


Central part of the Ringwood Dome, from the southwest. 
The lower deeply dissected part of the hill consists of white 
earthy weathered gypsum encrusting the underlying bedded 
gypsum; the upper part of the hill consists of limestone. 
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A B S T R A C T 

Major evaporite basins have been discovered in Australia over the past two decades, 
chiefly as a result of exploratory drilling for petroleum. There are four major onshore 
deposits of bedded evaporites—in the Adavale, Amadeus, Canning, and Officer Basins—and 
one offshore sequence, in the Bonaparte Gulf Basin. Several other basins have indications of 
bedded evaporites, but their full extent and potential are unknown at present. The evaporites 
are Late Precambrian, Early Cambrian, possibly Silurian, and Devonian in age. The Canning 
Basin has the thickest known sequence: 740 m of halite was penetrated in McLarty No. 1 
well. Most of the evaporites are in the Carribuddy Formation, which is probably Devonian. 
In the Amadeus Basin two formations contain evaporites. The less soluble evaporites of the 
Upper Precambrian Bitter Springs Formation crop out; evaporites of the Lower Cambrian 
Chandler Limestone do not, but have been intersected in drill holes. The evaporite deposits in 
the Middle Devonian Boree Salt Member of the Etonvale Formation in the Adavale Basin 
are the most interesting economically as they contain the only known occurrence of potash 
in Australia. Stratigraphic drilling in the eastern part of the Officer Basin in South Australia 
has indicated the presence of thick Lower Cambrian evaporite sequences in the Observatory 
Hill Beds. The most northerly occurrence comprises dolomite with abundant calcite pseudo-
morphs after trona and shortite, indicating non-marine evaporite deposition in saline or playa 
lakes. The southern evaporite occurrence in the Tallaringa Trough comprises halite, siltstone, 
and minor sandstone in the Observatory Hill Beds. Several diapirs with exposed cores of 
cap rock gypsum have been discovered in the northern part of the Officer Basin in Western 
Australia. Shallow drilling has shown that the cap rock is underlain by halite, and inter­
pretation of seismic records has suggested that there are two levels of evaporites, ?Cambrian 
and Precambrian. The probable younger sequence is the Babbagoola Beds and the presumed 
older sequence, the Browne Beds. Many diapirs were detected on seismic sections in the off­
shore Bonaparte Gulf Basin and, subsequently, halite was intersected in Pelican Island No. 1 
and Sandpiper No. 1 wells. The evaporites are Devonian, but not formally named. Evaporites 
are harvested in Australia by solar evaporation of sea water or brine, and by scraping the 
surfaces of natural salt lakes. There is obviously ample scope for further detailed investiga­
tions of evaporites in Australia. Stratigraphic drilling in some basins, funded by Government 
agencies, has led to the discovery of important deposits, but it is probable that most new 
information will, as in the past, accrue from petroleum exploration drilling. 
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I N T R O D U C T I O N 
• 

Thin surface accumulat ions of salt in playa lakes 
have been known since the early exploration of Aus­
tralia. However , surface occurrences of bedded 
evaporites, exposed in some sedimentary basins by ero­
sion of the sedimentary sequence, have been discovered 
only recently, as a result of regional geological mapping, 
and it is only in the last two decades that substantial 
amounts of subsurface evaporites have been located, 
in the course of drilling for petroleum. 

Forty- two petroleum and exploration wells have in­
tersected evaporite beds (Fig . 1 ) , but although 
evaporites can be important in some structures as cap 
rocks for hydrocarbon accumulat ions, there has been 
little incentive for the oil exploration companies to 
continuously core the evaporite sequences. In most 
well sections there are only one or two cores in any 
evaporite sequence, and in some wells no cores were 
at tempted in what were undoubtedly thick evaporites. 
As a result, some of the more important details of de-
positional history are missing. It is, however, unlikely 
that significant beds of potassium-rich minerals have 
been overlooked, as they would be recorded on gamma-
ray logs. 

The known number of wells that have been drilled 
specifically to test or explore for evaporite deposits in­

cludes seven drilled by the Bureau of Mineral Re­
sources, and seven by exploration companies and the 
South Australia Depar tment of Mines and Energy. 

In past geological time large tracts of what is now 
continental Australia were subjected to marine inun­
dation. However, it is thought that for long periods 
these areas were not open sea, but large restricted 
basins, either narrowly connected to the open sea or 
separated from it by a shallow shelf or bar, and that 
evaporation of large quantities of sea water from these 
basins resulted in the formation of thick deposits of 
evaporites. This classical theory is generally called the 
Ochsenius bar theory of saline deposition (Ochsenius, 
1877, 1888) , and quantitative data in its support have 
been presented by Whelan ( 1 9 7 2 ) . 

In Australia, evaporites formed chiefly in the late 
Precambrian, Silurian, and Devonian (Fig. 2 ) , and 
are widespread in the subsurface of sedimentary 
basins. The largest deposits, volumetrically, are dis­
tributed between 18° and 20° south. The thickest 
known evaporites occur in this zone, and known 
evaporites outside it are relatively poorly developed. 
There does not appear to be any significance in this 
distribution, as the deposits a re of several ages; their 
present distribution may have been partly controlled 
by the structural evolution of individual basins. 

1 



T A B L E I . S U M M A R Y O F T H E M A J O R E V A P O R I T E D E P O S I T S I N A U S T R A L I A 

ADAVALE 
BASIN 

AMADEUS BASIN ARCKARINGA 
BASIN 

Basin area (km?) 28 50 0 150 00 0 100 00 0 

Area of evaporites (km-) 8 00 0 83 00 0 41 00 0 

Maximum thickness of 
sediments (m) 

about 5  000 9 00 0 9 00 0 about 1  20 0 

Maximum thickness of 
evaporites (m) 

about 90 0 215 
(Mt Liebi g No . 1 ) 

225 
(Mt Charlott e No . 1) 

122 
(Wilkinson No . 1 ) 

Minimumum depth to 
evaporites (m) 

900 Surface Near-surface ?Mt Toodin a structur e 

Formations Boree Sal t Membe r 
(Etonvale Formation ) 

Bitter Spring s Formatio n Chandler Limeston e Observatory Hil l Beds , 
Cootanoorina Formatio n 

Age M. Devonia n Adelaidean —90 0 m.y. Early Cambria n ? Earl y Cambrian ; 
Late Devonia n 

Minerals in evaporites Anhydrite, halite , 
sylvinite 

Halite, gypsum , anhydrite , 
dolomite 

Halite, anhydrit e Anhydrite, halit e 

Wells penetrating 
significant evaporites 

Boree No . 1 
Bonnie No . 1 
Bury No . 1 
Stafford No . 1 
Alva No . 1 

Ooraminna No . 1 
Erldunda No . 1 
Mt Charlott e No . 1 
BMR Alic e Spring s No . 1 
BMR M t Liebi g No . 1 
BMR Lak e Amadeu s 

No. 3 

Alice No . 1 
Mt Charlott e No . 1 
Orange No . 1 

Wilkinson No . 1 
Cootanoorina No . 1 

Diapirism and salt 
solution 

Mobilised int o pillow s 
along fault s 

Johnstone Hill , 
?Goyder Pass , Ringwood , 
and unname d sal t anticline s 

Illmurta structur e Possible diapi r o f 
Mount Toondin a structur e 

Deformation Several period s o f 
diastrophism, 
culminating i n 
Carboniferous orogen y 

Supratenuous foldin g Incompetent foldin g Minor Devonia n move -
ments. Basi n establishe d 
by faultin g an d grabe n 
formation i n lat e 
Carboniferous-early 
Permian 

There are no evaporites of significant extent and 
thickness known to be forming today in Austral ia, but 
surface deposits in modern playa lakes are c o m m o n 
in areas of low rainfall, subdued topography, and in­
ternal drainage, such as are found in m a n y parts of 
Western Austral ia , South Australia, and the Nor the rn 
Terr i tory. 

The major deposits of evaporites in Austral ia are 
summarised in Table 1. Wells containing evaporites are 
listed by company or drilling authori ty in Table 2, and 
details of the wells and their evaporite intervals are 
given in Table 3. 

T A B L E 2 . W E L L S C O N T A I N I N G E V A P O R I T E S , L I S T E D B Y C O M P A N Y O R D R I L L I N G 
A U T H O R I T Y 

Company or drilling 
authority Well Basin 

Amerada Petroleu m 
American Oversea s Petroleu m Lt d 
Arco Australi a Lt d 

Australian Aquitain e Petroleu m Lt d 
Australian Gul f Oi l Co. 
B.O.C. o f Australi a Lt d 
Bureau o f Minera l Resource s 

Continental Oi l Co . o f Australi a 

Exoil N .L . 

Genoa Oi l N .L. 
Hartogen Exploration s Pt y Ltd 
Hunt Oi l Co. 

1 

McDi l l s N o . 1 
Boree N o . 1 
Pelican Is . N o . 1 
Sandpiper N o . 1 
Wilson Cliff s N o . 
Aquarius N o . 1 
Rob Ro y N o . 1 
Al ice Spring s N o . 3 
Mount Liebi g N o . 1 
Lake Amadeu s Nos . 3 , 3A , 3 B 
Madley N o . 1 
Warri N o . 2 0 
Birksgate N o . 1 
Yaringa N o . 1 
Alice N o . 1 
Erldunda N o . 1 
Ooraminna N o . 1 
Pendock I .D . N o. 
Alva N o . 1 
Browne N o . 1 

I 

Pedirka 
Adavale 
Bonaparte Gul f (offshore ) 
Bonaparte Gul f (offshore ) 
Canning 
Capricorn Embaymen t 
Browse 
A m a d e u s 
A m a d e u s 
A m a d e u s 
Officer 
Officer 
Officer 
Carnarvon 
A m a d e u s 
A m a d e u s 
A m a d e u s 
Carnarvon 
Adavale 
Officer 

2 
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BONAPARTE GULF CANNING BASIN CARNARVON BASIN OFFICER BASIN 
BASIN 

260 00 0 453 00 0 300 00 0 350 00 0 

26 00 0 207 00 0 ? 1  30 0 3 10 0 

> 1 2 00 0 abou t 1 0 000 7  000 1 2 00 0 

190 74 0 3 7 6 0 + 
(Pelican Is . No. 1 ) (McLart y No . 1 ) (Yaring a No . 1 ) (Woolnoug h Hills ) 

1 75 0 
(Sandpiper No . 1 ) 

688 
(Frome Rock s No . 1 ) 

1 13 0 
Hamelin Poo l No . 1 

Surface 

Depositional hiatu s o n shor e Carribuddy Formation , 
Tandalgoo/Poulton Formatio n 

Yaringa Sal t Membe r 
(Dirk Harto g Formation ) 

Babbagoola Beds , 
Browne Bed s 

Pre-Late Devonia n Devonian Late Siluria n Early Cambrian , 
Adelaidean 

Halite Halite, dolomite , anhydrite , 
barite 

Halite, anhydrite , dolomiti c 
anhydrite, trace s o f sylvit e 

Gypsum, dolomiti c gypsum , 
anhydrite, dolomiti c anhydrit e 

Pelican Is . No . 1 
Sandpiper No . 1 

Kidson No . 1 , Sahar a No . 1 , 
McLarty No . 1 , Willar a No . 1 , 
Frome Rock s No . 1 , Pard a No . 1 , 
Wilson Cliff s No . 1 , Mund a 
No. 1 , Blackston e No . 1 . 

Dirk Harto g No . 17B , 
Yaringa No . 1 , 
Pendock I.D . No . 1 
Hamelin Poo l Nos . 1  &  2 

Byilkaoora No . 1 , 
Yowalga No . 2 , 
Browne Nos . 1  &  2 ; 
BMR Madle y No . 1 , 
BMR Warr i No . 2 0 

Salt domes , sal t walls , stocks , Sal t dome s an d sal t solutio n —  Sal t domes : Woolnoug h Hills , 
peripheral sinks , pillows , structure s Madle y ( 6 domes) , Browne * 
turtle-back structure s 

Diapirism U . Carboniferous - Moderat e foldin g Middl e Mesozoi c down-faulte d 
Tertiary; Permian-Triassi c sub-basin s 
salt migration ; Lat e Triassi c sal t 
walls; Lat e Jurassic-Earl y 
Cretaceous movements ; 
14 -f - diapir s 

A cknowledgements 
Geologists of State Geological Surveys and several 

petroleum and mineral exploration companies provided 
valuable informat ion and m a d e available data from 
unpublished sources. 

The section on B M R Alice Springs N o . 3 drill site 
is derived from a petrographic and geochemical study 
by A. J. Stewart of the Bureau of Mineral Resources. 

T h e descriptions of the results of test drilling at the 
Woolnough Hills diapir in the Officer Basin, and in the 
Amadeus Basin at the G a r d i n e r Range and L a k e A m a ­
deus are largely the work of P . J. Kenewel l of the 
Bureau of Minera l Resources . S. K. Skwarko of B M R 
assisted as well-site geologist for par t of the t ime at 
the Gard ine r Range site. 

T h e figures were d rawn by J. Mifsud, B M R . 

TABLE 2 . WELLS CONTAINING EVAPORITES, LISTED BY COMPANY OR DRILLING 
AUTHORITY (cont.) 

Company or drilling 
authority Well Basin 

Browne No. 2 Officer 
Hunt-Placid Oil Co. Yowalga No. 2 Officer 
Magellan Petroleum (Australia) Ltd Hamelin Pool No. 1 Carnarvon 

Hamelin Pool No. 2 Carnarvon 
Orange No. 1 Amadeus 

Phillips Australian Oil Co. Bonnie No. 1 Adavale 
Bury No. 1 Adavale 
Stafford No. 1 Adavale 

South Australia Dept of Mines Byilkaoora No. 1 Officer 
& Energy Cootanoorina No. 1 Arckaringa 

Wilkinson No. 1 Arckaringa 
Total Exploration McLarty No. 1 Canning 
Transoil N.L. Mount Charlotte No. 1 Amadeus 
West Australian Petroleum Pty Ltd Frome Rocks No. 1 Canning 

(WAPET) Grant Range No. 1 Canning 
Kidson No. 1 Canning 
Munda No. 1 Canning 
Parda No. 1 Canning 
Sahara No. 1 Canning 
Willara No. 1 Canning 

3 



TABLE 3. DETAILS OF EVAPORITE INTERVALS IN PETROLEUM AND MINERAL EXPLORATION WELLS 
Abridged from well completion reports. All measurements in metres unless stated otherwise. 

Well name, 
coordinates, 
total depth 

Company/ 
drilling 
authority 

Formation 
thickness 

Age Interval Brief description Core Cutings 

ADAVALE BASIN 

Boree No . 1  America n Etonval e 
24°45'32"S Oversea s Formatio n 

145 ° 34'36"E Petroleu m 13 5 8.5-2426.5 
TD 2676. 4 Lt d Bore e Sal t Membe r Middl e Devonia n 1919.6-1954.6 White , finely  crystallin e 

gypsum, wit h dolomiti c 
siltstone an d shale . Trace s o f 
anhydrite. 

1954.6-2426.5 Rock salt, wit h thi n bed s o f 
shale an d siltstone , rar e 
gypsum. 

No. 18 , 1957.7-1960.7 , rec . 2. 5 m , 
analysis: 98.5 % NaCl . 
No. 19 , 2125.0-2131.4 , rec . 6. 2 m , 
analysis: 95.8 % NaCl , 2.14 % 
C a S 0 4 . 
No. 20 , 2280.8-2286.9 , rec . 6. 0 m , 
analysis: 78.7 % NaCl , 8.9 % 
C a S 0 4 , 2.0 % CaCO a , 2.1 % 
M g C 0 3 . 

Available 

Alva No . 1  Hartoge n Etonval e 
2 5 0 H ' 4 7 " S Exploratio n Formatio n 

145°23'02"E Pt y Lt d 2626.8-3297. 3 
TD 3586. 0 Bore e Sal t Membe r Middle Devonia n 

3097.1-3285.8 

3285.8-3297.3 

Halite (200. 2 net ) wit h a 
few thi n toug h interbeds . 
Halite wit h a  fe w thi n shal e 
beds. 
Anhydrite. 

Nil 9.1-m interval s 
0 t o 1261. 9 an d 
3.1 fro m 1264. 9 t o T.D . 
Colourless t o pal e brown , 
massive an d ver y finel y 
crystalline halit e wit h 
minor shale . 

Bonnie No . 1  Phillip s Etonval e 
25°0O'43"S Australia n Formatio n 

145°22'01"E Oi l Co . 1825.8-2326. 2 
TD 2744. 7 Bore e Sal t Membe r Middl e Devonia n 2225.6-2326. 2 Salt assume d o n drillin g rat e No . 3 , 2241.4-2244.5 , rec . 2. 7 m . Availabl e 

and Cor e No . 3  rock salt 
with rar e claye y shal e laminae . 

Bury No . 1  Phillip s Etonval e 
25°02'40"S Australia n Formatio n 

145°36'20"E Oi l Co . 1402.1-2358. 6 
TD 2744. 4 Bore e Sal t Membe r Middl e Devonia n 1774.5-2358.6 

1774.5-1798.3 
1798.3-1805.0 
1805.0-2358.6 

Anhydrite. 
Shale an d limestone . 
Rock salt wit h trace s o f 
anhydrite an d rar e lamina e 
and interbed s o f shale . 

No. 8 , 1809.9-1812.9 , rec . 2. 3 m . 
No. 9 , 1969.0-1972.0 , rec . 2. 9 m . 
No. 10 , 2123.8-2127.0 , rec . 3. 7 m . 
No. 11 , 2279.2-2282.3 , rec . 2. 8 m . 

Available 



TABLE 3  (cont.) 

Stafford No . 1 
15°17'33"S 

145°26'03"E 
T D 3141. 2 

Phillips 
Australian 
Oil Co . 

Etonvale 
1996.4-2749.6 

Boree Sal t Membe r Middle Devonia n 2672.4-2749.6 Interpreted a s predominantl y 
rock salt wit h thi n rando m 
sandstone an d shal e interbeds ; 
some anhydrite. 

No. 15 , 2709.9-2713.0 , rec . 1. 2 m . Available 

A M A D E U S B A S I N 

Alice No . 1 
23°54'47"S 

133.°58'00"E 
T D 2291. 4 

Exoil N.L . Giles Cree k 
Dolomite 
1568.8-2017.1 

Middle Cambria n 1568.8-2017.1 Shale an d mino r dolomit e i n 
the uppe r part , dolomit e an d 
minor shal e i n th e lower . 
Abundant 'felty ' anhydrite 
occurs throughout , i n beds , 
lenses an d patches . 

No. 17 , 1574.2-1577.0 , rec . 2. 7 m . 
No. 18 , 1660.8-1662.9 , rec . 2. 1 m . 
No. 19 , 1744.3-1745.8 , rec . 1. 5 m . 
No. 20 , 1847.6-1848.9 , rec . 1. 2 m . 
No. 21 , 1858.0-1859.5 , rec . 1. 0 m . 
No. 22 , 1864.1-1865.0 , rec . 0. 1 m . 
No. 23 , 1865.0-1870.8 , rec . 4. 9 m . 
No. 24 , 1963.8-1964.7 , rec . 0. 8 m . 

Available 

Chandler Lime -
stone 
2017.1-2176.3 

Early Cambria n 2017.1-2176.3 Halite, mudstone , dolomiti c 
clay, shale . 'Felty ' primar y 
anhydrite i s common . 

Halite, 2064.7-2088. 4 
Halite, 2094.5-2129. 0 
Halite, 2148.4-2181. 7 

No. 25 , 2059.8-2061.6 , rec . 1. 6 m . 
No. 26 , 2095.8-2102.5 , rec . 2. 8 m . 

BMR Alic e Spring s Burea u o f 
No. 3  Minera l 

23°53'S Resource s 
134°53'E 
TD 259. 7 

Bitter Spring s 
Formation 
(Gillen Member ) 
0 -TD 

Proterozoic 0-133 

133-TD 

Dolomite-gypsum breccia , 
friable dololutite , micro -
crystalline anhydrite, sati n 
spar gypsum veins . 
As abov e togethe r wit h 
bituminous dolomit e an d 
coarse anhydrite . 

Continuous core s 16.8-253 , 92 % 
recovery. 

0-259.7 a t 1.5- m interval s 

BMR Moun t 
Liebig No . 1 

23°52'30"S 
131° 56 W E 
TD 305. 9 

Bureau o f 
Mineral 
Resources 

Bitter Spring s 
Formation 
0 -TD 

Proterozoic 0-92 

92-TD 

Fragments o f gypsum, 
anhydrite an d dolomit e i n 
recrystallised evaporit e 
breccia; vein s o f acicula r 
gypsum. 
Halite, mino r evaporit e roc k 
fragments compose d o f 
anhydrite, dolomite , quart z 
with minor halite , chlorite , 
hematite an d limonite . 

Continuous core s 3-TD , 97 % 
recovery. 

0-75.6, &  89.9-305.9 at 
3.1-m interval s 

BMR Lak e 
Amadeus No . 

24°46'36"S 
131°53'24"E 
TD 305. 9 

3B 
Bureau o f 
Mineral 
Resources 

Bitter Spring s 
Formation 
41-TD 

Proterozoic 0-41 

41-149 

149-165 

165-251 

251-TD 

Tertiary siltston e 

Gypsum, lamina e an d bed s o f 
gypsiferous dolomite , gre y 
friable dolomite , an d rar e 
black dolomite ; contorte d an d 
brecciated acicula r gypsu m 
veins 
Grey friabl e dolomite , som e 
gypsum 
Gypsum i n gre y friabl e 
dolomite matri x 

Anhydrite an d dolomiti c 
anhydrite 

81 cores : 12.2-14.6 , 31.4-33.5 , 
and continuou s core s 42.7-TD , 
86% recovery . 

Surface—42.7 &  90.2-98.5 
at 3.1-m interval s 



TABLE 3 (cont.) 

Well name, 
coordinates, 
total depth 

Company/ 
drilling 
authority 

Formation 
thickness 

Age Interval Brief description Core Cuttings 

Erldunda No . 1 
25°18'36"S 

i 3 3 ° l l ' 4 8 " E 
TD 1665. 1 

Exoil N.L . Bitte r Spring s 
Formation 
1310.6-1665.1 
Loves Cree k 
Member 

Adelaidean 1310.6-1447.8 Dolomite wit h lense s an d 
crystals o f anhydrite an d 
gypsum; sandston e an d 
siltstone. 

Nil 

Gilien Membe r 1447.8-TD Dolomite, anhydrite an d 
minor gypsum, i n beds , t o 
1618.4, 1618.4—TD , coarsel y 
crystalline halite. 

No. 10 , 1460.3-1463.7 , rec . 2. 7 m . Availabl e 
No. 12,1661.1-1665.1 , rec . 0.0 3 m . 

McDills No . 1 
25°43'50"S 

135°47'25"E 
TD 3205. 0 

Amerada Todd Rive r 
Dolomite 
(2750.5-3205.0) 

Early Cambria n 2750.5-T D Dolomite an d limeston e wit h 
anhydrite fillin g fractures , 
particularly i n Cor e No . 31 . 

No. 29 , 2851.0-2854.1 , rec . 2. 7 m . 
No. 30 , 2935.8-2938.8 , rec . 3. 0 m . 
No. 31 , 3065.6-3068.7 , rec . 2. 7 m . 

Mount Charlott e 
No. 1 

24°53'41"S 
133°59'11"E 
TD 2116. 2 

Transoil Chandle r Lime - Earl y Cambria n 710.7-936. 3 
N.L. ston e 

710.7-936.3 

Bitter Spring s 
Formation 
1423.4-2116.2 
Loves Cree k 
Member 

Adelaidean 

1423.4-1554.4 

Gilien Membe r 1554.4-TD 

Coarsely crystallin e halite, 
generally pure , bu t som e 
interstitial clay ; interbed s o f 
calc. siltstone , 852.8-883.9 . 

Dolomite, wit h interbedde d 
shale, siltstone , an d sandstone . 
Anhydrite an d gypsum, o f 
secondary origin , ar e presen t 
as intrusiv e layers , i n 
patches an d a s intergranula r 
crystals. 
Rhythmically laminate d 
dolomite an d anhydrite wit h 
halite, shale , siltston e an d 
sandstone. Halite a t 1862.9 -
1903.4 an d streak s at  1924.8 , 
1938.5, 1961.3 , 1999.4 , 2036.0 , 
2048.2 an d 2060.4 . 

No. 8 , 795.2-801.3 , rec . 1. 2 m . 
No. 9 , 885.4-891.5 , rec . 1. 8 m . 

Available excep t fo r 
interval 1469.1-1481. 3 

No. 16 , 1531.6-1539.2 , rec . 7. 8 m . 

No. 17 , 
No. 18 , 
No. 19 , 
No. 21 , 
No . 22 , 
No. 23 , 
No. 24 , 
No. 25 , 
No. 26 , 

1565.7-
1613.0-
1650.7-
1772.4-
1869.9-
1944.9-
2043.0-
2055.8-
2114.3-

-1568.8, 
1619.4, 
1654.7, 
1776.0, 
•1873.9, 
1947.3, 
•2046.4, 
•2060.1, 
-2116.2, 

rec. 3. 3 m . 
rec. 3. 7 m . 
rec. 4. 0 m . 
rec. 3. 7 m . 
rec. 3. 7 m . 
rec. 2. 0 m . 
rec. 3. 5 m . 
rec. 4. 4 m . 
rec. 1. 5 m . 



TABLE 3  (cont.) 

Ooraminna No . 1 
24°00'06"S 

134°09'50"E 
TD 1858. 3 

Exoil N.L . Bitter Spring s 
Formation 
1299.9-1858.3 
Loves Cree k 
Member 

Adelaidean 

1299.9-1609.3 Limeston e an d clayston e wit h 
three dolerit e bands ; anhydrite 
occurs i n vein s an d cavitie s 
in limeston e belo w 1338.0 . 

No. 15,1351.1-1351.7 , rec , 0.4 6 m . 
No. 17 , 1505.4-1506.9 , rec . 1. 0 m . 
No. 18 , 1591.9-1594.1 , rec . 1. 8 m . 
No. 19 , 1690.4-1690.7 , rec . 0. 1 m . 
No. 20 , 1792.5-1793.1 , rec . 0. 5 m . 
No. 21 , 1854.7-1857.7 , rec . 2. 1 m 
(estimated) 

Available 

Available 

Gilien Membe r 1609.3—T D 1609.3-1804. 4 Dolomiti c 
limestone, wit h coars e crystal -
line anhydrite an d rar e 
gypsum i n patche s an d veins ; 
below 1804.4 , claystone , wit h 
very coars e anhydrite crystal s 
mixed wit h transparen t 
halite. 

Orange No . 
24°02'34"S 

133°46'32"E 
TD 2708. 5 

Magellan 
Petroleum 
(Australia) 
Ltd 

Chandler Lime -
2274,4-2502.4 

Early Cambria n 2314.6-2502. 4 Believed t o b e mainl y halite, 
with interbedde d impur e 
carbonate, anhydrite an d shal t 
in th e interval s 2336.2-2352.4 , 
and 2401.8-2420.1 ; an d 
thin shal e an d mudston e 
2453.6-2502.4. 

Nil recover y Very smal l volum e returns , 
no cutting s 
2322.5-2325.6 
2328.6-2331.7 
2398.7-2405.7 

ARCKARINGA BASIN 
Boorthanna No . 1 

28°56'04"S 
135°45'18"E 
TD 1225. 6 

Occidental 
Minerals 

Evaporite expecte d i n 
Devonian, bu t Permia n rest s 
on Precambria n meta -
volcanics 

Cootanoorina 
No. 1 

28°00'30"S 
135°20'00"E 
TD 948. 2 

South Stuar t Rang e 
Australia Formatio n 
Dept. o f 516.7-777. 2 
Mines Cootanoorin a 

Formation 
897.5-948.2 

Early Permia n 634.0-667. 5 

Devonian 897.5-T D 

Anhydritic siltstone . 

Dolomite, dolomiti c shale , 
anhydrite. 

0 - T D a t 3- m interval s 

No. 9 , 925.4-928.6 , rec . 3. 1 m . 
No. 10 , 942.8-948.2 , rec . 5. 4 m . 

Wilkinson No. 1 South Observatory Hil l Cambria n Unit II I 109.7-111.05, rec . 25% . Surface-107.9 
29°52'02' 'S Australia Beds 59 4 + 573.6-710 Halite, siltston e an d mino r Continuous 210-710 , rec . 95% . 111.05-210 

132*33'55' E Dept. o f sandstone 97.3-97.8% NaC l 
710 Mines & 

Energy 
573.6-695.0 

695.0-TD 

Halite, ligh t brown , translu -
cent, t o dar k red-brown , 
crystalline; gypsiferous ligh t 
brown siltstone ; ver y fine , 
halite throughout , showin g 
poikiloblastic textur e 
Siltstone an d mino r sand -
stone; mino r halite 

115-145 pp m B r 
60-98 pp m K 
(average o f fiv e sample s 
between 598.0 6 an d 
668.51). 



TABLE 3  (cont.) 

Well name, 
coordinates, 
total depth 

Company/ 
drilling 
authority 

Formation 
thickness 

Age Interval Brief description Core Cuttings 

B O N A P A R T E G U L F B A S I N 

Pelican Islan d 
No. 1 

14°46'19"S 
128°46'27"E 
TD 1981. 2 

Arco 
Australia 
Ltd 

Interbedded with , 
or olde r than , th e 
Bonaparte Bed s 
1791.3-198L2 

? Middl e t o Lat e 
Devonian 

1791.3-TD Halite. Sidewall cores : 1889.7 , rec . 3. 1 
cm halite, ligh t gre y translucent , 
to transparent , fractured ; 1965.9 , 
rec. 1. 9 c m halite a s above . 

3.0-m intervals . 

Sandpiper No . 1 
13°18'53"S 

127°58'35"E 
TD 1891. 6 

Arco 
Australia 
Ltd 

(Equivalent o f 
Ningbing Lime -
stone onshore ) 
944.0-1891.6 

Late Devonia n t o 
Early Carbon -
iferous ca p roc k 
? Famennia n 
halite 

944.0-1752.9 
1752.9-TD 

Cap rock . 
Halite 
Transition zon e fro m 1752.9 -
1793.7. 

Sidewall core s o f halit e a t 1789.1 , 
1798.3, 1801.3 , 1813.5 , 1815.3 , 
1821.1, 1828.8 , 1840.9 , 1848.3 , 
1854.4, 1859.2 , 1868.4 , 1874.5 , 
1882.1, an d 1885.1 . 

N o cutting s o f halite 
recovered. 

BROWSE BASIN 

Rob Ro y No . 1 B.O.C. o f Unnamed Uni t Early Permia n 1572.4-2187.2 Interbedde d sandston e an d No. 2 , 1888.2-1897.4 , rec . 9. 1 m . 405-TD at 3.1- m interval s 
13°58'15.6"S Australia 1572.4-2255.5 (Sakmarian) claystone wit h mino r siltston e 1895.8-1897.4, fin e t o mediu m 

124°11'57.1"E Ltd 
(Sakmarian) 

and occasiona l vein s o f sandstone wit h siltston e lamina e 
TD 2286. 0 anhydrite. and patche s an d vein s o f 

anhydrite u p t o 1 5 c m wide . 

C A N N I N G B A S I N 

Blackstone No . 1 West Poulton Middle Devonia n Siltstone, mino r shale , sand - No. 12 , 1975.1-1984.2 , rec . 9. 1 m , 0-1219.2 at 9.1- m interval s 
17°35'14"S Australian Formation stone an d trac e dolomite . siltstone. 1219.2-TD at 3.1- m 

124°21'01" Petroleum 1914.1-2220.5 Probably contain s halite, No. 13 , 2045.2-2052.2 , rec . 6. 2 m , intervals 
TD 3049. 5 Pty Lt d from evidenc e o f 4 8 00 0 pp m siltstone. 

(Wapet) NaCl i n drillin g fluid . No. 14 , 2128.7-2134.5 , rec . 5. 8 m , (Wapet) 
siltstone. 

Frome Rock s 
N o , 1 

18°ir48"S 
133°38'42"E 
TD 1220. 1 

Wapet Pre-Mesozoic 687.6-TD 532.4 o f halite wit h scattere d 
small fragment s o f dolomit e 
and occasionall y anhydrite, 
several bed s o f dolomit e 
breccia, som e claystone . 
Analysis o f cor e no . 5 , 755.9 -
758.9, showe d tha t th e water -
soluble par t o f th e specime n 
consists essentiall y o f halite 
with a  littl e gypsum. Thi n 
sections o f core s nos . 5 , 6 , an d 
8 contai n abou t 5% o f 
anhydrite. 

No. 5 , 755.9-758.9 , rec . 2. 7 m . 
No. 6 . 835.1-838.2 , rec . 3. 0 m . 
No. 7 , 894.8-897.9 , rec . 3. 0 m . 
No. 8 , 957.6-960.7 , rec . 2. 7 m . 
No. 9 , 1021.0-1024.1 , rec . 2. 4 m . 
No. 10 , 1085.0-1088.1 , rec . 3. 0 m 
No. 11 , 1149.0-1152.1 , rec . 3. 0 m . 
No. 12 , 1211.5-1214.6 , rec . 2. 4 m . 

Available 

Grant Rang e 
No . 1 

18°01'00"S 
124°00'30"E 
TD 3936. 4 

Wapet Anderson 
Formation 
1856.2-3936.5 

Late 
Carboniferous 

2950.4-3102.8 Interbedded limestone , 
and anhydrite. 

shale Nos. 69-75, 



TABLE 3 (cont.) 

Kidson No . 1 
22°37'00"S 

125°00'22"E 
TD 4431. 4 

Wapet Mellinjerie 
Limestone 
1570.6-1837.0 

Carribuddy 
Formation 
2570.0-4279.3 

Middle t o ?Lat e 
Devonian 

? Siluro-Devonia n 

1570.6-1667.2 
( U n i t l ) 

1667.2-1837.0 
(Unit 2 ) 

2570.0-2941.3 
(Unit A ) 

2941.3-3467.7 
(Uni tB) 

3467.7-3905.5 
(Uni tC) 

3905.0-4071.2 
(Unit D ) 

4071.2-4279.3 
(Unit E ) 

McLarty No . 1  Tota l Carribudd y ?  Siluro-Devonia n 452.0-675. 4 
19°23'45"S Exploratio n Formatio n (Uni t A ) 

123°39'30"E 452.0-1687. 3 
TD 2590. 1 

675.4-1414.8 
(Unit B ) 
1414.8-1511.5 
(Unit C ) 
1511.5-1577.9 
(Unit D ) 

1577.9-1687.3 
(Unit E ) 

Dolomite wit h som e micro -
crystalline anhydrite; sand -
stone an d dolomiti c siltstone . 

Dolomite, dolomiti c siltstone , 
some anhydrite. 

Dolomite, siltstone , sand -
stone. 

Dominantly halite; coars e 
anhydrite i n claystone . 

Claystone, wit h som e micro -
crystalline anhydrite i n 
sandstone; som e halite i n 
sandy limestone . 

Claystone, wit h dolomit e an d 
interbedded halite. 

Claystone an d dolomit e wit h 
rare thi n bed s an d vein s o f 
halite an d anhydrite. 

Carribuddy Formation 
No. 9 , 2608.5-2611.5 , rec . 3. 0 m . 
anhydride sandy dolomite . 
No. 10 , 2768.8-2771.9 , rec . 3. 0 m . 
anhydride dolomit e an d 
anhydrite veins . 
No. 11 , 2929.4-2932.5 , rec . 1. 8 m , 
anhydride dolomite . 
No. 12 , ni l rec . 
No. 13 , 3095.2-3102.9 , rec . 4. 6 m , 
55% halite, 35 % quartz . 
No. 14 , 3276.6-3282.7 , rec . 0. 4 m . 
halite an d quartz . 
No. 15 , 3543.0-3546.0 , rec . 2. 1 m , 
anhydride calc . claystone . 
No. 16 , ni l rec . 
No. 17 , 3742.0-3744.5 , rec . 2. 4 m , 
limestone. 
No. 18 , 3864.3-3867.3 , rec . 3. 6 m , 
50% clay , 23 % quartz , 22 % 
halite an d /ia//7e-bearin g lime -
stone. 
No. 19 , 4031.3-4034.3 , rec . 3. 0 m , 
60% dolomite , 10 % clay , 15 % 
quartz, 5 % halite . 
No. 20 , 4191.6-4193.7 , rec . 1. 2 m , 
siltstone. 

9.1-m interval s t o 975.4 , 
and 3.0- m interval s t o T.D . 

Dolomite wit h interbed s o f 
shale, an d shal e an d siltstone . 
Halite an d anhydrite inter -
calations toward s base . 
Halite, mino r mudston e an d 
traces o f anhydrite. 
Mudstone wit h som e halite 
inclusions. 
Halite an d mudston e inter -
bedded at  top , overlyin g 
mudstone wit h halite an d 
anhydrite inclusions . 
Mudstone, anhydrite an d 
anhydride dolomit e i n uppe r 
part (1577.9-1630.6) , an d 
limestone, mino r shal e an d 
and anhydrite (1630.6-1687.3 ) 

No. 5 , 463.2-466.3 , rec . 2. 4 m . 
No. 6 , 577.5-580.6 , rec . 1. 9 m . 

No. 7 , 735.7-738.8 , rec . 1. 7 m . 
No. 8 , 738.8-744.9 , rec . ni l 
No. 9 , 1288.3-1291.4 , rec . 2. 7 m . 
No. 10 , 1495.9-1499.0 , rec . 2. 9 m . 

No. 11 , 1663.9-1666.3 , rec . 2. 8 m . 

0 -TD a t 1.5- m intervals . 



T A B L E 3  (cont . ) 

Well name, Company/ Formation Age Interval Brief description Core Cuttings 
coordinates, drilling thickness 
total depth authority 

Parda No . 1 Wapet Carribuddy ? Siluro-Devonia n 
18°56'08"S Formation 

122°00'34"E 980.2-1183.8 
TD 1906. 8 980.2-1152.1 Red-brown claystone , wit h 

anhydrite i n fine-medium 
crystalline nodule s an d als o 
as powde r disseminate d 
through th e claystone . 

Sidewall core s 2 0 ( 2 ) - 7 ( 2 ) Available 

1152.1-1183.8 Green an d grey-gree n clay -
stone, moderatel y t o ver y 
anhydritic, an d limeston e wit h 
anhydrite crystals . 

Sidewall core s 5 ( 2 ) - l ( 2 ) Available 

Goldwyer Ordovician 1183.8-1269. 4 Limestone, anhydrite, No. 1 , 1184.7-1188.1 ; rec . 3. 4 m . 
Formation dolomitic an d pyritic . 
1183.8-1495.3 

Munda No . 1 
19°28'27"S 

122°17'32"E 
TD 1066. 8 

Wapet Carribuddy 
Formation 
800.4-1066.8 

Siluro-Devonian 800.4-1012.5 
(Unit A ) 
1012.5-TD 
(Uni tB) 

1012.5-1021.9, halite commo n 
in claystone . 
1021.9-1066.8, halite, massiv e 
rock salt , brown , pin k an d 
colourless, transparen t t o 
translucent, coarsel y crystal -
line. Ban d an d fragment s o f 
claystone simila r t o 961.9 -
1012.5 wit h mino r siltston e 
and shale . 

Sidewall cor e a t 1036.3 , rec . 2. 5 
cm o f red-brow n an d gre y clay -
stone wit h whit e sal t stringers . 
No. 1 , 1060.7-1066.8 , rec . 6. 1 m . 
1060.7-1063.4, halite, brow n an d 
white wit h mino r ( ^ 1 0 mm ) 
beds o f limestone . 
1063.4-1066.8, halite wit h 
increasing amount s o f clayston e 
towards bas e o f core , brown-re d 
and grey-green . 

9.1-m intervals . 

Sahara No . 1 
21°04'40"S 

123°23'30"E 
TD 2120. 1 

Wapet Tandalgoo Re d 
Beds 
1127.8-1726.6 
Unit B 

Unit D 

Carribuddy 
Formation 
(1726.7-2120.1) 

Early Devonia n 

1199.3-1359.4 

1417.3-1726.6 

? Siluro-Devonia n 1726.6-2033. 0 
(Unit A ) 

2033.0-TD 
(Uni tB) 

Red sandston e wit h mino r Ni l 
siltstone; mino r anhydrite 
below 1341.1 . 
Red sandstone , wit h ?anhy-
drite o r ?kaolin . 
Shale, wit h rar e anhydrite 
and halite patches , spotted . 

Available 

No. 9 , 1552.0-1555.6 , rec . 2. 4 m . Availabl e 

No. 12 , 1999.7-2003.1 , rec . 3. 0 m . 

Shale an d claystone , wit h No . 
salt an d anhydrite a s nodule s cm . 
and crystals , an d rar e 
crystalline vein s up to 2.5 c m 

13, 2118.6-2120.1 , rec . 12. 7 

Available accordin g t o 
well completio n report , 
but non e show n 1798.3 -
1889.7 o n %  litholog y 
log. 
Available 



TABLE 3 (cont.) 

Willara No . 1 
19°10'48"S 

122°04'14"E 
TD 3903. 2 

Wapet Carribuddy 
Formation 
1255.1-1873.9 

? Siluro-Devonia n 

1255.1-1458.5 24. 4 m  claystone , underlai n 
(Unit A ) b y rock salt an d anhydrite. 
1458.5-1736.4 Claystone , siltston e an d sand -
(Uni tB) stone ; rock salt an d anhydrite 

throughout interval . 
1736.4-1873.9 Dolomit e wit h anhydrite t o 
(Un i tC) 1786.1 ; limeston e below . 

No. 2 , 1284.7-1287.8 , rec . 3. 1 m . 
No. 3 , 1459.1-1462.1 , rec . 0. 4 m . 
No. 4 , 1602.0-1605. 1 ,rec . 2. 7 m . 
No. 5 , 1739.2-1743.8 , rec . 3. 5 m . 

0-1143 at  9.1-m intervals . 
1143-TD a t 3.1- m intervals . 
1.5-m interval s durin g 
coring. 

Wilson Cliff s Australian MelJinjeric Middle t o Lat e 1009.1-1094.2 Dolomite wit h anhydrite i n No. 2, 1010.7-1016.8 . 0 -T D a t 3.1- m intervals . 
No. 1 Aquitaine Limestone Devonian (Member 2 ) thin beds , vei n filling s o r 
TD 3722. 2 Petroleum 966.8-1094.2 kernel o f oolites . No. 8, 1814.7-1819.3 , rec . 4. 2 m . 

Ltd Carribuddy ? Siluro-Devonia n 2029.3-2368.2 Grey calcareou s shale , No. 9, 1992.4-1996.8 , rec . 4. 6 m . 
Formation (Unit C ) anhydrite nodule s an d vein s i n No. 10, 2211.6-2214.9 , rec . 3. 3 m . 
1778.5-2532.8 

2368.2-2496.3 
(Unit D ) 

parts, trac e gypsum 
throughout. 
Mostly halite, trace s 
anhydrite, som e shal e an d 
sandstone. 

No. 11, 2434.1-2437.1 , rec . 3. 0 m . 

Goldwyer Middle Ordovicia n 2532.9-2847.4 Shale an d limestone , trace s No. 12, 2568.5-2572.2 , rec . 3. 7 m . 
Formation (Llanvirnian- anhydrite i n shale . No. 13, 2679.1-2683.7 , rec . 4. 6 m . 
2532.8-2847.4 ?Llandeilian) No. 14, 2780.9-2784.0 , rec . 3. 0 m . 

C A P R I C O R N E M B A Y M E N T 

Aquarius No. , 1 
22°37'13"S 

152°39'02"E 
T D 2650. 2 

Australian 
Gulf Oi l 

Unnamed Uni i 
1245.1-1702.3 

Unnamed Uni t 
1702.3-2642.6 

Early Tertiar y 

? Pre-Tertiar y 
Mesozoic 

1453.9-1472.2 

2079.0 

Interbedded shal e an d 
anhydrite. 

anhydrite 

Sidewall No . 2 0 1411.2 , rec . 40% , 
anhydrite an d sandstone . 
No. 19 , 1444.7 , rec . 80% , 
anhydrite. 
No. 15 , 1530.0 , rec . 100% , 
anhydrite an d sandstone . 
No. 14 , 2077.2-2083.3 , 0. 1 m . 
dense cryptocrystallin e anhydrite . 

Available, 3.0- m intervals . 

C A R N A R V O N B A S I N 

Dirk Harto g Wapet Dirk Harto g Silurian Limestone, shale , siltston e bed s 
No. 17 B Formation and vein s o f anhydrite. 

25°51'58"S 665-1404 
113°04'40,5"E 
TD 1523. 4 

Hamelin Poo l Magellan Dirk Harto g Late Siluria n 1130.8-1131. 4 Total o f 22. 9 m  halite i n No. 1 , 1103.0-1104.5 3.0-m interval s t o T D 
No. 1 Petroleum Formation 1164.9-1165.5 seven beds . No. 2 , 1240.5-1244.8 

26°0r31"S (Australia) 209.4-1558.4 1236.8-1243.5 No. 3 , 1244.8-1262.1 
114°12'17"E Ltd 1245.1-1247.5 No. 4 , 1275.8-1282.2 
TD 1595. 3 1274.6-1277.7 

1283.8-1288.6 
1388.6-1391.7 

(100% recovery i n al l cores ) 



T A B L E 3  (cont.) 

Well name, 
coordinates, 
total depth 

Company/ 
drilling 
authority 

Formation 
thickness 

Age Interval Brief description Core Cuttings 

Hamelin Poo l 
No. 2 

26°08'55"S 
114°21'24"E 
TD 1219. 2 

Magellan 
Petroleum 
(Australia) 
Ltd 

Dirk Harto g 
Formation 
196.9-1219.2 

Late Siluria n 1138.7-1139.6 
1174.1-1167.9 
1174.1-1176.7 

Total o f 5. 2 m  halite i n thre e 
beds. 

No. 1 , 1141.4-1150. 6 
No. 2 , 1150.6-1168. 9 
No. 3 , 1168.9-1187. 1 
No. 4 , 1187.1-1205. 4 
(100% recover y i n al l cores ) 

3.0-m interval s t o TD . 

Pendock l .D . 
No. 1 

23°17'02"S 
113°20'iO"E 
TD 2500. 9 

Wapet Dirk Harto g 
Formation 
1849.5-2500.9 

Late Siluria n 1901.9-1905.0 
1929.3 
2127.2 
2136.6-2139.6 

Anhydrite 
Anhydrite 
Anhydrite 
Anhydrite 

Nil Available 3.0- m interval s 

Quail No . 1 
23°57'04"S 

114°29'57"E 
TD 3580. 5 

Wapet Dirk Harto g 
Formation 
3081.8-3549.1 

Silurian 3081.8-3205.9 
3205.9-3355.2 
3355.2-3416.8 
3416.8-3549.1 

Sandstone 
Dolomite 
Anhydrite, dolomite , siltston e 
Dolomite, siltston e 

No. 17 , 3111.4-3112.0 , rec . 0.05 m , 
siltstone 
No. 18 , 3261.7-3262.3 , rec . 0. 3 m , 
dolomite 
No. 19 , 3401.6-3403.7 , rec . 1. 8 m , 
3401.6 anhydrite, 3402. 2 dolomite , 
3403.7 siltstone , 3403. 7 anhydrite 

Available 

Wandagee No . 1 
23°53'15"S 

114°23'51"E 
TD 1073. 2 

Wapet Dirk Harto g 
Formation 
278-810.8 

Silurian 278-398.7 
398.7-626.4 

626.4-685.2 

685.2-810.8 

Sandstone, mino r lutite s 
Oolitic dolomite , mino r 
lutites, som e anhydrite i n 
lower 6 0 m . 
Dolomitic siltstone , mino r 
claystone, dolomite , lense s o f 
anhydrite 
Anhydritic dolomite , 
siltstone. 

No. 2 , 423.1-424.9 , rec . 1. 5 m , 
siltstone, claystone , dolomite . 
No. 3 , 515.4-519.1 , rec . 3. 1 m , 
siltstone, dolomite . 
No. 4 , 598.9-602.6 , rec . 9  m , 
dolomite, anhydrite . 
No. 5 , 704.1-707.7 , rec . 3. 6 m , 
dolomite. 
No. 6 , 775.1-778.8 , rec . 3. 4 m , 
dolomite. 

0-914.4 at  3.1- m intervals . 
914.4-TD a t 1.5- m interval s 

Yaringa No . 1 
26°03'58"S 

114°21'35"E 
TD 2288. 4 

Continental 
Oil Co . o f 
Australia 

Dirk Harto g 
Formation 
146.3-1526.4 

Late Siluria n 1204.5-1271.1 
1342.6-1345.6 

33.2 m  o f halite i n seve n beds . 
3.0-m be d o f halite. 
Total o f 36. 2 m  o f halite i n 
eight beds . 

No. 15 , 1235.9-1239.0 , rec . 2. 6 m . 3.0-m interval s t o TD . 

O F F I C E R B A S I N 

Birksgate No . 1 
27°56'20"S 

129°48'10"E 
TD 1878. 2 

Continental 
Oil Co . o f 
Australia 

Unit 'B ' 
662.3-952.5 

Proterozoic 777.2-798.5 Shale an d limeston e wit h 
up t o 10 % anhydrite. 

