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SUMMARY

The Helen Springs, and Beetaloo 1:250,000 Sheet areas contain rocks of

Precambrian, Cambrian, Mesoz01c, and Tertlary ages, but,much of the ares is

l
i

covered by superficial Cainozoxc depogits.. L
The Precambrian Tomkinson Creek Beds crop out 1n the.. Ashburton and
Whittington Ranges from near Banka Banka in the south to ‘Elliott in the

north. The rocks consist of alternatlng sandstone and siltstone with

interbeds of carbonate,‘leached carbonate rocks and conglomerate. Algae

and stromatolltes occur 1n the carbonates. Glauconatlc sandstone has been

found at only one 1oca11ty. The rocks are complexly folded and faulted,

and occur in four structural blocks; the estimated thickness of the sediments
Ve novliaeeni: is 50-55,000 feet. The age of the Beas’is tentatively

regarded as Lower Proterosoic” They are intruded by dolerite sills and dykes.,

The Tomkinson Creek Beds are unconformably ove:latn by the Lower
Cambrian Helen Springs Volcanics (Noakes and Traves, 1954) and the lower
Middle Cambrian. Gum Ridge Formation (Opik in Ivanac, 1954). The Helen |
Springs Volcanicsmconsist of heavily lateritized and kaolinized basalt with
a basal sandstone. The Volcanics occur in valleys eroded into the older
Precambrian rocks, both within the Ashburton and Whittington Ranges and on
the eastern and western flanks. The Gum Ridge Formation occurs as scattered
outliers mainly within the ranges and on the eastern flanks. However, some
outcrops have been mapped west of Powell Creek and Muckety Homestead on the
edge of the Wiso Tableland. The unit extends in discontinuous outcrops

southwards into the Tennant Creek Sheet areg where it was originally mapped

‘and named (Opik in Ivenac, 1954). The unit contains the Banka Banka fossil
‘localities referred to by Opik (1956).

In the eastern part of the Helen Springs Sheet area outcrops of sand-
stone and dolomitic limestone appear to be continuous with the Middle Cambrian
Anthony Lagoon Beds, which occur extensively in the adjoining Brunette Downs
Sheet area (Randal, 1966a). - Their exact relationship with the Gum Ridge
Formation has not been established, and the thickness is'unknown.

Mesozoic plant bearing sandstone and siltstone unconformably overlie
the Tomkinson Creek Beds and Helen Springs Volcanics in the western part of
the Helen Springs Sheet area. The relationships with freshwater and marine
fossiliferous Lower Cretacecu$ sandstone and siltstone on the Beetaloo Sheet

area is unknown.,

-
Outcrops of limestone and chalcedonic limestone in the eastern part of
the Helen Springs Sheet area are considered to be the western extension of

the Brunette Limestone which crops out further to the east (Randal, 1966a) «
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The area is covered by exfensive superficial depdsits of send, gravel,

black soil, and laterite.:

During the 1965 survey; ground mapping ﬁas supplemented by shallow
scout=hole drilling.' One hele was drilled at the approximate centre of the
Beetaloo Sheet area, and six holes between Eva Downs and the flood-out of
Tomkinson Creek in the Helen Springs Sheet area.. Twelve hundred and thiftym
six (1236) feet; including coring, was drilled, and the results confirmed the

presence of Cambrian rocks beneath the Mesozoic and superficial cover over

.much of the two Sheet areas.



INTRODUCTION

Location and Access

The Helen Springs and Beetaloo 1:250,000 Sheet areas are in the western
part of the Barkly Tableland in the Northern Territory of Australia. ~The
Helen Springs Sheet:area lies between longitudes 133°30’E and,1359E, and
between latitudes 18°S and 19033 the Beetaloo Sheet ares adjdins it to the
north between the same longitudes and between 1atitudes'17?s.and 18% (Fige.
1)’ . . » '

The bitumen-sealed Stuwart Highway from Alice Springs (365 miles south)
to Darwin (480 miles north) traverses the western part of the region*, and
the graded Barkly Stock Route crosses the céntral part (from Elliott to
Camooweal in Queensland). These roads provide access to an extensive network
of station tracks, most of which are impassable for several days after heavy
rain. Twelve cattle stations occupy the regions Brunchilly, Banka Banka,
Muckety, Helen Springs, Eva Downs,; Ucharonidge, Mungabroom, and portions of
Beetaloo, Rockhempton Downs, Anthony Lagoon (Shandon Downs outstation),
Newcastle Waters, and Dunmarra. The homesteads of the last four stations
occur outside the region (Fig. 1). Other settlements are the township of
Renner Springs Roadhouse, and the Maryville road train base, all on the
Stuart Highway. Powell Creek Telegraph Station, west of the highway, is now
abandoned. Rénner Springs, Helen Springs, Maryville, Banks Banka, and
Elliott are served by telephone, all other homesteads are incorporated in the
Alice Springs radio network of the Royal Flying Doctor Service of Australia.
The mining township of Tennant Creek is 50 miles south of the region. The
township of Newcastle Waters is about 5 miles west of the region and 16 miles
north-north-west of Elliott.

Climate

The ¢limate of the region is arid. ' The rainfall, which is seasonal,
ranges from about 14 inches per annum at Tennant Creek to 17 inches per annum
at Newcastle Waters; at Powell Creek it is 16.5 inches per annum. The mean
maximum temperature at Tennant Creek is 89.49F and the mean minimum 65.39F.

The mean relative humidity is 36 percent.

The time and duration of the wet season is controlled by the north-west
‘monsoon, which in this region usually lasts from about November or December to
January or early February. The weather for the remainder of the year is

typically a period of very low and infrequent rainfall and mainly south-east

%*
Unless otherwise qualified the word 'region' in this record refers to the
combined area of the Helen Springs and Beetaloo 1:250,000 Sheet areas.
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winds with transitional periods between the two main seasons when the wind

and rainfall are wvariable.

Previous Investigations

No systematic and detailed geological mapping (other than at the
Muckety manganese deposit) had been attempted before the 1965 survey. This
region and edjoining parts of the Northern Territory have been traversed in
the past by explorers and by geologists engaged in regional reconnaissance
geological mapping.

%rown (1895) passed through the region en route to Alexandria Homestead
from Powell Creek, and made brief notes on rock types and the arduous
travelling conditions. He found the first Cambrian trilobite on the Barkly
Tableland near Alexandris Homestead in the Ranken Sheet area to the south-
east of the region (Randal, 1966b). Woolnough (1912) and Jensen (1914)
rassed through the region and its .environs and commented on the Cambrian
units and the sub-artesian water resources of the Barkly Tableland. L. Keith
Ward (1926) travelled through the region during 1925 'collecting bore data and
selecting bore-sites on stock routes and elsewhere. Chewings (1931)
described the geology to the south of the region together with brief notes on - "
the rocks of the Ashburton Range between Tennant Creek and Newcastle Waters,
and the overlying Cambrian rocks of the Barkly Tableland. - -

In 1947 and 1948 Noakes and Traves (1954) visited the Barkly Tableland
and its environs during the C.S.I.R.0. (1954) investigation of the Barkly
Region. They referred to the Cambrian rocks cf the Tableland as the Barkly
Group, and the rocks of the .Ashburton Range as the Ashburton Sandstone of
Upper Proterozoic age. Hossfeld (1954) also has published comments on the
geology of the region.

Since 1948 A.A. Opik (1956&) has visited the Tableland on many
occasions and made meny fossil collections. The results of this work were

presented to the 20th International Geological Cdngress at Mexico.

The. manganese déposits near Bootu Creek on Muckety Station were examined
in detail by geologists of the Northern Territory Mines Branch in 355001at10n
with Rio Tinto Finance and Exploration Co. (Jones, 1955; MacKay, 1956).

Mines Branch geologlsts have also reported on groundwater 1nvest1gat10ns, and

on .the fea81b111ty of constructlng dams on some creeks.

The region’wéé iﬂcluded in a large airborne gravity survey in 1965 by -
Wongela Geophysics fdér the Bureau- of Mineral Resources (Flavelle, 1965) .
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Previous gravity surveys in the region are described by Neumann'(1964).. An
aeromagnetic survey over Brunette Downs by Adastra Hunting extended into the

eastern part of the Helen Springs Sheet area (Howe and Faessler, 1963).

The géology of the surrounding areas is relevant to this'region and the
most important ares Tennant Cpeek (Ivanac,'1954; Crohn and,Oldershaw,
1966; Dunnet and Harding, 1965); Tanumbirini (Paine, 1964);. Wailhallow=‘
(Plumb and Rhodes, 1963, 1964); 3Brunette Downs and Alroy (Randal and
Nichols, 1963)s and the Wiso Basin (Milligan, Smith, Nichols and Doutch,
1966) .

Aerial;photqgraphs‘and naps

Both sheet areas are covered by vertical aerial photographs at a
nominal scale of 1:50,000 flown by the R.A.A.F. in 1947, and also at a
nominal scale of 1:85,000 flown by Adastra Airways Pty Ltd in 1963.

The Helen Springs sheet was published in 1961 in the 4-mile planimetric
series by the Division of National Mapping, who also prepared a preliminary
unpublished map of Beetaloo at the same scale. The Division are at present

preparing both sheets for publication at 1:250,000 scale.

Photo-scale compilations of Helen Springs at 1:46,500 are available
from the Division of National Mapping; they are based on the 1947 photography,
but have been amended by information from the 1963 photography. The Division
have prepared 1:100,000 scale compilations of Beetaloo based on the 1963
photography.

The Department of the Interior have run traverses of 3rd order levels

along some of the roads and tracks in the region.

‘ PHYSTOGRAPHY
_ Four main physiographic units are recognized in the region and are
delineated in fig. 2. ’Thej are: (1) the Ashburton and Whittington Ranges
in the west (referred to henceforth as "tﬁe Ranges"), (2) a lateritic

tableland covering about half of the Beetaloo Sheet area, (3) the downs
country of the north-east half of the Hélen Springs Sheet area and parts of
the Beetaloo Sheet area, and (4) sand plains, each side of the Ranges and
in smaller areas surrounded by downs country. The country east of tﬂe Ranges
is part of the Barkly-Birdum Tebleland (Plumb and Rhodes, 1964), and thdt west
of the Ranges is part of the Wiso Tableland -(Hossfeld, 1954).

The highest measured elevation in the Ranges is 1230 ft., near thq
- headwaters of Morphett Creek, and the general elevation decreases to the

north. The maximum relief within the Ranges is about 200 ft..
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The Ranges are cemposed mainly of the resietant silica-cemented sand-

- stones of the folded Precambrian Tomkinson Creek Beds, which form strike
ridges and plateaux. The highest plateaux appear to be remnants of a former
more extensive plain (the "Ashburton Surface" of Hays, 1966). Less-resistant
intervals in the Tomklnson Creek Beds are eroded preferentlally 1nto broad
valleys. Some of these valleys contain Cambrlan rocks (Fig., 2), and mbst
contain Mesozoic (probably Lower Cretaceous) sediments, indicating that the
resistant sandstones had p051t1ve topographlc expresgssion 1n the Cambrlan and

Lower Cretaceous, as Well as the present day°

Extensive areas of the lateritized upper depos1t10na1 surface of the
(?)Lower Cretaceous sediments occur ab considerably lower elevations (up to
about 100 ft.) than adjacent plateau remnants of the Ashburton Surface,
confirming the pre-Lower Cretaceous age assigned by Hays (op. cit.) to the

Surface.

Post-Lower Cretaceous erosion has been relatively unimportant in
shaping the present topography of the Ranges. The present non—perehnial
streams are incised mainly into the softer rock types in the Ranges. They
terminate either in "flood-outs" in sand plains bordering the Ranges, or in

swamps and lakes in the downs.

The Lateritic Taebleland of the Beetaloo Sheet area is gently undulating,’
with a meximum elevaticn of about 900 ft. in the east, descending to about
750 ft. in the west. It is develouped on argillaceous sediments of the Lower
Cretacecus Mullaman Beds and censtitutes part of Hays' "Tennant Creek Surface".
It can be eerrelated with laterite surfaces everlying Mesozoic sediments
within the Ranges. ; The laterite surface is dissected by Newcastle Creek and
tributary valleys and by drainage systems falling towards downs country to
the south and west. The surface is predominantly of ironstone rubble on the

higher aress and &edd*sn sandy and lcamy soils in the valleys.

The downs ctuntry is largely covered by black soile It has low relief,
with very broad low rises, closed topographic depressions, and a few non-
perennialuwater Courses. The main closed depressions have rims abopt 700 f+t.
above sea level. They contain stream distributary systems and most of the
blue bueh swamps and lakes. On the higher ground there are low rises with
rubble of Cambrlan and Mesozoic rocks, often’ lateritized. Rubbly outcrops
of Tertlary“81liceous limestone occur mainly within and marginal to the

closed depressions.’

Plains covered with red sand9 supporting a cover of spinifex;_low acacias
and eucalypts, and locally termed "desert" country, form a major Physiographic

unit. The sand ‘plain to the west of the Ranges is the eastern extremity of.

b
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the extensive Tanami "Desert". Another extensive sand area occurs between
the Ranges and the downs to the.eastmm It slopes gently away from the
Ranges and has an abrupt boundary with the downs., . Another n}ago’rn area occurs
west of 0ld Ucharonidge and-there are other smaller patches surrounded by
downs country. Most of the valleys in the Ranges haue a~sand cover, not

shown in Figf;z,}

- The topography of the sand plalns has minor 1rregular undulations, and
longltudlnal dunes are developed in the south—west corner of the Helen Sprlngs
Sheet area.

STRATIGRAPHY

The region contains rocks of Precambrian, Cambrian, Mesozoic,; and

Tertiary ages, but there is an extensive cover of Cainozoic superficial

deposits.

In the central and eastern part of the region scattered outcrops of the

.Middle Cambrian Anthony Lagoon Beds occur in the black soil downs together

with outcrops of Tertiary Brunette Limestone.> In the north, 1aterit12ed and
sand-covered freshwater and marine Mesozoic séndstone and.siltstone;cover most
of the Beetaloo Sheet area. The western part of the region contains the
ridges of the Ashburton Range; which is composed mainly of the Precambrian
Tomkinson Creek Beds. Outliers of the Middle Cambrian Gum RidgevFormation
and the Lower Cambrian Helen Springs Volcanics occur within the Range and on

its eastern and western flanks.

-Scout-hole drilling, totalling 1236 feet spread over seven holes,
nrovided some help in the stratigraphic mapping: the details of lithology .-
and core-recovery.are given in Appendix 1« Scout-hole. Bt was drilled in
the approximate centre'of the Beetaloo Sheet area, and holes HS1 to HS6. are
located between Eva Downs Homestead in the east and Muckety Homestead in the

west in the Helen Springs Sheet area.
A summary of the stratigraphy is given in Table 1.

PRECAMBRIAN
Tomkinson Creek Beds'“

The name Tomkinson Creek Beds is applled to a sequence of quartz sand-
stone, s11tstone9 dolomlte, dolomltlc 11mestone, chert, and leached and
sillcified carbonate rocks, whlch forms the Ashburton Range 1n the western
part of the region. The Beds crop out in three discrete structural blocks
and tentative correlatlons between them suggest a total thickness of about

50,000 feet. The sequence is tentatlvely correlated with the Hatches Creek

_ Group of Lower Proterozoic age.
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Previeus workers'in the?fennant Creek area and authors writing on the
regional geology of the Northern Terfitory have referred to the Precambrian
rocks of the Ashburton Range as the Ashburton Sandstone following the usage
of Noskes and Traves (1954)«" However, the name is invalid because of
priority usage of the.term Ashburton Beds for a Proterozoic sequence‘in the
Ashburton River district in Western Australia. Dunnet and Harding (1965)
recognized this and used the informal term Hayward Creek Beds, but did not
map the unlt in detall. onrk durlng the 1965 survey has shown that there
is a'wider varlety of rock types in the sequence and also the probability of
a higher rank than is implied in Noakes and Traves' (op. cit.) term Ashburton
Sandstone. As the term Hayward Creek Beds is not well defined sbecause of
the limited eres mapped by Dunnet and Harding (op.- city ) who were mainly
concerned with the mlnerallzed Warramunga Group, and as the term is not
partlcularly suited as a ‘name for the unit away from the Hayward Creek area,
we have formally proposed the name Tomkinson Creek Beds. This name is
derived from Tomkinson Creek, the main (southern) branch of which crosses the
Stuart Highway about 14 miles north of Banks Banka Homestesad at longitude
133°15'44"E and latitude 18°36'20"S,

There is no 31ng1e reference section for the Tomkinson Creek Beds.

The unit is complexly folded and faulted, and the stratigraphy is not well
establlshed. The Beds occur in four apparently discrete structural blocks,
between which correlatlon is dlfflcult. Tentative correlatlons and composite
sections indicate the sequence con81sts of 14,000 feet of quartz sandstone
overlain by 10, 000. feet of alternatlng sendstone and siltstone with minor
interbeds of carbonate rocks. This is overlain by 15 - 20,000 feet of
sendstone and siltstone, in turn overlain by 2000 feet of carbonate-bearlng
rocks and chert, and 8000 feet of alternating sandstone and siltstone. The
dralnage area of Tomklnson Creek covers all four blocks9 but although
traversing good exposures, deoes not occur in the most sultable place for
megsuring sections; Sections have been measured in the headwaters of
Morphett Creek in the southern part of the Ashburton Range, Bootu Creek in
the central part, and west of Renner Springs Roadhouse in the northern part:

they are illustrated in Figure 3.

The Tomklnson Créek Beds crop out in the western part of the Tregion 1n
g 20~ 30 mile wide belt trendlng northanorthnwest from near Attack Creek in
the south to Elliott Townshlp in the north. The rocks form the Ashburton
and Whlttlngton Ranges9 and extend southwards in to the - Tennant Creek and
Green Swamp Well Sheet areas, and westwards into the South Lake WOOdb and

1

'Newcastle Waters Sheet areas.

The medium and coarse-grained rocks occur as rugged strike ridges and -

dip slopes, or dissected elevated tablelan&s. The finer-grained sandstones



TABLE 1:  STRATIGRAPHIC TABLE; HELEN SPRINGS AND BEETALOO 1:250,000 SHEET AREAS

APPROXIMATE
, MAXIMUM
ERA PERIOD STRATIGRAPHIC UNIT DISTRIBUTION LITHOLOGY THICKNESS (ft.) TOPOGRAPHY REMARKS
Cza Stream valleys and flood- Sands and gravels in hill 68 ft. Flat valley floors, plains Thickness of 68 ft. of
outs; swamps and country stream valleys, with distributary stream sandy alluvium in Scout
distribntaries of downs sandy and silty alluvium channels, closed Hole HS5 on Tomkinson
country. of floodouts, clayey depressions of downs Creek floodout.
sediments of swamps; may country swamps,
include some residual
soilse.
o -
3 Czb North~eastern half of Black soil, clayey with 8 ft. Downs country, Flat Thickness from borehole
3 *Helen Springs, parts of variable sand and grassy plains with low data., Support Mitchell
g *Beetaloo including pebble content; din part rises, Gilgai micro- and Flinders grasses.
© g Newcastle Creek valley, residual, may also include topography in some areas.
— E some alluvium,
© S Czs Along eastern margin and Sand, generally red; also ? Gently sloping plains with Support spinifex, low
N west of Ashburton Range, includes some reddish minor undulations; rise eucalypts and acacias;
west of Ucharonidge loamy soils with ferrug- above adjacent "downs" locally termed "desert".
© Homestead, northern and incus rubble on Beetaloo, country., Some longitudinal Czs/Kl is timbered and
= eastern parts of Sands are in part dunes south-west of grassy country with
Beetaloo sheet; smaller colluvial, in part re- Whittington Range. some K1 outcrops and
H patches elsewhere, worked by wind. . rubble,
<
Brunette Limestione Mainly on dewns country White limestone, mainly 15 ft, Low rises in downs country; Thickness from borehole
© (Tb) of Helen Springs. caleilutite, with near valley floors in data, Greater thicknmess
Smaller patches in chalcedonic silicas; Ashburton Range, recorded east of region.
Ashburton Range. some massive chalcedony; >
minor sandstone,
B
] T1 Extensive on northern Laterite, massive or 20 ft. On Tableland; ¢ountry with Best developed on basic
b and eastern halves of pisolitic ironstone and low relief generally igneous rocks and
@ Beetalioc, Smaller ferruginous rubbley rising above adjacent argillaceous sedimentary
& patches on Helen Springs. some sand. "downs" country. In ranges; rocks (especially
generally as residual Mesozoic).
mesas in major valleys.
UNCONFORMITY
M Ashburtcen and Whittington Sandstones, pebbly sand- 80 ft,. laterite-capped plains and Leaf impression from
L Ranges, stones with plant residual mesas in major Whittington Range area
g impressions, local pebble valleys in the ranges, indicates Jurassic or
o to boulder conglomerates, Some terraced topography, Lower Cretaceous age.
G B sandy and clayey silt- '
g3 stones, micaceous sand-
(&) g+ .
— = stones and siltstones,
g Mullaman Beds r  Beetalon, east of Sandstones, pebbly and 285 ft. + Low relief; laterites Thickness from borehole
o 9 (x1) Ashburton Range: small cobbly sandstones, silt- common on argillaceous data, Age is
0 g8 areas in northern part stones, white claystones rocks, "desert" sand on (?)Neocomian—Aptian to
= EQ of Helen Springs. and silty claystones sandstones; grassy downs Albian,
. AP with radiolaria, country on all lithologies,
H Silicification at out~
[ @] .
crop is usual,
UNCONFORMITY
Anthony Lagoon Beds North-eastern half of Fine-grained feldspathic 285 ft. + 7 Low rubbly rises in Thickness .from borehole

(6my)

Helen Springs, and
scuth of Barkly Stock
Route on Beetalcco.

sandstone and chocolate
to red siltstone, often
calcareous and dolomitic;
limestone, dolomitic
limestone, and delomite
with chert nodules.

