photo 85, Points A-B-C. 

Sub- Thickness 

division (m) Yurabi Formation conformable on: 
J 0.9 Dolomite, yellow-white and fawn weathering, flaggy, thin-bedded, 

pinkish grey, fine-grained. 
2.5 Dolomite pale grey and fawn weathering, laminated. 



SECTION E4 

Sub
division 

J 

H 

Thickness 
(m) Yurabi Formation conformable on: 
9.1 Dolomite, yellow weathering, grey and pink, flaggy, thin-bedded. 

6.0 Dolomite, yellow weathering, pink, flaggy, thin-bedded. 

9.8 Limestone, brown-grey weathering, grey and pale grey, laminated. 

1.8 Limestone, buff-weathering, pale cream and brown. Speckled 
appearance on fresh surface. 

1.5 Limestone, dark grey and white weathering, dark grey, irregularly 
laminated. 

18.9 Limestone, pale grey and dark grey flaggy, laminated. Contains 
irregular cavities with calcite infillings. 

9.1 Dolomite, pink and yellow, flaggy, thin-bedded. 

15.2 Pebble conglomerate: rounded pebbles of quartzite and less 
commonly quartz, in silica-cemented medium to coarse-grained 
quartz sandstone matrix. 

Unconformably underlain by Pentecost Sandstone 

SECTION E5 

Location: O'Donnell Syncline, 1 mile at 335° from Junction Yard. 

Photo-Reference: Mount Ramsay Run 5, Photo 79, Point 1. 

Sub
division 

J 

H 

Thickness 
(m) 
9 

Yurabi Formation conformable on: 
Dolomite, yellow and light grey, flaggy, thin bedded, interbedded 
with pink and yellow dolomitic siltstone. Light grey dolomite near 
base. 

Limestone, black and light grey, massive, finely laminated to 
thick-bedded. May be oolitic in places. Stromatolites in uppermost 
3 m. 

Limestone. Black and brown weathering, dark grey, thinly flaggy, 
finely laminated, fine-grained, sandy. 

No outcrop. 
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Location: O'Donnell Syncline, 3.2 km at 035° from Mount Dent. 

Photo-Reference: Mount Ramsay Run 5, Photo 83, Points C-D. 



Sub- Thickness 
division (m) 

E 3 Sandstone, red, brown, and yellow- weathering, flaggy, laminated, 
fine and medium grained, calcareous. Pitted surfaces common. 
Calcite(?) cement forms up to 30% of the rock. 

0.6 Cobble conglomerate: ovoid polished boulders, cobbles, pebbles, and 
granules of white and purple quartz sandstone, in dolomite matrix. 

9 Dolomite, yellow, flaggy and blocky, laminated, interbedded with 
sandy and silty dolomite. 

3 Quartz sandstone, orange weathering, massive, medium-grained with 
a minor clayey cement. Some clay grains. Ripple marked near top. 

0.9 Quartz sandstone, brown weathering, white, flaggy, fine-grained with 
a minor silica cement. Current ripple marks common. 

1.5 Cobble conglomerate: ovoid cobbles and boulders (up to 3 m across) 
of purple quartz sandstone, in minor sandy matrix. 

Unconformably underlain by Collett Siltstone 

SECTION E6 

Location: O'Donnell Syncline, 8 miles at 65°from Junction Yard. 

Photo-Reference: Mount Ramsay Run 4, Photo 38, Point 2. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

J 6.7 Dolomite and silty dolomite, pink, thinly flaggy, finely laminated, 
fine-grained, interbedded with fissile, thinly laminated dolomitic 
shale. Shaly towards top. Dolomitic shale current-bedded. 

8.2 Dolomite, yellow to pink, flaggy to thinly flaggy, finely laminated, 
fine-grained. Contains thin dolomite breccia horizons. 

H 4.6 Limestone, grey to black, blocky to flaggy, thin-bedded interbeds of 
black, fine-grained, and grey, medium-grained. Some bands porous. 

6.1 Sandy limestone, pink, yellow, and grey, flaggy to thinly flaggy, 
finely laminated, fine to coarse-grained, interbedded with silty 
dolomite and silty dolomitic limestone. 1 m bed of slumped 
dolomite breccia near base. 