Nil Available 

BMR Madle y 
No . 1 

24°13'40"S 
124°20'50"E 
T D 207. 6 

Bureaui o f 
Mineral 
Resources 

Unnamed 
formation 
0-TD 

Proterozoic 0 - 4 6 
4 6 - 7 3 
73-143 

143-154 
154-161 
161-204 

Dololutite, mino r gypsum 
Gypsum, dololutit e 
Dololutite, mino r gypsum . 
N.R. 
Dololutite, gypsum brecci a 
Dololutite, anhydrite brecci a 
minor lithi c arenite , tr . 
halite. 

Cored 43-45 , 154-208 , 92 % rec . 0-143 at  1.52- m intervals . 



TABLE 3 (cont.) 

BMR War n Bureau o f Unnamed ? Proterozoi c 0-12 4 Gypsum, gre y friabl e dolo - Continuous core s 3-206 , 98 % 205-TD a t 3-m interval s 
No. 2 0 Mineral formation mite, gypsiferou s dolomite , rec. 

24°05'S Resources 0 -TD minor dolomiti c anhydrite 2 0 6 - T D , 9 % rec . 
124°33'E and anhydrite. 

2 0 6 - T D , 9 % rec . 

TD 265. 5 124-161 Gypsum, gre y friable dolomite , 
gypsiferous dolomite , dolomiti c 
anhydrite, anhydrite 

161-203 Anhydrite, anhydrid e dolo -
mite, gre y friabl e dolomite . 

203-206 Anhydrite wit h halite i n halite 
matrix. 

206-266 Halite. 

Browne No . 1 Hunt Browne Bed s Proterozoic 132.6-386. 8 Interbedded calcareou s shale , No. 2 , 213.4-216.4 , rec . 1. 0 m . 
25°51't5"S Oil Co . 132.6-386.8 dolomitic limestone , anhydrite, No. 3 , 257.6-260.6 , rec . 2. 7 m . 

125°48'58"E gypsum an d halite. No. 4 , 354.5- ? rec . 0. 1 m . 
TD 386. 7 No. 5 , 354.5-357.3 , rec . 2. 3 m . 

Browne No . 2 Hunt Browne Bed s Proterozoic 262.1-292. 6 Evaporites occu r i n thi n bed s No. 2 , 259.1-262.1 , rec . 1. 9 m . 0-228.6 
25°56'00"S Oil Co . 262.1-292.6 or a s secondar y fractur e No. 3 , 288.3-291.4 , rec . 0. 4 m . 

125°57'45"E fillings. Ma y b e equivalen t 
No. 3 , 288.3-291.4 , rec . 0. 4 m . 

TD 292.( > to Babbagool a Beds . 

Byilkaoora No . 1 South Observatory Hil l Cambrian Uni t II I Clayey an d calcareou s dolo - Continuous 13.1-TD , rec . 100% . Surface-13.1 
27°17'00"S Australia Beds 259.0-322.5 mite wit h pseudomorphs after 

Continuous 13.1-TD , rec . 100% . 

133°30'30 , , E Dept. o f 155.8-379.4 evaporite minerals. 
TD 496. 7 Mines & Calcite pseudomorph s afte r 

Energy shortite an d trona a s sub -
spherical, 'feathery ' rosett e 
and cuneifor m crystal s an d 
crystal aggregate s embedde d 
in claye y an d chert y carbon -
ate matrix . 

Unit I I Very fine-grained  sand y 
322.5-376.0 carbonate roc k flecked  wit h 

?carbonate pseudomorphs of 
evaporite mineral o f crysta l 
morphology differen t t o thos e 
in Uni t III . 

Yowalga No . 2 Hunt-Placid Babbagoola Bed s Proterozoic 851.3 m  dolomiti c t o No. 5 , 851.0-854.0 , rec . 1. 9 m . Available 
26°10'12"S Oil Co . 845.9-989.4 anhydritic sandston e (10 % No. 7 , 891.8-894.8 , rec . 1. 9 m . 

125°58'O0"E Unit A anhydrite). 
TD 989. 4 845.9-887.0 893.0 m  silicifie d dolomit e 

Unit B anhydrite. 
887.0-893.0 893.3 m  anhydrite (70% ) 
Unit C 
893.0-989.4 



A D A V A L E B A S I N 

T h e Adavale Basin (F ig . 3 ) is entirely concealed 
benea th 1000-3000 m of Gali lee Basin Pe rmian and 
Carboniferous sediments and the practically flatlying 
sediments of the E r o m a n g a Basin sequence (Jurassic-
Cre t aceous ) . I ts lower Palaeozoic s t rat igraphy (after 
Gal loway, 1970) is shown in Tab le 4. 

Five pe t ro leum explorat ion wells have penetrated 
rock salt a long the eastern marg in of the basin: Boree 
N o . 1, Alva N o . 1, Bonnie N o . 1, Bury N o . 1, and 
Stafford N o . 1 (Fig . 4 ) . T h e salt occurs in the Eton­
vale Format ion , in t he Boree Salt Member , whose ex­
tent has been outl ined by seismic work. 

T h e greatest thickness of salt is thought to be in 
an e longate nor theas t - t rending body between the War -
rego Fau l t and Stafford N o . 1 well. In this well the 
salt occurs below 2 6 7 0 m, and is about 75 m thick; 
close to the fault it has been est imated from seismic 
surveys to be up to 9 0 0 m thick, with its top only 
900 m deep in places. T h e salt has not been drilled 
in the thickened zone, but t he marked thickening along 
the W a r r e g o Fau l t m a y be par t ly due to diapirism. 

A probable salt diapir was detected by the Lake 
D a r t m o u t h seismic survey in 1965 about 100 k m south 
of Stafford N o . 1 well (Tallis & FjelstuI, 1966 ) . T h e 
seismic work also showed tha t the unconformity at 
the base of the P e r m i a n has a very uneven surface, 
which has been interpreted as hogbacks of Devonian 
sediments p ro t rud ing into the Pe rmian sequence; any 
evaporites present would be expected in the t roughs 
between. 

Keevers (personal communica t ion ) considers that 
the Adavale Basin was an int racratonic basin separated 
from the Coope r Basin to the west dur ing deposition 
of the Cooladdi Dolomi te , and bar red to the east. The 
eastern par t of the basin, where the classical evaporite 
sequence from carbonates through anhydr i te and salt 
to potash salt occurs , would have been the deepest, 
and the thickest salt would be expected there . Strong 
correlat ion between geophysically identifiable units in 
the wells Bonnie N o . 1, Boree N o . 1, and Bury N o . 1 
suggests little d is turbance of t he sedimentary sequence 
as far east as Bury N o . 1, which is only about 4 km 
west of the War rego Faul t . In terpre ta t ion of seismic 
records by Har togen suggests the thickening was caused 
by thrust ing ra ther t han diapirism. Thrus t faults are 
present in sediments on the west side of the Pleasant 

Creek Arch , and are part icularly clearly defined in t he 
Bury Limestone. 

A salt pillow is evident on the seismic cross section, 
10 k m southwest of Stafford N o . 1. T h e salt he r e is 
640 m thick and only about 30 m deeper t h a n at 
Stafford. At the western edge of the salt m e m b e r t he 
thickness of the interval f rom the base of t he P e r m i a n 
to the top of the salt is 1500 m. T h e Devonian sequence 
pinches out towards the west, bu t the older beds 
(?Log Creek F o r m a t i o n ) thin m u c h m o r e rapidly than 
those in the younger sequence (Etonvale F o r m a t i o n ) . 
In the area of salt deposition the Bury Limes tone 
appears t o thin rapidly towards the centre of the salt 
basin. Seismic reflections in the centre of the basin 
indicate, at the base of the salt section, the presence 
of a lenticular body which may possibly be anhydr i te . 
T h e electric logs in Bonnie N o . 1, Boree N o . 1, and 
Bury N o . 1 wells clearly indicate the presence of an­
hydri te . 

Salt solution has been used to explain several un­
usual structures similar to those described in the Can­
ning Basin. In the Adavale Basin salt solution could 
have occurred in the east towards the fault in D 2 t ime, 
and in the west dur ing the late Devonian , t h o u g h in 
some places it is difficult to decide if t he s tructures 
have been caused by removal of salt or if two different 
formations interfinger. Har togen considers tha t the 
sequence in Leopardwood N o . 1 indicates tha t salt was 
originally present . The re is an anomaly on the seismic 
section east of Leopardwood N o . 1 and west of the 
main salt zero line which is almost certainly a salt out­
lier and, therefore, indicative of solution be tween tha t 
point and the zero line. Clastic rocks p redomina te in 
Leopardwood N o . 1 well, and the only evapori te 
minerals are traces of anhydri te and accessory dolo­
mite. Keevers (personal communica t ion) considers 
that this fact, the reduced thickness of the D 3 hor i ­
zon, and the position of the section in the basin m a k e 
it unlikely that this par t of the section ever conta ined 
m o r e than traces of salt. 

T h e evaporite sequence in the Adavale Basin is the 
only one in Austral ia known to include interbeds of 
potass ium minerals. Sylvite occurs in Bonnie N o . 1, 
Bury N o . 1, and Boree N o . 1 wells (Fig . 5 ) . In Bonnie 
N o . 1 coarse sylvite and hali te occur in a bed 10 c m 
thick in core no. 3, at 2243.9 m (Fig. 6 ) ; in Bury N o . 1 

TABLE 4. LOWER PALAEOZOIC STRATIGRAPHY OF T H E ADAVALE BASIN 
(AFTER GALLOWAY, 1970) 

Lower Permian Siltstone, shale 
MAJOR UNCONFORMITY 

Upper Devonian to Buckabie Formation 0-2 100 m Sandstone, siltstone, shale 
Lower Carboniferous 

0 - 240 m D l Shale—siltstone member 
Etonvale Formation 0 - 500 m D2 Sandstone member 

Middle Devonian 0 - 40 m D3 Cooladdi Dolomite Member 
Boree Salt Member 

UNCONFORMITY — — 
Log Creek Formation 0 - 600 m D4 Gilmore Sandstone Member 

0 - 450 m Shale member 
0 - 600 m Bury Limestone Member 

Gumbardo. Formation 0 - 750 m Volcanic rocks, tuffs and sediments 
MAJOR UNCONFORMITY 

Ordovician to Silurian Igneous and metamorphic rocks 

14 
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Salt bodies O Drill hole 
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Fig. 3. Adavale Basin ; structure an d distributio n o f Bore e Sal t Member . 
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Fig. 6 . Coars e sylvit e an d halit e i n cor e no . 3  (224 4 m) , 
Bonnie No . 1  well , Adaval e Basin . K-sylvite , Na-balite . 

(GA/5495) 

sylvite occurs in core no. 8 at 1810.5-1810.7 m and 
core no. 9 at 1970.4-1970.5 m; in Boree N o . 1 core no. 
19 contains a 2.5-cm bed and irregular pods of sylvite 
at 2125.7 m, and about 15 cm of interbedded sylvite 
and halite at 2129.3 m. Keevers (1968) suggested that 
in Bury N o . 1 there is evidence of two evaporite 
cycles, with the second cycle only part ly developed or, 
alternatively, partly removed by erosion or solution. 

A reinterpretat ion of the strat igraphy of the basin 
has been made by Paten (1977) and is compared with 
that of Gal loway in Fig. 7. Paten envisages a t rans-
gressive-regressive cycle of sedimentat ion to account 
for the facies changes, with a m a x i m u m transgression 
in the Middle Devonian. T h e sediments are pre­
dominant ly red beds with the exception of the early 
fluviatile and adjacent mar ine beds. T h e history of the 
basin began with the deposition of the Lower to Middle 
Devonian Eastwood Beds in a southwards migrating 
delta system, originating from the Ya raka Shelf, de­
posited on a Lower Devonian basement of red beds and 
volcanics. T h e Eastwood Beds pass southwards into 
marine shale and limestone of the Log Creek F o r m a ­
tion. T h e succeeding Middle Devonian carbonate phase 
shows a gradation from near-shore tidal-flat sediments 
of the Lissoy Sandstone, th rough thin, shallow-water, 
lagoonal, back-reef sediments of the Cooladdi Dolo­
mite, to reefal and carbonate m o u n d s of the Bury 
Limestone in the east. Reefal condit ions existed in the 
limestone facies of the Bury Limestone along the area 
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subsequently occupied by the Pleasant Creek Arch, and 
carbonate mounds occur in the l imestone/shale facies 
of the formation. Barring of the basin in the east by 
carbonate building up along the Quilberry Dar tmou th 
trend, and a corresponding encroachment of desert con­
ditions from the west resulted in the evaporitic phase 
of the Etonvale Format ion , with the Boree Salt Mem­
ber grading westwards into a nearshore sandstone mem­
ber and eastwards into evaporitic carbonates . The post-
evaporitic phase produced the red beds of the Etonvale 

and Buckabie Format ions . The basin was cut by Late 
Carboniferous faulting, and salt solution and migration 
into salt pillows modified the structure and distribution 
of the evaporitic phase. Salt was mobilised into pillows 
along west-bounding faults. 

The presence of potash in the Adavale Basin and 
the classical evaporite sequence from dolomite through 
anhydrite to salt make it one of the most prospective 
basins in Australia, the most prospective area being 
next to the Pleasant Creek Arch. 

A D E L A I D E G E O S Y N C L I N E 

N u m e r o u s diapiric structures with cores of calcitic 
or dolomitic siltstone breccia occur in the Flinders 
Ranges of South Australia, and have been well docu­
mented (Webb , 1960, 1961 ; Coats , 1964, 1965, 1973; 
Dalgarno & Johnson, 1968; Binks, 1 9 7 1 ) . 

Dur ing deposition of the early Sturtian (late Pre­
cambr ian) and lower Cambr ian sediments, which to­
gether exceed 15 000 m in thickness, an incompetent 
dolomite-siltstone sequence, the Cal lanna Beds, formed 
piercement structures, which influenced sedimentation. 
M o r e than thirty diapiric structures are present along 
linear trends (Fig. 8), which are regarded as a basement 
fault system. T h e injected material is a carbonate-silt-
stone breccia with abundant exotic blocks including 
crystalline basement . The re is no conclusive evidence of 
interbedded evaporites, but the grey siltstone in the core 
complex, contains abundant pseudomorphs after halite, 
and the red micaceous siltstone and well-bedded quartz-
ite of unknown affinities both contain rare pseudomorphs 
after halite. The siltstone and quartzite are thought to 
be probably equivalent to the Wil louran Series and 
part of the source beds for the diapirs. Alternatively, 
they are part of the overlying basal Burra Group , of 
Torrens ian age (late P r e c a m b r i a n ) , in which similar 
sediments with halite pseudomorphs are found. 

Many and varied mineral occurrences are known 
from the diapirs; some of the intrusions have been in­
vestigated in detail by the South Austral ian Mines 
Depar tment (Barnes, 1969, 1970; Johns, 1969; Langs-
ford, 1969) . 

Burns & others ( 1 9 7 7 ) , however, reject diapiric pro­
cesses in the Flinders Ranges to account for the breccia 
masses. T h e y suggest that the domes are not intrusive 
and do not have less dense core rocks. They suggest 
instead that much of the core breccia is formed by 
deformation of a stratigraphic unit composed of inter­
bedded competent and incompetent beds at a de-
collement and results from folding during the Late 
Cambr ian . They compare the Flinders Ranges structure 
to the Pyrenees or Jura , which are foreland terrains 
incorporat ing ductile basal formations. 

The evidence for diapirism in the breccia masses is 
supported by that given in Coats ( 1 9 7 3 ) , namely: evi­
dence for periodic movement over about 150 m.y.; 90° 
angular unconformities in the sequence adjacent to the 
diapirs; boulder trains of diapiric detritus in the rim 
sediments, indicating exposure of the core at various 
intervals; local uplift of sediments related to injection 
of the core complex; movements in the diapirs mainly 
preceded the Delamerian Orogeny. Many of the diapirs 
were initiated and localised in folds produced by the 
gentle warping and major faulting of the mild Sturtian 
Orogeny. The later Delamerian Orogeny probably 
mainly accentuated the earlier folds. 

In the Adelaide Geosyncline a late Ear ly Cambrian 
regression (Billy Creek Format ion) was followed by 

CAMBRIAN-MIDDLE AN D LOWE R 

LATE PRECAMBRIA N ADELAIDEAN 

OLDER PRECAMBRIA N 

Local Unconformity 

Callanna Beds,  in  diapirs 

Regional Unconformity 

Metamorpftic Basement 

Fig. 8. Diapir s i n th e Adelaid e Geosyncline . 

a mildly evaporitic redbed environment, which 
characterised, though with increased clastic contribu­
tion, most of the Middle to Late Cambr ian Lake F r o m e 
Group and its lithostratigraphic equivalents (Parkin, 
1969) . Watts & others (1966) described a sequence in 
Stansbury West N o . 1 well, at the southern end of 
Yorke Peninsula, which reached a total depth of 1745 
m. It penetrated an upper redbed sequence, of Cam­
brian age, at 335-579 m, unconformable beneath Per­
mian rocks, and a lower redbed sequence at 828-925 m. 
Both sequences are clastic, but traces of gypsum were 
recorded in the top of the underlying Parara Lime­
stone, which occurs at 925-1288 m. 

Stansbury N o . 1 stratigraphic well, 6 km east-south­
east of Stansbury West N o . 1, penetrated 140 m of 
Cambrian redbeds and was still in this sequence at 
total depth of 417 m. 
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Cambr ian redbed sequences were also intersected 
10.5 k m north of Stansbury West N o . 1, in the Min-
laton No . 1 well, which reached a total depth of 994 m 

and intersected 750 m of Cambr ian section, including 
redbed elastics. 

A M A D E U S B A S I N 

The Amadeus Basin (Fig. 9 ) is one of two sedi­
mentary basins in Australia in which bedded evaporites 
are exposed in eroded diapirs and other structures ( the 
Officer Basin is the o t h e r ) . T w o levels of evaporites 
are present in the basin: the late Precambr ian Bitter 
Springs Format ion , and the Ear ly Cambr ian Chandler 
Limestone (Wells & others, 1970) . Only the less soluble 
evaporites of the Bitter Springs Forma t ion are exposed 
(Fig. 10 ) . 

Outcrops consist mostly of ear thy weathered gyp­
sum, which generally occurs with outcrops of dolomite 
and shale, of the Bitter Springs Format ion . The un-
weathered form of the gypsum is distinct from that in 
modern gypsum deposits of playa lakes and soil pro­
files, in that it is crystalline, compact , and generally 
either strongly brecciated or tightly folded, and con­
tains, in many places, erratic blocks of dolomite . 

G y p s u m of the Bitter Springs Format ion crops out 
chiefly in a zone t rending east-southeast from John­
stone Hill in the northwest to a few kilometres north 

of Curt in Springs. Exceptions are an occurrence near 
the Gard ine r Faul t in the Gard ine r Range, and at the 
Ringwood D o m e in the east of the basin. 

In the Johns tone Hill-Curtin Springs zone the gyp­
sum crops out in the cores of eroded anticlines, in iso­
lated outcrops—which show no relation to the country 
rocks, and in structures that have been described as 
diapiric in origin. Three of the surface deposits, two 
of them outside the main zone, have been dri l led: at 
the Ringwood D o m e — B M R Alice Springs N o . 3 
(Stewart, 1 9 7 4 ) ; in the Gard iner R a n g e — B M R Mount 
Liebig N o . 1 (Wells & Kennewell , 1 9 7 2 ) ; and an out­
crop north of Curt in Spr ings—BMR Lake Amadeus 
Nos . 3, 3A, and 3B (Wells & Kennewell , 1972) . These 
holes are described later, as also is B M R Hermanns -
burg No . 40, a shallow exploratory hole drilled in the 
Goyder Pass structure. 

The Ringwood and Cur t in Springs holes produced 
similar sequences of strongly folded and part ly brec­
ciated gypsum, anhydri te , mixed evaporite rocks, and 
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dolomite. Anhydr i te first appears at about 100 m in 
each hole and increases with depth. T h e mixed 
evaporite rocks consist of anhydri te , gypsum, dolomite, 
and euhedral quar tz in various proport ions . 

T h e hole drilled in the Gard iner Range penetra ted 
90 m of brecciated mixed evaporite rocks and 210 m 
of pink and red halite, which contains minor impurities. 
The red, probably caused by ferric iron content , may 
indicate a shallow-water environment . The rocks of 
the top 90 m are very similar to those of subrosion 
zones in G e r m a n salt domes (Richter-Bernburg, 1 9 7 2 ) . 
The salt in the lower part of the drill hole has a brec­
ciated appearance , but no features of strong tectonic 
t ransport . A brecciated appearance can be caused by 
erosion of salt, owing to the influx of undersa tura ted 
salt water into a basin: the beds of anhydri te remain 
and a breccia is formed by their collapse and re-
cementa t ion . T h e evaporites here were probably em-
placed by thrusting during the late Palaeozoic Alice 
Springs Orogeny. Decol lement folding is the typical 
tectonic style in the Amadeus Basin, being facilitated 
by the evapori te sequences in both the Bitter Springs 
Format ion and the Chandle r Limestone. 

T h e distribution of the gypsum outcrops in the John­
stone Hill-Curtin Springs zone is control led by struc­
ture, but why the outcrops are, in the main, restricted 
to this zone is not certain. In the centre and east of 
the basin, the wells that intersected halite lie outside 
the zone. The distribution of evaporites may mean that 
the centre of the evapori te basin lies within the eastern 
part of the A m a d e u s Basin, with a halite zone sur­
rounded by a gypsum 'halo ' . The residual 'bitter' l iquors 
with the most soluble salts would be expected in the 
palaeotopographic lows near the centre of this basin. 
Dur ing an investigation of the evaporites of the Bitter 
Springs Format ion , N e w m o n t drilled a hole at the 
eastern end of Lake Amadeus . T h e site was selected 
after considerat ion of the geophysical anomalies and 
structural f ramework of the basin. Sections, interpreted 
from magnetic profiles, were constructed across the 
basin, and an anomaly was found between the known 
thickness of sediments and the postulated dep th of 
basement . This was explained by the presence of low-
density halite in the sequence and Lake A m a d e u s 
being posit ioned where increased thickness of 
evaporites would be expected. Since both the nor thern 
and southern margins of the Amadeus Basin were 
formed by thrusting from the north and south, re­
spectively, the salt-lake chain is postulated to be posi­
tioned over a salt anticl inorium. In the hole drilled by 
Newmont , about 60 m of Cainozoic clay and silt over­
lies about 60 m of l imestone, dolomite, and sandstone 
of the Bitter Springs Format ion . T h e postulated salt 
anticl inorium could probably be best outl ined by de­
tailed gravity surveys, which could distinguish salt from 
anhydr i t e /gypsum intercalations. 

Pe t ro leum explorat ion wells in the A m a d e u s Basin 
penetra ted the Bitter Springs Fo rma t ion in several 
structures, and thick salt sequences were intersected in 
Ooraminna N o . 1, Mt Char lot te N o . 1, and Er ldunda 
N o . 1 wells (Figs. 11, 12) . In addit ion, a younger 
evaporitic sequence in the Lower Cambr ian Chandler 
Limestone was penetra ted in Alice N o . 1, Orange N o . 
1, and M o u n t Char lot te N o . 1 (Fig. 13 ) . McDil ls N o . 
1 bot tomed in Lower Cambr ian Todd River Dolomite , 
which contains anhydrite-filled fractures, and for that 
reason it is included in this chapter , a l though it lies 
outside the Amadeus Basin boundary on Figure 9, and 
was, in fact, started in sediments of the E romanga 

Fig. 12 . Graphi c section s o f well s containin g evaporite s i n 
the Bitte r Spring s Formation , Amadeu s Basin . 
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Fig. 14 . Centra l par t o f th e Ringwoo d Dome , fro m th e southwest . Th e lowe r deepl y dissecte d par t o f th e hil l consist s o f 
white earth y weathere d gypsu m encrustin g th e underlyin g bedde d gypsum ; th e uppe r par t o f th e hil l consist s o f limestone . 

(GA/1405) 

Basin. The Bitter Springs Format ion is thought to 
underl ie the whole basin, whereas the Chandler Lime­
stone is restricted to the northeast and passes west 
into an arenitic facies without evaporites. N o major 
facies changes have so far been described in the Bitter 
Springs Format ion . 

There are also indications of evaporit ic environ­
ments in many of the younger formations in the Ama­
deus Basin. Hali te pseudomorphs , probably slightly 
older than the Chandler Limestone, have been recorded 
in the northeast , from the youngest beds of the A r u m -
bera Sandstone. Evidence of evaporit ic condit ions was 
also found in sandstone beds of the lower par t of the 
Cambr ian Goyder Format ion in the western par t of 
the Walker Creek Anticl ine, at many localities in silt­
stone of the Ordovician Stokes Siltstone and the Upper 
Ordovician Carmichael Sandstone of the Larapin ta 
G r o u p , and in the Uppe r Devonian Pa rke Siltstone 
of the Pertnjara G r o u p . The ?Devonian Horseshoe Bend 
Shale of the Finke G r o u p in the southeast contains 
halite pseudomorphs and is commonly gypsiferous. 

BMR ALICE SPRINGS No. 3 
(from Stewart, 1974) 

Drill site geology 
B M R Alice Springs N o . 3 drill site ( 2 3 ° 5 3 S , 

134°53 'E; T D 259.65 m ) is about 10 km southwest 
of Ringwood homestead and 38.4 k m east of Todd 
River homestead. 

The Ringwood D o m e is si tuated in the Eas tern 
MacDonnel l Ranges, a belt of long and nar row valleys 
and ridges curved in the folded and faulted sedimentary 
formations of the Amadeus Basin sequence. It con­

sists of a core of gypsum, anhydr i te , and several 
varieties of dolomite, su r rounded by an envelope of 
outward-dipping carbonate and clastic rocks. Both the 
evaporite body and sur rounding rocks are par t of the 
Gilien Member of the Bitter Springs Format ion . The 
gypsiferous mass forming the core of the Ringwood 
D o m e has a hook-shaped ou tc rop in plan, elongated 
east-west, and measur ing 1.6 km by 0.8 km. It forms 
a prominent steep-sided hill, whose lower half is 
covered with white, ear thy, weathered gypsum with a 
hummocky surface (F ig . 1 4 ) . The upper half of the 
hill is composed of l imestone. N u m e r o u s steep-sided 
gullies radiate from the crest of the hill and reveal 
grey bedded gypsum beneath the crust of ear thy gyp­
sum. Small blocky fragments of grey, fine-grained dolo­
mite can be found loose on the sides of the hill, but 
are not abundant . 

Structurally, the Ringwood D o m e is not a perfect 
dome, but an east-trending anticline that plunges gently 
westwards at its western end and has an isoclinal 
eastern end, where both limbs dip steeply south. N o 
plunge is discernible here , owing to lack of outcrop, 
but the exposed gypsum tapers to a thin 'tail ' only a 
few metres wide, suggesting that wha t plunge exists is 
probably eastwards. T h e gypsum almost certainly con­
tinues west along the anticline for some distance beyond 
its present area of exposure. The anticline is bounded 
on the north by a mass of Lower Cambr ian carbonate 
rocks of the Per taoorr ta G r o u p ; these are in fault con­
tact with the Bitter Springs sediments, and dip south­
wards beneath them. T h e continuity of beds of the 
Bitter Springs Format ion on top of the anticline with 
those on its nor thern flank indicates that no diapiric 
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movement by the central salt body took place at the 
present level of exposure. This is probably to be ex­
pected in view of the closeness in specific gravities of 
the exposed rock-types of the area. 

Description of rock-types 

Dolomite-gypsum breccia 
Dolomite-gypsum breccia is the most abundant rock-

type in the Ringwood core. It comprises clasts and 
broken and contor ted laminae of gypsiferous dolomite 
rock forming up to 50 percent of the total in a matrix 
of white crystalline gypsum. T h e clasts are composed 
of pale grey laminated dolomite, diffusely speckled and 
mottled with white gypsum. They range in size up to 
10 cm across, are angular to sub-rounded, equant to 
tabular , and are commonly arranged in a subparallel 
orientat ion, so that the rock has both a partly bedded 
and a partly brecciated appearance. A few clasts are 
composed of dark grey soft friable dololutite. 

In thin section, the breccia appears as a mixture of 
medium to coarse-grained granular gypsum and 
abundant ra ther ragged fragments of fine-grained gyp­
siferous dolomite rock, plus many partly dismembered 
laminae of dolomite, and isolated rhombs of re­
crystallised dolomite (Fig. 15 ) . The dolomite laminae 
commonly extend without interruption through several 
gypsum crystals. In many places, the gypsum forms 
granular masses of fine-grained subhedral crystals, and 
in places these grade into laminae and small cross-
cuttings veins and veinlets of acicular gypsum. In­
clusions of other minerals are c o m m o n in the gypsum, 
and, apart from the dolomite already mentioned, in­
clude anhydrite (Fig. 1 6 ) , quar tz , tourmaline, celestite, 
and pyrite; the anhydri te inclusions increase in size and 
abundance down the core, and many display a com­
mon optical orientation. Below 141.7 m anhydrite is 
sufficiently abundant in the rock to form laminae of 
pure crystalline anhydri te; in every case, these lamniae 
are separated from the rest of the dolomite-gypsum 
breccia by layers (or selvedges) of clear prismatic gyp­
sum. Rare laminae of felted anhydri te plus granular 
dolomite are present below about 200 m. 

The clasts of gypsiferous dolomite are composed of 
masses of very small anhedral grains of dolomite set 
in a subordinate patchy matr ix of poikilitic gypsum. 
Small euhedra of quar tz are the most abundant acces­
sory, but there are also aggregates of anhedral angular 
silt-sized quar tz grains, which grade into distinct silty 
laminae of dolomite, quartz, and gypsum. Other acces­
sory minerals include irregular patches of chalcedonic 
silica, euhedral pyrite, tourmaline, and rutile, anhedral 
sphene, ragged porphyroblasts of chlorite (Fig. 17) , 
and organic mat ter staining. Between 85.34 m and 
86.87 m, the silty laminae contain abundant grains of 
microcline, plus increased amounts of tourmaline, rutile, 
and chlorite. 

Chemical analyses of three bulk samples of the 
breccia are listed in Table 5. 

Bituminous dolomite 

Bituminous dolomite is the characteristic rock-type 
of the lower part of the core, and is dark grey, grey-
brown, or black, very fine-grained, tough, commonly 
colour-laminated, and almost everywhere brecciated. 
The clasts are sharp-edged and blocky, and generally 
range up to 2 cm across; a few are up to 5 cm across. 
They are set in a cement of white, grey-blue, or blue 
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Fig. 15 . Dolomite-Gypsu m breccia , showin g ragge d clast s o f 
fine-grained gypsiferou s dolomit e an d euhedra l rhomb s o f 
recrystallised dolomit e i n coarse-graine d granula r gypsum ; 

from 35.6 1 m . Plan e polarise d light , x  37 . (M/1289 ) 

Fig. 16 . Gypsu m poikilith s (on e i n extinctio n position ) con -
taining inclusion s o f anhydrite ; fro m 225.8 7 m . Crosse d 

nicols, x  75 . (M/1453 ) 

Fig. 17 . Ragge d porphyroblast s o f chlorit e i n gypsiferou s 
dolomite rock ; fro m 86.2 8 m . Crosse d nicols , x  300 . 

(M/1453) 
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T A B L E 5 . C H E M I C A L A N A L Y S E S O F R I N G W O O D E V A P O R I T E S 

Sample No* 306 307 308 309 310 311 312 313 314 315 316 317 
Lithology Bul k Sample s Dolomite-gypsu m brecci a Dololut i t e Bituminou s dolomit e 
Depth (m) 0 - 2 6 0 0 - 1 3 3 1 3 3 - 2 6 0 45 .7 2 120.3 9 225.5 9 43 .8 0 155.1 1 250 .2 0 171.3 5 207.0 3 244.3 3 

- 4 7 . 2 4 - 1 2 1 . 9 2 - 2 2 7 . 1 1 &  171.7 1 &  207.16 &  245.6 5 
Sample 
type Cuttings Cutting s Cutting s Cuttings Cuttings Cutting s Core Core Core Core Core Core 

S i O . 11.6 9.75 13.3 6.20 7 .20 9.00 33.2 32.3 30.4 34.3 5.35 43 .4 
A I 0 O 3 1.53 1.26 1.75 0.81 1.06 1.50 5.25 5.70 6.15 0.11 0.67 0.10 
F e - 0 3 * * 0.51 0.38 0.63 0.46 0.24 0.29 1.35 1.25 1.50 0.30 0.58 0.33 
C a b 26.9 28.1 26.3 33.0 31.1 28 .0 14.5 14.1 15.1 20.6 28 .0 17.5 
M g O 7.40 5.25 9.25 3.00 4 .60 4 .40 17.4 17.6 16.0 10.2 19.3 10.2 
Na-.O 0.10 0.03 0.16 0.03 0.05 0.09 0.07 0.34 0.47 0.04 0.07 0.05 
K\.6 0.17 0.19 0.14 0.16 0.12 0.09 0.38 0.34 0.36 0.02 0.06 0.02 
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 
H-.O* 2.30 3.30 2.75 5.80 1.30 1.65 3.55 3.50 4.35 1.89 1.15 0 .40 
H . O - 9.75 11.0 6.45 11.2 6.95 8.9 0.49 0.40 0.75 1.31 0 .60 1.01 
PL'O.-, 0.03 0.02 0.03 0.01 0.02 0.03 0.06 0.07 0.07 0.01 0.03 0.01 
TiOo 0.10 0.08 0.14 0.04 0.05 0.07 0.27 0.30 0.34 0.01 0.09 0.01 
SrO 0.05 0.06 0.04 0.05 0.08 0.06 0.01 0.06 0.02 0.02 0.01 0.01 
CI 0.10 0.03 0.17 0.02 0.05 0.08 0.04 0.30 0.32 0.04 0.06 0.04 
F 0.09 0.05 0.10 0.07 0.03 0.06 0.28 0.33 0.35 0.02 0.04 0.02 

0.1 0.1 0.6 1.0 0.1 0.1 1.2 1.5 1.5 0.1 0.1 0.1 
S 0 3 

27.9 31.9 23.4 33.5 43 .0 38.2 0.61 0.40 6.60 8.55 2.75 4.65 
C 0 2 

11.8 8.7 14.8 5.3 4 .70 7.00 21 .4 21.3 15.8 22 .6 40 .4 22.3 
Total 100.44 100.21 100.02 100.66 100.66 99.53 100.07 99 .80 100.09 100.11 99.28 100.16 
F e O * * * * 0.46 0.34 0.56 0.42 0.22 0.26 1.22 1.12 1.34 0.26 0.52 0.30 

Analyst: Australia n Minera l Deve lopmen t Laboratories , Repor t A N 3 2 4 9 / 7 3 , 1 6 Februar y 197 3 
* Precede d b y 7 1 1 1 0 * * An d tota l iro n 
*** Sulphid e plu s elementa l sulphu r 
**** Calculate d fro m F e 2 0 3 

anhydrite which in many places is part ly replaced by 
gypsum along the margins of the clasts. In some parts 
of the core, such as at 178 m, the anhydri te cement 
forms a single large skeletal crystal up to 10 cm across, 
poikilitically enclosing the dolomite fragments. 

In thin section, the bi tuminous dolomite is seen to 
be composed of a mass of very small irregular dolo­
mite grains tightly cemented together (Fig . 1 8 ) ; thin, 
linear, intersecting zones of coarser euhedral dolomite 
are present in places, and probably represent healed 
cracks in the rock. T h e colour lamination is found 
to be an effect of grainsize, the dark laminae being 

Fig. 18 . Brecciate d bituminou s dolomite , showin g angula r 
dolomite clast s cemente d b y coars e gypsu m containin g rem -
nants o f clea r anhydrite ; fro m 170.6 6 m . Crosse d nicols , 

x 6 8 . 

finer-grained than the pale laminae. Minor consti tuents 
in the dolomite clasts include isolated euhedra of 
quartz, small masses of chalcedonic silica, disseminated 
pyrite, dark brown organic mat ter , and tiny rounded 
grains of detrital material . 

The cement between the dolomite fragments consists 
of medium to coarse-grained colourless anhydri te , 
generally accompanied by gypsum; in a few places, 
the cement is composed solely of anhydri te or gypsum. 
T h e anhydri te forms elongate prismatic crystals, which 
generally have a r andom orientation, but in some places 
are parallel or subparallel to the margins of the dolo­
mite clasts. The gypsum (o r where gypsum is absent, 
the anhydri te) forms large, skeletal, single crystals 
which enclose several dolomite clasts. Included anhydri te 
grains are abundant in the gypsum, and generally have 
a c o m m o n optical orientat ion, indicating that they are 
remnants of larger anhydri te crystals which have been 
partly replaced by gypsum. Dolomite along the margins 
of the clasts next to gypsum is in places recrystallised 
to much coarser grains. In a few places, the cement 
between the dolomite fragments consists of subhedral 
to euhedral dolomite which is much coarser-grained 
than that of the fragments. In these areas pyrite is also 
coarser-grained than normal , and organic mat ter is con­
centrated at the junction of fine and coarse-grained 
dolomite (Fig. 1 9 ) . 

Impure varieties of the bi tuminous dolomite contain 
masses and laminae of pale brown very fine-grained 
chalcedonic silica, forming up to 50 percent of the rock 
in a few places. Unde r high power, blebs of bi tuminous 
organic mat te r are visible in the silica. 

Table 5 lists chemical analyses of three composi te 
samples of bi tuminous dolomite . 

The single bed of bi tuminous dolomite in the upper 
part of the core, between 67.31 m and 68.25 m, is 
massive and non-brecciated, and has a finely spotted 
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Fig. 19 . Recrystallise d bituminou s dolomite , showin g 
coarsened subhedra l t o euhedra l dolomit e an d concentra -
tions o f opaqu e organi c matte r aroun d clast s o f fine-graine d 
unrecrystallised dolomit e fro m 161.2 1 m . Plan e polarise d 

light, x  125 . (M/1449 ) 

appearance. Each spot consists of a single anhedral 
gypsum crystal, which is generally accompanied by a 
single euhedral quar tz crystal crowded with minute 
dusty inclusions; a dark ring of organic mat ter sur­
rounds each gypsum spot. 

Dololutite 

The dololutite in the Ringwood core is pale to dark 
grey, soft and friable, very fine-grained, massive to 
poorly bedded rock which is easily crumbled by the 
fingers; it was originally identified as 'claystone' at 
the drill site (Stewart , 1974) . It forms discrete beds, 
which are up to 1.3 m thick and generally cut by an 
anastomosing network of gypsum veins; rough, uneven 
masses of concret ionary gypsum are also common in 
some beds. In thin section, the rock appears as a very 
fine-grained, faintly laminated, uncemented mass of 
tiny round grains of dolomite, many of which do not 
touch each other ; they range in diameter from 
0.0016 m m to 0.008 m m , and thus include both silt 
and clay-sized fractions. T h e rock is cut by a network 
of linear zones of coarse-grained dolomite, which, as 
in the bi tuminous dolomite, represent healed cracks, 
because streaky aggregates of pyrite are slightly offset 
where intersected by the coarser zones. Accessory 
minerals include abundant pyrite as isolated euhedra 
and elongate streaky aggregates, irregular streaks and 
regular veins of chalcedonic silica, rare needles of 
tourmaline, detrital grains of sphene, and dark laminar 
stains of organic matter , which is commonly concen­
trated in layers on each side of the veins of chalcedonic 
silica. Anhydri te is totally lacking in thin sections of 
dololutite, but some appears as a normative mineral 
in one of three analysed samples of the rock. The veins 
and masses of gypsum rock consist of coarse prismatic 
to equant anhedral gypsum accompanied by much 
coarse recrystallised dolomite at their margins. X-ray 
diffraction analysis of eight samples of dololutite in­
dicated the presence of chlorite and muscovite in the 
rock, but these minerals were not observed in thin 
section; however, chlorite is abundant as a normative 
mineral . Table 5 lists chemical analyses of three com­
posite samples of dololutite. 

Anhydrite 
Anhydri te rock is present only in the lower part of 

the core, below 141.73 m, and occurs as three varieties. 
The first is a speckled bluish-grey crystalline rock, 
medium-grained and lineated, forming discrete masses 
up to 0.69 m thick in the core; in places, the anhydrite 
is interlaminated with bituminous dolomite, and with 
disruption of the bedding this grades into the bitu­
minous dolomite breccia with subordinate anhydrite 
matrix (described above) . Crystalline anhydrite also 
forms contorted laminae in the dolomite-gypsum brec­
cia in the lower part of the core. In thin section, the 
crystalline anhydrite is seen to consist of coarse colour­
less equant to prismatic anhedral crystals of anhydrite, 
which show the cleavage traces and polysynthetic 
twinning characteristic of the mineral (Fig. 2 0 ) . Ac­
cessory minerals in the rock include numerous small 
euhedra of quartz (some of them b r o k e n ) , rare pyrite, 
and dark brown uneven laminae of organic matter; the 
anhydrite associated with the organic mat ter is very 
fine-grained and very anhedral . 

Fig. 20 . Mediu m t o coarse-graine d anhydrite , showin g 
lamellar twinnin g an d cleavag e traces . Quart z euhedr a als o 

visible; from 169.6 2 m . Crosse d nicols , x  41 . (M/1289 ) 

The second variety of anhydrite occurs only between 
186.39 m and 186.54 m, where it forms a dark grey 
to black fine-grained rock which contains anhedral crys­
tals of black dolomite up to 12 m m across; the rock 
has a prominent parting across the core. In thin sec­
tion, the rock consists of disturbed laminae of fine­
grained granular anhydrite with abundant organic mat­
ter, alternating with laminae of coarse-grained anhy­
drite, with a little euhedral dolomite, but without or­
ganic matter. The dolomite megacrysts comprise single 
crystals of dolomite crowded with anhedral inclusions 
of anhydrite and organic mat ter arranged in rows 
parallel to the lamination outside the megacryst. Sur­
rounding the dolomite megacryst is a nearly complete 
shell of clear, coarse, poikilitic gypsum with included 
grains of anhydrite. Accessory minerals in the rock in­
clude euhedra of quartz, dark brown needles of rutile, 
colourless needles of tourmaline, and tiny euhedra of 
pyrite. 

The third variety of anhydrite is a clear pale blue 
mineral which fills cross-cutting veins in the bituminous 
dolomite in the lower part of the core; the most pro­
minent veins are situated between 186.54 m and 
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187.45 m and between 231.65 m and 232.71 m. As 
elsewhere, a layer of coarse gypsum separates the an­
hydrite from the dolomite wall-rock. T h e anhydri te 
is pu re and coarse-grained and forms anhedral elon­
gate prisms with a decussate arrangement . 

Acicular gypsum 
Acicular gypsum (or satin-spar) most commonly 

forms cross-cutting, parallel-sided veins up to 10 cm 
wide, but in places it also forms thin beds in the dolo­
mite-gypsum breccia. It is more abundant in the upper 
part of the core, where 23 cross-cutting veins were 
noted, than in the lower part (12 ve ins) . The needles 
of gypsum are oriented perpendicularly to the walls of 
veins, or nearly so. The margins of some veins are 
marked by thin laminar concentrat ions of other 
minerals , including friable uncemented dolomite ( the 
most c o m m o n ) , disseminated pyrite, chalcedonic silica, 
and organic mat ter . In thin section, the gypsum ap­
pears as long and narrow prismatic to acicular crys­
tals, some slightly tapering. Inside the vein, parallel 
to its margins , but not generally at or even near its 
centre , is a nar row zone of randomly arranged stubby 
crystals of gypsum, and this presumably marks the 
junction where the encrusting needles met as they 
grew from the walls of the vein. Composit ionally, the 
cross-cutting veins are almost pure gypsum, but the 
laminae and thin beds commonly contain small amounts 
of recrystallised dolomite and celestite, and small xeno-
liths of fine-grained dolomite rock. 

Description of core 
0 - 3 2 . 6 1 m 

Cuttings from surface to 25.91 m consist of a mix­
ture of colourless, broken prisms of gypsum, and frag­
ments of grey to white, massive, fine-grained gypsum, 
plus a few small piecs of grey, calcareous friable dolo­
lutite. F r o m 25.91 m to 32.61 m only fragments of 
massive gypsum and friable dololutite are present. 

3 2 . 6 1 - 7 6 . 2 0 m 
T h e core from 32.61 m to 76.20 m is composed of 

medium to coarse-grained gypsum, which almost every­
where carries films and laminae of calcareous friable 
dololutite. In the upper and lower thirds of this in­
terval there are discrete fragments of gypsiferous dolo­
mite in the gypsum, so that the rock is a breccia, and 
a 60-cm interval from 41.15 m to 41.76 m consists 
solely of brecciated dolomite with no gypsum. The 
middle third of this interval has a fair amount of 
massive gypsum which is almost free of dolomite. 
Throughou t the whole interval are nineteen beds of 
calcareous friable dololutite with associated tabular 
masses of gypsum. Some friable dololutite beds also 
carry angular fragments of coarse-grained gypsum, 
and three of the friable dololutites are accompanied by 
abundan t disseminated pyrite. Euhedra l interpenetrat ing 
pyri tohedral twins of pyrite up to 10 m m across occur 
in the dolomite at 33.53 m. The core is cut across 
at a number of places by veins of acicular gypsum. 

7 6 . 2 0 - 1 3 2 . 8 9 m 
F r o m 76 .20-132 .89 m the core consists almost en­

tirely of a mixture of colourless, medium to coarse­
grained gypsum and grey laminated anhydri te , in ap­
proximately equal amounts . The dolomite forms large 
tabular fragments surrounded by the gypsum, and 
though disturbed to some extent, they still possess a 
subparallel orientation so that the rock has both a 

partly bedded and a part ly brecciated appearance. Six 
beds of calcareous friable dololutite are present in this 
interval, all but one of them accompanied by uneven 
tabular masses of acicular gypsum. Pyrite occurs only 
in the uppermost of these six beds, and forms euhedral 
interpenetrat ing pyri tohedral twins. Abou t a dozen 
thick veins of coarse-grained, acicular gypsum cut the 
core; some of them, part icularly those near 105.16 m, 
have layers of grey friable dololutite up to 6 mm 
thick along each contact with the enclosing host-rock. 

1 3 2 . 8 9 - 2 5 9 . 6 9 m 
F r o m 132.89-259.69 m the core consists of intervals 

6 -9 m long composed of gypsum-dolomite breccia (as 
above) separated by somewhat shorter intervals of bitu­
minous dolomite. Disseminated pyrite is an abundant 
accessory. Most of the bi tuminous dolomite is brec­
ciated, and the fragments are enclosed in a subordinate 
matrix composed of clear, pale blue anhydri te , or less 
commonly of white to grey gypsum. 

At several places in the core below 155.75 m, crys­
talline anhydri te is present , medium-grained, speckled 
bluish-grey, and with accessory pyrite. Locally, the core 
is composed wholly of this rock type, e.g. at 169.77 m, 
but usually it forms thin, contor ted beds, lenses, or 
tongues up to 50 m m thick accompanied by fine-grained, 
gypsiferous dolomite and white, coarse-grained, mas­
sive to acicular gypsum, the three rock-types forming 
a contorted and interlayered mixture . A 6-mm layer 
of oriented prismatic gypsum usually separates the 
crystalline anhydri te from the two other rock types. 
At 214.27 m pyrite is concentrated along the margins 
of crystalline anhydri te layers. This mixed and con­
torted rock forms about eight sporadic but distinctive 
occurrences in the core. 

Twenty- two beds of friable dololutite with fragments 
of coarse-grained gypsum are present below 132.89 m; 
only one contains pyrite, at 235.31 m. Cross-cutt ing 
veins of gypsum are present in the core, but are far 
less common below 132.89 m than above. 

The interval from 252.98 to 259.69 m is represented 
only by cuttings. When one set of these cuttings was 
washed, a dark brown to black slime collected on the 
surface of the washing water. Presumably, this was 
organic mat ter . When the slime was skimmed off, small 
but clearly visible streaks of oil remained floating on 
the water. 

Geochemistry 
The full analyses of twelve samples are given in 

Table 5. One of the objectives of the Ringwood drilling 
was to look for potash, and, therefore, a set of cuttings 
was analysed for potassium by atomic absorption 
spectrophotometry. T h e cuttings were also analysed 
for fluorine, s trontium, and manganese , as these three 
elements, particularly, show specific pat terns of be­
haviour dur ing the deposition of mar ine evapori tes; 
fluorine and s tront ium are concentrated in the earlier 
products of deposition, part icularly in the sulphate 
zone (Stewart , 1963) , and s tront ium and manganese 
show significant differences in concentrat ion in gypsum 
and anhydri te . The average contents of potassium, fluo­
rine, s t ront ium, and manganese are set out in Tab le 6. 

Potassium 
Potassium does not occur in economic quanti t ies in 

the Ringwood cuttings, and the max imum value found 
was 0.603 percent between 85.34 m and 86.87 m. The 
content of potassium shows a slight and irregular in­
crease up the hole, interrupted by a sudden increase 
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T A B L E 6 . A V E R A G E C O N T E N T S ( I N P E R C E N T ) O F M I N O R E L E M E N T S I N 
R I N G W O O D E V A P O R I T E S 

Average Average Average over 
Element below 133 m above 133 m entire hole 

K 0.102 0.138 0.123 
F 0.10 0.05 0.07 
Sr 0.04 0.06 0.05 

M n 0.0066 0 .0064 0.0065 

and decrease on each side of the m a x i m u m value. 
The m a x i m u m value appears anomalous when com­
pared with the potass ium analyses over the rest of the 
hole, and so 13 thin sections were cut from samples 
taken every few centimetres along the section of core 
between 85.34 m and 86.87 m. Microcl ine occurs in 
abundance in several of the thin sections, and its 
absence from elsewhere in the core indicates that it is 
the repository of the extra potassium. 

