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COAL EXPLORATION DRILLING IN THE CLAYTON AREA, MARREE

' A ABSTRACT
A drilling programme and a review of
existing geological data were undertaken to
assess the potential for coal deposits in the
Late Cretaceous Winton Formation in the
Clayton area.

Four boreholes, totalling 140 m of HQ
core drilling and 373 m of open-hole drilling
using rotary-mud drilling techniques were
completed in July 1985 without discovering any
prospective occurrence of coal.

Borehole Clayton-3 was cored to a depth
of 150 m to provide stratigraphic
information. It intersected a sequence of
Quaternary, Tertiary and Cretaceous sediments,
the later being represented by the Winton and
Mackunda Formations and possibly the
Oodnadatta Formation. Three additional
exploratory boreholes (CAl, CA2 and CA3) were
drilled to test the extent and nature of coal
seams in the Winton Formation and discovered
only thin stringers of coal in borehole CA3.

The coal seams intersected in the Winton’
Formation are considered unprospective due to
their thin and discontinuous nature.,

INTRODUCTION

The investigation was inétigated to assess the potential for
coal deposits in the Late Cretaceous Winton Formation in the
Clayton area of the southwestern portion of the Eromanga Basin

(Figure 1).

The area selected covers the southern-most occurrence of
Winton Formation in South Australia and is in close proximity to
the Marree railhead, which would provide a direct rail link with

the coal combustion power stations at Port Augusta.



The Winton Formation is a fluviatile sequence of siltstone,
sandstones and mudstones with minor coal. Near the South
Australian border in the Queensland portion of the Eromanga
Basin, coal seams up to 7.6 m thick have been recorded in the
lower part of the Winton Formation at a depth of about 600 m in
petroleum exploration well Tallalia-1 (Gray, 1975). In the
Clayton Area, there are reported .intersections of coal and
carbonaceous sediments in waterbores drilled through the Winton
Formation at much shallower depths of between 50 and 100 m, with
potential for shallower coal occurrence.

Currently available information on the distribution of the
Winton Formation and coal seam thickness and quality is
inadequate to ‘enable a realistic assessment of the area's coal
potential. Consequently a drilling programme was planned to
drill four boreholes to obtain stratigraphic information and test

the nature of coal occurrences previously reported.

The drilling results and a review of existing data for the

area are presented in this report.

LOCATION

The Clayton area covers the southwestern portion of the
MARREE 1:250 000 map sheet and the northeastern portion of the
 CURDIMURKA 1:250 000 map sheet. It is approximately..50.km north
of Marree and can be accessed via the Birdsville Track and along
minor station tracks belonging to the Clayton, Muloorina and

Dulkaninna pastoral properties (Figure 2).

The Clayton River, a major ephemeral creek, flows in a
north-westerly direction through the centre of the area and
drains into the southern portion of Lake Eyre.

REGIONAL STRATIGRAPHY

Cretaceous

The Clayton area is situated near the southwestern margin of
the Eromanga Basin and the stratigraphy and problems concerning

stratigraphic nomenclature for the Mesozoic of this area are
discussed in reports by Forbes (1982) and Moore & Pitt (1982).



Petroleum explorers in the South Australian and Queensland
portions of the Eromanga Basin have defined in the subsurface a
sandy sequence overlying the Oodnadatta Formation which has been
subdivided into two wunits corresponding to the Winton and
Mackunda Formations. To date, this subdivision has not been
applied to outcrop nomenclature in the southwestern Eromanga
Basin, although recent studies by Krieg (in press) and Forbes
(1982) have indicated that a differentiation is possible.

The Cretaceous nomenclature preferred in this report is that
of Moore and Pitt (1985), shown in Figure 3, and of particular
interest are the youngest sediments comprising the Winton and
Mackunda Formations. '

The Early Cretaceous (Albian) Mackunda Formation lies
conformably on the Oodnadatta Formation, and is overlain
conformably by Winton Formation. It consists of interbedded fine
. sandstone, siltstone and mudstone and isAslightly calcareous near
the base. The Formation averages 60 m in thickness in the
Central Eromanga Basin . (Senior et al., 1978) and thickens to
about 100 m in the southwestern Eromanga Basin (Moore & Pitt,
1982).. The environment of deposition is interpreted as marginal-
-marine to paralic with deposition along a low-energy shoreline in

response to a regression of the sea (Exon and Senior 1976).

The youngest Cretaceous unit is the Late Cretaceous Winton
Formation, which is a non-marine sequence of siltstone, sandstone
and mudstone with minor coal interbeds. It rests conformably on
the Mackunda Formation and is unconformably overlain by Tertiary
and Quaternary deposits. The distribution and thickness of the
Winton Formation is controlled by ‘the combined effects of Late
Cretaceous subsidence and subsequent Tertiary erosion. It
attains a maximum thickness of 1 200 m in the centre of the basin
and thins towards the margin. The Winton Formation is regarded
as a fresh-water sequence deposited on a broad coastal plain as

the sea regressed (Exon and Senior 1976).

Tertiary and Quaternary

The Tertiary and OQuaternary cover in the Marree region
consists of non-marine sediments of the Lake Eyre Basin.



Overlying the prospective Winton Formation are fluviatile
sands of the Eyre Formation (Palaeocene-Eocene) and lacustrine

sediments of the Miocene Etadunna Formation (Callen, 1983).

The Quaternary deposits are widespread but discontinuous,
and contain fluviatile, playa lake and aeolian sediments.

PREVIOUS INVESTIGATIONS
Geological

Geological mapping by SADME geologists has been completed
for the MARREE 1:250 000 scale map sheet (Forbes et al., 1965)
and 1is currently in progress for the adjoining CURDIMURKA
1:250 000 scale map sheet. A preliminaryiedition of this sheet
has been compiled by Daly (1970). Regional geological coverage
is provided by the 1:1 000 000 State Geological Map (Thompson,
1980).

Groundwater Drilling

Previous drilling dates back to the late 1800's and early
1900's and has been mainly directed at the search and utilisation
of artesian groundwater (Table 2). Records of this drilling are
available from the SADME borefile records and, although the
driller's lithological descriptions are often brief, the
information can aid subsurface mapping if used in conjuction with

later drilling information.

Waterbores drilled. since 1980 are generally well documented
and provide more detailed lithological descriptions and wireline
geophysical 1logs. The Clayton-2 waterbore drilled in 1980 by
SADME to a depth of 555 m was part of an assessment of the
potential of the Great Artesian Basin for future water supply
development (Smith and Read, 1982). In 1983 it was deepened to
568 m in order to determine the . thickness of deeper aquifers and
test the nature of pre-Mesozoic basement (Rogers 1984). In 1983,
Muloorina-1 was completed by SADME as a waterbore for Muloorina
homestead and was drilled into pre-Mesozoic basement (TD 618 m)
to identify the nature of rocks forming the Muloorina Ridge
(Forbes 1984).