3.0 Dolomite, poorly outcropping, pink, thinly flaggy, laminated. 

4.6 Sandstone, grey to pink, flaggy, finely laminated, medium-grained, 
feldspathic, calcareous. Cross-bedded. 

0.3 Dolomite, yellow, thinly flaggy, non-laminated, fine-grained. 

9.8 Conglomerate: pebbles (50%) and cobbles (50%) of quartz sandstone 
and subordinate dolomite in fine-grained dolomite matrix. Cream, 
thick-bedded, fine-grained dolomite bed near base. 
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Sub- Thickness 
division (m) 

10.4 Quartz sandstone, yellow to buff, flaggy, thin-bedded, poorly sorted, 
coarse-grained, pebbly. Matrix siliceous and slightly ferruginous. 
Poorly defined bands of pebbles near top; at top a thin bed of 
cobble, conglomerate, pebbles and cobbles of quartz sandstone in 
dolomitic and calcareous feldspathic sandstone matrix. 

Base not exposed 

SECTION E7 

Location: O'Donnell Syncline 4.0 km at 226° from Junction Yard. 

Photo-Reference: Mount Ramsay Run 5A,Photo 77, Point 1. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

J 9.1 Silty dolomite and dolomitic siltstone, yellow, buff, and pink 
surfaced, pink to yellow, flaggy, laminated. Thin bed of poorly 
sorted sandy dolomite near base. 

H 12.2 Limestone, massive, laminated and predominantly light grey near 
base, becoming thick-bedded and dark grey with sporadic 5-15 cm 
light grey bands in upper half. Bands contain some fine-grained 
quartz sand and are cross-bedded. Bands of dark grey oolitic 
limestone in upper part; algal stromatolites overlie oolitic strata. 
Pyritic in upper half. 

1.5 Limestone breccia, dark grey, massive, thick-bedded, with lenticular 
5-8 cm bands of pink to white dolomite. 

G 19.5 Sandy limestone, grey and yellow weathering, grey to brown, flaggy 
and thinly flaggy, finely laminated, very fine and fine-grained, with 
micro-cross-beds and thin penecontemporaneously brecciated beds. 
Dark grey and less sandy near top. 

F 2.4 Sandy dolomite, light grey surfaced, pink, laminated, flaggy and 
thinly flaggy, fine. Small-scale cross-beds. 

E 4.6 Sandstone, brown weathering, buff, flaggy, thinly laminated, fine to 
medium-grained, calcareous (70% sand, 30% calcite). Grains well 
rounded, poorly sorted. Laminae due to varying calcite content. 
Thin bed containing pebbles of white silicified quartz sandstone up 
to 5 cm across near base. Cross-beds and slump structures at base. 
Rare thin cherty limestone interbeds near top. 

4.6 Silty dolomite, pink surfaced, pink, flaggy, laminated, and 
medium-grained, with rare thin dolomite or silty dolomite laminae; 
calcareous in part. Sand mainly of clear quartz, chert, and yellow 
dolomite, well rounded, poorly sorted. Sand content varies vertically 
on both small and large scales. 
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Sub- Thickness 
division (m) 

0.9 Sandy dolomite, buff, massive, laminated, fine and medium-grained, 
E with thin bands of coarse-grained sandy dolomite containing 

scattered pebbles of quartz. 
1.2 Calcareous sandstone, yellow surfaced, buff, massive, thick bedded, 

pebbly, coarse-grained. (Coarse-grained quartz sand makes up 35%, 
calcite 35%, pebbles 30%). Pebbles concentrated in two 20 cm 
zones, one at base, the other 25 cm above; range from well rounded 
to angular and up to 8 cm across, mainly 3-6 mm; consist of quartz 
sandstone (60%), dolomite (30%), quartz (10%). Some cross beds. 

0.6 Calcareous sandstone, black surfaced, white to light pink, 
medium-grained, thin-bedded. Washouts and other evidence .of 
diastems at base where thin bed of poorly sorted pebble 
conglomerate, consisting of well rounded to angular pebbles of 
quartz sandstone (50%), quartz (40%), and dolomite (10%), in 
quartz-sand/calcite matrix. 

0.6 . Silty dolomite, light pink, laminated, verging on dolomitic siltstone. 
Abundant scattered fme and medium-grained quartz sand. 
Somewhat leached. Some white stringy shale partings present. 

1.2 Sandy dolomite, pink, massive, mainly medium-grained sand but 
some 5 cm bands very coarse-grained and some 5-15 cm bands 
contain fine-grained sand. Oscillation ripple marks at top. 