Peaks in potassium content occur opposite dolomite 
or dololutite beds in the core (or opposite intervals of 
no recovery, which presumably correspond to dololutite 
beds ) , and the low points a re opposite gypsum. 

Fluorine 
T h e distr ibution of fluorine in the Ringwood rocks 

is somewhat similar to that of potassium, especially 
in the lower par t of the hole. Like potassium, fluorine 
is concentra ted in dolomite as opposed to gypsum, par­
ticularly the dark bi tuminous dolomite in the lower 
part of the hole, and when deposition of this rock 
ceased, the concentra t ion of fluorine in the rocks fell 
by half (Table 6 ) . T h e m a x i m u m concentrat ion of 
fluorine is 0.37 percent from 135.64 m to 137.16 m, 
i.e. at the top of the lower par t of the hole. N o specific 
fluorine-bearing mineral was identified in thin sections 
of the core. 

F luor ine and potassium closely match one another 
in the lower par t of the hole, but the match is poor 
in the upper par t of the hole, part icularly in the case 
of m a x i m u m potassium value, which has no correspond­
ing fluorine peak at all. 

Strontium 
Unlike the other three elements determined, stron­

t ium is concentra ted in the gypsum beds. The max imum 
concentra t ion recorded is 0 .135 percent at 25.91 m to 
28.96 m. The re is a percept ible change in strontium 
content at 132.89 m, and this is reflected in the aver­
ages for the lower and upper parts of the hole (Table 
6 ) . 

Manganese 
T h e concentra t ion of manganese is very low in the 

Ringwood evaporites, and is only about one-tenth or 
less of those of the other elements determined. T h e 
m a x i m u m concentra t ion recorded is 0.019 percent at 
42.67 m to 44.20 m. T h e manganese is concentrated 
in dolomite, where it p resumably substitutes for mag­
nesium, and shows a reasonable ma tch with potassium 
and fluorine in the lower par t of the hole, but less 
so in the uppe r par t . 

Discussion 
T h e abundances and changes in concentrat ion with 

depth of the four minor elements determined in the 
Ringwood cuttings are typical of mar ine evaporites; 
potassium and stront ium show slight increases in con­
centrat ion upwards ( though in different rock types ) , 

whereas fluorine and, to a lesser extent, manganese de­
crease in concent ra t ion upwards . T h e increase in potas­
sium content reflects the increase in the concent ra t ion 
of potassium in the evaporat ing mar ine brine, whereas 
strontium follows calcium and reflects the greater con­
tent of this e lement in the upper par t of the deposit . 

T h e s t ront ium and manganese analyses also provide 
evidence on the origin of the gypsum and anhydri te 
in the Ringwood evaporites, as these two elements show 
significant differences in concentra t ion in the two sul­
phates. Kropachev (1960) found that manganese is 
low in anhydri te (0 .012 percent M n ) and higher in 
gypsum (0 .037 percent M n ) , and therefore the low 
concentrat ion (0 .0065 percent M n ) in the Ringwood 
rocks is consistent with the deposit ion of p r imary an­
hydrite. Wi th regard to s t ront ium, analyses published 
in Deer & others (1962) show up to 0.60 percent 
Sr in anhydri te , but only 0.0008 percent Sr in gypsum, 
and Noll ( 1 9 3 4 ) found up to 0.58 percent Sr in an­
hydrite rock, but only 0.11 percent Sr in gypsum rock. 
(However , Kropachev found the opposite situation in 
sulphates f rom the P e r m Basin, viz. 0.06 percent Sr in 
anhydri te and 0.14 percent Sr in gypsum) (Stewart , 
1963) . G r a h m a n n (1920) found that anhydri te can 
take up to 42 percent of S r S 0 4 in solid solution at 
room tempera ture . 

The propor t ion of gypsum increases u p the hole, 
and if it is p r imary , then the analyses in Deer & others 
(1962) and Nol l ( 1 9 3 4 ) would lead one to expect tha t 
the concentra t ion of s t ront ium would correspondingly 
decrease, and that of manganese increase, upwards . 
However , the opposi te is the case, indicating that the 
gypsum is not p r imary ; and this agrees with the pe t ro -
graphic evidence. But, as the s t ront ium is in fact con­
centrated in the gypsum beds, it was presumably de­
posited dur ing precipi tat ion of the calcium sulphate as 
anhydri te . T h e occurrence of celestite in the gypsum 
beds confirms the secondary origin of the gypsum, the 
celestite having formed from the s t ront ium released 
from solid solution during hydra t ion of anhydri te to 
gypsum. 

The possibility remains that the anhydri te is 
secondary and formed by dehydra t ion of p r imary 
evaporative gypsum during burial ; but again the com­
paratively high content of s t ront ium in the sulphate in­
dicates that this is not the case. 

Base metals 
T w o samples of the dark bi tuminous dolomite f rom 

the lower par t of the core were analysed for base metals 
by atomic absorpt ion spect rophotometry . N o metal en­
r ichment is apparent . 

Boron 
Four teen core samples were analysed for bo ron by 

semi-quanti tat ive methods (Table 7 ) ; the samples were 
chosen from the two intervals, bo th of friable dolo­
lutite, that had given the highest values for bordn , viz. 
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T A B L E 7 . R E S U L T S O F S E M I - Q U A N T I T A T I V E A N A L Y S E S F O R B O R O N I N 
R I N G W O O D E V A P O R I T E S 

Sample Depth 
No* (m) %B 

19 1 4 5 . 7 7 - 1 4 5 . 9 2 0 .005 

2 0 145 .92 -146 .08 0.01 

21 146 .08 -146 .23 0 .016 

22 1 4 6 . 2 3 - 1 4 6 . 3 8 0 .016 

23 1 4 6 . 3 8 - 1 4 6 . 5 3 0 .016 

2 4 1 4 6 . 5 3 - 1 4 6 . 6 6 0 .016 

25 1 4 6 . 6 6 - 1 4 6 . 7 9 0 .016 

26 146 .79 -146 .91 0 .016 

27 2 4 9 . 7 8 - 2 4 9 . 9 4 0.01 

28 2 4 9 . 0 4 - 2 5 0 . 0 9 0 .016 

29 2 5 0 . 0 9 - 2 5 0 . 2 4 0 .02 

30 2 5 0 . 2 4 - 2 5 0 . 3 9 0 .02 

31 2 5 0 . 3 9 - 2 5 0 . 5 5 0 .016 

32 2 5 0 . 5 5 - 2 5 0 . 7 0 0 .016 

* Al l sampl e number s ar e prefixe d b y 7 1 1 1 0 0 . 
Analysts : C . W . Claxto n &  J . Weekes , B M R Laborator y Repor t N o . 25 . 

0.21 percent at 146.38 m and 0.24 percent at 249 .94m, 
dur ing earlier analyses of the core by the Aust ra l ian 
Minera l Deve lopment Laborator ies , Adelaide. 

Organic matter 
Six core samples from the dolomite-gypsum breccia 

( three s amples ) , b i tuminous dolomite ( 2 ) , and dolo­
lutite ( 1 ) were analysed for organic carbon, extractable 
organic mat te r , and kerogen. Tota l organic carbon 
ranges from 0.04 to 0.84 percent ; the o ther results are 
set out in M c K i r d y ( 1 9 7 7 ) . 

Comparison of well logs with core lithology 

Spontaneous potential 
T h e spontaneous potential curve is fairly smooth 

th roughou t its length except for a sudden deflection 
of 100 millivolts between 128.02 m and 131.06 m. 
This is p resumably caused by the abundan t pyri te in 
the b i tuminous dolomite which forms so much of the 
core below 132.89 m. T h e 100 millivolt change be­
tween 25 .60 m and 36.58 m is presumably caused by 
the steel casing, which extends from 0 to 25.91 m in 
the well. 

Resistivity 
T h e resistivity curve shows large and rapid variat ions 

th roughout its length, and reflects quite faithfully the 
various lithologies in the core. In the upper par t of the 
core, above 112.78 m, the gypsum-anhydr i te rock has 
a resistivity between 4500 and 6500 ohms M 2 / M , in 
sharp contras t to the friable dololutite beds, with have 
resistivities of only 100 to 200 ohms M 2 / M . Between 
112.78 m and 131.06 m the curve shows a steady de­
crease f rom 6000 to 3000 ohms M 2 / M , which p r o b ­
ably reflects the proximity of the mass of pyri t ic rocks 
in the lower par t of the core. Below 131.06 m, the 
resistivities of the gypsum-anhydr i te rock, the crystal­
line anhydr i te and the non-pyri te-bearing b i tuminous 
dolomite average between 2000 and 3000 ohms 
M 2 / M , whereas the pyri te-bearing bi tuminous dolo­
mite and the friable dololutite have resistivities between 
20 and 200 ohms M 2 / M . As in the spontaneous 
potential log, the rise in the curve from 25 .60 m to 
36.58 m is presumably an effect of the steel casing, 

though in this case there are low values opposite friable 
dololutite beds super-imposed on the general rising 
trend. 

Acoustic velocity 
The travel t ime curve fluctuates regularly th roughout 

most of its length, and there is good correlat ion with 
the lithology; low values (peaks to the right, corres­
ponding to high velocity) occur opposite gypsum, an­
hydrite, and bi tuminous dolomite, and high values ( low 
velocity) are given by the friable dololutite beds. F r o m 
76.2 m to 131.06 m there are only two friable dolo­
lutite beds of appreciable thickness, and accordingly 
the curve shows a constant low value interrupted by 
sharp peaks opposite these friable dololutites. Unl ike 
the electrical curves, the travel t ime curve shows no 
fundamental change at the ent ry of the bi tuminous 
dolomite. 

Gamma ray 
The g a m m a ray curve also reflects faithfully the 

friable dololutite beds, with a high peak opposite each 
one, and correlates well with the travel t ime curve. T h e 
curve shows no fundamental change near 132.89 m, 
indicating that the clay content of the bi tuminous dolo­
mite is close to that of the overlying gypsum and an­
hydrite. 

Discussion and conclusions 

Origin of gypsum and anhydrite 
T h e petrographic textures visible in the Ringwood 

evaporites indicate that the gypsum originated by hy­
drat ion of anhydri te ; the evidence includes the sel­
vedges of gypsum at the margins of anhydri te masses 
in the lower par t of the core, and the numerous in­
clusions of anhydri te in the gypsum of the gypsiferous 
dolomite, many of them with a c o m m o n optical orien­
tation. Moreover , the gypsum is accompanied by celes­
tite, which is consistent with the known ability of an­
hydrite to take up strontium in solid solution (up to 
42 percent according to G r a h m a n n , 1 9 2 0 ) , in contrast 
to gypsum, which can take up very little strontium 
(Noll , 1934; analyses in Dee r & others , 1962) ; when 
the anhydrite hydrated to gypsum, the strontium was 
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unable to en ter the gypsum lattices, and so precipitated 
as a separate mineral . If this is so, the high content of 
s t ront ium in the parent anhydri te implies that it was 
pr imary anhydr i te , not secondary anhydri te that had 
formed by dehydra t ion of pre-existing gypsum. 

M u c h of the gypsum in the Ringwood rocks occurs 
in gypsiferous dolomite , which was presumably anhy­
dr ide dolomite before it was hydrated, and the rare 
laminae of felted anhydri te plus granular dolomite be­
low 200 m m a y be the remnants of the original 
evaporite rock. 

T h e hydra t ion of anhydri te to gypsum involves a 
volume increase by about half (Go ldman , 1952; Pett i-
john, 1 9 5 7 ) , and the consequent swelling of the whole 
rock mass p robably caused the brecciation of the dolo­
mite, the gaps between the clasts furnishing some of 
the extra space required by the new gypsum. T h e 
laminae and cross-cutting veins of acicular gypsum 
that are wi thout marginal concentrat ions of dolomite , 
pyrite, silica, and organic matter are probably filled 
joints and channels through which water of hydrat ion 
flowed into the anhydri te-bearing rocks, and out 
through which flowed solutions carrying excess calcium 
sulphate that was unable t o precipitate in the body of 
the rock w h e n the available space had been filled. In 
contrast, the laminae and veins of gypsum that do have 
marginal concentra t ions of the minerals presumably 
formed by recrystallisation of the rock along tight 
joint surfaces, allowing outward migrat ion of the im­
purities unti l they came up against the adjoining un-
recrystallised rock. 

The almost complete absence of anhydri te from the 
friable dololut i te is notable, and it is possible that the 
marked permeabi l i ty of this rock facilitated the entry 
of water, and thus enabled hydrat ion of anhydri te to 
go to complet ion. T h e permeabil i ty probably allowed 
the gypsum to aggregate into the anastomosing veins 
and concret ions, ra ther than remaining dispersed 
through the rock. 

Origin of dolomite, chalcedonic silica, and quartz 
The do lomi te rocks in the Ringwood evaporites con­

sist of a very fine-grained aggregate of tiny anhedral 
dolomite grains generally cemented together, except in 
the beds of friable dololutite. T h e dolomite shows no 
evidence of a late diagenetic origin, such as replace­
ment textures or relict biogenic structures, and, except 
where it forms a recrystallised cement between breccia 
clasts o r next to gypsum veins, there are no lateral 
variations in grainsize or clusters of euhedral or sub-
hedral crystals in the al lotr iomorphic groundmass . H o w ­
ever, separate laminae are commonly of different grain-
size, and there are rare instances of graded bedding. 
Thus it is very probable that the dolomite is a p r imary 
or early diagenetic minera l . 

F r i e d m a n ( 1 9 7 2 ) has shown that the bi tuminous cal-
cilutite at the bo t tom of the Red Sea has probably 
formed by anaerobic bacterial oxidation of organic 
mat ter to carbonate , which then precipitates as calcium 
carbonate , concomitant with reduct ion of sulphate to 
sulphide, which precipitates as iron sulphide. T h e cal-
cilutite is in terbedded with layers of aragonite, which, 
by analogy with observed 'whitenings ' in the Dead Sea, 
does appea r to have formed by inorganic precipitat ion 
of ca rbona te ions from solution. T h e dolomite in the 
Ringwood core could be an early diagenetic minera l , 
and hence it m a y have started as a basinal calcilutite 
of the R e d Sea type which then underwent early dolo-
mitisation. However , an origin of l imestone by bac­

terial activity means that all the ca rbon in the lime­
stone is derived from organic mat ter , not from car­
bonate ions dissolved in seawater. Wou ld there have 
been enough organic mat te r in Pro terozoic t ime to 
form a dolomite in this way? Also, the lack of celestite 
in association with the Ringwood dolomite militates 
against the possibility that aragonite , which holds con­
siderably more s t ront ium in solid solution than does 
calcite (Deer & others, 1 9 6 2 ) , was the inorganic car­
bonate in the basinal deposit before dolomitisat ion. 
Moreover , F r iedman ' s suggestion ignores the experi­
mental fact that inorganic carbona te forms the first 
precipitate in the experimental evaporat ion of seawater. 
Thus it appears that the evidence in the Ringwood 
rocks indicates that the dolomite originated by pre­
cipitation of inorganic carbonate , either as calcite that 
was dolornitised shortly afterwards, or as p r imary dolo­
mite. 

A similar evaporitic origin is also possible for the 
masses of chalcedonic silica in the dolomite rocks; their 
laminar or shred-like form and near ly isotropic charac­
ter suggest that the silica precipi tated as an opaline 
deposit simultaneously with the deposi t ion of the dolo­
mite, as is happening at the present t ime in the lakes 
associated with the Coorong Lagoon in South Austral ia 
(Peterson & von der Borch, 1 9 6 5 ) . Wi th burial and 
the passage of t ime, the opal became m o r e or less re­
crystallised to chalcedonic quartz . T h e small euhedra 
of quar tz present in all the evapori te rocks are probably 
recrystallised detrital grains. 

Origin of chlorite 
T h e occurrence of h igh-magnesium chlorite in the 

dolomitic rocks of the Ringwood core was unexpected, 
as neither Stewart (1963) no r Borcher t & Mui r (1964) 
include chlorite in their lists of evapori te rock con­
stituents. Stewart (1949) recorded talc in the halite 
rocks (but not in the anhydr i te-carbonate rocks) of 
the Magnesian Limestone of nor the rn England, and its 
occurrence along cleavage cracks and grain boundar ies 
of the halite led him to suggest that it had been pre­
cipitated from solution as a late secondary mineral . 
T h e porphyroblast ic na ture of the Ringwood chlorite, 
indicates that it is likewise of secondary origin. N o r ­
mative chlorite in the Ringwood evaporites is most 
abundan t in dololutite. Changes in the amounts of 
several other normat ive minerals in the dololutite are 
consistent with the rock having conta ined a significant 
amount of clay, and if this were the case the chlorite 
may have formed by the following reaction (suggested 
by Zen, 1959, p . 3 6 ) : 

dolomite + kaolinite 4- quar tz + water 
= calcite + chlorite + carbon dioxide 

A similar reaction involving anker i te as well as dolo­
mite was postulated by Muffler & Whi te (1969) t o ac­
count for the disappearance, with increasing depth, of 
dolomite, kaolinite, and ankeri te and the s imultaneous 
appearance of chlorite (conta ining slightly m o r e iron 
than Ringwood chlori te) observed in the cuttings from 
wells in the Salton Sea geothermal field. T h e tempera­
ture in the wells where the transi t ion occurs is about 
200°C. T h e assemblage in the chlori te-bearing rocks at 
Ringwood, dolomite-chlori te-quartz, places t hem in the 
lowest subfacies, the muscovite-chlori te-dolomite-quartz 
subfacies proposed by M c N a m a r a ( 1 9 6 5 ) as a three­
fold subdivision of the greenschist facies, wi th a hypo­
thetical tempera ture of about 2 0 0 ° C corresponding to 
a depth of about 2 kb (bo t tom of the A m a d e u s Bas in ) . 
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Calci te has not been recognised in the Ringwood 
rocks, but this m a y be because the two strongest peaks 
in its X-ray diffraction pa t te rn very nearly coincide 
with p rominen t peaks in the pat terns of gypsum and 
quar tz . 

Origin of pyrite and organic matter 
Pyri te and organic ma t t e r are c o m m o n in the lower 

par ts of evaporite sequences. T h e pyri te is generally 
at t r ibuted to the act ion of sulphate-reducing bacteria, 
which oxidise the remains of organisms that sink down 
to the bo t tom of the evaporat ing basin after death 
(F r i edman , 1 9 7 2 ) . Simul taneous reduct ion of sulphate 
dur ing the bacterial decay produces hydrogen sulphide, 
which then reacts with dissolved iron and forms pyri te . 
Excess organic mat te r no t decomposed by the bacteria 
is incorporated directly into the sediments. 

Origin of microcline 
T h e small angular grains of microcl ine show evidence 

of bo th detri tal and authigenic origin. T h e elongate 
shapes of some grains (which suggests that they are 
cleavage f ragments ) , the existence of such optical 
p h e n o m e n a as undu la to ry extinction, rare lamellar 
twinning, and cross-hatched twinning, the absence of 
inclusions, and the association with increased amounts 
of quar tz , tourmal ine , and rutile, all indicate a detrital 
origin, whereas the highly angular shapes (including 
re-entrant ang les ) , the general absence of twinning, and, 
when twins are found, their ' fourl ing' appearance indi­
cate an authigenic origin (Kas tner , 1 9 7 1 ) . T h e micro­
cline is probably of detri tal origin, and has been some­
what recrystallised dur ing diagenesis or burial meta-
morphism. 

Origin of detrital minerals 
T h e Ringwood evaporites conta in numerous t iny 

grains of quartz , tourmal ine , rutile, sphene, and a few 
other minerals . These grains m a y have been brought 
into the basin by surface runoff from a nearby land-
mass, but their very small size and ubiquitous occurrence 
th roughout the core ra ther suggest tha t the grains were 
blown into the basin as wind-borne dust, which was 
possibly a fairly c o m m o n p h e n o m e n o n dur ing the P ro ­
terozoic, in a landscape devoid of vegetation. T h e in­
creased amounts and larger size of these grains in the 
interval 85.34 m to 86.87 m, plus the presence of silt-
sized grains of microcl ine, does suggest a local influx 
of water-borne terr igenous detri tus. 

R ecrystallisation 
There is abundan t textural evidence of recrystallisa-

tion in the Ringwood evapori te rocks. T h e evidence 
includes: 
• The large skeletal crystals of anhydri te and gypsum 

which form the cement in the bi tuminous dolomite 
breccia; 

• T h e crusts of coarse dolomite and laminar concen­
trat ions of chalcedonic silica and pyri te at the mar ­
gins of some veins and laminae of acicular gypsum; 

• T h e existence of anas tomosing veins and concret ion­
ary masses of gypsum in dololutite; 

• T h e coarse grain and lineated texture of the anhydri te , 
with euhedral rhombs of dolomite in places; 

• T h e coarse grain of the dolomite which forms the 
cement in parts of the bi tuminous dolomite breccia, 
with concentrat ions of organic mat te r at the margins 
of the coarse-grained masses; also, the coarse-grained 
dolomite in the intersecting cracks; 

• T h e euhedra l shapes of quar tz crystals, tourmal ine 
over-growths, and rutile needles; 

• T h e enlargement of pyrite in some laminae, and the 
occurrence of large interpenetrat ion twins of pyr i te ; 

• T h e angular shapes, with re-entrant angles, of m i c r o ­
cline grains. 
T h e three major rock-forming minerals of the Ring-

wood evaporites show different degrees of recrystall i­
sation, and different grainsizes. Gypsum is everywhere 
recrystallised, and forms the coarsest-grained rocks. A n ­
hydri te is almost everywhere recrystallised to m e d i u m -
sized grains, the only probable exception being the very 
fine-grained laminae of felted anhydri te laths and dolo­
mite granules at 225.83 m. Dolomi te is in general not 
recrystallised; recrystallisation is very local and occurs 
mostly where dolomite is associated with gypsum. T h u s 
the three minerals can be arranged in the following 
order of decreasing ease of recrystallisation: gypsum, 
anhydri te , dolomite . 

M u c h of the recrystallisation in the Ringwood rocks 
probably took place during diagenesis and burial me ta -
morphism, e.g., the coarsening of anhydri te , the for­
mat ion of euhedral quartz , tourmal ine , and rutile, t he 
enlargement of pyrite, the ' ^ scu lp tu r ing ' of microcl ine, 
and, after brecciation of the rocks, the local coarsening 
of dolomite and formation of large skeletal crystals of 
anhydri te as cement a round the breccia clasts. T h e re­
crystallisation of gypsum into concret ions and some of 
the laminae and cross-cutting veins occurred m u c h 
later, after uplift of the rocks and hydrat ion of the 
anhydri te to gypsum. 

Origin of the Ringwood evaporite deposit 
T h e rocks of the Ringwood evaporite deposit show 

all the criteria for format ion in a classical barred basin, 
namely, a dark grey to black bi tuminous pyrit ic sili­
ceous carbonate at the base, overlain by gypsum with 
inclusions of anhydri te , overlain in tu rn by l imestone 
breccia and then by massive algal l imestone. T h e evi­
dence is consistent with diachronous deposition of car­
bona te and sulphate in a restricted basin behind a 
fringing algal reef. Celestite is not associated with dolo­
mite, but it is associated with gypsum, and hence p r o b ­
ably represents the strontium taken up in solid solution 
by pr imary anhydri te and then released dur ing hydra ­
tion to gypsum. T h e only terr igenous materials in the 
evapori te sequence are an influx of arkosic silt nea r 
the middle of the upper par t of the core, and possible 
windblown clay in the dololutite interbeds. 

T h e geological history of the Ringwood evapori te 
can be summarised thus : 

1. G r o w t h of an off-shore barr ier reef, forming a 
lagoon with restricted access to the open ocean out­
side the reef. Stagnation ensued, followed by concen­
trat ion of lagoon water by evaporat ion. 

2. Deposi t ion in the lagoon, of p r imary dolomite , 
p r imary opal ine silica, organic mat ter , and pyri te . 

3 . Fu r t h e r concentrat ion of lagoon water, leading 
to deposit ion of calcium sulphate, probably as pri­
mary anhydri te as discussed above. T h e interbeds within 
the lower par t of the deposit indicate that condi t ions 
fluctuated between those of dolomite deposit ion and 
those necessary for sulphate deposition, but eventually 
condit ions stabilised and sulphate became the dominan t 
precipitate, forming the upper par t of the deposit. 

4. Dololut i te formed at various t imes during the life 
of the lagoon, and represents additions of very fine­
grained terr igenous material to the chemical deposits 

32 



SEVRING F A U L T 

MISSIONARY 

( T > 1 

I T 

• a ^ ^ % n . \  T  s  B M / I M T LIEBI G 1 

a " 

Pzm 

17 It  ~ " V O 
Pup 

Cp 

Pzp S ~ — s 
/ a 

QUATERNARY 

TERTIARY 

DEVONIAN 

CAMBRIAN T O ORDOVICIA N 

CAMBRIAN 

PROTEROZOIC 

PRECAMBRIAN 

Geological boundary. 
position approximate 

—£ Anticline 

"""J" Anticline,  position  approximate 

A— Overturned  anticline 

— ^— Syncline 

Undifferentiated 

Undifferentiated 

Pzm 

Pertnjsrs Grou p |  P; p 

Mereeme Sandston e 

Larapinta Grou p | 

Pertaoorrta Grou p [ 

€-01 

€ p 

Pup 

Pub' , 

Pertatataka Format io n 

Areyonga Format io n 
Section only 

Bitter Spring s Format io n 

Heavitree Quartzit e 
Section only 

Arunta Comple x 
Section only 

— —  Fault 

Strike and  dip of strata 

~£^P Overturned  strata 

• Evaporite  drillhole 

p€a 

33 



of the lagoon either as wind-borne dust or pluvial run­
off. The presence of abundant silt-sized particles of 
quar tz and microcline in the upper par t of the deposit 
represents an influx of alluvium. 

5. After the main period of sulphate deposition, con­
ditions began a fluctuating return to those of the early 
part of the lagoon's history; carbonate formed an in­
creasing propor t ion of the deposit, and at one stage 
bi tuminous pyritic dolomite precipitated. Evapora t ion 
was eventually terminated by a return to normal mar ine 
conditions, implying burial or collapse of the algal 
reef, or general subsidence of the entire area, or both. 

6. T h e remainder of the Bitter Springs Format ion 
was then deposited, followed by the succeeding for­
mat ions of the Amadeus Basin sequence, burying the 
Ringwood evapori te t o a depth of about 7 000 m. 

7. Diagenesis, recrystallisation, and burial me tamor -
phism affected the evaporite rocks, and resulted in such 
phenomena as : growth of chlorite porphyroblas ts ; crys­
tallisation of opaline silica to chalcedonic silica and 
chert; growth of euhedral quar tz crystals; formation of 
interpenetrat ing growth twins of pyrite; sculpturing of 
microcline grains; overgrowths of colourless tourmal ine 
around detrital cores; conversion of any pre-existing 
gypsum to anhydri te . 

8. T h e deposit was moved tectonically dur ing the 
Carboniferous, when the evaporites were folded and 
brecciated, and tourmaline needles and quar tz euhedra 
broken. Anhydr i te was mobilised and formed the cement 
between breccia clasts, recrystallising to a blocky or 
bladed texture; anhydri te also formed contor ted lenses 
and laminae where interbedded with anhydri t ic (now 
gypsiferous) dolomite. At this t ime dolomite also un­
derwent local recrystallisation, mainly at the margins 
of breccia clasts, forming crusts of euhedral dolomite 
and concentrat ions of organic mat ter . 

9. Erosion of landscape to present day; eventually 
the land surface was lowered sufficiently for meteoric 
water percolat ing down joints to reach the evaporites, 
and hydrat ion of the anhydri te to gypsum ensued, ac­
companied by swelling and brecciation of the sulphate-
bearing dolomite beds, resulting in the part ly bedded, 
part ly brecciated appearance of the dolomite-gypsum 
breccia. St ront ium held in solid solution in the anhy­
drite was set free and precipitated as celestite. Joints 
in the evaporites were eventually filled with acicular 
gypsum. 

BMR MOUNT LIEBIG No. 1 

Drill site geology 
B M R M o u n t Liebig N o . 1 drill site ( 23°52 '30"S , 

131°56 '00"E; T D 305.87 ) (Fig. 21 ) is situated on the 
north-east side of the Gard iner Range, a series of east-
west ridges and valleys corresponding with hard and 
soft formations; relief is in the order of 300 m. 

The Gard ine r Faul t , which crops out approximately 
400 m nor th of the drill site, strikes east-west. It is a 
thrust fault with a hade of 15 to 20° (Moss , 1964) and 
a displacement of at least 6 000 m. It was formed 
during the late Devonian by compressional forces of 
the Alice Springs Orogeny acting from the nor th-nor th-
cast. Sediments of the nor thern side were thrust under­
neath those of the south. 

Geophysical surveys indicate that the basement under­
neath the fault zone is flat lying; all movement during 
the faulting apparent ly took place by decollement in 
the evaporite sequence of the Bitter Springs Fo rma­

tion, the basement remaining undisturbed. T h e Bitter 
Springs Fo rma t ion acted as a lubricant along the fault 
p lane; it crops out immediately to the south of the fault 
along 50 km of its length. 

Fu r the r south of the fault is a sequence of south­
westerly dipping sediments of Proterozoic to ?Lower 
Carboniferous age. The Cambr ian Enin ta Sandstone 
crops out to the south of the drillsite as a prominent 
ridge of massive red sandstone dipping south at 3 5 ° . 

T o the north the Devonian Mereenie Sandstone is 
folded vertically against the fault plane, forming a 
prominent r idge; in places it is slightly over turned. 
Nor th of the ridge is the Missionary Plain, where 
al luvium and Ter t iary sediments conceal the under lying 
geology. 

T h e gypsum outc rop (Fig. 22) occurs on a rise with 
relief in the order of 40 m. It is ellipsoidal in outline 
and 200 m across. T h e surface is covered with 
secondary gypsum, which in places is more than 0.5 m 
thick. A crust of coherent ear thy gypsum up to 5 cm 
thick is underla in by white friable ear thy gypsum. 
Within this surface deposit there are secondary gypsum 
crystals which have been corroded along their cleavage 
planes by meteor ic waters. They occur both as single 
crystals up to 15 cm long and as large masses of smaller 
crystals up to 2 cm across. Gysum crops out as a 
coarsely crystalline, friable variety with an equigranular 
texture and brown and white mottl ing. Ano the r variety 
is pink to b rown and extremely coarsely crystalline, and 
has a granular texture. T h e gypsum becomes fluted 
when weathered, and in single crystals the fluting 
follows cleavage planes. 

T h e gypsum outc rop is bordered on the south by a 
lenticular mass of breccia. This thins to the east, and 
the outcrop to the west is obscured by alluvium. T h e 
breccia contains white to grey laminated fragments u p 
to 15 cm across of slightly calcareous dolomite , 
dolomitic chert and chert. T h e reddish b rown matr ix 
consists of calcite, dolomite, and quar tz , with a t race 
of chlori te. 

A sink hole occurs in the bed of the creek southwest 
of the drill site. It is 5 m across and has a small 
drainage hole 0.5 m across at its base. It probably 
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Fig. 22 . Geologica l sketc h o f th e Gardine r Rang e gypsu m 
occurrence. 

3 4 



formed when a ridge of more resistant rock dammed 
the creek as it flowed off the soft gypsum outcrop. 
The rubble in the creek bed is composed of gypsiferous 
travert ine for some distance downstream from the 
gypsum outcrop . 

Outc rop around the gypsum is sparse and concealed 
by alluvium. T h e composit ion of pebbles on the surface 
may indicate the underlying lithology and has been 
recorded on the outcrop map . Shale is the dominant 
rock type on the western side, ferruginous sandstone 
on the south, and stromatoli t ic dolomite of the Bitter 
Springs Format ion on the northeast . 

Description of rock types 
The classification of rock types shown on the 

composite log (Plate I) was devised after a study of 
sixteen thin sections of core. These were selected to 
cover the range of rock types and to yield as much 
information as possible on texture and mineralogy. 

Difficulties were encountered in preparing the thin 
sections. Many of the rock types were friable and had 
to be impregnated with resin to prevent their disin­
tegration while being sectioned. Because halite occurs 
in variable amounts in most of the rocks, it was 
necessary to make all thin sections in kerosene. Most 
were prepared with quar tz grains mounted around the 
edge of the rock slice to ensure uniform and standard 
thickness throughout . 

Identification of the minerals in twenty-one samples 
was carried out by X-ray diffraction analysis. Nineteen 
samples were selected from the core, and two samples 
from the breccia which crops out south of the drill site. 
Many of the samples were selected from the same rock 
specimen from which a thin section had been prepared. 
This enabled most of the minerals present in the thin 
section to be positively identified. 

There are very few detrital minerals present and 
most minerals in the cores originated either as pr imary 
chemical precipitates or as products of recrystallisation: 
a crystal size classification for recrystallised carbonates 
suggested by Folk (1964) has been adopted: Extremely 
coarsely crystalline, > 4 . 0 0 mm; very coarsely 
crystalline. 1.00-4.00 m m ; coarsely crystalline, 0 . 2 5 -
1.00 m m ; medium crystalline. 0 .0625-0.25 m m ; finely 
crystalline, 0 .0156-0 .0625 m m ; very finely crystalline, 
0 .0039-0 .0156 m m ; aphanocrystal l ine, < 0 . 0 0 3 9 mm. 

It is not known whether the dolomite and quartz in 
the core have an evaporit ic origin or not. For the 
purposes of this report they are discussed with the 
evaporite minerals. 

Following common practice, a rock composed 
dominant ly of a single mineral has been referred to 
by the name of that mineral ; ' rock' has been used after 
the mineral n a m e when reference is made to an 
aggregate of crystals composed dominantly of one 
mineral . 

Gypsum rock 
Gypsum rock is present in the core from the surface 

t o a depth of about 90 m. It is white, pink, and in 
places light grey. T h e texture is granular , even, and 
generally coarsely crystalline, but crystal size is 
variable, ranging from medium crystalline to 
extremely coarsely crystalline. Trie gypsum rock occurs 
both as massive beds up to 1 m thick and as elongated 
fragments with their long axes oriented subvertically 
in a matrix of recrystallised evaporite breccia. 

Minor impurities are present throughout the gypsum 
rock. Dolomite is irregularly distributed as fine anhedral 

crystals enclosed in the coarse gypsum crystals, but 
concentrated near irregular fractures and cleavage 
traces. 

Sparse, very fine to medium quartz crystals are 
scattered throughout the gypsum rock. They are 
anhedral to euhedral , and in places appear to be 
elongated with their long axes parallel to the gypsum 
cleavage planes. The mode of occurrence of both the 
quartz and dolomite suggests that they are of secondary 
origin. Recrystallisation has affected the gypsum in 
places. Aggregates of medium crystals with a granular 
texture and similar optical orientation replace very 
coarse gypsum crystals. Rarely, for example at 58 m, 
veins of acicular gypsum rock, satin spar, fill fractures. 

Anhydrite rock 
Anhydri te is rare above 76 m. F r o m 76 m to 90 m 

it coexists with gypsum; the texture suggests that the 
gypsum formed by hydrat ion of anhydri te. F r o m 90 m 
to 92.03 m no gypsum is present and anhydrite rock is 
abundant . Below 92.03 m anhydri te is one of the 
constituents of evaporite rock. 

Dolomite rock 
Dolomite rock is common throughout the upper 

92.03 m of the core, as elongated fragments in a matrix 
of recrystallised evaporative breccia and as massive 
beds up to 1 m thick. It grades from white to light 
grey, and has fine to very fine granular texture. Its 
hardness varies considerably as a result of both the fine 
crystal size and the presence of thin intergranular 
films of limonite and chlorite. Minor amounts of 
quartz and gypsum a n d / o r anhydri te are present, with 
traces of limonite and chlorite. Dolomite rock 
resembles siltstone in hand specimen, and this term was 
used in field descriptions. 

Recrystallised evaporite breccia 
Recrystallised evaporite breccia forms a matrix for 

fragments of gypsum, dolomite, and anhydrite rock in 
the upper 92.03 m of the core (Fig. 2 3 ) . It is light to 
dark brown, soft and friable, and is composed of finely 
crystalline dolomite and quartz with intergranular 
limonite, left after leaching of halite. It was further 
fragmented by later movement of the halite, and 
recrystallised by percolating meteoric waters. The 

Fig. 23 . Fragment s o f dolomite-anhydrit e roc k i n recrystal -
lised evaporit e breccia ; fro m 91.5 2 m . Crosse d nicols , x  20 . 

(M/1195-29) 
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breccia fragments range from 0.002 m m to 10 m m in 
diameter . T h e larger fragments are mostly composed of 
finely crystalline dolomite, gypsum, or anhydri te rock. 
T h e smaller fragments consist of single crystals of 
quar tz , dolomite and some hemat i te ; gypsum and 
anhydri te are rare . 

T h e degree of recrystallisation ranges from slight to 
almost complete and the resulting texture is neopor-
phyrit ic; fine to coarse secondary crystals have formed 
at the expense of the original fine to very fine crystals 
and fragments. Gypsum is apparent ly the first mineral 
to recrystallise, as it is rare as fragmented crystals. 
Even where recrystallisation is slight, coarse to 
extremely coarse anhedral and subhedral secondary 
crystals of gypsum are present. These crystals occur in 
fractures between fragments and as inclusions in the 
fragments themselves. Secondary coarse euhedral 
crystals of dolomite, quartz , anhydr i te , and sparse 
hemat i te are present throughout the rock. 

Gypsum partly replaced by bassanite is c o m m o n in 
most of the thin sections. This is probably caused by-
heating of the rock during either drilling or grinding 
of the thin sections. 

Halite rock 
F r o m 92.03 m to total depth the core consists 

predominant ly of halite rock. It is orange-brown, dark 
brown, pink, or, rarely, colourless, and compact , 
equigranular , and extremely coarsely crystalline. In thin 
section the crystals are anhedral and exhibit perfect 
cubic cleavage. Sparse medium euhedral to subhedral 
anhydri te crystals and very sparse medium anhedral 
dolomite crystals are scattered throughout the halite. 
Some halite crystals contain lines of aphanocrystal l ine 
anhydri te and ?quartz inclusions, approximate ly 0.02 
m m wide, and 0.05 mm apart . T h e lines show no 
obvious relationship to the cleavage traces. 

Rounded fragments of impure hali te rock, 0.25 mm 
to 15 cm across, are scattered throughout parts of the 
halite rock. They contain generally 20 percent , and in 
places up to 80 percent, very finely to coarsely 
crystalline anhydri te and sparse fine euhedral crystals 
of hemati te , which have partly stained the halite light 
reddish brown. The staining gives the fragments a deep 
brown colour in hand specimen and distinguishes them 
from the paler halite matrix. Lines of liquid inclusions, 
curved in parts, are present in some crystals. They bear 
no obvious relation to the cleavage planes and are not 
cont inuous across grain boundaries . T h e inclusions are 
less than 0.003 m m in diameter , and contain bubbles 
less than 0.001 m m in diameter , which vibrate because 
of Brownian movement . 

The junction of the halite and the overlying 
recrystallised evaporative breccia at 92.03 m is 
horizontal , but serrated. At the contact , hali te rock is 
replaced by anhydri t ic recrystallised evapori te breccia. 

Th roughou t the core, halite rock is fractured into 
plates along horizontal planes; these have been referred 
to as fracture planes in the core descriptions. T h e 
spacing of fracture planes is variable and has been 
defined for the purposes of core description as follows: 
finely spaced, less than 2.5 cm; medium spaced, 2.5 cm 
to 8 cm; coarsely spaced, greater than 8 cm. The 
fractures possibly result from the release of vertical 
pressure, and their formation has been aided by halite 
crystals spliting along cleavage planes. T h e drilling may 
have relieved the confining pressure, or, alternatively, 
erosion may have relieved the pressure of overburden. 

The fractures have been accentuated by drilling, as the 
upper port ion of each core is always finely fractured, 
while the lower port ion is both finely and coarsely 
fractured. 

Evaporite rock {medium crystalline) 
The medium crystalline evaporite rocks occur as 

beds and f ragments in a matrix of halite rock from 
93.03 m to total depth. Beds are up to 0.7 m thick, and 
fragments, which are often elongated with long axes 
oriented near vertically, range from 1 cm to 8 cm long. 
The rocks vary from white to light grey, light grey-
green and light brown, and the crystal size varies from 
0.5 m m to 0.025 m m . 

T h e rocks are extremely variable in mineralogy, and 
are composed of anhydri te , dolomite, and quar tz with 
minor halite, chlorite, and hemati te . In some specimens 
the minerals are present in equal quantities, while in 
others, dolomite , anhydri te , or quar tz predominate , 
and the other minerals are subordinate . N o gypsum has 
been found in these rocks . 

Microscopic examinat ion revealed that the field 
subdivision of these rocks, based on colour and 
hardness , bore no relation to mineralogy and little 
relation to grainsize. Colour depends on small amounts 
of hemat i te , l imonite, and chlorite. Hardness is 
dependent not on the hardness of constituent minerals, 
but on the cohesion of the crystals, and this is affected 
by minor amounts of in tergranular limonite and 
chlorite. Coarser crystalline varieties generally contain 
smaller amounts of these minerals and are harder , 
while fine crystalline varieties contain larger amounts 
and are softer. N o further subdivision of the medium 
crystalline evaporite rocks is possible without 
examination of individual thin sections. 

T h e degree of recrystallisation of these rocks varies 
considerably. Anhydr i te and quar tz appear to 
recrystallise most readily, and there is very little 
recrystallisation of dolomite. 

Evaporite rock (finely crystalline) 
Finely crystalline evapori te rocks vary from light 

grey to dark grey or chocolate brown. They are soft, 
and most specimens become plastic when wet. Thei r 
texture is even, and laminated specimens are rare . 
Crystal size is mostly fine and rarely medium. The 
physical characteristics of these rocks closely resemble 
those of claystone or mudstone, and these names were 
used in field descriptions. The i r mode of occurrence 
is similar to that of their medium crystalline associates, 
and they occur as beds up to 0.3 m thick and fragments 
from 1 mm to 50 m m across. T h e fragments are 
commonly elongated and their long axes are subvertical. 

T h e mineral content varies considerably, but consists 
dominant ly of dolomite , quar tz , and anhydri te , with 
minor halite, l imonite, and chlorite (Fig . 2 4 ) . A 
common composi t ion is dolomite with subordinate 
quar tz and anhydr i te , and minor halite, l imonite, and 
chlorite. T h e variat ion in composit ion is not as extreme 
as that of the medium crystalline rocks, and only rarely 
are rocks composed dominant ly of one mineral . 

As in the case of their medium crystalline associates, 
the physical characteristics of the rocks depend on 
minor amounts of hemat i te , l imonite, and chlorite. 
Subdivisions based on colour and hardness were used 
in fie'd descriptions, but, after microscopic examinat ion 
of the specimens, were found to be unusable . N o 
further subdivision of the finely crystalline evaporite 
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rocks is posible without examinat ion of individual thin 
sections. 

C o m p a r e d with the medium crystalline evaporite 
rocks, the finely crystalline varieties are darker, softer, 
and mineralogically more uniform. They contain less 
anhydri te and more dolomite, hemati te , limonite. and 
chlorite. 

Description of core 
0 - 9 2 . 0 3 m 

The core from 0 to 92.03 m is brecciated, with 
fragments of gypsum, anhydri te , and dolomite rock in 
a brown matrix of recrystallised evaporite breccia. It 
is a cap rock overlying the more soluble halite rock. 
The matrix contains fragments of various rock types 
up to 10 m m across. Most fragments are rounded and 
lenticular in outline, with their long axes near-vertical; 
they are elongated along shear planes. T h e proport ion 
of fragments varies greatly. In some places they make 
up the whole core, and in others they are absent. The 
propor t ion of gypsum or anhydri te rock fragments to 
dolomite rock fragments is extremely variable. 

Anhydr i te rock occurs only at the base of the 
interval, where little al teration of anhydri te to gypsum 
has taken place. Recrystallised evaporite breccia occurs 
as thin b rown tracings between fragments, and as a 
matrix for the fragments. The re are some zones in 
which the core is composed entirely of breccia. 

The core contains cross-cutting veins of acicular 
gypsum rock in sparse zones throughout . At 57 m there 
is a zone in which slickensiding is present, possibly 
indicating minor faulting after the main deformation 
and brecciat ion. Small solution cavities are present 
between 25 m and 60 m. 

9 2 . 0 3 - 3 0 5 . 8 7 m 
F r o m 92.03 m to total death the core is composed 

dominant ly of halite rock. It is generally orange-brown, 
but grades to light pink or colourless in several pure 
beds up to 5 m thick. These beds occur between 215 m 
and 253 m. 

Fragments of fine and medium crystalline evaporite 
rock are scattered th roughout the halite rock. As in the 
overlying interval, the fragments are rounded and 
lenticular in outline, with their long axes subvertical. 
They formed by brecciation of beds within the halite 
rock by shear ing: the halite rock acted as matrix, being 
easily deformed by movement along cleavage planes. 

Twelve intervals of evaporite rock were noted in the 
core descriptions; their thickness ranges from 10 to 50 
cm. It is impossible to determine whether the evaporite 
rock occurs as beds or as large fragments or lenses 
which have the appearance of beds in the core. In some 
places the top and base of these inclusions are parallel, 
indicating that they are beds; in other instances top and 
base are at an angle, indicating that they are 
fragments. The contacts between the evaporite rock and 
halite rock dip at angles varying from horizontal to 
vertical. 

Inclusions of evaporite rock rarely exceed 5 % of 
the core; there are only two intervals, 252.88-258.61 m 
and 298 .88-301 .27 m. in which their percentage is 
large. These zones are probably remnants of beds of 
fine and medium crystalline evaporite rocks which were 
later deformed and brecciated. Throughout parts of the 
halite rock, particularly a round 225 m, there are impure 
brown halite rock fragments. They are rounded and 
ellipsoidal with their long axes subvertical; in places 
they contain tracings and inclusions of brown, finely 
crystalline evaporative rock. The dark brown coloura-

Fig. 24 . Euhedra l halit e crystal s i n matri x o f finel y crystal -
line anhydrite , dolomit e an d quartz ; fro m 137.3 1 m . Crosse d 

nicols, x  20 . (M/1195-27 ) 

tion is caused by hematite. These fragments are 
produced by brecciation of impure halite rock beds. 

At 140.87 m a 10-cm fragment of hard black pyritic 
dolomite occurs which closely resembles the 'dolomitic 
siltstone' recorded throughout BMR Alice Springs N o . 
3 (Stewart, 1969) . It is the only occurrence of this 
rock type in the core. 

In a few places the evaporite rock fragments are 
surrounded by a layer of colourless, pure halite. This 
layer occurs mainly around the larger fragments, and 
can be up to 5 mm thick; it is the result of secondary 
recrystallisation of halite. 

N o vertical joints in the halite rock were noted any­
where in the core. 

Geochemistry (Plate II) 
Potassium 

T h e potassium analyses show that no commercial 
quantities of this element are present. U p to 10 000 
ppm (1 % ) is present in the gypsum-anhydri te-
dolomite rock, but all results from the halite are less 
than 5000 ppm ( 0 . 5 % ) . High potassium values seem to 
coincide with high iron concentrat ions. The analyses 
suggest that, at least in the small section sampled, 
deposition of evaporites did not reach the stage of 
precipitation of the more soluble potassium salts. The 
potassium in the mixed evaporite rocks may be derived 
from detrital minerals such as muscovite and feldspars. 

Bromine 
The amount of bromine present in the crystal lattice 

of chlorides is an indication of the salinity of the brine 
from which the minerals were deposited. Bromine 
concentration increases with salinity and high values 
indicate highly saline brines. Less than 5 ppm bromine 
is present in the gypsum-anhydri te-dolomite rock. The 
values recorded in the halite rock (140 to 200 p p m ) are 
high, indicating that it formed at a late stage of halite 
deposition. N o meaningful increase or decrease of 
bromine content with depth is apparent . 

Boron 
Boron content is average for evaporite deposits. 

Throughout the gypsum-anhydrite-dolomite rock quan­
tities range from 3 to 100 ppm, but instrumental 
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difficulties limit detection in most of the halite to 100 
ppm. A t the top of the halite interval values range 
from 3 to 30 ppm. 

Iron 
I ron content of the core is high in sections which 

contain recrystallised evapori te breccia. This is due to 
the presence of b rown limonite. Low values are 
recorded in beds composed dominant ly of gypsum, 
dolomite , anhydri te , or halite, and also within the halite 
in zones in which it is colourless and pure . 

Manganese 
Manganese is present in very minor quantit ies 

th roughout the halite, occurr ing only in samples with 
a high iron concentrat ion. This suggests that both occur 
together as evapori te rock impurities. Throughou t the 
gypsum-anhydri te-dolomite rock, values range from 
10 to 150 ppm. Kropachev ( 1 9 6 0 ) reported averages of 
120 ppm in anhydri te rocks and 370 p p m in epigenetic 
gypsum rocks (in Stewart, 1963) . T h e quantit ies 
detected in the core are typical for anhydri te rocks, and 
suggest that gypsum formed by hydrat ion of the 
original anhydri te . 