Mineral Exploration

In 1980, CRA Exploration Pty. Ltd. were granted four
exploration licences (No. 646 to 649) err an extensive area to
the north of Marree (CRA Exploration Pty. Ltd., 1980). They
considered the area had potential for oil shale because of
lithological similarity of the Cretaceous sequence in this area
to the Cretaceous sequence in Queensland which hosts the Julia
Creek oil shale deposit{

During CRA's investigation, SADME drilled the Clayton=2
waterbore and tests of the drill cuttings from this borehole and
from other existing waterbores, provided sufficient data for them
to substantially downgrade the area's potential for economic o0il
shale deposits., The area was relinquished without any further
‘exploration drilling being undertaken.

PREVIOUS COAL OCCURRENCES
Kuntha Hill

In South Australia the first discovery of coal in the Winton
Formation was made in 1888 at Kuntha Hill near the Birdsville

Track, about 160 km north-northeast of Marree (Figure 2). This
occurrence 1is approximately 100 km north of the Clayton Area and
represents coal seams from a higher stratigraphic 1level of the

Winton Formation that is not present in the Clayton Area.

In the 'Record of Mines of South Australia' (Brown, 18905
the following information was provided by the manager of the
private company formed to prospect theAdiscovery:

- three shafts and two bores were put down vertically, the
depth of the shafts being 21.3 m, 25.6 m, and 45.7 m; and of
the bores, 90.8 m and 34.1 m.

- three seams of coal were intersected, with thickness of
0.76 m, 0.60 m and 0.13 m.

Two samples brought to Adelaide by the manager were
submitted to the Government Assayer, for analysis with the
following results: ’



First Sample Second Sample
Moisture (?air-dried) 11.68% 11.00%
Volatile Matter 36.63% 36.77%
Fixed Carbon - 42,70% 43,.39%

Ash 8.99% 7.84%

The Government Geologist (H.Y.L. Brown) visited the area in
the early part of 1889 and inspected the shaft in which the coal
had been discovered. The shaft was dewatered, but the manager
found that is was unsafe to remove the timber at the place where
the coal had been found and it was therefore not possible to
ascertain the character or thickness of the seam. However, in
the presence of the Government Geologist a hole was cut in the
timber and a sample obtained but analytical records do not exist
for this particular coal sample.

Waterbore Records

In the Clayton Area the Sinclair, Clayton and Dulkaninna
waterbores were drilled during the late 1800's and early 1900's
and the old drilling records show they intersected carbonaceous
and 1lignitic intervals in the Winton Formation. These
occurrences occur - - at depths that range from 20 m to 100 m, but
the nature and thickness of the coal cannot be substantiated

because only driller's cuttings description logs are available.

Coal intersections have been recorded in waterbores drilled
by SADME at Clayton-2 in 1980 and at Muloorina-1 in 1983. The
coal was recorded from drill cuttings and seam thicknesses of
less than 1 m were confirmed from caliper-density wireline
logs. In Clayton-2 the coal seams occur at depths of about 48 m
and 83 m, and at a depth of 55 m in Muloorina-l.

The drill cuttings from the coal interval in Clayton-2 were
sampled and analysed by. CRA Exploration Pty. Ltd. (1980) and the
analytical results are presented in Appendix 1II. The c¢oal
analyses are not totally repfesentativelof the coal intersected
because the samples ‘analysed were drill cuttings from rotary-mud
drilling and are possibly contaminated by moisture and ash.
Follow-up coal exploration was not undertaken by CRA because they

considered the coal seams too thin and of low rank.



DRILLING INVESTIGATION

Drilling Programme

Four boreholes, ranging in depth from 36 m to 175 m were
drilled in the Clayton Area between the 25 June 1985 and 13 July
1985, A total of 140 m of HQ coring and 373 m of open-hole
drilling . using rotary-mud drilling techniques were completed.
The drilling was conducted by the SADME, Engineering and Services

Division using a MAYHEW 1000 rig equipped for HQ wireline coring.

The boreholes were geophysically logged using the SADME
"FORD" unit which produced analog readouts but had no provision
for digital recording of data. Drilling and geophysical logging
statistics are presented in Table 1 and the borehole locations

are shown in Figure 5.

Clayton-3 was cored to a depth of 150 m through the
Quaternary and Tertiary cover, and into the basal part of the
Winton Formation and underlying -Mackunda and Oodnadatta
Formations. It was sited approximately 700 m east of the
Clayton-2 waterbore in which several thin coal intersections had
been previously recorded in the Winton Formation. An
unanticipated anticlinal structure and a thick Tertiary cover at
the Clayton-3 site resulted in the drilling of a reduced
thickness of Winton Formation (Figure 6).

The core descriptions and geophysical logs for Clayton-3 are
presented as a composite log in Figure 4.

Three open-holes CAl, CA2 and CA3 were positioned at
distandes of between 10 km and 20 km from Clayton-3 to determine
the distribution of Winton Formation and test for coal
occurrence., Lithological descriptions for these boreholes are
presented in Appendix I and were based on cuttings collected

every 2 m.

At the CAl site the Winton Formation was absent and the
borehole was spudded into the Oodnadatta Formation. This result
confirmed the existence of an anticlinal structure directly east

of Clayton-3 (see Section A-A', Figure 6).

Boreholes CA2 and CA3 were drilled to the east and north of
Clayton-3 respectively. At both sites the prospective Winton
Formation is covered by about 40 m of Quaternary and Tertiary

sediments.



Clayton-3 Stratigraphy

The Cretaceous sequence drilled in Clayton-3 has been
subdivided into 3 main intervals based on lithological character
and to a 1lesser extent on geophysical 1log response. These
intervals have been tentativély correlated with the Winton,
Mackunda and ? Oodnadatta Formations. A generalised description
of the proposed lithostratigraphic subdivision in Clayton-=3 is

given below.

gyaternary/Recent . Depth Interval 0 to 2 m

Brown to red-brown, unconsolidated, sandy/silty

clay.

Eyre Formation (Tertiary) Depth Interval 2 to 32 m

Predominantly fine grained sand, poorly
consolidated, clayey and silty in part, with coarser
sand at the base,. The basal sands provide a good SP,
neutron and gamma-ray geophysical log signature. Minor
lignitic clay and carbonaceous sand horizons occur near
the base of the sequence. The basal contact with

underlying Cretaceous sediments is sharp and erosional.

Winton Formation (Cretaceous) Depth Interval 32 to 61 m

Interbedded brown-grey mudstone, siltstone and
minor 1light sandstone. The mudstone are brown-grey,
variably carbonaceous, with carbonaceous grains, flecks
and wood fragments dispersed on bedding surfaces. The
siltstone and sandstone interbeds are light green-grey
in colour and clayey. A thin (0.15 m) coally,
carbonaceous mudstone horizon occurs at 51.5 m.
Occasional thin (0.02-0.05 m) horizons or concretions of
off white, very hard, dolomitic mudstone occur in the

nudstone.



Mackunda Formation (Cretaceous) Depth Interval 61 to
118 m '

The formation comprises two prominent sandstone
units between 70-81 m and 100-118 m, and the remainder
consists of interbedded mudstone and sandstone. The
sandstone is fine to medium grained, light green-grey
and often clayey. Small to medium scale cross-bedding
is common and mudstone <clasts and carbonaceous
grains/flecks are often dispersed on bedding planes. A
thin section examination of a typical sample indicates
that it is an immature, argillaceous sandstone
containing detrital quartz and feldspar grains as well
as green clay pellets and detrital clinoptilolite. The
green clay pellets which account for the greenish colour
of the sediment were identified as smectite by X-ray
diffraction (sée AMDEL Rept. - Appendix III).