0.6 Dolomite, pink sandy with scattered pebbles up to 3 mm in 
diameter. Current ripple marks (8-10 cm across) at top. 

1.2 Quartz sandstone, thinly flaggy, wispy, very poorly sorted, 
medium-grained, with minor dolomite or calcite in matrix; contains 
thin dolomitic or calcareous siltstone partings; in middle of unit 20 
cm bed of pink, finely laminated, very fine-grained sandy dolomite 
with scattered grains of medium-grained quartz sand. 

1.8 Massive alternating quartz sandstone and pebbly quartz sandstone. 
Pebbly rocks more important low in sequence; pebbles mainly well 
rounded, of quartz (90%), red and black chert and quartz sandstone 
(10%), in matrix of fine to coarse sand-sized quartz grains. 
Pebble-free quartz sandstone usually fine to medium-grained, with 
secondary quartz cement. 

0.6 Pebble breccia, massive, consisting of angular elongate preferentially 
oriented pebbles of purple siltstone and purple, very fine-grained 
sandstone of the Crowhurst Group (70%) and vein quartz (30%) set 
in matrix of coarse-grained quartz sand and calcite. Sand 30%, 
calcite 20%, pebbles 50%. Pebbles mostly 10-20 mm. 

Unconformably underlain by Collett Siltstone 
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SECTION E8 

7.5 Cobble /boulder conglomerate, _red, sandy matrix. 

D 4.5 Dolomite, yellow weathering, pink, thick-bedded, blocky, 
coarse-grained. 

1.5 Tillite, red clay/silt matrix. 

Bl 6 Dolomite, yellow weathering, pink, thin-bedded, flaggy, fine-grained. 

Unconformably underlain by Carson Volcanics 

SECTION E9 

Location: Louisa Syncline, 3.7 km Mi&ffi^ from Lily Hole Box. 

Photo-Reference: Mount Ramsay Run 8, Photo 29, Point 39. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

J 6.7 Dolomite, pale brown and yellowish brown weathering, yellow, 
flaggy, finely laminated with occasional blocky, laminated, yellowish 
dolomite interbeds. 

H 6.1 Limestone, dark grey to grey, flaggy, thin-bedded, cross-bedded, 
oolitic. 

6.1 Dolomitic limestone, dark and pale grey, flaggy, finely laminated, 
interlaminated with cream weathering dolomite with thin brown 
laminae. 

7.9 Dolomitic limestone, grey weathering, dark grey, blocky, 
thin-bedded. 

25.0 Silty limestone, dark grey and pale brown weathering, dark grey 
finely laminated, fissile, with occasional 5 cm beds of finely 
laminated limestone towards top of section. 

0.5 Limestone, dark blue-grey, blocky, irregularly laminated, with 
alternate laminae of dark grey and fawn limestone and dolomite. 
Very fine-grained almost cherty in appearance. Stromatolites(?) 
present. 
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Locality: 2.9 km at 210° from Mount George. 

PhotchReference.Mouni Ramsay Run 6, Photo 33, Point 28. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

H 11 Limestone, Grey weathering, grey, massive, coarse-grained in part 
cherty and oolite rich. 



Sub
division 

E 

Thickness 
(m) 

0.9 

D 

Conglomerate, r granule to boulder mainly pebble to cobble. Clasts of 
medium to coarse-grained silicified white or fawn quartz sandstone, 
generally subrounded or rounded, some angular types, together with 
frequent angular pebbles of dark grey silty limestone similar to the 
underlying bed. In sandy oolitic limestone matrix. 

1.5 Silty limestone, dark grey weathering, dark grey, massive. 

7.6 Dolomite, yellow and pink, blocky, thin-bedded, interbedded with 
purple fissile dolomitic shale. Vague stromatolites in some beds. 

Unconformably overlies Lamboo Complex , J 

SECTION E 1 0 

Location: Louisa Syncline, 6.6 km at 277° from Louisa Downs homestead. 

Photo-Reference: Mount Ramsay Run 10, Photo 57, Point 13. 

Sub- Thickness 
division (m) 

J 

H 

30 

7.5 

Dl 

D 4.5 

3 

Yurabi Formation conformable on: 
Shale and siltstone, purple, fissile, finely laminated. Micaceous in 
part. Alternate laminae limonite-enriched. Friable feldspathic 
sandstone bed at base. 

Limestone, grey, blocky, thin-bedded, oolitic. Oolitic bands 
29-30 cm thick. Oolites up to 3 mm in diameter. Thin interbeds of 
yellow dolomite and fissile dolomitic shale. 

