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Sir, 

LETTER OF TRANSMITTAL 

Geological Survey Office, Department of Mines, 
Adelaide, 2nd july, 1957. 

I have the honour to submit herewith, a report on the regional geology and 
mineral resources of the Olary Province, by Dr. B. Campana (Senior Geologist) 
and Mr. D. King (Geologist). 

Mineral prospecting in the Olary Province began many years ago, about the 
time of discovery of the great Broken Hill lode of New South Wales. Although 
many discoveries were made, and a number of mines worked, no significant 
producers survived from the early period. Geological investigations were 
initiated by Prof. Sir Douglas Mawson some forty years ago, but the more 
recent work has been done almost entirely by officers of the Geological Survey 
of South Australia. The new stimulus for prospecting was the urgent need, in 
1944, for uranium, followed later by the exploration and development of the 
Radium Hill mine for production. 'The discovery of thorian-brannerite (absite) 
in the Crocker Well area in 1951 led to the establishment of an-exploration 
camp and to a geological survey investigation which has extended over the past 
five years. The results of this investigation are set out in the present report. 

The text has been prepared in two parts. In Part I, Dr. Campana has dealt 
with the regional geological setting in the Province, and has presented a new 
concept of the relationships between the Archaean crystalline basement rocks 
and the sedimentary succession of the Proterozoic. I ntensive study of the 
Archaean formations has enabled their subdivision into three stratigraphic 
units, for the first time in this area. 

Conclusions reached in the regional investigations have been applied in 
Part II of the report by Mr. King, dealing with the mineral resources of the 
area. These have been covered systematically, with emphasis on the uraniun~ 
deposits of Radium Hill and Crocker Well, which because of their economic 
significance, have been dealt with in considerable detail. Other mineral occur· 
rences have been covered exhaustively, both in the field and by a search of early 
literature, so that the present compilation will serve as a complete reference 
work for some time to come. 

Acknowledgment is made to the assistance rendered by Mr. R. K. Pit mal/., 
Mr. M. L. Reyner, and Mr. W. Peterson of the U.S. Atomic Energy Commission; 
to the Deputy Government Geologist, Mr. L. W. Parkin; to officers of the Geo· 
logical Survey who assisted in the field, and to Mr. A. W. G. Whittle for petro· 
logical and mineralogical studies which were a valuable contribution to the 
report. Finally, thanks are due to the exploration staff of the Broken Hill 
mining companies for stimulating discussions on problems common both to the 
Olary Province and to the Broken Hill area; and to the pastoralists of the area 
for their friendly co·operation with the field parties. 

I remain Sir, etc., 
T. A. BARNES, 

Government Geologist. 
To the Hon. Sir A. Lyell McEwin, K.B.E., M.L.C., Minister of Mines. 

Submitted for approval to print as a Bulletin of the Geological Survey of 
South Australia. 

Approved, 
A. LYELL McEWIN, 

Minister of Mines. 
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HEGIONAL GEOLOGY AND MINERAL RESOURCES 
OF THE OLARY PROVINCE 

Part I-Regional Geology 

Chapter 1 

INTRODUCTION 

Previous Geological Investigations and Conduct of this Work 
The Olary Province of South Australia is defined in this Bulletin as the area 

bounded by longitudes 1390 30'-141,0 00' and latitudes 310 45'-320 30'. The 
term "province" is introduced with a geological connotation, for the area corres­
ponds with a well-defined geological unit, as illustrated by plate I of this work. 

The area belongs to a semi-arid, very sparsely populated zone which extends, 
with similar geological and physiographic characteristics, beyond the east border 
of South Australia into the New South Wales territory, where the great lead-ore 
body of Broken Hill supports the only large town of this zone. 

The Olary Provinee is a relatively hig·h land, which forms the water divide 
between the Murray Basin to the south and the Lake Frome Basin to the north. 
It will be seen below that this physiogTaphic rise reflects a fundamental structural 
tmit of the area, i.e.) an axial swelling of the Mount Lofty-Olary mountain arc, 
which brings the oldest rocks of the State to the surface. 'l'he relief elevation 
varies between 600 and 1,800ft. above sea-level, the highest part being the Binberrie 
IIill-Triangle Hill area and the lowest one the l\'lingary-Cockbmn depression. 
The advanced stage of degradation is reflected by a subdued fully mature relief, 
dominated by round hills and ridges with intervening wide stretches of flat country. 

'l'he erosional agents are typically those of the arid regions, with short but 
violent precipitation, rather sharp changcs and wide ranges of daily and seasonal 
temperatures, and equinoxial strong winds. Thus, in spite of low relief, bedrock 
is admirably exposed over larg·e tracts of country, either bare or covered only at 
intervals by a thin veneer of residual soil. This feature, combined with the mineral 
potentialities of the area, is responsible for the early start of mineral prospecting, 
which took place a.lmost at the beginning of the State settlement (Sec Introductory 
Notes, Part II, p. 43). 

Geological investigations on portions of the Olary Province have been carried 
out by D. Mawson (1912) and at a later date by geologists of the South Australian 
Department of Mines (Whittle, 1948; Campana, 1953; Dickinson and Sprigg, 195:3; 
Sprigg, 1952-1954). The latter is also the author of unpuhlished geological map­
ping which has been incorporated in this work (plate I). Numerous unpublished 
reports related to the mineral deposits of the area have also been compiled in the 
past 10 years, to which reference is made in Part II. 

No geological work dealing with the area as a whole has been compiled previously. 
Detailed geological mapping was initiated ill the late forties hy the Statc Govern­
Illent ill relatioll to a wide search for radioactive minerals in the area and the 
contemplated development of the Hadium Hill uraniferous lodes. R. C. Sprigg­
extended the mapping of the Hadium Hill minc area to the whole Ballara military 
::;heet in 1951, and to part of the Outalpa sheet. B. Campana mapped in 1950 the 
area of the Kalabity sheet and extended ,tfterwards the field work to the adjoining 
Plumbago, Glenorchy, Olary, and Cockburn military sheets, assisted in part 
hy K. W. A. Summers ,wd H. 13. Wilson. 
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III the <:our~e of the geological mapping of the Kalabity, Plumbago and 
G lenol'chy sheets, it was noted that some Archaean beds relatively rich in lime 
prol'ided a control for a pari; of the regional mineralization (Campana, 1953a, 
U)53b), an obsprvation which permitted an intensification of the mineral search, the 
results of which are describetl in Part II of this Bulleti1~. One of the present 
Il't"iters (Campana) was particuhu'ly concernetl with the regional mapping, strati­
graphic antl tectonic re~earch, and studies of general mineralization problems. 
The other to-author (King) carried out detailed studies of the mineral occurrences, 
Hnd particular ecollomit appraisals, testing' programmes and mineralization type 
and distribution. 
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Chapter 2 

STRATIGRAPHY AND PETROLOGY 
Two fundamental groups of terrains outcrop in the OIary Province; the crystal­

line formations of the basement and the unmetamorphosed sediments of the 
~dplaide System. Of the latter, only the lower series (TOI"rensian) and the 
lIIiddle serieR (Stnrtinn) are represented. The npper series (Marinoan), which in 
ot·her parts of the State forms the top of the Adelaide System and is oyerlain 
hy fossiliferous Cambrian beds, has not here been recognized. 

A thin veneer of residual 0'· nllnvial clayey sand, of recent deposition, associated 
ill plaees with a trH\·ertine crnst, masks the bedrock over large tracts of the 
aren. But the aridity of the climate gives rise elsewhere to fresh and bare rock 
exposures, which permit petrological and stratigraphic observations of particular 
darity. Prom the oldcst to the youngest formations, the stratigraphic snccession 
is as follows: 

Crystalline Basement 
ARCHAEAN METASEDIMENTS AND PROTEROZOIC GRANITES 

The crystallinc formations of the Olary Province were first studied by D. Mawson 
(1912) who described their general character and named them the 'Villyama 
Complcx. 

Although Mawson's early invcstigations were mainly related to the Broken Hill 
area, this author has dealt with the formations of the Olary district in articles 011 

the Hadinm Hill nranium minerals (1906, 1916, 1944) on the minerals of the 
Boolcoomata area (1926) and on the Bimbowrie chiastolite schists (1911). 
Together with petrological and mineralogical data, Mawson has clearly shown the 
age relationship of the crystallille rocks, postulating an Archaean age for the 
metamorphic series and a later Precambrian age for their granitic elements. On 
the whole these views have been confirmed by subsequent studies, although 
significant divergences have arisen in relation to the genesis and mode of cmplace­
ment of the granitic rocks. 

IVhile Mawson holds that these rocks ar-e of igneous origin and intrusi"e character, 
A. W. G. Whittle (1948) stressed the importance of the granitization process in 
the Boolcoomata area, suggesting that portions of the Adelaide System ha"e also 
been granitized. 

In numerous other reports and publications compiled by geologists of the South 
Australian Department of Mines between 1940 and 1955 TOcks of the crystalline 
basement arc described, in relation to mineral deposits (see bibliographic refer­
cnces) . No general attempt has however been made in these or previous works to 
group the crystalline formations in rock units of regional validity. It was thus one 
of the writers' main objectives to recognize mapping units and to investigate 
their relationship in space and time. 

The geological map of a portion of the OIary Province (Kalabity sheet) 
carried out by one of the writers in 1950, had shown that the subdivision of the 
crystalline basement rocks in mapping units was possible, although difficult 
(B. Campana). The extension of the mapping work to the adjoining Plumbago 
and Glenorchy areas, and also the studies carried out by Sprigg in the Outalpa 
region, confirmed the regional validity of the rock units of the Kalabity zone, 
though disproving the hypothesis (suggested in the legend of the Kalabity sheet) 
that beds of the Adelaide System have been involved in regional metamorphism. 
Moreover, discnssions, map comparisons, and field -excursions with geologists of the 
Broken Hill mining companies have demonstrated the possibility of correlating 
the formations of the Broken Hill district with those of the Olary area. Addi­
tional field work has now led to the identification of mineralized beds and of 
stratigraphic horizons whose regional correlation may be regarded as certain. 
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The Terrains-Genera'i Characters 
The dominating stratigraphic feature of the crystallinc terrains is the presence 

of metasediments of great antiquity-phyllites, schists, quartzites, calc-silicate 
beds, paragneisses, amphibolites-which hnve been affected in varying degree lIy 
later wide-spread granitization. 

The process of granitization will be considered and critically discussed in a later 
paragraph. For descriptive and mapping purposes in granitized tel'l'ains the 
writer has adopted Sederholm's and 'Vegmunn's definitions and terminology, 
(Sederholm, 1926,W egmann, 1935) which have been widely accepted in the 
geological literature even though the related genetic questions are still contro­
versial. In the field, vertical and lateral gradations from uncontaminated metase­
dimentary strata to felspathized beds are most common. Felspathized schists and 
gneisses merge into migmatites, which in the more cpntl'nl portions of the grHni­
tized series pass gradually to massive g'l'anite, with scanty xenoliths and ral'e 
structure relicts. 

\Vhatevel' the causes and mechanism of the granitization lllay be, the field 
relations suggest that the granitic terrains derive in the main from a pre-existing 
metasedimentary succession, with formation of anatectic gl'anites· surrounded by 
large zones of migmatites and granite-gneisses. 

Migmatites, granite-gneisses and granite form the largest portion of thc 
crystalline rocks exposed in the Olary Province. 'l'he highly grnniti7.ud 
cores arc partiCUlarly conspicuous in the Boolcoomata-Bimbowrie amI in 
the Plumbago-Mount Victoria areas, where thcy give rise to bold, round, 
reddish-coloured hills which dominate the landscn pe (fig. 19), Around 
these cores, a more subdued relief is occupied by migmatites, gneisses and schists 
felspathized in varying degrees, while in the marginal parts of the granitized zone 
uncontaminated metasedimentary successions give rise to a fringe of long, dark­
coloured ridges, such as the Koolka, Billeroo, and y,T eekeroo Hills. 

In addition to the more accentuated relief, a distinctive character of the crystal­
line rock exposures is the timber and bushy vegetation growing on them, 'Yhereas 
exposures of impervious slates and siltstones of the Adelaide System are usually 
bare and desolated, the crystalline rocks-and particularly the more granitized 
ones-support a forest of mulga (Acacia aneura) and other species of the semi­
arid zone. This forest marks with accuracy even small outcrops of the crystallinc 
basement and is therefore of particular value for the tracing of geological 
boundaries, 

Major Rock Units (Plate I) 

Metamorphism and granitization have obliterated 01' obscured a great deal of the 
sedimentary character of the rocks of the Olary Province, which have also been 
much disturbed by repeated orogenic cycles. The recognition of regional rock 
units and their inter-relationships is therefore a cOlllplex problem, 

Initially; only two major groups of rocks, distinct by their petrology and IIge 
relationship, were recognized: the relatively unaltered metasedimentary succession 
of the peripherical region and the granitic bodies of the central areas. Ag'e 
determinations based on uranium/lead ratio have demonstrated an Archaean age 
for the metasedimentary beds and a Proterozoic age for the granite (Cam palla, 
1954). 

Granitization phenomena have, however, produced hetween these two extr·eme 
rock types, a series of intermediary stages, with gradations from almost structureless 
migmatite to highly felspathized schists, intruded by pegmatites. Although thc 
boundaries of these intermediate rock types are only yaguely defined, two further 
major rock units have been recognized and .mapped (plate 1): the felspathir.ed 
metasediments and the migmatite-granite-gneiss group. 
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A1·chaean Metasediments (A8 )-

Archaean beds having entirely escaped later felspathization and granitization 
do not, as a rule, give rise to large outcrops. The present cycle of erosion, already 
well advanced, has selectively planed down these rather soft and schistose beds, 
which nre now masked by the alluvial and residual deposits of the pediment surfaces 
11l1(1 lowlands. Howc\·er, discontinuous belts of metasediments circumscribe the 
granite and migmatite massifs, giving rise to the prominent hills of "T eekeroo, 
Billeroo, Koolka, Alconie, Nancatee, Waukaloo and Dome Rock. Archaean metase­
diments are also well exposed in a narrow synclinal zone which flanks the granite 
and migmatitc of Bimha Hill-Triangle Hill, and they erop out again in another 
tight, syncline south and north of Bimba mine. Most characteristic beds of the 
Archaean succession are also exposed northeast and southeast of Old Boolcoomata 
homestead, where they form long and depressed slivers penetrating or circum­
scribing vast zones of granite and migmatites. Between Bimbowrie homestead 
and Ameroo Hill, a thick succession of Archaean rocks shows, in planimetric view, 
an almost circular synclinal pattern crowned with granitized country-rock. 

As a rule, the Archaean metasediments still retain a great deal of their original 
i3edimentary featurc:;, particularly in areas where pegmatite denilopment and 
felspathization are mild. Gradational passages from phyllites to silky sericitic 
schists and to muscovite schists are not uncommon, while laminated sandy beds 
merge into banded paragneisses. Schists include quartz-muscovite-biotite schists, 
sericite-quartz-garnet-chiastolite schists, garnet-biotite-quartz schists, chloritoid 
mica schists, sillimanite schists and kyanite schists. 

l'~elspathic sandstones grade in many places to gneissic, granitic or aplitic­
looking rocks while siliceous quartzites give rise to massive, flinty bands which may 
be followed over long distances. 

The presence of calcareous formations in the original Archaean sediments is 
evidenced by widespread and fairly continuous beds with abundant calc-silicate 
minerals as principal or accessory constituents. Epidote quartzites and horn­
stones are the most common, and form excellent marker beds for stratigraphic 
and structural interpretations within the crystalline complex. Tremolite-diopside 
rocks, garnet rocks, skarns and amphibolites of sedimentary .origin are not uncom­
monly associated with epidote-quartzite bands. The calc-silicate formations are 
also of great significance for mineralization control, and have therefore been 
(·nrefully mapped and petrologically investigated. 

In order to establish general time-rock units in the Archaean metasedimentary 
succession, some of the most characteristic stratigraphic sections will be briefly 
described. 

lVeekcToo-Billeroo Schists 

Schists and quartzites form the bulk of the metasedimentary series of the area. 
A large and characteristic development occurs in the area of "T eekeroo Hill, where 
the section illustrated hy fig. 1 has been studied in some detail. 

The base of the vVeekeroo sequence consists mainly of a regular alternation of 
silky, well-laminated and very fissile sericite-muscovite schists, sandy in part, with 
il1terstratified thin-bedded sandstones. These formations retain practically all 
their sedimentary characters, such as bedding, lamination, and occasional ripple­
mark and cross-bedding (figs. 2-4). 

A suite of more basic rocks, which carry abundant calc-silicate minerals, occupies 
a well-defined stratigraphic horizon within the schistose succession (figs. 1, 8, 9). 
These rocks are considered to be gen·etically related and have been named the 
"Ethiudna calc-silicate group", for it is in the Ethiudna mine area that they show 
their most typical development and assemblage. 

* As, AI, Am, Au, are the symbols by which the major rock units of the crystalline 
basement are distinguished on the geological map and sections. 
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Ethiudna Calc-Silicate Group (1'-'ig. 7) 
During the mapping work and related mineral investigations in the Kalabity and 

Plumbago areas, it was recognized that a bedded rock type characterized by 
abundant calc-silicate minerals, was one of the most persistent of the crystalline 
basement of the Oiary Province. The writers also observed that these bedded 
formations play an important alld fairly gencral role in mineralization control, for 
numerous mineral deposits of the Oiary Province are confined to distinctive tremo­
lite-diopside-epidote-garnet rocks alternating with more ordinary rock types, such 
as sandstones, schists and quartzites. In a few places an amphibole carrying brown 
dolomite is associated with the calc-silicate rocks. Elsewhere, originally limy beds 
appear to have been completely basified, thus giving rise to amphibolites which 
could be mistaken, but for their field relationship and mode of occurrence, for 
igneous intrusive bodies. However, amphibolitic intrusives also occur in the area, 
and because of the difficulty of distinguishing them from pal'a-amphibolites, this 
category of rocks will be dealt with in a special paragraph. 