The mudstone is brown to light brown and contains
thin laminae of very fine grained sandstone and thicker
fine grained sandstone interbeds. The overall
" arenaceous nature of this formation is represented by an
increased SP response, and a slightly enhanced neutron

and gamma-ray geophysical log response.

20odnadatta Formation (Cretaceous) Depth Interval 118-
150.4 m (T.D.)

Interbedded brown and green-brown mudstone, greén-
grey siltstone and green—-grey sandstone. In part, the
. sequence displays prominent coiour/lithological banding
due to . repetitive «cycles of "fining-up" sequences
grading from fine sandstones through to siltstone and
mudstohe beds. . Occasional calcafeous shell gragments
and bioturbated horizons are present. Sandstones are
-very fine to fine grained, and are often finely cross-
bedded. In this interval the bredominance of mudstone
and siltstone over sandstone produces a suppressed SP,

neutron and gamma response.
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A palynological study undertaken by Alley (1986) on core
samples attempted to substantiate the proposed lithostratigraphic
subdivision and in particular, to identify the Winton and
Mackunda Formations. The study clearly identified the Tertiéry
from the wunderlying Cretaceous but could not recognise any
significant differences in the palyno-floras in the Cretaceous.
The palynological evidence indicated that the non-marine Winton
Formation occured to at least a depth of 128 m. The age of
sediments below 128 m has not been determined at this point in
time, but will be investigated in a later study (N. Alley pers.

comms, ).

In this report the proposed lithostratigraphic subdivision
of the Cretaceous sediments in Clayton-3 will be retained despite
the unsupportive palynological results. This subdivsion has been
based on both the lithological character and geophysical response
of wunits and has proved particularly useful for subsurface
mapping of the Cretaceous sequence in the Clayton Area. However,
further study 1is warranted to resolve the discrepency 1in
palynological and lithostratigraphic information.

Coal Occurrence

In the Winton Formation in Clayton-3, a thin (0.15 m),
black, carbonaceous mudstone interval containing a 0.02 m thick
coal stringer -was intersected at a depth of 51.5 m (Figure 4).
The interval was too thin to warrant analysis for coal quality
evaluation. Other carbonaceous intervals intersected, consisted
of grey to black carbonaceous mudstone with dispersed fine
grained, black, carbonaceous matter and occasionally, coarse
black detrital wood fragments up to 0.05 m in size.

Borehole CA2 was drilled approximately halfway between the
Muloorina-1 and Claytoh-2'waterbores and penetreated 40 m of the
Winton Formation. No coal seams were encountered - although

several thin carbonaceous mudstone intervals were intersected.

In the Clayton area the thickest potential coal =zone was
intersected in borehole CA3 at a depth of 90 m and consists of
3.5 m of highly carbonaceous or coally mudstone with a thin coal
bed a metre thick. A core was not cut for coal quality
evaluation but a geophysical wireline log (caliper & density)
interpretation of the interval is:
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Depth (m) Lithological Interpretation Thickness (m)
90.5 - 91.0 highly carbonaceous/coally mudstone 0.50
91.0 - 92.0 carbonaceous mudstone | 1.00
92.0 - 93.0 ~coal 1.00
93.0 - 94.0 highly carbonaceous/coally mudstone 1.00

The coal seams intersected in boreholes Clayton-2, Clayton-
3, and CA3 are thin and discontinuous and cannot be confidently
correlated between boreholes. Since suitable core data is not
available, the quality and rank of the coal remains uncertain,
although - from the 1limited analytical data available from the
Kuntha Hill and Cléyton-z occufrences, the fank appears to be
Lignite A or Sub-bituminous C (ASTM).

Apart from the coal occurrences in the Winton Formation,
carbonaceous sediments also occur in the underlying Mackunda
Formation and 'overlying Tertiary. In the Mackunda Formation,
rare laminae of black, fine grained carbonaceous matter with the
occasional, coarse, detrital wood fragment occur in the mudstones
and sandstones. In the Tertiary sequence, carbonaceous sediments
occur in the basal part of the Eyre Formation as thin interbeds
of carbonaceous sand and soft clay, and were intersected in
boreholes Clayton-3, CA2 and CA3, Rarely do these carbonaceous

sediments develop into significant coal (lignite) seams.

Geological Interpretation

Previous geological mapping in the Clayton Area did not
differentiate the Winton and Mackunda Formations. On the MARREE
1:250 000 map sheet these formations are combined and mapped as
Blanchwater Formation (Forbes 1966), while on the State 1 million
geological sheet the Mackunda Formation has been included in the

unit mapped as 'Winton Formation'.

To assess the prospectivity of the Winton Formation it was
necessary to define the Winton-Mackunda Formation boundary and
map the distribution of the Winton Formation. This was achieved
by reinterpreting existing surface geological  mapping and
subsurface waterbore data in conjunction with the proposed

lithostratigraphic subdivision for Clayton-3.
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The top of the Winton Formation is well defined and is
marked by the presence of coarse, basal sands of the overlying
Eyre Formation. The base of the Winton Formation is generally
gradational and has been placed above the first pronounced sand
development in the Mackunda Formation.

The interpreted formation depths and thicknesses from this
programme are presented in Table 2 and tentative correlations
between Clayton-3 and other boreholes drilled in the Clayton Area
are shown on geological cross-sections in Figure 6.

The interpreted sub-crop boundary between the Winton and
Mackunda Formation, and a revised structural interpretation for

the eastern portion of the Clayton Area are shown in Figure 5.

In the Clayton Area, the thickness, depth and distribution
of the Winton Formation is controlled by Tertiary sedimentation
and regional structure. Due to Tertiary erosion, the Winton
Formation thins markedly along the western limb of the Cooryanna
Dome and is entirely absent from the central protion of the
dome. Evidence of this angular discordance can be seen in the
Hayes Hill area on geological section A-A' (Figure 6). Tertiary
and Quaternary sediments occupy a structural depression west of
the Cooryanna Dome and the prospective Winton Formation in this
area is covered by up to 110 m of these sediments.

CONCLUSIONS

The Clayton area contains the southern-most occurrence of
Late Cretaceous Winton Formation in South Australia and the
Formation's potential for coal deposits was investigated by

reconnaissance drilling.

Four boreholes were completed without discovering any
significant coal seams.

The Clayton-3 borehole was cored through the Tertiary and
Cretaceous to provide stratigraphic information, while three
additional open boreholes were drilled to test the extent and
nature of coal seams intersected in Clayton-2 and 3.

The best intersection of coal was made at a depth of 92
metres in borehole CA3 which consisted of a thin bed of coal
~about one metre thick. The structure and distribution of Winton
Formation in’the Clayton Area indicates that shallower coal may
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occur between the Birdsville Track and Winton Formation subcrop
to the east of borehole CA3, but it 1is highly unlikely that
substantially thicker c¢oal would develop. To the west of
borehole CA3 and Clayton-3, the potential for economic coal seams
is further reduced by the presence of thick Tertiary cover of the

Lake Eyre Basin and the absence of coal in borehole CA2,

Cores for coal quality evaluation were not cut, therefore
the quality and rank of the coal remains uncertain, but based on
the 1limited analytical data available from the Kuntha Hill
occurrence and drill cuttings from the Clayton-2 waterbore, the

coal rank is Lignite A or Sub-bituminous C (ASTM Classification).