Dolomitic shale and siltstone, purple to yellow, fissile, finely 
laminated. 

Dolomite, pink, flaggy, thin-bedded. 

Boulder tillite: jvery poorly exposed. 

Disconformabiy underlain by Mount Bertram Sandstone 

SECTION E l l 

Location ..Louisa Syncline, 14.5 km at 168° from Louisa Downs homestead. 

Photo-Reference: Mount Ramsay Run 12, Photo 01,Point 25. 

Sub- Thickness 
division (m) Yurabi Formation conformable on: 

C 36 Tillite, represented by scattered boulders in soil; boulders and 
cobbles mainly purple quartz sandstone and white and purple 
quartzite. No matrix seen, but silty leached rubble associated with 
boulders. Manganese staining common. 
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Sub- Thickness 
division (m) 

B 36 Siltstone, orange surfaced, yellow, flaggy to massive thick-bedded to 
laminated; rare thin (5-8 cm) interbeds of coarse-grained arkose in 
lowermost metre or two. Strongly cleaved. Lenticular 
medium-grained, clay-silica-cemented, poorly sorted, quartz 
sandstone interbeds up to 60 cm thick near top, where siltstone 
more massive. 

95 Arkose, orange weathering, white to pale green, friable, massive, 
thick-bedded, very coarse-grained, consisting of subround to angular 
grains of quartz (40%) and pink feldspar (40%) in matrix of chlorite 
and/or epidote-stained clay. Rare cobbles and pebbles of quartzite in 
uppermost few metres. Cross-bedded. 

Unconformably underlain by Lamboo Complex 

SECTION E12 

Location: Louisa Syncline, 10.3 km at 116 from point where Great Northern Highway 
crosses Mary River. 

Photo-Reference: Mount Ramsay Run 11, Photo 45, Point 7. 

Sub- Thickness 
division (m) Yurabi Formation disconformable on: 

Dl 12 Mainly rubble - appears to be derived from purple and yellow, 
thinly flaggy, laminated siltstone. May contain sandy interbeds. 

9 Tillite, yellow, massive, consisting of scattered boulders up to 60 cm 
across of white quartzite and white silicified fine to medium-grained 
quartz sandstone, silicified silty matrix. 

12 Siltstone, yellow, massive, laminated, slightly silicified (cherty), 
containing scattered angular sand-sized grains of quartz and pink 
feldspar. Laminations produced by alternation of very thin 
iron-stained lamellae withyellow bands up to 3 mm thick. 

7.5 Arkose, yellow to orange surfaced, buff, massive, coarse and very 
coarse-grained, consisting of angular grains of quartz and fresh 
feldspar in secondary cherty matrix. 

Unconformably underlain by Lamboo Complex 
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SECTION E13 (Type Area). 

Location: Louisa Syncline, immediately north of Great Northern Highway where it 
crosses Egan Range. 

Photo-Reference: Mount Ramsay Run 9, Photo 75, Point 4-7. 

Sub- Thickness 
division (m) 

Dl 
Yurabi Formation disconformable on: 

Dolomitic siltstone, yellow, flaggy to fissile, leached. Poorly 
exposed. 
Silty dolomite, yellow surfaced, light pink, blocky, laminated to 
thin-bedded. 

Dolomite, pink and yellow surfaced, pink, blocky to flaggy, 
interbedded with thinly flaggy to fissile pink and purple dolomitic 
siltstone and dolomitic shale. Dolomite contains scattered medium 
and coarse grains of quartz and feldspar sand near base. 

Tillite: Matrix of massive unstratified purple claystone. Granules of 
claystone, cherty siltstone, and grey, black, and purple quartzite 
scattered randomly. Rare cobbles of quartzite up to 75 mm in 
diameter in uppermost metre. 

Dolomite ^nd dolomite breccia, yellow-surfaced, pink and yellow, 
thick-bedded. Coarse irregular clusters of crystals of siderite(?) and 
calcite or dolomite throughout bed. 

No outcrop — along strike to northeast can be seen to be pink-green, 
very coarse-grained, poorly sorted arkose consisting of quartz (50%) 
and pink feldspar (40%) set in matrix of chlorite (5%) and white clay 
(5%). 

Unconformably underlain by Lamboo Complex 

SECTION 14 

Location: Louisa Syncline, 10 km at 85° from Margaret River homestead. 

Photo-Reference: Mount Ramsay Run 9, Photo 71 , Point 7. 