"downs" country,.

data,



TABLE 1: Sheet 2

halite casts,  Cherts
contain stromatolites.
Dolerite sill intrudes
sedimentary rocks.

APPROXIMATE
MAXTMUM
ERA  PERIOD STRATIGRAPHIC UNIT DISTRIBUTICN LITHOLOGY THICKNESS (ft.) TOPOGRAPHY REMARKS
g Gum Ridge Formation Within and marginal to Fossiliferous siliceous 170 +- 2 Low rubbly rises. Thickness from borehole
%'g‘ ’ (émg) Ashburton and siltstone and chert, some data. TFossils indicate
SR Whittington Ranges, sandstone and silicified Lower Middle Cambrian
g8 limestone, Outcrop often age.
brecciated and recemented,
(53 . UNCONFORMITY
% g Helen Springs Volcanics Valleys in Ashburtor Basalt, usually with 120 + Grassy "downs" country Thickness from borehole-
o a (61h) and Whittington Ranges, coarse doleritic texture, ' with some gilgai data.
PR . also 8 miles south~- but fine-grained and patterns, and mesas with
%E west of Ladabah bore. vesicular at base; Dbasal cappings of laterite ox -
s q - sandstone with large- Mesozoic sediments.,
= o scale cross beds, sandy
breccia, and minor silt-
stone. '
UNCONFORMITY '
Tomkinson Creek Beds Ashburton and Quartz sandstone often 50,000 ? Sandstones stand up as Fine to medium grained
(B1t) Whittington Ranges. with mud clasts and some- strike ridges and cross~bedded quartz
‘ times pebbly, siltstone, plateaux, Siltstones sandstone is dominant
calcareous siltstone, and carbonate rocks and rock type, Beds
dolomite, limestone, eroded into valleys, formerly termed
, 3 leached carbonate rocks, but locally protected "Ashburton Sandstone".
o 2 chert, minor by siliceous or ’
8 0 conglomerate and dolomite lateritic cappings,
S 4 breccia. Sandstones
& E sometimes glauconitic,
8 Sedimentary structures
& E include cross-bedding,
3 ripple marks, mudcracks, .

* In this table, "Beetaloo" and "Helen Springs" refer to the corresponding

1:250,000 Sheet areas.



and siltstone usually occur in’ the intervening valleys.. The cherts and
carbonate rocks form lines of gently rounded rubble—covered hills, with an

occasional small escarpment.

The Tomkipson Creek Beds consist of arenaceous eedimente ranging from
fine-greined sahastone to grit and pebbly sandstone; ithe arenites apparently
form the bulk of the unit but interbeds of siltstone, dolomite, chert, and
leached and 511101f1ed carbonate rocks total several thousand feet. The
sequence occurs in four structurally and, in part, llthologlcally discrete
areas: (i) the Tomkinson Creek - Powell Creek block; (ii)'the Muckety -
Renner Spfings block; ‘(iii) the Bootu Creek block, and (iv) the Whittington
Range block._' The stratigraphic relationships between the rocks of the four
blocks are obecured by the complexity of the folding and faulting. 4

'The Whittington Range block occurs in the south-western part of the
region and contains the Whittington Range and the southern part of the ‘
Ashburton Range; it is separated from the other three blocks by a marked
dlscontlnulty which trends south-eastwards from the lower reaches of
Tomkinson Creek past Mnckety Homestead to near Banka Banka Homestead whence
it flexes in a southerly direction and presumably joins a north-irending

fault zone through Churchills Head near Morphett Creek on the Stuart Highway.

;
Probably the oldest rocks of the Tomkinson Creek Beds occur in this
block in a section between Churchill's Head and a syncline around the head-
waters of, Morphett Creek. There, 2700 feet of medium to coarse-grained quartz
sandstone :is overlain by 12,000 feet of thin-bedded fine to. medlum-gralned
quartz sandstone overlain by about 7000 feet of interbedded siltstone and
fine-grained sandstone with minor interbeds of carbonate rocks (Fig. 3). "
This sequence appears to be continuous with the rocks mapped in the Gibson
Creek area by Dumnet and Harding (op. cit.). '
The rocks in the western part: of this block overlie the sequence between
Churchills Head and Morphett Creek,;and may represent part of the Sequence‘in
the Bootu Creek and Muckety/Renner Springs block; but this latter relationship

cannot be proved at present.

Five miles south-west of Banka Banka Homestead about 5000 feet of
sandstohe, siltstone, chert, and conglomerate.appear to overlie the'main bulk
of the sequence in this block with a marked angular unconformity. The bottom
part of this section is marked by ridges of algal chert striking generally
east-west in contrast to the north-south strike of the underlying rocks, _
The sequence is clearly younger than the remainder of the rocks in the block,:
but its relationship to the rocks of the Tomkinson Creek Beds elsewhere is

- unknown. The sectieh has not been adequately measured and is not illustrated.
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The rocks of the Whittington Range block are tentatively correlated

with rocks of the Bootu~Creek block' by means of coarse sandstone ienses -
occurring in both blocks in 81m11ar positions in sequences of fine to medium-

grained sendstone, siltstone, and carbonates.

The Bootu Creek block occurs between Morphett Creek and McKinlgy Creek

in the eastern part of the Ashburton Range. It derives its name from Beotu
Creek which drains the’ area -occupied by a promlnent anti¢line and a

syncllne in the centre of the block. -

A measured gection was obtained during 1965 across the eastern limb of
the anticline, and it was tied to a section measured by Jones (1955) across
the western limb of the adjoining syncline. These two sections indicate a
total of about 8400 feet of siltstone, flaggy fine-grained sandstone, massive
medium=-grained sandstone, and minor carbonate and leached carbonate 1nterbeds
(Fig. 3).- The upper part of the section is manganiferous and contains: the

Muckety mangenese deposits which are discussed under Economic Geology.

The section about Bootu Creek appears'to be overlain by 15-20,000 feet
of sandstone and siltstone in turn overlain by correlates of the Muckety/
Renner Springs block. This estimate is based'on air;photo measurements down o
the plunge of the syncline bounded by Bootu Creek, and although measured dips
along the limbs of the syncline indicate consistent plunge, the estimate has -~ 7

not been checked in the field, nor has the detailed rock sequence.

The rocks of the Bootu Creek bleck are overlain by s sequenge of carbonate
‘ . -goarse correlated
and’ leached carbonste rOukS overlain by/bebbly sandstone which ‘have been. /,u
with a coarse pebbly sandstone east of Helen Springs Homestead in the
Muckety/Renner Springs block. The sequences in the Nbckety/Renner_Springs
block and in the Tomkinson Creek/Powell Creek block can be traced

continuously.across'the structure; consequently a composite section for the

two blocks is possible and is-illustrated. in Figure 3 under Renner Springs.
The sequence consists essentially of carbonate and leached and silicified
carbonate rocks overlain by altennating sandstone and siltstone.’ Near the
top it is intruded-by a dolerite sill which has been traced for about 30
miles from near Burke Creek northwards to near Fergusson Creek. The carbonate
rocks consist ofidolomite,breccia, dolomite, dolomitic-limestone? and
calcareous siltstone. The sandstone units range from fine;grained sandstone
with siltstone interbeds to very coarse-grained sandstone with pebble beds

and grannle conglomerate interbeds. ! .
The upper .beds of the sequence can bte traced into the Beetaloo Sheet

a:ea.Where the sequence and the structure have not been mapped in detail,.
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.. "The structure of the Tomkinson Creek Beds is complex; the unit is
divided into four blocks by two major-nbrth-trending fault zohes, and by
a marked north and north-west trending discontinuity. = A major noérth
trending fault zone also occurs on the western part of the Tomkinson Creék/
Powell Creek block, and a major fault zone in the Bootu Creek block trends
north-north-west. Strike, near strike, and cross-strike faults of varying
magnitude occur-throughout the region, and together with complex folding
make impoésible on accurate assessment of the thickness and Stratigraphy..
The largest fold is a‘faulted north—pitching enticline between Powell Creek
and Carruthers Creek. . It ié adjoined on both the east and the west by

subsidiary anticlines and synclines. A major syncline pitches north about

Helen Springs Homestead. - Siltstones in the trough of the structure are

eroded and the valley so caused is occupied by the Helen Springs Volcanics.
It is truncated on the east by a qajor fault and bounded to the west by a
north-south trending zone of faulting and folding. Small anticlines and
synclines occur in the Bootu Creek block; the most important are those near

the Muckety Mangsnese Deposit.

No relationship between the Tomkinson Creek Beds and the underlying
rocks can be established in the Helen Springs Sheet area. In the Tennant
Creek Sheet area the Beds overlie the Lower Proterozoic Warramunga Group,
but the nature of the contact is not yet clear: the problem cannot' be
resolved until the Tomkinson Creek Beds are mapped in detail in this Sheet

area.

In the Helen Springs Sheet area the Tomkinson Creek Beds are unconform-
ably overlain by the Lower Cambrian Helen Springs Volcanics, the Middle
Cambrian Gum Ridge Formation,. unnamed Mesdzoic rocks, and chalcedonic

material referred to the Tertiary Brunette Limestone..

Ivanac (1954) considered the unit (then called  Ashburton Sandstone)
consisted of epicontinental sediments ‘deposited on the ‘edge of a continental

shelf}J This is supported by the cross-bedding and ripple-marks and the

.clean nature of the sandstone.. However, the possible thickness of the

sequence, the occurrence of halite pseudomorphs, mud cracks, ahd pfimary
current lineation, and the presence of gignificant quantities of siltstone
and carbonates with algae (all noted in the 1965 survey) suggest that the
environment was continually changingf Intertidal conditions appear to have

been importantq

The thickness of the Tomkinson Creek Beds has been discussed earlier
with the stratigraphy of the four blocks and the tentative correlation
between them. It appears to be of the order of 50-55,000 feet. \
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The age of the Tomklnson Creek Beds is shown on the map as ?Lower
Proterozoic.  Dunnet and Harding (op. cit.) referred to it as Carpentarian
following the general reclassification of the Middle and Upper Proterozoic
in Northern Australia into Carpentarian and Adelaidean respectively. Both
Dunnet and Harding (op. cit.) and K.G. Smith (B.M.R., pers. comm.) regard
the unit as probably equivalent to the Hétches_Creek Group, which Smith,
Stewart, and Smith (1961) regarded as Lower Proterozoic. The Group has been
regarded as Carpentarian (Dunn, Smith and Roberts, in prep.) in age on the
basis of K/Ar radioactive age determinations on granites which intrude it
(Hurley, et. al., 1961). However, K.G. Smith (B M.R. pers. comm.) points
out that Wilson et al. (1960) redetermined by Rb/Sr methods one of Hurley 8
granites (which does not intrude Hatches Creek Group) at 1840 mey., and all
of Hurley's ages may be too young. Therefore Smith tentatively regards the
Hatches Creek Group to be Lower Proterozoic. Until all the results can be
rechecked by more relisble technlques it seems best to retain a Lower

Proterozoic age for the Group, and hence for the Tomkinson Creek Beds also.

‘No information is forthcomingvfrom this region concerning the age of
the Beds other than the unconformity with overlying Cambrian rocks.
Glauconitic sandstone was found at one locality in the Whittington Range
(H.S. 914), and is being processed for radicactive age determination, but
the result is not yet available. In any case the result from a single sample

will be of little real value in placing a definite age on the sequence and

amy-

will be useful as a guide only.

CAMBRIAN

Helen Springs Volcanics .

The Helen Sprlngs Volcanlcs (Noakes and Traves,, 1954) ¢rop out in broad
topographic depressions in the Ashburton Range.ﬂ They consist of coarse~

grained tholeiltlc basalt flne-gralned and vesicular or amygdaloidal at the'

" base. They conformably overlle a basal sandstone and breccia. .The basalt

and basal sedimentary rocks rest with a strong unconformity on the Tomkinson
Creek Beds, occupying erosional valleys, and are in turn overlain, probably

disconformably, by the Gum Ridge Formation.

Noakes and Traves (1954) applied the name Helen Springs Volcanics to
basaltic-rocks'whiqh crop out around Helen Springs Homestead, and further
south near Tennant Creek. . They correlated the Volcanics with Lower Cambrian
volcanics of the Ord Victoria Reg1on.::¢ S R Ivanac (1954) used the
name Helen Sprlngs for basic voleanic rocks in the Tennant Creek area which

are overlain disconformably by the Lower Middle Cambrian Gum Ridge Formagtion.

~ Mapping in the Helen Sprlngs Sheet area during 1965 has dellneated

several areas of basalt, other than the main area around Helen Springs
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Homestead, which are correlated with the Helen Springs\VblcaniCSa Sedimentary
rocks confofmably'underiying the basalts are included in the formation.
Basic dyke rocks in the Wﬂittington Range, which may represent feeders for
the flows, are also mapped as Helen Springs Volcanics.
k LS
Noakes and Traves regarded the area around Helen Springs Homestead
(latltude 18°26. 00'S, longitude 133 52 28'E) as the type area for the

formgtion. There are no type sections.

The outcrop areas mapped during 1965 are all in“the Hélen Springs
1:250,000 Sheet area: around Helen Springs Homestead, around Muckety
Homestead, near Banka Banka Homestead, near Renner Springs Roedhouse, about
8 miles south-west of Ladabah Bore, near Loveday Creek, and the Whittingtoﬁ
Range., In the latter area there are both extrusive and intrusiVe'basie
igneous rocks.‘ At locality HS565, about 13 miles south-west of Banka Banka -
Homestead, an 6utcrop of tuffaceous sediments is referred’ to the Helen'Springs

Volcanics although its age and relationships are not definitely established. '

The Helen Springs Volcanics occur in broad valleys in the Ashburton
Ranges. They form mesas capped by thick laterite or lateritized sediments,
and black soil plains in the surrounding lower country. The basal sedimentary -

rocks sometimes form well—develéped strike ridges.

In most exposures the volcanic recks are massive and have a coarse
doleritic texture. At and near the base the volcanics are ephanitic, Bﬁt
usually have abundant amygdales and vesicles.- Unweathered dark basalt. occurs
extensively only 'in the black soil areas, below the laterite cappings and the
pallid zone, but occasional small core-stones of fresh basalt ocour in | '

surface rubble at localities where the basalt is otherwise completely ferrug-

" inised (HS149, HS708). ‘In the pallid zone of the laterite profile the

basalt is kaolinized, but the original igneous textures usually remain.

Thick'eections of kaolinized basalt occur in the slopes below the Mesozoic
outcrops south of Mnckety‘Homestead. Original igneous textures are again
usually visible in the trapsitional mottled zone of laterite profiles, but

are usually completely obliterated in the ferruginous zone.

Silicification is common, and is most frequent in the fine-grained and
vesicular rock types. Glassy vesicular or aﬁygdaloidal basalt at the base
is often now represented by a pale yellow opaline material with the original

vesicles filled with white opal (HS144 and exposures'eas% of HSTT1).

Silicified amygdaloidal basalt occurs-: as surface rubble about 2 miles west of

Cox Knob near Banka Banka Homestead (HS72). The or1g1na1 basaltic nature of
this materlal is not easily demonstrable in hand speclmen, but is obvious in

thin section. : A" i
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Chemical analyses and petrogréphic examination of almost unaltered
rocks show the chemical and mineralogical composition to be that of g
normal basalt. Well-crystallized specimens are ophitic, with plaglociase
more gbundant than ferro~magnesian minerals. Specimens from near the base
consist of plagioclase laths in a matrix of devitrifiéd glass. Olivine
and its pseudomorphs are apparently absent. In the coarser specimens'
small amounts of 1nterst1t1al ‘quartz are often present between the.feldspar

laths. Quartz is often present in amygdaleso

Some alteration of the ofiginal igneous minerals is present.in the
freshest specimens. : Aug1te is partially altered to chlorlte and/or pale
green flbrous amphibole, and plagioclase is often partially. albitized and
ser1c1t1zed. In the most lateritized specimens still showing basalt
textures, : the feldspars are altered to clay minerals and the ferro-magnesian
minerals to iron oxides. In silicified basalts the rock is fairly uniformly
replaced by silica. Feldspars are generally replaced by clearer silica
than original glass or ferro-magnesian minerals, and conéequently the igneous
textures can be identified. The replacing silica is opaline materlal,

eryptocrystalline - chalcedony, or fine-grained quartz.

Cpen.joints and larger vesicles in the basalt frequently contain well-
crystallized quartz, occggionally in the form of doubly~-terminated prismé. -
The quartz is smoky, white, red, or pale greenish; This quartsz becomes
concentrated at the surface on weathering and erosion of the basalt, -
especially where the basalt is kaolinized, as at Locallty HS167 near the
Helen Springs - Muckety boundary fence bes1de the Stuart Highway. It also

occurs in. the pebble fraction of Mesozoic and Recent sediments.

The basic dyke rocks of the Whittington Range are badly weathered  and
ferruginized, but show a similar range of textures to those of the known

extrusive volcanics.,

The tuffaceous rocks Which crop out around locaiity HS565 are brown
to reddish ferruginized bedded rocké. They contain a variety of grains set in
& near-isotropic brownish matrix. The grains include quartz and chert sand
gralns, kaolinized and ferruginised opaque partlcles poss1b1y representing
altered ferro-magnesian minerals, devitrified volcanic glass, and pellets of
a brown isotropic to cryptocrystalline material and a mlcrocrystalllne green

mineral.

Sedimentary rocks underlie the basalts in the outcrop areas néar Helen
Springs Homestead, Muckety Homestead, Renner Springs:Roadhouse, and'Loveday
Creek. The predominant rock type is a laminated semi—frlable buff sandstone »

with very large scale cross-bedding in sets up to 20 feet thick. The grain
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size varies from very fine sand to medium sand, but sorting is good within
individual laminse. The grains are of quartz, quartzite, chert, and
siltstone, with very minor amounts of tourmaline and muscovite. The lithi-
fication of the sediment is due to some overgrowth on quartz grains
accompanied by some interpenetration and contact solution, and squashing of
clayey siltstone clasts. The rock contains no clay or silt matrix, or.
pebbles. It has yielded no fossils or trace;fossils, despite the good

exposures.

A sedimentary breccia with a sandy matrix underlies the basalt at
some lbcalities, either alone or interbedded with the cross-bedded sandstone.
The pebbles in the breccia consist of quartzite and siltstone, derived from
the Tomkinson'Creek Beds. The sandy matrix has the same appearance. and
contains the same types'of grains as the cross-bedded sandstone. .The breccia
frequently occurs as sedimentary dykes, filling fissures in underlying

siltstones of the Tomkinson Creek Beds.-

Five feet of laminated siltstone occurs interbedded with the more usual
buff sandstone underlying the basalt at locality HS194, south-west of
Wiggenty Well near Muckety.

Af the base of the basalt, the underlying sandstones are: strongly
indurated for about, 1 inch to 2 inches below the contact, and the contact
surface has shallow ridges and fuxrows apparently caused by viscous drag of

the lava moving over the sﬁrfadgga- In a specimen from locality HS149,.north

of Loveday Creek; the indurated sandstone near the contact contains patches

in which the quartz sand grains are embedded_in_a matrix of coarsely

crystalline quartz containing abundant (?)eillimanite or (?)mullite needles.

This coarsely crystalline quartz is apparently a product of;partial melting

.of the sandstone and later crystallization of the interstitial melt, .

Partially melted sédimentaﬁy material has also been foﬁn&‘as-inclusions
in the basalt. One specimen from locality HST2, west of Cox Knob near Banka
Banka, consists of basalt (now silicified)‘with abundant botryoidal
aggregates of partially melted sandstone superficially resembling amygdales.
They consist of cryptocrystalline material enclosing varying amounts of fine
sand size quartz grains. - A specimen from about a half mile south of Banka
Banka Homestead consists of abundant spheroids of quartzQ(?)sillimanite rock
in a matrix of highly ferruginous material, probably fefruginized basalt,

The quartz-(?)sillimanite rock contains some carbonate rhombs but is
otherwise similar to material interpreted ébove as interstitial melt in

sandstones heated by the basalt.

i
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The Helen Springs Volcanics have not suffered obvious tectonic
deformation and for the most part are probably in their original structural
attitude, filling valleys eroded into siltstone units of the Tomkinson
Creek Beds. However in the outcrop areas .around Helen Springs Homestead,
Muckety Homestead, and Loveday Creek, the underlylng ‘siltstones have heaved
upwards at many separated localities produ01ng & number of domes in the
volcanics and basal sediments. The domes vary from near-clrcular to
elllptlcal in plan, with d1mensions from about one third of a mile to one
and a half miles across. In detail the contact has. abrupt changes of
"strike so that the outllne of the domes has many small promontorles and
embaymentss. _The base of the basalt dips outward from the domes at angles

varylng from 9 to- 30 . The basal sandstone often forms a strlke rldge..