The coal intersections made to date in the Winton Formation
in the Clayton area are too thin and discontinuous to warrant

follow-up exploration.
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TABLE 1 CLAYTON AREA DRILLING PROGRAMME: -

DRILLING
HOLE NO SADME.
UNIT NO

CLAYTON-3 6539-10
CcA-1 6539-11
CA-2 6539-12
CA-3 6539-13
CONTRACTOR: SADME
RIG: Mayhew RD8

Note:

GEOPHYSICAL LOGGING

HOLE NO. .. DATE
LOGGED
CLAYTON-3 10.7.85
CA-1 4.7.85
CA-2. 9.7.85
CA-3 12.7.85
CONTRACTOR: SADME

UNIT: 'Ford'

DRILLING AND GEOPHYSICAL LOGGING DATA

COORDINATES (approx) ELEVATION DATE DEPTH- ROTARY CORED
Long. Lat. (approx) m DRILLED DRILLED m OPEN m (HQ) m
138°22'55" 29°16'/30" ” 43 1.7.85 150 10 140
138°28'10" 29°15'25" 44 2.7.85 36 36 -
138°05'25" 29°15'55" 29 8.7.85 175 175 -
138°24'10" 29°11'10" 44 12.7.85 152 . 152 -
TOTAL 513 373 140

Borehole co-ordinates and

.-.SADME
FILE NO

6539-10-
6539-11"

6539-12
6539-13

elevations have been estimated off 1:250,000 scale topographic maps.

DEPTH _ GEOPYSICAL LOGS

LOGGED GAMMA NEU. SP.. RES. CAL. DEN. 16"Norm. 64"Norm.
150.2 X X X X X X X X
34.8 X X O REY, X X - -
168.4 X X X X X X X X
152.'9 X X X X X X - .



TABLE 2 CLAYTON AREA: SUMMARY OF BOREHOLE AND STRATIGRAPHIC INFORMATION

. | : . BOREHOLE DATA - INTERPRETED -BOREHOLE STRATIGRAPHY

BOREHOLE YEAR DEPTH EL DRILLING QUAT/TERTIARY WINTON FM MACKUNDA FM
DRILLED metres Estimated OBJBCTIVE Cuttings Core Geophysical Depth Thickness Depth Thickness Depth Thickness
logs to to to .

Base’ Base Base
' LAKE HARRY BORE " 408 waterbore X - - 4 4 - - 0 60 56
CLAYTON BORE © o511 43 " X - - 24 24 70 46 180- 110
SINCLAIR BORE 511 70 " X - - 18 18 90 72 180 90
TARKANINA BORE 373 55 " X - - 0 0 0 0 36 36
DULKANINNA SORE 668 130 “ X - .- 22 22 90 68 182 92
PEACHAWARINNA BORE Late 746 63 " X - - 110 110 254 140 390 136

o . 1800's ’ '

COORYANINNA BORE to 487 40 " X - - 5 5 - 0 60 55
' early ' £ . .
JEWELLERY BORE 1900's 528 25 - X - - 10 10 - 0 80 70
YARRA HILL BORE 313 70 . X - - - 0. - 0
CHAPPALANNA BORE - 417 60 " X - - 4 - 0 88 84
NICKOTIME BORE " 427 70 . X - - 4 4 - 0. 60 86
LAKE LETTY NO 3 490 _ - X - - 10 10 40 30 140 100
CROWS NEST BORE . 382 . " X - - 2 2 - 0 - 0
CLAYTON-2 1980 568 42 - X - X 32 32 105 73 190 85
MULOORINA-1 1983 618 30 - X , - X 24 Y 112 ‘88 198 86
CLAYTON-3 1985 150 43 geological X X X 32 32 61 . 150 89
ca-1 - . 1985 36 44 . = X - X - 0 - 0 - 0
" ca-2 ‘ 1985 175 29 " X - X 46 46 84 38 162 78
X - X 39 39 104 . 65 152 48

"~ CA-3 1985 152 44 o



APPENDIX I

BOREHOLE GEOLOGICAL LOGS



~ BOREHOLE" GEOLOGICAL TOG

BOREHOLE:: cal (SADME Unit No. 6539 -11) . >
PROJECT: CLAYTON DRILLING PROGRAMME (Coal Investigation)
Location: approx. Lat. 29°

15' 25" Elevation:"approx. 44m

Long. 138° 28' 10"

Total Depth: 36m Drilling Rig: SADME Mayhew RDS8
Date Drilled: 2.7.85. " Method: @ open hole, rotary-mud
Logged by: G. Kwitko Sampling: cuttings, 2m intervals
DEPTH (metres) CUTTINGS DESCRIPTION

From To

0 6 CLAY (Weathered Mudstone) - karki with minor
: orange-brown staining, soft and clayey,
scattered gypsum fragments.

6 36 TD MUDSTONE - grey, mod. indurated, calcareous
' - white shell fragments between 10 - 12m,
16 - 18m, 20 - 22m, 24 - 26m, 28 - 30m

and 32 - 34m.

Interpreted Stratigraphy

0 36m , Cretaceous: Oodnadatta Formation



BOREHOLE GEOLOGICAL LOG

BOREHOLE: ~ CA2 - (SADME Unit No; 6539 - 12) ; §§
PROJECT: - CLAYTON DRILLING‘PROGRAMME (Coal Investigation)
Location: apbrox. ,Lat._290115!f55" - Elevation: :approx. 29m
Long. 138° ps?-25"

Total Depth?f 170m brillihg rig: SADME, Mayhew RDS8
Date Driiléd; 10.7.85 .AMgthod: open hole, rétary—mud
Logged by: G. Kwitko .-A Saméling: cuttings, 2m intervals
DEPTﬁ‘(netrés)»~ S CUTTINGS DESCRIPTION
From . To " |

0 1 o GRAQELH/SAND/CLAY - red bfown alluvium.

(Weathered Clay/Claystone below) .

1 4 . CLAY - light brown to off white, silty clay,
) abundant gypsum.

4 7 CLAY/CLAYSTONE - offwhite, karki to olive green,
" - soft with minor moderately indurated
claystone horizons, trace dispersed silt
: A and vfg sand. '
7 8 - SILCRETE - cff white, very hard silicified
' white claystone, (tricone roller bit
-. required). Fractures and vughs resulted
in loss of mud circulation.

8 _14 _ . CLAYSTONE - light green;_off-white, alternating
‘ soft and very hard silicified (silcreted)
claystone horizons. -

- 14 16 -  '_. ACLAY¥—~yéllow,,light brown, soft and sticky,
‘ ) minor dispersed silt and sand grains.
- (weathered equivalent of unit below).

16 . 18 ‘CLAY - karki to olive green, soft, dispersed
' ~ silt and sand grains.

18 22 . SILTY SAND - vfg, off white to light brown
. (poor cuttings return).