Bl 

1.8 

1.8 

5,5 

21.3 

3.0 

4.6 

Sub- Thickness 
division (m) 

H 3 

1.5 

18 

Yurabi Formation disco nformable on: 
Limestone, buff surfaced, buff, silicified. Crops out as rounded 
tors. 

Limestone, dark grey, massive. 

Tillite, massive. Matrix consists dominantly of pink clay-sized 
material. Erratics of quartzite and chert up to 60 cm in diameter 
throughout rock. 
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Sub- Thickness 
division (m) 

Bl 3 Dolomitic sandstone or sandy dolomite, brown, flaggy to blocky, 
medium-grained, leached. 

4.5 Dolomite, pink surfaced, pink, flaggy, weakly laminated, 
interbedded with pink dolomitic siltstone and dolomitic shale. 

13.5 Dolomite, light grey surfaced, light grey, flaggy to blocky, 
laminated. Dark grey limestone as lenses towards base. 

Al 1.5 Sandy limestone, dark grey, thinly flaggy, laminated. 

Unconformably underlain by Lamboo Complex 

SECTION E15 

Location: Louisa Syncline, 2.3 km at 125° from Mount Amherst homestead. 

Photo-Reference: Mount Ramsay Run 6, Photo 29, Point 10. 

Sub- Thickness 
division (m) Yurabi Formation disconformable on: 

Dl 0.6 Dolomite, yellow weathering, yellow to pink, blocky, laminated. 

3.0 Dolomitic siltstone, yellow and pink, thinly flaggy, laminated, 
interbedded with fine-grained dolomitic sandstone. 

0.6 Dolomitic sandstone brown to yellow weathering, light grey. 
Contains occasional pebbles and granules of yellow dolomite, quartz, 
and jasper. 

2.4 Dolomitic siltstone, yellow and pink, thinly flaggy to fissile, verging 
on silty dolomite in places. 

2.1 No outcrop — probably tillite with clay matrix. Erratics consist 
entirely of quartz sandstone pebbles, cobbles, and boulders. 

1.0 Dolomite and dolomite breccia, light grey; breccia of fragments of 
porous sponge-textured dolomite in dolomite matrix. Lenticular. 

1.5. Tillite — as above. 

0.6 Dolomitic sandstone, yellow weathering, pink, medium-grained. 

6.1 Tillite — no matrix preserved as outcrop; erratics mainly of pebble 
size, but occasional 60 cm boulders; erratics of quartz sandstone. 

Bl - 0.6 Dolomite breccia, yellow surfaced, pink, medium-grained. 

3.7 Dolomite, pink and light grey, blocky, thick-bedded. Vague 
stromatolites (?) near base. Pink or yellow weathering near base, 
light grey in middle, and pink at top. 

0.9 Dolomite, yellow weathering, light grey, flaggy, laminated. 

Al 3.7 Calcareous sandstone, flaggy and thinly flaggy, fine to medium 
grained. 
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Sub- Thickness 
division (m) 

A l 0.3 Dolomite, yellow surfaced, yellow to buff. 
1.2 Calcareous sandstone, pale green, thinly flaggy, very fine-grained, 

slightly dolomitic, interbedded with siltstone. 

0.3 Sandy dolomite pink, flaggy, thin-bedded, containing thin lenticular 
bands of very fine-grained calcareous sandstone. 

0.6 Sandy limestone, pale grey, laminated micro-cross-bedded. Sand 
makes up about 10% of rock and consists mainly of quartz with 
some rock fragments. 

Unconformably underlain by Lamboo Complex 

SECTION E16 

Location: Louisa Syncline, 15.3 km at 238 from Moola Bulla homestead. 

Photo-Reference: Mount Ramsay Run 5, Photo 65, Point 18. 

Sub- Thickness 
division (m) Yurabi Formation disconformable on: 

Fl 10.1 Dolomitic shale and dolomite, purple, laminated. Rare thin beds of 
pebble conglomerate with dolomitic sandstone matrix. Fine-grained 
quartz sandstone beds up to 15 cm thick interbedded near top. Some 
strata slightly micaceous. 

El 6.7 Sandstone, thinly flaggy, laminated, fine-grained, and some siltstone; 
leached and probably originally dolomitic. Interbeds of 
coarse-grained quartz sandstone up to 15 cm thick; some 
ripple-marked. 