Barium 
T h e lower limit of detection of bar ium was 100 p p m ; 

the low values which are expected in evaporite minerals 
cannot be measured. Many analyses from the gypsum-
anhydri te-dolomite rock and several from the halite 
record values in excess of 100 ppm. These are high 
for evaporite deposits. Barium replaces calcium in the 
crystal lattice of gypsum and anhydri te , and is much 
less abundan t in halite (Stewart , 1963) . High values 
recorded in the halite section could result from its 
presence in fragments of anhydri t ic evaporite rock. 

Strontium 
Stront ium replaces calcium in sulphates and 

carbonates (Stewart , 1963) . Th roughou t the halite it 
occurs in those samples with manganese , suggesting 
that they both occur in evapori te rock impurities. 
Results range up to 800 ppm, which is about average 
for anhydri te in evaporite rock. 

Comparison of logs with core lithology (Plate I) 
Spontaneous potential 

T h e spontaneous potential curve shows irregular 
fluctuations throughout . Above 92.03 m several 
prominent deflections are present because of the 
permeabil i ty of the gypsum-dolomite-recrystall ised 
evapori te breccia. Deflections are not sharp, because 
there are no large differences in permeabil i ty. Below 
this depth the curve has minor fluctuations super­
imposed on a drift, at first in a positive direction 
a round 158 m, then in a negative direction with a 
max imum at 256 m. This depth corresponds to the zone 
of slight conductivity shown on the resistivity curve. 
Drift is irregular below this depth . 

Below 92.03 m there is no relat ionship between the 
presence of minor amounts of evaporite rock and the 
variat ions in the SP curve. N o deflection is present at 
the contact of the halite with the overlying bed. 
Drifting of the SP curve is expected in rocks in which 
there are no variat ions in permeabil i ty to give sharp 
deflections. 

Resistivity 
F r o m the base of the casing at 43 m to the top of 

the anhydri te bed at 90 m. resistivity is low, with 

values between 5 and 10 ohm-metres . High values at 
46 m and 51.5 m correspond with beds of recrystallised 
evapori te breccia, and a low value at 53 m correlates 
with a bed of gypsum. T h e curve is fairly smooth and 
variations reflect porosity differences; low resistivity is 
a result of interstitial water in the hole. 

F r o m 90 m to 92.03 m gypsum is absent; all 
calcium sulphate is present as anhydri te . There can be 
little interstitial water as this would be absorbed to 
hydra te the anhydri te . Resistivity in this bed increases 
from 12 ohms at the top to 100 ohms at the base. 

A linear increase in resistivity is recorded over the 
next 36.6 m. This is a phenomenon caused by the upper 
bridle electrode being in highly conductive gypsum 
while the zero guard log was in highly resistive halite. 
Resistivity throughout most of the halite section of the 
core is 7500 ohm-metres . This is virtually an infinite 
resistance and indicates that the hole is dry. T h e curve 
shows marked deflections from 226 to 230 m and 249 
to 257 m; they are very prominent , but only reflect a 
change from an infinite resistivity to a very high 
resistivity of 200 ohm-metres . 

The deflections show little relat ionship to the 
lithology. The upper deflection coincides with a 40-m 
bed of evaporite rock, while the top of the lower one is 
3.85 m above a 5.72-m bed of brecciated evaporite 
rock. A similar bed at 301.27 m does not give rise 
to irregularities in the curve, indicating that the 
presence of this rock type is not the reason for the 
deflection. T h e evaporite rock is dry and contains no 
conductive minerals such as pyrite. 

T h e caliper log shows 2 0 - 2 5 m m of caving, possibly 
caused by zones of weakness in the halite over the less 
resistive intervals. Salty water could have seeped into 
the fractured rock associated with these zones, causing 
the formation to be slightly conduct ive. 

T h e slight drift to the left th roughout the graph may 
be a response to the increasing proximity of the con­
ductive zones. Below 257 m the drift is to the right. 

Gamma ray 
T h e gamma-ray log shows radioactivity varying from 

10 to 120 A P I units. Above 92.03 m the graph has 
values in excess of 70 API units with high values 
coresponding to beds of gypsum. Values are lower 
above the base of the casing at 43 m, owing to its 
shielding effect. Above 27 m the graph becomes 
smoother and values smaller, because cement behind 
the casing settled to this level before it set. In the halite, 
values are approximately 60 A P I units above 152 m 
and 20 API units below. A peak in excess of 100 A P I 
units occurs from 131 to 132.6 m. This was initially 
interpreted as a potassium-bearing zone, but chemical 
analyses have shown that only minor amounts of 
potassium are present. A series of regularly spaced 
peaks, 3 to 3.25 m apart , occurs from 119 to 169 m. 
These may reflect sedimentary cycles. 

There is no correlat ion between radioactivity and 
propor t ion of evaporite rock fragments. Both impure 
halite at the top of the bed and pure halite from 213 
to 253 m show radioactivity values higher than normal . 
T h e gamma-ray curve shows the highest deflection in 
zones of high potassium content . In some intervals it 
closely reflects variat ions in the potassium content 
revealed by chemical analyses. 

Neutron 
The neutron log from 0 to 43 m was recorded 

through steel casing, and recorded values are 

38 



anomalous . Below 18 m smoother fluctuations result 
from the presence of water in the hole. 

F rom 43 to 89 m the log reflects the percentage of 
gypsum in the hole, and low counts at 49, 52, 6 1 , 76, 
and 87 m result from gypsum beds. Gypsum gives low 
counts on the neutron log because hydrogen concentra­
tion is high, owing to water in the crystal lattice. 
Texture of the core from 61 to 75 m is even, but the 
log shows the propor t ion of gypsum to be variable. 

F r o m 88 to 90 m the curve shows a steep rise to a 
value of 870 cps, owing to the increasing amounts of 
unaltered anhydri te in the hole. Because neither halite 
nor anhydri te contain water of crystallisation, no deflec­
tion was recorded at their boundary . 

Deflections in two zones, from 224 to 229 m and 
from 250 to 225 m correlate with the zones of lower 
resistivity. They may represent either zones of 
infiltration of salt water into fractures or beds of 
hydrous minerals. Core descriptions do not confirm the 
presence of any hydrous minerals; halite is the 
dominant mineral , with impurities of anhydrite, quartz, 
and dolomite. 

Caliper 
The caliper log shows a sharp decrease in hole 

diameter , corresponding to the base of the 20 cm casing 
at 41.5 m. This depth contrasts with the measured 43.0 
m of casing run by the drillers. The hole was reamed 
to 158 m m diameter prior to electric logging. Through­
out most of its length the hole is 158 to 165 mm 
diameter. Slight caving at 75.5 m is attr ibuted to a bed 
of soft dolomite. Caving to a diameter greater than 
178 m m is rare , but occurs at 228.5 m and from 250 
to 255.5 m. It could be a result of either fractured 
zones or soft impurit ies in the halite. 

Density 
T o a depth of 92.03 m the apparent density is 2.2 

with fluctuations of up to 0 .1 . This figure is low, 
considering that the rock is composed of gypsum 
(density 2 .3 ) , dolomite (2 .9) and quartz ( 2 . 7 ) . 
Brecciation may have resulted in high porosity and low 
density. A sharp rise in recorded values occurs at the 
base of the casing. Peaks can be related to massive 
beds, but their composit ion appears unimportant . 

F r o m 90 to 92 m a bed containing anhydri te 
(density 2 .9 -3 .0 ) occurs, but the expected increase in 
density is not recorded. This could be caused by the 
presence of halite (density 2 . 1 - 2 . 3 ) , but the amounts 
involved would not be sufficient. 

Below 92.03 m apparent densities are 2.0, with 
variations of 1.8-2.3. These values are low for halite 
and the log may be calibrated to give low values. 
Variat ions of density up to 0.2 occur over short 
intervals, and do not appear to be related to the 
presence of evaporite rock fragments in the core. T w o 
large peaks correlate with sharp drops in resistivity. 
The cores showed little indication that the formation 
was denser across these intervals. A relation may exist 
between these deflections in the density log and caving 
recorded over the same interval by the caliper log. 
Slight caving at 290 m has an associated sharp density 
peak. Alternatively, an increase in formation density 
may have caused deflections in both the caliper and 
density logs. 

The shape of the lower 213 m of the density curve 
is basically similar to that of the gamma ray, resistivity, 
and SP curves, with a decrease to 245 m, followed by a 
slight rise in values towards the bot tom of the hole. 

Discussion and conclusions 

Origin of the Mount Liebig deposit 
It is well established that evaporite rocks form in an 

aqueous environment in which evaporation exceeds 
precipitation. Water containing dissolved salts replaces 
that lost by evaporation, giving a mechanism for the 
formation of thick sequences of evaporite minerals. The 
setting in which these processes take place is uncertain. 
A shallow embayment or lagoon to which the sea has 
restricted access, because of a continuously rising bar, 
is the classical model. Schmalz (1969) has suggested a 
model in which thick evaporite deposits form in deep 
basin environments. He claims that deposition of an 
evaporite sequence 1200 m thick would require an 
initial basin depth of not less than 600 m. 

Evapori te deposition is generally cyclic. The basal 
unit of a typical cycle is euxinic and bituminous. These 
beds are composed of carbonates or shale, and some­
times contain sulphide minerals. The Kupferschiefer of 
the Zechstein Basin is an example. Evaporat ion causes 
concentrat ion of salts and calcium sulphate precipitates 
as either gypsum or anhydri te : which depends on the 
conditions at the time of deposition. The increase in 
temperature caused by depth of burial generally 
converts gypsum to anhydrite. Precipitation of relatively 
large amounts of halite follows, before the more soluble 
salts become concentrated and are deposited. 

Examples of most stages of the cycle are present in 
BMR Mount Liebig N o . 1. The initial euxinic stage of 
deposition is represented by several fragments of 
dolomite at 42.42 m. The dolomite is black and pyritic. 
Its presence as fragments within the halite demonstrates 
that considerable disruption of the original bedding has 
taken place. 

The second stage is represented by anhydrite 
occuring in evaporite rock. This has been converted to 
gypsum in the upper parts of the core. Dolomite and 
quartz may also have been deposited during this stage. 
Minor amounts of mica may be either wind blown or 
metasomatic in origin (Carozzi , 1960) . 

The third stage is represented by a considerable 
thickness of halite. The presence of beds of impure 
halite is shown by fragments containing anhydri te 
crystals and inclusions of evaporite rock. Deposit ion 
must have been interrupted before precipitation of the 
more soluble potassium salts, as these are not present 
in major amounts in the core. 

Although most stages of the cycle are present, it is 
difficult to relate their stratigraphic positions in the hole 
to a cyclic succession, as the deposit has been 
structurally disturbed. Decollement movement of at 
least 6000 metres took place on the evaporite horizon. 
This was followed by diapiric intrusion of halite into 
the overlying sequence along the Gardiner Fault . It 
is to be expected that the original bedding, showing 
cyclic deposition, has been destroyed by the accom­
panying brecciation and contortion. Zones up to 10 m 
thick in the halite contain fragments of evaporite rocks; 
these are probably brecciated remnants of single beds. 
This is the only recorded occurrence of the evaporite 
sequence of the Bitter Springs Format ion along the 
length of the Gard iner Fault . 

Solution of the halite by meteoric waters left a 
residue of anhydrite (evaporite rock) fragments above 
the halite, while the continuous upward movement 
caused more halite to be exposed to solution. By a 
process of solution and compensating upward move­
ment, large amounts of halite were leached, leaving a 
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residue of anhydr i te fragments. T h e size of these 
fragments is very variable, ranging from about 1 m 
across to single fine crystals. Upward movement caused 
brecciat ion of the fragments and gave them a sub-
vertical or ienta t ion. 

Percolat ing meteor ic waters later converted 
anhydri te to gypsum and caused recrystallisation of the 
interstitial breccia of finer fragments. Gypsum, quar tz , 
and dolomite may have been leached from the coarser 
fragments and redeposited in the breccia. 

T h e features observed in the core can be related to 
this explanat ion for the origin of the evapori te body. 
The contort ion and brecciation of beds in the halite is a 
product of strong deformat ion by both decol lement 
and diapiric movement . The horizontal contact of the 
anhydri te and halite showed that halite was being 
replaced by anhydri te , giving the contact a serrated 
appearance . A 2-m bed in which anhydri te is present 
occurs above the halite. As the fragments in this bed 
would not have been exposed to meteoric waters for a 
long period, conversion to gypsum would not have 
taken place. Above this bed is a zone which would have 
been exposed to water for longer periods, and contains 
both gypsum and anhydri te . This is overlain by a thick 
bed in which all calcium sulphate is present as gypsum. 

T h e contact of hali te with the cap rock would be 
expected to vary in depth slightly, but would be in the 
order of 100 m across the length of the ou tc rop of 
gypsum. T h e outc rop is situated on a rise which has 
about 40 m relief, giving the halite-cap rock contact a 
depth of 60 m below the surounding plain. 

The re is some evidence in the cores of stages of an 
evaporite cycle. Hali te shows that the cycle was almost 
completed; none of the final stage bittern salts were 
found, but the hole was still in halite at total depth. It 

also shows that an evaporit ic depositional environment 
present th roughout the Amadeus Basin in Bitter Springs 
time produced halite deposits over a much larger area 
than has been proved previously. 

N o potassium salts have been discovered to date . 
However , as the area over which evaporites were 
deposited is very large, sub-basins in which brines 
could have concentrated and precipitated the more 
soluble salts may have been present. T h e halite 
deposits of the Bitter Springs Format ion have been 
sampled only at three widely scattered points. T h e 
information available is insufficient to discount the 
possibility that potassium salts were deposited in more 
restricted areas of the Bitter Springs sea. 

BMR LAKE AMADEUS Nos. 3, 3A, & 3B 
Drill site geology 

BMR Lake Amadeus N o s . 3, 3A, and 3B were drilled 
near an isolated outcrop of Late Precambr ian Bitter 
Springs Forma t ion (Fig . 2 5 ) . T h e outcrop is sur­
rounded by Quaternary sand dunes, and no other rocks 
crop out for a distance of 8 km. It occurs at the eastern 
end of a northwest- t rending series of gypsum outcrops 
of Bitter Springs Format ion , which is unconformably 
overlain by both the Inindia Beds and the Winnall Beds 
in the surrounding area. 

A scarp of resistant rock strikes northwest and 
curves towards west-northwest in the south, with a 
modera te but variable d ip ; only two dips were 
measured in the outcrop, 21° and 62° to the southwest. 
T h e dominant rock type is part ly silicified dolomite , 
with several smaller isolated outcrops of gypsum on the 
north side of the ridge. Ano the r less well-defined scarp 
with a similar strike occurs about 100 m further nor th . 
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The gypsum outcrops have the appearance of being a 
lenticular body of evaporites within the dolomite. 

Rounded low hills of siltstone with a silcrete capping 
extend northwest across the nor thern edge of the 
outcrop . T h e siltstone and minor interbeds of sandstone 
dip gently northwest and appear to unconformably 
overlie dolomite of the Bitter Springs Format ion. The 
siltstone is probably part of the Inindia Beds. 

The gypsum outc rop near the drill holes (Fig. 26) is 
irregular in outline and 120 m across. The gypsum is 
coarsely crystalline, and contains laminae of gypsiferous 
dolomite up to 1 mm thick. T o a depth of at least 10 
cm the laminated gypsum has been softened by rain­
water dissolving some crystals leaving the rock very 
porous. A surface crust of earthy gypsum over 15 cm 
thick covers the entire outcrop and in places contains 
single crystals up to 15 cm across. These have been 
corroded in parts by rainwater. 

T h e gypsum dips west-southwest, steepening 
gradually from 15° at the eastern extremity of the out­
crop to 70° in the western sink hole. This is not in 
accordance with the strikes measured elsewhere in the 
area, both on the ground and on aerial photographs, 
and may be due to contort ion on a large scale. Laminae 
in the outcrops are contor ted and in many places small 
overthrusts are visible. Boudinage structures are present 
in dolomite laminae in places. All these features are 
attr ibuted to an increase in volume by hydrat ion of 
anhydri te . 

The re are two main drainage systems on the outcrop 
which both terminate in large sink holes. Large 
V-shaped channels up to 5 m deep have cut into the 
outcrop. These drain by means of underground 
channels into the two main sink holes. The westernmost 
is circular in outline and about 10 m across. It is 12 m 
deep and drains through a small opening into a cave 
5 m deep with a loose rubble floor. Several small 
passages can be seen in the sides: one of these must 
have been intersected by B M R Lake Amadeus N o . 3, 
as the sound of drilling in this hole could be heard 
clearly in the cave. T h e easternmost sink hole is only 
3 m across and 4 m deep, but drains through a small 
hole into a cave 2 m across and 15 m deep. 

At a depth of 90 m in BMR Lake Amadeus N o . 3B 
a flow of water of approximately 45 000 l i t res /hr was 
encountered. T h e water was flowing from small 
solution cavities in the gypsum. Water obtained at this 
depth contained fragments of charcoal , which were 
up to 2 cm across, very friable, and partly decomposed, 
and which appeared to have been in the water for a 
long t ime. The charcoal was probably washed into the 
sink holes, which are 120 m away on the surface, and 
t ransported through cavities into the zone of saturation. 
Some fragments were coated with a crust of gypsum. 
Long cylinders of gypsum were present and these are 
thought to have been formed by crystallisation around 
elongate fragments which later decomposed, leaving 
the gypsum crust. 

Gypsum crystals with the appearance of cones with 
a large apical angle joined at the base were also 
obtained from the water . They are up to 2 m m across 
and were possibly caused by slow recrystallisation 
around an opaque nucleus in a constantly moving 
solution. Crystal faces can be seen on the sharp 
periphery. Several single crystals up to 10 m m across 
and which had been partly redissolved were also 
obtained. 
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Two samples of water from BMR Lake Amadeus N o . 
3B were analysed and the results set out in Table 8. 
T h e analyses showed a high percentage of dissolved 
calcium sulphate, which makes the water unfit for 
human consumption. 

Depth to bedrock is variable: BMR Lake Amadeus 
N o . 3 was spudded in gypsum, while No . 3A penetrated 
alluvium to a depth of 38.7 m, and N o . 3B, situated 
60 m from the gypsum outcrop, encountered 41.1 m of 
alluvium. 

Description of rock types 

The classification of rock types shown on the com­
posite log (Plate III) was devised after a study of 17 
thin sections of core from BMR Lake Amadeus N o . 3B 
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TABLE 8. WATER ANALYSES—BMR LAKE 
AMADEUS No. 3B 

71.9 m 90.5 m 

Na 935 ppm 1120 ppm 
K 95 ppm 92 ppm 
Ca 733 ppm 721 ppm 
Mg 169 ppm 233 PPm 
Fe 3.6 ppm 0.3 ppm 
CI 1520 PPm 1820 ppm 
s o 4 2360 ppm 2620 ppm 
NOs 71 ppm 7 ppm 
HCO.i 93 ppm 110 ppm 
F 2.3 ppm 3.6 PPm 
Si(>. 28 ppm 33 PPm 
PjO;, 1 ppm 1 PPm 
Conductivity * 7810 8690 
Total dissolved solids 6200 PPm 6920 ppm 
pH 6.5 6.6 
Hardness, total 2530 2760 
Hardness, temporary 76 90 
Hardness, permanent 2454 2670 
Alkalinity 76 90 

Remarks: Unsuitable for human consumption or stock use. 
* micromhos/cm 2 

Analyses by Northern Territory Administration Water 
Resources Branch. 

and 9 thin sections from BMR Lake Amadeus N o . 3. 
These were selected to cover the range of rock types 
and to yield as much information as possible on texture 
and mineralogy. 

The methods used in preparat ion of the thin sections, 
mineralogical analyses, and the crystal size classification 
adopted, have been described earlier in the section on 
BMR Moun t Liebig N o . 1. 

A nhydrite rock 
Anhydr i te rock occurs in the core below approxi­

mately 250 m. It grades from white to light brown, and 
is interlaminated with dolomite-anhydri te rock 
throughout . Laminae are gently folded, but the dip is 
generally near vertical. It is assumed that this is the 
true dip of sediments in the drillhole, and that 
anomalous dips recorded throughout the gypsum are 
due to later contort ion. 

Anhydri te rock is generally medium crystalline with 
some finely crystalline varieties. Crystals are euhedral 
to subhedral , and texture grades from equigranular to 
aligned-felted (Maik lem & others, 1969) . Orientat ion 
of laths is parallel to thin laminae of dolomite and 
dolomitic anhydri te rock. Coarsely crystalline laths are 
associated with dolomite rock fragments at 284.66 m. 

Zones of medium crystalline anhydri te cut across the 
finely crystalline varieties in places. Many crystals are 
euhedral , suggesting that the anhydri te in these zones is 
secondary. 

Th roughou t the core anhydri te is altering to gypsum 
(Fig. 2 7 ) . In the upper parts the alteration is complete , 
but in many places below 250 m the two minerals 
coexist. The alteration takes place by formation of 
euhedral gypsum crystals, which can be extremely 
coarsely crystalline. These are scattered evenly 
throughout the anhydri te rock, giving it a spotted 
appearance , or, more commonly , form along minute 
fractures which transgress the laminations. T h e 

thickness of the recrystallised zone varies, depending 
on the amount of dolomite scattered throughout the 
anhydr i te rock. In pure anhydri te rock this zone can 
be up to 20 m m thick, but it is rarely over 5 mm thick 
in impure laminae. 

It is difficult to determine whether anhydri te is 
pr imary or not. Al ignment of the laths parallel to 
dolomitic laminae and regular lamination with only 
slight folding suggest that it is pr imary. 

Dolomitic anhydrite rock 
Inter laminated with anhydri te rock is dolomitic 

anhydri te rock. This grades from light brown to brown, 
and in some parts of the core below 250 m it is the 
dominant rock type. It is moderately hard to hard, 
gently folded, and dips are generally near vertical. 
Texture is aligned-felted, with fine anhedral dolomite 
crystals evenly disseminated throughout medium 
crystalline anhydri te . T h e percentage of dolomite is 
variable, but is generally 2 0 - 6 0 % . 

In laminae which contain high percentages of 
dolomite, anhydri te is finely crystalline, and a few 
opaque crystals are present. Fine crystals of dolomite 
are disseminated throughout . This rock type does not 
appear to recrystallise as readily as pure anhydri te . 

Gypsum rock 

Gypsum rock is the dominant rock type throughout 
much of the core. It is white, coarsely to very coarsely 
crystalline and moderately hard . Laminae of dolomitic 
gypsum rock are very common, giving a light grey 
appearance in parts. These laminae are commonly very 
contorted, and in many places the core has been 
strongly brecciated, and fragments with contorted 
laminae are present. 

Texture is felted in most parts, and crystals com­
monly contain scattered fine anhedral dolomite and 
rare fine to medium anhydri te crystals (Fig. 2 8 ) . F ine 
euhedral quar tz and medium subhedral dolomite 
crystals occur in parts and are probably of secondary 
origin (Fig . 2 9 ) . Traces of limonite and sparse very 
coarse calcite crystals are present near the surface. Some 
coarse gypsum crystals contain inclusions of fine 

Fig. 27 . Mediu m crystallin e anhydrit e (whit e t o black) , 
showing granula r texture , bein g replace d b y ver y coars e 
euhedral gypsu m crysta l (centre) . Not e anhydrit e inclusion s 
in gypsum ; fro m 253.3 4 m . Crosse d nicols , x  20 . 

(M1195-12) 
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Fig. 28 . Gypsum (ligh t gre y t o black ) showin g felte d textur e 
and spars e dolomit e crystal s (gre y rounded) ; fro m 33.9 1 m . 

Crossed nicols , x  60 . (M/1195-36 ) 

Fig. 29 . Gypsu m (ligh t grey ) an d fin e dolomit e crystal s 
(small, dark , rounded) ; fro m 303. 7 m . Crosse d nicols , x  60 . 

(M/1195-2) 

Fig. 30 . Slabbe d sectio n o f cor e showin g contorte d lamina e 
of gypsiferou s dolomit e (black ) an d fragment s o f ligh t 
brown toug h dolomit e (grey ) i n brecciate d an d contorte d 

gypsum; from 38.3 1 m . x  1 . (GA/4319 ) 

acicular gypsum. These are probably the result of 
recrystallisation by percolating meteoric waters. 
Bassanite is present, but is produced by heating of the 
rock during preparation of thin sections. 

Acicular gypsum rock 
Acicular gypsum rock (satin spar) occurs in veins 

up to 20 mm thick in many parts of the core. It is 
composed of fibres of gypsum generally oriented at 
right angles to the fractures they fill. Where slight 
movement has occurred along the fractures the fibres 
are not perpendicular to the walls. Some fractures are 
filled with crystals which have grown from both walls. 

Gypsiferous dolomite rock 
Laminae of gypsiferous dolomite rock occur 

throughout the gypsum. They rarely exceed 1 mm in 
thickness, and are light grey, moderately hard, and 
often contorted (Fig. 3 0 ) . 

The amount of dolomite varies greatly, but is 
mostly more than 5 0 % . Dolomite is anhedral , finely 
crystalline, and disseminated in a matrix of finely 
crystalline gypsum. Limonite is common, and is 
associated with dolomite. Sparse finely crystalline 
remnants of anhydrite crystals are present with 
dolomite in parts. 

Although dolomite is predominant in these laminae, 
its X-ray diffraction pattern is weak, whereas chlorite 
and quartz show a strong pattern, although thin sections 
show only very minor amounts of these minerals. 

The laminae probably originated as dolomitic 
anhydri te rock and were converted to dolomitic gypsum 
rock by hydration. 

Black tough dolomite rock 
This variety of dolomite rock occurs as beds and 

fragments in several zones up to 2 m thick. It grades 
from dark brown to black, and is very tough. Texture 
is equigranular with interlocking fine anhedral crystals. 
At 125.61 m the rock is laminated, with fine and 
medium crystalline laminae; these are separated in parts 
by traces of limonite. In several other places, as at 
284.63 m, it is composed of laminated finely crystalline 
fragments up to 10 mm across in a matrix of finely 
crystalline dolomite. Gypsum is rarely present in the 
matrix. 

Much of the dolomite rock is pure, and this is the 
reason for its toughness. In some places, a few fine 
crystals of quartz and traces of limonite are present, 
and in others, the fine dolomite crystals are contained 
within very coarse poikiloblasts of gypsum. Some 
dolomite rock fragments have a slight salty taste. 

Light brown tough dolomite rock 
This variety occurs as beds up to 1 m thick and as 

fragments throughout the core (Fig. 3 1 ) . It grades 
from light brown to grey, and from moderately tough 
to tough. Texture in hand specimen appears to be 
even, but in thin section the rock is heterogeneous, 
consisting dominantly of finely crystalline anhedral 
dolomite with a varying proport ion of fine to very 
coarsely crystalline gypsum. Minor amounts of 
limonite are associated with the dolomite, and sparse 
unaltered medium crystals of anhydri te are present. 

Dolomite constitutes about 6 0 % of the rock and is 
generally evenly disseminated through felted gypsum. 
In zones of very high dolomite concentrat ion the 
texture is laminated with both crystal sizes and 
crystals of different mineralogy alternating. 

The rock resembles siltstone in hand specimen and 
was given that name in field descriptions. 
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Fig. 31 . Steepl y dippin g lamin a o f ligh t brow n toug h dolo -
mite (grey ) i n gypsum , showin g boudinag e structure . Frac -
tures ar e fille d wit h acicula r gypsu m fro m 73.5 1 m . x  i. 

(GA/4787) 

Grey friable dolomite rock 
This rock type occurs as regular and irregular 

laminae up to 5 m m across in gypsum, as matr ix for 
gypsum fragments, and as beds up to 15 m thick. It 
grades from light to dark grey, and from moderate ly 
soft to soft and friable. 

In occurrences as laminae and matr ix it is anhedral 
and very finely crystalline. Texture is equigranular , and 
finely crystalline euhedral to subhedral quartz , 
anhydri te , and gypsum are commonly present. Traces 
of limonite, muscovite and opaques have been noted. 
Feldspar was recorded in X-ray diffraction analyses, but 
was not seen in thin sections. The amoun t of dolomite 
present is variable, but is almost always in excess of 
6 0 % . 

In occurrences as thick beds, texture is brecciated. 
with fragments of finely to very finely crystalline 
dolomite rock, sparse fragments of finely crystalline 
evaporite rock, and coarse euhedral gypsum crystals 
in a matrix of very finely crystalline dolomite (Fig. 3 2 ) . 
Dolomite rock fragments are laminated in part , owing 
to variations in both composition and crystal size. F ine 

Fig. 32 . Coars e euhedra l gypsu m crystal s (whit e t o ligh t 
grey) an d laminate d dolomit e fragment s i n ver y finely  crys -
talline dolomit e matrix , fro m 150.5 4 m . Plan e polarise d 

light, x  20 . (M l 195-14 ) 

crystals of quartz, muscovite and gypsum are present 
in amounts less than 2 0 % . 

Evaporite rock fragments consist of fine crystals of 
euhedral to anhedral dolomite , quartz , gypsum, and 
limonite, with minor opaques and muscovite. Halite, 
chlorite, and feldspar were detected in minor amounts 
in the X-ray diffraction analyses, but were not noted 
in thin sections. The proport ions in which the con­
stituent minerals occur in evaporite rock are extremely 
variable. 

The coarse euhedral gypsum crystals are almost all 
recrystallised in the centre . This may be an original 
feature of the crystals, but is more probably produced 
during processing of thin sections. 

This rock resembles claystone in hand specimen and 
was given that name in field descriptions. 

Siltstone 
Siltstone occurs in the alluvium intersected in the 

upper 41.1 m of BMR Lake Amadeus N o . 3B, and has 
been observed only in cuttings. It grades from white to 
brown and pink, is soft and friable, and is composed 
of silt-sized quar tz grains in a white matrix. X-ray 
diffraction analyses demonst ra te the presence of 
quartz, gypsum, kaolinite. and muscovite, and a trace of 
chlorite. Calcite is also present in some samples. 

Sandy siltstone 
This rock is similar to siltstone in appearance and 

occurrence, but contains up to 3 5 % sand-sized quar tz 
grains. These are well rounded and grade from 
colourless to brown. 

Claystone 
Claystone occurs in the alluvium intersected in the 

upper 41.1 m of BMR Lake Amadeus N o . 3B, and has 
been observed only in cuttings. It grades from white to 
brown, is soft and friable, and closely resembles the 
matrix in siltstone. Sparse fine silt-sized quartz grains 
are present in parts. 

Silcrete 
Silcrete occurs between 33.5 m and 39.6 m in the 

alluvium in BMR Lake Amadeus N o . 3B. It grades 
from light brown to brown, and is hard and tough. 
Texture shows medium sand-sized quar tz grains in a 
?siliceous matrix. 

Sandstone 
Sandstone is orange-brown, fine grained and well 

sorted. It effervesces strongly when HC1 is added, and 
contains up to 6 0 % coarsely crystalline gypsum in most 
parts. The cement contains a high proport ion of 
limonite. T h e sandstone is probably a filling of solution 
cavities in the rock, and contains a large amount of 
surface detritus. 

Description of core 

BMR Lake Amadeus No. 3 

0 - 4 8 . 8 m 
Lithology is uniform throughout most of this core, 

consisting of gypsum rock with laminae of gypsiferous 
dolomite rock and grey friable dolomite rock. Strong 
contort ion and brecciation have taken place throughout , 
and veins of acicular gypsum rock are common. In 
several zones throughout the core there are beds of 
highly calcareous orange-brown claystone, siltstone, and 
fine sandstone. These consist mainly of surface detritus 
washed into solution cavities. 
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At about 21 m a zone of beds and fragments of 
dolomite rock is present in a matrix of grey friable 
dolomite rock, and at 24.4 m there is a bed of soft 
friable dolomite rock with fragments of light grey 
tough calcareous dolomite rock. 

BMR Lake Amadeus No. 3A 

0 - 3 8 . 7 m 
This hole penetrated unconsolidated detritus through­

out, and only two cores were taken, from 13.7 m to 
16.8 m and 27.4 m to 30.5 m. The upper core consists 
of soft white claystone with limestone fragments. The 
lower core consists of grey tough dolomite rock, grey 
soft siltstone. and white soft claystone. 

BMR Lake Amadeus No. 3B 

0 - 4 1 . 1 m 
Cuttings reveal that to a depth of 41.1 m the hole 

penetrated siltstone and claystone of possible Tert iary 
age. Siltstone. sandy in parts, is the dominant rock type 
to 18.3 m. A core taken at 12.2 m has an even texture 
with very coarse secondary gypsum crystals scattered 
throughout . F r o m 18.3 m to 41.1 m the rock type is 
claystone. A core taken at 31.3 m is evenly textured 
with very coarse secondary gypsum crystals throughout . 
Silcrete occurs between 33.5 m and 39.6 m. T h e cores 
taken in this interval have a weathered appearance. 

4 1 . 1 - 1 4 9 . 4 m 
G y p s u m rock is dominant throughout this interval. 

It is strongly contor ted throughout and brecciated in 
parts. Laminae of gypsiferous dolomite rock occur 
throughout , while irregular laminae, lenses, and 
sparse beds up to 1 m thick of grey friable dolomite 
rock are present. Beds and fragments of black and light 
brown tough dolomite rock occur in parts. Veins of 
acicular gypsum rock are common. 

At 71.9 m a very prominent subvertical joint with 
limonitic clay on its surface was encountered. This may 
be a small fault of indeterminate displacement. A flow 
of water originated from the joint. Solution cavities 
occur between 90.2 m and 100.6 m. 

1 4 9 . 4 - 1 6 4 . 6 m 
Grey friable dolomite rock is dominant in this 

interval. Texture is generally even, with fragments of 
gypsum rock disseminated throughout . Small fragments 
of dolomite rock and evaporite rock are visible, and 
small veins of acicular gypsum rock are present in 
places. 

1 6 4 . 6 - 2 5 0 . 8 m 
Texture throughout this interval is heterogeneous, 

and the core consists dominant ly of fragments of 
gypsum rock in a matrix of grey friable dolomite rock. 
N u m e r o u s beds of gypsum rock with contorted laminae 
of gypsiferous dolomite rock up to 3 m thick and beds 
of grey friable dolomite rock up to 2 m thick occur 
throughout . Both light brown and black tough dolomite 
rock are present as beds up to 2 m thick and as 
fragments. Veins of acicular gypsum rock are present 
in most par ts . 

2 5 0 . 8 - 3 0 5 . 9 m 
Anhydr i te rock is dominant throughout this interval, 

and is interbedded and interlaminated with dolomitic 
anhydri te rock. Dip is generally vertical, with gentle 
folding visible in par ts . 

The anhydrite-dolomitic anhydrite rock shows altera­
tion to gypsum rock throught the interval. The altera­
tion grades from negligible to complete, and gypsum 
crystals can be seen along bedding planes, fractures in 
the rock, and at points enclosed within massive 
anhydrite rock. Veins of acicular gypsum rock are 
commonly concordant with lamination. Beds of grey 
friable dolomite rock up to 2 m thick are present, and 
in places contain fragments of gypsum, anhydrite, and 
light brown tough dolomite rock. 

Below 283.5 m black tough dolomite rock occurs as 
sparse fragments and, more commonly, as beds up to 
2 m thick. 

Geochemistry 

BMR Lake Amadeus No. 3 (F ig . 3 3 ) 

Potassium 
The analyses show that no commercial deposits of 

this element are present. Amounts range from 300 to 
1800 ppm and are similar to those obtained in gypsum 
in other parts of the Amadeus Basin, and in Lake 
Amadeus No . 3B. 

Boron 
Figures for boron analyses are comparatively very 

high, ranging from 500 to 1900 ppm. They are much 
higher than those from BMR Lake Amadeus N o . 3B, 
and may indicate a concentrat ion of boron in the near 
surface gypsum zones. Limonitic staining is present 
in some laminae in this hole, and fissures and cavities 
are filled with surface detritus, suggesting that some 
concentration of weathering products may have taken 
place. 

BMR Lake Amadeus No. 3B (P l a t e I V ) 

Potassium 
Results of potassium analyses vary from 200 to 

20 000 ppm. The two samples with 20 000 ppm 
potassium were grey friable dolomite; the mode of 
occurrence of the element is not known. Feldspar was 
recorded in some X-ray diffraction analyses of this rock 
type and, may be potassium rich. 

Results throughout most of the hole are similar to 
those of BMR Lake Amadeus N o . 3. BMR Mount 
Liebig N o . 1 and BMR Alice Springs No . 3. In the 
anhydrite-dolomitic anhydrite rock results are low, 
suggesting that potassium has been introduced in zones 
in which percolating meteoric water has caused 
recrystallisation. 

Boron 
Boron analyses throughout the gypsum show very 

high results, up to 500 ppm. These bear little relation 
to the lithology. 

Within the anhydrite-dolomitic anhydrite rock results 
are low, suggesting that boron, like potassium, has been 
introduced by percolating meteoric water which causes 
recrystallisation. The sample within the anhydrite at 
305.84 m (100 ppm) was composed of gypsum. Apart 
from this, all samples below 267 m contain less than 
30 ppm boron. These results are typical of anhydri te 
deposits (Stewart, 1963) . 

Manganese 
Manganese content of the core is similar to that in 

the caprock of BMR Mount Liebig N o . 1. Amounts 
vary from 2 to 130 ppm and are generally low towards 
the base of the hole. The figures are very low for 
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epigenetic gypsum rock, and slightly low for epigenetic 
anhydri te . This may indicate that initial deposition of 
calcium sulphate was as anhydr i te ; gypsum was formed 
by later hydrat ion, and retained an initially low 
manganese content. 

Barium 
Barium commonly replaces calcium in anhydri te and 

gypsum (Stewart, 1963) . In this hole, however, it occurs 
mostly in grey friable dolomite . Amoun t s in beds of 
this rock type are between 70 and 300 ppm. These are 
comparable with high values found in salt clays in 
G e r m a n evaporites. Amoun t s throughout the remainder 
of the core are below 30 ppm. These figures are slightly 
high for evaporite deposits, which contain on the 
average 3 -10 ppm bar ium (Stewart , 1963) . 

Strontium 
Stront ium occurs in amounts between 20 and 600 

ppm, and appears to be more abundan t towards the 
base of the hole. Noll (1934) found that gypsum which 
had replaced earlier anhydri te at ordinary temperatures 
cannot always retain all the strontium of the anhydri te , 
and so celestite is formed (Stewart, 1963) . This may 
explain the generally higher s t ront ium values in the 
anhydri te. The results of the analyses obtained are as 
expected in gypsum rock, but below average in 
anhydri te rock. 

Comparison of logs with core lithology ( P l a t e I I I ) 

Spontaneous potential 
Throughout most of its length the spontaneous 

potential curve shows minor irregularities superimposed 
on an irregular drift. This is to be expected in rocks 
with little contrast in porosities, such as those in the 
drill hole. 

A minor deflection occurs at 91.5 m which may be 
related to the presence of water or cement filling 
cavities. The max imum deflection to the right at 122 m 
corresponds to a zone of very high resistivity. T o a 

depth of 152 m the spontaneous potential curve is 
similar to the resistivity curve. Beds of friable dolomite 
produce deflections to the left. T h e slight deflection at 
141.7 m corresponds to such a bed, while the large bed 
from 149.4 m to 164.6 m produces a large deflection. 

The drop in resistivity below 213.4 m corresponds 
to a shift in the spontaneous potential curve. A friable 
dolomite bed occurs at 216.4 m and a 3 m core loss 
below 218.3 m may be due to a similar bed. 

Below 229 m the curve is featureless. This is due to 
vertical lamination producing few sharp variations in 
lithology. 

Resistivity 
Resistivity above 139 m is high, generally above 1500 

ohm-metres , and shows no deflection over the non-
cored interval 90.2 m to 98.5 m, indicating that its 
lithology is similar to that above and below. 

F r o m this depth to 149 m the resistivity declines 
sharply, owing to dolomite in the gypsum. Resistivities 
within the bed of friable dolomite from 149 m to 
165 m are relatively low, between 50 and 100 ohm-
metres . It is difficult to explain why the minimum 
resistance in the hole occurs at 166 m within a bed of 
gypsum. 

Interbedded gypsum, friable dolomite, and light 
brown tough dolomite give resistivities in the order of 
150 ohm-metres between 168 m and 177 m. Similar 
lithology to 256 m shows resistivities a round 1500 
ohm-meters , with a sharp d rop to less than 100 ohm-
metres from 215.8 m to 223.1 m. This can only be 
partly explained by the presence of beds of friable 
dolomite in the gypsum between 213 m and 222 m. 
Similar beds in other parts of the core do not produce 
similar deflections. 

Below 256 m the resistivity shows few sharp varia­
tions because of uniform lithology and vertical dip, but 
gradually increases in value to almost 2000 ohm-metres 
at the base of the hole. 
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Resistivity throughout most of the hole is extremely 
high; the two zones in which prominent deflections 
occur only represent a change from extremely high to 
very high resistivity. 

Both the spontaneous potential and resistivity logs 
(guard log) end at 58.8 m because the upper bridle 
electrode was not submersed in fluid. Fluid level was 
at 23.8 m, as for the neutron log, and the distance 
from bridle electrode to zero guard log, 35 m, resulted 
in a cut-off level of 58.8 m for the guard log. 

Gamma ray 
T o 244 m the gamma-ray curve is irregular with 

sharp peaks, and recorded values generally range from 
25 to 100 A P I units. It is difficult to correlate the 
peaks with any part icular rock type. Above 23.8 m the 
peaks are less marked, because there is no fluid present 
in the hole. 

F r o m 149 m to 165 m recorded values range from 75 
to 150 A P I units in a bed of friable dolomite. This 
correlates with an increase in potassium content 
recorded by the chemical analyses over this interval. 
Values up to 20 000 ppm potassium were recorded. A 
similar zone with values between 60 and 100 API units 
occurs between 212.1 m and 223.7 m. Both these beds 
have a low resistivity. 

Below 224 m recorded values are generally higher, 
between 60 and 120 A P I units. This increase is 
attr ibuted to the presence of anhydrite in the core. The 
low values recorded at 290 m correlate with a bed of 
friable dolomite. This does not agree with the gamma-
ray response in other dolomite beds. 

Neutron 
T o a depth of 232 m the neutron log shows 

numerous fluctuations, but is essentially uniform, with 
values between 300 and 500 cps. An increase in 
recorded values to over 1000 cps occurs above 23.8 m, 
because there is no fluid present in the hole. There is no 
correlat ion between the fluctuations in the curve and 
the lithology. 

F r o m 232 m to 256 m the curve becomes smoother 
because the lithology is more uniform. Values gradually 
increase to about 600 cps, possibly as a result of 
increasing amounts of anhydri te in the core. 

Below 256 m values fluctuate between 500 and 700 
cps and probably reflect the degree to which recrystal­
lisation of anhydri te to gypsum has taken place. The 
higher values are a result of a dominant ly anhydritic 
lithology; lower values below 302 m result from the 
presence of gypsum. 

Caliper 
T h e caliper log shows a decrease in hole diameter 

from 20.3 cm to 15.2 cm at 43.6 m. This corresponds 
to the base of the casing. Very little caving was 
recorded in the hole. If it was present above 195 m it 
would have been filled by the cementing operations. 

Hole diameter exceeds 15.2 cm only between 92.7 m 
and 96.3 m in the zone of solution cavities, and in 
several places between 146 m and 165 m in the 
beds of friable dolomite. 

Density 
Density measurements were not possible above 23.8 

m, because no fluid was present in the hole. F rom this 
depth to 36.6 m densities are low, in the order of 1.9. 
This may be due to either the shielding effect of the 
casing or the lower density of alluvium, which was 

penetrated to a depth of 41.1 m. Anomalous values as 
low as 1.5 occur between 39.6 m and 53.3 m and may 
be related to the presence of the casing, as lithology 
is uniform below 42.7 m. 

Densities to a depth of 244 m are generally in the 
range 2.1 to 2.35. These are the expected values in 
rock composed dominantly of gypsum (density 2 .3) . 

A zone of slightly lower density occurs from 91.4 
m to 103.6 m which may be related to either solution 
cavities in the rock, or cement filling cavities. 

Low densities (2 .05) are recorded in the beds of 
friable dolomite at 141.7 m, between 149.4 m and 
164.6 m and from 213.7 m to 217.0 m. High densities 
would be expected in dolomite beds (density 2 .9 ) ; the 
discrepancy must be due to either porosity of the 
dolomite or the presence of gypsum. 

F rom 244 m densities gradually increase and from 
250 m are between 2.4 and 2.6. T h e increase is due to 
the presence of anhydrite (density 2.9 to 3.0) in the 
core. The lower values recorded in the basal 3 m are 
due to the presence of gypsum. 

Discussion and conclusions 
The origin of evaporite deposits with respect to 

cyclic deposition has been discussed in the section on 
BMR Mount Liebig N o . 1. Examples of several stages 
of the depositional cycle are present in BMR Lake 
Amadeus N o . 3B. 

The initial euxinic stage is represented by black 
tough dolomite. In some fragments cubic cavities are 
present. These initially contained crystals of either 
halite or, more probably pyrite, which have 
decomposed. Pyrite is an indicator of euxinic 
conditions. 

The light brown tough dolomite and grey friable 
dolomite possibly represent an intermediate stage 
between the deposition of dolomite and calcium 
sulphate, as both are present in varying proport ions in 
these rocks. The presence of mica and feldspar indicate 
that some detrital material was deposited at this time. 

T h e regularly laminated texture of the anhydrite-
dolomitic anhydri te rock, results of chemical analyses, 
and texture in thin section suggest that initial deposi­
tion of calcium sulphate was as anhydrite. To produce 
interlaminated anhydrite and dolomitic anhydrite, as 
occurs in the lower portion of the core, deposition of 
dolomite at irregular intervals synchronous with the 
deposition of anhydrite would have been necessary. The 
presence of dolomite may indicate that deposition in the 
rocks encountered in the drill hole did not progress 
beyond the initial part of the calcium sulphate stage. 
Silica was deposited either as chert , which later 
recrystallised, or as detrital grains, throughout all 
stages. 

Gypsum in the core formed later by hydrat ion of 
anhydri te. Recrystallisation can be seen throughout the 
massive anhydrite rock which occurs below 250 m. An 
increase in volume should occur where individual 
coarse gypsum crystals have formed at the expense of 
anhydri te. There is no evidence in the core of a volume 
change associated with the recrystallisation; this means 
that excess gypsum has been transported away from the 
crystals by percolating water. It is this gypsum which 
has recrystallised along bedding planes in fissures, 
forming veins of acicular gypsum. 

Above 250 m, in the zone in which almost complete 
conversion of anhydrite has taken place, gypsum has 
been strongly contorted and brecciated by the increase 
in volume of the mass of rock. Where regular com-
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0 5  k m (  approx ) 

Fig. 34 . Vertica l aeria l photograp h o f th e Goyde r Pas s structure . Whit e circl e indicate s sit e o f BM R Hermannsbur g No . 
40. Fo r explanatio n o f symbol s se e Fig . 36 . 

petent beds such as dolomite occur, they are subjected 
to tension. This is caused by the overlying and under­
lying beds increasing in volume (and length) and 
fracturing the competent bed, forming boudinage 
structure. T h e fractures formed are filled with acicular 
gypsum. Compressional features, such as miniature 
overthrusts, and small reverse faults are also present. 
They are caused by compressional forces produced by 
an increase in volume. 

Laminae of dolomite present in the original anhydri te 
are preserved in a contorted and sometimes brecciated 
form in the gypsum. 

It is possible that the dips measured in the area of 
the sinkholes were produced by large scale contort ion 
on hydrat ion of anhydri te , as they are not in accord 
with regional t rends. The drilling demonstrated that 
laminated and bedded anhydri te occurs at depth beneath 
the gypsum outcrop . The anhydri te dips near vertically 
and is only gently folded. Inspection of aerial photo­
graphs suggests that it occurs as a lenticular body 
interbedded with the surrounding sediments. 

There is litle indication that a salt dome is present 
in the area. The only evidence which could support 
this idea is the vertical dip of the anhydri te , which 
could be produced on the flanks of a dome. There is 
no evidence of brecciation and only slight folding of 
the anhydri te. This indicates that the strong deforma­
tion associated with diapiric intrusion is not present. 
Neither gypsum nor anhydri te has the structure of a 
cap rock which might be overlying a halite body. 

BMR HERMANNSBURG No. 40 
Drill site geology 

BMR Hermannsburg N o . 40 is situated at approxi­
mately 23°38.3 'S, 132"27 'E , about 32 km southwest 
of Glen Helen homestead, in the MacDonne l l Ranges. 

The drill hole is sited in the core of the Goyder Pass 
structure (Figs. 34, 35, 3 6 ) , which has been described 
by Prichard & Quinlan (1962) as being a cross-section 
of a diapir with the Bitter Springs Format ion consti­
tuting the mobile beds. T h e Iensing out of the lower 
member of the Mereenie Sandstone against the domed 
Larapinta G r o u p was given as evidence for structural 
growth during Mereenie Sandstone deposition, and the 
lack of thinning and disruption of the beds after the 
deposition of the basal member of the Pertnjara G r o u p , 
as evidence for the age of cessation of growth of the 
s tructure. Prichard & Quinlan state that the Goyder 
Pass structure developed during the period of tectonism 
which formed the steep dips along the nor thern flank 
of the Missionary Plain syncline, al though they suggest 
that its location was controlled by earlier tectonic 
effects not now apparent . McNaugh ton & others (1967) 
also considered Goyder Pass to be a diapir, but 
Quinlan & F o r m a n (1968) thought that, because 
thrusting between two decollement horizons had been 
demonst ra ted elsewhere in the basin, it is possible that 
the s tructure was caused by thrusting upwards from the 
Bitter Springs Format ion into a possible salt horizon 
within the Per taoorr ta G r o u p . 
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Fig. 35 . Obliqu e aeria l photograph , lookin g east , o f th e Goyde r Pas s structure . (G/9578 ) 

The closest pe t ro leum exploration well to the 
Goyder Pass structure is Tyler N o . 1 , sited about 14 
km south of BMR Hermannsburg N o . 40. It reached 
a total depth of 3830 m and penetrated ?Devono-
Carboniferous and Ordovician sediments of similar 
lithology and thickness to the formations exposed in 
the Goyder Pass s tructure (Huckaba & Magee, 1969) . 