22 - 24 _ SAND'—.ch, loose sand, iight_yellow to
S - offwhite, numerous yellow oxidised
quartz grains.

24 36 o SAND - fg - mg, off white to light yellow,
. loose sand, .clay cement, minor offowhite
to purple clay interbeds and oxidised
(yellow-orange) moderately indurated
silty fa sandstone horizons. (Base of
oxidation = 36m)



-From- To

36 . 38 . SAND - cg and vcg, off white to grey, minor
: gquartz granules/pebbles up to 10mm (opaque -
and clear)., thin interbeds of grey and
black carbonaceous clay.

38 40 SAND - cg (as above).

40 - 46 ' SAND. AND CLAY - mg and cg clayey sand with
clay interbeds. Clays are soft and '
stficky, predominently grey, minor black,
hlghly carbonaceous clay Interbeds and
thin lignite stringers or scattered
lignitic wood fragments.

46 64 " MUDSTONE - grey, minor dark grey.

: Dlspersed fine to coarse carbonaceous
grains and flecks and coalified wood
fragments. Thin (less than 0.05m)
interbeds of dolomitic mudstone -
off white, mod. to well indurated.

64 80 ' » MUDSTONE - grey minor brown-grey, mod.
indurated (as above). Minor light grey/
green-grey -siltstone laminae (dlscontlnuous,
lenticular in nature)

- 80 84 ‘ MUDSTONE - brown-grey, soft with dispersed
carbonaceous grains/flecks and a few
scattered black coalified wood fragments.

84 106 o MUDSTONE AND SANDSTONE =-. Predominantly mud-
stone with thin interbeds of vfg and fg
'silty or clayey sandstone. Mudstone -
grey-dark green-grey with dispersed fine
carbonaceous grains/flecks.
Sandstone - light green-grey, silt/clay
cement, trace carbonaceous gralns/flecks
on bedding planes. '

106 - 150 SANDSTONE AND MUDSTONE - As above - but poor

' ' cuttings return indicates predominance
of silty and clayey vfg/fg sandstone.
Very well indurated off white dolomitic
mudstone horizons (0.05 - 0.10m) at
about lllm and 126m.

150. 170 TD MUDSTONE - dark green-grey, minor thin interbed:
. ' of siltstone  and silty/clayey vfg sandstone

0 1l - Quaterhary
1 18 ' Tertiary - Etadunna Formation
18 46 . Tertiary - Eyre-Formatioﬁ
46 170 , | Cretaceous --¥Winton, Mackunda and Oodnadatta

Formations.



BOREHOLE GEOLOGICAL LOG

BOREHOLE : CA3 (SADME Unit No. - 6539fl3) U
PROJECT : CLAYTON DRILLING PROGRAMME (Coal Investigation).
Location:  approx. Lat._29o

11' 10"  Elevation: approx 44m

Long. 138° 24' 10"

Total Depth: 151Im Drilling Rig: SADME, Mayhew RDS

Date Drilled: 12.7.85 Method: open hole, rotary-mud

Logged by: G. Kwitko Sampling: cutting, 2m interval

DEPTH (metres) - CUTTINGS DESCRIPTION

From To ‘
1 2 SAND/SILT/CLAY - oraﬁge/brown, unconsolidated.
2 | 6 | SAND/SILT/GRAVEL - light brown to cream uncon-

solidated, gyp31ferous, minor calcareous/
calcrete horizons.

6 10 . CLAY - mardon, karki, red-brown, soft and
sticky; scattered hard red-orange
ferruginised siltstone fragments,trace gypsum
(highly weathered equivalent of unit
below)

10 20 CLAYSTONE - light green and grey-brown,
moderately indurated, red and purple
ferruginous staining on fracture and bedding
surfaces, rare gypsum.

20 24 . CLAY - yellow, karki, soft and sticky.

" 24 16 CLAY - maroon (as above).
26 28 - B : © CLAY - dark grey “and black, highly carbonaceous)
" in part, soft and stlcky nature.
28 - - 30 - ' CLAY -'multlcoloured grey, off white, yellow,
maroon.
- 30 34 : _ 'SAND - mg to vcg, off white, minor white quartz

granules (up to. 10mm)., poorly sorted,
. minor soft white clay matrix in part.
Minor orange (ferruginised/oxidised) fg
sand ‘and siltstone horizons.

34 39 ~ SAND AND CLAY - sand as- above, but grey and
not oxidised, with more abundant soft,
white and grey clay interbeds. Grey to
dark grey, and black highly carbonaceous
clay interbeds near base.

39 52 MUDSTONE - light grey, minor light grey-brown,



From To

soft ahd pcorly indurated, minor dark grey/
black carbonaceous interbeds. Dispersed
fine carbonaceous fragments-and grains.

52 62 MUD%TONE - grey,; moderately 1ndurated dispersed
. fine, carbonaceous grains and. flecks.
'Thin, hard,off white, dolomitic mudstone
horizons at about 56m, 60m and 62m.

62 76 MUDSTONE AND SANDSTONE - grey, brown-grey,
mudstone as above, with .interbeds of
light green-grey clayeyy. silty, vig
sandstone. Dispersed fine carbonaceous
matter. ' - '

76 104 MUDSTONE - ‘grey, grey-brown, minor interbeds
and -laminae of light grey siltstone. or
silty/clayey vfg sandstone. Dispersed
fine carbonaceous grains/flecks and
rare black. coalified wood fragments.

Thin. (less than 0.10), hard, off white to
grey, dolomitic mudstone horlzons at
about 86m, 95m and 104m. A highly carbon-
aceous mudstone with a thin high ash coal
seam (less than 1Im) occurs between 90m

- and 94m.

104 152 - TD MUDSTONE, SANDSTONE and SILTSTONE - interbedded,
' ‘grey, bréwn-grey mudstone with interbeds
"of light grey and light green—qrey,
vfg and fg, silty and clayey, sandstone
and siltstone.

Interpfeted Stratigraphy

0 6 Quaternary
.6 20 Tertiary - Etadiunna Formation
20 39 .Tertiéry - Eyre Formation

30 152 : : _ Cretaceous - Winton and Mackunda Formations
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CLAYTON-2 - COAL ANALYSIS

Special Note: The samples analysed are drill cuttings collected
by CRA Exploration Pty. Ltd. in 1980 from coal
intervals, drilled in the SADME Clayton-2 water
bore. ' .