~10 

~9 

+ 
+ 8 

7 
6 
5 
4 
3 
2 
1 

1 - Silky micaschists. 
2 -.Pegmatites. 
3 - Epidote horns tone. 
4 - Amphibolites and epidosites. 
5 - Micaschists. 
6 - Epidote - actinolite horns tones. 
7 - Micaschists and pegmatites. 
8 - Felspathic quartzites, passing to migmatites 

and gneisses, and alternating with micaschists. 
9 - Migmatites and granite. 

10 - Adelaide System basal conglomerate. 

s 
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B. Campana, D.Sc. 1955. 

FIG. I-THE ARCHAEAN SUCCESSION IN THE WEEKEROO HILL AREA 
PJan and cross-section 

In the type section of Ethiudna, the calc-silicate rocks are interstratified with a 
considerable thickness of well-bedded and highly folded sandstone-quartzites, which 
in places grade to albitites and microclinites due to felspathization. From the base 
to the top, the measured Ethiudna section is some 800ft. in thickness and consists 
of the following members: 

1. Grey flaggy felspathized sandstone-quartzites, grading to gneissic granite and 
invaded in places by granite and pegmatite dykes either along or across the strike, 

2. Pale-grey, massive to coarse banded zoisite-quartzite, 10ft. thick, the main con­
stituents of which are clinozoisite, tremolite and quartz. Accessory minerals are zircon, 
sphene 8Jld apatite and scattered scheelite grains. 

3. Flaggy felspathized sandstone-quartzite 300ft. in thickness,· consisting mainly of 
microcline, albite, quartz and subordinate biotite. Small amounts of calc-silicate min­
erals-tremolite, actinolite and scapolite-are present. Accessories are sphene, tourmaline 
and apatite. Weak disseminations of chalcopyrite and pyrrhotite have been found in 
borehole samples. 
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F IG . 2-WEEKEROO -BILLEROO MICA 
SCHISTS-WITH PEGMATITE SILL 

W eek eroo a rea, c ore of the centra l anticline­
S m iles s outh of Plumbago homes t ead 

FIG. 3- WEEKEROO-BILLEROO MICA-SCHIST 
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INTE RSECTED BY URANIFEROUS PEG ­
MA TlTE DYKES 
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F IG. 4-UPPER PORTION OF TH E 
WEEKEROO -BILLEROO MICA SCHIST S 
-LAMINATED SANDY LAYERS 

Old Boolcooma l a area-Near Ca the d ral Roc k 



ARCHAEAN METASEDIMENTS-ETHIUDNA CALC-SILICATE GROUP 

Fig . 6 

Fig. 5 

Fig. 7 

F IG . 5-EPIDOTE-GAPNET O' JAR TZJTE AS A REMNANT IN 
GRANITIZED TERRAINS 

North e rn e nd of Mind amereek a Hill-3 miles north of Plumbago homes tead 

FIG. 6-BRECCIATION OF THE EPIDOTE-QUARTZITE HORIZON AT 
THE NOSE OF TIGHT FOLDS-WITH SUBSEQUENT INFILLING 
OF THE FISSURES BY EPIDOTE OR QUARTZ-FELSPAR 
MATERIAL 

Outa Jpa area-7 i mBes north ~northwest of Outalpa homestead 

FIG . 1-BEDDED LIMESTONE CONVERTED INTO A TREMOLlTE­
DIOPSIDE FORMATION 

Ethiudna mine 
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4. Epidote-diopside quartzite, 20ft. thick, associated with coarse-grained calc-silicate 
beds of the skarn type consisting almost entirely of pale· pink grossularite, pale-green 
diopside and massive vesuvianite. 

5. Well·bedded tremolite-diopside horizon, grading to a diopside-scapolite marble and 
having a maximum thickness of 30ft. Prominent bedding, a characteristic limonitic 
staining and a remarkable persistence make this formation quite distinctive on the 
field. It contains, in addition to coarsely crystalline tremolite, diopside and minor 
amounts of garnet, vesuvianite and sphene. Associated impure marble of fine to medium 
grain size is composed of calcite, scapolite, diopside and actinolite. Partial chemical 
assays of two borehole samples of this marble show the following compositions: 

CaCO~ ..... . 
MgC03 .••••• 

Insoluble .... 

Pel' cent Pel' cent 
92·98 88·74 

0·45 4·64 
(;·72 3·94 

The tremolite marble formation (fig. 7) is considered a major stratigraphic marker in 
the Archaean succession, and also an important element of mineralization control, as 
suggested by the widespread sulphide mineral grains disseminated in the rock matrix. 
Its stratigraphic and metallogenetic significance is discussed in later paragraphs. 

(i. Massive cherty quartzite, up to 15ft. in thickness. 
7. Flaggy felspathized sandstone· quartzite, 300ft. thick, similar to No.3 member .. 
8. Massive epidote·quartzite, 50ft. thick, with local development of very coarse 

vesuvianite and andradite. 
9. Thin magnesian marble, grading to an actinolite-marble. Samples from two 

occurrences in the Ethiudna mine area were chemically analysed with the following 
results: 

CaCOa .•.... 
MgCOa ..... , 
Insoluble ... . 

Per cent 
9·8 

59·5 
21·5 

Per cent 
25·3 
45·5 
20·9 

10. Sillimanite·mica schists, quartz-mica schists with thr!le thin bands of epidote­
quartzite interbedded at about 200ft. intervals. North of the mine area one of these 
bands is conformably overlain by a massive dark· green amphibolite. 

Calc-silicate rocks of the Ethiudna type have a wide distribution throughout the 
Archaean terrains of the OIary Province. The most common rock of this suite is 
a tough, flinty, epidote-actinolite hornstone which rarely exceeds 100ft. in thickness, 
but which forms pinnacles rising above the low relief of the metasedimentary 
belt. Cathedral Rock, Dome Rock and the prominent hills east of Bimba mine 
are outstanding examples. 

Specimens from the Bimba mine area have been studied in thin section and 
reveal the following mineralogical features: 

A common type of epidote·quartzite is a green, fine· grained and dense rock with 
epidote, quartz, almandine and actinolite as main constituents. The rock is finely 
banded, with layers of a granoblastic quartzose aggregate, several millimetres thick, 
alternating with layers composed of quartz, epidote, pink almandine and actinolite. 
Apatite and sphene are also present in minor amounts. 

This formation locally grades to an epidote·quartz·actinolite rock, almost approach­
ing an epidosite in composition. It consists of an abundance of euhedral epidote, up to 
1-2mrn. in size, with interstitial quartz which is partly recrystallized. Bundles of fibrous 
actinolite develop throughout the rock. Sphene, apatite and opaque iron minerals OCCllr 
as accessory minerals. 

Another not uncommon rock type of this category is a green, dense, fine- to mediulll­
grained schist, the main constituents of which are sericite, quartz and epidote. The 
latter occurs as fine granular aggregates and as larger subhedral crystals. Magnetite 
becomes in places a prominent mineral of this and of other calc-silicate beds, which arc 
believed to derive from aluminous, ferruginous, calcareous sandy sediments. 

Epidote-actinolite quartzite and garnet formations are quite persistent in the belt 
of metasediments which skirts around the granitic massifs, and they also occur 
within the granitized areas, where they form isolated relicts or xenoliths (fig. 5). 
The preservation of these relicts is undoubtedly due to the more calcareous composi­
tion of the original beds, which behave as "resisters" during the felspathization 
process, while the bulk of the associated pelitic sediments have been converted 
into migmatites and granite. Massive, bold, calcareous relicts entirely surrounded 
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by granitic terrains are admirably exposed in the vicinity of Plumbago homestead 
(fig. 5), where the thick dark band of epidote-amphihole quartzite which forms 
the summit of Mindamereeka Hill may be traced for many miles to the north, 
before it disappears beneath a thick mantle of alluvial deposits built up around 
Tombstone Hill. 

Tn the vVeekeroo section described above, the members of the calc-silicate group 
ocenr in snch an intimate and heterogeneous as~ociat.ion that it hecomes virtually 
impos~ihle to map them separately (fig. 1). The more basic formations ar(! 
dark-green hOl'llblendites and amphibolite;; which vary from a coarse-grained tu 
a micro-crystalline rock type. These basie elf'ments form lenses and nests distri­
huted at random in the mO:'e acid cale-silicate host-rock into which they g-radnall~' 
merge. No clear-cut contacts are obselTable between the various rock types. The 
sequence is often invaded by pegmatites, with development of felspathized zones 
which indiscriminately affect each member of the suite, as if fclspathization had 
post-dated the basification of the original beds. 

The vVeekeroo basic suite has a maximum thickness of 2,500ft., and lIlay be 
followed along the strike over many miles, before being covered at both ends by 
the transgressive Adelaide System beds. 

Arkosic Quartzites, Passing to G'ran·ite-Gneisses 

A thick sequence of arkosic quartzites and arkoses, has been observed in many 
places, stratigrahpically above the calc-silicate group. Among the numerous 
sections observed, the following ones are the most characteristic: 

Weekeroo Section (Fig. I)-In the well-exposed and typical section of 
\Veekeroo, the calc-silicate group is overlain by a thick succession of thick-bedded 
and fairly coarse arkosic beds, large portions of which merge into migmatites and 
granitic bodies. The clay-free facies of this group have given rise by meta­
morphism to prominent bands of hrittle aplitic-looking rocks which sometimes 
extend on strike for many miles. One of the most characteristic exposures occurs 
along the slope of the narrow vaUey which dissects the Weekeroo anticline (plate 
I), east of the road from Plumbago to W· eekeroo. These white flinty quartzitic 
rocks, which could be mistaken at first sight for an intrusive body, show however a 
clear bedding, in spite of the heavy brecciation and silicification which obscures 
much of the original sedimentary features. Along the strike, the beds often 
become more aplitic in appearance, or are entirely replaced by pegmatite bodies 
whose contact with the country-rocks is as clear-cut and smooth as that of the 
original sedimentary beds. 

At a higher level the Weekeroo sequence consists of an alternation of quartzites 
and mica schists. Quartzites dominate, and show well-presened bedding or ver~' 
regular lamination, along which pegmatite-granite hands and strings have deve­
loped lit-par-lit laminae of hematite and magnetite, up to a few millimetre~ 
thick. This becomes in places quite a distinctive feature and emphasizes the very 
regular lamination. These magnetite-hematite laminae may he thick enough and 
close enough to form locally bedded iron formations, such as those interbedded in 
Cjuartzites in the Ameroo Hill area. 

Ameroo Hill Secti011r-In this area the succession observed in the \Veekeroo 
region is repeated in the same general order (fig. 8). A large, syncline of the 
A rchaean sequence shows, from the base to the top, the following succession: 

1. Schistose basal beds: These consist mainly of mica schists and andalusite schists, 
minutely puckered and containing abundant imperfect porphyrohlasts of andalusite anfl 
kyanite. These are overlain by-

2. Calc-silicate rOCKS, comprising bands of epidote-quartzites, garnet formations and 
amphibolites, interstratified with dark mica schists and surmounted by magnetite­
barite quartzites, which pass along the strike to high-grade iron formations. 
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:-l. Fine'lJ/"a'ined gneissic granite, which carries magnetite, orthite anll fluorite. Peg· 
matitic phases of this }'ock contain magnetite with possible lllolluzite intergrowths. Abull. 
dant field evidence suggests that the fine·gmined gneissic granite is the result of gmnit· 
ization of felspathic quartzites and arkoses. In many places the granitized formations 
still retain the original bedding, emphasized by thin layers of iron minerals obseryetl 
both in little·altered arkosic quartzites and in their granitic derivatiyes. 

CROSS - SECTION 

N 

E 

massive 

+ Granite - gneisses. 
. I ron formation. 

Micaschists. 
Epidote quartzites. 
Amphibolites, 
Epidote quartzites. 

Micaschists. 

B, Campana, 05c,,1955, 

FIG. 8-THE ARCHAEAN SUCCESSION IN THE AMEROO HILL AREA 
Plan and cross-section 

Olll Boolcoomata Section (Fig. 9)-Another characteristic section clearly show­
ing the stratigraphic succession of the Archaean 'terrains is observable in the Old 
Boolcoomata and Cathedral Rock areas. The lower beds consist of rocks of the 
calc-silicate group, overlain by quartzites which pass rapidly to aplitic gneissIC 
granite or to massive granite. At Meningie Well, easterly of Old Boolcoomata 
homestead, the succession is as follows: 

1. Mica schists, invaded by pegmatites. 

2. Calc·silicate gTOUp, consisting of (a) Epidote quartzite, much dragged and brecci· 
ated, descrihing a complex anticlinal loop; (b) J\fica schists and pegmatites; (c) Bedde,1 
iron formation, baritic or calcic in places and graded to a coarseoohanded magnetitp· 
tremolite·garnet rock ncar the granitic bodies; (d) Mica schists and kyanite schists. 

3. Quartzites, gmding to an aplitic·looking gneissic granite. A noticeable bed of 
this horizon is a red quartzite, somewhat granitized, well· banded, with gritty layers an~. 
occasionally current· bedded. Quartz is the main rock constituent, with abundant minute 
magnetite granules. Green actinolitie hornblende is also an important aecessory 
mineral. 

As shown in the sections described abo\'e, the bedded iron formations associated 
with the calc-silicate grollp of rocks do not attain It great development. Their 
thickness does not exceed a few inches and their· presence has been noted at 
intervals only. 

At a higher level however, the Archaean succession contains more conspieuollS 
hands of bedded quartz-hematitc-magnetite rocks, which reach in places over 30ft. in 
thickness. These hands often give rise to dark pinnacles standing out in an 
othcrwise depressed and rolling topography. A suite of discontinuous outcrops is 
found at intervals in the Billeroo and Koolka areas. These' beloDIl: to the SJlIllC 
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stratigraphic horizon, the continuity of which has been proved by geophysical 
investigations. In the Koolka area for instance a magnetometric survey carried out 
by the Geophysical Section of the Geological Survey of South Australia has 
traced the magnetite-bearing formation over 10 miles. At Billel'oo the same 
formation has been recognized over a. distance of 11 miles (plate I). 

+ + 

N 

I 

B. Campana, D.Se. 1955 

FIG. 9-PLAN OF THE ARCHAEAN SUCCESSION IN THE OLD BOOLCOOMA T A 
AREA 

The Koolka-Billeroo magnetite formation is a well-laminated to massive bed, 
whose thickness rarely exceeds 30ft. Its most ma~:;i\'e and iron-rich parts consist 
of quartz, magnetite and hematite, with which actinolitic hornblende is not 
uncommonly associated. By gradual decrease of iron content and increase in 
actinolite, the rock passes sometimes to an actinolite-quartzite. Elsewhere the 
formation merges into magnetite-hearing schists, phyllites, or sandstones, which 
have been more easily worn away and covered by drift. This last type of rock is 
well developed in the Dome Rock area, where ferruginous standstones, 150ft. thick, 
ha I'e been described by Dickinson (1942). 

Petrological evidence and general geological considerations suggest a possible 
cOl'l'elation between the Dome Rock iron formations and those of the Koolka­
Billeroo areas. From the relative constancy of their characters along the strike, 
from the similarity of the stratigraphic assemblage in the different localities, and 
from comparisons with the Precambrian iron formations found elsewhere in the 
world, it may be inferred that they represent the metamorphic equivalent of 
sedimentary iron-rich beds, deposited in small basins or marshes. 

General Stratigraphic Column 
The foregoing sections, studied in various part of the area and correlated by 

detailed regional mapping, sho\\' that it is possible to recognize stratigraphic 
lllarkers and to establish a chronological order of deposition within the Archaean 
sequence, as long as advanced granitization does not completely obliterate the 
primary sedimentary features. Although more work remains to be done to clarify 
lllany stratigraphic and petrological details, the general stratigraphic column 
of the Archaean metasediments may be thus tabulated: 



;Stratigraphic leyel 

UPPER GROUP­
Arkosic quartzites 
passing to granite 

,gneisses 

. MIDDLE 
GROUP­

'Calc-silicate rocks 

LOWER 
GROUP-
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Main rock types 

Bedded quartz-magnetite formations. 
Felspathic quartzites and arkoses, fre­
quently well bedded or laminated, con­
taining bedded iron formations, and 
graeling to granite-gneisses and mig­
matites in area of pronounced grani-
tization 

I 
Relicts of actinolitic dolomite and 
marble, tremolite-diopside rocks, skarn 
rocks, garnet rocks and epidote-acti­
nolite bands, separated by flaggy 
sandstones and schists. Amphibolites, 

[

associated in places to epidote-actino­
lite quartzites and skarn rocks. Thin­
bedded iron formations present in 
places 

Localities of typical 
occurrences 

'Weekeroo Hill area, 
Ameroo Hill area, 
Old Boolcoomata-Menin­
gie Well area 

Ethiudna area, Weekeroo 
Hill area Mindamereeka 
Hill, Ameroo Hill, Old 
Boolcoomata, Meningie 
-Well, Cathedral Rock, 
Dome Rock 

) Mica schists and paragneisses with Weekeroo Hill, Billeroo, 
lnminated quartzitic sandstones, silky Black Hill, Koolka Hill, 

'phyllitic schists or high-grade schists Ameroo Hill 

Fe/spathized Ar,chacon Metasediments (AI) 
This rock unit is essentially formed by the rock types descrihed abo\'e-schists, 

-paragneisses, calc-silicate formations and quartzites, which however have undergone 
a certain amount of felspathization. In places a great number of pegmatites and 

-granite lenses arc present in the succession, eithcr as sills developed along arkosic 
beels which they possible replace (fig. 2), or also as long narrow dykes which may 

-intersect the serics at a high angle and which in some cases can be traced for more 
·than 1 mile in length. 