Towards the centre of many of the domes are 01rcular to elllptlcal :

- outcrops of f058111ferous Lower Mlddle Cambrian Gum Ridge Formation, over-
lying the basal sandstones of the Helen Springs Volcanics. Where dips can
be meagsured, the sandstone‘around the'margins of these outcrops dips towards
the centre of the domes at'angles up to 300, and the margins of the Gum
Ridge outcrops form circular or elliptioal strike ridges paralleling the
margins of the domes. The Gum Ridge Formation was probably deposited after
development of the domes and after erosional truncation had exposed the basal
sandstones of the Helen Springs Volcanics,. The exposed cores of the domes
and underlying Gum Ridge sediments have then collapsed downward to form &
central.basin. Later erosional planation has removed the Gum Ridge
Formation except from the collapsed areas, to give the present distribution

of outcrops.

The domes do“not appear_to be associated with evaporites.. The sediments
producing the domes crop out poorly and consequently the detailed lithologyf
is not knownyrbut no evaporite indications have been found/in outcrops or in
borehole cuttingso, A bore drilled 350 feet into the sedlments (Muckety
Homestead Bore) produces groundwater with only 175. 8 ppm of €1° ion.

The original upward heaving to produce the domes was -apparently due to
the specific gravity difference between the massive volcanics and underly1ng
argillaceous sediments. The later collapse after erosional truncation and .
deposition of the Gum Ridge Formation is more difficult to explaln.

Possibilities_inolude shrinking of clays or solution of carbonates.

The volcanic rocks are massive lava flows. No plllOW lavas or palagonlte
breccias, as mlght be expected from extrusion into a water body, have been

found, and it is assumed that they were extruded on a land surface.
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In many localities where the base of the basalt is well exposed, there

[N

'aré no signs of an erosional unconformity with the basal sedimeéntary rocks;

.the basalt always rests on a bedding plane. The lack of an unconformity

implies a terrestrial environment for the sediments if the basalt was
extruded subaerially. The very large scale of the cross-bedding, lack of
pebbles or clay matrix, the lack of fossils, and the rapid variations in
thickness of the basal sandstone suggests that it is an aeolian dune sand-
stone:. The alternative interpretation of a marine or fluviagtile sandstone
would require a water depth several.times greater than the thickness of the
cross bedding sets (Allen, 1963) for which there is no evidence in the
overlying basalt. ° The basal sandy breccias cah be interpreted as deposits
of intermitteht'streams containing locaelly-derived pebbles from surrounding
hills of Tomkinson Creek Beds.:

The'maximum'thickness of the volcanic rocks is not known. At Muckety
Homestead a bore penetrated 120 feet of basalt without encountering the -
underlying rocks. In dissected country near Helen Springs Homestead s

minimum thickness of 60 feet can be measured. Bore No,19, Helen Springs

'Station, and Helen Springs Government Bore were drilled into basalt, but. no

logs or cuttings are available. Ivanac' (1954) gives no figure for the
thickness of the Helen Springs Volcanics in the Tennant Creek area.

‘The basal sediments vary considerably in thickness from 6 inches to
around 40 feet. The thicker sections are composed dominantly or completely
-of the buff cross-bedded sandstone. Sections less than gbout 10 feet thick

are often largely or entirely of sandy breccia.

Nogkes and Traves (1954) correlated the Helen Springs Volcanigs with:
Lower Cambrian volcanics of the Katherine-Darwin and Ord7Viqt§ria regions,
based on lithological similarity.. Ivanac (1954) demonstrated that 'in the
Tennant Creek area the Helen Springs Volcanics rest on the Lower Proterozoic‘
Warramungs Group and younger granitic rocks wifh a marked angular ‘
unconformity and are overlain disconformably by the fossiliferous Lower

Middle Cambrian Gum Ridge Formation. .

During the 1965 survey the relationships of the Helen Springs Volcaniés
with older and younger rocks have been established for the type area. The
volcanics and basal sedimentary rocks rest with strong angular unconformity
on a differentiallyaéroded surface of the Tomkinson Creek Beds. The younger
Lower Middle Cambrian sediments were deposited following local gravity

folding and erosion of the volcanics.

The basalts and basal sediments occupy valleys eroded into soft silt-

stone units of the Precambrian Tomkinson Creek Beds. For most of the
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outcrop areas it is difficult to demonstrate conclusively that the basalts' -
have . this relatlonshlp and are not in sequence with the Precambrlan rocks.h
However the outcrops south of Renner Sprlngs Roadhouse demonstrably overlie
siltstones some 2000 feet 1ower in the Tomklnson Creek Beds .than those around
Helen Springs and Muckety Homesteads., The 81m11ar1ty between the basalts
and basal sedlments of the Renner Springs outcrops and those of the latter
two areas precludes the volcanlcs belng on two stratlgraphlc horlzons 1n

the Tomklnson Creek Beds sequence.

.The, stratigraphic relationships of the Helen Springs Voloanics on the
Helen Sprlngs and Tennant Creek 12 250 000 ‘Sheet . -areas, and their llthologlcal
‘slmllarlty w1th Lower Cambrlan volcanics to the north and west are conslstent

with the Lower Cambrian. age orlglnally assigned by Nogkes and Traves (op. cit. )

Gum Ridge Formatlon
The Gum Rldge Formation (Oplk, 1951, 1956b, in Ivanac, 1954) crops
out on the western and eastern flanks of the Ashburton and Whlttlngton.Ranges,

and in an isolated area near Brunchilly Homestead‘> It is foss111ferous, and

0p1k (op. cit. .) regards it as lower Middle Cambr1an in age. The unit forms

rubble covered rises of chert, siliceous shale, altered carbonate rocks, and

thin sandstone. Its thickness in the region is unknown, but it.is at least

170 feet. ° -

Opik (op. cit.) used the name Gum Ridge Formation for fossiliferous -
impure sandy lruestones, cherts, siliceous shales, and sandstones which crop
out in isolated areas east of Tennant Creek and along the western part of
the Barkly Highway. The type looallty 1s Gum Rldge, a trlgonometrloal
station 14 miles east-north-east of Tennant Creek townshlp, there.it is 45
feet thick. Identlcal rocks to those shown on Ivanac's map (Ivanac, 1954 )
can be traced in dlscontlnuous outcrops northwards from the Barkly Highway
to near Brunchllly Homestead in the southern part of the Helen:Springs Sheet -
area, ahd thence westward to the eastern flanks of the Ashburton Range. '

, In. the reglon occupled by the Helen Sprlngs and Beetaloo Sheet areas, .
the Gum Rldge Formatlon crops out on the western flank of the Ashburton and
Whlttlngton Ranges near, Tomklnson Creek and. between Burke .and Fergusson
Creeks, on the eastern flank it, crops out between Keurschner and - Loveday
Creeks. ~ .The un1t presumably extends beneath the sand cover eastward to near
Brunchllly Homestead, and southward on to the Tennant Creek Sheet area..  The
Guvaldge’Formatlon_also occurs as dlsoontlnuous outcrops‘w1th1n the. f
Ashburton Range indthe'vicinity ofABanka Banka Homestead, near Muckety

Homestead, and in the valley of Helen Creek.
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The Gum Ridge Formation usually occurs as low rubble covered mounds
and rises on which dip measurements are 1mposs1b1e. Scraplngs in ‘old
quarrles along the Stuart Highway near Banka Banka Homestead have revealed
the rocks in situ, but the attitudes recorded are unrellable and of local

gignificance only.'

As with other Cambrian units to the east, the rocks of the Gum Ridge
Formation have been extensively altered snd lateritized (Randal, 1966a, b).
Most of the surface exposures now consist of f085111ferous chert, silicified
shale and sandstone, and altered carbonate rocks. ‘Some are llberally
coated w1th red iron oxldes or hydrox1des presumably precipitated durlng
laterltlzatlon. Not all rocks are, 1ron-sta1ned. at locality HSS41 the

rocks consist of fine to medlum—gralned micaceous whdtedsandstone and yellow

"siltstone. White leached siltstone containing Biconulites was found in

scout-hole HS6 (appendix) The surfaces of the outcrops are frequently '
covered by a brecciated and recemented mixture of chert and 511101f1ed sand~
stone or shale, 1dent1ca1 to that formed on the Wonareh Beds to the east '
(Randal and Brown, 19624 and b), . '

No unaltered llmestone has been found in’ outcrop. However, at No.12
bore on the South Barkly Stook Route, south of the region, chips of
fossiliferous blue-grey limestone and dolomitic limestone occur in the bore
drain. Two holes were drilled at the site and the following logs were

prepared by the Mines'Branoh of ‘the Northern Territory Administration.

NO.12 BORE 1ST_TRY (UNSUCCESSFUL)
0-5 feet Soil :
5-12 feet Red-brown fine silty and sandy clay
12-23 feet Red-brown fine to coarse silty and sandy clay
2%—48 feet Yellowish-brown as above
48-75 feet Brown, fine to medium silty and clayey sand
75-107 feet Red~brown fine sandy and clayey silt
107-120 feet Yellow clay, weathered dolomlte and 11mestone
120-127 feet fVery flne-gralned fawn 11mestone
127;{44.feet Yellow brown claystone
144-176 feet Pale oreamy grey 11mestone
176-188 feet Pale grey and creamy grey dolomltlc llmestone

' 'NO.12 BORE 2ND TRY
0-23 feet. Red-brown silty sand
23-155_feet .Whlte medlum-gralned sandy clay

.155-187 feet Flne-gralned grey and cream dolomltlc limestone
187-309 feet  No samples

3093320 feet Pale grey chert, fragmentary shelly fossils
320-325 feet White, hard,'fine-grained crystalline dolomitic limestone
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The rocks below 107 feet in the f1rst hole and below 155 feet in. the
" second presumably represent unaltered materlal of the Gum Rldge Formatlon,

but do not include the full sequenceo

Because of the absence of coherent outcrops it is difficult to assess

the structure of the Gum Ridge Formation although some information can'be

. gleaned from 1ts relatlonshlp ‘with other units in ‘the -area. With- ‘the exception,

of the domes- in the Helen Creek Valley, the unit is generally flat lylng or
has very low dlps. ‘In the Tennant Creek Sheet area it rests unconformably
on both the Helen Sprlngs Volcanlos and the Lower Proteroz01c Warramunga
Group (Ivanac, 1954)‘- in places the unconformlty with both older unlts is
angular. ) In thls reglon the contacts with the underlylng rocks are - not well—
deflned, but there is a. strong angular discordance between the Gum Rldge
Formatlon and the Lower Proterozoic Tomklnson Creek Beds, and ‘a dlsconformlty
between 1t and the Helen Sprlngs ‘Volcanics, whlch it appears to overlap near
Banka Banka Homestead.‘ Its relatlonshlp w1th the Anthony Lagoon Beds to the
east is unknown, ‘but the two may be lateral equlvalents. ~ The Gum Ridge _'
Formation is overlain by Mesozoic rocks south of Muckety Bore. It is not
overlain direotly by Tertiary rocks but has been extensively altered during

the Tertiary lateritization..

Ivanac (1954) considers the Formation was laid down during an
epicontinental marine transgression. The occurrence of coquinites suggests

a near-shore environment.

The thickness of the unit is unknown. In the Tennant Creek area 45
feet of rocks are exposed at Gum Ridge with the upper part eroded. If all
the'rocks penetrated in No.12 South Barkly Stock Route are referable to the

Formation then its thickness exceeds 170 feet.

The ‘age of -the Gum Ridge Formation is early Middle Cambrian.  Opik

(1956b) reports Xystridura ff@‘browni;'Peronopsis cf. elkedraensis, Pagetia cf.

ificans, Chancelloria, Eiffelia, Biconulites, Billingsella cf. humboldti

and Redlichia in the Tennant Creek area. He also reports that 8 new- speCISS
of Xxstrldura is- assoolated with Blconulltes and brachlopods s1mllar to the .
Gum Ridge types at Banka ‘Banka’ (1n the’ Helen Sprlngs Sheet area) . C.G.
Gatehouse (Appendlx A, th1s reoord), reports the’ follow1ng fos51ls from the
Formation in the Helen’ Sprlngs area, 1ncluding loca11t1es near Banka Bankas
B1111ngsella cf. humboldtl, Xystridura sp. nov. (Opik, MS); Xy strldura,

Blconulltes, Wlmanella, Redllchla forrestl, Redlichia, ptychoparlldae, and

1nartlculate brachlopodSo
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Anthony Lagoon Beds
The Anthony Lagoon Beds (Plumb and Rhodes, 1963, 1964; . Randal and

Nichols, 1963) crop out in the southTeastern,_central, and northern part

of the Helen Springs Sheet area, and in the southern part of the Beetaloo
Sheet area. The rocks, which are more or less contlnuous w1th similar
outcrops in the Brunette Downs area to the east, are mainly carbonates with
sandstone and 31ltstone 1nterbeds. ~ They are part of the w1despread Middle
Cambrian sequence of the’ Barkly Tableland. The thlckness is unknown but 1s
probably several hundred feet.. ‘

The name Anthony Lagoon Beds was used by Plumb and Rhodes (1963, 1964)
to describe carbonates, sandstone, chert, and silicified limestone cropping
out in the vicinity of Anthony Lagoon and Creswell Downs Homestead in the
Wallhallow Sheet area. . Randal and Nichols (1963).extended the rieme to’
identical outcrops in the Brunefte Downs Sheet area. It includes rocks
prev1ous1y referred to as the Barkly Group (Noakes and Traves, 1954) but as

this name is 1nva11d it has been dlscontlnued.

In the Helen Springs Sheeo'areg the Anthony Lagoon Beds crop out as
isolated boulders and rubbly rises in the black soil downs which cover the
eastern, central and northern part of the area. Water-bore logs and scout-
hole drilling indicate the unit underlies thin Lower Cretaceous and Tertiary
rocks in the northern and north-eastern part of the Helen Springs Sheet area.
Scattered outcrops occur in the southern part of the Beetaloo Sheet area,
and it has been recognized below Lower Cretaceous rocks in B.M.R. scout-hole
B1 in the centre of this area. Bore logs suggest the unit is continuous
beneath the black soil which appears in part to be a weathering product.

The downs are covered by chert and rubble derived from silicified coqulnltes

and oolites and from chert nodules within the cgrbonates.

The topography of the areas underlain by the Beds :is‘essentially

controlled by the rock types at or near the surface. Grassy downs with

" occasional light timber are developed ‘over the carbonates and siltstone, but

the: sandstone outcrops and lateritic material form low rises which support
a light cover of eucalypt shrubs and small trees and various species of

acacias.

Surface exposures comprise limestone, dolomitic limestone, dolomite,
sandstone, chert, siltstone and silicified and leached cqrbonate rockse.
Scout-hole driliing and rock-chips from water-bores indicate consroerable
amounts of calcareous and dolomitic siltstone and sandstone, dolomitic '
limes%one;‘limestone,_and dolomite, These are described in detail in
Appendix A.  Surface exposures of unaltered carbonate rocks are less numerous
than in the adjoining Brnnette'Downs Sheet area: they occur along.Brunchilly

|
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Creek and between Tarrabool Lake and the lowermost reaches of Attack Creek.
Both the altered and unaltered carbonate rocks are in part fragmental and
.Oolltlc..h The colours of the llmestone and dolomlte are dark greys grey,
buff, cream, and brown. Chert’ nodules are rarea The fragmental rocks
are s1m11ar to the Ranken Limestone in the Ranken Sheet area (Randal, 1966b) .
No 1dentif1ab1e foss11s or -even fossil fragments have been found - 1n this . "
region, buthandal and Nlchols (ope cit.) report algae and fragments of
trllobltes and eohlnoderms in the Brunette Downs Sheet area, and a brachlopod
was found between 1009 and 1019 feet 1n Brunette Downs No.1 Well (Randal,
1966a) . _ I

Quartz sandstone is assoolatedmw1th carbonate rocks of the Anthony
Lagoon Beds both in outcrop and in the subsurface. The sandstone is flagey, .
and occasionally ripple-marked. Quartz gralnszare variable in size, but
generally the rocks are fine to medlum-gralned. Surface slllclflcatlon is
common, . but some of the sandstone chips from bores and scout-holes are
friable. Some of the sandstones may be the end product of the leaching of
oarbonate rocks which contained a very hlgh percentage of quartz. calcareous
and dolomltlc sandstones from the B.M.R. scout-holes are dlscussed in

Appendix A.

The lack of good exposures and the widespread superficial cover restriots

the assessment of the structure of the Anthony Lagoon Beds. Minor structural - -
trends and the reglonal structure of the Cambrian sequence is dlsoussed
elsewhere in this report (p. 32) -

:

‘ _The maximum known thickness of the Anthony Lagoon Beds in this region
is about 258 feet recorded in the driller's log of No.6 Bore on the Barkly
Stock Route, in which 84 feet of soil, "volcanic rock": end clay overlie 258

feet of 11mestone wh1ch may ‘be related to the Anthony Lagoon Beds.

Because of the lack of dlagnostlc foss11s the exact stratlgraphlo
relatlonshlp of the Anthony Lagoon Beds w1th other Cambrlan rocks is
1ndef1n1te. ' Some 1nformat10n is, avallable from the Brunette Downs Sheet area

_1mmed1ately to the east (Randal, 1966a; _Randal and Nlchols, 1963), and there
it ‘appears. the Beds are equlvalent 1n part. to the lower Middle Cambrlan _

: Burton Beds 1n the Ranken Sheet area, and the Wonarah Beds 1n the Alroy Sheet
area. The Anthony Lagoon Beds 1n th1s reg1on may, be 8 lateral equlvalent of

'the Gum Rldge Formatlon.,v The Beds are. unconformably overlaln by LoWer ’

"

* e o B R
‘,Probably:ferriCreteg_ . e
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Cretaceous and Tertiary rocks.
The sedlments appear to have been la1d down on an 1rregu1ar basement

surface in a shallow water env1ronment with medium current act1v1ty (NlChOlS,

1963)

MESOZOIC
Mullaman Beds:

Flat- ly1ng sedlments referable to the Mullaman Beds of Lower Cretaceous
age crop out over most of the Beetaloo and parts of the Helen Sprlngs
1:250,000 Sheet areas. They were deposited on an irregular erosion surface
and consist of non-marine, generally arenaceous, sediments of variable
thlckness overlain by argillaceous sedlments with Lower Cretaceous micro-
foss1ls. A total thickness greater than 285 feet has been proved in a water

3

bore. ¢ ,

The name "Mullaman Group" was first used by Noakes (1949) for marlne
Lower Cretaceous sediments around Darwin, and plant-bearlng sandstones
occurring further 1nland.. Since then geologists of the Bureau of Mineralp
Resources have.modified the term to "Mullaman Beds'", to conform with.the
Australian Code of Stratigraphic Nomenclature, and extended the use of the
term to include all Cretaceous sediments in the northern part of the Northern
Territory. The name Mullaman Beds is used in the above sense by Skwarko
(1966). Field work during 1965 has shown that the southern limit of Lower

Cretaceous sediments in the- region is about 40 miles further south than

. previously known. The name Mullaman Beds is retained because of the

similarity of the sediments in lithology,; palaeontology, and age to sediments

mapped previously as Mullaman Beds.

The type area for the Mullaman Beds is the Katherine-Darwin region
(Noakes, 1949).

Sedlments mapped as Mullaman Beds crop out over most of the Beetaloo
1:250,000 Sheet area, east of the. Stuart nghway. They extend south into the
Helen Springs 1:250,000 Sheet area for about 4. m11es near Monmoona Creek and
about 15 miles near Eva Downs. All of the above area of outcrop is, 1n
country with low rellef (elther "downs" country w1th Fllnders and Mltchell
grass, sandy "desert" country, or laterltlc country w1th thick lancewood
scrub) Exposures occur in valleys w1th1n the laterltlc country, around the
Jjunction of 1ater1tlc and sandy country with downs country, and as blocks
.and rubble on low rises 1n the downs country. Laterites are best developed
on atgillaceous rock types. The red sand desert country west of Ucharonidge
Homestead overlies arenaceous sediments. The downs country occurs on areas

of both argillaceous and arenaceous sediments.
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The Mullaman Beds comprise sandstone, often with pebbles or cobbles,
and'white, yellow, and pinkish argillaceous sediments varying from_sandy .
and clayey s1ltstone to s11ty claystone. The sediments are uhconsolidated
or poorly consolldated below the surface as shown by drilling but outcrops
are frequently silicified. . In sections from bores the arenaceous sediments
occur at the base and pass upward, sometimes with aAtransition zone of mixed
1ithologies, into dominant argillaceous»sediments« This corresponds to the
general sequence established by Skwarko (op.cit.) for his "inland belt": of
Mullaman Beds comprising a basal sandstone (Unit A), a transition zone (Unit

B) and an upper marine shale (Unit C)...