The analytical results may not be totally represent-
ative of the coal seams because of the drilling
method (rotary-mud circulation) and sampling
procedure used®

Drill Cuttings Sample No. Driller's Depth, Interval

A 49 - 50 m
B 50 - 51 m
C 84 - 85 m
D 84.5 m

Proximate Coal Analysis (Results in Percentages)

Samples as Received: A B - C D
Moisture 49,13 51.59 62.75 53.78
"Volatile Matter ' 16.06 17.56 13.02 13.46
Fixed Carbon "18.98 19.97 17.60 16.28
Ash 15.83 10.88 6.64 16.48
100.00 100.00 100.00 100.00

Moisture Free:

Volatile Matter , 31.57 36.28 34.95 29.12
Fixed Carbon ' . 37.32 41.25 47.24 35.22
Ash 31.11 - 22.47 17.81 35.65
100.00 - 100.00 100.00 100.00
Specific Energy dbégg,dfy ... 18640 21240 22460 17100
coal basis) o I '
Total Sulphur (%, dry coal - 1.31° 0.79 0.76 0.65
basis) ' ‘

Sodium (%, dry coal basis) 0.28 0.28 0.44 0.28



APPENDIX III

AMDEL PETROLOGICAL REPORT G 6429/86



Sample Identification

AMDEL No CLAYTON-3 BOREHOLE
T . DEPTH (metres)
A 2690/85 ' 54.0

A 2691/85 58.5

A 2692/85 76.2
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PETROLOGY OF THREE SEDIMENTARY ROCKS

1. INTRODUCTION

Three samples were submitted by the South Australian Department of
Mines and Energy for petrograph1c examination. It was also re-
quested that the green mineral in two of the samples be identified

and after discussion with the Mines Department it was decided to
examine these samples by X-ray diffraction as well as petrographically.

2. X-RAY DIFFRACTION

A portion of samples A2690/85 and A2692/85 were finely powdered and
examined by X-ray diffraction to determine their bulk m1nera1ogy
and whether any glauconite is present. The results are given below
1isting-the minerals- in-estimated-decreasing-abundance using -the
defined semi-quantitative abbreviations.

Sample A2690/85 Sample A2692/85
Quartz D Quartz D
Smectite sb. . Smectite _ SD
Plagioclase SD Clinoptilolite SD
Clinoptilolite A. Plagioclase A
Kaolinite A Kaolinite Tr-A
Mica Tr Amphibole Tr

© Mica Tr

SEMIQUANTITATIVE ABBREVIATIONS:

D = Dominant. Used for the component-apparently most abundant,
regarless of its probable percentage level.

CD- =- Co=dominant:—-Used-for-two-{or-more)- predominating--componentss- - -

both or all of which are Judged to be present in rough]y
equal amounts.

Sub-dominant. - The next most abundant component(s) providing

SD =
itS‘percentage 1eve1 is judged“about about 20.

A = Accessory. Components judged to be present between the Tlevels
of roughly 5 and 20%. :

Tr = Trace. Components judged toebe”beTOW‘about;SZ."

Fs

In neither sample was a glauconite mineral detected-and”is believed
that.the.green mineral .is_smectite. ..In thin section green clay
pellets. which. at._least. petrograph1ca1]y would be called ‘glauconite
are present but from the-X-ray d1ffract1on resu]ts the on]y poss1b1e
mineral it.could be is smectite. _

e e e s e m e s = oA s A A bn s b dimir i e o amem mm A 4 Sy s— —r -



3. PETROGRAPHY

A11 the thin sections of samples A2691 and 92 were stained with
an alizarin red-S solution to distinguish calcite from other
carbonates by staining it pink. Sample A2692 contains a weakly
birefringent, fibrous mineral which is weakly stained by the
"solution and from the X-ray diffraction results is considered to
be clinoptilolite. o o : :




SAMPLE: A2690: TSC45663

Rock

Hand

Thin

Name:
Argillaceous Sandstone

Spec1men

This-is a ]éme]lar banded-rock-with a grey-to.greenish-grey colour. . ... ..

and a very. fine grained,.friable texture..

Section:
An optical estimate of the constituents gives the following :

z

Quartz ' 35

Clay pellets 30
Feldspar : 15
Clay/sericite 10
Clinoptilolite - 5
Carbonate 3
Opaques ’ 2

This is a detrital sedimentary rock comprised mainly of angular
to subangular. detrital quartz and feldspar grains and green clay
pellets. The detrital quartz and feldspar grains are between

0.1 and 0.15 mm in size. The detrital feldspar consists largely
of polysynthetically-twinned plagioclase although minor untwinned
potash feldspar could also be present.

The green c]ay pellets are typically between 0.15 and 0.2 mm in
size and have rounded shapes and very low birefringence. Petro-

" graphically these pellets would be called glauconite but the

X-ray diffraction results shows no evidence of celedonite or
a'significant illite-like mineral which are . the two varieties
of glauconite.. From the X-ray diffraction results they are
considered -to be pellets of- green smectite.

Interstitial regions between the detrital mineral grains and clay
~ pellets. consists mainly of void spaces although some sericitic

to weakly birefringent clay is locally present. Minor amounts

of a weakly birefringent mineral considered to be clinoptilolite
are also present in the matrix. The rock contains a band approxi-
mately 1 mm wide with a concentration of very finely granular,
micritic carbonate. This band also contains some discontinous
undulose lamellae of opaque to translucent iron oxides. Minor

‘opaques are also disseminated through the rock -as- small grains

up to 0.2 mm wide.

This is an immature detrital sediment comprised:mainly of detrital
quartz and feldspar grains and green clay pe]]ets compr1sed of
a smect1te _ _



SAMPLE: A2691/85: TSC45664

Rock

Hand

Thin

Name:

Dolomite

Spec1men

This is-a pale tan-coloured- rock.with.-an.- 1rregu1ar bedding.on a. ..
scale of approximately 1.to several millimeters produced by slight
variations and colour within different bands.

Section:
An optical estimate of.the constituents. gives the following :

%

Carbonate C 80
Quartz -10
(?)Clinoptilolite 3
Feldspar. . : 2
Clay 2
Opaques and semi-opaques 3

This sample consists mainly of very fine grained carbonate which .
locally forms turbid, micritic textured clasts up to 0.3 mm wide
which are d1str1buted through a finely. granu]ar carbonate matrix.
The banding which was noted in hand specimen is produced by bands
up to approximately 3 mm wide which have a higher detrital com-
ponent comprised mainly of fine sand-sized part1c]es Within
these bands an interstital carbonate matrix is also present. The
carbonate-rich bands have a weakly fragmental.texture produced by

the small carbonate clasts but.consist largely of finely granular

matrix carbonate.

The main detrital component in this rock is quartz which forms
angular to subangular grains up to 0.1 mm wide. Minor feldspar
and a very small number of clay pellets were also noted. These

;,detr1ta1 particles are concentrated along bands although minor

amounts of quartz-rich detritus. are also disseminated through
the carbonate-rich bands. :

Within some carbonate-rich bands a weakly biréfringent mineral

"which is stained by the alizarin red-S solution is intergrown

with the carbonate as small patches up to 0.15 mm wide. This
mineral is tentatively identified as c]1nopt1}o]1te Opaque
to translucent iron oxides also form fine intergrowths with
the carbonate and tend to be concentrated in discontinous
elongate stringers oriented parallel to the banding.

- This is a‘carbonate-rich detrital sediment<compriséd~of an

unstained carbonate which is most Tikely dolomite.