This unit represents an intermcdiary stage of granitization. The next stage is 
-the migmatite group (Am) described in the following paragraph. 

Migmatites and Granite-Gneisses (Alii) 

Approaching the central portion of the area, felspathized metasediments of the 
Archaean sequences merge into migmatites and granite-gneisses which constitute 
-the third unit of the crystalline basement. This unit gives rise to bold, wooded 
ridges which occupy large portions of the regions of Boolcoomuta, Olltalpa, Bim­

'bowrie, Plumbago, Crocker -Well, GIenorchy and Mount Victoria. 

The rock assemblage is most characteristic of granitized areas. Pelitic metasedi­
'ments grade rapidly to migmatites and granite-gneisses, which in turn pass to 
fairly massive granite in the more centl'HI portions of the complex. The process 

·of granitization may be clearly observed through all its development stages (figs. 
10-12). Felspathic quartzites may grade to an aplitic-Iooking granite by blastic 
recrystallization, as is the case for many arkosic rocks described above. But it is 
'often manifest that the original metasediments have been mobilized to a varying 
-degree, and that felspar-rieh material has been injected or permeated into the 
rocks in a liquid or very plastic state. For, independently of their original com­

·posit.ion, these rocks are intersected at any angle by numerous quartz-felspar dykes, 
'veinlets or strings, which may be so close as to obliterate the original characters 
'of the rock. Lit-par-lit alternations of unaltered country-rock and quartz-felspar 
bands are plentiful, thus giving to the rocks the characteristic ribbon,. pattern 

'of injection gneisses. Ptygmatic folding of the alternating bands is also common. 
'By an increase of introduced quartz-felspar materials the l'ocks grade to Jpigmatites, 
which in turn merge into granitic rocks from which all sedimentary features have 

-been obliterated (fig. 13). Noticeable examples of such a process of granitization 
'are observable along numerous creeks in the areas of Glenorchy, Mount Victoria, 
,Weekeroo, Boolcoomata, etc., where arid climatic conditions and infrequent 
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torrential erosion produce and maintain exposures comparable for their clarity 
and variety with those described by Sederholm and Wegmann in the glacially 
polished migmatite of Finland. 

It may be seen, from the preceding examples, that g'l'anitization in situ of pre­
existing metasediments is a wide-spread feature of the basement rocks of the 
Olary Province. However, it must be added that magmatic mobilization and dis­
placement undoubtedly OCCUlTed, for in many instances IF.l'ge granitic dykes or 
pegmatite clearly show intrusive relationships with the country-rock. The fact 
that part of the granite was, at some stage of its formation in a liquid or semi­
liquid state, is also evidenced by the mode of occurrence of xenoliths (fig. 16). 
These consist often of calc-silicate beds, which in places have been forcibly dis­
jointed and float, as it were, in a granitic groundmass. However, by following 
these beds along their general strike, they are seen hecoming again continuous and 
undisturbed where granitic intrusions have been less conspicuous or less violent. 

In the zones of intense granitization, and particularly near the anatectic masses, 
the calc-silicate beds are intersected, at a high angle to the strike, hy granite dykes 
and by very numerous pegmatites. In these zones arkosic layers and quartzites have 
as a rule completely lost their sedimentary character, but mica schist and sillimanite 
schist relicts and especially epidote-actinolite qnartzite and hornfels are found 
np to the very edge of the anatectic granite, thus providing evidence of the 
regional tectonic trends even in the areas of advanced migmatization. 

In the zones of migmatite and granite gneiss, dykes and sills of pegmatite and 
granite are abundant. Leuco-granitic rocks, such as the uranium-hearing adamellite 
and alaskite to be found in the Crocker Well area, are found at intervals, as 
shown in a later paragraph. Among the granitic rocks of these units, there is a 
coarse-grained, reddish, biotite-muscovite granite, common occurrences of which 
are also to be found near Crocker Well and Mount Victoria. Rocks of a 
granodioritic composition are also an associate of migmatite and granite. Quartz 
veins and plugs, associated or not with pegmatites are also present, and characteri)'.e 
in many instances important shear zones. Long metadolerite dykes are also to he 
found at intervals intersecting at various angles the regional trends. 

Anatectic Granites, Gnmodiorites, lind Granul/:tes (Au) 
The most central portions of the granitized areas are often occupied by 

undifferentiated and almost structureless granite masses (figs. 17-19). These give 
rise to conspicuous ridges and bosses, whose summits are often a few hundred feet 
above the level of the surrounding zones of migmatites (fig. 19). Thus their 
characteristically rounded and smooth profiles form distinctive topogmphic features, 
among which those of the Boolcoomata area, Triangle Hill, Bimba Hill, Tombstone 
Hill, Ethiudn!t Hill and Mount Victoria are the most important. Other numerous 
smaller occurrences are irregularly distributed within the migmatitc complex. These 
have not always been mapped either because their boundaries are indefinite or 
because they are too small to be graphically represented at the map scale. It has, 
therefore, to be kept in mind that the picture of the granitized terrains on the 
map printed herein involved some degree of simplification. This is unavoidable 
even in large-scale mapping, for the complexity of the relations hetween migmatite­
granite-gneiss complex and anatectic granite is such that it defies complete definition. 
In almost every instance the mati"lv,! granite is the last stage of It process of 
felspathization, all previous stages of which are also represented. 

Exposures of this rock type are particularly extensive and fresh, for they are 
continuously rejuvenated by the peculiar exfoliation form of weathering induced 
by the arid climate prevailing in the area. 

Even on short distances, the granite shows much lateral variation in texture and 
composition. From a coarse-grained or porphyritic type, it grades rapidly to a 
pegmatitic variety or inversely to a fine-grained dense rock. Because of the 
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-irregular distribution and frequent lithological gradations, the detailed mapping 
<of these granite varieties is most difficult. It has been noticcd, however, that certain 
granite types are predominant in a given area and poorly represented elsewhcre, 
.so that a broad picturc of their regional distribution can bc attempted. 

In the Boolcoomata areH, 'Vhittlc (1948) df'scribed 11 massive medium- to 
coarse-grained, felspar-rich granite as the dominant rock of the granite suite. In 
the urca of the Kalabity shed the anatectic masscs consist of massive adnlllellites, 
associated g'rHnitcs and minor g'l'IlIlodiol'itic bodies. Somc occllrrenpcs 01' thcse 
rock types Juwe hcen systematically sampled, ul1fl their microscopicul study, carried 
-ollt hy "Whittle (Chief Mineralogist) will suffice to illustrate their main 
,charHctcristics. 

Some 3 miles south of :Kalabity homestead, a light-coloure(l, medium-grained 
potassic granite consists essentially of micl'ocline and pcrthite, with subordinate 

<oligoclase and quartz. Thc rock has a subidiomorphic texture, with a grain size of 
'0·25 cm. Muscovite and biotite are nlso abundant rock constituents and possess a 
random oricntation. A particularly interesting feature of this granite is the 

-devclopmcnt of bundles of sillimanitc nf'edles in the muscovite-sericite aggregate. 
Much opaquc mineral and a little zircon arc present as accessory constituents. The 
felspars have a poikilitic texture towards quart..:, felspar anrl qunrtz showing inter­
pcnetrant faccs. The rock appears unstrained. 

About 4 miles south-southwest of Kalabity homestead occurs a light-coloured, 
·(!oarse-graincd and distinctly porphyritic granodiorite. Oligoclase is the dominant 
mincral. Quartz Hnd microcline, although in subordinate amount, are also 
:important constituents. The phenocrysts, up to 2 Clll. in sizc, are Inrgely oligoclase 
idiomorphs, somctimcs intergrown with microclinc. Large flakes of muscovite 

"and grecnish-brown hiotitc are abundant, with a black opaque mineral usually 
intergrown with hiotite. Euhedral apatite and zircon are present in minor amount. 
'Thc effects of strain are fcw, and poikilitic text.ure is again seen in felspar. 

Another granodioritic rock of this area is medium to coursc-grained oligoclase 
'(Abs3 An! 7) being its main rock constituent. Some 20-30 per cent of quartz is 
'prcscnt in association with oligoclasc. Chloritized biotite-pennine is abundant in 
the interstices of other minerals or isolated in small clots. Inclusions of radioactive 
l'.ircon are numerous in the chlorite. 

Mctasomati:;m appears a]:;o as an important process of gl'Hnitization. A series 
·()f specimens collccted in thc Tonga HilI area, at the edgc of thc anatectic masscs of 
Bimba Hill-Triangle Hill, are described by Whittle as highly (listinctive granitoid 
rocks of mctasomatic origin. 

Thc more important of them is a granitoid, fine-grained, qUlll'tz-felspathic rock 
'forming the promincnt Tonga Hill ridge and outcropping again 1 mile northwest 
of Poodla Dam. It consists mainly of sodaclase, microclinc and quartz. Thc 
'sodaclase has a peculiar twin structure due to combined albite and periclinc 
lamcllae. The rock has a cataclastic texture, shown in optical strain. Poikilitic 
.tcxture of quartz in felspar is very prominent. Actinolite, sphene, epidote and a 
black opaque mineral havc been developed in the rock, apparently as a result 

·of mctasomatism. Quartz is partly rccrystallized and occurs mainly as" granular 
aggregates of strained grains. 

Along the northeast slopes of Tonga Hill this formation is flanked by a dark­
:green, mottled rock, cssentialIy consisting of diopside, hOl'llblende and plagioclase. 
Diopside is predominant as large subhedral crystals, altered in part to fresh 
bluish-green hornblende. Large crystals of sphene, apatite and magnetite have 

-bcen developed by metasomatism. Finer-grained, granoblastic sodaclase forms the 
-groundmass. Quartz is present in very little amount, together with epidote, biotitc 
:and granular magnetite. A particular feature of this formation is the abundance 
·of coarse apatite grains. 
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Granitoid rocks of this type are fairly common throughout the crystalline base­
ment of the area. Their classification is difficult. For mapping purposes they 
have been ranged either in the migmatite complex 01' in the calc-silicate group 
according to their composition. All have, macroscopically, a pseudo-igneous 
appearance, but would represent in fact felspathized rock rich in mafic minerals. 
Typically, these rocks are massive, medium-grained, very rich in sodaclase and poor 
in quartz. They may be defined as albite-ferromagnesian granulites. 

Pegmatites 
In no other part of the State are pegmatitie rocks so widely and variously 

represented as in the area under review. Throughout the whole tracts of country 
occupied by the crystalline rocks, swarms of pegmatite and/or pegmatitic granite 
give rise to outstanding, elongated outcrops which may be traced sometimes for 
many miles. 

The most conspicuous occurrences of pegmatite are found in the areas of 
Boolcoomata, Bimba Hill, Calico Well, .Wiperaminga Hill, Koolka Hill and also 
in the Mount Victoria area, invading every facies and zone of the crystalline 
basement. They become particularly abundant in the intermediate areas occupied 
by the felspathized metasediments and migmatite complex, but they are also to be 
found in the inner granitic cores and in the outer skirt of schists and quaTtzites. 
Pegmatitc varies in size from thin sheets and strings, developing in fissures or in a 
lit-par-lit manner along the bedding planes of the country-rocks, to huge lenticular 
stocks, dykes 01' sills which are often over 100ft. in thickness and over 1 mile in 
length. 

In the outer belts of metasediments and felspathized metasediments, pegmatite 
bodies are found mainly as sills. As the schistose country-rock is more easily worn 
away, these sills stand out as regular walls, which show conformable, very smooth 
and undisturbed contact surfaces with the host-rock and retain an abso­
lute constancy of thickness over long distances. This mode of occur­
rence would suggest that part at least of the pegmatite suite has been formed by 
metasomatism. It has also been noted in this respect that pegmatite swarms of 
the metasedimentary belt often follow a more quartzitic or arkosic horizon, 
suggesting a genetic relationship between pegmatite and host-rock. This howevm· 
is not the general rule, and in places long pegmatite dykes crosscut at a high angle 
the whole sedimentary succession, irrespective of the petrological composition of 
single beds or groups of beds (figs. 3, 15). 

Within the migmatite zune, pegmatites are also plentiful, but their relationships 
with the host-rocks are not as clear as in the preceding cases. Large pegmatites are 
found to intersect metasedimentary bands and granitic bodies alike, but more often 
pegmatitic veins and segregations are so abundant that they leave no uncon­
taminated masses in the host formations and become in fact in many places the 
dominant rock type. 

Likewise the anatectic granite is not uncommonly crosscut by large pegmatitic 
bodies of very irregular shape and size. Yvell-defined dykes or sills of such as those 
of the metasedimentary or migmatite zones are uncommon. Instead develop 
pegmatitic masses having no clear-cut contact with the granite, into which in fact 
they gradually merge. 

Most of the pegmatites of the area are acid, felspar-rich, coarse-grained rocks, 
with a quartzose core and little mica. As accessory minerals, magnetite, tourmaline 
and to a lesser extent beryl, have often been noticed. In addition, a very large 
suite of more rare minerals has been recently discovered which are described III 

detail in Part II of this Bulletin. 

Coarse-grained microcline pegmatites, containing minor albite, quartz and mus" 
covite amounts, are particularly abundant in the area covered by the Kalabity 



ARCHAEAN METASEDIMENTS-ARKOSIC QUARTZITE PASSING TO MIGMATITE AND 
GRANITE-GNEISS 

Fig. 10 Fig. II 

Fig. 12 

FIG. 10-UNALTERED LAMINATED ARKOSIC QUARTZITE <OUTALPA QUARTZITE) 
Old Bool cooma ta area-Near Ca the dra l Rock 

FIG. II-DEVELOPMENT OF QUARTZ-FELSPAR STRINGS ALONG THE BEDDING 
PLANE OF THE ARKOSIC QUARTZITE FORMATION 

About 60 fee t a bove the outcrop s hown in fig. 7 

FIG. 12-MIGMATITE STAGE IN THE ARKOSIC QUARTZITE FORMATION 
About 100 fee t a bove the outcrop s hown in fi g . 7 

'1 '0 f il et "li ve :! ..J I 



FIG. 13-GRANITIZATION IN BEDDED QUARTZITE­
WITH DEVELOPMENT OF ARTERIC MIGMATITE 
AND GRADATION T O MASSIVE GRANITE 

FIG . 14-GRANITIZATION IN FOLIATE D SCHIST-WITH 
DEVELOPMENT OF ARTERIC MIGMATITE SHOWING 
PTYGMA TIC FOLDING 

Glenorchy area 
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'sheet. Quartz is often found as a graphic intergrowth with microcline-micro­
perthite. Albite has been found as anhedral crystals with a composition of Ab94 
AnG' Small euhedral crystals of apatite have also becn observed. 

Other pegmatites of this area are light-coloured adamellite pcgmatites, con­
taining comparable amounts of orthoclase and obligoclase. Quartz is also abundant 
and occurs as coarse granular crystals which show severe optical strain. Muscovite 
is present as crystals up to 1-2 cm. in size. Brown biotite and opaque black minerals 
occur as sparse accessory minerals. In places, felspar crystals have been subject to 
such alteration that only a crystal skeleton remains. Secondary silica may inter­
finger the felspar in long streaks, and numerous flakes of muscovite occur, III 

random orientation, over the altered felspar. 

Pegmatite bodies of the Bimbowrie-Boolcoomata area, some of which are of 
(Jconomic importance, have been described by previous workers, particularly by 
Mawson (1912), 'Whittle (1948) and Sprigg (1954). 

Aplites, Alaskites, and Adamellites 

Aplitic lenses are commonly associated with pegmatites, although they form 
much less-conspicuous and less-numerous bodies. They represent a facies of the 
pegmatites, to which they often gradually pass. Becawie of their intimate associa­
tion and identical mode of occurrence these rock types ha\'e not always been 
separately represented on the regional maps of the area; but they have been 
differentiated and carefully investigated in zones of mineralization, as it will be 
shown in Part II of this work. It will suffice here to make reference to the 
Crocker 'VeIl adamellites, alaskites and pegmatites, of special economic importance, 
Jtnd to the extcnsive adamellite masses of the Triangle Hill-Bimba Hill-Kalabity 
~lrea which have also been microscopically investigatcd. 

The Crocker Well adamellites have been described by one of the writers (King, 
1954) as an originally massive rock-type which has been modified in places by 
jointing and by tectonic stresses. The main rock constituents are potash felspar, 
'sodic plagioclase and quartz, with an unusually small content of biotite. The main 
OCCllrrence, north of the Crocker 'IV ell exploration camp, is ovcr 2 miles in length 
.and almost 1 mile wide and it includes a narrow band of metasediments which 
rnns east-wcst. The adamellites are intcrsected by coarse felspar-quartz-rutile 
-pegmatites, the most prominent of which in-filled joint fissures while others are 
quite irregular in shape and disposition. 

Alaskites and albite pegmatites found in close association ,,·ith adamellites consist 
of medium-grained felspar-quartz rocks. Pegmatite bodies intersect the adamellite 
;and appear thus to be a later product of the same granitization process. The 
:alaskites consist of potash felspar and albite in equal proportion, with blue qnartz, 
'which also occurs in the associated pegmatite veins. 

Absite (brnnnerite) occurrences have been located in many places within the 
:adamellite-alaskite complex, and there is no doubt that the mineralization has a 
-close genetic relationship with these rock types. Determinations of the absolute 
age of some the uraniulll minera!s have been carried out on the basis of 
11ranium/lead ratio technique as discnssed below. The Triangle Hill-Bimba Hill 
adamellites are light-coloured, medium- to coarse-grained rocks, the essential 
lninerals of which are micro cline, oligoclase and quartz. Orthoclase and perthite 
have also been observed in some of the specimens collected. Large flakes of 
Illuseovite are abundant, as also are greenish-brown flakes of biotite. Magnetite, 
tourmaline, zircon, apatite and rutile are comlllonly present as accessory minerals. 