The basal sandstone ranges in grain size from flne to very coarse ahd.
occas1ona11y contalns pebbles or cobbles. Plant stem impressions occur in
fine-grained sandstone at localities BTL112 and BTL113. The detrital
grains are of quartz and other stable materials such as quartzite, chert,
and tourmaline. Pebbles and cobbles are of chert, quartz,and quartzite.
The chert pebbles and cobbles are often of ribbonstone and derived from
earlier Cambrian sedimentary rocks. - The quartz pebbles are often a smoky
variety of quartz with little-abraded crystal faces and are almost certainly
derived from Lower Cambrian basic volcanics. The quartzite pebbles are
similar to silicified sandstones of the Precambrian Tomkinson Creek Beds.
In silicified surface outcrops, the detrital grains are cemented by yellow
to brown silica, which varies from isotropic opaline material to fibrous

chalcedony.

Sediments from the "transition zone" (see description of core No.1,
scout hole B1, in Appendix A) contain sand, silt, and-clay detritus, in ;
thin interbeds and irregular lenses and patches of material of differing
grain sihet‘ . ) e ' )

Spe01mens from the upper arglllaceous unit consgist of claystone with
thln laminae of. silt-size. quartz, and quartz siltstone w1th a clayey matrix
or laminae..  The opallne,tests of ‘Radiolaria arevgenerally a uotable
constituent of the sediment andlaré'in sufficiéhf“abunaahce to suppiy the
s111ca necessary for the w1despread surface s111c1flcat10n of the sedlments.

LRAYE P R

The -rubbly. nature of- surface exposures prohihits reiiable dip measure-

ments. The avallable bore data—and,exposed sectlons 1n the dissected areas ..

-.north east of the region (Palne, 1964) show that the Mullaman Beds form a
w1despread, near horlzontal thln sheet of sedlmentary rocks. The broad .
undulatlons of the surface topography in the outcrop area of the Mullaman

Beds are probably due to warping of the Mullaman. Beds.,

- e
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The various rock types in the Mullaman Beds reflect variations in:
environment of deposition. Skwarko (1966) suggests a non-marine,
lacustrine environment for the sediments of Units A and B of the "inland
belt" on the evidence of occasional plant fossils and the lack of marine
fauna. The sediments could be fluviatile, rather than lacustrine, with the
sands and pebbly sands deposited by migrating river channels and the
argillaceous sediments in Unit B being flood plain deposits. The white and
pinkish argillaceous sediments of Unit C contain a marine microfauns and

were deposited during a very widespread marine transgression.

There are no naturally-exposed sections of the Mullaman Beds in this
region, but the mgterial from four boreholes which penetrated‘Mullaman Beds
has been examined by geologists (Appendix A, and Crespin, 1949). The
thicknesses of Mullaman Beds penetrated in these bores are 285 feet (Beetaloo
No.1 water bore), 230 feet (Eva Downs Government Bore); 151% feet (Eva Downs
0 Bore), and 60 feet (Scout hole B1). These are all minimum thicknesses
since the upper limit is an erosion surface in each case and. for Beetaloo
No.1 water bore the bottom of the hole is in Mullaman Beds. 'The drilling
results indicate that the basal arenaceous beds are variable in thickness.
At Beetaloo No.1 water'bofe they are greater than 120 feet thick; at Scout
Hole B1 they are 25 feet thick and at Eva Downs "O" bore they appear to be
local pocket deposits on a karst topography developed on older Cambrian °

carbonate rocks.

Radiolaria in white claystones and silﬁstones from surface outcrops
on the Beetaloo 1:250,000 Sheet area (BTL35 and BTL18) and from Beetaloo No.
1 water bore indicate a Lower Cretaceous age according to A. Lloyd (pers.comm.).
Crespin (1949).regards radiolarian siltstones and silty claystones from the
intervals 145-150 feet, 170-180 feet, 205-220 feet and 220-230 feet in Eva
Downs Government Bore, as Lower Cretaceous in age. Skwarko (op.cit.)
regards the Mullaman Beds of the inland belt to be of (°)Neocomian—Aptian to
Albian age, by correlation with Mullaman Beds of the "coastal belt" further
north, which contain dateable shelly faunas.

\

Undifferentiated Mesozoic

Platy-lying sediments of several outcrop areas within the Ashbuiton
Ranges pre-date the main lateritization and at one locality have yielded
a Jurassic or Lower Cretaceous plant fossil. - These Mesozoic sediments were
deposited in valleys eroded into older rocks and consist of arenaceous and
rudaceous sediments, sometimes pqssing up into predominantly argillaceous

sediments-.
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The Mesozoic sediments occur within broad valleys which have been
eroded below a well-defineéd summit plain (the "Ashburton Surface" of Hays,
1966)  Within these broad valleys the sediments (and overlying laterites)
have been partly removed by erosion so that they occur sometimes as
cappings of low mesas. The main outcrop areas are as follows: 4 miles
north, 8 miles west, and 5 miles south-west of Renner Springs Rocadhouse;
Mount Willieray; nbrth9 east, and south of Helen Springs Homestead;
between Muckety and Banka Banks Homesteads; 'and about 10 miles south-west
of Banka Banka. In the area east and north of Helsn Springs Homestead the
Mesozoic sediments occur as mesa cappings on the basalt and are overlain by
laterite. Most of these latter occurrences, and some south of Helen Sprihgs
Homestead, are either shown as Tertiary laterite or are too smsll in ares

to be shown on 1:250,000 scale maps.

The sediments include boulder conglomerate, sandstone, pebbly sandstone,
and siltstone. Boulder conglomerates, with rounded to angular boulders up
to 2 feet of Tomkinson Creek Beds sandstone and chert, occur at the south-
west end of the outcrop area 10 miles west of Renner Springs at the‘basé of
the section, and in the outcrop area around Mount Willieray. Pebble
conglomerates, containing quartzite, chert, and quartz pebbles, also occur
locally at the base of the section. At most localities sandstones, pebbly
sandstones; and sandy siltstones are ﬁhe ddminant rock types. The sandstones
and siltstones are sometimes micaceous and frequently show plant root or
stem impressions. The.sandstones may be either friable or strongly
gilicified. Some of the well-exposed sections show a general decrease in
grain size upwards. - At locality HS727, south-south-west of Renner Sprlngs

Roadhouse, the following section is exposed in a cliffs

(top) ~ 15';  ferruginous sardstone passing:ﬁp into pisolitic
o laterite.
-23‘5 purplish to white micaceous siltstone,nferruginqusA .
near the top. o _ ' ';‘. '
o" « 6"; pebble band resting on _irregular surface (quartzlte
pebbles about 4" across) '
" (base) 15'+; massive friable sandstone with vertical and inclined

tree trunk or root cav1t1es.

A further thickness of up to 40 feet underlying the c¢liff section can be .-
seen in outcrops of pebbly sandstone, sometimes cross-bedded, which oceur :-
east of the cliffs. It is not known whether the above section is

representative.

The beds are near-horizontal. Some low dips may be depositional or

compactional. Compactional "draping" over an irregular basement can be
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seen in micaceous sandstones exposed around the‘margins of the outcrop aresa
10 miles south-west of ﬁanka Banks Homestead. The' lateritized upper surface
and bedding surfaces,wiiih::the outcrop area about 5 miles south-west of

Renneﬁ Springs, have a gentle regional tilt south-west towards higher country.

The plant impressions and the lack of marine fossils in these sediments
suggest a non-marine origin. The boulder conglomerates are probably
alluvial fan deposits and the cross-bedded pebbly sandstones stream chennel
deposits. The finer sediments (fine-grained micaceous sandstone and
siltstone) may.have been deposited in lakes produced by minor faulting or
tilting, or could be flood plain sediments. Some of the conglomerates could

be lake shoreline deposits.

The preserved thickness of these sediments is less than 100 feet.
The section around HS727 (approximately 80 feet) is the thickest known.
Exposures in the outcrop area 10 miles south-west of Banka Banka are up to-
40 feet thick..,

The age of the sediments cannot be established precisely from fossil
evidence. A fossil leaf from locality HS915, about 10 miles south-west of
Banka Banka Homestead, has been identified as a leaf of Hausmannia sp., of
Jurassic or Lower Cretaceous age (White, in prep.). The sediments are ‘
tentatively correlated with the lower non-marine part of the.Lower Cretaceous
Mullaman Beds exposed to the north-east, because of similarities in lithology,

thickness,-strucfure, and stratigraphic relationships.

CAINOZOIC

Tertlary Laterlte

Laterite occurs over ‘much of the reglon and is developed preferentlally

on basic 1gneous rocks and arglllaceous sedimentary rocks.

" The largest areas of outcrop are on the north-eastern halﬂiof the
Beetaloo Sheet area. Smgller patches occur on the Heleh Springe Sheet area,
east of the Ashburton and Whittington Ranges and within the ranges, where
they occur ﬁainly in broad valleys as gently'sloging surfaces or isolated mesa
cappings. The laterites on the Beetaloo Sheet drea support dense acacia |
(Lancewood) scrub.  Elsewhere they support a speise cover of spinifex and
eucalypts. Away from the ranges the laterite areas are topographlcally

higher than areas of black soil plain.

The laterite profiie usually shows a well-developed massive upper
ferruginous zone passing downwards;through a transitiohal mottled zone into

strongly kaoiinized rocks. In the ferfuginous zone, original rock textures
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are usually not preserved, and a pisolitic texture is often develdped.‘
Laterites developed on sediments usualiy contain relic sedimentary quartsz
grains. Samples from the ferruginous zones of laterites at several
localities and from laterites developed on several rock types have been
analyzed by Australian Mineral Development Lgboratories. The highest

iron percentages (up to 51.2 percent) were recorded for laterites on basic
igneous rocks. High percentages of iron'(44.2 percent) were also recorded
for iaterites on marine argillaceous sediments of the Mullaman Beds and Gum
Ridge Formation respectively. Most of the laterites in the Ashburton Range
areg were developed on non-marine (probably Mesozoic) sandstone and sandy
siltstohgﬂ These have relatively low iroh contents, (around 30 percéﬁf)'
and high silicon contents (around 14 peicent) due to the high content of
sedimentary quartz grains. Aluminium contents were low for all analyses -
(around 4 percent and none greater than 10 percent). Some analyses are

listed below, and are followed by details of the specimens listed.

Specimen No.  Si% Fe% Al% Cul{p.p.m.) Mn(p.p.m. ) Ni (pepem.)

656 THA2 6.50 49.2  3.40 6 89 5
6567HI06 4.10  51.2  3.00 69 320 42
656THI11A 7.95 49.4  1.68 34 192 7
6567B117 9.30  42.5  4.80 20 ° ST 7
656TH6224A 9.85 44.2  2.90 10 265 . 34 A
6567H909 15.6 30,0  7.05 27 237 10 -t
. 656TH907A 14.2  28.3  9.10 21 79 8

656TH42. -Developed on dolerite sill, about 8 miles SSE of Powell
‘Telegraph Station (near HS370)

656TH906. On basalt of the Helen Springs Volcanics, east side of
Stuart Highway, 5 miles south of Helen Springs Homestead

(average of several specimens collected across outcrop) . o

6567H911A+ . On basalt of Helen Springs Volcanics, top of mesa,‘ﬁubra‘s

Lookout, near Renner Springs Roadhocuse

6567B117. Small patch of pisolitic laterite on mgrine'claystbnes and
siltstones of Mulleman Beds,.locality BTL117 near Reg
- Williams Bore

' 656TH622A On fossiliferous marine mudstones of Gum Ridge Formation,
. I . . .
top ‘of quarry face at locality HS622, 5% miles SSE of Banka
Banka Homestead - ‘ ’

6567H909.. On flat-lying Mesozoic sediments overlying Helen Springs
Volcanices composite sample taken ‘along crest of east-west
trending ridge, east of Stuart Highway and about 4% miles.
SSE of Helen Springs Homestead
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656TH90TA. On Mesozoic sediments overlying Tomkinson.Creek Beds;.
composite sample along N-S trending laterite outerop
sbout 1% miles ESE of Mount Willieray

The massive ferruginous zones of laterites in the region are of variable
thickness up to 20 feet. Bleached and keolinized rocks extend, in some
cases, up to ﬁnother 100 feet below this as shown by natural exposures and
drilling results in the area around Muckety Homestead (c.f. Scout Hole HS6,
Appendix A, this record) . | co

t

The bulk of the laterite post~dates fossiliferous Lower Cretaceous
sediments. It is at present being dissected and younger laterite is not
developed on areas from which the main laterite sheet has been removed.

In the Brunette Downs area to the east (Randal and Nichols, 1963) the Miocene
Brunette Limestone locally overlies material derived from an earlier laterite,
showing that some laterite pre-dates the Brunette Limestone. - No more
definite evidence of the age of the laterite is available from the region

or adjoining areas. Hays (1966) argues that lateritization requires a huﬁid
climate, and suggests that lateritization of the Tennant Creek Surface '
occurred during the regression Qf the Cretaceous sea when the coastline was

further inland then at present.:

Highly fq:ﬁuginous;material has been recovered from bore holes, under-
lying the Mullaman Beds and poséibly representing an earlier period of
lateritization. Some of the surface material mapped as Tertiary Laterite
could be this older ferruginous material (e.g. outcrops around the Cambrian-
Mesozoic boundary west of Monmoona waterhole, and some of the pockets of
laterite on the higher parts of the Aghburton Range).. Ironstone-cemented
stream gravelé have formed more recently than the main areas of laterite -
and are mentibned'later under "Superficial Deposits".s

- | i
Brunette Limeétone.
~ The Tertiary Brunette Limestoﬁe~(Noakes and Traves, 1954) crops out
in the south-eastern and é§ntra1 ﬁart of the region. Thé'rocke consist
mainly of chalcedonic limestone, chalcedony, and-sandstoné} The thickness
islunknown, but is at ledst 151feeti The rocks are fossiliferbus;  they

contain forams and freshwater éhelly fossils.

Noakgs and Traves (1954)‘used the name- Brunette Limestoné'tqlhescribe'
white nodular limestone which crops out near Brune%te Downs, Alroy Downs'and
Rockhampton Downs Homesteads east of this region. They describe no type
sections, but list the oufcrops at Crow's Nest Bore (Brunette Downs Sheet
area) and Alroy Downs No.9 Bore (Alroy Sheet area) as the best exposures;{

The rocks extend westward into the Helen Springs Sheet ares.
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In this region the Brumette Limestone crops out in the south-eastern, ..
central, and north-eastern parts of the Helen Springs Sheet area. Isoléted |
outcrops of chalcedonic and travertinous material near Muckety and Banka -
Banka Homesteads have been mapped as this unit. The Brunette Limestone
crops out as isolated boulders in the grass-covered downs country or as low
rocky rises. The best exposures are south-west and north-west of Tarrabool
Lake, and around the margins of an unnamed lake south-west of Eva Downs

Homestead

The Brunette Limestone consists of white to brown fine-grained to
coarseiy crystalline limestone, dolomitic limestone, and‘dolomite° The rocks
are siliceous, containing chert and cpaline nodules. and smears; they are
frequently nodular or skeletal in appearance. Sandstone boulders found on
the surface with limestone boulders are probably part of .the sequence, but
they have not been found in situ. The silica in the 'unit occurs as micro
and cryptocrystalline silica, amorphous silica, fibrous chalcedonj, and
drusy quartz. Some contain original carbonate textures and Nichols (1963)
believes that some.of the silica may be replacing organic remains. Neaf
Evé Downs "L" Bore, south-west of Tarrabool Lake, the unit contains sub-
angular fragments of brown and white dolomite and dolomitic limestone
apparently derived from the underlying Cambpian rocks. Randal and Nichols

(1963) report similar occurrencez in the Brunette Downs Sheet area.

Bedding is poorly developed in the units the few solid outcrops are

rounded and irregularly jcinted.

The Brunette Limestone appears to be a thin deposit»upconfqrmablyvlaid
down on the Lower Palseozoic and Mesozoic roCksa , Near Banka Banka Homestead
it rests ‘directly on the (?)Lower Protero~01c Tomklnson Creek Beds and near
Muckety Homestead on fhe Helen Springs Volcanics. It is 51m11ar to the
Austral Downs Limestone (Nod,kes9 1951).  Noakes and Traves’ (1954) considered
both these'uﬁits were laid down contembcrannously with the lateritization of
the clder rocks; and that tﬁé leavhlng of lime andﬂs1llca from. the- older rocks
provided the sources for the younger sillceous llmesF?nes‘ o '

. Yok it

The limestone haz been previously regarded as a lacustrine deposit,
but fossils found in the Brunette Downs ‘Sheet area (Randal and Nichols;
1963) and in BMR Sdbut;hole HS1: south-west- of Eva Downs Homestead has caused
some'modification of the ideas on its enviromments  Lloyd (in prep.,b)
lists the foram-Ammonia beccarii, freshwater ostracods, the freshwater .
pelecypod Corbi?ulina sp., and the freshwater gastropods Plotiopsis sp.. and

Syrioplanorbis hardmani from the Bfunette Downs Sheet area. = He lists (in

prep.,a) Ammonia beccarii and qutidbeis spolfrom Helen Springs (BMR) Scout-
hOle No» _'10' .
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A probable explanation of the environment is that a brief marine
transgression occurred during the deposition of siliceous carbonates under’
essentially lacustrine conditions, with the consequent development of local
lagoonal or estuarine conditions. Paten (1964) has inferred brackish

water conditions for the Austral Downs Limestone south of Urandangi.

The maximum known thickness of the unit in this region is 15 feet in
Helen Springs (B.M.R.) Scout hole No.1; in the Brunette Downs Sheet ares
it is at least 60 feet (Randal and Nichols, 1963).

Noakes and Traves (1954) regarded the age of the Brunette Limestone
as Mioceneé. Lloyd (op.cit.) agreed with this and suggests the possibility

of it being Lower Miocene.’

Superficial Deposits

There are three main categories of unconsolidated superficial deposits
in the region: sands and sandy or loamy soils (Czs), black soils (Czb),

and alluvia (Cza).

Red sand, supporting spinifex, scattered acacias and eucalypts, occurs
on the eastern and western sides of the Ashburton Range. To the east it
covers a piedmont desert which slopes down gradually fron the Range to
terminate abruptly against the black soils and alluvia of the downs country.
To the west it marks the edge of the desert country of the Wiso Tableland
(Hossfeld, 1954). Within the Range, red sand covers valley plains formed
when the drainage systems were more active than they are now: e.g., the
drainage basin of Tomkinson Creek. Sand covers a large area of Lower
Cretaceous rocks west of Ucharonidge Homestead; it supports a mixed eucalypt
and acacia scrub. R "f |

The sand is mainly colluvial, but probably contains some w1nd and stream
transported materlal. West of Ucharonldge Homestead a large area of coarse
sand has been derlved from the Lower Cretaceous sandstone which 1t overlies.
Smaller patches of sand are common on Cambrlan outcrops in the downs country.
Wind action has probably winnowed fine materlals from the pledmont red sand,
which is partly derived from sandstone and 311tstone of the Tomkinson Creek
Beds.

Three low ridges near No.16 Bore, Rockhampton DoWns,'have been
interpreted as sand dunes, although their west-south-westerly trend conflicts
with the general north-westerly trend of dunes and travertine near Dalmore
Downs in the Alroy Sheet area further to the south-east (Randal and NlchOlS,
1963) . '
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Sand areas and sandy soil south-west of Eva Downs'Homestead_and'sbuth
of Tarrabool Lake include soils which probably incorporate much wind-
transportéd sand and dust. Occasional dust storms probably contribute some
material to debosits‘in:the'downs, a veneer of red sand is left on! tracks

in the downs country after w1ndy perlodso

On the laterltlc tableland of the Beetaloo Sheet area, superficial

deposits mapped as Czs consist of sandy and loamy re31dual soils.

The black soils of the Mitchell grass downs country and Newcastle

Creek are termed by Stewart (1954) Heavy Grey Pedocals. They have devéloped -

from clay, silt, and sadd deposited under water during Tertiary times, and
from colluvial and alluv1a1 material derived from Cambrian, Lower Cretaceous
and Tertiary outcrops w1th1n the same depos1t10nal area,- together with wind-
blown sand and dust. The character of this soil may have changed little
‘sincé soil formation in ﬁhe downs country first became possible, particularly
as the climate séems to have fluctuatgd little; and no buried soils have been

recognized during water-boring and scout-drilling.

Thicknesses of black soil recorded during drilling are 2'6" in Eva
Downs '0' Bore, 5' in Beetaloo No.1 and Banks Banka No.17, and T' in Banks
Banka No.18 and Scout Holes B1, HS4 and HSS5.

At present the black soils are being slowly dissected by small non-
perennigl watercéurses, and contribute sediment to swamp and floodout areas.

In the downs country alluvium occurs in bluebush swamps and areas of
dlstrlbutarles, both being localities for Stewart's (opicit. ) Dlstrlbutary
i Heavy Grey Pedocals, and also as flood plaln strips along major creeks. -
Boundarles on the map between ‘black soils and downs country alluv1a are
arbltrary, dependlng on alrmphoto 1nterpretat10n° o .