A seismic line was surveyed by the BMR between 
the Gard ine r Range and Goyder Pass, and many 
seismic surveys were conducted in the Missionary 
Plains area by Magellan Petroleum Corpora t ion 
(Froel ich & Krieg. 1969) . T h e latter surveys presented 
evidence to show that the disrupted beds at Goyder 
Pass cont inue in the subsurface westwards towards the 
Deer ing fault and Carmichael structure. The thrust on 
the east side of the structure, appears to split into 
several planes between Goyder Pass and the Carmichael 
s tructure. They estimate that in places the minimum 
vertical displacement is about 3500 m. Thinning of the 
sedimentary section has also taken place on the flanks 
of the Carmichael structure and indicates structural 
growth throughout the Ordovician. 

Description of drill hole ( P l a t e V ) 
T h e well was drilled to a total depth of 91.4 m. The 

hole was rotary drilled and cored with air and salt-

saturated drilling fluid. Coring commenced at about 4 m 
and a total of 1 8 cores was obtained to total depth. Con­
tinuous coring was at tempted, but proved impracticable 
because of caving hole conditions. Coring was 
attempted over 66.6 m, and 28.7 m of core was 
recovered. 

The drill hole penetrated about 17 m of friable, 
medium-grained sandstone, and 24 m of silty sand­
stone, and claystone, the clay and other fine-grained 
components increasing proport ionately with depth. 
From 42 m to 79 m, core recovery was very poor 
and caving hole conditions were encountered; the core 
recovered consisted mostly of light grey to black 
unconsolidated clay with abundant light to dark grey 
vuggy and massive chert particles, either with pyrite 
filled fractures or small clusters of encrusted pyrite 
crystals. Some discrete aggregates of pyrite crystals 
occur in the clay matrix. 

Below 79 m to total depth (91.4 m) no core or 
cuttings were recovered, with the exception of 15 cm 
of dark grey clay and grey pyritic and partly oolitic 
chert obtained over the last interval cored from 86.9 
m to 91.4 m. The poor returns were caused by cavities 
in the sequence and resultant loss of fluid circulation. 

There are several possible explanations for the origin 
of the sequence penetrated below 40 m, but the most 
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likely is that the chert and fine clay are residual 
materials filling cavities remaining after dissolution of 
salt from the Gilien Member of the Bitter Springs 
Format ion . 

T h e drill hole was abandoned at 91.4 m, because of 
the difficult drilling conditions and also because no 
evaporites had been encountered to that depth. T h e 
hole is now plugged and abandoned. 

Discussion and conclusions 
The gravels forming the first 3.05 m in B M R 

Hermannsbu rg N o . 40 have been deposited by modern 
streams. Ter t iary clastic rocks occupy from 3.05 m to 
41.1 m. They are mainly lacustrine and fluviatile and 
lie unconformably on the eroded upturned edges of 
the folded Palaeozoic and Proterozoic rocks. 

T h e interpretat ion of the age and origin of the 
sequence below 41.1 m is more problematic . Cher t and 
dark shales are known in the late Precambr ian Bitter 
Springs Format ion , and pyritic sediments are also 

common in the formation. The possible modes of 
origin envisaged for this deposit a re : 
• Residual erosion products on bedrock composed of 

the Bitter Springs Fo rma t ion . 
• Breccia in a fault crush zone. A fault, near the drill-

site, separates outcrops of the Bitter Springs Fo rma­
tion and the Cambr ian Per taoorr ta G r o u p . 

• Residual material filling cavities remaining after 
dissolution of salt from the Gilien Member of the 
Bitter Springs Fo rma t ion . 

Cavities were encountered during drilling of the 
test hole and similar cavities occur in drill 
holes that have penetra ted evaporites in the Bitter 
Springs Format ion . In addit ion, pyritic chert and black 
shale are c o m m o n in the evaporit ic sequences of the 
Bitter Springs Format ion , and these two facts suggest 
that the last mode outl ined above is the more likely 
explanation for the origin of the deposit. However , the 
other two explanat ions cannot be entirely ruled out, and 
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further test drilling in the area would be necessary to 
prove the presence of evaporites. The area is not 
recommended for further shallow test drilling of 
evaporites as the depth of weathering is not known, 
and hence the top of the evaporite sequence cannot 
be predicted with any certainty. There arc also many 
other localities in the Amadeus Basin where evaporites 
of the Bitter Springs Format ion crop out and offer 
better targets for shallow test holes. 

RECOMMENDATIONS FOR FURTHER 
INVESTIGATIONS 

There appear to be two structural modes of 
occurence of evaporite minerals intersected by drilling 
in the Bitter Springs Format ion of the Amadeus Basin. 
Bedded deposits were drilled by BMR Alice Springs 
N o . 3 and BMR Lake Amadeus No . 3B, and deposits 
of probable diapiric origin were intersected by BMR 
Mount Liebig N o . 1. 

The chances of intersecting halite in bedded deposits 
where the drill is spudded in gypsum appear to be low. 
None was intersected in either Alice Springs N o . 3 or 
Lake Amadeus N o . 3B, al though elsewhere several oil 
wells have penetrated halite beds at depth within the 
formation. Hydra t ion of anhydri te to gypsum has taken 
place at depths from 100 m to over 300 m, and perco­
lating ground water would be expected to leach halite 
occurring at shallower depths in most deposits. A 300-m 
drill hole may effectively sample only a small interval 
of the stratigraphic sequence, if beds are steeply dipping 
or incompetently folded, and if an inclined hole is 
drilled, the leached interval will be correspondingly 
thicker. 

The halite intersected by the drilling is in a 
structure of probable diapiric origin. The outcrop over 
the structure is also gypsum, but the potential of these 
deposits is much greater than that of bedded deposits, 
because, in the majority of cases, halite is necessary 
for their formation. If a cap rock is present, halite is 
expected at depths generally less than 300 m. The 
drilling results, together with surface studies of the 
outcrops, have provided criteria for determination of 
the mineralogy of gypsum cap rocks. 

A weathered surface crust of earthy gypsum with 
discrete crystals up to 15 cm across is common to all 
deposits and can be over 1 m thick. In clay pan and salt 
lake deposits this variety would be expected to be 
present at depth. 

At BMR Mount Liebig N o . 1 drill site, outcrops 
overlying the halite body are composed of brecciated 
cap ruck. The weathered surface crust is underlain by 
very coarsely crystalline, massive, generally brown 
gypsum with an equigranular texture. 

The gypsum deposits on which BMR Alice Springs 
No. 3 and BMR Lake Amadeus N o . 3B were drilled 
are bedded and have quite a different appearance on 
the surface. They are coarsely crystalline, but have a 
laminated and in parts contorted texture, which is 
distinctive. Tracings and laminae of gypsiferous 
dolomite give a grey appearance to the rock. 

Detailed examination of enlarged aerial photographs 
gave information on the relation of the gypsum body to 
the surrounding sediments. Diapiric movement of a 
halite body produces a circular or oval outcrop, which 
may be surrounded by one formation. A circular ridge 
uplifted by the halite may be preserved around the 
outcrop, while the gypsum may have shallow dips away 
from the centre. Conversely, the concordant nature of 
bedded deposits may be apparent on the aerial photo­
graphs and, therefore, distinguishable from diapiric 
bodies. 

Fur ther drill sites can be selected by using these 
criteria to distinguish cap rock gypsum. In cases where 
the bedrock gypsum is obscured by a thick weathered 
crust, the crust should be penetrated by either shallow 
drilling or trenching to determine the mode of 
occurrence of the underlying gypsum and allow an 
assessment of the nature of the deposit. 

Gravity surveys over surface evaporite occurrences 
may provide data on the presence and extent of halite 
bodies, but the cost involved may be similar to that of 
drilling several shallow stratigraphic holes in the 
deposit, and. the relative costs and benefits should be 
closely compared beforehand. 

The next stage of the evaporite investigations in the 
Amadeus Basin should consist of reassessment of all 
known gypsum occurrences. Deposits which appear to 
be of diapiric origin should be investigated by a 
program of shallow drilling to a depth of about 20 m, 
and occurrences which appear to be underlain by cap 
rock should be drilled to a depth of at least 300 m to 
assess the intrusive core. 

It is in deposits of diapiric origin that the probability 
of intersecting halite and associated potassium salts at 
relatively shallow depths is greatest; in addition, most 
of the worlds native sulphur deposits occur in the cap 
rock of salt domes. 

A R C K A R I N G A B A S I N 

Evidence for the presence of evaporites in the 
Arckaringa Basin comes from interpretation of surface 
structures and from the results of drilling for oil and 
minerals. 

At Mount Toondina , near the centre of the 
Arckaringa Basin, an inlier of strongly dislocated Lower 
Permian and Upper Jurassic sediments occurs in an 
area of slightly tilted Lower Cretaceous rocks (Fig. 
3 7 ) . An isolated small positive gravity anomaly coin­
cides approximately with the inlier, and a small, 
relatively low, reversal corresponds with the centre of 
the structure. Seismic surveys have shown that apart 
from this disturbed area the sedimentary sequence in 
the basin is only mildly deformed. 

T h e structure at Moun t Toond ina has been explained 
by Freytag (1965) as probably "being caused by the 
elevation of blocks of Permian and Jurassic sediments 

above a piercement with a core of incompetent rocks of 
unknown age and composition. Although the structure 
is dissimilar to diapirs in the Flinders, and Peake and 
Denison Ranges (Coats , 1964) , sediments of Willouran 
age which are considered to contribute the breccia core 
complexes of the diapirs crop out only 50 km to the 
east of Mount Toondina . The Moun t Toondina pierce­
ment is younger than Early Cretaceous and there is 
some evidence for Quaternary movement . Numerous 
mound springs scattered in and around Mount Toon­
dina owe their development to the formation of the 
structure. 

By comparing features of the Mount Toondina struc­
ture with those of Gosses Bluff, Youles (1976) con­
cluded that the piercement at Mount Toondina was 
caused by impact of an extra-terrestrial body. His 
main evidence is that the highly disturbed older sedi-
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Fig. 37 . Geology o f th e Mount Toondin a structur e (afte r 
Freytag, 1965) . 

ments of the structure have a faul t -bounded polygonal 
outl ine and are surrounded by sub-horizontal younger 
sediments, and that the structure contains welded rocks 
with high- temperature minerals. H e also cites 
geophysical and fracture pat terns, and kink bands and 
parallel p lanar features in quar tz grains. Wopfner 
( 1 9 7 7 ) , however, argues that as diapiric intrusion can 
satisfactorily explain Gosses Bluff, so can it also explain 
the M o u n t Toond ina structure. T h e contor ted core, 
which here consists of coal-bearing sediments, is, 
according to Wopfner , a c o m m o n feature of diapiric 
structures throughout the world, as is the polygonal 
outline with sub-tangential shear or fault planes. T h e 
high tempera ture minerals are described by Wopfner 
as occurr ing in a usually vesicular slag, which can be 
explained by internal in situ combust ion of a coal seam. 
Thus he concludes that all the evidence points to a 
diapiric origin for Mount Toondina , and suggests that 

the diapirism resulted from incompent behaviour of 
Devonian evaporites beneath the Permian under the 
influence of an interference stress field. 

Over 100 m of halite (573-690 m ) was intersected 
in Wilkinson N o . 1 well, drilled by the South Australia 
Depar tment of Mines in the Tal lar inga Trough of the 
Arckar inga Basin (Fig. 3 8 ) , immediately west of the 
Karar i Faul t , near the northwest margin of the Gawler 
Platform. The halite occurs in the ?Cambr ian Observa­
tory Hill Beds, which, originally, were almost certainly 
deposited in the Officer Basin. The Beds may be a cor­
relative of the Ear ly Cambr ian Chandle r Limestone of 
the A m a d e u s Basin. 

Occidental Minerals Special Mining Lease (329) was 
taken up after the discovery of Devonian evaporites 
in the South Australia Depar tment of Mines Coota­
noorina N o . 1 well (Figs. 39, 40 ) (Wopfner & 
Allchurch. 1967; Allchurch & others, 1973) , about 53 
km south-southwest of Oodnada t ta and about 5 km 
south of Mount Toond ina . Devonian rocks (identified 
by palynology) penetrated in this well proved to be a 
prominent and widespread seismic reflector previously 
recorded in reconnaissance geophysical studies. These 
studies indicated that Devonian rocks are widespread in 
the subsurface within the Arckar inga Basin and the 
Boorthanna Trough . The Devonian cores from the 
Cootanoor ina well consist of alternations of black shale 
and anhydri te , probably deposited in a restricted en­
vironment . T h e anhydri te is commonly pink and occurs 
in pods. 

Holmes (1970) considered that if, in the Devonian , 
a connect ion to the open seas lay to the north or west, 
then the southerly parts of the Arckar inga Basin and 
the Boorthanna Trough would be the most prospective 
for accumulat ions of bittern salts. Geophysical surveys 
have suggested a southerly tongue of Devonian sedi­
ments and. at the northern end of an elongate t rough, 
a lip which would inhibit the flow of brines. T h e Boor­
thanna T r o u g h is a nar row half-graben which formed 
at the time (Devono-Carboni ferous) of the Alice 
Springs Orogeny. By contrast , the sequence in the 
Adelaide Geosyncl ine was folded much earlier (by 
Ordovician movements , possibly equivalent to the 
Rodingan Movemen t in the Amadeus Bas in) , and the 
Flinders Ranges diapirs presumably ceased movement 
at or soon after this event. 

On the basis of the interpretat ion of Holmes ( 1 9 7 0 ) , 
Boor thanna N o . 1 (Ho lmes & Rayment , 1970) was 
drilled by Occidental Minerals 111 km south-southeast 
of Coo tanoor ina N o . 1, to a total depth of 1225.6 m. 
N o identifiable Devonian rocks were encountered, 
and Precambr ian metavolcanics were intersected at 
1158.2 m. 

T h e sequence penetrated in the Boor thanna N o . 1 
well is : 

Formation Interval 
Cadna-Owie 0 - 4 6 m 
Format ion 

Age 
Early Cre taceous 
(Neocomian to 
Apt ian) 
Early Permian 
(Art inskian to 
Kungur ian?) 
Carboniferous to 
Early Permian 
(Sakmar i an ) 

Precambrian 

Mount Toondina 
Beds 

Unit One Beds 

Unit Two? Beds 
(Lake Phillipson 
Beds?) 
Metavolcanic 
sequence 

4 6 - 6 4 3 m 

6 4 3 - 8 6 3 m 

8 6 3 - 1 1 5 8 m 

158-1226 m 
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Fig. 38 . Geolog y an d structur e o f pre-Permia n depositiona l structure , Arckaring a Basi n (afte r Townsend , 1976) . 

The absence of Devonian rocks suggests that deposi­
tion may not have extended into the southern part of 
the Boor thanna Trough or was confined to the eastern 
side of the t rough at this latitude. 

Weedina N o . 1 (28°28 '31"S , 135°39 '20"E) sited on 
the War ranga r r ana structure in the nor thern section of 
the Boor thanna Trough was drilled by Pexa Oil N .L . 
It reached a total depth of 1625 m and penetrated 
8 0 0 - 9 0 0 m of dolomite, dolomitic sandstone, and shale 

of probable Devonian age. A few minor anhydri te 
occurrences were noted. The dolomite in Weedina N o . 
1 is believed to have originated as an algal mat facies in 
an intertidal zone. The dolomitic beds occur in the 
interval 726 .3-1624.3 m and are probably Devonian, 
but no fossils have been found. The small amount of 
anhydri te in the sequence commonly occurs in pods. 
Quartzite at total depth is possibly Ordovician. 

B O N A P A R T E G U L F B A S I N 
Until 1971, the evidence for evaporites in the Bona­

parte Gulf Basin mainly revolved around interpretation 
of the origin of several anomalous structures on seismic 
cross-sections (Fig. 4 1 ) . Only when Sandpiper N o . 1 
and Pelican Island N o . 1 wells were drilled was the 
presence of evaporites in the basin established. Before 
that, Smith ( 1 9 6 6 ) , report ing a combined gravity and 
seismic survey in the T i m o r Sea / Joseph Bonaparte 
Gulf area by the Bureau of Mineral Resources in 
1965, noted 'a few minor disturbances which appear as 
if they may be caused by intrusive material ' . Several 
intrusive features were described by Arco and 
Australian Aquitaine (Arco , 1966) from the Sahul 
Shelf, and others were reported after further marine 
seismic surveys (Arco , 1967, 1969; Australian Aqui­

taine, 1968a, 1969; Jones, 1969) . By 1973 fourteen 
diapiric intrusives had been mapped. 

Generally, the surveys showed very strong discon­
tinuities in the sedimentary sequence. But, except for 
the intrusive features, over large areas the beds are 
undisturbed or only mildly tilted. The distribution of 
intrusions is shown in Figures 42 and 43 . The intrusions 
have remarkably straight sides, and the sedimentary 
beds continue uninterrupted but domed across their 
tops and, lower down, end abruptly against the vertical 
walls. T h e tops of the domes are covered by about 
1200 m of sediment. 

Intrusions in the southern Sahul Shelf are not 
randomly spread, but are found in zones thought to be 
fault-controlled Palaeozoic Sub-basin margins. They 
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Fig. 39 . Cross-sectio n o f th e Arckaring a Basi n (afte r Townsend , 1976) . 
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Fig. 40 . Graphi c section s o f Cootanoorin a No . 1  an d 
Boorthanna No . 1  wells , Arckaring a Basin . Fo r referenc e 

to symbol s se e Fig . 4 . 

show negative magnet ic anomalies of up to 1 nT . T h e 
structures compare with those caused by salt diapirs in 
G e r m a n y and G a b o n (Caye , 1968) . 

Austral ian Aqui ta ine had suggested, on the seismic 
evidence, that the intrusive bodies were salt domes, and 
in 1971, when Sandpiper N o . 1 was drilled, that inter­
pretation was proved correct. Sandpiper N o . 1 (Fig. 
4 4 ) intersected a cap-rock zone of disturbed sediments 
809 m thick ( 9 4 4 - 1 7 5 3 m ) and reached total depth 
after penetrat ing 139 m of halite ( 1 7 5 3 - 1 8 9 2 m ) 
(Arco , 1972a) . T h e cap rock is considered to be U p p e r 
Devonian to Lower Carboniferous and the underlying 
halite. Upper Devonian ( F a m m e n i a n ) . The cap rock 

is about the same age as the Ningbing Limestone of 
the onshore Bonapar te Gulf Basin. Movement of the 
diapir is thought to have ceased at least before the 
deposition of the Cretaceous-Jurassic Petrel Format ion . 

Pelican Island No . 1 was drilled by Arco Austral ia 
Ltd to a total depth of 1981.2 m, and the interval 
1791 .3-1981.2 m consisted of massive halite. N o con­

ventional cores were a t tempted in the halite sequence, 
but sidewall cores were obtained at 1890 m and 1966 
m. T h e first recovered 3 cm, and the deeper 2 cm, of 
light grey t ransparent to translucent fractured hali te. 
The sediments above the salt are identified as the 
Lower Carboniferous Bonapar te Beds; so the hali te 
could also be Lower Carboniferous , but is more likely 
to be Devonian or older. 

Recent papers describing the regional geological 
setting of the Bonapar te Gulf Basin include those of 
Laws & Brown (1976) and Laws & Kraus ( 1 9 7 4 ) . 
Crist & Hobday (1973) suggested that salt in the off­
shore Bonaparte Gulf Basin has migrated laterally in 
the basin towards boundary faults and movement has 
taken place at several times from Late Permian to 
Holocene . Edgerley & Crist (1974) concluded that the 
salt emplacement began with subsidence of an area 
between the Kimberley and Darwin Blocks, and forma­
tion of a shallow mar ine basin, bordered to the west 
and south by tilted fault blocks or terraces, in termediate 
in depth between pla t form and basin. T h e basin was 
restricted in area and depth and salt was deposited on 
the terraces and in the central basin. Fur the r subsidence 
in Frasnian and F a m m e n i a n times permit ted reef 
growth on the platform margins. Salt creeping over the 
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seismic survey , lin e H22) . 

Lacrosse Terrace rose up against the faulted basin 
margin, and in the deep parts of the basin salt ridges 
may have started to form by creep. T h e weight of 
Carboniferous sediments, thickened toward the central 
graben by epeirogenic movements, caused salt to flow 
on the Lacrosse Terrace and in the deep basin, forming 
sinks and ridges parallel to the western margin of the 

B O N A P A R T E G U L F O F F S H O R E 

PELICAN ISLAN D 1 SANDPIPER 1 

Bonap.iic Beat 
I9J4 Bml 

U CARBONIFEROU S 
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Cm Roc k 
1808 9ml 

17913m 
U -  M . 0 E V 0 N I A N 

1981 2 m 1  D 

lnliutivcS.lt 
1138 7m l J J 

J J  J 

Q U A T E R N A R Y 
9B5m / T E R T I A R Y ? 
143 3 m 

L. CRETACEOU S 

5904m 

U. JURASSI C 

944 Sm TRE5SIC? 

I CARBONIFEROU S 
- U . DEVONIA N 

U D E V O N I A N 

1 6 m T  D 

Fig. 42 . Bouguer anomalies , sal t diapirs , an d probable salt -
controlled structures , Bonapart e Gul f Basi n (fro m Cris t & 

Hobday, 1973 ) 

Fig. 44 . Graphi c section s o f Pelican Islan d No . 1  and Sand -
piper No . 1  wells , offshor e Bonapart e Gul f Basin . Fo r 

reference t o symbols se e Fig . 4. 
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central graben. Locally, salt rose along the side of fault 
blocks. In the Permian and Triassic the salt ridges 
continued to grow, and salt moved laterally in the 
centre of the basin. Late Triassic-Early Jurassic 
tectonism caused rapid diapirism of salt into sediments 
along the Lacrosse Ter race hinge zone. Salt on the 
southern terrace rose only slowly, and may have pierced 
Lower Permian sediments. Repeated cycles of uplift, 
erosion and deposition resulted in a number of uncon­
formities in the Jurassic, Cretaceous, and Tert iary sedi­
ments . Salt may have been injected into the diapirs and 
salt structures at a late stage to cause uplift of these 
beds. 

Fig. 43 . Geologica l structure , Southeas t Bonapart e Gul f 
Basin (fro m Edgerle y &  Crist , 1974) . 

C A N N I N G B A S I N 

There are no surface exposures of bedded evaporites 
in the Canning Basin, but evaporites of probable 
Devonian age have been intersected in eight petroleum 
exploration wells. Most of the evaporites occur in the 
Car r ibuddy Format ion , which underlies an area of 
about 210 000 k m 2 in the Canning Basin, a l though 
evaporites are not present everywhere in the formation 
(Fig. 4 5 ) . 

The thickest sequence of evaporites (740 m ) was 
penetrated in McLar ty No . 1 well (Fig . 4 6 ) ; other 
major evapori te sequences were intersected in Kidson 
N o . 1 (526 m ) , and Willara N o . 1 ( abou t 280 m ) . 
Evapori te sections penetrated in P a r d a N o . 1 and Wil­
son Cliffs N o . 1 were poorly developed, and only the 
top of the Car r ibuddy Format ion was penetra ted in 
Sahara N o . 1. T h e bot tom hole core (1060 .7 -1066 .8 m ) 
in M u n d a N o . 1 well contains halite. Sections of the 
Car r ibuddy Format ion have been penetra ted in other 
wells, such as K e m p Field N o . 1 and Matches Springs 
No . 1, but lack any noticeable thicknesses of salt. 

Other evaporites have been intersected in F r o m e 
Rocks N o . 1 (530 m ) and Blackstone N o . 1, but 
the origin and age of those in F r o m e Rocks N o . 1 are 
unknown, and those in Blackstone N o . 1, whose 
presence was inferred from increased salinity of drilling 
fluids, could only perhaps be correlated with the Car­
ribuddy Format ion . Minor evaporites have been noted 
in the Devonian reef complex on the Lennard Shelf 
(Playford & Lowry, 1966) . 

The Fitzroy G r a b e n ( T r o u g h ) and the Broome Plat­
form cont inue essentially uninterrupted into the north­
east Canning Basin (Fig. 4 7 ) . T h e equivalent of the 
Broome Platform, the Crossland Platform, appears to 
extend to the southeast and eventually terminates near 
marginal Precambr ian outcrops in the Webb 1:250 000 
Sheet area. In the southeast extension of the Fitzroy 
Graben , the Gregory Sub-basin, the sediments are up 
to 9 000 m thick. There is a major unconformity in the 
sequence, and Permian rocks rest unconformably on 
the eroded Carboniferous sediments. In Lake Betty 
N o . 1 and Point Moody N o . 1 wells the Permian 
Gran t Format ion overlies Carboniferous sequences 
about 900 m and 466 m thick, respectively. 
The Point Moody well was still in Lower Carboniferous 
at total depth, so an appreciably thicker Carboniferous 
section may be present in this area. Gravi ty and 
magnetotelluric surveys in this area suggest the presence 
of salt (Austral ian Aqui tane Petroleum, 1968b) . 

After the discovery of evaporites in F r o m e Rocks 
No . 1 W A P E T was granted T e m p o r a r y Reserve 1691-H 
to prospect for evapori tes and associated minerals over 
a large part of the Jurgur ra Ter race and the southern 
part of the Fitzroy Graben (Lehmann , 1969) . 

A detailed gravity survey, together with a reinterpre-
tation of previous geophysical data and later seismic 
work outlined the extent of the F r o m e Rocks salt 
dome and indicated other possible salt-cored structures. 
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N o salt-induced structures were detected by a similar 
program in the Barlee area of the western part of the 
Fitzroy Graben . 

Doran Core Hole N o . 1 was drilled on the crest of 
the most prominent geophysical anomalies, about 16 
km west of the F r o m e Rocks N o . 1. N o evaporites were 
encountered to total depth of 763 m. 

Carribuddy Formation 
T h e Carr ibuddy Forma t ion is thickest in the centre 

of the Kidson Sub-basin (Figs. 48 , 49 ) and the pre-
Permian sequence there is (slightly modified from 
Koop, 1966, and Creevey, 1 9 7 1 ) : 
T O P —Mellinjerie Limestone — Frasnian to ?Givetian 

(probably basal 
Frasn ian) 

Tandalgoo Red Beds — Gedinnian 
Carr ibuddy F o r m a t i o n — ?Devonian 
Nita Format ion — Llanvirnian to 

Llandeilian 
Goldwyer Format ion — Llanvirnian to 

?Llandeilian 
Willara Format ion —Arenigian 

BASE—Nambee t Format ion — T r e m a d o c i a n 
? to Arenigian 

There are no marked lateral variations within the 
evaporite sequence, al though it seems that some re­
gional facies changes to carbonate and sulphate 
sequences are present. Some changes may have been 
removed during erosion of the sequence below the Per­

mian unconformity. In early interpretations, the dis­
tinct increase in carbonate (dolomite) content was 
assigned to the lower part of the Carr ibuddy For­
mation, and was called the Nita 'Facies' . This has since 
been defined as the Ni ta Format ion , which, on the 
evidence of conodont faunas found in several wells, is 
Llanvirnian to Llandeilian. 

Glover (1973) analysed the halite-bearing cores from 
the Carr ibuddy Format ion , and concluded that the low 
bromine content was in accord with the absence of 
potassium salts. The halite is colourless to red-brown, 
the latter perhaps caused by precipitation of ferric 
hydrate, a precursor of hemati te, from percolating oxy­
genated water, which dissolved and reprecipitated the 
halite. The bromine content is generally greater in the 
red-brown halite than in the colourless, suggesting that 
the colourless variety was not dissolved and reprecipi­
tated. In addition, Glover concludes that the diagenetic 
sequence in the halite of the formation is halite, dolo­
mite and anhydrite, quartz, and hematite pigment (Fig. 
5 0 ) . Colour patterns in the halite veins indicate that 
the minerals have not moved significantly since pre-
Middle Devonian times. Most pigment in the redbeds 
with halite has probably formed in place by diagenesis, 
but some could have been transported to the basin. 

Age of the Carribuddy Formation 
There are no published reports of any internal evi­

dence for the age of the Carr ibuddy Format ion, al­
though McTavish (personal communicat ion) states 
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Fig. 46 . Graphic section s o f wells penetratin g evaporite s i n th e Canning Basin . Fo r reference t o symbols se e Fig. 4 . 

that pa lynomorphs , conodonts , ostracods, foraminifera, 
and fish scales have been recorded and discussed in 
reports by W A P E T and T O T A L , and he favours a 
Devonian age. M o r e specifically, McTavish indicated 
that there were possible Lower Devonian fish scales 
about 60 m from the top of the formation in the upper 
part of the Carr ibuddy Format ion penetrated in K emp 
Field No . 1 well. 

Potassium-argon determinations on clays from the 
Mellinjerie Limestone (core no. 2 ) , Tanda lgoo Red 
Beds (core nos. 3 - 7 ) , and Carr ibuddy Format ion (core 
nos. 8 -10 ) in cores from Wilson Cliffs N o . 1 well gave 
an Early Devonian age (K. J. Creevey, personal com­
mun ica t ion ) . 

The Tandalgoo Red Beds, that commonly overlie the 
Carr ibuddy Format ion , contain probably aeolian sands, 
and rare agnathid and acanthian fish scales with Early 
Devonian affinities have been described from beds be­
tween 1353.0 m and 1345.5 m in Wilson Cliffs N o . 1 
well (Gross , 1971) . The specimens appear to be 

abraded and could have been reworked. This implies 
that the lower part of the Tandalgoo Red Beds or the 
Carr ibuddy Format ion could be Early Devonian. 

If the Car r ibuddy Format ion is older than Ear ly 
Devonian, it could be correlated with the Dirk Har tog 
Format ion of the Carnarvon Basin, a view favoured 
by some oil company geologists. Others favour cor­
relating the Tanda lgoo Red Beds with the Dirk Har ­
tog Format ion (Playford & Cope, 1971) , though, from 
the evidence of the fish scales and a recent discovery 
of Devonian spores in the Upper Tanda lgoo Red Beds 
(K. J. Creevey, personal communica t i on ) , this cor­
relation does not appear to be valid. 

Similarities between the Tandalgoo Red Beds and 
the Mereenie Sandstone of the Amadeus Basin suggest 
that the evaporites may be Ordovician, because there 
is ample evidence of evaporit ic conditions in the pre-
Mereenie Cambro-Ordovic ian Larapinta G r o u p . 

Other evidence support ing a Devonian age for the 
Car r ibuddy Format ion is: Lower Devonian, Middle 
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Devonian a n d / o r Upper Devonian spores and pollen, 
and a conodont related to an Ordovician morphotype, 
in Content ion Heights N o . 1 (Burne, in  Gor ter & others, 
1979) ; poorly preserved Endothyr id foraminifera in 
?Devonian cores no. 17 (3742 .1-3744 .5 m ) and no. 18 
(3864 .3 -3867 .4 m) in Kidson No . 1 (Burne, in Gor ter 
& others, 1979 ) ; sparse Devonian spores in Parda N o . 1 
(Burne, in  Gor te r & others, 1979) ; and Devonian 
microflora in core no. 5 (1741 .6-1743 .5 m ) of Willara 
N o . 1 (McTavish , unpublished report for W A P E T ) . 

In Parda N o . 1, Willara No . 1, and McLar ty N o . 1 
wells the Car r ibuddy Format ion is overlain unconform-
ably by Lower Permian sediments. 

Thus , the age of the Carr ibuddy Format ion is be­
tween Early Ordovician and Early Devonian, and the 
bulk of evidence appears to favour the Devonian. 

Salt structures 
Structures in the Canning Basin that have been 

related to the evaporite sequences in the Carr ibuddy 
Format ion have been interpreted from seismic interval 
velocities. The distribution of salt in the Carr ibuddy 
Format ion , as shown by seismic surveys, suggests the 
presence of solution features. These are thought to 
have formed before or during the Permian, as Permian 
sediments appear to thicken off the residual salt. In 
this way salt solution structures may form anomalous 
zones that indicate closures (Fig. 5 1 ) . Fo r example, 

L ORDOVICIA N ' 

Willara No . 1 is not on a structure, but may be on a 
salt remnant; probable salt anticlines and collapse struc­
tures formed by salt leaching are present on the 
Broome Arch. Similar features in the Nor th Sea have 
been described by Lohmann ( 1 9 7 2 ) , in south-western 
Ontario by Grieve ( 1 9 5 5 ) , and in the English Zech-
stein by D . B. Smith (1972 ) . 

The thickness of the Carr ibuddy Format ion is com­
monly modified by salt solution in the region of fracture 
zones. For example, in the Munro area the Carr ibuddy 
Formation is dissolved over an old fracture system in 
the underlying Goldwyer Format ion. 

The beds in the Kidson Sub-basin are only gently 
folded, and because of this there has probably been 
little movement in the salt members . Most structures 
probably formed by compaction, although interpretation 
of recent seismic surveys (Angove & Douglass, 1972) 
has suggested that diapirism has caused overturning 
at shallow levels. On some lines, the seismic cross-
section has been likened to those across salt domes 
in the Nor th Sea. The extent of piercement is uncer­
tain, but appears to be limited to deeper levels; in the 
section above the piercement zone there appears to 
be arching of the sediments, suggesting upward dis­
placement. The preponderance of multi-cycle events 
deep in the section is consistent with diapirism. 

In the southeast of Morris 1:250 000 Sheet area, a 
probable salt anticline occurs in the lower part of the 
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Fig. 47 . Tectoni c ma p o f th e Cannin g Basin . 
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sedimentary sequence, which may be Proterozoic . 
Movements are apparent in the intervals late Pre-
cambrian to near top Goldwyer Format ion , and near 
top Carr ibuddy Format ion to base Permian uncon­
formity, and a quiescent period in the interval of the 
Carr ibuddy Format ion . The structural style fits well 
with salt tectonics, with broad deformation on the late 
Precambrian level, nar rower on top upper Proterozoic 
and near top Goldwyer Format ion , and the final phase 
on a near-surface fault (Pinchon, 1973) . 

On the Barbwire Terrace a probable salt anticline 
occurs immediately north of the D u m m e r Range Faul t , 

STAGE 1 

and on the Jurgurra Terrace a fault-bounded anticline 
may be related to the F r o m e Rocks structure, which 
lies 20 km further west. In the Willara Sub-basin salt 
anticlines are interpreted along the Munro Fault , where 
salt migration was associated with renewed movements 
along the fault. Emplacement probably took place no 
later than the Uppe r Triassic, because Early Jurassic 
sediments are not folded by the structures. 

Several domes have been indicated by seismic and 
gravity surveys, such as at Logue and Doran . Gravi ty 
maxima over the crests of the domes suggest that they 
are probably not the result of salt intrusion. A core 
hole drilled on the Doran structure to 2699.7 m ter­
minated in F a m m e n i a n siltstone and shale. 

In -the Fitzroy G r a b e n the sediments are more 
strongly folded and faulted; at least one salt dome, 
F rome Rocks, has been discovered, next to the graben 
on the Jurgurra Ter race . 

In F r o m e Rocks N o . 1 well 530 m of evaporites 
was intersected. About 460 m of dolomite is underlain 
by halite. The dolomite is thought to be a cap rock 
on the salt, but its composit ion is unusual , as cap 
rocks mostly consist of limestone and anhydri te or gyp­
sum. The origin of the salt in F r o m e Rocks N o . 1 
well is not certain. Some geologists consider that the 
dome may have resulted from tectonic movements , be­
cause other wells drilled on similar anomalies failed 
to intersect salt. In early interpretat ions the salt was 
shown intruded along the Fenton Faul t and probably 
originating in beds in the deeper parts of the Fitzroy 
Graben . Later workers considered that this picture is 
probably not correct and that there is no clear evidence 
of intrusion along the fault. The Matches Spring well 
was expected to intersect a thick sequence of marine 
shales and dolomites of the Carr ibuddy Format ion , but 
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only 180-200 m was penetrated. Either faulting or 
thinning of the units must be invoked to explain the 
reduced section: but if the formation is thinning, then 
it appears unlikely that the Carr ibuddy Format ion is 
the source of the F r o m e Rocks salt. 

Besides the evidence from F r o m e Rocks N o . 1 for 
the presence of evaporites in the Fitzroy Graben, there 
are other indications of thick salt beds and their con­
tinuation into the northeast part of the Canning Basin. 
On the nor th side of the Fi tzroy Graben , Blackstone 
No . 1 well penetrated red siltstone with evaporites, of 
Givetian age, overlying an Ordovician sequence. The 
evaporites were indicated by a marked increase in 
salinity of the drilling fluid. In Blackstone N o . 1 well 
completion report it is stated that the 'Blackstone For­
mat ion ' (sic; amended to Poulton Format ion) con­
tained traces of salt. It is likely that this red bed 
sequence contains crystalline halite. Al though no halite 
was seen in cuttings or cores, as this part of the well 
was drilled using aerated water as the drilling fluid, 
the salinity of the water rose from 6800 ppm NaCl at 
1852 m to 48 000 ppm NaCl at 2226 m. Such an in­
crease in salinity while penetrat ing an essentially tight 
formation can only be at tr ibuted to solution of rock 
salt. This siltstone with evidence of evaporites in the 
succession, has been named the Poulton Format ion, and 
indicates environmental similarities with the Kidson 
Sub-basin. The Poulton Format ion is probably best cor­
related with the Carr ibuddy Format ion . 

Palaeogeography 
The Kidson Sub-basin and Fitzroy Graben were 

apparent ly connected until Carboniferous time, but Car­
boniferous sediments were deposited only in the Fitz­
roy Graben . Earlier in the Palaeozoic, during the period 
of salt deposition, the Broome Platform, although act­
ing as a part ial barrier, may not have been sufficiently 
pronounced to completely sever connections between 
the two basins, and channels probably existed across 
the swell. F r o m the middle Devonian to Permian the 
source of sediments lay partly on the Broome Platform. 

Burne (in Gor te r & others, 1979) recognises three 
phases in the history of the Devonian of the Canning 
Basin. A pre-evaporite phase is represented by a hiatus 
of 4 0 m.y., during which t ime the land surface was 
gradually and evenly lowered. The succeeding evaporite 

phase saw halite deposited and localised in the centre 
of the basin with a progression outwards through sul­
phates and dolomites and, finally, non-evaporitic sedi­
ments in the north. The evaporite minerals—hali te , 
dolomite, anhydrite and bari te—together with the low 
initial bromine content of the halite indicate that the 
evaporites did not arise from total desiccation of the 
original brine. Diagenetic changes in the halite indicate 
that during deposition the environment was subject to 
lowering of groundwater salinity and local oxidising 
sub-surface conditions. 

In the post-evaporative red-bed phase the marginal 
elastics migrated across the basin, forming extensive 
sand sheets with aeolianite dunes and some fluvial 
channels. An arid desert environment is inferred, and 
the unit probably represents an extension of the 
Mereenie Sandstone from the Amadeus Basin. 

The model of evaporite deposition proposed is a 
deep water desiccating basin as proposed by Hsu 
( 1 9 7 1 ) . This model envisages— 
• A deflating pediment covered by a marine incursion. 
• Isolation of the basin from the ocean. 
• Successive desiccations and inundations. 
• Constant brine dilution by runoff. 
• Format ion of sabkha supratidal flats on margins 

bared by desiccation with pore water reactions pro­
ducing some of the diagenetic modifications. 

Discussion and conclusions 
N o potentially economic minerals are known in the 

evaporite deposits and it is unlikely that the halite 
could be exploited, as the top of the shallowest deposits 
occurs at a depth of about 700 m, at F r o m e Rocks. If 
the Kidson Sub-basin was a more or less symmetrical 
basin with the bittern salts concentrated in the residual 
brines, it would seem logical to expect the more soluble 
salts of the evaporite sequence to be preserved in or 
near the geographical centre of the basin. The geo­
graphy of the mid-Palaezoic basin may have been such 
that slight irregularities of the basin floor would allow 
concentration of the more soluble salts in small ponds, 
situated in depressions, or in smaller satellite basins, 
separated from the open sea by the main evaporite 
basin, in a similar manner to that proposed by Gold­
smith (1966, 1969) . If these beds were of sufficient 
thickness and lateral extent they could possibly be 
located and outlined by seismic surveys. 

C A R N A R V O N B A S I N 

Evapori tes were first reported in the Gascoyne Sub-
basin from a W A P E T deep test well, Dirk Har tog N o . 
17B, drilled in 1957 on Dirk Har tog Island in Shark 
Bay (Fig. 5 2 ) . Anhydri te occurs in the Dirk Har tog 
Format ion , a predominant ly dolomitic sequence, first 
named the Dirk Har tog Limestone by McWhae & 
others (1958) and amended by Henderson & Shan­
non ( 1 9 6 6 ) . The formation, which is known only from 
drill holes is Late Silurian (Opik in Glenister & Glen-
ister, 1957; Philip, 1969) . 

Only Tert iary rocks crop out close to Shark Bay, 
but cross-sections by Condon (1965) suggest the 
presence of over 6000 m of sedimentary section, con­
sisting primari ly of Ordovician Tumblagooda Sand­
stone overlying Precambr ian granulitic rocks and over­
lain by Dirk Har tog Format ion , possible Devonian 
rocks, Lower Permian, and thin Cretaceous and Ter­
tiary rocks. 

Geary (1970) described Pendock No . 1 well, an off­
shore well which reached a total depth of 2501 m and 
bottomed in the Upper Silurian Dirk Har tog Format ion 
(Fig. 5 3 ) . Anhydri te occurs mainly in the upper crypto-
crystalline dolomite. 

Yaringa N o . 1 well ( T D 2288.4 m ) , drilled by Con­
tinental Oil Co. of Australia, discovered 36.2 m of 
salt in eight beds in the Dirk Har tog Format ion . Unti l 
Yaringa No . 1 was drilled, there was no evidence 
of halite in the Dirk Har tog Format ion . 

Exploration of the Dirk Har tog Format ion for 
potash deposits, the first exploratory drilling specifically 
for evaporites, was under taken on a farm-out arrange­
ment to Magellan Petroleum ( N T . ) Pty Ltd from 
Continental Oil Co. of Australia Ltd and Australian 
Sun Oil Co. Ltd. Two exploratory holes were drilled: 
Hamelin Pool N o . 1 ( T D 1595.3 m) and No . 2 
( T D 1219.2 m ) . In Hamelin Pool N o . 1 seven beds, 
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Fig. 52 . Location o f wells , an d known an d possible exten t o f evaporites , Carnarvo n Basin . 

totalling 22.9 m of salt, were recognised, and in H a m e -
lin Pool N o . 2, 5.2 m of salt is distributed over three 
beds of varying thickness. The thinning of salt beds 
in Hamelin Pool N o . 2 suggests that the well site is 
near the southeast edge of the saline deposits. In H a m e ­
lin Pool N o . 1 the upper salt beds are not present, 
either because of erosion or non-deposition, but the 
remaining beds are about the same thickness. Pendery 
(1970) suggests that the evaporites may thicken to the 

northwest or north from the Yaringa location. H o w ­
ever, the evaporite sequence is apparent ly undetectable 
by geophysical methods and m a y be relatively thin 
throughout the area. The correlat ion of the salt beds 
between the wells is shown in Figure 54 . 

Analyses of the Dirk Har tog evaporites show that 
salt bed 2, present only in Yar inga N o . 1, is the most 
prospective for possible bittern salt deposition, in that 
bromine values are high ( u p to 330 p p m ) and the 
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C A R N A R V O N B A S I N 

HAMELIN POO L 1  HAMELI N POO L 2  YARING A 1  PENDOC K I . D  1 

Fig. 53 . Graphi c section s o f well s (excludin g Dir k Harto g No . I7B ) penetratin g evaporite s i n th e Carnarvo n 
Basin. For referenc e t o symbol s se e Fig . 4 . 

bed is relatively thick. Salt beds 3 and 4 may also be of 
interest, as they too have high bromine values and 
would appear to be more persistent laterally. Sylvite 
is reported in small amounts in the halite (GSWA, 
1 9 7 5 ) . 

In some parts of the Carnarvon Basin, local doming 
of formations may be related to diapirism (Sturmfels, 
1952) . Domes occur in Permian sediments near Hill 
Springs on the west side of the Kennedy Range, and 
small circular structures are present near the Lyndon 
River. However , it has been pointed out that derivation 
of thick evaporites would be most unusual from the 
thick glacial Permian rocks of the Lyons Group , which 
underlies the area, and the source may lie in the older 
Palaeozoic sequence. The Artinskian rocks may neither 
have had a thick interbedded evaporite sequence nor 
have been buried sufficiently deep to allow piercement 
structures to develop. Noakes (1972) states that salt 
domes inland from Shark Bay were explored for pot­
ash, but results were not encouraging. Other geologists 
consider that the domes are essentially tectonic features 
associated with major zones of faulting, and are un­
likely to have a diapiric origin. T h e circular features 
near the Lyndon River are thought by some workers 
to be synclinal drags. 

Evaporit ic gypsum occurs in ou crops of the Artins­
kian Bulgadoo Shale and Wandagee Format ion, and 
brine occurs in bores drilled in the Wandagee For­
mation on the Lyons River Station. Condon (1967, 
1968) , mentions the occurrence of evaporitic material 
in the Quinnanie Shale, the Madeline Format ion , and 
in the Bulgadoo Shale, all of which are Artinskian. 

Dirk Hartog Formation 
The Dirk Har tog Format ion is not exposed at the 

surface, but is known in the subsurface from Shark 
Bav to Marri l la N o . 1 well. It is 671.1 m thick ( 8 5 5 . 3 -
1526.4 m ) in Yaringa N o . 1 well (Henderson & Shan­

non, 1966) , and in the type section in Dirk Har tog 
No . 17B, where the formation was first described, it 
is 739.1 m thick (665 .4-1404 .5 m ) . Playford & others 
(GSWA, 1975) now include in the Dirk Har tog For­
mation the unknown 146-855 m in Yaringa N o . 1, 
which makes the total of 1380.1 m in this well the 
greatest known thickness of Dirk Har tog Format ion. 

The age of the Dirk Har tog Format ion was first 
determined as Late Silurian on the basis of poorly pre­
served megafossils (Opik in Glenister & Glenister, 
1957) . Philip (1969) has since described conodont 
faunas from the upper part of the formation which 
he considers indicate a middle and late Ludlovian age. 

The top of the formation is an erosion surface 
farther north in the Carnarvon-Mini lya area, where it 
is unconformably overlain by Devonian rocks. Salt is 
not known in Pendock I .D. N o . 1, Quail N o . 1, and 
Wandagee No . 1 wells (Fig. 5 2 ) , which penetrate the 
formation in the north, but anhydri te is common and 
has been reported also in Dirk Har tog N o . 17B. T h e 
Wandagee No . 1 and Quail N o . 1 sequences in the 
Dirk Har tog Format ion are somewhat similar, though 
Quail N o . 1 is outside the Gascoyne area in the ad­
jacent Merlinleigh Basin; the two basins were not 
separated (by faulting) until the Late Jurassic. 

The Yaringa Evapori te Member of the Dirk Har tog 
Formation is known mainly from the Gascoyne Sub-
basin. Its type section is 1195-1271 m in Yaringa N o . 
1 well, and it corresponds to 'Unit B' of Henderson & 
Shannon ( 1 9 6 6 ) . 

The Tumblagooda Sandstone occurs beneath the Dirk 
Hartog Format ion in Dirk Har tog N o . 17B. It is a 
fluvial deposit shed primarily from the Darling Faul t 
area, although it is known in Wandagee N o . 1, con­
siderably farther north. It contains high-salt brines, 
is up to 3000 m thick in outcrop, mostly red, and 
grades upwards into the Dirk Har tog Format ion, which 
suggests that the Tumblagooda Sandstone too may be 
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Fig. 54 . Correlatio n o f sal t bed s betwee n well s i n th e Dir k Harto g Formation , Carnarvo n Basi n (afte r 
Pendery &  others , 1969) . 
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Silurian. The sandstone in Quail N o . 1 and Wandagee 
N o . 1 sections beneath the Dirk Har tog Format ion is 
lithologically similar to the Tumblagooda Sandstone. 

T h e Middle to Upper Devonian Point Maud For­
mation shows a reefoid development in Pendock I .D. 
N o . 1. In addit ion to the Silurian evaporites, minor 
Devonian evaporites are present in the Gneudna For­
mation in Yar inga N o . 1, and these may have im­
portant palaeogeographic implications. 

It has been suggested by some geologists that very 
thick evaporites could be present in the Rough Range 
area, and may be situated on the basin side of a reef, 
but no evidence in support of this claim has been 
cited. 

The sequences penetrated in Yaringa N o . 1 and 
Hamelin Pool Nos. 1 and 2 are shown in Table 9 
below, which has been taken from Hamelin Pool N o . 2 
well completion report. 