Specimens of the Triangle Hill adamellite exhibit a subidiomorphic granular 
texture, which becomes in places slightly porphyritic. Quartz, although strained 
optically, shows only incipient recrystallization at intergranula.r borders. Both 
micas ha\'e a random orientation, and are partly altered to chlorite. Oligoclase 
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has been altered in places to kaolin and sericite. Felspars have a poikilitic texture­
towards quartz and mica, suggesting that the felspar was formed in place. 

The Bimba Hill adamellite appears, from microscope evidence, to have been 
considerably stressed, without brecciation but with recrystallization of quartz, 
optical strain, and destrllction of the idiomorphic form of the felspal'R. As for the­
Triangle Hill adamellite, the poikilitic texture displayed by the felspars, towards. 
quartz and mica, suggests growth of felspars in situ, due, to granitization rathel" 
than to magmatic crystallization. 

A similar rock type has been found 4 miles southeast of Kalabity homestead, with 
oligoclase (Abs8 An12), microcline, perthite, orthoclase, quartz, and mllscoyite as; 
essential constituents. The grain is very irregular, ranging from an original size of' 
0'25 cm, to a fine aggregate of grains having less than 0'1 mm. in diameter .. 
Brecciation is incipient within the rock, its t<'xtlll'e being in part cataclastic. 

Another adamellite OCCUl'rence in the same area is slightly richer in sodic felspar. 
Oligoclase of composition Abs• An"" microcline-microperthite allll quartz are' 
essential minerals, together with lIluscovite and biotite. Radioactive zircon is 
present in accessory amounts, some crystals heing included in hiotite and other' 
larger ones frpe. 

Amphibolite (;roup 

This g'l'oup consists of a suite of basic rock types which are exclusiyely assodated 
with the crystalline basement, but show wide varia tions in composition, mode of' 
occurence and origin. 

These rocks have been gpnerally describe,1 in previous work as igneous (lykes 01' 

sills intruding the Archaean metasedimentary succession as well as the younger' 
granitic te1'l'ains of the area. But recent inVl'stigations in the adjoining Broken 
Hill region have clearly proved that many rock types of the basic suite are derived' 
from calcareous sediments. This origin has been confirmed by the current investi­
gation in the Mutooroo, Ethiudna and \Veekeroo area, and more recently hy 
prospecting work in the region covered by the Outalpa military sheet (plate J). 
Jt is thus well established that most of the amphibolites of thc Olary crystalline­
terrains are altered carcareous heds of the cale-silicate group already described .. 
Howey,er, amphiholitic rock of intrusive character also occm's in the area. As: 
no gencral field criteria for distinguishing between the two rock types have been 
recognized and als9 hecause of the uncertainty as to their age and their petrological' 
characteristics, no detailed subdiyision of the basic rock group has heen attempted .. 
To illustrate the field relationship of these rocks, it will ;.;uffiee to dCHcrihe some or 
the most conspicuous occul'I'enees of para- and ortho-amphiholites. 

PlIra-AmZJ/iibolites 

These occur as a facies of tlte calc-silicate heds, ana reference to them has already 
been made. They consist of dark-green to black rock types, sometimes well hedded,. 
massive in other instances, but always conformable with the associated country­
rock. TIH'ir thickness, which rarely exceeds a few feet, is remarkably constanf,. 
ana parallel bands may sometimes be traced for several miles, w:thont significant. 
changes in composition or disposition. The most conspicuous of these bands is 
hetween the Mutooroo mines and Ballara station, where they form the prolongation 
of one group of the para-amphiholites rpcognized in the Broken Hill stratigraphie 
SIH·ceSSIOII. 

The Mutooroo mines para-amphibolites consist of a series of at least six bands 
interstratified with well-laminated granite-gneisses. Petrologically, this formation 
can hardly be distinguished from intrusive bodies. A. VY. G.Whittle (Chief 
Mineralogist), who examined these rocks microscopically, has descrihed them 
as follows: 



FIG . IS-GRANITIZATION PROCESS IN OBDURATED LAMINATED 
HORNFELS BY INFILLING OF FISSURE NETWORKS WITH URANI­
F EROUS QUARTZ-FELSPAR MATERIAL 

T a lbot Creek-3 m iles eas t of Gle norc hy s ta t ion 

FIG. IS-ADVAN CED STAGE OF GRANITIZAT ION IN OBDURATED 
HORNFELS-SHOWING PRESERVATION OF BLOCKY REMNANTS IN 
PREDOMINANTLY STRUCTURELESS URANIFEROUS LEUCOGRANITE 

T a lbot C reek-3 m iles eas t o f Glenorch y s t a tion 
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PROTEROZOIC GRANITIC ROCKS 

Fig. 17-COARSE· GRAINED FELSPAR·RICH 
ANATECTIC GRANITE-WITH SED I-
MENTARY REMNANTS 

About 500 yards north of Mount Vic tori a tri g 
s ta tion . 

FIG. 19-MASSIVE ANATECTIC GRANITE 
FORMING PROMINENT BOSSES IN THE 
CENTRAL PORTIONS OF THE GRANITIC 
TERRAINS 

Tombs tone Hill-4 mil es north of Plumbago 
homes tea d 

FIG. IS-ANATECTIC GRANITE-TYPICAL 
TOR STRUCTURE 

About 5 miles s outheas t of Plumba&,"o hom · 
s tead 
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"There is no great compositional or textural variations among the basic rocks at 
Mutooroo mines, except that in the central portion of the field the rocks are slightly 
more acid, viz. quartz' micro· gabbro ' to quartz' micro·diorite', whereas they 3,re normal 
,calc-alkaline gabbros to the north and south of the central region. 

"The micro-gabbro is a fine-grained, dark-coloureu massive rock with an hypidio­
morphic granular texture. Its grain size is within the limits 0·5-1·0mlll. Strongly 
pleochroic blue-green to light-brown hornblende make up about 60 per cent of the 
rock, mainly as subhedra or euhedra which carry numerous inclusions of quartz. 

"There is an abundance of unaltered labradorite (Ab4-An6), and about 5 per cent 
of interstitial quartz. Minor constituents include a little scapolite occurring as altera­
tion rims round felspars, epidote in aggregates of small granules along felspar interfaces, 
associated with granular quartz and scattered fine-textured epidote-Ieucoxene aggre­
gates. " 

Thus petrologically the Mlltooroo amphiholites \"ary from a gabbroic to a micro­
<lioritic type. According to Whittle the gabbroic types are frequently affected hy 
lIralitization and scapolitization phenomena, scapolite being in plaees extremely 
abundant, particularly in the proximity of felspar. Other constituents include 
sphene, clinozoisite and sometimes granules of apatite. 

The writers' opinion that these formations are not igneous but para-amphibolites 
is based on field relationships observed throughout the Olary Province and in the 
adjacent Broken Hill district. In the Mutooroo-Ballara area, for instance, the 
amphibolites show conformable contacts with the handed gneisses forming the 
country-rock, and follow sympathetically the local structures. North of the 
Mutooroo mines the trace of an amphibolitic band forms a closed ring which 
evidently corresponds to HII overturned fold (plate I). Likewise at Pine Hill, 
2 miles to the east, the continuity and parallelism of a few bands of amphibolites 
emphasize the structural pattern of the area and may be considered the most 
valuable marker beds. The most decisive argument in favour of a sedimentary 
origin of these amphibolites is however the unquestionable gradual passage from 
calcareous sediments (or metasediments) to amphibolites, which has heen ohserved 
in many places and by different workers in the Broken Hill area and in the 
adjoining South Australian region. In the Broken Hill area the amphibolites are 
derived from a group of calcareous heds, among which the Ettlewood Limestone is 
the best known. In the South Australian area, the association of amphibolite with 
the calc-silicate metasediments is a common feature (figs. 1, 8, 9). Basification of 
limy beds has he en directly observed in the J<jthiudna area where a dolomitic lime­
stone, by progressive enrichment in hornhlende, is seen grading to a massive para­
~tmphibolitc. 

Ortho-Amphibolites 
This category includes the basic rocks which have cross-cutting relations with the 

bedding planes or with the regional structural trends of the country-rock, and 
~.vbich therefore are considered to be intrusive. The better known are found in 
the Radium Hill uranium mines, alt'eady descrihed in a previous Bulletin by Sprigg 
~nd Whittle (1954). In this mine, two generations of amphibolites have been 
noted, both of which have an intrusi,"e relationship with the enclosing formations 
and with the Radium Hill lode. The older amphibolites are altered hornblendite; 
tbe newer ones Tange from an ultra-basic to a dioritic composition. Among these, 
tonalites, microtonalites, microdiorites and diorite-porphyry dykes are the most 
common rock types. 

Other conspicous occurrences of rock, of this catcgory are found north and south 
of Outnlpa Hill, south of Plumbago head station, east of ·Weekeroo Hill, south of 
Ola Boolcoomata homestearl and easterly of Triangle Hill. Minor amphibolitir 
lenses are found scattered at random in practically all formations of the crystalline 
basement. Many of them, of a doleritic to metadoleritic type, occur in sheared 
zonps of the migmatites and granites and may be traced over long distances, not­
withstanrling a lenticular disposition and a thickness which rarely exceeds 50ft. 
In other instances swarms of ortho-amphibolites occllr adjacent to or within the 
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calc-silicate sequence, and may be distinguished from the para-amphibolites of this: 
group only by their crosscutting attitude. The detailed petrological investigatiol1!. 
and separate mapping of these two rock types was beyond the scope of this' 
writers' survey and has been therefore omitted. Ortho- and para-amphibolite::; are 
shown on the accompanying maps as a single rock unit. 

Age, Metamorphism, and Granitization of the Crystalline Formations: 

AGE 
No organic remains whatever have been discoyered in the Pre-Cambrian form­

ations of the OIary Province. The metasediments of the basement are not only' 
highly recrystallized, but their deposition is of great antiquity and very probably' 
pre-dates the earliest known organisms. The sedimentary mantle, to which an 
Upper Proterozoic to Lower Cambrian is assigned, is in this respect also most: 
unfavourable, for its deposition often took place either in a brackish to continental 
environment or under glacial and subglacial climate. 

In spite of the total lack of fossils, age relationship between the differcnt rock 
units have been established, owing to the presence of radioactive minerals in the' 
crystalline complex. Age determinations based on the uranium/lead ratio have­
been carried out for the Radium Hill and Crocker "Yell Ul'llnium fields, and the 
result may be thus tabulated: 

Mineral and Best age of Inferred age and type of 
Locality Mode of Occurrence mineral country. rock 

(million years) 

Crocker Well ....... Absitc (brannerite) liRO ± 30* Proterozoic: anatectic 
as fissure veins in granite 
adamellite. Also 
as grains dissemin· 
ated in the adamel· 
lite groundmass. 

Radium Hill ........ Davidite, epigenetic 

I 
l,litO ± lOOt Archaean: Gneisses, in 

vadcd by pegma,tites and 
intersected by amphibo-

I 
lites 

* Age determination by Dr. J. L. Kulp, Columbil1 University, New York. 
t Age determination by Prof. J. T. Wilson, University of Toronto, Toronto. 

It lllay thus bc seen that age-determination data justify and emphasize the two> 
main divisions established in the crystalline formations, i.e., an oldcr mctasedi­
mentary suite and It much youngeI' granitic eomplex. This has been confirmed hy 
data obtained with similar methods in other parts of South Australia, and it may' 
by conclusively stated that the metasediments of the OIary Provincc are of Archaean 
age. They pre-date the Radium Hill lode, and may compose more than one cycle 
of sedimentation, although no unconformity has been noted within the Archaean: 
sequence. 

As for the younger granitic rocks, it is now recognized that they are responsible­
for the last phase of uranium mineralization in the Crocker Well area (sec Part 
II). In particular the absite (bl'annerite) mineralization would have taken place in 
the final stage of the granite consolidation, and it is reasonable to assume that 
the age determination of the mineral dates also \\'ith a good degree of approximation. 
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the granitic host-rocks. These have thus been formed at the end of the Middle 
Proterozoic or at the very beginning of the Upper Proterozoic times.-

METAMORPHISM AND GRANITIZATION PROCESS 
D. Mawson (1912) was the first author to give a comprehensive account of the 

metamorphism phenomena and emplaccment of large granitic masses of the Olary 
Province. This author recognized the sedimentary origin of most of the meta­
morphic rock suite, although he held that the granite gneisses surrounding the 
massive granite masses would represent igneous granitic rocks which have been 
subsequently metamorphosed. :Nlawson considere(l the granite as intrusive bodies, 
responsible for many contact, assimilation anrl felspathization phenomena of 
original sediments. He classifier! the granite as a protogine type, occurring both 
in Olary and Broken Hill areas. t 

In the last few years, the genesis of the granitic suite and its relationship with 
the country-rock have been investigated by geologists of the South Australian 
Department of Mines, and particularly by ,Yhittle, Sprigg and the writers. 

Whittle (1948), after a detailed study of the Boolcoomata area, concludes that 
"much evidcnce suggests that the granite masses of Boolcoomata are the result of 
a process of gTtlllitization rather than of intrusion". 

The writers found this view partially correct, for vast portions of thc Archaean 
terrains have been converted into granitic-looking rocks, althongh mobilization 
was so great that masses of anatectic granite bear in places distinct intrusive 
relationship with the Archaean metasedimentary sequence. On the other hand, 
"Thittle's view that glacial beds of the Adelaide System have also been partly 
grallitizen has to be discarded, for in the area concerned the granitization pheno­
mena definitely pre-dates the deposition of these beds and are strictly confined to 
the crystalline basement. 

Sprigg (1954), described the metamorphism alld granitization process of the 
area in the following terms: 

"The metamorphic rocks of the province are variously intruded by acid to basic 
igneous rocks and are varyingly granitized. The whole has been involved in one or more 
major orogenies, and without exception the metasediments have the appearance of endless 
'soaking' by processes of felspathization. Lit'par-lit gneisses and 'injection' type 
phenomena are ubiquitous, and all stages through felspathic gneisses, augen gneisses ani! 
migmatites to granite·like rocks are evidenced. Centres of extreme alteration to 
granite· like rocks show evidence of mobilization and upward migration in typical pluton 
form. Granitizational' migma' has been variously mobilized from local or deeper crustal 
levels so that the upwellings produce various approaches to true batholith form.' , 

* M. F. Glaessner proposed recently the following time units of the late Precambrian: 
1)20 million years = Lower Cambrian; 520·600 million years = Late Proterozoic; 
600·800 million years = :Middle Proterozoic; 800·1,000 million years = Early 
Proterozoic. 

The writers have found these divisions quite adequate and ha\'e adopted them. 

t Protogine is a rock of the granitic type, defined and largely represented in the 
Mont Blanc area of the Alps. Felspars, quartz, biotite and also muscovite are the 
main constituents, with apatite, zircon, orthite, epidote and magnesite as acces· 
sories. Felspars are mainly orthoclase andmicrocline and also oligoclase. Corbin 
niH I Oulianoff (1932) have distinguished five different facies of protogine; 

1. A coarse-grained granite, tending to a porphyritic structure. 
2. A medium.grained granite with uniform structure. 
i). A medium·grained porphyritic structure. 
4. A micrograuite, porphyritic in places. 
5. An aplitic facies. 
The similarities of the geological conditions in the Mont Blanc and Olary 

crystalline terrains are striking in many other respects; in particular the 
relations between granitic elements and metasediments, the composition of the 
metasedimentary succession, the metamorphic and metasomatic phenomena are in 
both areas almost identical (Corbin and Oulianoff, 1932, 1935; Oulianofi', Parejas 
et al. 1951.). 
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Sprigg's very apt description of the actual field conditions conveys also in the 
writers' opinion the correct picture of the general process by which the granitic 
rocks were formed. The mode of occurrence of these rocks definitely suggests their 
derivation by a scale granitization process involving mobilization; for, if there 
is in the area concerned abundant evidence that former sediments have been 
converted into rocks of granitic texture and composition without changing their 
physical state, it is also manifest that part of these rocks behaved at sOllie stage or 
other of their history as liquid or very plastic material. 

In the outer skirt of the granitic area, it would appear that gTanitization took 
place in many cases by simple blastic recrystallization of pre-existing felspathic 
rocks, with or without material addition. This applies for instance to the Weekeroo 
crystalline inliers, where arkosic bcds have given rise hy recrystallization to con­
spicuous aplitic or granitic rocks, which often retain their original sedimentary 
structures. Likewise, laminated pelitic beds have produced in this zone well­
handed gneissic rocks or quartzitic schists without apparent mobilization or addition 
of material. These beds, however, grade rapidly to rocks which clearly show partial 
mobilization, with separation of the leucocratic portions and production of residual 
melanocratic hands. The" mohilizcd leucocratic elements (quartz, felspars) are 
often disposed in lit-par-lit fashion along the lamination planes, while thc 
remaining hasic material often appears to have been concentrated in compact 
masses at the edges of the partially mobilized formations" 

'Veil within the migmatite zone, mobilization was more intense. As a conscquence 
the former sediments have lost most of their original characters, and displacements 
:md intrusions become a common feature. Felspnthized heds, migmatites, granitic 
dykes and pegmatitie granites often show clear crosscutting relationships and the 
g'J'eat predominance of leucocratic constituents suggests an important addition 
of felspar to the original sedimentary material. 

The granitic masses of Boolcoomata, Crocker 'Veil and Mount Victoria represent 
the extreme form of the mohilization process. Being derived from pre-existing 
rocks, they appeal' to have passed through n liquid or semi-liquid stage for in 
places their intrusive relationships are beyond question (figs. 15, 16). They 
are in every respect comparable with the anatectic (palingenetic) granite defined 
and described hy Scderholm (1926) in sonthwestel'll Finland. 