In the Ashburton Range alluvia consist 1n part of river sands and\
_gravels and mlnor flood plain dep031ts° ' Brlght red clayey s0115 of -eld
flood plalns are belng slowly erodedo Where Attack Morphett and Burke
Creeks leave the Range they are cutting down into "river laterites’ - iron-
cemented cobbles, gravel and sand which snmetimes iest on a mottled clayey
horizon. Floodout sediments; the soils of Stewart's Sandy Distributary
Complex, are deposited downstream when streams reduce grade in the desert
or downs country. Grey or brown soils have devélbped within the Range in
favourable locations, in particﬁlar inlvalleys occupied by the Helen Springs
Volcanics (1gneous, calcareous desert so:Lls)9 s11tstones, and carbonate
rocks. They commonly support Mitchell grass. Occu;rences large enough to
show on the map have been called alluvium because of their floodplain

relationships.

~
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Some of the'superfiolal deposits in the old valley systems in the Lower
Cretaceous outcrops of the Beetaloo Sheet area also gppear on the map as
alluvium, although it is probable that no deposition has taken place for a

long time.

STRUCTURE
The region comprises parts of the Wiso and Barkly Tablelands in which
the structure is only poorly known, and the Ashburton and Whlttlngton Ranges

in whlch the structure is known in some detail.

An outline of the strncture of the Tomkinson Creek Beds, which form the
Ashburton and Whittingxon Ranges; has already been given under "Stratigraphy".
The major faults and the axes of folds both have a predominant north-south
trend, approximately paralleling the general trend of the ranges. The main
exceptions to this are the area of west-north-west trends to the south-west of
Muckety Homestead and the major north-north-east trending fault south-east of
Helen Sprlngs Homestead. The faulting and folding appear to be genetically
related. The Tomklnson Creek Beds show no signs of metamorphism, so that the
thick sandstone beds could not have yielded significantly by plastic flow
during folding. Under these circumstances fracturing (faulting) of the

sendstones would necessarily accompany fold movements.

Tne‘faults appear to be all high angle structures, but the local
topograpnlo relief is.normally too low to allow adequate observation. The
major fanlts with throws of several thousands of feet are accompanied by.a,zone
about % nlle wide of strong jointing and slickensiding, with the strata "dragged"
up into steep and locally overturned attitudes.  Low angle slickensides are

common but their azimuth is generally near—perpendicular to the fault trend.

Thick intervals of sandstone, as expected, have a larger-scale fold
pattern than 1nterva1s of siltstones with thin sandstone 1nterbeds, which often
have folds too small t6 plot at 1: 250 000 scale.

ﬁThe‘general intensity of.folding.(and accompanying faulting) decreases
from'sOutn to north, and from lower to higher stratigraphic positions.. In
the Whlttlngton Range and Bootu Creek areas dips are varlable but average
around 40 . The two thick sandstone intervals with 1nterbedded s1ltstone, the
uppermost 4,500 feet of the succession in the Helen Sprlngs and Renner Springs

areas,. usually have dips between 5 and 10° s with local upturning and
occasional folding close to major faults.-
On the Barkly anleiso tablelands in the ﬁegion, the outcrops are such

that no reliagble dip measurements have been made. Interpretation of the
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structure thus depends-on recognition of outcrop trend lines, subsurface . .. .
ihformation9 geophysical measurements, and possible reflections of 'structure

in -topography.

The structure‘of‘the Cambrian rocks underlying the tablelard areas is

least well known. ‘Some outcrop trends are shown on figs W'but the

- topographic relief is too low to enable estimation of the direction and angle
- of dip of the outcropping beds. Many bores penetrate Cambrian rocks on the.

 tableland areas but none are known to have reached ;underlying rocks and the.

Cambrian sections are usually too thin or too poorly logged to enable detailed

 correlation between holes. IThe available bore cores, however, show near-

horizoﬁtal bedding. The contours of provisional-Bougusr anomalies (Flavelle;

_ 1965) indicate a gravity minimum centred near Beetaloo Homestead and trending.

roughly north-south.. A.J..Flavelle (pers;oomm;)‘suggestStthat this may be
due to a southerly extension into the region of Upper\Proterozoic Roper Group

sedimentary rocks rather than being due to a thickening of the Phanerozoicl 4

‘section. : Mapping, in more dissected areas to the north-east of the region - -

(Plumb and Rhodes,i1963), and borehole information from elsewhere -on the Barkly
Tableland, suggest that the Cambrian sedimentary rocks of the Barkly Tableland

are near horizontale

The Mesozoic Mullaman Beds are better known than the Cambrian rocks and

again they appear to form a widespread, thin, near-horizontal sheet.

Broad warping movements post-dating the Lower Cretaceous sediments have
probably produced the major elements of the topography and drainage pattern, of
the tableland area and were responsible for the development of closed- )
topographic depress1ons, mostly: between the Ashburton Range and hlgher country
in the north- east of the reglon, ‘but’ also including Lake Woods to the west iof
the ranges. ' These topographlc depressions close at about 700 'feet. Their
outlines show some linesr trends which may reflect basement fractures,_, Some
other linear features occur on the tableland area and are shown on flgo-ﬁsQ—
They are mostly boundaries between superficial depos1ts or stralght stream
trends and are of uncertain s1gn1flcance but could again. reflect basement

fractures.

T GEOLOGICAL HISTORY P

The sedlments of the Tomklnson Creek Beds Wwere la1d down in Lower

Proter0201c tlmes° They ‘appear to post -date the Warramunga Group in the

Tennant Creek area (Ivanac, 1954) -and may be correlates of the Hatches Creek

Group in the Davenport Ranges’ further south (K.G. Smith, B.M.R., pers.commo)o

Thelr tlme relatlonshlp with the Carpentarlan sediments to the north is

obscure (Dunng,Smlth,-and Roberts, in prepo)a

v
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STRUCTURAL SKETCH MAP
BEETALOO AND HELEN SPRINGS AREA
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A dolerite sill near Powell Creek may represent later Proterozoic igneous
activity; it occurs within the Tomkinson Creek Beds, which were later folded
and faulted.

By Lower Cambrian times erosion of the Proterozoic rocks had produced
structurally controlled valleys in which the Helen Sprlngs Volcanics were
deposited and are now preserved in approximately their original attitude.

Early Middle Cambrian seas flooded the same area and the Gum Ridge Formation
was laid 'down disconformably on the Helen Springs Volcanics, and also peripheral
to the present Ashburton Range, both to the east and. west. = At the same time
the Anthony Lagoon Beds were depos1ted to the east ‘on an irregular surface of
Proteroz01c rocks (Randal and Nlchols, 1963)

Between the times of deposition of the Cambrian and tﬁe Mesozoic sediments,
the only event which can be postulated is the maturation of -the Ashburton
Surface (Hays, 1966), which developed across the Tomkinson Creek.Beds and the
surrounding Cambrian rocks. Hays suggests that the dissection of this surface
may have produced most of-the sediments of the.Lower Cretaceous Mullaman Beds,
which were laid down unconformably on the Anthony Lagoon Beds.. This impliesA

some mild tectonics, .for which no other evidence is.forthcoming.

The Mullaman Beds in this region provide evidence for deposition of
fresh-water.sediments followed by a Lower Cretaceous marine transgression.
In valleys which are cut into the Ashburton Surface within the Ashburton Range,
unnamed fluviatile and lecustrine sediments contain plant remains of Jurassic
or Lower Cretaceous age, and lie unconformably on the Tomkinson Creek Beds and

the Helen Springs Volcanics.

.Ih the Lower<Cretacecus an erosion surface may have existed between the
Ashburton Range and the depositional area of the Mullaman Beds. Gentle folding
or warpingialong a northwest/scuth—east axis or-hinge line during lete Mesozoic
or Tertiarj times elevated the Mullaman Beds above'sea—level; this mévement.
could have blocked off'Qalleys in the erosion surface, initiating the depressions
characteristic of the downs country today. Uplift probably continued, perhaps'
intermittently throughout most of the Tertiary.

There was some erosion of the Mullaman Beds prior to lateritization.
The lateritized surfaces of the Mullaman Beds and of Cambrian and Proterozoic
rocks further south comprise.Hays"Tennant Creek Surface, a culminating erosional
climatic event. Hays contends that laterite in this region is younger than
laterite in the Alice Springs region, for which Mabbutt (1966) argues a minimal
mid- Tertlary age.' Penecontemporanaously w1th, or .perhaps slightly after,-
lateritization, > the Brunette Limestone.was deposited in water covering the

‘

downs country and along some river courses. There is fossil evidence for a
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Mebbitt (1966) suggests that silcrete is produced in a more arid climate - -

possible marine incursion atq%his ?tage (Randa1~and Nichols, 1963). ]

than lateritepu Sllcreted 1ater1te, soil and rubble, rock s111c1flcat10n, and
general dessication of minor drarnage systems dissecting the Tennant Creek
Surface probably’ represent 1ncreas1ng arldlty following soon after
lateritizations” '

The youngeet tectonic event was,the uplift of the area to its present’
altitude. Regional slopes and drainage of the Tennant Creek Shrface_inciuding'
the northern end of the Ashburton Range; and Lgke Woeds, suggest a minor tilf
to the west.s .Slight reguwenatlon ‘of dralnage can be explained by a slightly

Wetter climate-

ECONOMIC -GEOLOGY

i

Petroleun . ‘ .
. Until the surface mapping of this region is supplemented by adequate
subsurface investigations no: rellable assessment of the petroleum prospects

can be made.

Fossiliferous marine Cambrian and Mesozoic rocks are known in the region

and may provide source rocks for petroleum. = The Cambrian carbonate rocks and
'perhaps the Mesozoic sandstones could form reservoirs for oil or gass the
large quantities of subartesian groundwater produced from them is.proof of their
permeability.. None of the water-bores or scout-holes in the region have
encountered hydrocarbons, but few have penetrated even half of the probable
sectionxof Cambrianﬁand Mesozoic rocks and none have penetrated.the full section.
Fine-grained gnd compaét carbonates are known in outerop and have been réported -
in the bore-~logs; these, and Mesozoie. siltstones could- act as cap rocks for
potential Teservoir rocks.  Howewer, the structure and lithelog:cal ‘sequence

of the potentlal'source, reservoir;.- and cap- rocks -are not well knownof The~
-reglonal geology-suggests the sequence is thin and -lacking. in well developed

structures:- THe prospects are not coumsidered attractive.

Manganese . ) SR . ST

Manganese mineralization occurs in the Tomkinson‘Creeleeds abgpt,Bbotﬁ
Creek and west of Renher'springs; The occurrence at Bootu Creek.is the.-most. ..
‘important -gnd has ‘been speradically'worked‘for several yearss' It was. mapped
by Jones (1955) who'recommended diamond‘drilling to prove thelextent of the
deposit;’-this~waé'done-in 19565 and. the results reported. by Mackay (1956).
The main mine workings' are’ known.as .the Muckety. Manganese Depos1t, and are .

operated: by the Renner’ Sprlngs Manganese Company°
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The deposit along Bootu Creek occurs as & replacement of a favourable
siltstone bed and can be traced as discontinuous dark ridges along both
limbs of a‘syncline pitching north-north-west. The greatest concentration .
and the main workings occur on the western limb at the top of a limestone-
siltstone sequence which separates two sandstone units. The valley of Bootu
Creek is controlled by the strike and position of ‘the softer materials and
generally follows the swing in strike around the syncline, but ‘the llmestone
has not been traced;sround to 'the eastern limb.

Although some sandstone and llmestone are replaced, Jones (op.clt ) and
Mackay (op:cits) believe ‘the siltstohe is the' most favourable rock for
replacementn This was substantiated in 1965 by exemination of the working
face'and‘some adits, which are now situated at least 10 feet further down dip
than in 1956. The ore in sandstone is pgtchy and contains a great deal of
residual quartz grains. Both Jones (op.cit.) and Mackay (op.cit.) recognized
three types of ore: good grade massive=ore‘() 60 percent Mn02), medium grade
sandy ore‘(35 to 60 percent MnOZ), and low grade ore (< 35 percent Mnoz)?. The
good grade ore occurs only in the siltstone, and the sharp cut-out between
good”and medium grades of ore frequently reflects the contact‘bétween siltstone

and sandstone.

Cross-faulting and near strike faulting has complicated the geometry of
the favourable siltstone, ‘which also is lenticular, and causes conséquent’

difficulty in the assessment of reserves. However, Mackay (1956) assessed the

"reserves after the diamond drilling, and considers there was about 11 OOO tons

of good grade ore at that time. Several thousand tons have since been removed.
Jones (1955) considered there were about 500 tons of good grade ore at a

similar deposit on the ‘eastern limb 5 miles to the south-east.’

Diamond drilling indicated that the mineralization does not persist for
any great depth and that good ore rapidly diminishes down dip. The
mineralization appears to be a‘'secondary enrichment at the snrface of beds which
contained small amounts of manganese. It is related to the present gronnd
surface and its connection with the laterite'profile is probably of minor
importance. Jones (1955) notes pebbles and grits in the sandstone above the
ore and suggests the manganese may have originally been concentrated at the

surface of a disconformity.

* Building materials

Flaggy carbonate rocks and flaggy sandstones haVe'been used for minor
buildlng purposes - pathways around homesteads, mountlng bore equipment, and
‘as foundations for cattle troughs. The silicified sandstones of the’ Tomkinson
Creek Beds are nseful for quarrying and'crushing for road metals and suitable

sites occur at several places along the Stuart Highway. The sandstone is at
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present being quarried for&this'purpose near Attaok,Creek?_a‘few miles.south

of the region.

Gravel supplies are scattered over w1de'areasg,but are th1n and sparse.
In the downs they are mainly chert with mlnor 8111c111ed 1ronstone, but in the
tlmbeved areas ironstone forms the greater part. . There are numerous
occurrences of;detrital laterite but"these are.recemented and would he difﬁicult

to, scrape.

There are no large occurrences of good quartz sando, the ferruginous
and often s1lty sand of the desert areas is, of doubtful value for bulldlng '
purposes but it has been used mlxed with a high pr0port10n of cement for
paved floorsf Some of the streams in the Ashburton Range contaln small pockets

of good sand. Most streams contain a great deal of reworked gravels and soil.

The heavv clayey s01ls of the downs country make excellent earth tanks
for the storage of bore-water. The soils become plastic and impervious when
wet and 1f malntalned in moist and vegetated condltlons make & v1rtually water-

proof contalner "turkey nest"). They are cons1derably weakened by admixed

sand.

Water ,
This region 1s occupled by several large cattle stations, and there is

a heavy demand on 1ts water resources.

There are few permanent waterholes because of the arid ollmate9 and these

are generally restrlcted to the incised watercou ses on the flanks of the
Ashburton Range in the western part of the region.  The more lmportant are in
Attack Creek, -Morphett Creekg Tomklnson Creek, and Burke Creek. Small
permanent waterholes are fed by springs in Gleeson Creek and Powell Creek, and
Small‘semimpermanenturockuholes occur in tributaries of Bootu Creek. Three
small springs at Renner Springs flow.into small artificial catchmen 8 and _
provide sufficient water for domestlc purposes and a few head of stock. Most
of the water-holes adjacent to the ranges occur in country which is not the
most suitable for cattle gramng9 most of whlch is carried out in the grass-
covered black goil plarns and along tne alluv1ated valley of Newcastle Creek.
wTheQmostwimportant permanent waterholes in Newcastle Creek are Mundah,
Hollomo Noony .and ‘a very large waterhole. alongside Beetaloo Homestead. In the
downs country Coo;undle Waterhole on Brunchilly Creekg and Munkaderry Waterhole
on the northern extens1on of Attack Creek. are the largest permanent surface
waters. Indamllry Waternole on McKJnlay Creekg thoagh ]arge, is regarded by
iocal ‘past toralists as not normal 1y permsment,. Numerous depress:ons in the .

Wwatercourses in the dowas country form waterholes of va"ylng 1mportance but
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most .are dry by the middle of’the dry season. - Brunchilly Dam on Brunchilly
Creek, is“the;only’maanade permanent waterhole in the downs country; small
dams on Carmilly and Attack Creeks do not have sufficient depth or catchment

and are semi-permanent. -

In the dissected country north of Eva Downs permanent water is available
at. Surveyors Waterhole Broad Creek, 6-mile Dam, and 10-mile Dam on Cherub -

Creek.,

The quality of the surface waters is good; although most are milky
because of suspended clay and silt... All contain less than 200 parts per
million of total dissolved solids; and there appears to.be little major
variation in composition,' In the downs country the surface waters contain~
mainly.calcium and magnesium ions associated with bicarbonate ions; calcium
is domiﬁant over magnesium. In the waterhqles north of Eva Downs, which are
in areas of lateritized and silicified Lower Cretaceous rocks, the waters, .
although dominant‘in'calcium,.magnesium,‘and bicarbonate, contain. much higher
gmounts of iron and. silica than waters elsewhere. The surface. waters' and.
springs in the areas of the Precambrian Tomkinson Creek Beds also contain

calcium, magnesium, and bicarbonate ions as the dominant ones.

The springs in the Ashburton Ranges have not been investigated in detail.
They occur in deep alluviated valleys bordered by large elevated areas of .
jointed .sandstone, or issue from joints and fissures on the slopes of sandstone
ridges. Some may be controlled by faulting, but this has not béen clearly
established. No high temperatures have been recorded; the three springs at .
Renner Springs were BOQF,UBSOF, and 82°F, with an air tempergture of'90°F,'
Many springs are not permanent and the flow of the permanent springs rapidly

diminishes towards the end of the dry season.

Because of inadequate surface water the'pastoral industry -is largely
dependent on groundwater. There are over 120 private and government stock
route bores in the region, including two bores at Elliott township. Most .
bores were working during the. 1965 survey, although some were temporarily

disconnected because. of mechanical failure, or lack of suitable feed nearby.

Most bores are situated in the grassy downs where they are obtaining
supplies' from the mainly carbonate sequence of the Middle Cambrian-Anthony .
Lagoon Beds. On the flanks of and within the Ashburton Range, the bores-
may-b% obtaining water from the Gum Ridge Formation:  others are clearly
obtaining supplies from the Tomkinson-Creek Beds. In the Beetaloo Sheet. .
area some bores are obtaining .groundwater :in the -Cambrian carbonates beneath

the Lower Cretaceous rocks, but others, particularly about Beetaloo Homestead,
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aﬁé»producing from Mesozoic-aquifersg, Bores near Helen Springs Homestead may
_:abe>obtaining_groundwater from‘within the Helen Springs Volcanics or at its
c ontact with the underlying Tomkinson Creek Beds. In Scout Hole HS6, basal
'weahdstones of the Helen Springs Volcahics produced a good supply. The
majority of bores are less than 300 feet deep, but few logs have recorded the
depth of the aquifers:.
Supplies are generally'regarded as adequate, although tﬁé ﬁﬁmping tests
are usually not reported in detail, and some tests commonly under-egtimate,
and occasionally over-estimate, the safe yield (Randal, 1966d) However,
the supplies are varlable, ranglng from 1000 gallons/hour to BOOO gallons/hour
with most w1th1n the range of 1500=1800 gallons/houro STt has not been
p0831b1e to assess.in detail the. relative. abundance of - grounawater in the units
“of dlfferent agesg but it appears that. the Cambrlan carbonate aquifers have
the better ylelds, partlcularly towards the ctentre of the bas1n, The Mesozoic
rocks in the north give reasonable ynelds but there are 1nsufflc¢ent data to
prov1de clear-cut trendso Bores in the Tomklnson Creek Beds: tena to y1eld
less than 1200: gallons per hour, and a few abandoned bores are known both in
the PreCambrlan and Mesozoic rockso Generally the recorded supplles from the
Cambrian aqulfers in this reglon ‘are lower than those to the east but thls may
not. be a reliable assessment ow1ng to 1ncomp1ete testing or early tests with
0ld equipment (Randal, op.cite).- Supplies from the Cambrian zarbonates are
.expeoved to be superior to those from the Tomkinson Creek Beds: the former
contain JOlntS and solution cavities whereas the JOlnting in @he Tomkinson
Creek Beds'is’not.widespreado‘ o
| |
Flgure 5 shows the: contours on the piezometric surface i.e. +he standlng
Water levels, where avallableg have been reduced to heights above sea level and
contoured. ».The.hlghest elevations. of thepiezometric surface (greater than
9004feet) occur between Mﬁokety and Banka Banka Homestead; - the lowest (less
than 530 feet) values occur in a belt which trends south-easterly from Barkly
Stock Route No.6 Bore to.the south-eastern part of the Helen Sprlngs Sheet ares,
where it joins a similar ‘area of low values near Rockhampton Downs. Homestead
(Randal op.cite. ) Low values also occur. to the north of a sznuous 11ne from
near Elllott ‘township. to north of’ Uohaxonadge Hom~stead, and by ertrapolation
of the )50 foot contour to the east, -they; occur in the nortnmeastern part of
the Beetaloo Sheet .area.. -The 600 foot contour parallels the eastexn flank
~ of the- Ashburton Range, ‘and: 1n the soufh sw1ngs eastwards on to. the Alroy Sheet
-area (Randa19 opecite)s; On ‘the. western flank of the Range the 750 foot contour
. 1,str1kes from near’ Powell Creek to somewhat West‘of Ladabah bore on Muckety
Statmn. R R I f R

SO

Groundwater movement appears to be dlreoted to ‘the. east and to the West

away from the Ashburton Range9 and northwards from the desert country south of
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BrunchillyﬁHomgstéad;mw Movementiis also away from closed high value contours
near Eva Downs and Ucharonidge Homesteads.. The general trends corform to the
pattern established by Randal (ope.cit.) for groundwater movement in +he

adjoining areas of the central Barkly Tableland.