SAMPLE: A2692/85: TSC45665

Rock

"Hand

Thin

Name:
Argillaceous Sandstone

Specimen: . ~ -
This is a.greenish-grey coloured rock with a finely granular, friable
texture. R . _

Section: : , S :
An optical estimate of the constituents gives the following :

%

Quartz , 40
Clay pellets ' 20
Clinoptilolite - - 20
Feldspar 10
Clay/sericite - - : 8 -
Hornblende B
Epidote Tr.
Biotite Tr
Opaques 1

This is a detrital rock comprised mainly of detrital quartz and
feldspar grains as well as detrital clay pellets and some detrital
clinoptilolite pellets. The detrital quartz.and feldspar grains

" are between 0.1 and 0.2 mm in size and exhibit angular and sub-

angular shapes. The clay pellets have pale.green to reddish-brown
oxidised characters.and petrographically could be called glauconite
although the X-ray diffraction results indicate that they consist

of a green smectite. The clinoptilolite.pellets are up to 0.2 mm

in size and.consist of a.weakly birefringent,. fibrous textured
material which is .weakly stained by the alizarin red-S solution.

The detrital feldspar consists at least in'part of polysynthetically-

‘twinned plagioclase. Minor hornblende is disseminated through the

rock as small detrital particles up to-0.2 mm long which have a

pleochroic green—to-yellowish=green—colour. .=Traces-of.epidote-and — - -

biotite were also noted as small.detrital grains and flakes.

The interstices between the detrital mineral grains consist mainly
of irregular .voids. Minor amounts:of. clinoptilolite are locally
intergrown as“an interstitial matrix and.some detrital quartz grains
are. rimmed by narrow clinoptilolite margins.. Minor amounts of

weakly birefringent clay and fibrous sericite-also occur locally

as “interstitial .fillings. Minoriopaques- are disseminated through

the rock as small grains. and aggregates up to-0.2 mm wide.

This is _an immature detkital=9ed1ment:containingydetnita]'quartz
grains as well as green smiectite.pellets and.detrital:clinoptilolite
particles weakly cemented. by c]inopti1o]fteAandzargiTTaceous*matrix.
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CLAYTON 3 - COMPOSITE LOG

CORE LOGGING SYMBOLS SEDIMENTARY FEATURES AND STRUCTURES
PROJECT : Clayton Area Drilling Programme LITHOLOGY CONTACTS
LOCATION : Approx. 50m north of old Clayton woclo ] Sandstone -very coarse (veg)  -o--e--- Gradational
Bore and 700m east of Clayton-2. Sandstone - coarse (c
. . - q) Sharp and planar
Estimated Coordinates: Lat. 29°16' 30"
Long. 138° 22' 55" Sandstone - medium (mg) ~~nnnans - Erosional

Estimated Elevation: 43m Sandstone - fine (fg) and very fine (vfg)

BEDDING
s;
UNIT/STATE No. :  6539-10 HItstone = Even, continuous
2’| Mudstone (silty claystone)
= Wavy, discontinuous
Gypsum
DRILLING : Contractor : SADME oy Pyrite (grains / nodules) = Small cross bedding
Rig M.Gyhew (RD 8) # Calcareous w Medium cross bedding
Date d_””ed © 1-7-85 IN Mudstone /claystone clasts (O-01~0-03)
Cored interval : € to 11, 15-5 to 150-4m ¢ Black, coalified wood fragments (0-01-0-03)
Corg size : HQ. (wireline) c Carbonaceous (dark grey to black)
Casing : 15m of 152mm PVC @ Calcareous shell fragments (macro fossils)
< Hard to very hard, off white on light brown
dolomitic mudstone concretion/horizon (O-01~0-05)
GEOPHYSICAL LOGGING : Conftractor : SADME X Core loss
Unit = Ford
Date logged : 10-7-85
SADME Log Reference No's. : 3773, 3774, 3775
>
WIRELINE GEOPHYSICAL LOGS e|E | cramsze |,
<
| wo .,
SELF POTENTIAL [POINT RESISTIVITY GAMMA NEUTRON DENSITY A= SAND L §<;>'3 LITHOLOGICAL DESCRIPTION
| T~
— 5mVe— —10 APl «— —10 cpse— —>50cpsa— 8| & 3332"“:’_’15 =
Lo [ e T I R T I e [ L T e R e T R T e i >

SAND, SILT, CLAY brown +o rad lbrown,
urconejlidatad.

=== WASH ouT

.—/—/

N . CLAYEY SILT/ SILTY SANDSTONE V‘FS
el | A Light brown, of f white , cream ;
- dispersed ‘Ps aind mg qt=. sr‘c]ms.

—
|
l’[,

QUATERNARY

.';-.'_'l4

WASH OUT

WASH OUT 10

2.t e START core
: 010 Silicified grovel horizon very hard ligh+ brown /

llow broewn gravel f) ments up to 4cm (quartzite

cher+tk re worked sat 'f‘ro:nqgolcw) Matrixof v.f.g sitty, cloyey sand
SANDSTONE v.fig. mod. hard, well ozmzn-l-zd,yelloworonsel

SAND ¢.g. miror gravel , losse unconsolidated offwhite
+o yellow siH-/caqy matrix.

<« END CORE Ro+cr‘)l mud dr‘;”‘lhs +o 1BBm,

—SAND very clayey/silty , vfg , @oft and peor!
cor\soliclo‘}-);,cl , I%)—Zf Ior-ov?//k: /p-.?q’olo./ off-white . Y

X«-—- RESUME CORING

O'lS SANDSTONE mod. +o very hard ferruginised
dork red-marocon ,fg, poorly sorted.

/

. SAND vig, fg, silty and cloyey, o -P-whH-z/mqroon/lish+
] bkowm/llsl—\gyellow browr, poorly consolidated,clay
"',-.'_‘,‘: cement in part(oxidised)

RORLE X SAND fg (minor m in+zr~bede,o¥‘+‘-whi+¢,ligh+ brown

b Minor +hin clay interbeds . Sof't, poorly consolidated
. clay cermert in par+ (oxidised).
e ~Oxidised - r-z‘:luced 3Ql’ld cortact (Uranium AnTmﬁ-l]?, 5XGB).
fcc SAND grey-brown, silty/clayey in port, sli ly carb.
weall gogokzd ('I'hinsbedsy/ lcn’ZiPlYoo,) pc 9™y
005 highly carb. lignitic clayey sand.
SAND grey-brown, mg k ¢g, minor ve g. at base , soft and

i % »o
orly cermantedin part,sub rounded +o rounded grains

\
E MWASH oUT =
[ S % .
mod. Sorting, trace white clay cemen+ minor carb. grains,

— :‘ﬁif' Py .
Shu g 3 Sharp ercsional contact .
———=WASH OUT B= a3yt MUDSTONE 60% SILTSTONE 40% interbedded ,baddin
— = wavy ,irregular k discontinuous bed thickneas 0-65-
N o et [ 0:20. Mudstone is grey to light grey,soft. Siltstore is very
SH OUT IS AT chy@y,oP‘F—Whl‘l'e/khOki]yllsl'\+ grey, with lenses kclosts of
gy e ¢ mudstore and dispersedcarb. fragments and graine.
|~ C
= MUDSTONE dark brown-grey , sof+.
Do o wrian MUDSTONE/3ILTSTONE. , imterbedded ywoivey, parallel
—~ 0, ) bedding . Bed thickness 0-:01-0:05. Mud&étone is
40 e browi-grey. Sil+store is tigh+ grey b@comlhg
o T light greer grey at base.
’:"’/_ I SANDSTONE vy very clayey and silty, abundant mud-
. P radim iy stone lenses & thin interbeds. Vary light green-grey,
« JB 1 black carb. laminae, small scale(ripple) x-bedding in
=) port. Graduational top & bottorn contacts.
] MUDSTONE dark brown-grey, irregular/poorly
- ———]c bedded, Scattered off “white mudstone closts &
f iy lenses . Disperead black carb. graine 4
I~ Plecks {Up to 10, in part).
—]——2 }— Abundant, dispersedcarb. grains/flecks (10-15%).
== pir—— MUDSTONE as above but well bedded . |omhpc+o,d
=} —— n part; with minor siltstorne os off-white
= -lisl—ﬂ- green-grey laminae ond lenses .
50 =

TERTIARY-EYRE FORMATION

O 0 00

€

[e]

O O Ns (<]

¢+ < 0'15 dork grey-block carb. mudstone with 002 black coal bcdaHoP.