This view is also substantiate(l by the relationship between the central anatectic 
g'l'anites and the related swarms of pegmatites, aplites, or granitic apophyses which 
invade the country-rock. From the central bosses of massive granite wbere often 
they have their TOOts, these swarms cut through the country-rock for many miles, 
contaminating 01' digesting portions of the host, and cYidencing a high degree of 
mohility. 

Not uncomlllonly, these dykes also intersect the massi\"e anatectic granites them­
selves, the contaet being sometimes straight and sharp, sometimes irregular and 
hnzy. It can hardly be doubted that anatectic granite and pegmatite swarms 
nrc eo-migmatic. The pegmatitic and aplitic suite would represent a more mobile 
residual product of migmatic diffcrcntiation, emplaced in the late stages of 
the migma consolidation. 

'rhus, aftcr eareful consideration of the field data and after having given much 
thought to the modern views on granitization, the authors have reached the con­
clusion that the genesis of the granitic suite of the Olary area was in fact a complex 
one. Blastic Tecry~tallization in the outer belt, partial mobilization and permeation 
in the migmatite-gneiss zone, deep-seated anateetic and intrusive processes of 
thc central granites, have all been responsible to a varying degree for converting 
large portions of the Archaean metamor~)hics into granitic rocks. 



THE GRAND UNCONFORMITY 

FIG. 20-THE ARCHAEAN-PROTEROZOIC GRAND UNCONFORMITY 
THE OUTALPA-WEEKEROO AREA 

Note the gradual flattening of the sediments from the base upwards 

A-Archaean migmatites, schists, a nd gneisses 

U-Unconformity plan 

Pt,-Basal conglomerate of the Upper Proterozoic formations (Adelaide System 
-Torrensian Series) 

Pt. ,-Slates, dolomites, and thin sedimentary magnesite layers (Torrens ian 
- Series ) 

P s l - Tillites, boulder quartzites, and s lates (Sturtian Series-Lower glacial 
sequence) 

Ps .,-Slates and dolomites (S turtian Series-Interglacial sequence) 

1'0 ",,'e IJ(I fll: :W I 



TH E GRAND UN CONFORMITY 

FIG. 21-BASAL CONGLOMERATE ( C) OF 
THE ADELAIDE SYSTEM (TORREN ­
SIAN SERIES) UNCONFORMABLY 
RESTING ON MIGMATITES (M) OF 
THE CRYSTALLINE BASEMENT 

About 4 miles north -northeas t of W eek eroo 
homes tea d 

F ig. 2 1- Elev a t ion 

FIG. 22-BASAL TILLITE (T) OF THE 
ADELAIDE SYSTEM ( STURTIAN 
SERIES) UNCONFORMABLY REST-
1NG ON GRANITE-GNEISSES (G, OF 
THE CRYSTALLINE BASEMENT 

About 2 ~ miles southwes t or Plumbago 
homes te ad 

FiC' . 22 

Fig. 2 1-Pla n 
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The Sedimentary Mantle-Upper Proterozoic Beds of the Adelaide 
System 

THE GRAND UNCONFORMITY 
The crystalline IJH~elllent rocks are UlH;ollforlllably overlain by the well-bedded, 

thick and little-altered beds of the Adelaide System, which esscntially consists of 
slates and phyllitic slates, qual·tzites, tillites, siltstoncs, conglomerates and minor 
dolomitic layers. The basal unconformity which separates thesc formations from 
the crystalline complex iii usually well markcll by coarsc conglomemtic beds at the 
\'ery base of the sedimental'y succes~ion (figs. 20-22). Thc strike and dip of this 
conglomerate often form a high angle with those of the underlying metamorphic 
formatiolls, a feature which persists throughout thc whole area and may be clearly 
observed over tcns of miles. It has becn named by Mawson thc "Grand UUCOIl­

formity" for it represenb one of the most significant geological features of tlIP 
Olary area and indeed of the whole State. 

Slates Hnd siltstones of these units are rpspollsible for the suhdued monotonous 
relief of largc strctches of country. The landscapp is commonly bleak and hare, 
except along drainage channels, where clumps of trees grow at intervals. The 
monotony is however broken where massive fjuartzite beds occur. These gi\'e 
rise to long and sharp ridges or cuestas and steps, which often form the distant 
skylinc. Quartzites and tillite hills are frequently timbercd, for their creviccs allow 
a foothold to the trees and provide some water supply. Thus the relief, combined 
with the distribution of the timber vcgetation, closely reflects the gcological features 
of the area, emphasing oyer long distances the structural and stratigraphic outlines. 

THE TOR'RENSIAN SERIES 
All a round the elliptical crystalline inliers of the vYeckcroo area, the sedimentary 

succession begins with a rather coarse conglomerate, overlain by altcrnating argill­
aceous and dolomitic beds, with which minor lenses of sedimentary magnesite are 
associated (fig. 20). These beds may bc correlated with the Torrensian Series for 
tlwir facies, lithology and stratigraphical relationship arc almost identical with the 
Torrensian beds of the type section nl'ar Adelaidl'. 

Basal Conglomerate 
This is a coarst', eross-bedrled sediment consisting of well-worn pebbles up to a 

few inches across, closely cl'mente(l in a sandy micaceous matrix. Most of the 
pebbles are derived from quartz Ot· tough quartzitic rocks, suggesting a long, 
selective wearing and weathering process at work during their deposition, for 
softer rocks of the crystalline basement arc scarcely represented. Cross-bcdding 
is commonly brought into prominence by dark laminae of heavy minerals, closely 
recalling the basal conglomerate and sandstone overlying the crystalline inliers at 
Humbug' Scrub, Aldgate, Myponga, Grey Spur and Second Valley, 250 miles 
to the south. This formation is interpreted as a shore deposit, marking the 
transgression of the Proterozoic sea on the Archaean contincnt. In the Olary area 
the thickncss of the basal conglomerate does not exeeed 30ft., and is frequentl)" 
attelllwted by tectonic stresses, as eyideneed b)' conspicuolls distortions and mechan­
ical elongation of the pebbles. 

Siotes, Dolomites, and Mognesite Beds 
A lellti("ular slH'et'ssion of slates, (lnlomites and thin magnesitc layers overlies 

eonforma bly the basal conglomerate. 

The slates, of a blue to green colonr, acquire in places a silky lustre, parti­
cularly in zoncs of stress or shearing. At certain levels, they are shuly and 
finely laminated, at others they berome rather limy and contain numerous hands 
of a hrown to buff dolomitc, oftcn showing fine examples of slump structures. 
These hanils are ordinHrily lIlassi\'e and quite continuoll~ even though their thickne~", 

, 
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does not exceed 100ft. Like the Torrensian beds of the type section, these 
formations contain poorly outcropping lenses of white magnesite, observed in 
places along the depression followed by the tracks which lead from Weekeroo home­
stead to the Walparuta mine. 

The Torrensian beds of the vVeekeroo area appear to mark the extreme northeast 
extension of the Torrensian Series developed in the Adelaide region. Farther to 
the north, northwest and northeast, in the areas of Plumbago, Outalpa, Boolcoomata 
and Maldorky, these beds thin out rapidly, the Grand Unconformity being then 
marked in many places by a boulder conglomerate of glacial origin, which forms 
the base of the Sturtian Series. (Figs. 22-25.) 

fig. 11. 

TH[ GRANO UNCONfORMITY AS EXPOS[O IN TH[ W[[KUOO AREA. 
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FIG. 23-THE GRAND UNCONFORMITY AS EXPOSED IN THE WEEKEROO 
AREA-13 MILES SOUTH OF PLUMBAGO HOMESTEAD 

Thickness, Facies, and Sedimentation Environment 
The thickness of the Torrensian Series of the Olary Province varies considerably. 

North of Weekeroo homestead it may reach in places 2,000ft., as for instance in 
the vicinity of Walparuta mine. However, following the formation both north and 
south along the strike one observes that the thickness decreases to nil over distances 
of It few miles only. Similar observations may also be made along the contact 
between the Torrensian beds and the crystalline rocks forming Weekeroo Hill, 
where in places the Torrensian Series consists only of a few feet of basal con­
glomerate. It may thus be inferred that these beds have been deposited in 
shallow-water sheets, lakes or lagoons locally covering the Precambrian land mass 
and in which a brackish to lacustrine sedimentation took place. 

It is noteworthy that these conditions are repeated in other areas of the State, 
as for instance in the Adelaide hills rcg'ion and in the northern Flinders Range, 
where great variations in thickness and lithology are a general feature of the 
Torrensian beds. 

THE STURTIAN SERIES 
Discovered by Howchin at the River Sturt near Adelaide, defined in the same 

area by Mawson and Sprigg as an essentially glacial and fluviogla0ial 
succession of 12,600 ft. thickness, the Sturtian Series has in the Olary area an 
even greater development. In the Ulupa syncline it reaches 20,000ft. (Campana 
nnrl Wilson, 1955) and consists of three sequences which may be mapped as 
distinct units as follows: 

D 
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The Lower Glacial Sequence 
This sequence has a maximum thickness of 3,OOOft. and has the widest distI'ibu­

tion. It is essentially composed of an irregular alternation of boulder tillite, 
tillitic siltstones, quartzites, slates and dolomites, the order of succession of which 
may vary considerably from place to place. 

Boulder Tillites 

Not uncommonly the lower glacial sequence begins with a coarse basal tillite, 
which is structureless and unstratified and undoubtedly represents a lithified 
boulder clay. Its facies, position and mode of occurrence arc typical of a land 
moraine. It contains boulders of all size and degree of angularity embedded in an 
unwashed and unsorted matrix, and rests directly on the crystalline basement which 
formed the old glacial floor. This mode of occurrence is well exposed near the 
Old Boolcoomata homestead where glacial granite boulders, cemented by gravelly 
fjuartz and felspar debris, have been scooped from the massive granite forming the 
local bedrock (figs. 9, 24, 25). At its rece;;sion the glacier dumped the granite 
boulder pebbles and small-quartz-felspar fragments on the old glaciated surface, 
infilling cracks and depressions but sometimes leaving uncovered the floor rises. 
Re-cemented and partly crystallized by subsequent diagenesis, the tillitic material at 
first sight gives the impression of haying been metasomatically granitized. The 
tletailed mapping of the Boolcoomata area, together with observations made else­
where in the Olary and Broken Hill regions, have however proved beyond dispute 
the detrital origin of these beds which are identical in every respect with the granite 
tillite, recently described by Leslie and White north of Broken Hill (1952), and 
also with the boulder basal tillite noted in the northern Flinders Range (Campana, 
1955). 

Likewise, north of Bimbowrie, south of Plumbago homestead and in the "Weekeroo 
Hill area the base of the Sturtian Series is formed by a coarse tillite, rich in 
boulders and fragments of the crystalline rocks on which it rests (figs. 22, 23, 
26a). Elsewhere, however, as for instance at Mount Victor and east of Plumbago 

homestead, the Sturtian Series begins with a few hundred feet of slates, siltstones, 
:lnd interbedded quartzite (figs. 26b, 26c). These are overlain by fine-grained 
sediments embedding erratics which, compared with the el'l'atics of the basal granite 
tillite, are rather smaller, rounder and less representatiye of the underlying 
erystalline rock types. It is thus assumed that this horizon, although contem­
poraneous with the basal granite-tillite, would not represent a land moraine, 
but II subaqueous tillite deposited by floating ice. 

Other less-conspicuous boulder beds may be observed, in many places, at higher 
levels of the lower glacial sequences. In the southeast corner of the Olary sheet 
for instance, near Dene Hill, eight boulder beds have been recognized. These 
occur in alternation with massive quartzites, siltstones and slates, each band heing up 
to 100ft. thick. The same beds are exposed along the prominent ridge east of 
\V cekeroo homestead, where the unusunl sedimentation §.etting of these formations 
is admirably l'ecorded. 

The tillites, many times repeated at different stratigraphic levels, exhibit a most 
heterogeneous composition. Some beds grade from massive, stl'uctureless boulder 
material to fine-grained quartzites containing very sparse pebbles and occasional 
boulders. Other tillite lenses merge laterally and ycrtically into pebbly siltstones, 
while in other instances there is a gradual but rapid passage from dolomitic boulder 
beds to" sandy brown dolomites (fig. 27). These houlder beds are often lenticular, 
and unstratified, but they must represent subaqueous i1eposits for they alternate with 
well-bedded sediments and no glacier fioor, suggestiye of land momines, is 
observable at their base. 

B 
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Fig. 26 
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FIG. 2S-5TRA TIGRAPHIC SECTIONS OF THE TRANSGRESSIVE BASAL TILLITE 
-PLUMBAGO-MOUNT VICTOR AREA 

a. One mile south of Plumbago homestead 
b. Four miles east of Plumbago homestead 
c. Mount Victor 
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Dolomites 
The presence of dolomitic beds in the lower glacial seqnence is another general 

characteristic of the OIary Province stratigraphy. Their mode of occurrence, thick­
ness and stratigraphic position vary considerably from place to place, but as a rule 
they are more common and better developed in the lower levels of the successiol1 
Quite frequently they are closely associated with the tillites-of which they form 
in places the groundmass-merging laterally into continuous dolomite bands with 
or without erratics. The dolomite bands may often be placed over many miles 
although their thickness does not exceed 30-40ft. They are yellow to brown in 
colour, poorly bedded or massive and intersected by a dense net of jointings and 
fractures which allow a foothold to trees and thus give l'ise to timbered outcrops. 

The intimate association and the gradation of these beds to boulder tillites, 
suggests that they have been precipitated as aJ result of lowering of the water 
temperature rille to invasions of floating ice. They may also derive, in part at least, 
from the reworking of dolomitic beds of the underlying Torrensian Series, as 
evidenced by the presence of numcrous dolomite erratics among thc tillite boulders. 

I ron-Rich Siltstones 
Another conspicuous stratigraphic horizon of the low'll' glacial sequence is an 

iron formation, observed in the lower beds of the succeflRion. This iron formation 
consists of hematitic siltstones, the thickness of which varies from 2-12ft. As a 
rule the iron content is low, of the order of 10-15 pt·,· cent or less, so that the 
formation can hardly come into consideration as a source of iron. But its strati­
graphic significance is considerable for it occurs over wide areas at what appears 
to be a constant stratigraphic level. It forms long dark outcrops, east of Maldorky 
Range, and also in the Bimbowrie and Mount Victor areas (fig. 26c); and a 
magnetic survey, carried out by the Geophysical Section of the Geological Survey 
prov'ed its general presence in the intervening tracts of country between MacDonald 
'Hill and Bimbowrie, as well as south of Radium Hill (plate I). 

The iron-rich beds are invariably associated with the major subaqueous tillite 
horizon, near the base of the Sturtian succession, as illustrated in fig. 26c, and never 
with the transgressive terrestrial moraine shown in fig. 26a. This mode of OCCUlT­

ence suggests that the iron formation has been deposited in shallow-water bodies 
;just before the glaciation or during a brief interglacial period. It has to be cor­
related with the iron formation described by Mawson in the Braemar area. 

FI'uvioglllcial Qua rtzites 
The lower glacial sequence also contains the most prominent quartzite beds of the 

01ary Province. These are particularly well developed at lower levels, in associa­
tion with massive layers of boulder tillites. Lateral gradation from sandy boulder 
beds to massive quartzite has been observed in many places, as already stated. More 
frequently however they occur as distinct and regular beds interstratified in lamin­
ated slates or siltstones. 

One important quartzite group persists over the whole area, at about the same 
level as the lower glacial sequence. It consists of three 01' four sandy beds, the 
major one of which may reach 100ft. in thickness. Resistant to erosion these beds 
give rise to characteristically long and steep ridges, among the most conspicuous of 
which are those of Maldorky, King Bluff and Mount Victor. As illustrated by 
fig. 26 these major quartzite beds suggest a fluvioglacial environment. This is also 
evidenced by their lithological characters, for thpy arC' alwa~'s well wlished, well 
sorted lind frequently cross-bedded. 

Glacio-Lacust'r;ne Slates and Siltstones (Figs. 28, 29) 
Laminated slates and siltstones form the bulk of the lower glacial sequence lind 

shol\' from the bottom to the top, little lithologiclll variation. In the lower horizons 
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of the sequence these beds altcrnate with the tillites, quartzite and dolomite 
described above; but in the upper part their monotonous succession is broken only 
at intervals by sparse erratics, dumped at random in the slaty country-rock. 

The slates are grey-green to blnish in colour, and the laminae are of the order of 
1-5 mm. in thickness (fig. 29). They have in this respect a varve character, but 
typical alternation of clayish 11l1d f'al1(ly laminae has not been observed. The silt­
stones are dark when fresh, dark brown on the weathered surface. More resistant 
to erosion than the slates, they give rise to low ridges and characteristic ribboned 
outcrops (fig. 29). on which slump structUl'es and current-bedding are often 
nbscrva hlp. 

Thickness, Facies, lind Seclimentution Environment 

1\ thickness of 3,000ft. at least is ohservable in lIlany sections of the 10wCl' 
glacial sequence of the Olary Province. Lateral variations in thickness and facies 
are, however, common features which reflect the special mode of transport 111](1 
accumulation. 

As already inrlicated, a boulder conglomerate similar in every respeet to land 
moraines has been obsen'ed, at the base of the succession, along the edge of the 
sedimentary area, But the boulder beds which are repeatedly interstratified at 
high levels in well-bedded depol;its have to be regarded as subaqueous tillites. This 
view is suhstantiated by the extraordinary thickness of the glacial sequence; by 
the presence of scattered but voluminous erratics in slaty formations; and, except 
for the lowest tillite, by the absence of a recognizable rocky floor at the base of the 
boulder beds. One cannot escape the conclusion that the material of these beds 
has been dumped in a >;nbsiding periglacial basin at the melting of floating iee, in a 
manner much similar to that observed by Mawson in the Antarctic sea. No other 
mode of trHnsport and deposition has been descrihed 01' ean by imagined in the 
present state of geological knowledge, to account for such a heterogeneous assem­
hlage anrl for such a thickness of unsorted material. 