This pattern is also supported by the salinity variations indicated by
the total dissolved solids. Figure 6 illustraies contours on the concentration
in parts per million of total dissolved solids. The salinity of the ground-
water from the Tomkinson Creek Beds is generally lower than 1000 ppm. In the.
southern part of the region there is a marked salinity increase to the east
of Brunchilly Homestead and the high values (greater then 3000 ppm.) fit the
pattern established in the adjoining Brunette Downs Sheet.aréa. .Low salinity
values near ﬁva Downs Homestead reflect the high piezometric surface and.éiso>
fit the pat%ern in the adjoining areas to the easf.} About Mnngabroom
Homestead there is an i11+defined salinity increase to the north. A sallnlty
increase to the &est of the Ashburton Range is indicated by the hlgh sallnlty
of groundwater from Ladabah bore but the trend cannot be determlned because of
insufficient datapw -All the groundwater is su;table for stock, ‘and most for
humans.  Most borés produce water with less than 2 ppm. of fluoride bﬁt some
exceptiéné occur sbout Brunchilly Creek, and about Helen Springs Nos. 8 and |
13 bores. The highest fluorlde content so far reported is 5.6 ppm. from
Brunchilly No.10 Bore. The sulphate concentration is above the recommended
limit for human consumption 1nlthe highly saline areas in the .south-eastern

part of the Helen Springs Sheet area.
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APPENDIX A4

'RESULTS OF SCOUP DRILLING PROGRAMME, HELEN
_SPRINGS PARTY *

SUMMARY . ; ; :
Seven scout-holes were drilled during the 1965 survey, one on. the
Beetaloo and the remainder on the Helen Springs 1:250, OOO Sheet areas, The
.well-sites and the main outcrop areas are shown on Figure 1. A Failing
"Holemaster" rig equipped for air-drilling was used. The depths of the
holes ranged from 100 feet to 251 feet; and a total of 1236 feet was
drilled. ' '

v e . . . o .

Nine cores, over intervals tptalling_49»feet 9 inches were‘cut,é
including bottom hole cores where'lithology permitted. Core recédvery ranged
from nil to 100 percent. Cuttings .were collected at 10 foot intervals (at
5 foot intervals to 35 feet in HS1)

Water was encountered during drilling in four of the holes, at depths
varying from 66 feet to 205 feet.

Cnttings and cores were initially examine@‘by hand.lens and described v
at the well-site, and tested for carbonate with 10 percent hydrochloric acid.
Most of the naterial was re-examined in the laboratory,using a binocular
microscope at magnifications up to 40 diameters. Thin sections from cuttings
and cores were examined with a petrological microscope. Calcimetry
determinations were made on éuttings and representative core specimens known:
or suspected.to be carbonate-bearing.. : . . .

Three samples of clay-bearing sediments (clay from core No.2, scout-hole
HS1; and clayey siltstones from core No,1, scout-hole B1, and core No.2, scout-
hole B1) were submitted to the Australian Mineral Development Laboratories for

semi-quantitative determination of their olay mineralogy.

Saﬁples of clay from cuttings between'25'feet and 110 feet and from core
No.2 of scout-hole HS1, were submitted to P. Duff (Petroleum Technology
Section, B.M.R.) for examination of thirotropic properties.
| . j |
Logs of the seven scoutiholés, plotted at a scale of 100 feet to an inch,
are presented in figs. 2 to 8 of this Appendix,
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BEETALOO (B.M.R.) SCOUT NO. B1

Location. Latitude 17030'8} Longitude 134 15'E on Beetaloo 1:250,000
Sheet area, approximately 8 miles at a bearlng of 10 true

from No.1 bore, Ucharonidge Station.

Surface Geology. Near the eastern margin of a lerge black soil plain.
‘Timbered country with a surface of rubbly laterific material

occurs 100 yards to the east. ' - - .

Objective. The hole was drilled to obtain a section in the Mesozoic
| sediments inferred to underlie the black soil plain, and to
determine the nature of underlying rocks, in particular whether
the Mesozoic is underlain by an extension of. the Cambrian
‘sedlmentary rocks wh1ch occur ‘further south on‘the Barkly
Tableland.,

Total Depth.~251 feet.

Cores. .‘ Core No.1, 52 feet to 57 feet, recovered 28 ins. - Core No.2,
201 feet to 206 feet, recovéred 5 feet. Core No.3, 241 feet
to 251 feet, recovered 7 feet 6 inches.

Fossilse, No macrofos31ls were found. Sampies of red calcereous and

‘ dolomitlc siltstone’ from core 2, and limestone from core 3 were

submitted to Dr. El Druce for digestion for conodonts. The
residues contained some:fragments of organic origin, none of .
which could be(identified.

2

Superficial ‘deposits? ‘The' surface black soil continued to a depth of 8 feet.

+ ’

From 8Afeet‘to.15% feét the drill penetrated ferruginous

o méteriai;eiﬁiler to/the surface rubble east of the hole.
Cretaceohé'fMullaman'Beds}i; The section'from TE%'feet down to’'85 feet is
in sediments referable to. the Mullaman Beds: of Mesozoic (Lower Oretaceous)
age. The whlte clayey 511tstone w1th f1ne to medlum-gralned sandstone
interbeds above 60 feet corresponds to unit B of ‘Skwarko (1966) and the loose |
sands w1th occ331ona1 chert pebbles below thls to Skwarko's unit A. A
sample of clayey 311tstone from core 1 contalned 7 percent of material less
than 2 microns which consisted of domlnant kaolin () 50 percent) and accessory

(o

illite (<20 percent). - “‘u."‘:,
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Cambrian (Anthony Lagoon Beds). The section from 85 feet to the total depth

of 251 feet is similar lithologically to the Anthony Lagoon Beds both cropping
out and encountered in holes south of the Barkly Stock Route (see later
descriptions of scout-holes HS1, HS2, HS3). The section down to 219 feet
consists dominantly of micaceous and clayey siltstones. Below 160 feet these
are interbedded with well-sorted coarse siltstone and very fine-grained
sandstone. Below 160 feet the rocks are dolomitic and calcareous. The
micaceous and clayey siltstones are dominantly red to buff,‘éontrasting with

the white clayey siltstone of the overlying Mesozoic section.

A semple of red calcareous and dolomitic clayey siltstone from core No.2
contained 16 percent of less than 2 micron clay, with the following
composition: smectite sub-dominant (20 percent‘to 50 percent), illite sub-
dominant (20 percent to 50 percent), kaolin accessory (less than 20 percent),
chlorite trace (less than 10 percent),kaolin accessory (less than 20 percent),

chlorite trace (less than 10 percent).

The detrital minerals in the siltstone and very fine-grainéd sandstone
consist of quartaz, muscovite, chert, microcline, orthoclase, biotite,
tourmgline, and zircéni This mineral assemblage ogcurs also ;n the Anthony
Lagoon Beds penetrated by other scout-holes. Biotite and feldspars have not
been seen in the detritai mineral assemblage of the clayey siltstone from core

1 or from outcrop specimens of Mesozoic in the area.

In the calcareous: and dolomitic rocks the dolomite usually occurs as’
small grains similar in size to the terrigenous graing in the same-rock. Some
of the dolomite grains are euhedral rhombs but othgrs have rounded shapes,
indicating the possibility of transportation. Thé céicite occurs as
poikilitic patches enclosing terrigenous grains and perhaps partiy replacing

v

clay, and as a vug filling.
Chert, mainly brownish, occurs abundantly between 105 feet and 113 feet,
and less abundantly down to 135 feet, Observations during drilling suggested

that the chert occurs as lérge nodules.

At 219 feet, circulation was completely lost, but drilling without returns
continued to 241 fee§q; In core No.3 (241 feet to 251 feet) the rocks are
clean carbonates: dolomite in the upper two thirds of the core and limestone
in ‘the lower one third:- The-dolomite generally has a fine pelletal texbure
with incompletely filled pore spaces between pellets, but thin bands of
combact microcrystalline dolomite also occur. The limestone also shows g
pelletal texture, with spaces between pellets completely filled with calcite
cement. Both the dolomite and the limestone contain zones with abundant large

solution vugs.
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B1, Cuttings descriptions

10t 60% grey sandy and silty plastic clay soil
30% buff and reddish sandy and silty clay

10% ferruginous pellets 3" to §" diameter (appear to be mainly

ferruginised claystones or clays)

20" 50% ironstone ‘pellets and fragments 4
30% ironistained soft or hard clayey siltstone (grades into
ironstone)
20% clayey and micaceous siltstone, buff to white. Trace,
loose sand grains
s0r 50% white clayey silistone ,
' 30% coarse siltstone apd/or fine sandstone, reddlqh
20% sandstone, with opaline silica.cement '
40'"  80% white micaceous silty claystone or clayey siltstone
20% fine sendstone, siiica—cemented, reddish, yellowish to
whi e \ |
50! 100% (almost) sendstone, fine silty to medium-grained, in part
friable and in part opaline silica cement., Traces common
opal fragments
521 90% siltstone, pale pinkish with mica flakes
10% sandstone, fine-medium grained, red-brown, silty
601! 40% siltstone and clayey siltstone, white, pinkigh and grey
‘ 40% sandstone, very fine to fine, laminated micaceous, red,
buff and white )
.5% sandstone, medium grained friable, dark purplish
5% loose sand grains, medium-coarse
70! 90% loose sand, medium to coarse grained
5% sands+ore, medium to coarse, strong to weak ferruginous cement
2% white clayey giltstone
traces sandstone cemented by opaline silica o
traces chert fragments with some rounded surfaces (pebbles)
gov 95% loogse sand, medium to coarse grained o
5% sandetone@ strong to weak ferruginous cement
| traces white clayey siltstone
aov 80% loose sand (as above), with poorly to well-cemented sandstone

20% white to pinkish claxstore and some huff 51ltstone :

e
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75% pale silty claystone and clayey siltstone (some fragments
coated with red dust :

10% deep red to chocolate silty claystone

10% pale very fine to fine silty sandstone

5% loose sand

80% clayey siltstone, white to yellow-brown, soft (possibly
decalcified)
10% clayey siltstone, red and chocolate, soft
5% chert

5% loose sand

50% chert, some sedimentary lamination, some colloform bandings
50% siltstone,«clayey giltstone, white to yellow-brown
(?decalcified)

90% clayey siltstone, yellow-brown to white, soft
10% chert

98% clayey siltstone, dark red to buff to near-white
2% chert

(near) 100% micaceous and clayey siltstone, soft and sometimes
plastic, chocolate, reddish and purple.
traces white claystone

traces chert
100% micaceous and clayey siltstone; soft, chocolate and reddish

60% as above

- 40% very fine quartzose sandstone, some fragments with silica

cement

70% siltstone, micaceous and/br clayey and calcareous and dolomitic
in part, chocolate colour

30% coarse giltstone and very fine éahdsﬁbne; some red-brown
micaceous calcareous and dolomitic, mostly white or pale brown
well-sorted quartzose, calcareous- and dolomitic

trace: crystals of clear calcite

90% siltstone, as above

10% coarse siltstone and very fine sandstone, as above

70% siltstone, as above

20% coarse giltstone and very fine éandstone, well sorted quartzose
and pale )
10% coarse siltstone, chocolate, micaceous

trace crystals of clear calcite



2064-290t (near) 100% siltstone, as above

trace: crystals of clear calcite

2101=-2191 90% siltstone, mainly coarse and micaceous, chocolate, calcareous
and dolomitie
10% very fine Sandstone and coarse siltstone, pale brownish,
calcareous
N.BE. No returns after 219°

Cores
Core No.1. About 28" of broken pieces. Large fragments and-collections of

small fragments numbered 1 to 15 from top down.

Down to portion 12, lithology is of white to pink laminated élaystone
and misaceous clayey siltstone with disturbed laminae common. . . Some thin:
hematiﬁe coatings on joints;»y The silt-size grains are dominantly very angular
quartz, chert, muscovite, and tourmaline. Feldspars were not seen in thin

section.

Portions 13 to 15 (about bottom 6" of recovered material) consist mainly
of pink to buff laminated very fine-grained micaceous sandstone, with a few

white clay laminae.

Core Nec.2. 201" to 206! recovered 5' (100%) in 20 cylindrical pieces between

1" and 4" long numbered 1 +o 20 from top down.

Lithclogy predominantly chocolate-red calcareous and dolomitic micaceous

siltstone with small patches or irregular layers of paler material with coarser

N
¥

terrigenous detritus  (very fine sand and coarse silt-size material). No

-

regular bhedding lamination. Some paler patches may be burrows. Vugs, filled

or part filled with clear calcite, are common.

Core No.3. 241' to 25%', recovered T'6" in pieces up to 33" long. Pieces and

collections of pieces numbered 1 to 38 from top to base.

Down to portion 20 (about upper 4' of core). Finely granular clean

dolomite with intergranular porosity and some vugs. In places shows traces

of dome-shaped stromstolites. Thin sections show a fine pelletal texture

with some thin bands of uniform microcrystalline texture. Insolubles are rare

(£ ‘v%)-

Portions 31 to 38. Limestone, pale buff to brownish, in part vuggy, in

part massive and hard. Shows well-preserved pellet calcarenite textures.
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HELEN SPRINGS (B.M.R.) SCOUT-HOLE HS1

Locality.  Latitude 18°10.30'S.  Longitude 134°33.98'E on Helen Springs
13:250,000 Sheet area, N.T., on eastern side of track about
half way between "B" and "D" bores, Eva Downs Station, at south

end of a low rise with rock outcrops.

Surface Geology. Outcrops and surface rubble of white sandy calcilutite

with large irregular masses of white translucent chalcedonic
chert, mapped as Tertiary Brunette Limestone. Outcrop is

surrounded by black soil.

Objective. The hole was drilled to determine the thickness of the Tertiary

sediments and to obtain a section in underlying Cambrian rocks.
Total Depth. 176 feet 9 inches.
Cores. Core No.1, 35'-40', nil recovery.‘

Core No.2, 40'-45", recovered about 2!'7" of broken fragments.

Core No.3, 175'-176'9", recovered 116",

Fosgsilg, The gastropod Polotiopsis sp.was found in cuttings from the

interval 0'=5', and the foram Ammonia beccarii was identified

in a thin gection of cuttings from the same interval.

Water. Groundwater was obtained at 155'6". Standing water level was
138! (measured about 30 minutes after cessation of drilling).
The estimated yield by air-lifting was 800 g.p.h.

B

Tertiary (Brunette Limestone). The drill penetrated white calcilutite and

white chalcedonic chert down to 15'. The lithology is similar to that of

the - surface exposures and can be correlated with the Brunette Limestone.

Tertiérig?!, The.séction penet;ated between 15 feet anq 130 feet-is difficult
to correlate with surface'exposures° The material penetrated down to 120
feet is mainly clay with some clayey silt and very fine sand between 85 feet
.and 100 feet.< Between 120 feétland.130 feet thefsediment is dominantly
yellow to brown clayey silt.. The'clay has'a soapé appearénce and textuie.
Colours are mainly pale greenish yellow :to buff. It sh;inks and cracks into
small fragmenfs onnexposuree A sample from core No.2 contained 73 percent
of less than 2 micron clay with the following composition: smectite
dominant (7'50 percent), random.mixed-layer chldrite:smectite subtdominant
(20 - 50 percent), chlorite sub-dominant (20 - 50 percent), illite trace ;
(<10 percent), kaolin trace (£ 10 percent) The composition and appearance

of the clay suggested that it may be a useable bentonite and the thixotropic
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properties of cuttings and core samples wers examined with this in mind.
None ¢f the samples gave results as'good as Wyoming Bentonite. A composite

cuttings sample from the 60% to 70! interval gave the best results.

Above 35 feet the ciéy contains thin clear silica (hyalite) veins and

much of it is silicified and hardened.

The age of the clays and silts is not known at présent; According to
a driller, Mr. A. Gorey, about 200 feet of similar clays underlie about 40!
of lateritic material in No.4 (Barkly Stock Route) bore to the north. In
HS1 the clays and silts overlie dolomitic siltstone and dclomite regarded as
Cambrian in age.. This gives s wide range of possible ages for the clays and
siltso They could be Tertiary sediments pre;dating laterite and Brunette
Limestone. Ancther possibility is that they represent a lateral equivalent
of the finer-grained upper parts of the Lower‘C;etaceous Mullaman Beds, and
that “the usual basal sand$'and‘pebbly sands of the Mullaman Beds are absent
at this locality. The section could, in the latter respect, be compared with
that in Eva Downs "O" bore, about 23 milés east of HS1, where the cuttings
suggest only small pockets of thg basal sands at the base of fossiliferous

Muliaman Beds claystone and siltstone (see later description).

Cambrian (Anthony Lagoon Beds). From 130 feet to total depth of 176'9" the
seation consists of carﬁbnatemfioh rocks which are correlated with the Anthony
Lagcon Bedse Calcimetry indicates that dolomite is the predominént carbonate
minexral. Down to 150 feet, dolomitic siltstone and silty dolomite predominate.
Below that, clean dolomite and silty dolomite occur with minor dolomitic very
fine~grained szandsticne. The silt to fire sznd size terrigenous grains consist
of quartz, microcline, muscovite, chert, biotite, tourmaline, and zircon. The

clean dolomite is mostly uniformly microcrystalline to finely crystalline.

‘The dolomite from core 3 has abundant small vugs. Some vugs are
irregular or curved and are partially filled with clear dolomite. The remasinder
of the vugs have sharp boundaries with the enclosing dolomite and show lath

shapes and {winned lath shapes, probably representing moulds of gypsum crystals.

Cuttlngs Degcription HS1

N.B. In order to obtaln a det tailed record in the first 50!, cuttings were

tsksn at 5! 1nterva]% Jnrzead of the usual 10! 1ntervals.

ot - 5! 50% loose sand
b limestone, sandy, composed.of calcilutite fragments in sandy
limestone matrix. Small géstropod occur in limestone

Thin sections show presence of foraminifers
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: 60% limestone, pale in. part sandy and pelletal
40% chert, whlte translucent

50% limestone (calcilutite)
50% clay, pale greenish-yellow, plastic when moist

(traces),chert

-

80% clay, pale yellowiéh, plastic when moist
20% limestone (pale calcilutite)

(traces) chert, ferruginoué and calcareous claystone, ZTopaline

silica

60% clay, pale yellowish, plastic

25% ferruginous claystone

15% claystone, yellowish, siliceous, with clear silicsg veiniéts

70% clay, soft, plastic or "soapy" textured and crumbly
30% claystone, yellowish green siliceous, with clear.silica veinlets

" (traces) claystone, buff to red limonitic and hard

50% clay, pale, "soapy" textured
30% claystone, greenish, with veinlets of clear silica

20% clay, reddish ferruginous, mainly soft and crumbly ,

'90% clay, white to very pale yellow-green, and soft
5% clay, limonite-stained

5% cl stone, siliceoué and hard

(near) 100%.clay, very pale -grey to buff with "soapy" feel, with
some very small mica flakes and coarse silt size quartz.graihs

(trace) _claystone, strongly iron-stained -and hard

99% clay, gdrey, brittle, some iron staining

(traces) quartz, Fsiltstone, calciterfragments
100% clay, (?silty), white; powdery

55% clay, grey, brittle
45% clay, brownish-grey plastic, with some sub-rounded: quartz grains, .

M"dirty" appearance

60% "dirty" clax as in 80! - 90' 1nterva1
40% clay, grey, partly brlttle, partly plastlc, with silty

appearance on fractured face

clay, grey brittle (sllghtly plastlc), some iron .staining, 51lty

4

appearance as before: . ‘,

t,
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1104 © 120f 60% "dirty clay" - fine-grained sub-rounded quartz grains bound
by ?limonitic ‘plastic clay

40% clay, grey, brittle, with silty appearance

120t - 130" 70% claye _silt, khaki, with quartz gréins and mica falkes
30% clay, grey to white, with 20% quartz grains

130" « 140! 65% fine sandy siit with clayey matrix, khaki

35% very fine buff silt, dolomitic and calcareous

140' - 150' 90% clayey calcareous dust, pinkish-grey
9% silt, very fine, buff, calcareous

1% silty ?limonitic plastic clay, calcareous

150! — 160! 50% grey-buff silty dolomite
50% light tan dolomite with low silt content
(traces) grey brittle cla
clay

160! = 170t 46% grey-buff silty and fine éandy calcareous dolomite
46% light tan calcareous dolomite, very little silt
8% greysbrittle clay. A little quartz

170t = 175! 599 light tan calcareous dolomite
g gdolomive
39% grey buff silty calcareous dolomite
-2% grey brittle clay, a little quartz

Core Descriptions, HS1

Core No.1. 35 - 40t Wil recoveryi

Core No.2. 40t - 45' Recovered about 2'7" of broken fragments, longest

piece.abogt 4",

Core is entirely of pale greyish to buff clay. Mechanical properties
strénély influenced by water content: As taken from hole it has "soapy"
character., When moisféned’fu:ther it becomes plastic.. Exposed to dry air

‘it shrinks and cracks'into_small angular fragments.
Some polished and hardened slickensided surfaces present, also some thin

veins- of harder material.