Y/

SANDSTONE light green grey very clayey kailty vfg.
irregular d'lgoolgﬁ hueuse d\iru;‘;yed bngx ,Dispycrezsd
clay/mudstore closts & carb 'Fr-cusmzn s,

SANDSTONE fg & v.fg. light green grey,trace silt/cly

CRETACEOQUS - WINTON FORMATION

matrix klamihae Carb. matter occurs as vig. &‘Fs.

flakes | badding. Small scaile croas

i

oooooooo (%] [>=<°¥

ﬂ N

MUDSTONE daork br‘owr\-?’r@y) dark srv,{o'l'o black

¥
|

T
)

edded well laminatedin part.

carbonaceous, thinl

Miner +hin laminae/lenses of siltstone orsilty

clc{ay vfg sandstone (light green-grey light grz_?/)
anes.

Car

. groins ¥ Flacks dispersad and Slong b@dains P

80 015 Sandstone -ps_ lis it green-grey .

L
m

TR

—~<— Small scale slur—npihg.

"E/.’-:m-

L~
e

MUDSTONE, 50°% SANDSTONE 40}, SILTSTONE I0%
Interbedded, grey brown mudstone , light grey/
green grey sdandstone ard siltstore.

Thin beds, poor'ly bedded , lanticular nature.
Sandstone v-Fs y-% POO"‘{)’ sorted, clayey k silty.

SANDSTONE light green-qrey, mg silty & clayey abundont
black coali?iszd vs/’ood -Fr-asshz;h-l-gs (up’l% O-Osauz—a),%ooli?ied
wood Fragmants kcarb matter up to 28% i part.
Rare grey-brown mudstone clasts,

SANDSTONE lighh+ green-grey, Ps minor mg k V'PS , rmod.
indurated, trace clay camant Minor, thin discortinuous
carb. silt laminae ond brownard light browr mudstone
bads (<00l thick | & clasts. Carb grains k flecks
on bedding plones.

SANDSTONE v-ps +o Fs with silt/clay matrix and

larminae .

80

T—— Aloundaint thin interbeds of mudstore ,brown ,

discon+inuous / lenticular.

SANDSTONE 50% MUDSTONE 50% interkedded,bed thickens
upto 0-05,irregular bedding ,discontinucus 4 lenticular in part.
MUDSTONE. brown/light browh , minor off white / light green

grey , silty, vfg ss+ irregular and discontinuous laminoe

and beds.
MUDSTONE 70, SANDSTONE 30% (e above).

MUDSTONE 90% SANDSTONE 10% (as above).

Scxnel_y/clayey beds with abundan+ detrital carb. matter

R
_ 55}/ and coalified wo ragments upto O-Bm
Erwngsal«— Shorp erosive contact.
0 ey MUDSTONE 90% SANDSTONE 107,
g & Sst. thin beds up +e 0-Ol as lenees/ laminae v-PS -

-Ps.j silty, +race dispersal carb. grains.

MUDSTONE 60% SANDSTONE 407
sst. beds up to 005 +hick. ,
SANDSTONE ©0% MUDSTONE 40} sandier +o base
sst beds up to 010 thick with mudstone clasts k
interbeds. Cark. matter on X-beds trace dispersed.
Mudetore cloats & beds on X-beds .
Srmaill sooﬂa, X-beds
4 SANDSTONE moj. green-grey, brown mudstore clasts
: by % laminoe , carb’ groins & flecks on X-beds.
%" — Erosive contact .
- MUDSTONE brown- light brown in part, bedded to finely
—— lorminated, mod. indurated . Interbedded silty "% sandsione
(off-white /light green grey) laminae Kk lensa.e (<Imm)
e Trace dispersed vf's.ccr'b. sminsﬂ(ﬂzcks 1N Mmudetona .
L Sharp contact.

SANDSTONE light grey-green,grey, mod+o well indurated,

— MACKUNDA FORMATION

s A o k vfg, trace eilt/clay cement. Small scale Xbedding.
e Scattered mudstone clasts /pellets parallel +o
. bedding, dispereed carb. grains/flacks & lamirnae.
N

Green-brown mudstore clasts (0-01)

Hard off-white/brown , calcareous clast. i
+—Very hard calcareous mudstone concretion 0-02 thick,
lenticular.

1 Scattered,weakly calcarecue mudstone interbeds,
. lenticular & discontinuous (clasts /pellets).
n :]— Several thin (0-10) mudstone interbeds, weakly

e 8 calcareous

: 1~ pY nodclule

CRETACEOUS

(G

LA

- <—— 0410 mudatonz intarbed.

00! thick horizons of detrital coalified wood-f‘rosmznﬁ,
carb silt lominae & mudstene clasts.

5
s
110 @ -
) : SANDSTONE mg.[os above)medivm scale X'bc&ding
N\
s>

7 " Hre— Ercsive cortact .

’ MUDSTONE, brown k green-brown, minoe dnsoon+inuous/
lenticular beds b laminae (<|mm) of green-greay silty
viy sst andsitstone . Carb. grains kflecks onb ing planes.

120

Ss+t. interbeds ‘Pg , Clayey with mudstone closts & trace
carb. grains/ Flec{:zs,

MUDSTONE 607, SILTSTONE 30", SANDSTONE 107,
Interbedded, bed thickens 008 to 018, barded
appearance due +o sedimentary cycles.

Cycles grade from sst to siltstone and Fudstone .
N{UdS"'OHG is brown, green-brown, siltstone & sandstore
vfgis lisl'rl' greengrey, clayay in par+, smallscale X-bed.

SANDSTONE *PS A vf‘s . green- grey , thinly bedded /

X-bedded , minor mudstore clasts.

MUDSTONE 60% SILTSTONE 30% SANDSTONE 0%
(as above).

Bicturbated

=]e®) | MUDSTONE green-grey, patches of silt kvfg sst.
403  Irregular,disrupted bedding (bieturbated):
o MUDSTONE 80% SANDSTONE 20% (as obove).

Date : 28-5-86 ] 150

SANDSTONE : green-grey , {\S 5 X bedded .

(25

CRETACEOUS - MACKUNDA / ?OODNADATTA FORMATION

= 5, MUDSTONE 807 SANDSTONE 20 (as above.).
Top 005 bioturbated .

== 86-262 FIG. 4
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