0.3 Pebble conglomerate, consists of pebbles of various rock types in 
dolomitic sandstone matrix. Ripple-marked. 

8.2 Quartz sandstone, cream, thinly flaggy, fine to medium-grained. 
Poorly exposed. 

C 5.2 Tillite: matrix grey to green and consists of clay to sand-sized grains. 
Erratics, up to 1m in diameter, include various igneous and other 
rock types. 

1.8 Quartz sandstone, very coarse-grained. Grains well rounded. Possibly 
originally dolomitic. Contains rare pebbles and rounded boulders up 
to 1.2 m across. 

6.7 Tillite: matrix consists of red clay, arkose, and sand. Pebbles and 
boulders up to 2.5 m across scattered throughout matrix. Consist of 
various igneous and sedimentary rock types. 

Unconformably underlain by Lamboo Complex 
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YURABI FORMATION 

SECTION Yl 

Location: O'Donnell Syncline, 6.1 km at 251° from Mount Dent. 

Photo-Reference: Mount Ramsay Run 5A, Photo 75, Points A-B. 

Sub- Thickness 
division (m) 

III 9 

II 3 
15 
2.5 

I 20 

7.5 

10.5 

McAlly Shale conformable on: 
Quartz sandstone, red-brown weathering, red, thin-bedded, medium-
grained. Ripple-marked. 

Dolomite, yellow, sandy at top. 
Dolarenite, yellow weathering, cream and grey, laminated, flaggy. 
No outcrop 

Quartz sandstone, brown weathering, pinkish to pale fawn, 
thin-bedded, ferruginized. Some ripple marks. 

Quartz sandstone, white, thick to thick-bedded, blocky, medium-
grained, silica-cemented. Minor ferruginous patches; joints 
ferruginized. 
Quartz sandstone, red weathering, white or grey, medium to 
fine-grained, silica-cemented. 

Conformably underlain by Egan Formation (Section E2) 

SECTION Y 2 

Location: O'Donnell Syncline 13.1 km at 64° from Junction Yard. 

Photo-Reference: Mount Ramsay Run 4, Photo 38, Point 2. 

Sub- Thickness 
division (m) 

II 6.7 

13.1 

0.6 

McAlly Shale conformable on: 
Dolomite, pink to yellow, thick-bedded, thinly laminated, 
fine-grained. Yellow laminae slightly siliceous and in some areas 
brecciated. 

Dolomite sandstone, pink to yellow, or grey, flaggy, thinly 
laminated fine-grained, interbedded with siltstone and shale. Pink, 
flaggy, thin-bedded and laminated intercalations of dolomite near 
top. Sandstone towards base, very friable, round quartz grains in 
dolomitic matrix. 

Dolomitic sandstone, grey to black, non-laminated, medium-grained, 
well sorted. Contains round quarts grains, leached feldspars, and 
dark dolomitic pebbles. Cement ferruginous dolomite. 
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Sub- Thickness 
division (m) 

18.3 Quartz sandstone, grey to brown, flaggy, thin-bedded, well sorted, 
medium-grained, friable. Quartz grains well rounded and well sorted, 
set in slightly ferruginous, siliceous cement. Feldspar less than 5% of 
rock. Broad ripple marks and clay pellet impressions abundant 12 m 
from base and numerous clay pellet impressions present 6.7 m from 
base. 

Conformably underlain by Egan Formation (Section E6) 

SECTION Y3 

Location: Louisa Syncline, 6.6 km at 270° from Louisa Downs homestead. 

Photo-Reference: Mount Ramsay Run 10, Photo 57, Point 13. 

Sub- Thickness 
division (m) McAlly Shale conformable on: 

III 3 Sandstone, buff to grey, thinly flaggy, well sorted, ex-dolomitic, 
fine-grained; matrix is mainly clay. 

79 Siltstone and shale grey to brown, thinly flaggy to fissile, laminated, 
slightly micaceous and possibly ex-dolomitic. 

II 59 Sandstone, red, flaggy to thinly flaggy, thin-bedded, well sorted, 
sparsely laminated, fine-grained, feldspathic with a ferruginous 
matrix. Alternate laminae lack ferruginous matrix and consist of 
quartz and feldspar. Ripple marked and current-bedded; towards 
base numerous clay pellets. 

30 Sandstone, yellow, blocky, medium-bedded, well sorted, 
medium-grained, friable, feldspathic. Matrix calcareous. Leached and 
stained with manganese and iron oxides. Surface coating of 
manganese oxides. 