The Interglacial Sequence 
This slIeeession essentially consists of well-laminated slates, often calcareous and 

dolomitic and containing at intel'\'als thin dolomite bands. Slates and dolomite are 
\'ery similar to those associated with the underlying boulder beds, and vertical 
gradations from glacial to interglacial sediments are common features. 

The llll'gest development of interglacial slates and dolomites occurs in the OIary­
Ulupa synclinal zone, where they occnpy the tract of country hetween the Olar),­
Brokpn Hill railway 11l1d Devonhorough Downs station. Rather soft and easily 
e.roded. thesp forlllation~ give rise to treeless depressions, often covered by 11 thin 
loamy soil supporting in places wide expanses of salt bush and blue bush vegetation. 
Thus the bedrock may be masked over large areas; but aerial photographs may 
show structural trends even where no field observations can be made. In this 
manner the huge syclinal trough south of Olary has been recogniz·ed and mapped 
with a high degree of accuracy, although rock outerops are almost lacking over hms 
of square miles. 

Breaks of sedimentation between the interglacial sequence and glacial beds have 
not been recognized. The lower and upper limits of the sequence are therefore 
often indefinite; for mapping purposes the \'ertical limits have been established on 
the basis of facies and lithological criteria. 

Thickness and Sedhnentat£01t EmJi1'onment 

III the synclinal zone south of the OIary-Broken Hill railway the interglacial slates 
reach a thickness of 10,000ft. Theil' fine lamination, the monotony of the snccession 
and the general absence of coarse deposits indicate a tel'Tigenous deposition taking 
place in a subsiding basin-lagoon or interior sea surrounded by low, but well­
drained land. It is manifest that the general palaeotopographic setting remained 
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stable during the whole glacial and interglacial period, and that the variations in 
sediment facies and petrography are in the main the results of climatic changes. 

The mapping of the interglacial beds as a distinct unit is however justified, not 
only on the basis of the local characteristics of the sediments but also because this 
unit may he correlated with similar successions which occur in many other parts of 
the State (Campana and 'V-ilson, 1955). It marked, no doubt, one of the most 
prominent interglacial phases recognized in the Precambrian glaciations. 

The Upper Glacial Sequence 
This succession overlics conformably and without sedimentary break the inter­

glacial laminated slates, and consists of a discontinnous boulder tillite layer over­
lain by alternating quartzites and siltstones. 

It has been recognized as the highest level in the stratigraphic column of the 
area, and it is well exposed in the Ulupa Hill ridges, where it forms the core of the 
regional Ulupa syncline. 

Boulder Tillite aneZ Associated Quartzites 

The boulder tillite is essentially similar to the boulder beds of the lower glacial 
sequence, with erratics up to 4ft. across embedded in a dense quartzitic matrix. It 
is well exposed along the southern slopes of Ulupa Hill, where it forms bold smooth 
outcrops. The boulder tillite is lenticular and grades laterally and vertically to a 
quartzitic rock with pebbles sparsely distributed in it. The erratics are well WOl'll, 

less representative of the basement rock type than those of the lower glacial beds, 
and consist mostly of fine-grained quartzites associated at intervals with granite 
erratics. 

SI.ates and Siltstones 

Slates and siltstones with interbedded sandstone layers, terminate the upper 
glacial sequence in this area. They overlie conformably the boulder beds and 
associated quartzites, and contain in the lower part occasional erratics whieh 
suggest a glacial or sub-glacial origin rather than a post-glacial deposit. 

Thickness ancZ Sedimentation, Envi".onment 

The observed thickness of the upper glacial sequence does not exceed 2,OOOft. 
It should be noted, however, that the top of the sequence is an erosion surface; 
originally this formation could therefore have been thicker, as suggested by glacial 
beds found at higher levels in other parts of the State. 

The facies and sedimentation environment of this sequence must have been quite 
similar to those of the lower glacial deposits. It is apparent that the boulder 
tillite observed at its base is also a subaqueous sediment as evidenced by its con­
formable relation with the underlying laminated slates. Like those of the lower 
glacial sequence, the erratics of the upper tillite would have been transported by 
floating ice <luring a recurrence of a cold period. 
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Chapter 3 

STRUCTURAL GEOLOGY 

The Olary Province as an Anticlinorium Reflecting an Axial 
Culmination 

The Olary Province forms the northern end of a sinuous chain arc, which 
stretches from Kangaroo Island to the Broken Hill area and has been named the 
Mount Lofty-Olary Arc (Campana, 1955). 

This tectonic unit is the result of a folding process which commenced in the 
Precambrian times and continued afterwards, with alternating phases of paroxysm 
and quiescence. It comprises three clearly recorded orogenic cycles of a Pre­
cambrian, Early Palaeozoic, and Tertiary age respectively. The Tertiary move­
ments are marked by the present relief, which reaches in places some 2,OOOft. 
above sea-level and therefore can hardly be ascribed to movements of a greater 
antiquity. • 

It has been generally accepted that the Tertiary movements were purely epeiro­
genic in character, and gave rise by block-faulting to a system of horst and graben 
to which the Mount Lofty-Olary Ranges would belong. In fact the present relief 
of these ranges is believed by the writers to be related to a revival of the folding 
process in post-Palaeozoic and particularly in Tertiary times, as outlined by one 
of us in a recent work (Campana, 1955). The Olary Province in the north and 
the Mount Lofty Range in the south would represent two axial culminations which 
bring to the surface the oldest crystalline formations at both ends of the arc. 
This view is evidenced by the contacts between the crystalline formations and 
their sedimentary mantle at the edge of the Archaean basement. Wherever 
observable these contacts are of a stratigraphic nature, the basement forming the 
core of outstanding structures from which the Proterzoic beds fall away and 
disappear with a flat dip beneath the surrounding plains. As these structures are 
still well connected and block-faulting (as distinct from shearing effects) does 
not occur, the Olary Province forms a well-defined anticlinorium with outstanding 
examples of basement folding and overthrnsts. 

Structural Evolution of the Area in Time and Space 
The tectonic study of the Olary Province has shown that the folding of the area is 

due to a deep-seated orogenic process, each phase of which affected the whole 
stratigraphic column beyond any observable depth. Thus the Archaean metasedi­
ments, after having been deformed with their suite of granitic rocks during the 
Precambrian orogeny, have also been compressed and forced to rise during the Early 
Palaeozoic cycle, for they emerge at present as large eliptical cores regularly 
circumscribed by the basal sediments of the Adelaide System. Deeply dissected and 
well exposed over large tracts of country, these folds afford illuminating records 
of the structural evolution of the area in time and space. -

FUNDAMENTAL OROGENIC TRAITS-THE REPEATED FOLDINGS OF A 
GEOSYNCLINAL AREA 

It has been shown in the preceding stratigraphic description that the Olary 
Province was a part of a geosynclinal setting which persisted through the Pre­
cambrian epochs, from the Archaean times onwards. This is evidenced by the 
facies of the Proterozoic sediments, whose original thickness was over 20,OOOft., as 
well as by the earlier metasedimentary successions, whose lithology and thickness 
testify a geosynclinal environment (Thomson, 1952; Sprigg 1954). These views 

* It has to be remembered in this respect that outside the Olary Province a strong 
angular unconformity separates the steeply folded Adelaide System beds from 
younger fiat-lying sediments of Tertiary, Mesozoic, Permian and possibly Ordo­
vician age (Glaessner, 1953; Parkin, 1953; Campana and Wilson, 1955). 
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STRUCTURAL - STRATIGRAPHIC RELATIONSHIP BETWEEN 

GRANITIC TERRANES AND METASEDIMENTS, 
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are substantiated by the tectonic history of the area, whose structUl'al outlines 
reflect a mobile belt deformed by repeated orogenic cycles. 

The Precambrian cycle is recorded by the folding of the crystalline rocks 
previous to the Adelaide System deposition, as recorded by the grand basal 
unconformity descr'ibed above. The Early Palaeozoic cycle deformed these succes­
sions as well as the underlying basement, thus giving rise to composite structures 
in which crystalline material and sedimentary cover are involved. 

Later tectonic deformations are not recorded by the stratigraphic sequences, 
but they certainly occuned, for the transgressive seas which covered the Lake 
Frome and the Murray Basins during the Mesozoic and Tertiary times did not 
submerge the Olary Province. This area wonld have persisted as 11 ridge, periodi­
cally rejuvenated by the revived lateral stresses acting upon the old geosynclinal 
material. The most apparent of these later movements are those of Tertiary age, 
responsible for the present relief; but folding phases of Mesozoic age were possibly 
not less important as outlined by Parkin (1953), in another portion of the old 
geosyncline. 

The dominant structural trends of the Olary Province have an east-northeast 
orientation, and are almost identical for both the Precambrian and the Early 
Palaeozoic structural elements. This is observable for instance, along the major 
structures of the Weekeroo and Olary-Vlupa Hill areas, where the axis direction 
of the Early Palaeozoic folds coincides with the structural trends of the basement 
forming their cores (platcs I, II, III). Likewise the basement folds near Plumbago, 
Kalabity, Boolcoomata, Mutooroo, etc., have a northeast orientation. This is 
also the orientation of the northern end of the structural arc as a whole, and it 
undoubtedly reflects the persistance, both in sense and intensity, of the deep-seated 
lateral compression which brought the geosyncline base to the surface. 

DERIVED TECTONIC EFFECTS-AXIAL FLEXURES, SHEARS, AND OVERTHR'USTS 
The cyclic deformations of rocks of such a tremendous thickness, heterogeneous 

composition and different degree of plasticity are responsible for many struetural 
anomalies which seem, at first sight, to obscure the regional tectonic picture. The 
1I10st striking' of these are a set of axial flexures observable in the 'Weekeroo Hill­
Ontalpa-Old Boolcoomata anticlinal areas (plates I, II). The largest one runs 
from MacDonald Hill to Bimbowrie station, and it is marked by a narrow strip 
of Proterozoic sediments pinched between two swells of the crystalline basement. 
'I'he sediments strike northwest, almost at a right angle with the general structure 
trend of the arch. Sprigg (1954) interpreted this structural disposition as the 
result of a set of faults in the basement, the major one of which has been named 
hy him the "MacDonald Fanlt." This interpretation is now revised in the light 
of new tectonic data availahle, among the most significant of which is the sediment­
ary sleeve infolded in the crystalline basement which has heen obserYed and 
mapped in the 'Yeekeroo Hill and 'Valter-Outalpa mine areas. The true nature of 
these infolded sleeves is clearly shown hy the deep and symmetric re-entrants of 
the Torrensian beds into the Archaean cores, outlining two unmistakable axial 
flexures of the regional anticline. Both flexures have a north-northwest orientation, 
and are almost parallel to another deeper axial depression which develops in the 
contiguous area between vValter-Outalpa mine and Outalpa H.S. Farther to the 
east, the same tectonic feature is repeated in the MacDonald HilJ-Bimbowrie area, 
where a still larger axial flexure is responsible for the long sedimentary sleeve 
·which runs northeast over a distance of 20 miles. 

In summary, it can be stated that the structural outlines of the Olary Province 
consist of a set of regional folds having an east-northeast orientation, and crossed 
at a high anglc by a set of parallel axial flexures oriented northwest. These are 
clearly an effect of the unequal behaviour of complex tectonic hodies during com­
pressional phases and reflect the different degree of competency, rigidity and 
volume of the roeks involved. Axial flexures are inherent in three-dimensional 
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tectonic deformations and do not imply an angular change of the compression 
direction. They are also believed to be unrelated to block-faulting which is not 
rccognized in this area, although thcy certainly give rise to zones of shearing and 
overthrust, particularly along their eastern limbs which are often strongly atteIlU­
ated or missing. This is particularly striking along the eastern limbs of the 
Outalpa and Bimhowrie axial flexures. 'l'hel'e these limbs are overturned to the 
we~t and are shea red off, the crystalline baspment being sliced in large overthrust 
wedge~. (l<~ig. 30a; plates I, II, III.) 
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Plan and section 

VERTICAL EVOLUTION OF THE STRUCTURES 
Another major tectonic feature of the area is the increasing fold curvature in 

depth (Figs 23, 30a; plates II, III). In the anticlinal cores, crystalline and 
sedimentary formations alike are steep and often overturned; but the sediments 
gradually flatten out at higher stratigraphic levels and they eventually become 
subhorizontal in the synclinal keels. The most striking expression of this vertical 
evolution is observable in the Plumbago-Weekeroo zone, where sharp anticlinal 
core and flat-lying synclinal keels alternate over a length of 20 miles (plate III). 
rrhese strllctlll'eS afford admirable examples of the plastic folding of the crystalline 
basement dUl'ing younger orogenies. It is manifest that this basement, far from 
being rigid and stable, played an active role in the folding process. At a higher 
stratigraphic level the sedimentary mantle adjusted itself passively in filling the 
reduced spaces by drag fold and broad undulations of a simple type. Among the 
most important drag folds may be mentioned those of the Maldorky Hill quartzites 
at the nose of the OIary-Ulupa Hill syncline. 

RELATIONS BETWEEN FOLDING, GRANITIZATION, AND MINERALIZATION­
AGE OF THE OROGENIC CYCLE 

Orogenic phenomena, granitization and metallogenic processes show throughout 
the area an intimate relationship from which it is possible to recognize a broad 
chronological sequence. 
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The folding of the geosynclinal trough is no doubt the primary cause of the 
mobilization of the oldest rocks and of the mineralization of the area. It was this 
process which gave rise to the large metalliferous deposits of the Olary and Broken 
Hill Provinces, and indeed to most of the igneous or metasomatic mineral deposits 
of South Australia. Although much more work is required to fully elucidate the 
succession and the relations of these phenomena in certain areas, such as those of 
the Crocker 'VeIl and Old Boolcoomata, detailed investigations suggest the follow­
ing preliminal'Y conclusions: 

1. Most of the copper and uranium mineral deposits in the crystalline basement 
are related to the granitization and granite emplacements which took place during 
or towards the ends of the Proterozoic orogenic cycle ("best age": 580 million 
± 30 million years). In places the minerals are distributed in concentric belts 
around granitic masses with decreasing temperature gradients in the outer belts. 

2. No older granite generations have been recognized; but the existence of older 
mineral deposits has been demonstrated by age determinations on the Radium Hill 
uranium lode (1,200-1,500 million years) and orogenic movements may therefore 
be inferred which would date back to the Archaean times. 

3. Hydrothermal veins post-dating the Adelaide System beds have been recog­
llized throughout the area. 1bey are undoubtedly pre-Permian in age, and would 
be related to the Early Palaeozoic orogenic cycle, which involved the Adelaide 
System and, in other parts of the State, also the Cambrian beds. In the Olary 
Province no granitic rocks related to this cycle have been found, but they occur 
in the southern end of the Mount Lofty-Olary arc, where they are intrusive into 
Cambro-Ordovician formations. 

4. Although absolute age determinations are still too scanty to afford an accur­
ate chronology of the tectonic-metallogenic events, it appears established that 
certain mineral species, such as davidite, have been formed at different epochs of 
the geological history of the area. Considering the very rare occurrences of davidite 
throughout the world, it seems improbable that this mineral has been repeatedly 
formed in the Olary area by independent and unrelated metallogenic processes. 
The same observation is valid for the abundance, in South Australia, of copper 
occurrences distributed throughout the whole Cambrian, Proterozoic and Archaean 
formations. To account for these repetitions of identical mineral types at variolls 
geological epochs, it is reasonable to assume redistribution and reconstruction of 
the mineral deposits during the revivals of the geosynclinal folding and related 
rock mobilization. 
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Part II-Mineral Resources 

Chapter I 

INTRODUCTION 

History 

EARLY MII'IERAL II'IVESTIGATIOI'IS 
The history of mineral search and mining in the northeast of South Australia 

dates back to the late 1860's when intensive gold prospecting commenced in this 
and adjoining areas in New South 'Vales. The first discovery of any consequence 
was the Vol aukaringa goldfield, made hy a shepherd in 1872. 

In 1876, rich silver-lead ores were found near the South Australian border at. 
ThackaTinga. This discoveTY led to the gTeat 1882-1886 silveT-lead rush of the 
Barrier Range, which culminated in the chance discovery in 1884 of the main 
Broken Hill lode. In this active prospecting period some small cupTiferous 
deposits such as the Billeroo, Mount Victoria, and Benowrie mines were located in 
the OIary Province of South Australia. 

The discovery of the Mannahill goldfield in 1885 revived gold prospecting in 
the area and the tempo of the search increased to boom proportions in subsequent 
years when gold was reported from the Teetulpa (1886), OIary (1887), and 
Wadnaminga (188'8) districts. During this period several thousand pTospectors 
and miners were operating in the area at the one time. The principal copper and 
gold occurrences of the OIary Province, including the Luxemburg-Queen Bee, 
Mutool'oO, Bimba, and Ethiudna mines were developed during the same peTiod, 
while iron ore was quarried at Cutana for use as a flux in smelters at Broken 
Hill. 

The gold discoveries led to the establishment of a Government battery at Peter­
borough and to a numbers of small plants at various mines. Small amounts of 
copper ore were mined during the same period. By 1900, almost all of the gold 
and copper mines were worked beyond their economic limits and only small parties 
of tribute miners and fossickers remained in the region. 

Radioactive minerals were first reported from the region in 1906, when a new 
uranium mineral described as davidite (Mawson, 1906) was found in samples from 
the Radium Hill mine area, and small grains of monazite (now known to be 
detrital) were obtained from shallow gold workings in Adelaide System rocks at 
King Bluff (Mawson, 1912). 