T A B L E 9 . S E Q U E N C E S P E N E T R A T E D I N Y A R I N G A 
N o . 1  A N D H A M E L I N POO L Nos . 1  A N D 2 

Formation Hameli n Yaringa Hamelin 
Pool No. 1 No. 1 Pool No. 2 

Surface deposit s 8.8 m 
Too longa Calcilutit e 1 3 2 . 6 + m 64.9 01 55.5 m 

(Senonian) 
Alinga Formatio n 51.8 m 50.9 ni 61.0 m 

(Albian-Cenomanian) 
Birdrong Formatio n 20.4 m 25.0 m 66.8 m 

(Aptian) 
Unknown A  ( ? 1 136.2 m 179.8 m 128.3 m 
Unknown B  ( ? ) 506.6 m 529.1 m 466 .0 m 
Dirk Harto g A 373.1 m 339.5 m 327.4 m 
Dirk Harto g B Late 64.0 m 76.2 in 59.4 m 
Dirk Harto g C 'Silurian 96. 3 m 88.4 m 4 1 . 1 + m 
Dirk Harto g D 172.8 m 167.6 in — 
Tumblagooda 36.9 m 762 .0 m — 

Sandstone 
(Ordovician) 

T D 1595.3 m 2288.4 m 1219.2 m 

O F F I C E R B A S I N 

Outcrops of evaporites in the Officer Basin were 
first discovered in the centre of the Woolnough Hills 
in 1956, during geological reconnaissance mapping of 
the southern Canning Basin by BMR. The occurrence 
was recognised as possibly constituting the core of a 
salt d o m e (Veevers & Wells, 1959, 1960) and, sub­
sequently, Leslie (1961) made a regional geological 
investigation of the Gibson Desert area in the Officer 
Basin and further observations in the Woolnough Hills. 
Wells (1963) reported the occurrence of other diapiric 
structures, the Madley diapirs, some with exposed cores 
of evaporites, arranged in an arc a few kilometres south­
west of the Woolnough Hills. Wilson (1967) con­
sidered that at least twelve domes are present along 
this southwest-trending line, which he called the Mad­
ley diapiric trend. The best exposed diapirs occur in a 
central zone. They all have cores of Proterozoic rocks 
and rims of Permian and Mesozoic strata. 

The Woolnough Hills and Madley diapirs occur in 
a northwestern lobe of the Officer Basin (Fig. 5 5 ) ; 
geophysical surveys show that this part of the basin 
contains at least 4500 m and perhaps as much as 
7500 m of sediment and is separated from the Kidson 
Sub-basin to the north by a buried basement ridge. 
T h e Woolnough Hills are on the southwest flank of 
the ridge. 

The age and history of movements of the intrusive 
evaporitic cores are not known with certainty, but the 
latest movements of the diapirs probably continued 
into mid-Tert iary times. It was generally considered 
that the evaporites were Precambrian , because of simi­
larities between the overlying stromatolitic dolomite 
and the Precambrian dolomites in neighbouring basins, 
notably the Bitter Springs Format ion of the Amadeus 
Basin. Reinterpretation of seismic work for Hunt Oil 
Co. has suggested that there are two levels of evaporites, 
?Cambrian and Precambrian . The probable younger 
evaporite sequence has been called the Babbagoola 
Beds (defined from Yowalga N o . 2 we l l ) ; the pre­
sumed older sequence, called the Browne Beds, was 
defined by Lowry & others (1972) in Browne N o . 1 
well, where it forms the intrusive core of the Browne 
diapir (Fig. 5 6 ) . Evaporites lithologically similar are 

exposed in the diapiric cores of some domes along the 
Madley diapirs and in the Woolnough Hills diapir. In­
terpretation of the seismic cross-section through Browne 
No . 2 well suggests that the evaporitic sequence may 
be part of the Babbagoola Beds. The assumed age of 
both the Browne and Babbagoola Beds depends on 
isotopic age determinations carried out on volcanic 
rocks in the sequence. 

The Table Hill Volcanics (described by Talbot & 
Clarke, 1917, and named by Peers, 1969) are inter­
bedded in the succession and are thought to lie strati-
graphically above both evaporite sequences (Jackson 
& van de Graaff, in p repara t ion) . Compston (1974) 
has calculated their age using an initial h 7 S r / s l i S r ratio 
calculated from apparently unaltered pr imary pyroxenes, 
combined with the Rb-S r model ages for total rock 
samples. He concludes that the R b - S r data are best 
interpreted as signifying an original extrusion of the 
basalts at 5 7 5 + 4 0 m.y. 

The dolomite at the Woolnough Hills is interbedded 
with thinly bedded siltstone with moulds of halite, and 
unconformably overlain, in turn, by Permian fluvio-
glacial deposits and Cretaceous sediments. Poorly ex­
posed lateritised Lower Cretaceous lutite crops out in 
the distal parts of the dome and in neighbouring out­
crops. The geological succession in the Madley diapirs 
is somewhat similar (Wells, 1963; Wilson, 1967) . 

The evaporites cropping out at the Woolnough Hills 
and Madley consist mainly of secondary friable gyp­
sum in contact with scattered blocks of brecciated dolo­
mite. A few fresh exposures of tightly folded and in 
part brecciated gypsum are exposed in sink holes at 
the Woolnough Hills and in some of the Madley dia­
pirs. 

Other less well-defined domes are present in the Mad­
ley and Warri Sheet areas. They include poorly defined 
domes in Permian and Mesozoic rocks at Lake Cohen, 
in Cretaceous rocks at the eastern end of the Young 
Range, and another in Permian, Mesozoic, and Creta­
ceous rocks near the Iragana Fault (Wells, 1963) . 

Several closely spaced, doubly plunging anticlines 
and synclines lie in a northwest-trending zone between 
Lake Breaden and the Baker Range. A seismic cross-

67 



1 2 3 ° 

Woolnough Hills BM R W A R R I 20 

P - i i * : Woolnoug h Hill s Diapi r 

p . . - , , -> » 

. a , - M a d l e y Diapir s " ^ j 
BMR M A D L E Y 1 

GIBSON 

GRA VITY 

DEPRESSION 

I r agana Faul t 

2 3 ° 3 0 ' 

B A N G E M A L L 

B A S I N 

MES020IC 

PALAEOZOIC 

PROTEROZOIC 

PRECAMBRIAN 

CRETACEOUS 

PERMIAN 

Betah Claystone  and  Samuel Formation 

Peterson Formation 

Lennis Sandstone 

Table Hill  Volcanics 

Undivided 

Lupton Beds  and Lefroy Beds 

Townsend Quartiite 

Geology uncertain 

Mainly igneous  and  metamorphic rocks 

Geological boundary 

Inferred boundary 

Dome 

Fvaponte Drill  hole 

Fig. 55 . Diapirs , and well s penetratin g evaporites , northwester n Office r Basin . 

section (Jackson, 1966b, fig. 23) indicated the 
presence of a diapiric core underlying the fold zone, 
and the structure has been termed the Browne diapir 
(Figs . 57, 5 8 ) . Evapori t ic sequences were subsequently 
penetrated in Browne Nos . 1 and 2 wells ( Jackson, 
1966b) . Hun t Oil Co. seismic lines 12D and 12E ( H u n t 
Oil Co. , 1966) show possible diapiric masses which 
may trend parallel to the Browne diapir axis. 

Seismic-record sections in Turp ie ( 1 9 6 7 ) show pos­
sible diapirs along the Gunbar re l Highway—one is a 
possible cont inuat ion of the Browne diapir t rend, and 
the other occurs a few kilometres farther west. 

Thin evaporite beds were intersected in two shallow 
stratigraphic test holes and a petroleum exploration 
well drilled by Hun t -P l ac id Oil Co . (Jackson, 1966a ) . 
In Yowalga N o . 2 well, evaporites occur in Unit B 
of the Babbagoola Beds, which lie unconformably be­
neath the Table Hill Volcanics (Fig . 5 9 ) . Microfossils 
from samples of grey shale from Yowalga N o . 2 sug­
gest an early Cambr ian age ( M . D. Muir , BMR. per­

sonal communica t ion , 1 9 7 8 ) . The succession pene­
trated in the well is given in Table 10. 

Unit A of the Babbagoola Beds consists of inter-
bedded fine to very coarse-grained sandstone and dark 
red-brown micaceous shale. Anhydr i te occurs in these 
rocks as fractures and joint fillings. Unit B consists of 
silicified anhydrit ic dolomite with gypsum and anhy­
drite veins and fracture fillings. Unit C is interbedded 
siltstone and shale. 

Evapori tes were encountered in the Browne Beds 
sequence of uncertain age (?Proterozoic) in the 
Hun t /P l ac id Browne Nos . 1 and 2 shallow strati­
graphic holes, drilled on the Browne diapir between 
Lake Breaden and the Todd Range, in the Browne 
Sheet area (Jackson, 1966a ) . T h e sequences penetrated 
in the two wells are given in Table 11. 

In Browne N o . 1 the evaporites occur in the Browne 
Beds (132 .6 -386 .8 m ) in a sequence consisting of 
152 m of limestone, gypsum, and shale, overlying 
101 m of gypsum banded with varying amounts of 
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Fig. 56 . Vertica l aeria l photograp h o f th e norther n par t of th e Brown e diapir , Office r Basin . 
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BROWNE 1 

A U S 1 / 9 5 6 

Fig. 57 . Seismic cross-sectio n o f th e Brown e diapir , Office r Basi n (afte r Jackson , 1966b) . 

T A B L E 10 . S U C C E S S I O N P E N E T R A T E D I N 
Y O W A L G A N o . 2 W E L L . 

Age Formation Thickness 

Cainozoic laterit e 3. 7 m 
Early Cretaceou s Samue l Formatio n 86. 9 m 

unconformity 
Permian Paterso n Formatio n 312 . 4 m 
(Sakmarian) ( Y o w a l g a Sandston e 

of Jackson , 1966a ) 
unconformity 

Early Palaeozoi c Lenni s Sandston e 321 . 6 m 
unconformity 

Early Cambria n Tabl e Hil l Volcanic s 117. 3 m 
unconformity 

?Cambrian Babbagool a Bed s 
Unit A  41. 1 m 
Unit B  6. 1 m  143. 5 m 
Unit C  96. 3 m 

T D 989 . 4 m 

T A B L E 11 . S E Q U E N C E S P E N T R A T E D I N B R O W N E 
N o s . 1  &  2  WELLS . 

Thickness 
Browne Browne 

Age Formation* No. 1 No. 2 

Early Cretaceou s Samuel F m . 84 .4 m 140.2 m 
Early Permia n Paterson Formatio n 48 .2 m 121.9 m 

("Yowalga Sand -
stone" o f Jackson , 
1966a) 

Proterozoic Browne Bed s 254.2 m 30.5 m 
T D 386.8 m 292 .6 m 

* Th e formatio n name s use d informall y b y Jackso n 
( 1 9 6 6 a ) , hav e bee n change d t o confor m wit h thos e pro -
posed b y Lowr y an d othe r ( 1 9 7 2 ) an d Peer s &  Trendal l 
( 1 9 6 8 ) . 

** I t ha s bee n suggeste d o n th e basi s o f interpretatio n o f 
seismic reflectio n section s i n th e Brown e diapir-Yowalg a 
N o . 2  area , tha t th e sequenc e i n Brown e N o . 2  ma y b e 
Babbagoola Beds . 

ary fracture fillings. Minor shows of hydrocarbons were 
encountered in both wells in the Browne Beds. These 
have part icular significance for the formation of sul­
phur , especially as sulphate is common in the 
evaporitic sequence. 

In the northeastern par t of the Officer Basin, in 
South Australia, about 350 k m east-southeast of the 
Browne diapir area, a Palaeozoic sequence about 
2800 m thick unconformably over/lies Proterozoic sedi­
ments on the south side of the Musgrave and Mann 
Ranges. T h e Devonian sandstones in outcrop pass into 
shale/ dolomite sequences basinwards, but the westerly 
extent of this sequence is unknown. T h e Cambr ian 
sediments in outcrop are predominant ly marginal 
arkosic sandstone, but some anhydri te has been re­
ported interbedded in Cambr ian sediments in E m u N o . 
1 well (Krieg, 1 9 6 9 ) . 

Cont inental Birksgate N o . 1 well in the eastern 
Officer Basin penetra ted about 500 m of Lower Palaeo­
zoic sediments and over 1200 m of unnamed siltstone, 
black and grey waxy shale. In Browne N o . 2 they 
occur over the interval 262 .1 -292 .6 m in a sequence 
consisting of 26 m of l imestone and a little shale, over­
lying 4.5 m of gypsum with lath-like crystals and shale 
partings. The evaporite minerals are anhydr i te , gyp­
sum, and halite; they occur as thin beds or as second-
sandstone, and some limestone of presumed late Pre-
cambrian age. Anhydr i te constitutes up to 10 percent 
of a small interval in the siltstone and limestone. 

South Australia Depar tmen t of Mines and Energy 
drill hole Byilkaoora N o . 1 penet ra ted an ?Early Cam­
brian sequence including 224 m of claystone, dolomitic 
and calcareous claystone, siltstone, dolomite, and lime­
stone. A variety of evaporite minerals , including t rona 
and shortite, th roughout much of the sequence has 
been replaced by calcite pseudqmorphs . T h e pseudo-
morphs occur as subspherical feathery rosettes and 
cuniform crystals and crystal aggregates embedded in 
clayey and cherty carbonates (Benbow & Pitt, 1979) . 
The evaporite sequence in Byilkaoora N o . 1  is p rob­
ably equivalent to the halite-bearing sequence in Wil­
kinson No . 1 (Arckar inga Bas in) , which is probably 
Cambr ian ( M u i r in  Gatehouse , 1979) and correlated 
with the Observatory Hill Beds (Pitt & others, 1980) . 
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Fig. 58 . Geologica l sketc h ma p an d sectio n o f th e Brown e 
diapir, Officer Basin . 

Mack & Her rmann (1965) described a sequence of 
8500 m of late Precambrian to ?Cambrian sediments 
in the Runton-Carnegie area. The sequence is divided 
into two major units by an angular unconformity. The 
lower unit consists of sandstone, shale, carbonate rocks, 
and evaporites, and the upper, sandstone, shale, and 
evaporites. The evaporites consist mostly of gypsum, 
but are poorly exposed. Mack & Her rmann (1965) 
correlated the sequence, which is now thought to b e 
part of the Bangemall Basin, with the Carnegie Sand­
s tone-Maur ice Format ion interval in the western part 
of the Amadeus Basin. But whatever its age, it has 
been used as evidence of widespread evaporitic sedi­
mentation. Because the sequence occurs in areas near 
salt lakes, some doubt has been expressed as to whether 
the evaporites are actually interbedded with the sedi­
ments. The occurrence of evaporites is not described 
by later workers (Crowe & Chin, 1979) . 

In 1972, B M R drilled several shallow stratigraphic 
holes in the Woolnough Hills and Madley diapirs. 
BMR Warri Nos . 1, 2, and 4 to 19 were drilled in the 
Woolnough Hill diapir to determine the extent of 
gypsum cap rock under thin alluvial deposits, and 
were used to select a site for a deeper test hole, B M R 
Warri N o . 20. BMR Warri N o . 3 was drilled about 
12 km southeast of Woolnough Hills. BMR Madley 
No . 1 was drilled in the core of Madley diapir no. 6. 
Details of the holes, which proved that the intrusive 
beds are halite, are given below (from Wells & Kenne­
well, 1974) . 

BMR WARRI Nos. 1-20 

Drill site geology 

The Woolnough Hills diapir is a near-circular struc­
ture consisting of a central core of evaporites sur­
rounded by beds of dolomite and shale dipping radially 
outwards from the core at between 70° and 40° (Figs. 
60, 6 1 ) . These rocks are probably Proterozoic, and 
are unconformably overlain by the Lower Permian 
Paterson Format ion , which dips radially outwards from 
the core at between 60° and 5° . 

The central core was shown by the drilling to con­
sist of anhydrite, and dolomite, to about 200 m, and 
halite below that depth. Recrystallisation and move­
ment along cleavage planes has occurred in the past 
during upward movement of the body, and consider­
able brecciation of beds of anhydrite, dolomite, and 
quartzite has resulted. 

Upward movement of the salt body into zones of 
percolating groundwater has resulted in solution of 
halite to leave a residual cap rock of fragments initially 
contained within the diapiric core. This cap rock is 
about 200 m thick on the northwest part of the core. 
Anhydri te fragments are common in the lower part, 
and gypsum fragments in the upper part. A crust of 
'earthy' gypsum up to 0.5 m thick covers parts of the 
core. Large blocks of Proterozoic dolomite and 
quartzite and Permian sandstone up to hundreds of 
metres in diameter are present on top of the cap rock. 
These formed from the breakup of beds by the up­
ward moving halite, and were left as a residue on 
the surface when the evaporite minerals weathered. 

Sink holes have developed in the gypsum, particularly 
in creek beds on the south part of the core. Several 
large flat-lying areas, particularly in the beds of ill-
defined creeks, are covered with alluvium washed from 
the surrounding sediments. 
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In several places around the edge of the evaporitic 
core, siltstone and stromatolit ic dolomite of probable 
Proterozoic age are present. T h e extent and precise 
sequence in these rocks is uncertain, as they crop out 
in only a few places. Alluvium and soil containing 
pebbles, cobbles, and boulders of dolomite and quartzite 
cover large areas, and give the impression that the area 
is underlain by the presumed Proterozoic sediments. 
In the northwest of the structure, where shallow drilling 
was carried out, this is not the case; the boulders are 
either erratics from Permian diamictite or fragments 
from within the gypsum cap rock left as residuals by 
weathering. In the northeast and southwest, however, 
the dolomite and siltstone appear to form cont inuous 
beds which dip radially outwards from the core with 
slightly steeper dips than the Pe rmian sediments. 
Whether the dolomite and siltstone are present a round 
most of the gypsum core is uncertain. The i r contact 
with the core has not been observed, and it m a y be 
either faulted or unconformable . 

The Proterozoic rocks are surrounded by the Lower 
Permian Paterson Format ion , which dips radially out­
wards from the core with dips in the range 5° and 60° . 
T h e two main rock types are a conglomerate of sparse 
pebbles, cobbles, and boulders in a silty clay matr ix 
( interpreted as a t i l l i te) , and a coarse-grained quar tz 
sandstone, which is subangular , well sorted, and of un­
certain depositional environment , but also interpreted 
as tillite. The conglomera te occurs towards the base 
of the sequence, and the sandstone is dominant towards 
the top. 350 m of sediments is exposed on the western 
side of the diapir. T h e sediments are commonly 
cemented by hemati te and goethite, formed during a 
period of intense weathering in the Tert iary. Where 
the Paterson Forma t ion was intersected by shallow 
drilling in the northeast of the diapir, gypsum veins 
up to 2 cm across and crystals up to 5 m m across are 
present; these are probably derived from the gypsum 
cap rock and precipitated from water percolating in 
fractures. These crystals can give rise to secondary 

gypsum in the soil overlying the Paterson Format ion , 
making detection of the exact limits of the gypsum 
outcrop difficult. The nature of the contact between 
the Paterson Format ion and Proterozoic rocks is un­
certain; it may be either unconformable or faulted. 

Outcrops of Paterson Format ion in the nor theas t 
show two diverging trends on aerial photographs , sug­
gesting a local unconformity within the Permian 
sequence. N o differences in lithology are apparent on 
the ground, and no dips can be measured, owing to 
poor outcrop . 

In the same general area, but farther to the nor th­
east, very weathered silty sediments are exposed on an 
isolated hill. These may represent the Lower Cretaceous 
Samuel Format ion , which crops out several ki lometres 
to the east. The relationship between these sediments 
and those of the underlying Paterson Format ion is un­
known. 

Intense weather ing during a period of wetter climate 
in the Tert iary caused a laterite soil profile to develop 
on a gently undulat ing surface. T h e upper zone ( the 
' i ronstone crust ' ) of the profile is present on rises 
a round the diapir. The middle, mot t led zone is de­
veloped in probable Samuel Format ion in the nor th­
east part of the structure, and the lower, weathered 
zone is represented by the ferruginised sediments of 
the Paterson Format ion . This soil profile is not present 
in the centre of the diapir. As cont inuous upward 
movement is usual in diapirs, it is likely that uplift 
and erosion have taken place since development of the 
laterite profile. 

A fault of unknown displacement on the southern 
side of the structure within the Paterson Forma t ion is 
marked by conglomerate faulted against sandstone. 
Several other small faults are present in the southwest 
part of the structure, and a zone of faulting is ap­
parent in the southeast, al though outcrop is too poor 
to enable enumera t ion of the faults. 

Gravi ty contours show two minima to the northeast 
and southwest of the structure. These have been in-
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Fig. 60 . Vertica l aeria l photograp h o f th e Woolnoug h Hill s diapir , Office r Basin . 
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Fig. 61 . Geolog y an d Bougue r gravit y anomalie s o f th e Woolnoug h Hill s diapir , Office r Basin . 
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terpreted as caused by bodies of evaporite minerals. 
The evaporite body, therefore, is possibly much larger 
than is apparent from surface mapping, and the pre­
sent structure may be a small part of a larger one 
concealed beneath the Permian and Cretaceous sedi­
ments. 

The gravity values obtained over the structure are, 
in general, consistent with a salt dome model, with 
halite (density 2.1) in a body 1000 m in diameter and 
5000 m high intruding rocks of density 2.3 in an area 
where the total thickness of sediments is about 7000 m 
and the assumed basement density 2 .5 -2 .6 (Wells, 
1973) . 

Because of insufficient reliable surface and subsurface 
information it is difficult to construct a meaningful 
cross-section of the structure. 

Description of rock types 
The classification of rock types in the drill cores is 

similar to that used by Wells & Kennewell ( 1 9 7 2 ) . 
Following c o m m o n practice, a rock composed 
dominant ly of a single mineral has been referred to 
by the name of that mineral ; ' rock' has been used after 
the mineral n a m e when reference is made to an ag­
gregate of crystals composed dominant ly of one 
mineral . 

A graphic presentat ion of rock types penetrated in 
B M R Warr i N o . 20 is shown in Plate VI. The de­
scription below and on Plate VI were compiled after 
a study of twenty thin sections selected to cover the 
range of rock types and to yield as much information 
as possible on texture and mineralogy. The minerals 
in sixteen samples were identified by X-ray diffraction 
analysis to aid description of the thin sections. 

Most rock types are friable and all slides were im­
pregnated with resin to prevent the sample disintegrat­
ing during prepara t ion of thin sections. Samples taken 
above 200 m were prepared in water to prevent for­
mat ion of bassanite ( 2 C a S 0 4 . H 2 0 ) from gypsum 
( C a S 0 4 . 2 H ; , 0 ) by heat ing during grinding of the 
slide. Samples taken below 200 m were prepared in 
kerosene to avoid dissolving halite. 

There are very few detrital minerals present and 
most minerals in the cores originated either as pr imary 
chemical precipitates or as products of recrystallisation. 
Therefore , a crystal size classification for recrystallised 
carbonates suggested by Folk (1964) has been adopted; 
extremely coarsely crystalline, > 4 mm; very coarsely 
crystalline, 1.00—4.00 m m ; coarsely crystalline, 
0 .25-1 .00 m m ; medium crystalline, 0 .0625-0 .25 mm; 
finely crystalline, 0 .0156-0 .0625 m m ; very fine crys­
talline, 0 .0039-0 .0156 m m ; aphanocrystall ine, < 0 . 0 0 3 9 
m m . 

It is not known whether the dolomite and quartz 
in the core have an evaporitic origin or not. F o r the 
purposes of this report they are discussed with the 
evaporite minerals. 

Gypsum rock 
Gypsum rock is dominant in the upper 161 m of the 

core and occurs as several varieties. The most com­
mon, referred to as gypsum in the core descriptions, 
is white to grey, with a granular texture and generally 
coarsely crystalline. It occurs interlaminated with other 
rock types as fragments and as massive beds (or pos­
sibly fragments) up to several metres across. Micro­
scopic examination shows that the composit ion ranges 
from almost pure gypsum to gypsum with about 15 
percent quartz and dolomite crystals and traces of an­

hydrite, ?limonite, and clay. These minerals are en­
closed within coarse gypsum crystals. 

Acicular gypsum rock 
Acicular gypsum rock is present above 62 m and 

in all the shallow holes drilled in gypsum. It is gener­
ally pure and white, consisting of needle-like crystals 
of gypsum oriented at right angles to fractures which 
they fill. 

Brown gypsum rock 
Brown gypsum rock is rare, and fills small fractures. 

The vein filling consists of a single crystal, and the 
brown is imparted by small quantities of ?limonite and 
clay. It cannot be distinguished from gypsum rock in 
thin section. 

Gypsum crystals rock 
Gypsum crystals rock is referred to in several parts 

of the core descriptions, particularly between 26 m 
and 40 m. It consists of euhedral crystals, generally 
pure and colourless, which have grown together to form 
an interlocking meshwork of crystals up to several 
centimetres across. 

E 
u 

Fig. 62 . Cor e fro m abou t 20 5 m  i n BM R Warr i No . 20 , 
consisting mainl y o f brecciate d anhydrite , wit h vug s wher e 

halite ha s washe d out . (GA/935 ) 
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Dolomitic gypsum rock 
Dolomitic gypsum rock occurs above 161 m as frag­

ments up to several centimetres thick, and inter­
laminated with gypsum rock and grey friable dolo­
mite rock in beds several metres thick. It is moderate ly 
soft and generally light to dark grey. Composi t ion is 
variable, but generally coarse gypsum crystals enclose 
1 5 - 5 0 percent dolomite and quar tz crystals with minor 
anhydri te , ?limonite, and clay. 

Anhydrite rock 
Anhydr i te rock occurs in significant amounts only 

at depths greater than 161 m (Fig. 6 2 ) . It is white to 
light brown when exposed on the side of core, but on 
freshly broken surfaces it is clear with a slight black 
or blue colour and a shiny micaceous appearance , 
owing to its perfect cleavage. Texture is commonly 
even and it occurs as beds or fragments up to several 
metres across. Anhydr i te rock may also be inter­
laminated with grey friable dolomite rock or dolo­
mitic anhydri te rock. Traces of ?limonite or ?clay are 
present in some specimens. 

Dolomitic anhydrite rock 
Dolomitic anhydri te rock occurs as fragments and 

beds up to several metres across, and may also be 
interlaminated with anhydri te rock, gypsum rock and 
grey friable dolomite rock. It is commonly finely crys­
talline, light brown to light grey, and moderately hard. 
Anhydri te is the dominant mineral , with about 1 5 - 5 0 
percent finely crystalline dolomite and coarsely crys­
talline quartz , and traces of chlorite, ?clay, and 
?limonite. 

TABLE 12. WATER ANALYSIS, BMR WARRI No. 3* 

TABLE 13. ANALYSIS OF CORES, BMR WARRI No. 20 

Sample No., depth, & rock type 

Cations 
Ca 
Mg 
Na 
K 
Fe 

A nions 
CO., 
HCO., 
s o 4 

CI 
F 
NO., 
PO4 

Totals and balance 
Cations me/1 

36.4 
diff :0.4 sum 

Derived and other data 

mg/l 
59 
74 

590 
76 

0.26 

175 
485 
790 

1.2 
40 

0.1 

me/I 
2.9 
6.1 

25.5 
1.9 

2.9 
10.1 
22.3 

0.7 

:72.4 % 

Anions me/1 
36.0 

l i f fX 100 0.55 

Conductivity (E.C.) MS/cm at 25°C: 3400 
Total dissolved solids calculated 

( H C 0 3 = C 0 3 ) : 2201 mg/l 
Total hardness as C a C 0 3 : 450 mg/l 
Carbonate hardness as C a C 0 3 : 145 mg/l 
Non-carbonate hardness as C a C 0 3 : 305 mg/l 
Total alkalinity as C a C 0 3 : 145 mg/l 
Silica (S1O2) : 51 mg/l 
Reaction -pH 7.2 
Sodium to total cations ratio: 70.0% 

73880152 
27.85 m 

73880153 
187.85 m 

73880154 
203.80 m 

Gypsum Anhydrite Halite 

SiOj 14.9% 26.2% 1.85% 
AI .O3 3.50 2.45 0.63 
Total Fe a<s Fe^O., 1.19 0.87 0.27 
CaO 24.4 25.5 2.20 
MgO 3.80 4.50 0.60 
Na-O 0.06 0.27 — 
Na — — 35.2 
KjO 1.07 1.01 0.15 
TiOo 0.19 0.16 0.01 
FLjOMover 105°C) 2.30 0.92 1.32 
H-jO-(at 105 °C) 12.9 0.12 0.14 
H O - (at 44°C) 0.14 0.10 — 

COL > 4.30 7.95 0.85 
MnO 0.01 0.02 0.01 
P-jOr, 0.05 0.08 0.02 
SrO 0.035 0.058 0.007 
CI 0.04 0.31 54.3 
F 0.05 0.055 0.02 
so 3 

31.3 29.7 2.45 
S (as sulphide and 0.2 0.25 — 

e l e m e n t a l ) 

* Sample No: 73880151 
AMDEL Report No: AN3528/73 

Reference: AMDEL Report 3528/73. 

Grey friable dolomite rock 
Grey friable dolomite rock has been recorded to 

depths of 202 m in the caprock of the diapir. It is 
generally soft, friable, and light to dark grey. Beds 
up to several metres thick are present at shallow depth, 
but below 25 m occurrences are as matr ix for frag­
ments of other rock types and laminae in fragments 
of other rock types. Composi t ion is very variable, bu t 
finely crystalline dolomite is usually in excess of 50 
percent. Gypsum or anhydri te are usually a major 
component , with gypsum c o m m o n towards the surface 
and anhydri te towards the base of the cap rock. Quar tz 
may also be a major component , as coarse, commonly 
euhedral crystals. Minor amounts of chlorite, l imonite 
and clay are present, part icularly towards the base of 
the cap rock. 

Dolomitic chert 
Dolomitic chert was recorded near the surface in 

B M R Warr i N o . 8. It is brown, hard and faintly 
laminated. It is composed dominant ly of quar tz with 
dolomite, small amounts of ?limonite and ?clay, and 
traces of anhydri te . 

Anhydride chert 
A single fragment of anhydri t ic chert was inter­

sected by drilling in the halite zone. It is light brown 
and tough. The hand specimen has the appearance of a 
fine sandstone, as it contains fine grains of anhydri te 
rock. The anhydri t ic chert consists of finely crystalline 
quar tz and anhydri te in almost equal proport ions with 
a granular texture. 

Halite rock 
Halite rock was encountered in drilling at depths 

of about 203 m (Fig. 6 3 ) . Traces of halite are present 
several metres above 203 m. It is extremely coarsely 
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crystalline, colourless to pale orange and contains 
numerous fragments of anhydri te rock and dolomitic 
anhydri te rock. Finely crystalline anhydrite and quartz 
are scattered throughout the halite crystals. Traces of 
deliquescent magnesium salts are present (Table 13 and 
Plate V I ) . 

Description of core 

BMR Warri No. 1 
0-4 .6 m Sandstone, white, fine-grained, poorly sorted, 

rounded to angular, silty, hard. 

BMR Warri No. 2 
0-9.1 m Claystone, yellow to chocolate brown, slightly 

silty in parts , moderately soft. 

BMR Warri No. 3 
0-21 .3 m Sandstone, white, fine-grained, contains a 

few quartz granules, slightly calcareous; and clay­
stone, white, silty, hard, probably chalcedonic and 
highly weathered. 

21.3—24.4 m Claystone, red in upper and yellow in 
lower parts, moderately hard . 

24 .4-29 .3 m Sandstone, white, fine-grained, and clay­
stone, white, silty, hard ; interbedded with claystone, 
yellow and red, moderately hard. 

29 .3 -30 .5 m Sandstone, white, fine-grained, and clay­
stone, white, silty, ha rd ; bed contains numerous 
cavities up to 100 m across. 

30.5—33.5 m Granule conglomerate, soft, poorly con­
solidated, well sorted with little matrix, contains 
granules of quar tz , limonitic siltsone and sandstone, 
and weathered chalcedonic claystone. 

N o t e : The hole was d a m p below 12 m, and between 
16 m and 17 m a flow of brackish water of about 
500 1/hr was encountered, presumably from a per­
meable bed. In the interval 23.9 m to 30.5 m a flow 
of water at the ra te of about 2000 1/hr was obtained 
from cavities u p to 100 m m across in the sandstone 
and claystone. At 30.5 m a large flow of about 5000 
1/hr was obtained from a poorly consolidated gravel 
bringing total flow from the hole to 7500 1/hr. Fo r a 
detailed analysis of the water see Table 12. 

BMR Warri No. 4 
0-3 .65 m. 6 0 % grey friable dolomite; 3 0 % angular 

gypsum; 10% dolomitic gypsum. Fragments of dolo­
mitic gypsum and veins of acicular gypsum in matrix 
of grey friable dolomite. 

BMR Warri No. 5 
0-3 .65 m. 9 0 % brown gypsum; 1 0 % acicular gypsum. 

Veins of acicular gypsum in matrix of brown gypsum. 

BMR Warri No. 6 
0-3 .65 m. 9 0 % gypsum; 10% claystone. Gypsum with 

solution cavities throughout infilled with claystone. 

BMR Warri No. 7 
0-3 .65 m. 5 0 % brown gypsum; 4 0 % gypsum; 10% 

claystone. F ragments of brown gypsum in gypsum 
with solution cavities infilled with claystone. 

BMR Warri No. 8 
0-3 .35 m 5 0 % gypsum crystals; 5 0 % claystone; gyp­

sum crystals up to 10 m m across in matr ix of clay­
stone. 

Fig. 63 . Crystallin e halit e wit h include d anhydrit e fragmen t 
on right ; from 203. 8 m . Plan e polarise d light , x  17 . 

BMR Warri No. 9 
0-3 .95 m 6 0 % gypsum; 3 0 % dolomitic gypsum; 

10% brown gypsum; interlaminated gypsum, brown 
gypsum, and dolomitic gypsum. 

BMR Warri No. 10 
0-3 .55 m. Gypsiferous sandstone, dark brown, fine­

grained, silty, very porous, contains white, fine to 
coarse grains of gypsum, limonitic cement, and some 
small solution cavities; probably leached. 

BMR Warri No. 11 
0-3 .35 m. Siltstone, dark brown, contains a large pro­

port ion of limonite, very hard, rare sand grains, 
sparse fine mica grains. 

BMR Warri No. 12 
0-3 .35 m. Siltstone, brown, contains clay, numerous 

sand and rare granule-size grains, and rare gypsum 
crystals up to 2 mm across; probably tillite. 

BMR Warri No. 13 
0-3 .35 m. Sandstone, white, fine-grained, moderately 

sorted, angular to rounded, moderately hard; simi­
lar to sandstone in B M R Warr i N o . 1. 

BMR Warri No. 14 
0-3 .35 m. Siltstone, grey, soft, clayey, contains 

abundant fine to coarse sand grains, angular to 
rounded; contains several veins of acicular gypsum 
up to 20 m m across; and rare fine crystals of gyp­
sum; probably tillite. 

BMR Warri No. 15 
0-3 .25 m. Siltstone, light brown, very clayey, contains 

a few rounded fine sand grains and sparse coarse 
grains of gypsum, moderately soft; probably tillite. 

BMR Warri No. 16 
0-3 .65 m. Sandstone, white, fine to coarse-grained, 

angular to rounded, silty, contains angular lithic 
fragments up to 10 m m across; probably tillite. 

BMR Warri No. 17 
0-3 .65 m. Siltstone, light grey, clayey, contains 

abundant fine to medium sand grains and lithic frag­
ments up to 10 m m across; probably tillite. 
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BMR Warri No. 18 
0-3 .65 m. Siltstone, light grey, clayey, hard , contains 

few fine angular to rounded sand grains, rare lithic 
fragments and few gypsum crystals to 5 m m across; 
probably tillite. 

BMR Warri No. 19 
0-4 .25 m. 9 0 % gypsum; 5 % claystone; 5 % gypsum 

crystals. Gypsum with rare solution cavities filled 
with claystone and gypsum crystals. 

BMR Warri No. 20 
0-123 .35 m. 

This interval is composed of gypsum cap rock. 
The cores are heterogeneous, but gypsum is the 
dominant rock type, occurring as fragments, laminae, 
and beds throughout , and acicular veins towards the 
top. Grey friable dolomite is present, as a matr ix, al­
though several beds occur towards the top of the inter­
val, and laminae are present in some rock fragments. 
Gypsiferous dolomite is also present , generally as 
laminae in rock fragments, but also as fragments and 
beds. Traces of dolomitic anhydri te and anhydri te occur 
as discontinuous laminae almost completely converted 
to gypsum. Between 26 m and 40 m, euhedral gypsum 
crystals form an interlocking meshwork with a matr ix 
of grey friable dolomite. Between 106 m and 120 m, 
the core is composed almost entirely of gypsum, with 
only traces of grey friable dolomite. 

123.35-160.73 m. 
This interval is the transition zone between gypsum-

rich and anhydrite-rich cap rock, and contains almost 
all the rock types described. In most cores dolomitic 
anhydri te with rare anhydri te is being converted to 
gypsum and the texture is one of replacement ; the 
conversion is evident along planes of weakness in 
the rock, such as laminations and joints. T h e rock types 
generally occur as thick beds, but in places they are 
fragmented with a matr ix of grey friable dolomite . 
Fragments of gypsiferous dolomite and veins of 
acicular gypsum are also present. 

160 .73-203.00 m. 
Anhydri te-r ich cap rock composed of anhydri te , 

anhydri t ic dolomite, and grey friable dolomite is present 
in this interval. The anhydri te and anhydri t ic dolomite 
are generally interlaminated, and occur as beds several 
metres thick and as fragments in a matrix of grey 
friable dolomite. In some fragments and beds dolomitic 
anhydri te is recrystallising to anhydri te , leaving a 
residue of grey friable dolomite which fills laminat ion 
planes and forms thin layers a round areas of 
recrystallised anhydri te . 

203.00 m - 2 0 6 . 6 5 m. 
This interval is the transition zone between anhydri te 

cap rock and the halite core of the diapir. F ragment s 
and beds of anhydri te up to a metre thick, which con­
tain irregular patches and veins of halite, are embedded 
in a halite matrix. 

206.65 m - 2 6 5 . 4 8 m. 
Hali te is the dominant mineral th roughout this 

interval, al though there was very little recovery of rock 
salt in the cores, most of the mineral having been dis­
solved in the drilling mud. A few insoluble fragments 
of anhydri te , dolomitic anhydri te , and anhydri t ic chert 
were recovered. T h e halite constitutes the intrusive core 
of the diapiric structure. 

Geochemistry 
Analyses for trace elements in the cap rock, carried 

out on cores from B M R Warr i N o . 20 by emission 
spectroscopy, showed that many elements are present 
in trace amounts (Plate V I ) . Hali te samples from the 
transition zone between the cap rock and halite core 
were analysed by wet chemical methods for potassium, 
bromine, magnesium, and iodine, as well as t race 
elements. Samples of drilling mud taken at 3-m inter­
vals while the halite core was being drilled were 
analysed by emission spectroscopy for potassium and 
sodium in an at tempt to assess whether beds of potas­
sium salts were being penetrated (see Plate V I ) . 

Close examination of the analyses of the cap rock 
shows that two or more elements vary sympathetically. 
An at tempt was m a d e to relate groups of elements to 
specific rock types, but no correlation could be found. 
It is concluded that the elements of a group are p rob­
ably contained within one mineral , and that the con­
centrat ion of the individual elements of a group is 
therefore dependent on the concentrat ion of that 
mineral in rocks of the cap rock. N o correlation could 
be found between the easily distinguished dominant 
minerals, and the groups of elements. 

T h e groups consist of: K, B, Rb ; Mn, Fe , ?Ni, ?Cr; 
V, Ti . Be, Ir, Os, Th , Cs were not detected. Ba, C o , 
and Sr do not fall within groups. Only the elements 
of possible economic significance are considered be­
low. 

Potassium 
Analyses throughout the cap rock show that less 

than 5000 ppm ( 0 . 5 % ) potassium is present. Concen­
trations of potassium do not appear to be related to 
specific rock types. Feldspar was detected in some 
X-ray diffraction analyses and this is probably the 
source of potassium. 

In the transition zone between the cap rock and 
the halite core, values are less than 3300 ppm ( 0 . 3 3 % ) . 
As some percolating rainwater would penetra te this 
zone, most potassium salts, being more soluble than 
halite, have probably been leached. 

N o direct potassium analyses are available for the 
halite core. Because all halite penetrated by the bit 
was being dissolved, samples of the drilling m u d were 
obtained at 3 m intervals and analysed for sodium and 
potassium. It was anticipated that any interbeds of 
potassium salts would be detected. The results of the 
analyses are inconclusive, however, because the mud 
coming from the hole contained halite from both the 
mud pit and the formation being drilled. It is estimated 
that about equal amounts of dissolved sodium came from 
each source. The concentrat ion of sodium in the m u d 
pit constantly varied, however, as water was lost in 
the hole, and more halite crystals were added to the 
mud pit. The amoun t of potassium in the salt dissolved 
in the mud pit is also unknown. 

The analyses show an average K / N a rat io of 0.015. 
The only conclusion that can be drawn is that no thick 
beds of potassium are present. 

Magnesium 
Magnesium analyses were conducted on 13 halite 

samples from the transit ional zone between the cap 
rock and the halite core. The results ranged from 
0.005 percent to 0.61 percent with an average value 
of 0.056 percent , indicating that no economic deposits 
are present in the transit ional zone. 
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Iodine 
In all except one analysis, less than 15 ppm of iodine 

occurs, indicating that no economic deposits are present 
in the transitional zone. 

Bromine 
Bromine concentrat ion ranges from 20 to 90 ppm 

in the transit ional zone from cap rock into halite. Bro­
mine replaces chlorine in the crystal lattice of halite, 
and its concentrat ion increases as evaporat ion of the 
water goes to complet ion. T h e values recorded in the 
halite are about the same as those in the anhydrite 
zone in the Stassfurt evaporites (Stewart, 1963) . This 
would suggest that the halite sampled was from an 
early stage of the evaporite cycle. 

Lithium 
The lithium concentrat ions throughout the core are 

low compared with those in B M R Madley N o . 1. 
Li thium is most abundant in a red dololutite in that 
well, but this rock type is not present in Warr i N o . 20. 

Whole-rock analyses 
Three specimens of core were analysed for major 

constituents (Table 6 ) to obtain a more accurate esti­
mate of the abundance of individual minerals and to 
provide more precise figures on which to gauge the 
semi-quantitative analyses. T h e cores are heterogenous 
and the analyses are not, therefore, representative 
averages of the cap rocks and halite penetrated. 

Specimen 73880152 (27.85 m ) , from the gypsum 
cap rock, contained about 6 6 % gypsum, 1 5 % quartz, 
1 1 % dolomite, and 8 % clay, feldspar, and limonite. 

Specimen 73880153 (187.85 m ) , from the anhydri te 
cap rock, contained about 5 0 % anhydri te , 2 6 % 
quartz , 1 9 % dolomite, and 5 % clay, feldspar, and 
limonite. 

Specimen 73880154 (203.80 m ) , from the halite 
zone, contained about 8 9 % halite, 5 % anhydrite, 2 % 
quartz, 2 % dolomite , and 2 % clay, feldspar and 
limonite. 

Comparison of logs with core lithology 
Wireline logs were run in the hole ten days after 

complet ion. It was found that the hole had collapsed 
to 110 m, the depth at which water had been encoun­
tered during drilling. 

Spontaneous potential 
The spontaneous potential log is almost featureless. 

Al though a variety of rock types is present over the 
interval logged, the brecciated texture and consequent 
rapid changes of type over small distances would be 
expected to give the same result as a homogeneous 
rock type. 

Several fluctuations at the base of the log may be 
due to zones of porosity or cement filling these zones. 

Resistivity 
The resistivity log is also featureless, probably owing 

to the uniform gross composition of the core. 

Discussion and conclusions 

Origin of Deposit 
The classical concept of evaporite deposition, and 

one that has been substantiated by detailed study of 
several major deposits of the world, prescribes a cyclic 
sequence of precipitated salts, resulting from a steadily 
increasing concentra t ion of salts, ideally in an evapo­

rating enclosed or partly enclosed basin. A review of 
evaporite cycles in epicontinental marine environments 
is included in Duff & others ( 1 9 6 7 ) . 

The cycle usually commences with a basal bi tuminous 
and possibly also sulphide-rich shale, followed by car­
bonate rocks, then anhydrite and gypsum, and halite. 
The last stage of the cycle involves precipitation of 
the most soluble bittern salts, such as those of potas­
sium and magnesium. In practice these cycles may 
be interrupted several times by the commencement of 
new cycles and, as well, the relative proport ions of 
evaporites within each cycle may vary considerably. 

It is not known whether the last bittern stage of the 
evaporite cycle was reached in the deposits at Wool-
nough Hills. Several other rock types present in the 
core and cap rock at Woolnough Hills may belong 
to other parts of a cyclic deposit, but because of the 
highly disturbed nature of the cap rock and sediments 
in the immediate vicinity, they cannot be successfully 
reassembled into stratigraphic order. Tha t they do 
belong to an evaporite cycle is suggested by the pre­
sence of halite moulds in several of the rock types. 

Paragenesis of rock types 
Of the rock types described, probably only halite, 

dolomitic anhydrite, and anhydrit ic chert were present 
in the original deposit. In the lower part of the cap rock 
it is evident that dolomitic anhydrite is recrystallising 
along laminae, joints, and irregular bodies, forming 
coarsely crystalline anhydrite, which is relatively pure . 
The dolomite which is present in the original rock 
appears to have been concentrated in layers several 
millimetres thick around the irregular bodies of anhy­
drite, and in joints and laminae throughout the dolo­
mitic anhydrite. Where the concentrat ion is high, it 
forms grey friable dolomite containing anhydrite. 

The action of water percolating through the 
evaporites and forming a cap rock of residual matter 
after the halite was leached out is a major factor in 
the formation of the rock types. In the basal part of the 
cap rock this groundwater dissolves halite in the t ran­
sition zone, leaving a residue of dolomite, anhydrite, 
and quartz. Anhydrit ic grey friable dolomite also forms 
and fills the spaces between fragments of other rock 
types. In the middle part of the cap rock, where more 
percolating water is available, anhydrite absorbs water 
into its crystal structure to form gypsum. In the anhy­
dr i te /gypsum transition zone gypsum is present along 
lamination planes and joints and as irregular bodies. 
In the upper parts of the cap rock the transition is 
complete and only gypsum is present. The hydration 
of anhydrite to gypsum increases its volume by about 
50 percent, causing contort ion of beds and fragments. 

As no gypsum has been recorded within the halite, 
and none in the lower parts of the cap rock, calcium 
sulphate must be present within the halite as anhydrite. 
If this is so, all the gypsum-bearing rock types en­
countered in B M R Warr i N o . 20 must have originated 
by hydrat ion of anhydrite in the upper part of the cap 
rock. Dolomitic anhydri te would recrystallise to form 
either dolomitic gypsum or gypsum crystals. In the 
latter case, the residual dolomite would form a matrix 
of grey friable dolomite containing gypsum. Grey 
friable dolomite containing anhydrite would also re-
crystallise to form its gypsum-bearing equivalent. An­
hydrite was reconstituted to gypsum by hydrat ion and 
accompanying recrystallisation. In the near-surface 
cap rock, gypsum has been leached and redeposited 
along joints and lamination planes. 
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Economic potential 
BMR Warr i N o . 20 was drilled to determine the 

mineralogy of the evaporite core in the Woolnough 
Hills diapir to evaluate the economic mineral potential 
of the evaporite deposits. T h e identification of the 
intrusive core as halite considerably enhances the 
potential of the sequence. T h e undisturbed mother salt 
beds must be at least 500 m thick, and where potash is 
present in an evaporitic sequence, it is nearly always 
associated with the halite. However , analyses of cores 
from the anhydr i te /ha l i te transition zone indicate that 
potassium is present only in trace amounts . This is to 
be expected as the halite has been slightly affected by 
percolating water, which would preferentially leach any 
potassium salts, because of their higher solubility. T h e 
composit ion of the drilling muds is subject to many 
variable factors and the analyses are considered to be of 
very limited use. It suggests however, that no thick beds 
of potassium salts are present in the interval penetrated; 
otherwise a significant increase would have been 
detected in the drilling fluid. 

The sulphur potential is difficult to predict, but the 
abundance of sulphate fulfils the first prerequisite for 
sulphur formation. The re are other, as yet unknown, 
factors which may militate against its formation in 
this region. N o native sulphur was' encountered in the 
drill samples, al though the hole was drilled into the 
apparent edge of the core, where the cap rock is com­
monly thickest and, hence, the chances of intersecting 
native sulphur are greater. It is probable that very 
little native sulphur is present within the cap rock. 
However, less than 100 m halite was penetrated by 
the drilling and the core of the diapir is about 1000 m 
across. T h e possibility of discovering potassium salts 
and sulphur by further drilling cannot be discounted. 

GEOLOGY OF THE MADLEY DIAPIRS 
The diapirs of the Madley Sheet area are regularly 

spaced in a latitudinal t rend. There are six well-defined 
domes, which have rocks of probable Adelaidean age 
exposed in their cores, and in three the cap rocks to 
the evaporites are exposed (Figs. 6 4 - 6 8 ) . 