I 46 Sandstone, white to brown (buff), blocky to flaggy, laminated, 
friable, well sorted, medium-grained, feldspathic, with calcareous 
matrix. Current beds and large-scale ripple marks present. Towards 
base numerous clay pellet cavities. 

Conformably underlain by Egan Formation (Section E10) 
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SECTION Y4 

Sub- Thickness 
division (m) McAlly Shale conformable on: 

III 1.5 Quartz sandstone, brown-black and white surfaced, manganese and 
iron stained, white, blocky, fine-grained, with silica matrix. 
Resistant. 

9 Siltstone and shale, leached, grey, white, yellow, and purple, thinly 
flaggy and fissile. Poorly outcropping. 

II 21 Quartz greywacke or feldspathic sandstone purple surfaced, purple, 
blocky, thick-bedded, medium-grained. Cement largely clay — 
appears to be 20% feldspar in detrital fraction. Small quartz veins 
common, cleavage strong. 

I, II 76 Quartz sandstone, poorly bedded, orange-yellow surfaced, 
fine-grained yellow and pink, clay-cemented, or clay-silica cemented. 
Yellow porous beds may be ex-dolomitic. Interbedded with leached 
thinly flaggy, pastel grey-yellow and purple siltstone. Bedding rolls 
and load casts common near base. Siltstone bed near top may be 
dolomitic. Clay pebbles common in sandstone. 

Disconformabiy underlain by Egan Formation (Section E l l ) 

SECTION Y5 

Location^ Louisa Syncline, 10.1 km at 116° from point where Great Northern Highway 
crosses Mary River. 

Photo-Reference: Mount Ramsay Run 11, Photo 45, Point 7. 

Sub- Thickness 
division (m) McAlly Shale conformable on: 

III 3 Quartz sandstone, grey surfaced, grey, flaggy, laminated to 
thin-bedded, fine-grained. Manganese oxide stains along bedding and 
as joint coatings. Pyrite crystals common. 

30 Shale and siltstone light grey, fissile, interbedded with thinly flaggy, 
fine-grained quartz sandstone 
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Location: Louisa Syncline, 14.3 km at 168° from Louisa Downs homestead. 

Photo-Reference: Mount Ramsay Run 12, Photo 01 . 



Sab- Thickness 
division (m) 

II 9 Quartz sandstone, pink to purple, flaggy to blocky, fine to 
medium-grained, slightly ferruginous; consists of quartz grains (80%) 
in matrix (20%) of iron oxide7clay, and silica. Purple silt pellets and 
clay pellets common. Near top pseudomorphed cubic minerals 
(probably pyrite) common. 

3 Ferruginous siltstone, purple-brown, thinly flaggy, interbedded with 
purple-brown, very fine-grained, slightly ferruginous sandstone. 

I 6 Quartz sandstone, yellow surfaced, yellow, blocky, thin-bedded to 
medium-grained, clay-cemented. Possibly ex-dolomitic: some 
coarse-grained zones present. Ripple marks common. 

9 Quartz sandstone, yellow weathering, white to pink, leached flaggy 
and thinly flaggy, laminated, fine-grained, clay-cemented. Probably 
ex-dolomitic. Ripple marks common. 

18- Quartz sandstone, purple-brown, flaggy, thin-bedded, medium-
grained, slightly feldspathic. May be interbedded with softer rocks. 
Ripple marks and clay pellet impressions fairly common. 

24 Quartz sandstone, red-brown surfaced, white to brown, flaggy, 
thin-bedded medium-grained. Matrix mainly silica, but clay (after 
feldspar?) and iron oxide present in places. Ripple marks with 15 cm 
wavelength at top, and smaller wavelengths throughout. Clay pellet 
impressions and mud cracks abundant. 

Disconformabiy underlain by Egan Formation (Section El2) 

SECTION Y6 KM S£OT,0^/ 

Location: Louisa Syncline, north of Great Northern Highway where it crosses Egan Range. 

Photo-Reference'. Mount Ramsay Run 9, Photo 75, Points 4-7. 

Sub- Thickness 
division (m) McAlly Shale conformable on: 

III 3 Quartz sandstone, brown weathering, grey-brown, flaggy and thinly 
flaggy,* laminated, fine-grained. Manganese staining common. 
Limonite-fllled cavities (after pyrite?) common. 

44 Shale, grey, fissile, interbedded with grey, thinly flaggy to flaggy, 
very fine-grained, slightly micaceous sandstone and siltstone. 
Sandstone may possibly contain dolomite in matrix. 