The Radium Hill deposits were worked periodically until 1931 by various small 
companies, primarily as a source of radium. These early enterprises were unsuc­
cessful financially because the extraction of radium from the highly complex ore 
proved to be extremely difficult and expensive and the market value of radium 
deteriorated rapidly with the discovery of higher-grade deposits overseas. 

There are indications that prospectors observed but passed oveT numerous other 
occurrences of unweathered uranium minerals, and it was not until 1944 that 
f1ll'ther discoveries of uraninite-type specimens were reported from felspar qual'l'ies 
at Old Boolcoomata and Ameroo Hill (Mawson, 1944; Sprigg, 1945). In 1949, 
traces of weakly radioactive florencite were taken fTom near Wiperaminga Hill 
(King, 1954(b»), and xenotime was detected in pegmatite at Old Boolcoomata 
(Whittle, 1954(e») and in creek alluvium near Radium Hill. 
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RADIUM HILL MINE EXPLORATION (1944-1952) 
In 1944, when uranium became of outstanding importance for military and 

industrial purposes, the South Australian Government commenced an extensive 
programme of exploration and mining of the Olary Province uranium resources. 
T'he old Radium Hill mine was first examined. Following appraisal of the surface 
and mine workings, extensive diamond-drilling led to the establishment of large 
ore-reserves. Suitable methods for treatment of the refractory ore were developed 
and exploratory mining was commenced by the Government in May, 1952. Suh­
sefjuently a pipeline water supply was constructed to link the field with the 
Umberumberka Reservoir of the Broken Hill district, electric power was provided 
from Adelaide via Morgan, and a spur railway line, 11 miles in length, laid from 
Cutana siding. The Radium Hill·mine was officially opencd and commenced full­
scale production in November, 1954, and is at present one of the major mines of 
the State. 

AERIAL SURVEYS AND DISCOVERY OF THE URANIUM PROSPECT AT CROCKER' 
WELL 

In June, 1951, an air radiation survey indicated other areas of abnormal radio­
activity in the OIary Province. An off-scale radiation anomaly recognized in this 
survey led to the discovery of a significant radioactive deposit neal' Crocker Well, 
which has been described in previous publications (King, 1954(n); Whittle, 1954(b). 

Investigation of this discovery proceeded immediately; a departmental camp 
was established in the area for diamond drilling, exploratory mining, and geological 
personnel. 

In December, 1952, an aeromagnetic and air radiation survey of the OIary 
Province was undertaken by the Bureau of Mineral Resources, Geology and 
Geophysics, to aid in a regional geological and mineral-resources survey. The 
region was flown at a height of 500ft. above ground-level along meridional lines 
1 mile apart; changes in radioactivity were recorded continuously on a scintillo­
meter, and total magnetic intensity was simultaneously registered on an ANI ASQ-1 
airborne magnetometer. The radiometric results of the survey are summarized on 
the anomaly location map (fig.31). 

No important discoveries resulted directly from this data, although it was 
recognized early in the ground survey which followed that clusters of anomalies 
correspond in a general way with areas featured by the presence of uranium and 
rare-earth minerals. 

Aeromagnetic anomalies up to a maximum of 10,600 gammas were located 
which can mostly be related to bedded ironstone formations of the region. (See 
Part II, Chapter 6.) 

Regional Mapping and Mineral Exploration Since 1953-Discovery of 
Crocker Well East and Mount Victoria Uranium Deposits 

The necessity for an understanding of the regional setting became apparent as 
exploration of the Crocker Well deposit proceeded. Accordingly, in July, 1953, 
one of the authors (B. Campana) was assigned the geological mapping of the 
Plumbago and Glenorchy military sheets. Radiometric prospecting with the 
assistance of H. E. Campana (Departmental Prospector) was also carried out. In 
the course of this work, new uranium occurrences were recognized at Minda­
mereeka Hill and east of Crocker Well, in the area which became known as Crocker 
Well East. Soon afterwards other uraniferous bodies were found in the Winda­
merta-Billeroo areas, some 10-15 miles north of Crocker Well. 

As a result of these findings the exploration work was intensified and a team of 
prospectors were added to the technical staff. The mineral survey was extended 
to ·cover a great· part of the crystalline basement rocks, and a large number and a 
wiile variety of mineral occurrences were thus located. Among these was the 
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Mount Victoria uranium deposit, found by two departmental prospectors (J . 
. Johnson and H. E. Campana) operating with R. K. Pitman (a geologist scconded 
from the U.S. Atomic Energy Commission). 

The majority of newly discovered uraniferous mincral occurrences lie in the 
Crocker Vvell and Mount Victoria areas, and the more promising of these have been 
tested b~' drilling nnd shaft sinking. 

l<~ul'ther airborne radiomctric suryeys were also undertaken as a means of 
thoroughly testing particularly promising outcrops in areas indicated by the earlier 
regional study. TIll' equipment used comprised 11 Brownell :wintillometer (MkYJ) 
with a tha!lilllu-llctivaterl ~odium iodide erysta I (3~ in. diameter, nino high) 
mountcd in a small single-engine aireraft. Flight lines at 100- to 150-yd. intervalR 
werc flown using photographs as control, at heights of 60-80ft. lind 1l1l air speed 
of 70-80 miles per hour. 

The exploration work carried Ollt since 1953 has heen principally concerned with 
the detection and economic appraisal of uranium mincrals in thc crystalliue base­
ment rocks. Detailed prospecting has been coneentrated to 11 large degrec in the 
areas of Plumbago-Glenorchy and Outalpn-Bimbowrie-Old Boolcoomata, whcre some 
several hundred mineral occurrences haye been fOllnd and investigated. 

Mineral Location Reference 
The two mineral maps which accompany this Bulletin record thc location of all 

known mineral occurrences in the areas investigated in detail. 

Plnte lV coYers the Plllmhngo-Glenorchy district SUlToUlHling the Department of 
Mines camp at Crocker Well, where uranium deposits predominate. Areas of 
sufficient mineral concentration or promise which havc warranted further detailed 
investigations, are distinguished from numerous other small mineral showings. 

Plate V shows the distribution of all observed mineral deposits in the Outalpa­
Bimbowric-Old Boolcoomata district. The location of lllany old copper workings 
nm1 inc111strinl-mineral (leposits al'(' shown in addition to thc known uranium 
occurrences. 

The more important occurrences shown on thesc maps are named as prospects or 
\\"~'rkings and are described separately. :Minor occurrences are allocated serial 
lIumber~ am1 brief details of each are recorded as explanatory notes on tIl(' mineral 
maps. Text references to them are prcceded by letter symbols defining on which 
particular mnp they arc shown, namely: 

C.W. for the Plumbago-Glenorchy Series-plate IV. 
Out. for thc Outalpa-Bimbowrie·Old Boolcoomata Series-plate V. 

The position of mineral occurrences outside these areas are shown on the regional 
geologicallllap (plate J), and in text figures 65 (metalliferous), 77 (industrial), 
and 78 (felspar-beryl). 
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Chapter 2 
METALLOGENIC EPOCHS-CLASSIFICATION OF THE MINERAL 

DEPOSITS 

Age of the Mineral Deposits-As Deduced From the Isotopes of 
Uranium, Thorium, and Lead 

As indicated in the preceding text, all the mineral deposits of the Olary Province, 
with the cxception of the iron formations, are believed to be genetically related to 
the structural evolution of the area-it being understood that this evolution COlll­
prises also the magmatic, migmatic, and metasomatic process which accompanied 
the actual tectonic deformations. It has been seen that the tectonic history of the 
area is characteristic of a geosynclinal belt which was periodically active over a very 
considerable time span, with alternating orogenic activity and periods of quiescence. 
Two at least of these orogenic epochs, i.e., the Precambrian and the Early 
Palaeozoic, gave rise to mineral deposits which are distinctive in type and in their 
Illode of OCCUl'J'ence and distribution. They are accordingly discussed below in 
separate categories. Within these categories, the mineral deposits have becn class­
ified according to their genetic types and controls, and dealt with in various degrees 
of detail according to their economic significance. 

A third catlgory embraces the bedded .iron formations which are believed to be 
of sedimentary origin. As indicated in Part I of this work, these occur within the 
Archaean metasediments as well as in association with the Adelaide System glacial 
beds. 

Specific datu on the absolute age of the mineralization phenomena have been 
obtained by isotope determinations of uranium, thorium and lead in selected mineral 
specimens. 

A specimen of the Radium Hill uranium lode, which was investigated in 1953 by 
Prof. J. T. Wilson of the University of Toronto, showed an absolute age of 
1,510 ± 100 million years. 

In 1954, samples containing absite (thorian brannerite) from the uranium pros­
pect at Crocker ·Well were examined by Dr. J. L. Kulp, of the University of 
Columbia, on behalf of the South Australian Department of Mines, and by 
arrangement with the United States Atomic Energy Commission. They gave the 
following results: 

Pb 206jU238 520 ± 10 million years 
Pb 207 jU235 600 ± 40 million years 
Pb 208jTh232 .. .. 585 ± 40 million years 

According to Kulp these results point to a "best age" of 580 ± 30 million years, 
which can be accommodated within the general stratigraphic data of the area 
(Campana, 1954). It will also be noticed that the isotope ratios involved in Kulp's 
determination appear to afford, in comparison with other age determination pro­
cedures, the highest degree of reliability (Holmes and Cahen, 1955) -with the 
qualification, however, that the mineral used is one not previously considered for 
this purpose. 

In 1955, J. T. Wilson carried out age determinations on galena from various 
localities in the adjoining Broken Hill district.· The determinations have been 
made by the ordinary lead methods, employing the ratio 206/204, 207/204 and 
208/204. On the basis of these investigations, Wilson concludes that the age of 
the main Broken Hill orebody is 1,200 ± 250 million years. This agrees with the 
determination by A. Holmes (1947) t who obtained an age of 1,200 million years 
from cerussite and galena of the same lode. Similar determinations on samples of 
other lead deposits from the Broken Hill area show, according to Wilson, an 
infiuence of later (and even Tertiary) metallogenic phases. 

* Communication from H. F. King to the South Australian Department of Mines. 
t But differs considerably from the figure of 1,680 million years indicated by 

Sprigg (1954). 
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Although more investigations are required to establish an accurate chronology of 
the metallogenic events of the Olary-Broken Hill area, it is reasonable to infer the 
existence of more than one mineralization epoch during Precambrian time. At this 
stage, however, their effects cannot be distinguished, for they are superimposed 
in the same rock sequences and absolute age determinations are still too scanty to 
afford general differentiation criteria. The distinction adopted between the Pre­
camhrian metallogcnic epoch and an Early Palaeozoic mineralization phase ade­
qllat('l~' reflects the present state of knowlcdge on this subject. 

Precambrian Metallagenic Epochs 
Thc older mineralization of the basement is featured by high-temperature 

deposits of pegmatitic and pyrometasomatie type. The former include most, if 
not all, of the uranium rare-earth occurrences; the latter include the copper­
cobalt and tungsten deposits occurring chiefly in certain favourable lime-bearing 
sediments of Archaean age. 

PRIMARY URANIUM AND RAR'E-EARTH MINERALIZATION 
This is found only within the crystalline formations and is believed to bc related 

to the g"ranitizatioll of large portions of the Archaean metasedimentary series. 
Most of the radioactive deposits are concentrated within the migmatite complex at 
the border zones of the principal granite masses, and sho\\" a marked affinity for 
particular phases of the granite. 

The Ilranium minerals do not as a rule occur as true accessory constituents of 
the b'Tanites. They are usually found in pegmatitic apophyses or as disseminated 
ti~sllre fillings of various types within the granite or migmatite. 

COPPER-COBALT-TUNGSTEN OCCURRENCES AND THEIR RELATION TO 
URANIUM MINER'ALIZATION 

Sulphides of eopper and cobalt, and scheelite, are mainly found as disseminated 
grains and aggregates in the matrix and in minor fissures of the metasedimentary 
host rocks. These occurrences are similar to the copper and scheelite showings in 
the Barrier Range of the adjacent Broken Hill district and show, as a rule, n 
definite stratigraphic control. In a few localities, however, there are small mine­
workings in pegmatites carrying random segregations and isolated grains of copper 
sulphides. It is, therefore, reasonable to infer that this latter copper mineralization 
is of granitic parentage and of similar origin to the typically pegmatitic uranium 
ores of the area. 

There are a few places in which copper and uranium are found together, but in 
general, they are not directly associated. This apparent incompatibility may be 
accounted for by the contrasting temperature-conditions which characterize deposi­
tion of the respective metals. In the Crocker Well area (plate IV), the typically 
hydrothermal copper deposits are located in a peripheral zone sUl'l'ounding the 
pegmatitic uranium deposits of the highly granitized areas. In the hypothermal 
lode deposits of Mount Victoritt and Radium Hill, however, intermediate tempera­
ture-conditions favourable for the precipitation of both copper and uranium 
apparently prevailed, for in both these places traces of chalcopyrite are intimately 
associated with davidite. 

INDUSTRIAL MINERAL DEPOSITS 
Minerals such as felspar, beryl, mica, phosphates, tantalum-columbium minerals, 

andalusite, sillimanite, graphite, corundum, etc., form a third group strictly confined 
to rocks of the Precambrian crystalline basement, mostly contained in pegmatites. 
Barite and fluorite are featured in both the Precambrian and Early Palaeozoic 
mineral groups. 
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Early Palaeozoic Metallogenic Epoch 
. As previously mentioned, the granitized complex is overlain by an Upper Pro­

terozoic glacial sequence of the Adelaide System which post dates the granitization 
process and related mineralization. 

N Ul1lerous low-temperature siliceous reefs canying gold, silver-lead, and traces of 
('oppcr and cobalt, inv11(lc thc Adelaide Systcm ~edilllcnts without any visible \l'ull­
rock alteration. As a gellcral rule these epithcrmal vein deposits are introduced 
along bedding or cleayage in structural openings which arc related to the Palaeozoic 
orogeny. 'rhe veill~ propcr have 11 common east-west trend sympathctic with the 
axial lines of the folding, although minor stringers, which in some cases are 
al1l'iferolls, eOlllmolll~r crosscut thc principal reefs. 

Siliccous vcins with a similar mineral assemblage and structural orientation 
(fig. 65) have also been recognized in the basement rocks and are tentatively cor­
rclated with the post-Proterozoic mineralization. 
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Chapter 3 
MINERAL DEPOSITS OF THE PRECAMBRIAN METALLOGENIC 

EPOCHS 

Uranium and Rare-Earth Mineral Deposits 

DISTRIBUTION 
Complete coverage by am'inl scintillometer SUl'\'e)'s aIH) ground work on at least 

a reconnaissancc scale has indicated a. marked clustering' of radioactive mineral 
occurrences at the periphery of the most highly granitized areas in the central and 
western portions of the Province, Other finds have been made in the eastern portion 
in the vicinity of the established mine at Hadiulll HiH, where, however, they have no 
apparent zonal distribution, 

The location of all known radioactive mineral occurrences is shown on the t\\'o 
l\10Ullt Victoria granite massifs, where some two hundred separnte occurrences, 
including several important deposits, have been discovered within an urea of 200 
sq, miles of actual outcrop on Plumbago and Glenorchy stations, The same applies 
but to a lesser degree in the adjacent area lying within the environs of the 01(1 
Boolcoomata and Ameroo Hill (Outalpa) granite masses, A few radioactive 
deposits have also been reported from the Broken Hill district, the most note­
worthy of ,,'hich are davidite-monazite occurrences in the Thackaringa Hills, a few 
miles inside the New South 'Vales border, 

The location of all known radioactive mineral occurrences is shown on the two 
mineral maps (plates IV amI V), 

TYPES OF DEPOSITS 
The radioactive minerals are found almost exclusively as primary hypogene 

deposits in association with granitic rock types of the crystalline basement. The 
most abundant form of mineralization is pegmatitic 01' aplitic, but there are also 
a wide variety of stockwork-type deposits and replacemcnts which are attributed 
to related pneumatolytic and hydrothermal activity. 

The uranium minerals present are dominantly stable forms which are highly 
resistant to chemical weathering, and there is no appreciable redistribution of 
deposits by supergene agencies, There are, however, numerous places where the 
radioactive minerals are concentrated as residual material in the surface soil, or Il1 

the basement beds of the overlying. Proterozoic rocks. 

, Pegmatite Deposits 
Pegmatites which are so extremely abundant in the granitized portions of the 

Archaean complex are very variable in form, texture, and mineral assemblage, and 
may be classified genetically and mineralogically in two main groups, of which onl~' 
the minority group carries radioactive or rare-earth minerals, 

The more ahundant form of pegmatite is repres·ented by discontinuous and 
irregular segregations of moderately coarse-grained equigranular felspar and quartz, 
with minor amounts of magnetite and rutile. These exhibit gradational boundaries 
with the granitic rocks and migmatites, but locally they may be injected along lines 
of weakness afforded by shear zones or prominent bedding planes. 

The rare-metal minerals are characteristica.lly found in discordant pegmatite 
swarms of apparently younger intrusive origin. These pegmatites a.re very 
coarsely crystalline with, in some cases, zoning or segregation of the mineral con­
stituents. Complex uranium and rare-earth minerals occur as interstitial sporadic 
grains where zoning is absent (e.g., C.W. 164; Billeroo), or as bunches marginal 
to the central quartz core in the massive zoned pegmatites (e.g" C.W. 122; Out. 
15). The distribution of the rarer minerals is too sparse and irregular in these 
pegmatites to be of any economic importance. 
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Pneumato'ly.tic Deposits 
Several occurrences of radioactive minerals are notable for their association with 

only small amounts of salic gangue minerals as irregular fracture. fillings in the 
granitoid rocks, and this applies particularly to the absite and absite-davidite 
deposits of Crocker Well. Their deposition in small fractures and fissures evi­
dently represents the pneumatolytic stage of the granite intrusive. There is some 
evidence that mineralization of this type was accompanied by sodic metasomatism­
particularly alhitization-of the country-rock CWhittle, 1954(b»). 