CorevNo.ﬂ. 175% = 176'9"  Recovered 1'6".
6" of silty dolomite, overlying vuggy dolomite with little silt. Some
vugs in latter litholegy have shapes like moulds of gypsum crystals.
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HELEN SPRINGS (B.M.R.) SCOUT—HOLE_ HS?2

Locality. Latitude 18010,93'3, Longitude 134025.78'E, Helen Springs
1:250,000 Sheet area, on pebbly rise, 4.3 miles south along
road from Helen Springs No.4 bore to Helen Springs No.8
bore, about 400 yards to west of road on south-eastern side

of rise.

Surface Geology. Surface scree énd pebbles of fine-grained silicified

sandstone (occasionally medium to coarse-grained), some
travertine, and ribbonstone. The low rise is part of a
series of prominent discontinuous low ridges trending in a
generally north-easterly direction for about 25 miles. The
fine~-grained sandstone and ribbonstone are included in the

Middle Cambrian Anthony Lagoon Beds.

Objective. To determine the lithology of the rocks associated with the

low rise'and to obtain a section in the rocks below.

Total Depth. 132 feet. (A-first gttempt was abandoned at 105 feet owing
to breaking of bit on chert. Second attempt was drilled 5

feet awgy from first hole. Results are recorded as for one

hole).
Cores. Core No.1, 122 feet to 132 feet, recovered 9t2",
Fossils. No macrofossils were found. A sample of sandy calcarenite from

core 1 was submitted to E. Druce for digestion for conodonts.
Some fragments of organic origin were found but none could be

identified.
Water. None was encountered.

Superficial Deposits9 Black soil ‘and travertine were penetrated. down.to
9 feet.

Cambrian (Anthony ngbbn Bed5)¢5 The section down ‘to the'total depth of 132 feet.

has"beep'igq1uded in thelAnthony Lagoon Beds. Silty clays and claystones and
clayey silfsfones, with Some buff chert nodules or bands, were penetrated down
tbu50'feet. ”Abuﬁdant thin silicd veinlets ‘are present in the claystones and
éiitétoﬂes'between 30 feet and 50 feet. Below 50 feet the rocks contaihedf
abundant carbonate,'with calcite dominant over dolomite. - Rocks below 50 feet
include calcareous and éolomitic clayey siltstone, silty and sometimes dolomitic
limestone, and minor sandy limestone. The buff cherts contain some silt-size

terrigenous grains in a chalcedonic matrix. The chdlcedony contains abundant
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ghosts of euhedral dclomite rhombs, indicating that the chert is probably a

replacement of a silty calcareous dolomite or dolomitic limestone.

The sandy limestone from core No.1 has unusuyal textures. It consists
of closely packed terrigenous sand grains, ocoliths, and limestone fragments
in a caltilutite matrix. The limestone fragments are largely composed of
previously-consolidated oolitic limestone. The mineralogy of the terrigenous
sand in this rcck is also of interest. The terrigenous grains are of quartz,
orthoclase, micrccline, muscovite, tourmaline, chert, and biotite, similar to
that of other Cambrian rocks from the scout holes, and also include one well
rounded rock fragment of granophyre or micropegmatite. The latter éuggests
at least some contribution by acid igneous material to the detrital minerals
of the Anthony Lagoon Beds. _An igneous source was pestulated for the
detritals of Cambrisn carbonate rocks from the Georgina Basin to the south-east
(Nichols and Fehr, 1964; Fehr and Nichols, 1963).

HS2 - Cuttings details

0t - 0% 95% travertinous limestone, remainder grey soil with siliceous

and hematitic pebbles.

10t « 20'  90% grey silty calcareous piastié'clgz-. - °
10% calcareous clayey siltstone, white

trace chert, "ironstone! and red siltstone - -

20t = 30'  50% red clayey siltstone
45% grey plastic silty clay
5% chert
trace grey calcareous g¢lay

30" ~ 40t 95% clayey siltstones, grey to white, often with clear silica
veinlets and wvug fillings
5% chert, tan, showing relic silty and calcareous dolomite

textures in thin section

40% -

\Jt

ot 80% clayey giltstones, gréy=ﬁhite, with some very finé sand grains;
some clear silica veins
20% chert, usually with relict texture of an original silty

calcareous dolomite

50t - 60'  80% grey clar
5% yellow clay, slightly calcareous =
10% white siltstene, scme yellow-coated

5% grey chery R o .
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70! - 80!

gégn - 90!

13,

60% yellow . -
50% white clayey siltstone: égmcareops and dolomitic
trace chert ' '

0% white 5 clayey siltstone: calcareous and dolomitic
30% yellow :

trace red calcarecus clayey siltstone

1

25% white calcareous and dolomitic clayey siltstone

. 80% grey-buff limestone, a little silty

90t - 100!

100* - 110!

1101-120¢

120t -~ 122!

Core 1.

top

bottom

-Lgcalitx:

50% buff ?Calcilutites, usually silty and/or dolomitic

50% xed and yellow clayey dolomific and caicaieous giltstone
rémainder from second hole.

10% red siltstone, calcareous

455 grey-buff gsiltstone, calcareous

- 45% hard buff limestone, in part dolomitic, generally showing
pellet calcarenite textures.

trace tan chert

10% red coated ?calcilutite

250 red clayey calcareous s;ltstong

25% buff ?calcilutite

40% creamy .and buff c;?}ey calcareous siltstone
trace fine-grained sandstone

15% fine-grained crystalline limestone
85% creamy, yellow and buff clayey calcareous siltstone

ond

8" silty and sandy calcareous dolomite, some ripple lamtmstion
27" sandy limestone,yellow (calcarenite with intraclasts and
. 0oliths)
171" calcareous siltstone,red and yellow bands P
23" clayey llmwstone, domlnantly yellow (somé ned)
36" dolomitic 311tstone domlnantly red (little yellow)
5" grey silty calcilutite

'HELEN. SPRINGS._ (B.M,R.) SCOUT-HOLE HS3.

o - .
atitude 18°15.00'S. Longitude 134°14,00'E beside old road,

9 miles east of Bore 11 (Helen Springs’ Station) towards Bore 6
(Helen Sprihgs Station).

Surface Geology: Westerh'side of rubbly siltstone and sandstone -outcrop.

At site - brown soil with lateritic pebbles, 6c¢asional cobbles
and slabs of fine-grained sandstone and siltstone, with some
ribbonftone. Surface outcrop mapped as Cambrian Anthony Lagoon
Beds. '
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» Onjeetive. Tc sttain a section in the Cambrian Anthony Lagoon Beds presumed
to underlie the surface rubble.

.

AP e Reepdty

Coneg. Core No.1, 222 to 225 feet; recovered 1.ft.
Fosgilg. No fossils were fcund.
. \
Water. Minor aquifer at 110 feet; an aquifer at 180 feet gave a supply

(estimated by air-1lifting) of 700-1000 g.p.h. Standing water

v level 150 feet (measured 15 hours after cessation of drilling).

' Cambrian (Anthony Lagocn Beds). The total section penetrated down to the

total depth of 225 feet has been referred to the Cambrian Anthony Lagoon Beds:
i% éonsiéts of interbedded siltstone and fime to very fine-grained sandstone
to 150 feet. From 150-222 feet, similar sandstone and siltstone cccur with
gbundant chert nodulss. Core No.1 (222'-225') consisted of cream-dolomite

with some chert, but recovery was poor and mey nct be representative.

The siltstones are predominantly red, but some are white, buff, and
yeliow. l They are lithologically very similar to siltstones from scout~hole
B1. The sandstones are white to buff and well sorted. They are usually
porous and partly friable, but occaéionally strongly cemented by overgrowth
~"}huartz. The grains in the sandstones consist of quartz, chert, orthoclase,
microcliﬁe, muscovite, biotite and tourmaline. The chert from the cuttings
has. few relict textures. Some chips have traces of sedimentary lamination

and one chip has welli-defined pellet calcarenite textures.
The dolomite from core No.1 has a well-laminated texture with laminae
of microcrystalline dolemite and finely pelletal dclomite, and some bands of

fragmented microcrystalline laminae.

HS3 -~ cuttings details

O% = 10!  50% ferruginous siltstone, dark red brown
50% calcarecus fine sandgtone, white; fine soilj:. rounded quartz

grains -up to t.4mm. diameter.

10! - 20t  50% mottled white fine sandstone, often porous with grains joined
by overgrawths

SQ% dark redmbrbwn‘siltstone, micaceous and ferruginous -

20t - 30" 20% red silistope (ferruginous cement)
o . . 80% speckled white siltstons '



30% - 40"
407 = 507
501 - 60!
60t - 70!
701 - 80"
80t - 90!
90t -100!
1001=110"
110%=122!
12211321

80%
20%

15

white fine gandstone » &

reddish siltstone, ferruginous cement

15% yellow clayey siltstone ) break up when wes.

5% white siltstone

70% speckled white siltstone (hematitic?)

10% yellowish fine - very fine sandstone

55% white very fine to fine sandstone

20% red very fine-grained siltstone )

15% white siltstone break up when wet

5% yellow very fine to fine sandstone

5% red speckled very fine to fine sandstone

80% very fine - fine sandstone and some loose sand. . (Max. grain

size O.6mm. medium sand grain)
20% red and yellow micaceous siltstone, trace white translucent
. chert ’

15% speckled white, and yellow, very fine sandstone

85% red siltstone with mica flakes
40% white very fiﬁe to fine sandstone, ffiable in part( . ~
60% red siltstone ‘ |
trace yellow siltstone o . o

(white siltstone more coherent than red siltstone when‘wét;

15%
75%
10%

- 50%

5%
45%

40%

60%

20%

70%

10%

all t&pes clayey)

white fine sandstone (mostly ?hematite speckled)
red siltstone with mica flakes

yellow siltstone

(See final remark, cuttings 80! - 90! - ditto here)

fine red siltstone with mica flakes
white fine sandstone in part speckled (?hematite)
yellow fine sandstone (?limonitic cement)

(disintegrate when wet)

red-coatedéwhite, and.redwand-b}ack‘speckledvfine_and vgrx\fine'
‘sandstone .- ' ‘ o

fine red siltstone with mica flakes .. .

speckled white fine sandstone with some medium sand grains

up to O.6mm ' '

fine red siltstone with white micaAflakes and some very fine
sand size quartz grains

yellow clayey siltstoné'
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® 3321 - 142! 25% speckled, white fine sandstone
65% fine red olayey silistone, with mica flakes

- 10% yellow red clayey siltstone, with mica flakes

142" - 152! 5% speckled, white clayey fine sandstone
90% fine red clayey siltstone with mica (fine to coarse siltstone)

5% yellow clayey giltstone

152! - 162' 55% fine, some very fine sandstone; white and porous
v " 15% fine red clayey siltstone with mica
‘ 15% green silty and yellow soapy clay

15% chert and silicified fine sandstone

162% - 172! 70% mostly fine, (some very fine) sandstone, (10% of this has very
small white layered clay flakes)
5% chert = silicified siltstone and ?carbonate
5% greenish and yellowish silty clays

20% fine red clayey siltstone with mica - some very hard

172! - 182' 10% yellow fine and very fine sandstone
10% white fine to wery fine sandstone
50% red siltstcme
- . 20% chert - grey, red; white -~ ? some carbonate textures
10% clay, yellowish and grey, silty '

»

182' - 192' 80% fine sandstone
5% white gsiltstone
15% chert - ? some carbonate textures, including pellet calcarenites

trace red siltstoune

192t - 202'  90% very fine sandstons
10% chert - red, green, grey - ? some carbonate textures present,

including pellet calcarenites

202¢. - 212! 15% red siltstone
5% yellow fine sandstcne
60% white fine sandstone
20% chert

[

212! ~ 222" 30% chert - yellow, with black spotty dendrites (?Mn); ~alsd @ '
grey and red, some show pellet calcarenite textures
50% white fine sandsfone |
15% red gjléstone
5% yellow siitstong'
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"HS3 - Core No.1 y

22' - 225' One foot recovered

Pieces 1 and 2: 1%" yellow, black dendrite?spotted chert v
Pieces 3¢ fragment, to 2" deep; possibly dolomite, creamy; and chert

Pieces 4: egg=-sized lump yellow chert, very spotted
Pieces 5: 2" depth of creamy dendrite spotted dolomite, fairly porous;
interlaminated microcrystalline and finely pelleted dolomite,

some layers of broken-up laminae cemented by clear dolomite

Piece 6: 4 fragments spotted yellow chert and ?dolomite
Piece T: 2" depth cfeamy, dendrite spotted, dolomite
Piece 8: large fragment white and blue-grey chert, banded, with

.?carbonate textures

HELEN SPRINGS (B.M.R.) SCOUT-HOLE HS4
Locality.  Latitude 18°17.12'S.  Longitude 133°59.71'E, about 50, yards

west of Koo-Nana Creek and about % mile downstream from Helen

Springs No.1 bore

Surface Geology. On floodout plain of Koo-Nana Creek. At site, cracked dark
‘ grey-brown sandy soil with occasional cobbles of red silicified

.

fine, medium, and coarse~grained sandstone.

Objective. To determine the thickness of the floodout deposits and the =
nature of underlying sediments, and to obtain a section in

Cambrian rocks expected to occur at depth,

Total Depth. 224 feet

f

Cores. None takéh.
Fossils.. None found. .
Water.  Good supply struck at 205' (standing water level not measured).

Superficial, soil."’ Grey soil was encountered down to 7 feet from surface.

Cainozoic,.(?)Mesozbic,giThQ section'from¢7'feet§t0.1911feétﬁconsists
dominantly of sand with somévc;aywor 8ilt matrix, some sandyAclays; and
occasional pebble bénds, ,Célours are dominantly red,down“tb 170', and below
that are predominantly yellow to white. No definite evidence of the age of
any qf this material is available as no fossils were found. The sediment .

is similar to that in the bed of Koo-Nana Creek, and the hiéher parts of the

section probably represent Cainozoic sediments . of the present-day floodout
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et *plain. It is difficult, however, to explain the compiete thickness of

sediments -down to 191! as being part of the‘present=day floodout material

“®5ince this would imply either a deep ancestral valley for which there is

‘1

no known present;day outlet or a geologically recent relatively severe local

downwarp marginal to ‘the Ashburton Range. Some of the section may be of

Mesozoic sediments. Outcrops of sandstone and sandy claystones and silt-

stones 3% miles to the west of the hole have been mapped as Mesozoic. These

beds dip gently north-east below the superficial cover and thus may occur in

depth in the scout hole,

Cambrisn (Anthony Lagoon Beds). Below 191 feet the drill penetrated chert,

with some clayey and sandy material. The cherts are generally yellowish to

white, sometimes greyish. Thin section were made of chert from the 190 feet

to 200 feet and 200 feet to 210 feet intérvals. Textures are somewhat

variable but several of the chips showed well-defined "ghosts" of carbonate

(probably.dolomite) rhombs and textures suggesting the chert to have replaced

‘a dolomitic limestome. The presence of dolomite "ghbsts" suggests that the

cherts are best correlated with the Cambrian rocks, rather than with the

chalcedonic cherts of thé Brunette Limestone or the silicified claystones of

the Mullamen Beds.

o' - 107
10! - 20!
20': - 30!
301 - 40t
40" - 50¢
. |

HS4 -~ cuttings details

90% dark grey, crumbly, slightly plastic clayey soil
5% brown sand
5% sandy clay, dark brownish grey

trace:s quartz pebbles, claystone, chert, brown siltstone

+40% yellow clayey sand

60% grey-brown sandy clay
trace siltstone, red and black

10% red gggéggggg‘(lateritised?)
5% quartz pebbles and gravel
5% grey sendy clay

80% yellow~brown clayey sand

60% light and dark red clayey sand

10% grey brittle clay .

. 30% yellew-brown clayey sand

50% yellow.dlayéx sand .
45% dark red clayey sand
5% quartz gravel
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60Y

70!
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100!
110!

120!

130!

140"

150!

160"

170"
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- 70!‘
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-160"

=170

-180'
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100% sandstone - colourless and red coated quartz grains,

5%
20%
25%
50%

40%
5%
5%

50%

95%
s

15%
85%

poorly sorted

trace: yellowish clay

fed siltstone pebbles

gravel - quartz and siltstone
clayey sandstone, mottled

sand.

red anh white mottled clayey sand
rounded chert pebbles

white clayey sand
red clayey sand !

dark red clayey sand
white and mottled clayey sand

red sandstone

_red=and4whité sandstone

trace: white sandstone .

20%

80%

95%
5%

white and mottled sandstone

red sandstone

red, end mottled reddish, clayey send
white clgxez'sand ‘

100% red clayey sand

70%
30%

5%
50%
45%

5%
50%
45%

0%

10%

90%
5%
5%

©

red clgxexvsand
white sandstone =

chert with rounded aqd weathered surfaces (probably pebbles)
red clayey sand (rounded sand grains up to 2.8mm)

white'élaxex sand

yellow clayey sand
white clayey sand
red clayey sand

red clayey sand-
white clayey siltstone, some red coated

yellowégréy sandy clay, plastic
red clayey sand
white sandy clay -
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5% dark grey 1ltx lay
90% grey—whlte clay
5% red, yellow1sh, clay

95% greylsh, yellow1sh sangx claz (quartz grains up to 3mm)
5% chert, yellow and blue black black spotted; a little red,

~ some rellc microgranular dolomite textures

90% chert, blue, and yellowish-white, often chalcedonic, with
black spotty dendrltes, relic dolomlte and dolomltlc
limestone textures '

10% sandy grey clay (some lost during washing)
100% chert (as interval 200'-210') .

90% chert (as interval 200'-210!)
10% grey glay, sandy

v
.

HELEN SPRINGS (B.M.R.) SCOUT-HOIE HSS

Latitude 18°32.00°S. Longitude 133°36.40'E, on floodout area
of Tomkinson Creek, approximately 4 miles at a bearing of 300°
true from Ladabsh bore. '

“

Surface Geology. The site is on dark yellowish-brown soil with some coarse

R

Objective.

Total. Depth.

Coreg.

I3

Watggf

[

Superficial.

sand grains. The alluviﬁm passes into sandy "desert" country
about a half mile to the south. The nearest outcrops are
sandstones of the Tomkinson Creek Beds, about 3% miles east of
the hole.

To penetrate superficial cover and obtain information on the

rocks, presumed to be Cambfian, below this cqver:

129 feet (abandoned owing to caving of loose sand).

No coreswere taken.

None found.

Ndng'encouptered.

The surface dark soil continued to ; depth of 7 feet. From
7-68 feet‘the drill penetrated sandy sediments with generally

some reddish clay or silt binding material. . Some pebbly bands

with chert5and'éedimentary quartzite pebbles occur. These
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-sediments are thought to be the alluvial deposits of

Tbmkinson;Creek.

(?)Mésqzoic9 Lower Cretaceous. From €8 feet to 71 feet the drill penetrated

hard chalcedony-cemented pebbly quartz sandstone ("bill&") Below that,

down:'to 118 feet9 clayey sandstone and sandy clays; predomlnantly whlte,1w1th

some loose sand and pebbles, were penetrated. From 118-129 T.D. the drill
penetrated well-washed loose medium to coarse-grained quartz sand with some

pe‘p,bles._E : g

The section fiom 68 feet to total depth sﬁbws strong lithological
similarities to known Mesozoiéisediments such as those penetrated in Scout
Hole B1 apnd the lower part of ‘the sectlon in Beetaloo No.1 water borei The
"bllly" sandstone from 68 feet to 71 feet is similar to that of surface
outcrops of Mesozoic sandstones in the Beetaloo Sheet area and probably

represents 8111c1flcat10n on an old land surface subsequently buried by

the sediments of Tomkinson Creek. The presence of sus recfed Fesozoic sedi.:

of Tomkinsbn‘CreeK% The presence of suspected Mesozoic sediments at this
locality is of interest since they are well south of previously-known
occurrences of Mesozoic sediments west of the Ashburton Ranges, and they are
not.known from outcrop. Cambrian rocks suspected below the alluvium were

not encountered, but may occur below the ?Mesozoic.

'HS5 - Cuttings Details

0t < 10" ' 90% dark yellow-bfown 8ilty and clayey sand soil, with some
. quartz érains up to coarse sand size

10% medium sand, buff, with some silt or clay binding

1 - |
10% - 20'  100% buff and red frisble sandstone, with some silt or clay
binding, and sand grains up to coarse sand size mainly
quartz with some chert.

traces: granule-size ironstone pellets, chert (fragment

of pebble)

20" - 30t 95% sandstone, friable, similar to above but generally finer
with more silt or clay matrix.