Madley diapir no. 1 
T h e most easterly dome, Madley diapir no. 1, is a 

small s tructure about 1100 m long and 600 m wide, 
almost completely sur rounded by red sand dunes. Out­
crop of bedrock is sparse, and most of what is inter­
preted as the intrusive core is covered by numerous 
low mounds of secondary gypsum on an otherwise flat 
surface of dark brown earth. There are no obvious sink 
holes in the gypsum. T h e dark earth is commonly 
dotted with small irregular fragments of white and some 
black chert , which are derived from a few scattered 
limestone and dolomite blocks, 2 - 3 m across and rising 
up to 1 m above the otherwise flat floor of the core. 

The main prominences in the dome are composed of 
limestone, dolomite, and l imestone breccia and 
obviously originated as blocks rafted on the mobile 
evaporites. T h e l imestone is grey, dark-grey, red. 
yellow, and black, fine and medium-grained, and is 
partly replaced by chert. The rock is mostly thin-bedded 
with interbedded fine and medium laminae, and in 
places shows limonite pseudomorphs after ?pyrite. Some 
irregular patches of secondary gypsum are present close 

Fig. 64 . Air-phot o mosai c o f th e Madle y diapiri c trend , 
Officer Basin . 
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to the top of the l imestone hills, adding further weight 
to the argument that those blocks were once completely 
surrounded by gypsum. T h e largest outcrop of lime­
stone occurs near the nor thern margin of the core, and 
here the s tructure appears to be a south-plunging anti­
cline with beds dipping 5 0 - 7 0 ° . 

Some low mounds of pisolitic ironstone occur on 
the southern flanks of the dome, together with traver­
tine, which has incorporated numerous pisolites, un­
doubtedly from the ironstone. 

Madley diapir no. 2 

Madley diapir no. 2, 3100 m long and 1500 m 
wide, is the largest of the group (Madley diapir no. 1 
has the smallest surface expression, al though, obviously, 
most of the flanking sediments are obscu red ) . T h e core 
of diapir no. 2 consists of sandstone, of presumed Late 
Precambr ian age, which is well sorted, medium to fine­
grained, medium bedded, friable and clean, white on a 
fresh surface, and orange-brown weathered. The beds 
dip about 45° to the south. There is no sign of car­
bonate rocks, gypsum, or any other evaporites which 
a re commonly associated with the intrusive cores of 
the diapirs. 

On the north side of the d o m e Permian and 
Cretaceous beds are poorly exposed and unconformably 
overlie the Proterozoic sandstone. T h e Permian rocks 
a re poorly sorted, pebbly and bouldery, massive silt­
stone, white siltstone, and poorly sorted, ferruginised 
sandstone. Scattered erratics of weathered schist and 
quartzi te, up to 50 cm across, are present in the silt­
stone. These rocks are overlain by cream and yellow 
siltstone, which has a hackly fracture, is poorly bedded, 
and poorly exposed. The siltstone is succeeded by beds 
of ferruginised, poorly sorted, granule conglomerat ic 
sandstone, with lateritic sandstone forming the distal 
outcrops on the north flank. T h e siltstone and ferru­
ginous sandstones were regarded as part of the 
Cretaceous sequence by Wilson ( 1 9 6 4 ) , but later 
workers (Kennewel l , 1974) have suggested that they 
are all part of the Paterson Format ion . 

Madley diapir no. 3 

Diapir no. 3 is about 1500 m long and 800 m wide, 
with a central core mostly obscured by debris of dark 
grey, black, and ochre-coloured rubble of chert and 
silcrete. The re is one outcrop of dolomite at the eastern 
end of the dome which shows small cross-laminae and 
beds selectively replaced by chert. There are also 
several small outcrops of dolomite in the northwest 
which are now replaced by black and grey chert with 
a few remnant dolomite laminae. Many of these out­
crops show strong brecciation. One or two outcrops of 
poorly sorted silicified sandstone occur on the north 
side of the dome , and these rocks and a similar silcrete-
capped sandstone in the prominent hill at the western 
end of the s tructure are probably Permian in age. 

Madley diapir no. 4 

Diapir no. 4, approximately 1200 m by 800 m, was 
not visited, but descriptions by other workers indicate 
that the core is Proterozoic sandstone of similar com­
position to that present in diapir no. 2. The sandstone 
beds also dip south at about 20° . The re is no gypsum 
core or blocks of dolomite and limestone. T h e rocks 
of the flanking sediments are mostly Permian arenites. 

Madley diapir no. 5 
Madley diapir no. 5 is the best exposed of the six 

diapirs and measures about 2500 m long by 1000 m 
wide. The central part of the dome is poorly exposed, 
and unweathered gypsum crops out only in the basal 
part of several sink holes present in the beds of some 
of the small water-courses. The largest sink hole 
observed is about 9 m deep and 3 m across at the 
entrance and shows coarsely crystalline secondary 
deposits at the surface. The base was not examined, 
but the exposures are obviously less-weathered gypsum. 
The secondary deposits are more evident in the western 
part of the core. 

The grey and minor black limestone floaters are 
predominant ly fine to medium-grained, thin-bedded, 
and mostly steeply dipping. Accompanying chert 
floaters, which are replacements of limestone, are 
almost invariably black. Brecciated textures are best 
displayed by many of the chert boulders, with the 
angular chert fragments etched into relief. The best 
exposures of limestone are in the eastern part of the 
structure. In one of these exposures, the steeply dipping 
beds strike west-northwest, normal to the strike of the 
rim rocks. 

The rim rocks of the structure are mostly sandstone, 
which is poorly sorted and bedded, and strongly 
silicified in places. The silcrete crust on the sandstone 
breaks into large angular blocks. Fragments of grey 
thin-bedded friable siltstone occur in areas of the sand­
stone outcrop, but could not be placed readily in the 
sequence. The unweathered rock that commonly crops 
out at the base of the more prominent flanking scarps 
is a poorly sorted, massive, fawn to white, sandy silt­
stone. which, by virtue of its closely spaced jointing, 
breaks into irregular blocks. Crumbly and friable 
deposits of earthy gypsum are also common at the base 
of several of the westerly sandstone scarps. It is yellow, 
red, and ochre coloured, and includes some large clear 
selenite crystals. It is not certain whether the gypsum 
is derived from weathering of shales or derived from 
the intrusive gypsum, which seems a more likely 
explanation. Claystone crops out on the north rim of 
the dome and resembles the Cretaceous sediments. 

The sediments on the north and south flanks show 
steep dips up to 70°, but are much shallower on the 
east and west flanks. T h e southern flank of the dome 
is truncated by a fault which post-dates the Permian 
rocks. The beds are, in places, slightly overturned next 
to the fault zone. 

BMR MADLEY No . 1 

Drill site geology 
BMR Madley no. 1 evaporite test hole was drilled in 

the core of the most westerly dome in the group of six 
diapirs. The linear ar rangement of the diapirs is 
probably controlled by a major fault, which is readily 
apparent along the southern margin of diapir no. 6. In 
addition, the close jointing, banding, and incipient 
brecciation apparent in the rim rocks on the south flank 
suggest the proximity of a fault. 

Diapir no. 6 was chosen as the well site, firstly, 
because evaporites were exposed at the surface, and, 
secondly, because it was the farthest removed in the 
group from the previous drill site at Woolnough Hills, 
and, hence, would be more likely to penetrate a 
different sequence. 
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Fig. 65 . Geologica l ma p o f th e Madle y diapirs , Office r Basi n (afte r Wilson , 1967) . 

Fig. 66 . Vertica l aeria l photograp h o f Madle y diapir s nos . 5  an d 6 , Office r Basin . (G/5472 ) 
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The evaporites in the sparse outcrop of the diapir 
core consist of weathered earthy or rock gypsum, 
together with some secondary selenite. T h e evaporite 
is mostly obscured by rubble, the larger fragments in 
which consist of banded chalcedony, ironstone, silcrete, 
and silicified sandstone. The outcrops of evaporite 
occur in low mounds in the central core area and at the 
base of the low scarps of sandstone which surround the 
core. Several detritus-filled sink holes are present on 
the east side of the core, but no fresh gypsum breccia 
is exposed. 

The re are a few scattered small pinnacles of dolomite 
and limestone in the central core, and some larger out­
crops on the northwest side. T h e dolomite is thin to 
medium bedded, pink and grey to reddish, weathers 
yellow-brown, and is medium and fine-grained. Much 
of the dolomite is brecciated, and has a porous leached 
appearance . Some of the dolomite beds are oolitic and 
pelletal. T h e outcrops of carbonate rocks on the west 
side of the diapir appear to be mostly limestone, which 
is thin bedded, grey, in part brecciated, and interbedded 
with black chert. Many of the outcrops are covered 
by small patches of secondary limonite crusts. The beds 
in the limestone here mostly dip steeply to the west. A 
prominent outcrop of dolomite about 20 m south-west 
of the drillsite is about 12 m long and 1-2 m high, and 
the thin and medium beds dip about 45° southwest. 
The at t i tude of the scattered blocks of the core would 
be expected to be quite r andom. 

The rocks of the diapir rim consist almost exclusively 
of arenites, chiefly sublitharenite (Pett i john & others, 
1972) and they are commonly capped by a thick crust 
of silcrete, particularly those in the topographically 
higher exposures. 

In several outcrops, the finer-grained arenites 
overlie the intrusive gypsum. An intrusive contact is 
suggested, because nowhere are the arenites shown to 
be in stratigraphic sequence with gypsum, and in other 
diapirs thick ?Protcrozoic rocks commonly intervene 
between the gypsum and identical arenites. This contact 
was seen on the southwest and nor thern flanks of the 
d o m e and in the prominent hill about 250 m east of 
the drillsite. The siltstone is poorly bedded, white ( some 
is yellow and m a u v e ) , sandy, and irregularly jointed. 
In other places the contact is obscured by pink and 
fawn travert inous l imestone, which contains cemented 
ironstone pisolites. The siltstone is overlain by friable, 
clean, thick-bedded to massive, well-sorted medium-
grained sandstone, which forms the more prominent 
ridges in the area. The weathered surface of the sedi­
ments is commonly strongly silicified and dark brown. 

T h e intrusive core and the overlying sediments so far 
described are most probably Proterozoic . T h e beds are 
similar lithologically to the Browne Beds in Browne 
Nos . 1 and 2 wells, which are probablv Adelaidean. 
T h e Babbagoola Beds, the only other known part ly 
cvanorit ic formation in the Officer Basin, are p rob­
ably Cambr ian . The carbonate beds and r emnan t 
blocks in the core of Woolnough Hills, which are 
probably coeval with those in the Madley diapirs, con­
tain co lumnar and mound-shaped stromatoli tes which 
are superficially similar to those described by Preiss 
CI 972) from the Precambrian of the Adelaide 
Gcosyncline. 

Fossil microbiota are preserved in black cherts 
within undulose stratiform stromatoli tes from Madley 
diapir no. 1. T h e specimens occur in a large block of 
dolomite within the central gypsum core. T h e micro-

biota resemble several other Precambr ian assemblages 
and preservationally are very similar to those of the 
Bitter Springs Format ion ( M . Walter, personal com­
mun ica t i on ) . T h e stratiform nature of the Madley 
cherty stromatoli tes combined with the composit ion of 
the microflora indicates an upper intertidal environment 
of deposition. 

The sediments on the outer flanks of the dome are 
poorly exposed and consist of coarse to very coarse, 
ferruginised, poorly sorted and bedded sandstone with 
a mixed matr ix of medium-grained sand, silt, and clay. 
The sandstone is also commonly strongly silicified and 
breaks into large irregular blocks. The re are a few inter-
beds of yellow, poorly bedded siltstone. T h e finer-
grained rocks are commonly obscured by patches of 
t ravert ine. These sediments of the outer flank are litho­
logically similar to Permian rocks of the Paterson 
Format ion mapped elsewhere in the Madley diapirs and 
Officer Basin. 

With a few exceptions the rim rocks dip away from 
the diapir core mostly at 10 -15° . T h e beds steepen 
near the southern margin, and on the southwest flank 
dips are 2 0 - 3 5 ° . 

Description of rock types 

Classification of textures and rock types 
Unless the sedimentary rocks have been subjected 

to close petrographic scrutiny, only general descriptive 
rock terms are used. However , for those rocks that 
have been examined in detail, the classifications of 
Pettijohn & others (1972) and Folk (1959) have been 
used for arenites and carbonate rocks, respectively. 

T h e classification of Pettijohn & others uses a basic 
t r iangular system with feldspar, quartz , and rock 
fragments constituting the end members , and the per­
centage of matr ix forming the fourth or secondary 
variable. This secondary criterion distinguishes 
arenites or sands with less than 15 percent matrix, and 
wackes or sands with more than 15 percent matrix. 
Arenites with no more than 5 percent of either feldspar 
or rock particles are called quar tz arenite. Those with 
25 percent or more feldspar which also exceeds the 
content of rock fragments are called arkosic arenite. 
Conversely those with 25 percent or more rock frag­
ments which also exceeds the content of feldspar are 
called lithic arenites. Subli tharenite and subarkose are 
transit ional types between quar tz arenite and lithic 
arenite or arkosic arenite, respectively. T h e greywackes 
are divided into feldspathic greywacke or lithic grey-
wacke depending on the composit ion of the dominan t 
rock particle. Quar tzwacke contains 5 percent or less 
feldspar and rock fragments. T h e character of the 
cement can be added as a prefix to the rock name. 

The carbonate rocks encountered in the well section 
are mostly microcrystall ine, and some thin beds contain 
abundant terr igenous material . However , the bulk of 
the finely crystalline dolomite probably consists of 
allochemical components . Using Folk ' s grainsize scale 
the carbonates mostly fall into the medium dololutite 
division. 

T h e classification used for crystal size of recrystal-
lized carbonates is that of Folk ( 1 9 6 4 ) . 

Mostly, the colours of the rocks are described in 
general terms. T o give a more precise idea of the 
meaning of these terms, they have been coded with 
reference to the Geological Society of Amer ica rock-
colour chart . The common terms used and the 
equivalent colour-chart codings are as follows: red-

S4 



brown dololut i te—pale red 5R 6 / 2 , 10R 6 / 2 ; choco­
late-brown dololuti te—greyish red 10R 4 / 2 : green dolo­
lutite—light greenish grey 5 G / Y 8 / 1 , 5G 8 / 1 ; red-
brown dolareni te—pale red 10R 6 / 2 . 

T h e cores were first analysed by X-ray diffraction, 
and, subsequently, numerous thin sections were studied 
in detail. 

Mineral and rock composition 
A graphic presentat ion of rock types penetrated in 

BMR Madley N o . 1 is shown in Plate VII . 
Dolomite is the most c o m m o n mineral in the drill 

cores recovered from the cap rock of Madley diapir no. 
6, and dololutite the most abundant rock type. The 
other common minerals in order of abundance are 
quartz , anhydri te , gypsum, and muscovite. Minor 
minerals include feldspar, chlorite, and hematite. The 
dololutite is commonly thinly bedded to laminated, 
mostly chocolate-brown, with subordinate brown, 
green, and pale brown varieties. The brown is 
aparent ly caused by hemati te and the lighter coloured 
varieties contain a large propor t ion of anhydrite or 
gypsum (Fig . 6 9 ) . The dolomite and quar tz grains in 
the dololutite are medium crystalline, generally around 
0.02 mm. except where recrystallisation has affected the 
rocks and dolomite rhombs and euhedral quartz are 
present. 

The chocolate-brown and green fragments have 
essentially the same composit ion, except that the pro­
port ion of quar tz and reddish chlorite (clay) is 
slightly higher and the grains slightly coarser in the 
chocolate-brown fragments. Fine-grained mica flakes 
and opaque minerals are common to both types. 

Coarser-grained anhydrit ic lithic arenite is present 
in thin interbeds at several levels (Fig. 7 0 ) . mainly in 
the deeper parts of the sequence. The rock consists of 
anhydri t ic and feldspathic arenite with rounded to well-
rounded grains of quartz, feldspar, chert, and quartzite. 
Quar tz ' shards ' are present in some of these rocks, and 
some of the chert shows boxwork-like and corroded 
textures, suggesting that some of the grains may be 
derived from volcanic rocks. Some of the grains of 
?chalcedonic clay and quar tz showing resorbed 
textures are possibly derived from the alteration of acid 
lavas, other grains showing a granophyric texture are 
most probably derived from granitic rocks, and the 
rounded chert grains, from a silicified oolitic dolomite. 

Very fine-grained quar tz occurs in the dololutite, and 
in places where it is recrystallised shows a well-
developed euhedral hexagonal crystal outline. 

G y p s u m is common in the near-surface layers. It 
was found in core 1 (45.1 m ) and occurs together with 
anhydri te in cores 2 and 4 (154.05 and 158.88 m ) , but 
only anhydri te occurs in cores below. Gypsum and 
anhydri te are common in the dololutites, where a 
Fonta inebleau texture, with dispersed dolomite and 
quar tz grains in an optically continuous gypsum 
groundmass , is commonly formed by recrystallisation. 
Coarse euhedral anhydri te is also present in recrystal­
lised zones. Most of the vein anhydri te appears to be 
concentrated in the upper parts of the core. Muscovite 
is generally present as fine flakes in the dololutite, and 
is only rarely found as coarser crystals. Biotite was only 
found in one core section. Gypsum becomes the 
predominant mineral over certain intervals of the core, 
notably from about 48-49 m ( 9 5 % ) , 52-55 m ( 7 0 % ) , 
and 56-61 m ( 5 0 - 7 0 % ) . 

The opaque minerals appear to be invariably com­
posed of hemati te . X-ray diffraction analyses showed 

Fig. 69 . Dololutit e (D ) fragment s i n a  matri x o f recrystal -
lised anhydrite . Fine-graine d dololutit e wit h dolomite , an -
hydrite, an d quartz , i n a  matri x o f predominantl y anhydrit e 
(A) an d subordinat e dolomit e (Do ) an d fine-graine d 
quartz. Dar k are a i n lowe r lef t consist s o f dolomite , quartz , 
and anhydrit e coloure d b y limonite ; fro m 200. 7 m . Crosse d 

nicols, x 5. (GA/8720 ) 

Fig. 70 . Anhydriti c lithi c arenite . A—anhydrite , D—an -
hydritic dolomite , M—microperthiti c feldspar , Q—quartz , 
C—chert an d hematite , Fe—mainl y hematite , CI—'chlorite ; 

from 185. 4 m . Crosse d nicols , x  20 . (GA/9354 ) 

that chlorite and feldspar are present, but these were 
not easily recognised in the thin sections, except that 
feldspar grains showing granophyric intergrowths with 
quartz were easily recognised. 

Rock and mineral textures 
The cap rock is brecciated or tightly folded. Some 

parts of the core are made up of steeply inclined thin-
bedded anhydrit ic dololutite, and the core does not 
reveal whether these intervals are part of much larger 
breccia fragments or constitute part of a tightly folded 
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sequence. It seems more likely from the overall texture 
that they constitute parts of much larger fragments. T h e 
brecciated rocks are less likely to be in the form of 
layered zones of restricted thickness. Well-preserved 
slickensided surfaces are evident in parts of the core, 
for example at 202.25 m. 

T h e brecciation and tight folding have caused 
certain mineral components to remobilise and many 
recrystallisation textures have resulted (Fig. 7 1 ) . T h e 
matr ix of the fragments is composed mainly of euhedral 
anhydri te with subordinate dolomite rhombs and hexa­
gonal quartz . Anhydr i te in fibrous form commonly cuts 
the dololutite. T h e gypsum and anhydri te in parts of 
the dololutite are also part ly recrystallised and com­
monly form stellate clusters or Fonta inebleau texture. 
T h e recrystallisation has produced some textures that 
resemble those of replacements . 

Fig. 71 . Brecciate d limoniti c dololutit e (I.) , an d recrystal -
lised anhydriti c dololutit e (D ) i n matri x o f recrystallise d 
anhydrite (A ) an d dolomit e (Do) ; fro m 165. 0 m . Crosse d 

nicols, x  6 . (GA/8732 ) 

Fig. 72 . Texture s displaye d i n polishe d core s fro m th e ca p roc k i n BM R Madle y No . 1 . 
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Origin of deposits 
T h e pre-diapir ic sequence interpreted from the cap-

rock zone is an interbedded assemblage of silty dolo­
lutite, anhydri t ic dololutite, feldspathic arenite and 
g y p s u m / a n h y d r i t e with saline interbeds. This evaporitic 
sequence and the predicted under ly ing halite mass are 
probably Precambr ian , and m a y be equivalent to the 
Browne or Babbagoola Beds—the only sequences in 
the Officer Basin tha t show any affinities with sediments 
deposited in an evaporit ic envi ronment . T h e Babba­
goola Beds occur only in Yowalga N o . 2 well, and 
consist of in terbedded sandstone, shale, siltstone, and 
dolomite . T h e dolomite is anhydri t ic , and anhydri te and 
gypsum fill fractures and thin veins in the sediments. 
T h e Browne Beds consist of inter-bedded dolomitic 
l imestone, calcareous shale, anhydr i te , and halite. 

As a result of diapirism the beds of the sequence 
have been mechanical ly disrupted, and breccias and 
tight folding produced (Fig. 7 2 ) . Cores up to one 
metre long, showing non-brecciated, but steeply 
inclined, beds are probably sections through large 
blocks. T h e cap-rock zone is undoubtedly a breccia 
with a large variat ion in breccia fragment sizes, and 
some zones of megabreccia are indicated by these core 
sections. 

Recrystallisation effects are also common, and the 
matr ix of the breccia is composed of mostly euhedral 
anhydri te and, less commonly , euhedral quar tz and 
dolomite rhombs . T h e anhydri te or gypsum was part ly 
remobilised into vein deposits, which intrude the 
dololutites and matr ix. T h e gypsum and anhydri te of 
the dololutites were part ly recrystallised to give 
Fontainebleau-l ike textures. G y p s u m was converted to 
anhydri te after burial , and the reverse process in the 
near surface layers was caused by subsequent 
diapirism and exhumat ion. 

T A B L E 14 . C H E M I C A L A N A L Y S E S , B M R M A D L E Y 
N o . 1 

Sample No. & depth 

7 3 8 8 - 0 1 5 5 7 3 8 8 - 0 1 5 6 
(43 .9 m ) (203 . 5 m ) 

SIOO 23.3 21.1 

AI0O3 4.95 4.35 

Total F e a s F e 2 0 3 2.55 2.25 
CaO 20.2 23 .4 

M g O 7.90 9.20 
N a 2 0 0.05 0.53 
K 2 0 1.20 1.30 

T1O2 0.37 0.29 
H 2 0 + ( o v e r 1 0 5 ° C ) 2 .40 1.71 
H 2 6 - ( a t 1 0 5 ° C ) 7 .90 0.39 
H 2 0 ( a t 4 4 ° C ) 0.20 0.20 

C 0 2 11.4 14.0 
M n O 0.03 0.03 

P 2 O 5 0.07 0.07 
SrO 0.018 0.057 
CI 0 .02 0.59 
F 0.06 0.015 
S 0 3 17.6 20.7 
S (a s sulphid e an d 0.1 0.1 

e lementa l ) 

Note : F o r sample s containin g significan t C a S 0 4 . 2 H 2 0 i t i s 
normal t o determin e moistur e a t 4 4 °C only . 

Geochemistry 
Quanti tat ive analyses for major components were 

carr ied out on two samples of core f rom B M R Madley 
N o . 1 (Table 1 4 ) : core no. 1 ( sample t aken at 43.9 m ) 
and core no . 21 (sample taken at 203.5 m ) . T h e major 
components of the breccia, dolomite , quar tz , and 
gypsum/anhydr i t e , account for most of the CaO, M g O , 
CO L ) , S i 0 2 , and S 0 4 content . Hal i te content increases 
downhole and accounts for the increase in sodium and 
chlorine values obta ined from the deeper sample. T h e 
potassium and small por t ions of the silica and a lumina 
can be accounted for in the muscovite and potash feld­
spar (pe r th i t e ) . A small propor t ion of magnes ium, iron, 
a luminium, and silica would be t aken u p by the 
chlorite, and the major par t of the iron content is 
accounted for by the hemat i te grains. 

T h e water componen t of the core decreases with 
depth, mainly because of the conversion of anhydr i te 
to gypsum at shal lower levels. Some water is b o u n d in 
the lattices of muscovi te and chlorite. 

T h e minor e lements de termined in the rocks include 
small quantit ies of t i tanium, manganese , phosphorus , 
s t ront ium, fluorine, and sulphur. T i t an ium and m a n ­
ganese are p robably associated with the i ron-bearing 
minerals in the sediments , and the phosphorus and 
s t ront ium with the gypsum/ anhydri te . Sulphur probably 
occurs mainly in the form of sulphide, chiefly pyri te . 

Semi-quanti tat ive spectrographic analyses were 
carried out for 16 elements on 21 samples, and 3 other 
elements were de termined by wet chemical me thods 
(Pla te V I I ) . 15 of the determinat ions were carr ied out 
on cuttings samples , and the remain ing 6 were samples 
of core . 

T h e results found for the e lement concentra t ions 
were compared and the following groups were 
tabulated compar ing similar concentra t ions and vertical 
variat ions. 

High concentrations;  generally above 500 ppm, and 
show no depth zona t ion : t i tanium, potassium, iron. 
Low concentration;  values generally in range 0—500 
ppm, and show n o vertical zona t ion : cobalt , beryll ium, 
nickel, caesium, manganese , vanad ium, bar ium, 
rubidium. Low  concentrations;  generally in range 0 - 5 0 0 
ppm, and show an increase with dep th : s t ront ium, 
sodium, boron . Low  concentrations;  general ly in range 
0 - 5 0 0 ppm, and show decreasing values with dep th : 
ch romium. Absent  from  core:  i r idium, osmium, 
thor ium. 

In the following chemical notes, the detection limit 
in ppm, if any, for the par t icular me thod of de termina­
t ion is shown in brackets after each element heading. 
Most of the informat ion on t race e lement concentra­
t ions in overseas evapori te deposits tha t have been used 
for compara t ive purposes has been obtained from 
Stewart ( 1 9 6 3 ) . 

Manganese (10) 
Manganese values are fairly consistent at about 

8 0 - 1 0 0 p p m th rough the core, and show no obvious 
t rend with depth . These values are similar to those 
obtained f rom the cap-rock zone in B M R M o u n t Liebig 
N o . 1 well. Insignificant concentra t ions are present in 
the under lying hali te zone in this well. Similar values 
were also recorded in B M R War r i N o . 20 well. Average 
values of 120 p p m manganese in 80 anhydr i te rocks 
were repor ted by K r o p a c h e v (Stewart , 1 9 6 3 ) . 

Cobalt (5) 
Values for cobalt are generally a round 5 p p m and 

do not show any vertical zonat ion. N o compara t ive 
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figures for cobalt in cap rocks are readi ly available, 
except in B M R Warr i N o . 20, where the element was 
most ly no t detected. 

Chromium (20) 
Values are low and fairly consistent th rough the 

core , a l though a marginal decrease with dep th is 
not iceable . Similar values were found in B M R War r i 
N o . 20. Publ ished c h r o m i u m concentra t ions show that 
it is absent f rom halite and bi t tern salts (Stewart , 
1 9 6 3 ) , bu t clays in the evapori te sequences usually 
conta in m u c h larger amoun t s than the evapori tes. 

Beryllium (1) 
Beryll ium values are low and show no significant 

t rend. In B M R Warr i N o . 20 beryll ium was most ly 
no t detected. 

Iridium (2), Osmium (10), & Thorium (100) 
I r id ium, osmium, and tho r ium are absent at the 

detect ion limits given, and no other in format ion is 
available on concentra t ions in evaporites. T h e y were 
not detected in B M R War r i N o . 20. 

Nickel (5) 
Low nickel values are evident, and show no t rend. 

Values are marginal ly higher in B M R War r i N o . 20 
and show a very slight increase in the lower half of the 
cap-rock zone . 

Vanadium (10) 
Except for one sample at about 1 1 0 m with 400 p p m , 

v a n a d i u m values are 80 p p m and below. Similar values 
were found in B M R Warr i N o . 20, with 80 p p m the 
highest. Kropachev repor ted no vanad ium in 9 
anhydr i te rocks (Stewart , 1 9 6 3 ) . 

Titanium (100) 
Ti tan ium values are fairly consistent th rough the well 

section at about 1000 ppm, with a few samples showing 
concent ra t ions up to 2500 ppm. N o compara t ive figures 
are available. 

Barium (50) 
Bar ium concentra t ions are generally a round 200 

ppm. Similar values were apparen t in the cap-rock zone 
in B M R M o u n t Liebig N o . 1 (Wells & Kennewel l , 
1972) and, with only two or th ree exceptions, prac t ic ­
ally n o ba r ium occurs in the halite zone. Values in 
B M R W a r r i N o . 20 are likewise r emarkab ly consistent 
at abou t 2 0 0 ppm. This pa t te rn follows the one 
general ly experienced in salt domes . Stewart ( 1 9 6 3 ) 
repor ted that ba r ium replaces calcium in anhydr i te and 
gypsum, bu t is usually m u c h less abundan t in hali te 
rock. V o n Enge lhard t found 210 p p m ba r ium in salt-
clay; 1-3 p p m in anhydr i te rock and anhydri te-hal i te 
rock ; 3 - 1 0 p p m in gypsum, polyhali te and some hali te , 
carnall i te , and sylvite; and 10 p p m in clear hal i te , in 
G e r m a n evapori tes (Stewart , 1963 ) . 

Strontium (10) 
St ron t ium values show an increase with depth , f rom 

1 0 - 2 0 p p m near the surface to about 2 0 0 - 5 0 0 p p m 
at deeper levels. T h e r e is a sharp increase in values 
below 150 metres . Like bar ium, s t ront ium replaces the 
calcite in sulphate and carbonates . In B M R M o u n t 
Liebig N o . 1, s t ront ium is fairly consistent in the cap-
rock zone (general ly 1 0 0 - 2 0 0 p p m ) , but m o r e errat ic 
in the hal i te and, whereas it is mostly absent, there are 
a few values of 6 0 0 - 8 0 0 ppm, generally where gypsum 

interbeds occur in the halite. In B M R Warr i N o . 20 a 
similar pa t te rn is evident, with a sharp increase in 
values from an average of about 100 p p m to 300 ppm 
in the lowest 30 metres of cap rock. 

T h e SrO figures that Stewart ( 1963) cites (after Nol l , 
1934) are highest in anhydr i te rock : 0 . 1 7 - 0 . 6 9 % ; 
0 . 0 0 3 - 0 . 1 3 % in gypsum rock; 0 . 1 2 % in polyhali te 
rock; and 0 .00002 -0 .0002% in sylvite and carnalli te. 
Nol l (1934) found that the gypsum tha t has replaced 
earlier anhydri te rock cannot re ta in all the s t ront ium 
from the original anhydri te . This m a y give an indicat ion 
of the origin of anhydri te deposits, and enable a distinc­
t ion between pr imary anhydr i te with high s t ront ium 
concentrat ion and anhydri te which has replaced 
pr imary gypsum. 

Potassium (5) 
Potass ium values down to 60 m range from 300 to 

10 000 ppm. Below 60 m values a re 10 000 p p m or 
above, the upper detection limit lying at a round this 

T A B L E 15 . L I T H I U M A N D P O T A S S I U M A N A L Y S E S 
O F S E L E C T E D R O C K T Y P E S I N C O R E S F R O M B M R 

M A D L E Y N o . 1 

Sample Depth K% Li ppm Rock type 
No. (m) 

7488 000 1 185.4 1.43 105 Green dololutit e 
7488 000 2 189.9 1.78 48 Lithic arenit e 
7488 000 3 199.9 1.43 84 Green dololutit e 
7488 0 0 0 4 154.6 1.39 68 Red dololutit e 
7488 000 5 155.3 0.63 32 Gypsiferous dololutit e 
7488 0 0 0 6 155.5 1.31 6 0 Green dololutit e 
7488 000 7 156.1 0.36 20 Acicular gypsu m 
7488 000 8 158.0 2.25 140 Red dololutit e 
7488 000 9 158.5 1.13 56 Green dololutit e 
7488 0 0 1 0 182.4 0.55 28 Anhydrit ic dololutit e 
7488 001 1 185.1 2.40 140 Red friabl e dololutit e 
7488 0 0 1 2 202.25 0.86 40 Anhydrite 
7488 0 0 1 4 203 .40 1.50 110 Red dololutit e 

figure. Quanti tat ive K 2 0 values were obtained on two 
samples of core (Table 1 4 ) . N o soluble potassium 
minerals are evident in the core and the potassium 
probably is in muscovite and potash feldspar, par t icu­
larly in the lithic arenite sequences. Potass ium values 
in B M R Warr i N o . 20 are lower and show no t rend. 

All the samples that showed potass ium values in 
excess of 10 000 p p m by semi-quanti tat ive analyses 
were re-analysed by wet chemical me thods ; the highest 
value obtained was 2 . 0 5 % K in cuttings from 1 2 9 . 5 4 -
137.06 m, and with one exception all the values are 
above 1 percent . Selected samples of various rock types 
from the cap rock were analysed for potassium and 
li thium (Table 1 5 ) . T h e results show an obvious cor­
relat ion between rock type and e lement concentra t ion; 
the highest potassium values occur in the red friable 
dololutite, red dololutite, and lithic arenite; in termediate 
values in the green dololuti te; and lowest in gypsiferous 
dololutite, acicular gypsum, anhydri t ic dololutite, and 
anhydri te . This confirms the assumption that the 
potassium is derived mainly f rom feldspars. 

Caesium (30) 
Caesium values are mostly at or below detection 

limits and show no obvious variat ion with depth. 
Caesium was not detected in B M R War r i N o . 20. 
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Rubidium (10) 
Values are mostly about 100 ppm and show no 

obvious trends. Values range from below 10 p p m u p 
to 150 p p m in B M R Warr i N o . 20, with a r a n d o m 
scatter of values within these limits in the core. 

Sodium 
Sod ium content increases gradually with depth, and 

values are a round 0.02 percent near the surface to 
about 0.5 percent near total depth. A sample of red 
and green dololutite breccia from the core at 202.35 m 
gave an analysis of 1.08 percent N a C l and a water 
insoluble content of 76.3 percent . 

Hal i te could not be detected in thin sections and 
some of the sodium may be derived from the feldspar. 
T h e gradual increase in sodium values with depth is no 
doub t related to diapirism and leaching of soluble salts 
as the cap rock migrated th rough surface water zones. 
T h r e e core analyses in B M R Warr i N o . 20 show a 
similar increase in N a values with depth, and in the 
hali te below the cap rock, sodium content is 35.2 
percent , which is close to the value for pu re halite 
(39 .4 p e r c e n t ) . 

Boron 
T h e b o r o n concentra t ion increases marginally down-

hole , a l though the ra te varies considerably and is 
somewha t erratic. Boron enr ichment generally occurs 
in clays of evaporite sequences, which probably 
explains the slight increase in boron values with depth, 
and bears a direct relation t o the increase in halite 
content . Boron values in B M R Warr i N o . 20 show no 
t r end and range from about 20 to 250 ppm. T h e boron 
and potassium concentrat ions are very similar in B M R 
War r i N o . 20 and B M R M o u n t Liebig N o . 1 holes. 
Boron values in the cap rock of B M R M o u n t Liebig 
N o . 1 are generally a round 10 p p m down to about 
2 0 m depth and from 1 0 - 1 0 0 ppm below this (Wells 
& Kennewel l , 1 9 7 2 ) . Boron values in the hali te were 
be low 100 ppm, but could not be more accurately 
de termined , because of interference from sodium. 

Genera l ly the values are comparable to those that 
a re quoted for overseas evapori te occurrences. T h e 
higher values of a round 600 p p m (Stewart , 1963) are 
found in salt clays. 

Iron 
T h e i ron content is remarkab ly constant and shows 

n o vert ical zonation. T h e iron is mainly present as 
hemat i te , which gives the colorat ion to the dololuti tes. 
T h e i ron content of readily soluble evaporite sequences 
is general ly lost; what remains is mostly in the range 
2 - 7 0 p p m . I ron in B M R Warr i N o . 20 is high in the 
near-surface samples (30 000 p p m at about 5 m ) , and 
var ies f rom 1-10 000 p p m with no obvious t rend in the 
r e m a i n d e r of the cap rock. 

I n B M R M o u n t Liebig N o . 1 the highest i ron content 
occurs in the cap rock from about 5 0 - 1 5 0 m (just 
be low 3 pe rcen t ) . Concentra t ions in the hali te are low 
and show no t rend. 

Lithium 
Li th ium values fall in the range 20 to 140 p p m with 

n o par t icular t rend with depth, a l though the higher 
values occur mostly in samples from below 150 m. 
W i t h few exceptions the values are closely aligned to 
t h e var ia t ion in potassium content . Selected rock types 
w e r e analysed for potassium and li thium and the results 
a re given in Table 15. T h e highest l i thium values were 
found in the red dololuti te and red friable dololut i te; 

in termedia te values in the green dololuti te; and low 
values in lithic arenite, anhydr i te , gypsiferous dolo­
lutite, anhydri t ic dololuti te, and acicular gypsum. T h e 
most notable exception to the parallel values with 
potass ium is a sample of lithic arenite which contains 
1.78% K, bu t only 48 p p m l i thium. 

A compar ison of vertical variat ion in trace e lement 
concentra t ions in the well shows that several groupings 
of elements are present. These show similar t rends 
a l though the concentrat ions are several orders of mag­
ni tude apart . The six groups a r e : beryll ium, nickel, 
ch romium, cobalt ; boron , s t ront ium, ba r ium; caesium, 
potassium, sodium, l i thium; rubid ium, t i tanium, 
vanad ium; ir idium, osmium, t ho r ium; iron, manganese . 
T h e similar geochemistry of many of these elements 
would explain their parallel concent ra t ion changes. 

Discussion and conclusions 

T h e secondary gypsum and dolomite float present in 
the cores of the Permian and Cre taceous domes of the 
Madley dianiric t rend were described by previous 
authors to be par t of an evapori t ic sequence of un­
known age and thickness. T h e gypsum was considered 
t o be the m o r e insoluble pa r t of the evapori te deposit, 
and the dolomite to be par t of the overlying or inter­
bedded sequence. It was postula ted tha t halite probably 
consti tuted the intrusive core of the dome . 

T h e exploratory driling did not conclusively confirm 
the presence of the intrusive hali te, bu t the increase in 
halite content in the p redominan t ly dololut i te core with 
depth is s trong evidence for the presence of soluble 
evaporites benea th the dolomite and gypsum. 

T h e dololutite and gypsum rock in the cap rock 
were originally par t of a bedded evapori te sequence, 
presumably strat igraphically above and part ly inter­
bedded with a thick halite zone. T h e more soluble con­
stituents were dissolved and removed as the salt plug 
advanced through the overlying strata and eventually 
encountered groundwater . T h e m o r e insoluble beds 
now consti tute the residue and m a k e up the cap rock. 

Paragenesis of rock types 
As they were t ranspor ted ahead of the rising salt 

mass, the rocks were tightly folded, brecciated, and 
recrystallised. Otherwise, most of the chocolate-brown 
and green dololutites unde rwen t little internal change, 
a l though some have been recrystallised. Some of the 
dololutite fragments and intervals encountered in the 
core are little changed, whereas other parts have been 
recrystallised. Recrystall isation of the fragments has 
produced a mosaic of coarse crystals or stellate crystals 
of anhydri te or gypsum, so that the f ramework of the 
rock is changed, the grains becoming completely sur­
rounded by monocrystal l ine anhydr i te or gypsum, and 
the individual grains and crystals in most places being 
entirely dispersed. 

T h e groundmass of t h e . breccia ted zone consists 
mainly of recrystall ised anhydr i te , and a little dolomite 
and quar tz . T h e a n h y d r i t e / g y p s u m has been 
remobilised t o form veins, wi th acicular and euhedra l 
crystals cutting both matr ix and fragments. T h e long 
axes of the crystals are generally no rmal to the vein 
walls. 

The change to recrystallised dololuti te appears to be 
gradat ional , and, in places where the process has 
affected most of the components of the rock, the p ro ­
port ion of gypsum/ anhydr i te is high, bu t euhedra l 
dolomite and quar tz are also present . It appears most 
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likely that the remobil ising of the g y p s u m / a n h y d r i t e 
has caused the originally anhydri t ic dololutite to 
recrystallise and disaggregate, with some recrystal­
lisation of the other rock components , but very 
little effect on non-anhydr i t ic dololuti te . W h e r e extensive 
recrystall isation has taken place, the bounda ry between 
fragments and mat r ix cannot be readi ly distinguished. 

Economic potential 
N o minerals of immedia te economic interest, 

including sulphur, potash, calc ium sulphate, t rona, 
calcium bicarbonate , or any o ther evapori te minerals 
were intersected; and, indeed, f rom the insignificant 
amoun t of explorat ion of the diapirs to date, it is 
unlikely tha t any deposits, even if they existed, would 
have been found. T h e odds are sharply against any 
economic deposit being discovered in one drill hole 
which only recovered 2 0 percent of core over the total 
depth , and did no t penet ra te the cap rock to sample 
the core mater ia l . 

T h e necessary prerequisit ies for format ion of potash 
deposits a re a large mar ine sedimentary basin with thick 
halite deposits, and a relatively undis turbed history of 
sedimentat ion in a bar red basin in which evaporat ion 
can proceed to or near complet ion. T h e first pre­
requisite is satisfied at least in the no r the rn par t of the 
Officer Basin. Widespread diapiric s tructures and 
surface and drill-hole intersections of evaporites attest 
to the thickness and wide distr ibution of the deposits. 
A min imum thickness of the salt source bed of the order 
of 3 0 0 - 4 0 0 m is required for the development of dia­

pirs. T h e depth to the mother salt, as established from 
known examples in diapir areas, varies, but is generally 
in the range 3000 to 9 0 0 0 m. However , there appears 
to be no m i n i m u m dep th of burial to separate deform-
able f rom competen t salt beds. Whe the r or not evapo­
rat ion proceeded as far as the stage of bi t tern salt 
deposit ion canno t be gauged, a l though the est imated 
large thickness of salt present increases the probabil i ty 
tha t it did. 

Sulphur deposits commonly form in the cap-rock 
zone of salt domes by bacterial reduct ion of sulphate 
to hydrogen sulphide and thence to sulphur. T h o d e & 
others ( 1 9 5 4 ) , Jones & others ( 1 9 5 6 ) , and Feely & 
K u l p (1957) suggested that oxygen of ground water 
oxidised the H 2 S , which would limit the depth at which 
deposits of native sulphur could form. T h e Madley 
diapirs contain abundan t sulphate in the form of 
gypsum and anhydr i te ; traces of hydrocarbons which 
could provide the energy source, have been repor ted in 
drillholes that penet ra ted evaporite sequences of the 
basin. Strat igraphic test holes at the Browne diapir 
produced small quanti t ies of hydrocarbons from the 
Browne Beds. 

N o elemental sulphur was found in the cores through 
the cap rock of the Madley D o m e , and it would 
be surprising if any sulphur deposits were discovered as 
a result of drilling only one hole. 

Extensive deposits of calcium sulphate and halite are 
present, but remoteness from markets makes them un­
economic at the moment , and probably into the forsee-
able future as well. 

M I N O R O C C U R R E N C E S O F E V A P O R I T E S 

ARGO ABYSSAL PLAIN 
T h e presence of diapirs in the Argo Abyssal Plain, 

in the eastern Ind ian Ocean off nor thwes tern Austral ia , 
has been indicated by Cook & others ( 1 9 7 8 ) . T h e 
structures, which occur in water depths of 4 4 0 0 - 5 8 0 0 m 
over a wide area of the plain and adjacent areas, range 
in width f rom about 200 m to 1 k m or more , and in 
vertical extent f rom 200 m to 700 m. T h e r e are three 
main types : 

• Diapirs indicated by decreased seismic reflectivity, 
localised arching of the flanking and overlying sedi­
ment , and a sea bo t tom topography . These include 
the largest structures, but a re ra re . 

• Diapirs as above, but without topographic expression. 
These are m o r e c o m m o n t h a n the first group. 

• Co lumns indicated solely by decreased seismic 
reflectivity. These are the smallest s tructures and the 
most widespread, but the least convincing as diapirs. 
T h e r e is insufficient evidence at present to determine 

if the diapirs have cores of m u d or salt. A n acoustically 
t ransparen t layer, drilled at D S D P Site 2 6 1 , (Veevers 
& others , 1974) which appears to be the diapiric unit 
is a La te Jurassic-Cretaceous clay, with montmori l loni te 
the dominan t clay mineral . However , t he clay has an 
average bulk density of 1.69 compared with 1.56 for 
the overlying layer, so it could not rise by buoyancy 
effects alone. M a n y deep-sea diapirs are thought to have 
salt cores, and young rift oceans are commonly sites of 
large-scale evapori te deposit ion at low latitudes. T h e 
low Jurassic palaeolat i tude and its possible location 
near a spillway from the open Te thys to the nor th 
would favour the Argo Abyssal Plain as a site for 
format ion of evaporites. 

Palaeozoic salt is known on the West Austral ia 
margin and Pl iocene or possibly Miocene salt is 
inferred to be present in the T i m o r T rough area 
(Veevers & others, 1 9 7 4 ) . 

BANCANNIA TROUGH 
T h e main area of interest for evaporites in N e w 

South Wales is in western N e w South Wales, where up 
to 4500 m of Devon ian sediments are present. Minor 
evaporit ic intersections and redbed sequences have 
been repor ted by Planet Explorat ion in their wells 
Bancannia N o r t h N o . 1, Bancannia South N o . 1, and 
Jupi ter N o . 1 in the Broken Hill area. A Late Devonian 
age for these sediments has been determined from 
collections of fish fossils. 

BROWSE BASIN 
Substantial patches and veins filled with anhydri te 

have been repor ted in core no. 2 (1895 .8 -1897 .4 m ) 
from Rob Roy N o . 1 well in the offshore Browse Basin. 
T h e anhydri te occurs in a Sakmar ian sandstone. A 
graphic section of R o b Roy N o . 1 is shown in Figure 
73 . 

CAPRICORN EMBAYMENT 
Anhydri te occurs over two main intervals, probably 

Ear ly Tert iary and Mesozoic in age, in Aquar ius N o . 1 
well situated in the Capr icorn E m b a y m e n t (Fig . 7 4 ) . 
T h e Early Ter t iary sequence comprises interbedded 
calcareous claystone and finely crystalline to granular 
anhydri te in the interval 1453.9-1472.18 m, and minor 
anhydri te interbeds and inclusions of fine crystalline 
anhydri te in quar tzose sandstone from 1 4 7 2 . 1 8 -
1536.19 m. 

90 



Minor anhydri te occurs in a dark reddish brown clay­
stone of ?Mesozoic age, over the interval 2 0 6 9 . 5 9 -
2185.42 m; a core in this interval contained a 10-cm 
band of dense cryptocrystall ine anhydri te . 

The extent of the anhydri te zones is not known, 
al though the equivalent ?Early Tert iary interval in the 
Capricorn 1A well does not contain anhydri te. 

DALY RIVER BASIN 
Thin anhydri te beds occur in the Cambr ian of the 

Daly River Basin. They are of small extent and only a 
few centimetres thick. 

EROMANGA BASIN 
Some gypsum has been found in the Lower 

Cretaceous Rolling Downs G r o u p and other Mesozoic 
rocks of the Eromanga Basin, but the deposits are thin 
(less than 5 cm thick) and there is little indication 
that any substantial thicknesses are present. 

Evaporites, including gypsum, were deposited in 
Cainozoic depressions in the Eromanga Basin and were 
penetrated in the B M R Barrolka N o . 1 and BMR 
Canterbury N o . 3 stratigraphic drill holes. The Caino­
zoic sediments are over 100 m thick, and the evaporites 
were possibly the result of seasonal evaporation of 
ftoodwaters during the Tert iary and Quaternary 
(Senior, 1970) . 

Hali te has been recorded from the Hut ton Sandstone 
of the Eromanga Basin in Queensland (Wells, 1971) . 
T h e salt occurs in a white siltstone exposed at the back 
of a large cave situated in the Canaga Creek area near 
Jandowae (26°38 'S , 157°03 'E) on the Chinchilla Sheet 
area. T h e salt is most probably secondary in origin. 

GEORGINA BASIN 
Evaporat ive conditions were probably widespread 

across the shallow water carbonate shelf of the 
Georgina Basin throughout the Early Cambr ian to 
Early Ordovician. Pseudomorphs after gypsum, halite, 

and probably anhydrite are common throughout the 
Arr inthrunga Format ion (Upper C a m b r i a n ) , and one 
occurence of bedded gypsum, 10 cm thick, now 
replaced by silica, is known (pers. comm., J. Kenna rd ) 
in the Ninmaroo Format ion (Uppe r Cambrian-Lower 
Ordovic ian) . Pseudomorphs of gypsum are similarly 
widespread, and trace amounts ( < 0 . 1 % ) of barite, 
celestite, anhydrite, and possibly gypsum have been 
identified in approximately 10 percent of all petro-
graphic samples collected (pers. comm., B. R a d k e ) . 
Crude estimates of lost sulphates average about 30 
percent (rarely, up to 80 percent) in the rock. 

Evaporative conditions are also indicated in the 
Middle Cambrian Mail Change Limestone (pers. 
comm., P. Southgate) and probably the Selwyn Range 
Limestone (Opik, 1961) and Mungerebar Limestone 
(pers. comm., R. Hende r son ) . 