1.5 Sandstone, grey, blocky; thin-bedded, leached, ex-dolomitic. 

12 Dolomitic siltstone, grey, fissile, with interbeds of thinly flaggy, fine 
to medium-grained, slightly micaceous, dolomitic sandstone. Mud 
cracks and ripple marks common. 
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Sub- Thickness 
division (m) 

II 12 

26 

Siltstone, purple, fissile to thinly flaggy, laminated, leached, 
ex-dolomitic, with 30-60 cm interbeds of pink and yellow silty and 
sandy dolomite. 
No outcrop. 

Quartz sandstone, grey, flaggy to blocky, thin-bedded, interbedded 
with grey fissile silty sandstone, and, near top, olive-green fissile 
shale. Succession generally finer-grained upwards. Top few cm 
yellow weathering clay-cemented (probably ex-dolomitic) quartz 
sandstone. Ripple marks and clay pellets abundant throughout. 

Disconformabiy underlain by Egan Formation (Section El3) 

SECTION Y7 

Location: Louisa Syncline, 1.9 km at 150° from Mount Amherst homestead. 

Photo-Reference: Mount Ramsay Run 6, Photo 29, Point 10. 

Sub- Thickness 
division (m) 

III 

II 

9 

35 

18 

14 

30cm 

3 

1.5 

12 

3.5 

McAlly Shale conformable on: 
Quartz sandstone pale fawn, thin-bedded, flaggy, fine-grained. Poor 
exposure. 

Poor exposure. Rubble of pale brown, blocky, medium-grained, 
siliceous quartz sandstone. A few ferruginous grains (possibly 
representing original feldspathic material). Some porous, flaggy, 
laminated sandstone. 

Dolomitic shale, pale yellow or purple, fissile to flaggy, laminated, 
interbedded with 5 cm bands of pale cream, laminated, sandy 
dolomite. 
No outcrop. 

Feldspathic sandstone, pale fawn weathering, grey, medium-grained, 
flaggy, thin-bedded. 

No exposure. 

Feldspathic sandstone, pale brown or fawn, blocky to flaggy, 
thin-bedded. Ripple marks and clay pellet impressions common. 
Poor exposures. 

Quartz sandstone, white, flaggy, laminated and thin bedded, fine and 
medium-grained. Ripple marks abundant — 15 cm wavelength at top, 
where rocks fine-grained and have strong silica matrix, giving rise to 
tors. 

Quartz sandstone, white to buff, thinly flaggy, laminated fine to 
medium grained, ex-dolomitic(?) 
Disconformabiy underlain by Egan Formation (Section E l 5 ) 
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SECTION Y8 

Location: Louisa Syncline, 15.3 km at 240°from Moola Bulla homestead. 

Photo-Reference: Mount Ramsay Run 5, Photo 65, Point 18. 

Sub- Thickness 
division (m) McAlly Shale conformable on: 

II 1.5 Sandstone, cream, thinly flaggy. Abundant clay pellet casts. 

9 Quartz sandstone, flaggy, laminated, fine-grained, interbedded with 
dolomite. Lower half mainly sandstone with rare 10 cm beds of 
cream dolomite increasing in abundance upwards. Upper half of 
thinly flaggy pink dolomite with subordinate sandstone interbeds. 

I 17 Quartz sandstone, cream to light brown, thinly flaggy, thin-bedded 
to laminated, fine to medium-grained. Clay pellet casts and ripple 
marks present. 

Disconformabiy underlain by Egan Formation (Section El6) 
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PLATE 1 

Fig. I. Typical outcrop of Landrigan Tfllite - lower part of formation in western part of 
Kuniandi Range. 

ig. 2. Photomicrograph of Landrigan TiUite: large fragments of quartz-mica schist (left) and 
ferruginous sandstone in a matrix of quartz grains, ferruginous clay, and mica, with small 
fragments of carbonate, quartz, etc. 'Flow lines' produced by compaction around large 
fragments. (X40). 6 

6 9 



PLATE 2 



PLATE 3 

Fig. 1. Grooved, striated and polished becrock beneath tillite of Egan Formation 
Pavement Hill. 

Fig. 2. Close-up view of Figure I. 
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PLATE 4 

Fig. 1 . Strata of subdivision E of Egan Formation at section locality E9. 

Fig. 1 Aerial photograph of southwestern part of Lubbock Range. 
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