5% clay, pale, with "soapy" feel

‘30" &4 40'  100% loose sand grains, and chips of friasble white, buff, and
' reddish sandstones with clayey binding. Some quartz up

to very coarse sand size.

traces: polished‘ironstone pellets up to " diam.

et
" @g, .
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40% fragments of white, buff and reddish friable Ssandstone
with some clay binding
30% loose medium to coarse sand grains

30% pebbles of chert(up to ") and polished ironstone

(probably represents about 50% sandy gravel and 50%
clayey sand)

50% pale yellow to buff friable sandstone fragments with clay
binding, some ferruginous cement
45% loose sand (medium-coarse)
5% pebbles and fragments of pebbles (include "pilly" type

uartzite, dark chert, reddish sedimentary guartzite)

50% loose sand, medium to coarse well-rounded
45% yellow to pale buff sandstone, bound by clayey materisl
4% fragments to "billy" type guartzite (silica-cemented

sandstone)

1% granule-size pebbles of chert

40% white claystone with sand grains and clayey white sandstone
25% loose sand grains, medium-coarse

20% pebblés of dark chert, guartzites, up to 4" across

15% small chips of "billy" type guartzite (poorly sorted sandstone
cemented by amorphous silica)

70% white clay-rich sandstones with poorly sorted sand grains

- 30% loose sand grains, medium to coarse

Lithologieslas--above, but less LGose sand (10%)

-As at 80! - 90V, plus,a few.chips of chert and some granule size

guartz

60% loose sand, grains medium to very coarse, mostly quartz

' 37%;§§ndstone fragments, poorly sorted with clayey binding, some

angular quartz grains. Sometimes partly limonite-cemented
3% "billy" type gquartzite

traces: broken chips and very small pebbles of chert

(near) 100% loose sand, mainly well-sorted medium sand with g
few very coarse grains. About 50% of grains angular or
‘pddrlyArOunded ‘ ]
traces: ébbles; up to 3" longest'dimension, of sandstone

and guartz'
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HELEN SPRINGS (B.M.R.) SCOUT HOLE HS6

Locality. Latitude 18 38,79‘8@ Longltude 133 53 44'E, about 1 m11e at
190°T from Muckety (Government) bore. Y

Surface Geology. The hole was spudded among outcrops of poorly sorted

sandstone with pebbles of quartz crystals (mapped as Mesozoic)
dlpplng gently north off a low gravelly rise of chert gravel
and recemented chert breccia with Biconulites Sp., gastropods,
and trllobltes (Gum Ridge Formation). The contact is about

15 yards north-west of* the hole. A further 25 yards north-
west are outcrops (partly collapsed) of well-sorted medium-
grained sandstone, partly silicified (basal sandstone of the
Helen Springs Volcanics). Outliers of Mesozoic and underlying
Cambrian rocks occur in a small basin resting on the core of g
dome involving the Helen Springs Volcanics and incompetent strata
of the Tomkinson Creek Beds.

Objective. To verify the structural setting of the small patch of Cambrian
' and Mesozoic, as inferred from’surface mapping, to determine the
nature of the Gum Ridge Formation below the rubbly surféce
outcrops9 and to obtain fresh material from the poorly exposed

beds forming the core of the dome.

Totgl Depﬁﬂ. 100 feet; | nd
Cores. Core No;1, 35" to 40', recovered 1!'5".

Fos;ils. _ Biconuli?es Sps (éilicified) was found iﬁ core 1.

jﬁggsg. Good quality water was struck at 66 feet. Standing water level

was 47 feet, measured about 1 hour after cessation of drilling

(estimated 1200 gallons per hour by air lifting).

Mesozoic. The Mesozoic sediments. continued down-hole to about 4 feet. A

white to pink silty shale overlies coarse sandstone with pebbles.

‘Lower Middle Cambrian (Gum Ridge Formation). From 4 feet-66 feet the drill

‘penetrated rocks correlated with the Gum Ridge Formation. The rocks are white
claystone and clayey silfstone,“sometimes with fine sand size quartz grains.
The siliceous lithologies of surface exposures do not persist in-depth, except
for some minor veining of the rocks by clear silica (and the replacement of
Biconulites sp. by silica in core No.1). In general the rocks are softer
with increasing depth. The whiteness of the material seems to be due to deeg
weathering. Similar whitening is common in various rock types in the Muckety

.
areg.
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HELEN SPRINGS (B.M.R.) SCOUT HOLE HS6

Logalitys Latitude 18°38.75'S, Longitude 133°53.44'E about 1 mile at
190°F from Muckety (Government Jbore,

Surface Geology. The hole was spudded among outcrops of poorly sorted sand-

stone with pebbles of quarﬁz crystals (mapped as Mesozoic)
dipping gently north off a low gravelly rise of chert

gravel and recemented chert brecsia with Biconulites sp.,
ga.stropods9 and trllobltes (Gum Ridge Formatlon) The
contact ‘is about 15 yards north-west of the hole. A further
25 yards north—west are outcrops (partly collapsed) of well-
sorted medlum-gralned sandstone, partly silicified (basal
sandstone of the Helen Springs Volcan&cs)o' Outliers of
Mesozoic and underlying Cambrian rocks occur in a small basin
resting on thenggre of a dome involving the Helen Springs

Volcanics and invpmpetent strata of the Tomkinson Creek Beds.

Objective: To verify the structural setting of the small patch of Cambrian
| and Mesozoic, as inferred from surface mapping, to determine

the nature of the Gum Ridge Formation below the rubbly surface

outcrops, and tb:bbtain fresh material from the poorly exposed

beds forming the core of the dome.

Total Depth: 100 feet

Cores: Core No.1, 35"f0 40!, recovered 1'5”.”
Fossils. Bicomulites sp.(silicified) was found in core 1,
Water. Good quality water was struck at 66 feet., Standing water

level was 47 fée%; measured about 1 hour after cessation of

drilling (estinated 1200 gallons per hour by air lifting).

Mesozoic., " The Mbsozoid sediments continued down-hole to about 4 feet,
A white to pink silty shale overlies coarse sandstone with
pebb],gs oi' -

Lower Middle Cambrian (Gulelng Formation). From 4 feet-66, feet the drill
penetrated rocks correlated wmth the Gum Ridge Formation. The rocks are white

claystone and clayey 511tstone, sgmec:mes with fihe sand size quartz grains,
The siliceous lltholog:es of surface exposures do not persist im depth,
except for some minor veining of the rocks by clear silica(and the replacement

of Biconulties sp. by silica in core No.1). In general the rocks are softer

with ;ncreasing depth. The whiteness of the material ‘seems to be due to deep
weathering., Similar whltenlng 1s common in various rock types in the thkety

aresa.
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Lower Cambrian. FProm 66 feet to total depth of 100 feet the drill penetrated

well-sorted medium sand. Fairly abundant white clay was returned with the

sand over this interval, but it is uncertain whether the clay is present as a

matrix in the sand or was washed from higher in the hole by the strong water

flow yielded by the sand. The sahd is correlated with the surface outcrops

of sandstone north-west of the well-site.

Structural Inferences. The depth of 66 feet to the base of the Gum Ridge

Formation in the scout hole implies that the contact with the underlying

sandstones dips at an average of about 29o away from the margin of the

outcrop at this locality.

o1

10¢

20!

30!

40"

50!

60*

,.70'

- 10°

-~ 20%

- 30!

- 35°¢

- 50°¢

- 60!

- 70!

- 8ot

HS6 Cuttings Details

50% white claystone, hard

30% white sandy claystone
10% white to buff fissile ?silty shale

10% medium-coarse sandstone with small quartz pebbles; and some

white clayey grains or matrix

85% siltstones, pale, with fine sand and clay
10% white structureless claystone
5% sendstone, buff and white, fairly well sorted
traces: Gypsum crystals, fragments of thin silica veins
(about % to 1mm thick)

- 100% white claystone, in part with mica silt and some fine or

very fine quartz sand grains
traces: thin silica flakes (?veins or replaced shells)
% - 1mm thick, chips of white chert

100% white claystone, with quartz and mica silt or very fine sand
grains '

traces: chert (grey translucent)

160% silty clay or claystone, or clayey siltstone, sometimes

showing traces of lamination, small quartz grains (coarse
silt or very fine sand) sbundant

Similar to above. Material is plastic when wet

50% claystone and silty claystone as above
50% well-sorted medium sand, quartz-rich with well-rounded grains

abundant

T70% sand3 as above

20% white clgxétone and silty claystone

? cavings due to strong
10% buff fissile shale .

water flow

L
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OF - 90'  70% sand,. as above (with some remnants of white clay matrix)

30% white ciaystoné and silty claystcne

N " : . :
. traces: silicified sandstoné,” buff shales - - S

90t -100t  85% sand (as above)
10% white claystone, silty claystone
5% buff shale

Core Description.

Core No.1 35" = 40! recovered 1‘5",'céhsisting of 11 pieces, -numbered
from top down, and one bag of small fragments from bottom.

Core consists of white to very pale grey clay and silty clay, in part soft

and powdery (plastic when wet) in part hard. Thin veinlets of silica occur

and are especially abundant below portion 7. Pieces 8 and 9 contain silici-

fied Biconulites sp. Portion 1.shows bedding (not very regular) dipping’at
o
about 407,

NOTES ON CUTTINGS FROM FOUR WATER BORES

Introduction

Cuttings samples from four water bores were available, one from the
Beetaloo 1:250;000 Sheet area and three from thé Helen Springs. 1:250,000 Sheet
area. These were examined under a binocular microscope and some of the more
interesting rock types were thin-sectioned and examined with a petrological
microscope. Dolomltes and limestones in carbonate~bearing intervals were

distinguished w1th the aid of Alizarin red S staining solution.

The results have been plotted (figs. 9 to 12, this Appendix) as percentage
cuttings logs only. Detailed lithological logs'could not be drawn in the

absence of detailed observations during drilling.

BEETALOO NO.1 WATER BORE
Localltx About 10 miles east-north-east of Beetaloo Homestead. Latitude
17 7 2'S, longitude 133 59 O'E.

Surface Geology. Black soil at surface. Nearest outdrops are of siliceous

claystone of Mullaman Beds (often lateritized).
Total Depth. 285 feet
Water, Standing water level is 258 feet.

Cuttings Intervals. Irregular, from 5 feet to 95 feet.
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Foséilif . Thin sections of claystone and silicified claystone from the 10
tS 20 feet and 20 to 50 feet intervals showed well-preserved
radiolaria. A. Lloyd (B.M.R. pers. comm.) regards these as
lower Cretaceous age and the same fauna as found in surface

ocutcrops north-east of Beetaloo.

Superficial. Black soil was penetrated from O to 5 feet. This overlay 5

feet of pale yellow sandy clay with limonitic nodules.

!

Lower Cretaceous (Mullaman Beds).. - The cuttings indicate that the entire

section down %o 285 feet is in Lower Cetaceous Mullaman Beds, and includes
units A, B, and C of Skwarko (1966). The marine claystones, silty claystone
and silicified claystone of unit A are present from below the thin superficial
cover to 50 feet. Below that, the section is predominantly of sand and
sandstone, with fairly abundant white sandy siltstone in the 75 to 165 feet
interval, which presumably includes the transitional unit B. The sands
perome generally coarser and less consolidated in depth. Pebbles occur in
the sand below 210 feet, and in the 260 to 270 feet and 270 to 275 feet
intervals the sediment is dominantly coarse to very coarse sand with up to'
50% granules and pebbles up to 7mm. The pebbles are mainly of chert, but
some are of fine sandstone and quartzite. The chert pebbles include
silicified mudstones and silicified limestone (including pellet and intra-

clas§ limestones) and are probably derived from Cambrian rockse.

‘EVA_DOWNS O BORE . .
Latitude.18°14:22'S.  Longitude 134%53,73'E, about 10 miles,

bearing 170° true, from Eva Downs Homestead.

t

Locality.

Surface Geology. Black soil at site, nearest outcrops are of white siliceous

claystone of the Mullaman Beds.

Total Depth. 191 feet.

Cuttings Intervals. Variable, from 6 ins. to 27 feet.

-Water: Aquifers at <137 feet, 151 feet, 182 feet. Supply 1800 g.p,h%
Standing water.level 157 feet.

Fossils; - Thin sections were made of claystones and siliceous claystones
" from the 25 to 4% feet and 4% to 18 feet intervals and of soft
white silty claystone from the 57 to 73 feet interval. The
claystone from:the .57 t6 73 feet interval contains well~l
preserved radiolaria similar to those of Mullaman Beds claystones

from surface outcrops and from Beetalco No.1 water bore. The

5 ¥
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claystones from the higher intervals showed poorly preserved

radiolaria.

Superficial Deposits. Black soil was penetrated from surface to 2%-feet.

Lower Cretaceous (Mullaman Bed§), Rock types corresponding to the Lower

Cretaceous Mullaman Beds occur at least down to 112 feet. From 112-151%
feet the cuttings contain a mixture of Mullaman Beds rock types and rock
types corresponding to the Anthdny‘s Lagoon Beds, together with fairly
abundant highly ferruginized material.. This intermixing suggests karstic
topography on the pre-Mullaman unconformity surface, with the early Mullaman
sediments and ferruginous weathered material from the underlying carbonate
rocks deposited as "pocket" deposits in solution cavities or under collapsed
blocks. The Mullaman Beds section differs from the usual in that the basal
sands and .pebbly sands of Skwarko'é unit A are much reduced in thickness and
occur only in the pocket deposits. in the cuttings from 137 to 151% feet.

The transitional unit B is also. difficult to recognize or is absent, the bulk
of the section being white, yellow, buff, and pinkish radiolarian claystones
and silty claystones referable to the marine unit C at least as far down as
the 57 to 73 foot-intefvala About 10 percent of poorly sorted sandstone
with chalcedony cement occurs With the claystohes in the 33 to 40 foot
intervale

Cambrian (Anthony Lagoon Beds). From 112;191 feet (T.D.) rock types

corresponding to the Middle Cambrian Anthony Lagoon Beds occur in the cuttings.

Dqlpmiteyis dominant and is usually microcrystalline, buff to grey, with a
varisble terrigenous silt content and grades into dolomitic siltstone.
Limestone also occurs in small quantities as oolite in the 145 to 151%'feet
interval, about(40% of pale calcilutite in the 172 to 186 feet interval and
10% of similér calcilutite in the 169 to 172 feet interval.. Chert occurs in
the intervals from 112 to 151% feet. Porous, frisble, very fine sandstone
occurs in intervals from 112 to 169 feet. Buff siltstone is also present,

and in places is interlaminated with very fine sandstone.

BANKA BANKA NO.17 WATER BORE

Locality.  Latitude 18°30:30'S. Longitude 134°32.90'E, sbout 25 miles °

north of Brunchilly Homestead.

Surface Geology. In black soil "downs" country. Nearest outcrops are of

Tertiérvarunette Limestone. e

o

Total Depth. 199 feet.
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Cuttings Intervals. Variable, from 5 feet to 70 feet.

Nater. Equipped as a water bore. Standing water level and depths of

aquifers not recorded.
Superficial. Cuttings from surface to 5 feetAconsist of black soil.

(2)Cainozoic, (?)Mesozoic. From 5 to 84 feet the cuttings consist

dominantly of white to buff clay, 1n part’ contalnlng guartz sand gralns.

The cuttings also contaln about 10 percent of ferruginized clay between 14
and 84 feet, and some rounded quartz grains up to 3mm diameter: The age

of "this naterial is doubtful. It resembles clay encountered below Brunette
Limestone in Scout-Hole HS1. The cuttlngs 1ntervals are too wide to allow
comparison in detail with the section in HS1, and the sample available from

the 14 to 84 foot interval was small and not necessarily representgtive of
the entire interval.

Cambrian (Anthony Lagoon Beds). From 84 feet to total depth of 199 feet the

cuttings consist of rock types typically occurring in the Anthony Lagoon Beds.
The dominant lithology in the cuttings is a reddish to white fine to medium
grained well sorted sandstone, sometimes porous ‘and frisble.and resembling
sandstones from Scout-Hole HS3. Chert becomes abundant near the bottom of
the hole ‘(about 10 percent in.the 160 to 185 foot interval and 50 percent in
the 185 to 199 foot interval) Some reddish micaceous s11ty clay occurs
between 120 and 185 feet, and may represent ‘the comminuted remains of a more
abundant micaceous siltstone. A few chips of white limestone occur in the
cuttings from 120 to 160 feet.' The chert cuttings usually show the textures

of ‘replaced pellet limestones.

BANKA BANKA NO.18 WATER BORE

Lecality. Zatitude 18027 OO'S; " Longitude 134 29.79'E, about 29 miles
north of Brunchllly Homestead.

o

Surface Geology. In black soil "dunes" country. Nearest outcrops are of

Tertiary Brunette Limestone.

Total Depth, Not available, but is greater than 130 feef.

Cuttings Intervals. Variable, from 8 to 38 feet.

‘ Superflclal Depos1ts. Cuttlngs from surface to 8 feet con31st of black

soil, falrly Sandy with rounded quartz grains up to 2mm diameter.

Tertiary (Brunette Limestone). Cuttings from‘the 8 to 22 feet interval contain

about 15 percent limestone and about 5 percent calcite crystals. The limestone .

>
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is a white calcilutite containing sand-size quartz grains and is litholog-
ically correlated with surface exposures in the area mapped as Brunette

Limestone.

(°)Tert1ary, (?)Mesozoic. Cuttings from 22 to 54 feet consist of white to
buff silty and sandy claye. Similar4clay forms the bulk of the cuttings
from 8 to 22 feet. In the latter interval the relationship between the
Tertiary Linestone and tne clay is not known. The bulk of the clay down
to 54 feet and perhaps all of 1t, is overlain by Brunette Limestone. It
also overlies Cambrlan rocks and hence its stratlgraphlc relatlonshlps are
in these respects the same as that of the clays in Scout-Hole HS1, The

precise age is again not known.

anbrian (Anthony Lagoon Beds). Below 54 feet the cuttings contain rock‘types

corresponding to the Anthony Lagoon Beds. The 54 to: 62 foot and 62 to 100
foot intervals and less importantly, the 100 to 130 foot intervals contain
also abundant hlghly ferruglnlsed material which may represent ferruginous
weathered material formed on an 0ld land surface prlor to deposltlon of the
clays above 54 feet. It is similar to the ferruginous material on the pre-
Mullaman Beds surface in Eva Downs O bore. The'Anthony Lagoon Beds rock
types comprlse chert, red clayey and mlcaceous siltstone, and some coarse white
slltstone down to 130 feet. From 130 feet to total depth (not recorded)
the cuttings consist of calcareous clean dolomite, some grey to buff silty
dolomlte, chert and some soft s11tstone. The chert cuttlngs from below 130
feet show well deflned relic carbonate textures, including pelletal and

oolltlc textures.

n In the interval betueen 54 and 130 feet the chert and ferruginous materisl
are much harder than the siltstone. Consequently the relative proportions

of each as indicated by the cuttlngs may be m1sleading and the siltstone may

‘actually be dominant.,
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- APPENDIX B

PALAEONTOLOGICAL REPORT ON SAMPLES FROM HELEN SFRINGS 1:250,000 SHEET
AREA, N.T.

by
CaG..Gatehouse

Fourteen samples collected by the Helen Sprlngs geologlcal party (M.A.

Randal party-leader) were submltted for palaeontological examlnatlon.

Four samples'contain'Rgdli¢hia;*"Redlichia‘fop:esti (Etheridge Jr.)

has been identified in two of them. Xxstridura 8Pe NOV, (Opik MS),
distinguished by finger-print Ornament, occurs in seven samples and is the

only identifiable Xystridura present. Three samples, whiéh do not contain
either.of the above genera, are of early Middle Cambrian age.

i

" The following is a list of the locallty numbers and the ‘fossils identified

from the samples:

Samples with Xystridura ‘
" HS69  Gum Ridge Fortin. Billingsélla ¢f. humboldti Walcott (Opik ident.)
o Xystridura sp. nov,

Biconulites
EEEAS LT 22

- HST0 . ‘ , Xxst:idura Sp. nove.
Biconulites hardmani (Eth. Jr.)

HS160 ' Xystridura sp. nov.
Bicqnglites

HS161 : ' Xystridura sp. nov.
- | Biconulites

HS177 Xystridura
Wimanella (Opik ident.)

. Bicohulites = r

HS8514 _ _Xxstridura
S “Helcionella" £y S
Biconulites hardmani (Eth. Jr.)
°Bllllngse11a cf. humboldt1 Walcs”

Inartlculate brachlopods

* HS622 : Xystridura .
' Biconulites hardmani (Eth..Jr;)

?Wimanella



"* ° Samples with Redlichia
Hsé3 ‘ Biconulites
b ————————r———
Redlichia fragments
HS330 Redlichia forresti (Eth. Jr.)
Inarticulate brachiopods
HS361 " Redlichia
HS374 , Redlichia forresti (Eth. Jr.)

Samples without_either'Redlichia oi Xystridura :

HS19 Gum Ridge Formation Biconulites

HS175 - Ptychopariidae

HS541 - ~Ptychopariidae
/,// Biconulites

»
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