A silicified dissolution collapse breccia occurs at the 
contact between the Beetle Creek Format ion and the 
Thorntonia Limestone (both Middle Cambr ian) (R. A. 
Henderson & P. N . Southgate, A N U , personal com­
munication, 1980) . The breccia contains siliceous 
pseudomorphs after nodular and bedded anhydrite, and 
sheeted, hopper, and chevron halite. The breccia has a 
patchy discontinuous distribution, up to 2 m thick, but, 
as indicated by the brecciation and folding of the over­
lying stratigraphic units, a substantial thickness of 
evaporites has probably been dissolved. 

Probable further evaporite horizons are indicated by 
other brecciated levels above the Beetle Creek Forma-
t ion-Thorntonia Limestone contact. For example, the 
Beetle Creek Format ion is brecciated south of Duchess 
and at Lady Annie, and the overlying Inca Format ion 
is severely contorted at some localities. 

A minor occurrence of gypsum has been recorded in 
the Frewena No . 1 bore (19°22 '00"S , 135°30 '00"E) 
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from the Middle Cambr ian Wona rah Beds. T h e age of 
the beds has been determined from fossils collected 
from outcrops. In subsurface the beds consist of car­
bonate rocks with minor siltstone and sandstone. The 
Barkley Oil Co. Pty. Ltd. ( P e m b e r t o n & Webb, 1965; 
in K. G. Smith, 1972) recorded limestone and dolomite 
with some red and purple shale to 149 m in Frewena 
N o . 1, and dolomite from 1 4 9 - 3 1 2 m ( T . D . ) . Gypsum 
is abundan t in the interval 110 -149 m and also in the 
upper half of the dolomite interval. 

Anhydr i te has been reported from drill holes pene­
trating the Central Moun t Stuart Beds in the Alcoota 
area of central Australia, and gypsum reported to be of 
secondary origin has been described from the Gran t 
Bluff Format ion by K. G. Smith ( 1 9 6 4 ) . 

NGALIA BASIN 
In outcrop the Treuer Member of the basal Vaughan 

Springs Quartzi te in the Ngal ia Basin consists of inter­
bedded white siltstone and thin-bedded grey silicified 
sandstone, in part glauconitic, up to 1370 m thick. It 
may contain interbedded evaporites at depth and a 

E V A P O R I T E S I N A R C H A E A N 

Evidence for the widespread occurrence of large 
volumes of sulphate evaporites and subordinate halitic 
evaporites in the Archaean to mid-Proterozoic has 
been documented recently from several widely 
separated areas. Previously, it had been supposed that 
such deposits were insignificant before about 1000 m.y. 
ago, and it indicates that hypotheses of a tmosphere-
hydrosphere evolution (Cloud, 1976) may have to be 
revised. 

T h e oldest documented occurrences in Australia are 
those from the Nor th Pole deposit in the Pilbara Block 
of Western Australia. Archaean bedded barite and 
minor sulphide minerals lie in a 30-m thick fossiliferous 
sequence of laminated chert , silicified arenite, and con­
glomerate, between slightly metamorphosed mafic and 
ultramafic volcanics of the War rawoona G r o u p (Hick­
man, 1973) . Thei r age is about 3400 m.y.. and textures 
and structures imply that the bedded barite and chert 
have replaced an original evaporit ic gypsum-carbonate 
sequence. The barite beds contain sub-radiating crystals 
that strongly resemble growth structures of evaporite 
deposits. The barite is pseudomorphing gypsum; eroded 
crystal tops and sediment drapes and fills between 
crystals suggest synsedimentary formation. Textures 
indicate peritidal deposition of chert precursors, early 
lithification of precursor gypsum and probablv early 
baritisation and silicification of carbonates . (Dun loo , 
1976. 1978; Lambert , 1978; Lamber t & others, 1978) . 
Lamber t suggests that the sulphate may have originated 
through oxidation of sulphur by microorganisms and 
may not necessarily mean the presence of significant 
amounts of free oxygen in the hydrosphere or the 
stable existence of oxygen in the contemporaneous 
a tmosphere . 

The Archaean Black Flag Beds (older than 2675 ± . 
35 m.y.) at Kalgoorlie, Western Australia, contain 
ankerite pseudomorphs after gypsum and possibly also 
after anhydri te (Golding & Walter, 1979) and indicate 
the presence of hypersaline brines during deposition or 
diagenesis. The deposit may have extended for several 
kilometres, and conditions for sulphate accumulat ion 
may have existed for a long t ime. 

powdery effloresence is commonly present on the out­
crops of siltstone. Coarsely crystalline selenite com­
monly occurs as a surface crust, notably near Eva 
Springs and on the north side of the H a n n Range, 
near the Stuart Highway. 

SYDNEY BASIN 
The exotic evaporite mineral dawnsoni te was 

detected in eight wells in the central and nor thern part 
of the basin (Nicholas & Ozimic, 1970) . It occurs in 
marine beds and coal measures, and in the lower part 
of the Nar rabeen G r o u p in Kurrajong Heights N o . 1 
well. Dawsonite has also been described from the Gre ta 
Coal Measures at Muswel lbrook (Loughnan & See, 
1967) , in the Berry Format ion in the western part 
of the basin, and in the Singleton Coal Measures 
(Loughnan , 1967; Loughnan & Goldbery, 1972) . 

WISO BASIN 
Minor deposits of gypsum occur in vugs in siltstone 

and dolomite of the Middle Cambr ian Merr ina Beds, in 
shallow stratigraphic drill holes in the Wiso Basin 
(Milligan & others, 1966) . 

T O M I D - P R O T E R O Z O I C R O C K S 

Early Proterozoic carbonates of the Pine Creek 
Geosyncl ine contain abundant evidence of pseudo­
morphs after evaporites (Crick & Muir , 1979) . Coarsely 
crystalline carbonates pseudomorph evaporites in the 
Celia Dolomite , Coomalie Dolomite , Cahill Format ion , 
and, to a lesser extent, in the Koolpin Format ion . The 
sediments are older than about 1870 m.y. and probably 
younger than about 2000 m.y. Magnesi te , dolomite, or 
chert pseudomorph gypsum, anhydri te , and halite. 
Relicts of calcium sulphate, probably anhydri te , occur 
as inclusions in the carbonate pseudomorphs . Abundant 
cubic crystal pseudomorphs in some magnesite beds 
contain inclusions of sodium chloride, and scapolite, a 
metamorphic mineral indicator of hypersalinity, has 
been recorded from several localities. The crystal forms 
in the shallow mar ine to supratidal carbonates are 
similar to gypsum diagenetically emplaced in a sabkha 
environment . 

Sediments that fall roughly in the age range 1 4 0 0 -
1600 m.y. in the McAr thu r Basin and Mt. Isa area 
show abundant evidence of widespread evaporite 
deposition. They were reported from the McAr thu r 
Basin in the 1960s (J . W. Smith, 1964; P lumb & 
Rhodes, 1964; Cot ton , 1965) , and have been described 
by Walker & others ( 1 9 7 7 ) , and Mui r ( 1 9 7 9 ) . Exten­
sive sulphate evaporite relics in the M c A r t h u r G r o u p 
comprise carbonate pseudomorphs after anhydri te and 
gypsum, chert pseudomorphs—including cauliflower 
chert nodules—after anhydri te nodules, halite casts, and 
traces of unal tered sulphate minerals. Circular car­
bonate pseudomorphs in the M c A r t h u r G r o u p , thought 
to be dolomite pseudomorphs after aragonite, have a 
similar morphology to gypsum forming in modern 
brine pools. The pseudomorphs are most abundan t in 
the Mal lapunyah Format ion and Amelia Dolomi te 
(Muir , 1979) . Ephemera l salt crusts were probably 
the origin of the halite pseudomorphs . Halite and 
sulphate pseudomorphs do not occur together, probably 
because halite was removed dur ing surface flooding. 
T h e sediments were deposited in a regress ive/ t rans-
gressive cycle with frequent oscillations, and the 
evaporite relics are known over an area of 5000 k m 2 

in the Batten Trough and compose up to 4 0 percent of 
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some sections. T h e textures indicate that these sedi­
ments were deposited in a marginal sabkha environ­
ment , and some probably in a lacustrine environment . 

Evidence of evaporit ic conditions in sediments of 
the M o u n t Isa area have been documented by Derr ick 
& Sweet ( 1 9 7 9 ) , Walter ( 1 9 7 8 ) , and McClay & Carlile 
( 1 9 7 8 ) . I ron oxide pseudomorphs after gypsum occur 
in the Overhang Jaspilite (—1740-1780 m . y . ) , and 
abundan t scapolite in the Corel la Fo rma t ion probably 
indicates evapori te condit ions. 

Several formations in the M c N a m a r a G r o u p in the 
M o u n t Isa area contain pseudomorphs after evaporites 
(Wal ter , 1 9 7 8 ) . Pseudomorphs after gypsum crystals 
occur in the T o r p e d o Creek Quartzi te , Paradise Creek 
F o r m a t i o n (—1670 m . y . ) , and Esperanza Forma t ion , 
and discoidal cauliflower cherts which are replacements 
of anhydri te nodules occur in the Lady Loret ta and 
Paradise Creek Forma t ions . 

Pseudomorphed sulphate evapori tes occur in the 
silica-dolomite sequence ( M c C l a y & Carlile, 1978) 
which interfingers with the U r q u h a r t Shale of the 
M o u n t Isa G r o u p . Ear ly diagenetic gypsum and 
anhydri te have been replaced by quartz , dolomite, 
calcite, and pyrrhoti te , and r a r e minu te anhydri te relics 
have been identified in some dolomite pseudomorphs 
after gypsum. 

Beds of cherty mater ial f rom the orebody at the 
M o u n t Isa Mine are p seudomorphous after enteroli thic 
beds of anhydri te (Muir , 1 9 8 0 ) . They are not like the 
cauliflower chert of the M c A r t h u r G r o u p , which 
indicates a sabkha environment , but are more like a 
nodula r anhydr i te described by D e a n & others (1975) 
from varve-like basinal deposits. 

Large halite casts several centimetres across are 
present in the Kennedy Siltstone of the M o u n t Isa 
G r o u p . 

R E C E N T E V A P O R I T E S O F C O N T I N E N T A L A R E A S 

T h e r e are numerous thin deposits of evaporites 
(chiefly halite and gypsum) in play a lakes scattered 
across the continent , and groundwaters rich in dissolved 
salts are c o m m o n in Austral ia, part icularly in the desert 
areas of central and Western Austral ia . In the southern 
par t of the N o r t h e r n Terr i tory , for example , brines 
f rom some water bores contain up to 100 000 ppm 
total dissolved salts and many bores contain about 
30 000 ppm. Salt springs are also c o m m o n th roughout 
the moF e arid areas of Austral ia. Very few lakes in 
Austral ia contain concentrat ions of anything other than 
hali te and gypsum: numerous analyses of evaporites 
f rom large lakes in South Austral ia have failed to 
indicate any significant concentrat ion of bit tern salts. 
However , when climate and provenance are considered, 
perhaps this is not surprising. Sodium carbonate , for 
example , is a p roduc t of humid weathering, especially 
of volcanic rocks, and sodium sulphate is p roduced 
chiefly by erosion of igneous rocks or f rom sediments 
deposited in a continental environment . Similarly, 
bora tes are mostly derived from weather ing of 
igneous rocks and from hot springs, and nitrates 
originate by oxidat ion of organic mat ter in the presence 
of potassium and sodium salts, or from volcanic 
sources. 

T w o minor surface occurrences of t rona (sodium 
carbona te ) have been repor ted in Aust ra l ia : at Lake 
Muel ler , 25 k m northeast of A r a m a c in Queensland, 
a 12-mm crust of t rona occurs over an area of several 
thousand square metres ; and at Hillside Stat ion in the 
nor thwest of Western Austral ia there is an occurrence 
of a mixture of halite, t rona, and thenardi te ( N a S 0 4 ) 
as an effloresence. 

South Australia 
Short accounts of South Austral ian surface occur­

rences of evaporites are given in Park in (1969) and 
brief resumes of salt and gypsum occurrences and 
product ion in the State are given in the Minera l 
Informat ion Series issued by the South Austral ia 
Depa r tmen t of Mines and Energy. 

Probably most of the near-coastal salt lakes in South 
Austral ia had mar ine connections at one t ime or an­
other . One of the most notable is Lake MacDonne l l , 
which contains the largest gypsum deposits in 
Austral ia , reaching a thickness of 8 - 1 0 m. T h e deposits 
occur just above sea level, and it has been estimated 

that they contain 500 million tonnes of practically pure 
rock gypsum. 

T h e large inland lakes nor th of Spencer Gulf have 
had no mar ine connect ions. Lake Tor rens , for example , 
contains mainly gypsiferous clays and the magnes ium 
content is much lower than sea water . T h e surface of 
Lake Tor rens is 34.1 m above sea level and it is 
normal ly a dry salina. It has been the site of accumu­
lation of some 300 m of lacustrine sediments since 
Eocene t ime. T h e succession consists of Eocene car­
bonaceous mudstone , sand, and siltstone, a ?Miocene 
dolomite-mudstone sequence, and Quaternary red-
brown siltstone, clay, gypsum, sand, and mud. T h e 
brines enclosed by the lake sediments are chloride 
waters without useful concentra t ions of salts other than 
sodium chloride. 

In Lake Eyre the deposits are th inner : mode rn lake 
sediments in the Lake Eyre Basin are only 4.5 m thick 
in the deflated lake floor. T h e y overlie a 30 -45 -m 
dolomite sequence of the Ter t ia ry E t a d u n n a Format ion , 
which crops out to the east of Lake Eyre and is under ­
lain by a lacustrine sequence of carbonaceous sand, 
silt, and clay to the total depth of boring, 299.6 m. 
Sedimentat ion appears to have been cont inuous from 
the Cre taceous Winton F o r m a t i o n into the Lower 
Tert iary. T h e salt crust in the lake may reach 50 cm, 
and trace element analyses have shown that s t ront ium 
and bar ium values are higher in areas where the 
evaporites begin to form. Structural ly, the lake has 
formed in a synclinal sink, and horsts of Middle 
Ter t iary age occur on the east side of the basin. Radio­
carbon dates indicate that it took 20 000 years for the 
lake floor t o deflate to a level of 18 m below sea level. 
Tilting of the present lake surface suggests that the 
region is tectonically act ive: it is certainly seismically 
active. 

T h e presence of nodula r gypsum and sulphur in the 
southeastern par t of Lake Ey re has been described by 
Bonython & King ( 1 9 5 6 ) , and their origin discussed 
by Baas-Becking & Kap lan ( 1 9 5 6 ) . T h e source bed is 
an early Holocene clay lying be tween Pleistocene and 
late Holocene sediments. T h e nodules consist of a shell 
of coarsely crystalline gypsum a round a core par t ly 
filled by gypsum and the remainder consisting of over 
90 percent sulphur as o r tho rhombic crystals, with traces 
of selenium and arsenic. T h e relative abundances of 
sulphur isotopes suggest an organic origin, with the 
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gypsum crust fo rmed by bacterial oxidat ion of the core 
sulphur. T h e known sulphur occur rence occupies an 
a rea of abou t 0.4 ha and the sulphur content of the bed 
is only about one percent . C 1 4 determinat ions on a 
composi te su lphur sample showed an age of 20 000 
years . 

Lake Eyre was investigated by Bonython (1956) and 
Johns & Ludbrook ( 1 9 6 3 ) , and a similar repor t on 
Lakes Tor rens and Ga i rdne r was given by Johns 
( 1 9 6 8 ) . T h e geomorphology and strat igraphic record 
of Lake Eyre N o r t h have been described by King 
( 1 9 5 6 ) . 

Western Australia 
Lake Mac leod is an elongate depression covering an 

area of 2900 k m 2 , 6 5 - 1 4 5 k m nor th of Carnarvon . 
T h e lake is an a r m of the sea tha t has been progres­
sively isolated during the Ho locene by beach and dune 
ridges of the Gascoyne delta. It is p robably recharged 
by sea water through a 3 - 1 5 - k m barr ier of calcified 
Pleistocene aeolianites. T h e lake bed lies about 3 m 

T A B L E 16 . S E D I M E N T A R Y S E Q U E N C E I N 
L A K E M A C L E O D , W . A . 

T O P 
Gypsite membe r 2. 5 m  —  elastic , bedde d an d cross -

bedded, slump s an d dra g fold s 
in graben-lik e structure s 

0.2 m  —  red-brow n cla y laye r a t bas e 
interpreted a s s torm/shee t flood 
deposit 

Halite membe r i . l m — columna r halite ; massiv e halit e 
with gre y lamina e wit h silt , 
organic matter , an d gypsu m 

Carbonate membe r 0. 5 m  —  skeleta l packston e an d grain -
stone 

0.03 m  —  basa l shee t 
U N C O N F O R M I T Y 

Pleistocene —  re d claye y quart z san d 
D e p u c h / ? Dampie r F m . 

below sea level, and the water table is 15 -25 c m deep. 
The surface is under la in by a layered evapori te 
sequence—hal i te , gypsum, bassanite, sylvite, calcite, 
aragonite , and do lomi te—which is up to 15 m thicK at 
the lake centre and overlies Pleistocene and Recent 
mar ine and terr igenous sediments. Large hoppe r 
crystals of hali te a re c o m m o n in the clay sediments in 
parts of the lake. T h e deposits are probably mainly 
related to past hydrologic systems. T h e sequence, 
established by excavation in a par t of the lake, is given 
in Table 16. 

Fossil sea water brines t rapped within the forma­
tions are a major influence on the diagenetic 
phenomena observed in the gypsum and halite deposits 
of Lake McLeod . A typical analysis of the br ine is: 
M g — 1 . 1 4 % , K — 0 . 3 4 % , N a — 8 . 3 6 % , C I — 1 5 . 4 4 % , 
S 0 4 — 1 . 5 2 % , B r — 0 . 0 6 % , H 2 0 — 7 3 . 1 4 % . 

Queensland 
In Queensland, Lake Buchanan, a salt lake of 

roughly 150 k m 2 , about 160 k m south-southwest of 
Char ters Towers is a site of seasonal salt format ion. 
This is worked intermittently during the dry winter 
months to provide salt for local agricultural use. 

In the far Western Division a number of lakes have 
a high salt content . Several lakes in the Mull igan River 
— E y r e Creek area, in the southwestern corner , are 
repor ted to contain extensive deposits of salt. O n e of 
the largest, Ka l idawar ry Waterhole , is 19 k m long and 
90 m wide. It is repor ted to have, in places, 1.2 m of 
salt partly buried beneath alluvium. Highly concen­
trated br ine was located at a depth of 3 m in an excava­
tion near Lake Machat t ie , 130 km north-nor theast of 
Birdsville. 

Unde rg round brines occur in Pleistocene beds at the 
mouth of the Fi tzroy River in Queensland, and are 
known over a wide area centred on Casuar ina Island. 
Brines occur in separate beds, and concentra t ion 
increases in each with depth. 

C O M M E R C I A L E X P L O I T A T I O N O F E V A P O R I T E S 

Salt is harvested either by scraping it f rom the 
surface of na tura l salt lakes or by solar evaporat ion of 
sea water or o ther brines in artificial ponds . 

In 1978*, almost six million tonnes of salt was p ro ­
duced in Austral ia . Near ly five million tonnes of this 
c ame from Western Austral ia and most of it was 
exported. T h e main areas of p roduc t ion in Western 
Austral ia are D a m p i e r and Po r t H e d l a n d — a b o u t 2.7 
million tonnes by crystallisation f rom sea water, and 
Lake Mac leod—abou t one million tonnes by harvesting 
from the salt lake surface. Abou t 120 000 tonnes was 
harvested from Lake Lefroy, and about 18 000 and 
6000 tonnes f rom Lake D e b o r a h near Koolyanobbing 
and Pink Lake near Esperance , respectively. 

In Queensland most salt ( abou t 140 000 tonnes) was 
p roduced at Bajool, about 30 k m south of Rock-
hampton , f rom a mixture of sea water and br ine 
p u m p e d from an underground aquifer. Abou t 9000 
tonnes was produced at Bowen, entirely from sea water. 
T h e Bowen salt is used locally, mainly for tanning 
hides. T h e rest of Queensland 's p roduc t ion is used to 
m a k e sodium hydroxide. 

Abou t 75 percent of Victoria 's p roduc t ion of about 
107 000 tonnes comes from sea water at Por t Phillip 

Bay and Cor io Bay, and the remainder from br ine at 
Lake Tyrell . 

South Austral ia p roduced about 680 000 tonnes of 
salt in 1978. Most of this (about 500 000 tonnes) was 
from Dry Creek by solar evaporat ion of sea water , with 
lesser amounts being harvested from Lake MacDonne l l , 
Lake Bumbunga, Price, and Whyalla . 

Austral ian product ion of gypsum in 1978 totalled 
nearly 940 000 tonnes. Of this, nearly 7 0 per cent was 
produced in South Austral ia, mainly from K a n g a r o o 
Island, but with Lake MacDonne l l another impor tan t 
source. Western Austral ia p roduced about 170 000 
tonnes, just over half of this coming from Shark Bay. 
T h e other half came from deposits near Southern 
Cross, and at Lake Grace , Lake Cowcowing, and Lake 
Brown. Victoria 's product ion of about 107 000 tonnes 
came from deposits at Millewa, Nowing, and Ha t t ah , 
near Mildura. In N e w South Wales, deposits near 
Bourke and Coba r p roduced about 18 000 tonnes of 
gypsum during 1978. 

* Informatio n fo r thi s chapte r ha s bee n take n fro m th e 
Australian Minera l Industr y Annua l Revie w 197 8 (i n 
press) . 
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R E C O M M E N D A T I O N S F O R F U R T H E R S T U D Y 

Fur the r work in the investigation of Austral ian 
evapori te deposits could be divided into several stages: 

1. Addi t ional geological investigations of surface 
evapori te occurrences and palaeogeographic studies of 
evapori te sequences in the more prospective basins. 

Geological mapping should be confined to the Officer 
and Amadeus Basins, where diapirs are known and 
there are surface occurrences of evaporites. Lithofacies 
studies to determine the palaeogeography of an eva­
pori te deposit would necessarily be limited in other 
basins to a study of well sections. Detai led mapping of 
the Bitter Springs Fo rma t ion in the Amadeus Basin 
could form par t of this p rogram, but would pose 
special problems because of the complexity of 
incompetent folding in the format ion. 

2. Strat igraphic drilling of surface or near-surface 
occurrences and shallow pat te rn drilling of diapir 
cores : geochemical studies of the evaporite cores, par­
ticularly b romine analysis, which gives an indication of 
the stage the evapori te cycle has reached. 

T h e Officer and A m a d e u s Basins offer several 
targets for shallow strat igraphic drilling. T h e Wool-
nough, Madley , and Browne diapirs are pr ime targets 
in the Officer Basin and some prel iminary shallow test 
drilling has already been at tempted. M a n y other pos­
sible diapiric structures in the basin have been outlined 
by air photo-interpretat ion. T h e r e are several outcrops 
of evaporites in the A m a d e u s Basin, but the cap rock 
gypsum should first be located by mapping and drilled, 
because that is more likely to signify evaporite mineral­
isation at shallow depth. 

In South Australia, the most interesting target for 
explorat ion is the M o u n t Toond ina Structure. T h e 

composi t ion of the intrusive core is unknown, and could 
probably be established by shallow drilling. 

3. Geophysica l investigations: detailed gravity and 
seismic traverses of known diapirs, and other areas to 
solve specific problems. 

Geophysical studies can be used to solve specific 
problems in some basins: for example , the precise 
m i n i m u m depth to the top of the evaporites in the A d a -
vale Basin m a y be determined by detailed gravity and 
seismic surveys. Similarly, a detailed gravity survey of 
the Lake A m a d e u s area in the A m a d e u s Basin has been 
suggested as a me thod of determining the distr ibution 
of low density evaporites, which were postulated to 
underl ie the salt lake belt. However , it would p ro ­
bably be m o r e expedient to establish, by shallow 
strat igraphic drilling, that evaporites do in fact extend 
into the southern par t of the basin. 

Of fundamenta l impor tance is the detailed geo­
physical s tudy of known diapiric s tructures to establish 
the at t i tude, depth , source, and dimensions of the most ly 
buried or largely concealed evapori te bodies. These 
investigations could in many areas indicate the age and 
origin of the intrusive material . 

4. Fu r t h e r drilling to detail targets outl ined by 
geophysical surveys and ground mapping . 

Most of the evaporite basins are being explored 
for pe t ro leum and dur ing the course of this explorat ion 
a basin is normal ly investigated by seismic surveys. 
These surveys may indicate shallow diapiric s tructures, 
areas where salt-bearing format ions approach g round 
level or areas of sedimentary cover where saline beds 
are bur ied at shallow depth. These types of deposits 
would present accessible drilling targets. 
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COMPOSITE LO G 
OPERATORS BUREA U O F MINERA L RESOURCE S 

NAME AN D NUMBE R '• BM R MOUN T LIEBI G NO . I . 

STATE: NORTHER N TERRITORY , h  2 5 0 , 0 0 0 SHEE T MOUN T LIEBI G S ~ 5 2 - 1 6 . BASIN ' AMADEUS . WEL L STATUS : PLUGGE D AN D ABANDONE D 

PLAITI&PtlED B Y THS-
A U S T R A L I A N G Q i ^ R N M E ? 

P U B L I S H I N £ ^ ^ V I C P > < T N D E R . 

T H E FJ3i*? B I S S j ^ f ' S C H E M E T O 

ISTRJ^LXN U N I V E R S I T Y 
L I B R A R I E S 

D R I L L I N G D A T A LOG 
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v- T" GAMMA RA f NEUTRON OAl PE R OENSiTY 
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DA'E SPUDDED  4-8-70 R_N N o 1/ i/i / l |  l/ l i/; 
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TOTAL DEPTH  aniler  305  37 .7) !>003 's"/ BTM LO G IN"ERVA_ 303'5lm 303'5lm 303-51 m 303-51 m 303 21 m 303 •21 m 
mibdog 303  39m  1997':,  303  5,m  1996  . TCP LOG IN~ERVA_ 92'06m 9206 m 0 m 0 m 92 06 m 9206m 

HOLE SIZE  DIAMETER  FROM  TO CAS.NG -  CP.L -ER 20-3cm at 42 98 m 20-3 cm at 4298 m 20'3cm at 4298m 20'3cm at 4 2 98 t 20-3 cm at 4  2 98 m 20-3cm at 42 98m 
254cm 19  7/8'! Om  ,0': 4298m  04.  i CASiNG - LOGGER 42>06m 42 06 m 4206m 4206m 4206m 42-06m 
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LOGGED BY- mibolcg SOJRCE Rt* Pme N A N A N A |  N  A N A |  N  A N A N A N A N A 
DRILLING METHOD  air  rolary 3m a : 3  n  T N A N A N A N A N A 

LiTHOLOGY BY PJ.Kenneweii * V E S I N C E O R G cpp-ox 1 0 nrs • C P ' C X 0 nr s •pp-ox 1 0 V S aop-ox iO hrs aporax 10 nr s approx 10 nr s 

DRILLING DATA  BY J.M  Henry MAX R E C TEM P N 4 N A N A N A N A N.A 
EQUIP .OCATIO N -Ci |  P E R TIO PER TlCi j _ PER TIC" r  P E R -Oi PER TIOI PER 
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LITHOLOGICAL REFERENC E 
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'• (medium crystalline) 

Py —  pyrit/c 

Evoponte Rock 
[finely crystalline) 

_.( Recrystallised 
Evaporite Breccia * Dolomite 
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COMPOSITE LOG 
OPERATOR: BUREA U O F MINERAL RESOURCE S 

NAME AN D NUMBE R '• BM R LAKE AMADEU S NO . 3 B . 

S T A T E : NORTHER N TERRITORY . 1 : 2 5 0 , 0 0 0 SHEET : LAK E AMADEU S S G 5 2 - 4 . BASIN : AMADEUS . WEL L STATUS : PLUGGE D AN D ABANDONE D 

PLATE I II 

DRILLING DAT A 

LOCATION: La*.24°4$'36"S Long. I3I°53'24"E 

ELEVATION: around level 512m (1690') appro'. 

DATE SPUDDED:8-IO-70 

DATE DRILLING STOPPED: 4-12-70 

DATE RIO OFF: 7-12-71 

TOTAL DEPTH: driller: 305-86m (1003'S") 

mibolog : 305- 41 m (1002 ') 

HOLE SIZE: DIAMETER FROM TO 

25 3cm (9 '/>") Om(O') 45 72m 1,50 ') 

14-Ocm (5'A") 4572m (ISO')30586mdOOi's") 

CASINO: 

01 A. »T. OR. DEPTH CMT. CMT'D TO 

20-3cm(8") 323Kg/m(2l7lb/ft) W/borl 45-72m(l44') N.A. surface 

CEMENT PLUOS SURFACE 

PERFORATIONS: NIL 

DRILLED ST: BUREAU OF MINERAL RESOURCES 

WELL HEAD FITTINGS none 

CEMENTED BY: driller 

LOGGED BY: mibolog 

DRILLING METHOD, air  rotary 

LITHOLOGY BY: P.J. Kennewell 

DRILLING DATA BY: J M.Henry 

LOG DAT A 

S P O N T A N E O U S POT . 

1 /1 

D E P T H -  D R I L L E R 

D E P T H -  L O G G E R 

B T M . LO G I N T E R V A L 

FOP LO G I N T E R V A L 

C A S I N G - D R I L L E R 

C A S I N G - L O G G E R 

2 0 - 3 c m a t 4 3 5 9m 

T Y P E F L U I D I N H O L E 

S O U R C E O F S A M P L E 

a t M E A S . T E M P . 

R-nf a t M E A S . T E M P . 

R m c a t M E A S . T E M P . 

S O U R C E R m f R m e 

R m a t B . H . T 

T I M E S I N C E C IRC . 

M A X R E C . T E M P 

EQUIP . I L O C A T I O N 

I N S T R U M E N T S S U R C A C E 

IN S T R U M. D O W N H O L E 

T O O L P O S I T I O N 

R E C O R D E D B Y 

W I T N E S S E D B Y 

S A L T W A T E R 

a n d B E N T O N I T E 

0 0 3 a t 8 4 ° F 

I D a y 

T l O l |  P ER 

R E S I S T

 V . ! T Y 

l / l 

3 0 4 8 0 m 

2 0 - 3 c m at 4 3 - 59 m 

S A L T W A T E R 

a n d B E N T O N I T E 

0 0 3 at 8 4 ° F 

N A 

N . A . 

I D a y 

T101 [  P E R 

G A M M A R A Y 

l / l 

2 0 - 3 c m a t 4 3 - 5 9 m 

S A L T W A T E R 

a n d B E N T O N I T E 

) 0 3 a ^ 3 4 ° F _ 

N A 

N .A . 

N . A . N .A . 

I Da y 

T I O I 1  P E R_ 

R M M 2 0 4 

7 - 1 2 - 7 0 

l / l 

3 0 5 8 6 m 

3 0 5 4 1 m 

2 0 - 3 c m a t 4 3 5 9 m 

S A L T W A T E R 

a n d B E N T O N I T E 

0 0 3 a t 8 4 ° F 

I Da y 

'101 [ ~ 

R M M 2 0 4 

l / l 

3 0 4 - 8 0 m 

2 0 - 3 c m a t 4 3 - 5 9 m 

S A L T W A T E R 

a n d B E N T O N I T E 

0 0 3 a t 8 4 ° F 

I Da y 

F D C - I " / i s - Ce 

l / l 

3 0 5 - 4 1 m 

2 0 - 3 c m at 4 3 - 5 9 m 

14 -0 cm 

S A L T W A T E R 

and B E N T O N I T E 

0 - 0 3 a t 8 4 ° F 

N . A . N . A . 

I Da y 

F D C - I ii /IE - C e 

K E N N E W E L L 

LITHOLOGICAL REFERENC E 

Gypsum Acicular Gypsum Anhydrite Dolomitic Anhydrite 
Laminae of  4  % 
Dolomitic Anhydrite 

Black tough 
Dolomite 

Light brown  tough 
Dolom/te 

Grey friable 
Doiom,te 

Laminae of 
Gypsiferous Dolomite  [,  / '/;  •' 

Sandy Siltstone Claystone 

DESCRIPTIVE LITHOLOGY 

Sandy siltstone w i t h m i n o r gypsum 

Siltstone with minor gypsum 

Claystone w i t h m i n o r d o l o m i t e , s i l t s t o n e 

silcrete a n d g y p s u m 

BGse o f a l l u v i um a t 41 m (I 35 ) 

G y p s u m w i t h d o l o m i t e l a m i n o e 

F n o b ! e d o l o m i t e 

G y p s u m w i t h d o l o m i t e l a m i n a e 

F r i a b l e d o l o m i t e 

G y p s u m w i t h d o l o m i t e i a m i n a e , s p a r s e bed s of 

f n a b l e d o l o m i t e a n d f r a g m e n t s o f h a rd b l a c k d o l o m i t e 

Uncored caverniferous i n t e r v a l 

Friable dolomite 

Sj-psum with dolomite laminae, s p a r s e beds of 

friable dolomite and fragments of b loc k d o l o m i t e 

Friable dolomite with gypsum fragments 

Gypsum with doiomlfe lominae 

Gypsum with lominated dolomite 

Gypsum with l a m i n a e o f d o l o m i t e , n u m e r o u s b e d s o f 

friable dciomite and fragments of l i gh t b r o w n d o l o m i t e 

F r i a b l e d o l o m i t e w i t h a b o u n d o n t f r a g m e n t s o f g y p s u m 

U p p e r l i m i t o f d o m i n a nt a n h y d r i t e 

A n h y d r i t e w i t h l a m i n a e a n d bed s o f d o l o m i t ic a n h y d r i t e ; 

s l i g h t a l t e r a t i o n t o g y p s u m i n p a r t s; d i p v e r t i c a l . 

H a r d b l a c k d o l o m i t e b e d 

H a r d b l a c k d o l o m i t e b e d . 

G y p s u m f o r m e d b y o l t e r o t i o n o f a n h y d r i t e 

M f S ) 15 3 



RESULTS O F CHEMICA L ANALYSE S -  BM R LAK E AMADEU S No . 3 B 
Analyses b y Emissio n Spectroscop y 

PLATE I V 

GYPSUM 

| NO T PRESEN T IN DETECTABLE AMOUNT S L I T H O L O G I C A L R E F E R E N C E 

ACICULAR GYPSUM '(:}:•'.'.'•./•: ; ANHYDRIT E DOLOMITIC 
ANHYDRITE 

LAMINAE O F 
DOLOMITIC ANHYDRIT E 

BLACK TOUG H 
DOLOMITE 

- - - j ^ t - H LIGH T BROW N TOUG H 
DOLOMITE 

Z.-r-Trfl GRE Y FRIABL E 
•fZrrZ^rl DOLOMITE 

GAMMA 
RAY 

b AP I unit s 20 0 

100 

350 

125 

150 

4 0 0 

4 5 0 

r 

o V. o 

5 0 0 
^ : ^ s . - ® r | 
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2 0 0 

550 

600 \ i 

550 

700 

225 

2501 j Q 5 ? f e r J 

275 

750 

300 

8 5 0 1=5 

9 0 0 

300 

9 5 0 

1000 

1050 

6 a ' a  6 
b63" < s « es>' 

5 

LAMINAE OF 
GYPSIFEROUS DOLOMITE SILTSTONE SANDY SILTSTONE CLAYSTONE SILCRETE 

4 0 0 0 
POTASSIUM (P.P.M.) 
8 0 0 0 12,00 0 

2%| 
16,000 20,00 0 

BORON (P.P.M. ) 
|0 25 0 5 0 0 

STRONTIUM (P.P.M. ) 
0 4 0 0 8 0 0 

MANGANESE (P.P.M ) 
!00 20 0 

r 

r 

BARIUM (P.P.M ) 
100 20 0 

m 

L 
i 

r 
L 
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COMPOSITE LO G 
O P E R A T O R B U R E A U O F M I N E R A L R E S O U R C E S 

NAME AND NUMBER: BMR HERMANNSBURG No 4 0 

PLATE V 

STATED N O R T H E R N T E R R I T O R Y I• • 2 5 0 , 0 00 S H E E T ' H E R M A N N S B U R G S F / 5 3 - 1 3 BASIN- " A M A D E U S 
W E L L S T A T U S = P L U G G E D A N D A B A N D O N E D 

DRILLING DAT A 

LOCATION: Lat. 23°38-3 S Long 132°27'E, Grid reference 562 055 (10,000yards) 

ELEVATION: Ground level about 698metres (2290 feet) 

DA TE SPUDDED -. 18 7 70 

DA TE DRIL LING CEASED.- 27 7 70 

DATE RIG OFF: 28 7 70 

TOTAL DEPTH: 91 4metres (300feel) 

HOLE SIZE-

CASING 

DIAMETER: 
14" 

3'54e 

DIAMETER 
30 5cm (12') 

FROM 
O' 
13' 

277' 

WT 
48'06It/ft 
ll-5kg/m 

TO 
13' 

277' 
300' 

GR DEPTH CMT CMT'D TO 
W/Bore 3 05m(IO) 8 bags Surf ace to 7 • 62m (25') 

okq/ 
CEMENT PLUGS' SURFACE TO 762m (25) 

PERFORATIONS- NIL 

DRILLED BY: BUREAU OF MINERAL RESOURCES 

WELL HEAD FITTINGS: none 

CEMENTED BY-- driller 

LOGGING-- none 

DRILLING METHOD: rotary air and mud 

LITHOLOGY BY: 4  7 - we//s 

DRILLING DATA: BY JM. Henry 
L I T H O L O G I C A L R E F E R E N C E 

Conglomerate Coarse grained 
sandstone 

Medium or fine 
grained sandstone m - _ q Siltstone Claystone 

<> <  < ? Chert fragments, 
0 \ pyritic in part 

c gr coarse grained 

m gr medium grained 

f gr fine grained 

gl glauconitic 

py pyritic 

fe ferruginons 

si silicified 

BIT T Y P E S 

REAMING 
(FINAL) 

5'/z" 
HAWTHORN 
TUNGSTEN 

REAMING 

OPENED 
USING 

CASING 
7 V 

WILLIAMS 

\ 3 

HUGHES" 

RR 2 

COREHEAD 
TRIEFUS 

T U N G S T E N 

RR 3 
4 ^ " HUGHE S 

RR4 
5 !/ 2" 
HAWTHORN 

RR4 
5 ' / 2 " 

HAWTHORN 

^ RR 4 

HAWTHORN 

CORING 
AND 

DRIL LING 

X 3 ' 5 / , s " 

COREHEAD 
T R I E F U S 

CO 

< 

- A 
4 ^ " HUGHE S 

R R  3 
4 i / 2 " 

HUGHES 

RR2 
3 ' V 

COREHEAD 
TRIEFUS 

TUNGSTEN 
R R 4 ' 

5^2" \ 
^HAWTHORN 

R R 2 
3 1 5 /,s 1 1 

TRIEFUS 
TUNGSTEN 

T;RR4 
"2 HAWTHORN j 

RR 2 
3 % " 

COREHEAD 
TRIEFUS 

TUNGSTEN 

R R 4 
5' / 2 " 
HAWTHORN 

X R R 2 
3 I 5 / I 6 

COREHEAD 
TRIEFUS 

TUNGSTEN 

J 

J 

U J 

O 0 1 

DEPTH 
IN 

METRES 

- 2 0 — 

13 

14 

15 _ 

17 

18 

10 

DEPTH 
IN 

FEET 

. • ' • • > v ' . ' - . ' • ' ! • : : ; • ' : ' • < 

- 2 0 -

- 4 0 -

- 8 0 -

- 3 0 -

- 4 0 -

- 1 4 0 — 

—160-
- 5 0 — 

- 6 0 — 

-70 — 

-80-

- 9 0 — 

- 6 0 — ^ 

- 1 0 0 -

-120— 

- 1 8 0 -

- 2 0 0 -

- 2 2 0 -

- 2 4 0 -

- 2 6 0 -

- 2 8 0 -

3 0 0 

DETAILED 

LITHOLOGY 

.<J S ? 0 

-c 

P 4 — < h ^ f 

- A Q 

D E S C R I P T I V E LITHOLOG Y STRATIGRAPHY 

FRAGMENTS 0 ' 3 - 0 - 6 M ACROS S O F S I SANDSTONE , M GR, TOUGH; I N PART GL , FE; MATRIX O F 
UNCONSOLIDATED QUART Z SAND , C  GR, WEL L ROUNDED, RE A AND ORANGE IRON OXIDE COATING S 

WHITE T O PALE ORANG E 
SUBANGULAR 

•BROWN, POORL Y SORTED , FRIABLE , PORONS , VF- C GR, MOSTLY 

PALE BROW N AN D MOTTLED PAL E ORANGE-BROWN AN D MINO R PAL E RED-BROWN , 
SUBANGULAR, MOD . POORLY SORTED, POROUS , FRIABLE, 1 5 - 2 0 %C G R SUBROUNDE D QUARTZ , 
10% F  GR SUBANGULA R QUARTZ ; VUGH S TO 6MM (K4") ACROS S 

MOTTLED ORANG E -  BROWN , RED-BROWN AN D PALE BROWN , POORL Y SORTED , M  GR, SOM E 
C GR, POROUS FRIABL E 
WHITE, POORLY SORTED, MINOR FE, M  GR.-MOR E COMPACT LES S FRIABLE THAN ABOVE . CLA Y 
INCREASES WIT H DEPT H TO 2 5 % 

PALE GREY , M AND F GR, RAR E EG , POORLY SORTED , SILTY , MASSIV E 

PALE GRE Y AND WHITE , M  AND F GR, RAR E C  G R 

WHITE, FANDMG R QUART Z SAND , RARE CGR, POORLY SORTE D 

WHITE, F AND M  GR , RARE C GR, POORL Y SORTED QUART Z SAND 

LIGHT GREY , FRIABLE, 5 0 % SIL T AN D CLAY AN D 5 0 % M AND F GR QUARTZ SAN D 

LIGHT GREY , F G R QUARTZ SAND , SILT Y 

LIGHT BROWN - GREY AN D CREAM, SILTY , SLICKENSIDED , PLASTIC , CONCHOIDA L FRACTURE, 
GREASY LUSTRE 

SILTY CLAYSTON E 3 9 - 3 - 4 0 2 M (12 9 —132'), PAL E GRE Y BROWN, GREAS Y LUSTRE , SEMI -
PLASTIC, 5% M  AND CGR QUART Z SAND 
SANDY SILTSTON E 4 0 2 - 41 - IM (1 3 2 ' -135') , CREAM, F AND m i n o r C , GR QUARTZ SAND, 
POORLY SORTED , m i n o r CLAY , C  G R SAN D COMMO N 41-1 - 4 1 • 4M (13 5 -135' 10") 
SANDSTONE 4 1 4 - 4 1 - 5M D 3 5 ' I0"- 136') , INDURATED , TOUGH , M G R 

NO COR E O R CUTTINGS RECOVER Y IN INTERVAL 4 T 5 - 5 0 ' 9 M (13 6 - 1 67 )  DU E TO LOS T 
CIRCULATION 

GREY, CLAYEY; v e i n s O F PIN K CLAY, ANGULAR FRAGMENTS O F GREY CHER T 

FRAGMENTS O F GREY, CLAYEY AN D TOUGH PURPLE-BROW N SILTSTONE , SAND Y CLAYSTONE, 
AND GREY , VUGGY, ANGULAR, TOUGH CHER T I N CLAYEY SILTSTONE 

GREY, SAND Y AN D SILTY ; FRAGMENTS O F DARK GRE Y VUGGY CHERT TO 3CM AN D MINOR WHITE 
SILTSTONE 

DARK GREY , SILTY ; ANGULAR FRAGMENT S T O 5CM ACROS S O F PYRITIC CHERT , LIGH T GREY 
CHERT AN D PYRITIC NODULE S 

INTERLAMINATED LIGH T GRE Y AN D BLACK, UNCONSOLIDATED; PYRITIC NODULE S AN D PYRITI C 
CHERT FRAGMENTS . BLAC K CLA Y COMPOSES LOWER 10C M 

LIGHT GREY , UNCONSOLIDATED; ABUNDANT ANGULA R CHER T AND LAMINATED SILTSTONE 
FRAGMENTS T O 3CM ACROSS 

LIGHT QREY, - FRAGMENTS OF GREY MASSIV E CHERT , WHITE SUGARY CHER T WITH F GR PYRITE , 
AND LAMINATE D S I SILTSTONE 

NO COR E O R CUTTING RECOVER Y I N INTERVA L 7 8 - 3 - 8 6 - 9 M (25 7 - 2 8 5 ') BECAUS E O F 
CAVITIES AN D LOST CIRCULATIO N 

PURPLE 
OOLITIC 

-GREY, DAR K GREY, BLACK; FRAGMENTS T O 3CM ACROS S O F GREY CHERT IN PAR T 
AND PYRITIC 

>-
or 
< 
l -

rr 
UJ 
I-

-CV. -

O 

DC 
O 
Ll. 

co 
e? 
z 
DC 
0 _ 
CO 
<r 
UJ 
I-
0 0 

M(S) 175 



R E S U L T S O F C H E M I C A L A N A L Y S E S - B M R W A R R I N O 2 0 P L A T E V I 

Analyses b y Emissio n Spectroscop y (K , Na , Sr, Mn, Ba, Co, Cr, Be , Ir , Ni, Os ,Th,V,Ti, Cs , Rb) an d We t Chemica l Method s (  B, Fe, Mg , Br, I  ) 

LITHOLOGICAL REFERENC E 

IW1 G y p s u m jnmP 1! Ac icu lo r Gypsu m A n h y d r i t e 
D o l o m i t i c Gre y F r i a b l e 

I : : | A n h y d r i t e H> o l Gypsu m c r y s t a l s D o l o m i t e 

D o l o m i t i c L a m i n a e o f ,  , 
G y p s u m D o l o m i t i c !* • u  |  H a l i t e 

G y p s u m 

All resu l t s i n p p m 

Defection limit s i n bracket s 

* I 3 Averag e o f 1 3 analyse s 
(for detail s se e Tabl e V ) 

• No t presen t i n detectabl e amount s 

D e t a i l e d 
L i t h o l o g y 6 0 0 0 0 

B o r o n 

N A 3 0 0 0 

S t r o n t i u m 

(10) 3 0 0 

M a n g a n e s e 

0 (10 ) 15 0 

B a r i u m 

0 ( 5 0 ) 3 0 0 

I ron 
0 N A 9 0 0 0 

B r o m i n e 

0 N A 9 0 

C o b a l t 

0 (5 ) 15 0 

C h r o m i u m 

( 2 0 ) 9 0 

B e r y l l i u m 

0 ( I ) 3 
r i d i u m N i c k e l 

0 (2 ) 3  0  (5 ) 9 0 
O s m i u m 

0 (10 ) 3 
T h o r i u m 

0 (100 ) 3 0 0 0 

V a n a d i u m 

(10) 6 0 

T i t a n i u m 

0 ( 1 0 0 ) 

C a e s i u m 

3 0 0 0 0  ( 3 0 ) 3 0 

R u b i d i u m 

0 110 ) 150 0 

M a g n e s i u m 

N A 15001 0 

Iod ine 

N A 1 5 

O 0  _  o 

m m 

O ^  0  0 

1_ L 

u 0 L 

« 7 K/Na ratio 
in drilling rc\ud 

P 0-01 0 0 2 0-03 

G5I /A4/ 7 



R E S U L T S O F C H E M I C A L A N A L Y S E S - B M R M A D L E Y N o l 

ANALYSES B Y EMISSION SPECTROSCOP Y (K, SR , LI , MN, BA,CO , CR, BE, IR, NI, OS,TH, V, TI, CS , RB ) AN D WE T CHEMICA L METHOD S (NA, B , FE) 
PLATE VI I 

Accular gyps <s' 
Ac C-  Or QnhydntQ  j*T-~^rn" 

Red-brown and  chocG'c?e-brown  doio'ut/te 

Red-brawn and  chocQ<Q's-brcwr>  daio'uti'e  -  gypsi'srous 

Red-D'Qwn and  chocciate-bro#n  do'ctufife  -  mhydfihc 

en dQ/'o/utife V Anhydritic  lithic 

p | S'ee*  aco'uh'e  -  gypsiferous 

j.-een we  'e  -  anhydritic 

Ail ^es'ji's  -n  ppn  unless  shown  other-vse 
De'ect'on .  rr;ts .n  orackets 
9 Vo'  present  n  de'ec'abie  amoun's. 

D e p t h 

( m ) 

D e t a r e d 
L i t h o l o g y 

Po ta s s ium 
(5 ) 

5000 1000 0 

'mm-

Stront ium I  M a n g a n e s e • B a r i u m 
(10) (10) ( 5 0 ) 

200 40 0 ,  5 0 10 0 30 0 SO O 

BERYL LIUM 
id 

m m m 

I 

N i i 

ndium 
( 2 ) 

Nickel 
(5) 

O s m i u m 
30) 

I 

m • 

• • 

m m i 

T h o n u m 
[100) 

Vanad ium 
(10) 

200 40 0 

"•tanium 
(100) 

; c o 200 0 

C a e s i u m 
( 3 0 ) 

R u b i d i u m 
(10) 

100 20 0 

S o d i u m 
% 

? ? ? 

Lithiurr 

too 
5 5 0 to o 

P 

I 

L 
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