Hydrothermal Deposits 
The Radium Hill and Mount Victoria ore occurrences are of hydrothermal 

OrIgm. The uranium minerals and chalcopyrite occur as typical replacements and 
infillings of shear zones. 

Residual Deposits 
Surface concentrations of coarse pegmatitic and pneumatolytic uranium minerals 

are locally found in the Crocker Well area (e.g.) Crocker Well East and Billeroo) 
and small quantities required for metallurgical test purposes have been gathered 
manua.lly from several places. Trace amounts of all the radioactive and rare-earth 
minerals are found in creek detritus throughout the region. 

MINERALOGY 
The radioactive and rare-earth minerals are dominantly oxides, silicates, and 

phosphates of typically high-temperature formation, and in a general way, belong 
to three distinctive paragenetic associations as described below. 

(1) The complex multiple oxides in which uranium and rare earths occur in various 
combinations with dominant titanium; these include the important ores davidite a.nd 
au site, and less common pegmatitic minerals samarskite, euxenite, betafite, polycrase, 
fergusonite, brannerite, and yttrocrasite. The associated minerals are similarly charac­
terized by richness in titanium, being represented particularly by rutile and ilmenite. 

(2) Minerals of the uraninite group are found in a few places with tantalite and 
beryl in pegmatites. 

(3) A wide range of thorium-rare-earth' silicates and phosphates, relatively free of 
uranium and titanium; these include monazite, xenotime, orthite, thorite, and fiorencite, 
which n·re typically found in pegmatitic granite or pegmatite, accompanied by magnetite. 

The composition and relative abundance of uranium, thorium, and rare-earth 
minerals from the Province that have been identified* are listed in table I. 
Davidite and absite are described in detail whilst the other complex uraniferous 
oxides and secondary uranium and thorium-rare-.earth minerals are treated as a 
group. A few typical occurrences are refelTed to in the text; others are shown on 
the mineral maps (plates IV and V). 

* Mineral determinations are largely based on reports by A. W. G. Whittle (Chief 
Mineralogist) . 



Mineral 

Pitchblende ... . 
Broeggeritc .... . 
Gummite ..... . 
Absite ......... . 
Davidite ....... . 
Samarskite .... . 
Fergusonite ... . 
]~nxenitc ...... . 
Betalite ..... , .. 
Brannerite .... . 
Y ttrocrasi te .... . 
Polycrase ..... . 
Y ttrocolum bi te .. 
Uranophane ... . 
Torbernite ..... . 
Autunite ...... . 
Uranospathitc .. 
Uranospinite .. . 
Carnotite ..... . 
IImenorutile ... . 
Thorite ....... . 
Orangite ....... . 
Monazite ...... . 
Xenotime ...... . 
Florencite ..... . 
Orthite ....... . 
Cyrtolite ...... . 

51 

TABLE I 

RADIOACTIVE MiNERALS OF THE OLARY PROVINCE 

Chemical formula 

2UO., U03 ...................... . 
2(U,Th)0., U03 .................. . 
co a, n H 20 ..................... . 
ThO., 2UOa, 7TiO., 5H.O ....... . 
CC,Fe)O., 3(Fe,Ce,Y).0a·6TiO •...... 
(Y,Ce,U,Cn,Fe,Pb,Th}.(Cb,Ta,Ti).O. 
(Y,U,Ce,Fe),(Cb,Ta,Ti)O. . ........ . 
(Y,Cn,Ce,U,Th), (Cb,Ta,Ti).O. . .... . 
(U,Ca), (Cb,Tn,Ti}30., n H.O ...... . 
(U,Ca,Fe,Y,Th),Ti.0'6 ............ . 
(Y,Th,U,Ca) •. (Ti,Fe).Oll .......... . 
(Y,Ca,Ce,U,Th), (Ti,Cb,Ta).O •...... 
(Fe,Y,U,Ca),(Cb,Ta) 0 •............ 
c"o. 2UOa. 2SiO •. 6H20 .......... . 
Cu(UO.) •. ( PO.) •. lOH.O ........... . 
C,t(UO.) •. (PO.)..lOH.O ........... . 
Not precisely known ............... . 
C,t(UO.)..As.08·8H20 ............ . 
K.(U02)2·(VO.)2·3H•0 ............ . 
Fe(Cb,Ta) •. Ti2 0'0 ................ . 
ThSiO •........................... 
ThSiO •. n H.O ................... . 
(Ce,La,Y,Th), (PO.) .............. . 
YPO •............................ 
CeAla·(PO.).,(OH) •................ 
H 20, 4(Ca,Fe)0. 3(Al,Fe,Ce).Oa' 6SiO. 
Essentially ZrSiO •.................. 

Davidite 

I 
I 

Uranium 
content 

('tpprox.), 
U30 8 

per cent 
80 
65 
60 
33(UOa) 

5 
12 
8 
;) 

20 
44 

2 
6 
4 

66 
60 
60 

Not known 
60 
65 

Trace 
Trace 
Trace 

Absent 
Trace 
None 
Trace 
Trace 

I 
Relative 

abundance 

I 

Very rare 
Very rare 
Very rare 
Locally abundant 
Abundant 
Rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Common 
Rare 
Rare 
R,ue 
Rare 
Locally common 
Common 
Rare 
Very rare 
Common 
Common 
Very rare 
Abundant 
Rare 

The prototype mineral first described as davidite from the Radium Hill workings 
consists of small cuboidal crystals of a black iron-uranium titanate with a brilliant 
lustre and conchoidal fracture which were found to be quite a rare constituent of 
the Radium Hill orebody (Mawson, 1906; 1916). Mawson also accurately reported 
how gradations in physical characters and degree of radioactivity can be observed 
ranging from ilmenite to pure davidite. The name davidite has, however, now 
become rather loosely applied to an assortment of complex iron-uranium titanates 
and mixtures of quite variable physical properties and chemical composition found 
in the OIary Province and in other parts of South Australia. 

Davidite and complex daviditic mixtures are the most abundant and widely 
distributed form of uranium mineralization in the OIary region, having been 
reported from a total of some 50 separate occurrences in addition to being the 
ore at two established mines and several other prospects. 

Three different genetic types of davidite have been recognized, in each of which 
the ore is featured by contrasting morphology and degree of purity. 

Pegmatitic Davidite' 
Relatively pure'davidite of similar specifications to the prototype material occurs 

as coarse pseudocrystalline or massive forms in acid pegmatites and pegmatitic 
,quartz veins, usually associated with minor amounts of fergusonite, xenotime, and 
rutile, but in some cases is the only rare mineral present. This variety is jet 
black in colour, with an adamantine lustre and conchoidal fracture, and is notable 
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for an ahsence of secondary alteration products. Example~ of the pegmatitic 
(lavi(lite are evident over It wide area neal' Billeroo (C.'''. 164, etc.), where they 
occur as coarse irregularly di::;trihnted pseudocrystalline aggregates in pegmatite,,; 
(fig. 33) and as small grains disseminated throughout bluish quartz veinlets. The 
('oarse masses, weathered from the pegmatite, present a striking concentration of 
residual da\'idite at the surfac!'. Many samples show n well-deyeloped crystnlline 
lIn hit resemhling' ('uhic or octahedral forms. (fig. 36). 

S 1084 

S.A. Department af Mines 

Recent and 
Pleistocene 

Reference 
Clayey sand alluvium __________________________ ~ 

{ ~~~:::t;::::~t:n:o::~::::~:~:~:~::)~-~~~ ~=_=~ = == ~~~~~=_=_~Ei 
Archean Adamellite ________________________________ c:t===:±J 

Red granlle (massive oufcropsl ______________________ CLTI 
Metasedimentary basIc gneiss _______________________ ~ 

Globular dovidite Qggre90tes ________________________________ ~ 

Strike and dip of local shears - - - - - - - ~ - - - - - - - - - - - - - - - - - - ~bC) 

SCALE IN FEET 

10 20 <0 80 

FIG. 32-CROCKER WELL WEST AREA 
Plan showing davidite occurrence at margin of pegmatite 

;At another locality H miles northwest of Crocker Well camp (C. W. 163) globular 
aggregates of untarnished davidite are segregated along the border zone of a 2ft. 
wide pegmatite (figs. 32, 34) and as accessory grains in an adjacent aplitic granite. 
In the same area (lavidite oeems with ilmenite in the quartzose fraction of zoned 
pegma ti tes . 

. Large crystals of detrital davidite presumably derived from pegmatite have been 
observed at Wiperaminga Hill (Miles, 1951) and an isolated specimen measuring 
six inches across (fig. 35) was taken from pegmatite near Bimbowrie homestead 
(Out. 29). 
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Pneumatolytic Davidite 

This comprises a coarsely granular and dull-brown variety of davidite or 
·daviditic ilmenite with a conchoidal fracture and sub-metallic lustre, but otherwise 
js similar to the pegmatitic davidite in order of radioactivity. It also has a strong 
resistance to decomposition by weathering and, in consequence, has a decided ten­
·dency to accumulate in detritus. It is found along joint openings and shatter zones 
-in several of the more important prospects at Crocker Well where it occurs inter-
-grown with absite. At Spring Hill it forms coarse-grained aggregates and veinlets 
with some quartz in shattered granite. 

Davidite with similar characteristics is found with samarksite, rutile, and ilmenite 
-in swarms of quartz vein lets cementing fissures in quartzite near Outalpa Springs 
(Out. 44, 45). 

Metasomatic Davidite-Ilmenite Intergrowths 
Impure davidite is found in the ore deposits of Radium Hill and Mount Victoria 

'as replacements along hiotitic shear zones in which it is intimately associated with 
and replaces complex intergrowths of ilmenite, hematite, and rutile (Mawson, 1906; 
Whittle, 1954(d»). In these dcposits the davidite-rich material assumes the form 

<of iron-grey anhedral grains with a metallic lustre. It weathers appreciably to 
carnotite and to a lesser extent to autunite and torhernite. A feature of these 
-metasomatic davidite-ilmenite mixtures (or solid solutions-Mawson, 1916) is a 
relatively high overall uranium content, usually hetween 6 and 9 per cent U3 0 S ' 

Davidite with similar characteristics occurs as granules replacing ilmenite in 
:stressed and metasomatilled granodiorites at Jagged Rocks Prospect, near Glenorchy 
station. 

Chemical analyses of pegmatitic davidite from the Crocker "Veil area are com­
-pared with those of typical Radium Hill and Mount Victoria davidites in table II. 

TABLE II 

CHEMICAL ANALYSES OF DAVIDITF.* 

1 2 3 4 5 
Radium Billeroo Mount Spring Crocker 

Hill (C.W.164) Victoria Hill West 
(C.W.163) 

per c(mt per cent per cent per cent per cent 
UO .•.... · . 8·9 2·5 3·i 6·9 2·2 

_ Ln62+'l'hO~ i·l 11·9 8·2 9·8 8·8 
'TiO~ ..... , 4i·4 51·5 55·8 54·4 
Fe"Og} F 0 3Hl _ ;{0·2 18·5 20·9 Feb- a~ - C2 :I. 

Cr20:l ..... , .. O·(i 0·7 1·9 0·8 
V20 5 . . .. · . 1·5 1·2 7·8 0·5 
PbO . . . . · . 0·9 0·5 1·1 1·2 
H 2O .. . . .. 1·2 0·3 1·1 4·3 
Not detcrm i ned 0·8 1·0 1·9 1·1 89·0 

* Chemical analyses by the Analytical Section with corrections for elimination of 
inseparable impurities by micrometric analysis (Whittle, 1955 (b». 

Summary of the Prope1·ties of Davidite 

The following notes were provided by Whittle (Chief Mineralogist) : 
"Davidite "is -a black lustrous mineral with a hard-ness of 5·5-6 on Mohs' scale. It is 

opaque except on the edge of \'ery thin splinters, where it is brown and translucent. The 
Tefractive index exceeds 2-2. Its density varies between 4·2 and 4·4 according to 
the amount and grain size of its minute inseparable inclusions of rutile, hematite, and 
:ilmenite. 
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"Davidite polishes well and presents a light-grey colour in incident light with a. 
reflectivity which lies between 18-19 per cent compared with pyrite taken as 54·5 per cent 
(white light in air). 

"Most davidite is massive and amorphous, but samples exhibiting crystalline outline 
have been found in pegmatite. These forms are rough and no measurements have been 
made on them (fig. 36). 

"Davidites frolll eight localities were subject to X-ray examination. The mineral it} 
its natural form fails to give a diffraction lJattern apart from that of its inclusions 
such as rutile. After heating to 950°C. for 4 hours in an inert atmosphere each of 
these davidites produces a diffraction pattern comparable with published patterns of 
Mozambique davidite. 

"The true composition of davidite is unattainable because of the presence of insepar­
able inclusions of rutile, hematite, or ilmenite which it always contains. An approximate 
composition can be arriveu at by correcting an analysis after computation of visible 
inclusions by miner agraphic examination of a duplicate sample of the material analyzed. 

"By this means it has been ascertained that davidite is a complex oxide mineral 
composed essentially of Fe203. Ti02.D02.Ln203. Chromic and vanadic oxides substitute 
for ferric oxide in varying degrees in different davidites. 

"It has also been observed in different davidities that the total equivalent proportions 
of the lanthanon oxides and uranium oxide are reasonably constant. Since in various 
davidites the ratio of these two oxide groups varies, it appears that there is a sub­
stitution series of davidites varying from those low in uranium and high in lanthanons 
(e.g., Billeroo davidite) to those high in llI"anium and low in lanthanons (e.g., Mozam­
bique davidite). 

"Investigations into the composition of davidite caniee] out at the Research and 
Development Branch suggest that the amount of titania in chemical combination with 
iron, uranium, and the lanthanon oxides is unknown, but is certainly less than that 
indicated by published analyses. Experimental leaching, electron microscope, and 
X-ray investigations indicate the possibility of a large amount of ultra-microscopic free 
titania as a mechanical component of davidite. This means that davidite lllay be a 
mechanical mixture of titania with a complex iron-titanium uranium·rare-earth oxide 
mineral of much higher uranium and rare-earth content that davidite is generally thought 
to have." 

Absite 
Ahsite, a mineral species closely related to and possibly a variety of brannerite, 

is essentially a hydrated titanate of uranium and thorium containing approximately 
32 per cent D03. (See table III.) It is an important primary mineral of 
extensive low-grade orebodies in the Crocker Well area. 

TABLE III 
CHEMICAL ANALYSES OF ABSITE SAMPLES* 

1 
Original Prospect, 

outcrop 

Ti02 
Th02 
U02 
DOs 
Ta205 .. 
Cb20 5 •. 
Zr02 .. 
Fe203 .. 
SC203 .. 
PbO .. 
Ce203 .. 
Y203 .. 

.. } . . 

H 20- 105°C .. 
H 20+ 105°C .. 
P 20 5 •• 

Total 

per cent 
35·13 
12·81 

nil 
31·83 

nil 

0·38 
1·37 
0·19 
2·79 
1·43 
3·71 
2·54 
7·41 
0·13 

99·72 

2 
Main Eastern 

Prospect, 
detrital crystals 

per cent 
38·2 
10·1 
nil 
30·4 

nil 

78·7 

3 
Main Eastern 

Prospect, 
bore E.C. 1 at 39ft. 

per cent 
43·5 
10·1 
nil 

29·4 

nil 

83·0 

* Chemical analyses of microscopically seleeted samples by the Analytical Section, 
Research and Development Branch. 



F IG. 33-PSEUDOCRYSTALLINE DAVIDITE 
AGGREGATES (d) IN PEGMATITE 

Bille roo (C .W. 164) 

r Pho /Ii: h~. N. '" ill' ," 

FIG . 34 GLOBULAR AGGREGATES OF DAVIDITE (d. 

To /11('1' I HUt' f) J 1 

ALONG BORDER ZONE OF PEGMATITE 
(Location : C .W. 163) 



FIG. 35-DA VIDITE ( d. FROM PEGMATITE 
N ea r Bimbowrie ( Out . 29) 

F IG . 36-RESIDUAL DAVIDITE FROM WEATHERED 
PEGMA TITE-SHOWING WELL -DEVELOPED 
CRYSTALLINE HABIT 

Bill e roo a rea 
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Fresh samples are yellow-brown to olive-green in colour, with a distinct resinous 
lustre, but the residual material found in the surface soil has a superficial brown 
:staining and is quite inconspicuous (fig. 42-see aL~o page 50). Except for this 
tarnish, however, absite is unusually resistant to chemical weathering agencies, and 
'no secondary minerals are found associated with it. 

The ore is highly brittlc, with a sub-conchoidal fracture, a hardness of between 
5 and 6, and a specific gravity of 4·1. Optieall~' it is metamict-isotropie, with an 
IU. of 1'96. 

Absite is distinguished from brannerite chiefly on the basis of a considerably 
'higher thorium content at the expense of uranium, larger amounts of combined 
water, and a lower refractive index (Whittle, 1954(8»). 

Absite is chiefly found as a fracture filling in the granitoid rocks, in which case it 
.commonly assumes psendocrystalline forms with hexagonal, triclinic, or rarely 
octahedral outlines (fig. 42). Minor amounts of absite found in the matrix of 
,adamellite or quartz veins are usually anhedral and surrounded by externally 
radia ting fiss ures so typical of uranium ores (fig. 37). 

A wide variety of primary minerals is found in close association with absite, 
particularly granular rutile (with which it is commonly intergrown), coarse bronze 
biotite, apatite, and pearl-blue quartz. Intergrowths of absite and davidite and pure 
,davidite veinlets have been identified in a few places. Other associations present in 
:subordinate amounts include rare-earth minerals, tilOrite (and variety orangite), 
orthite, and samarskite, as well as hematite, ilmenite, pyrite, the zeolite epidesmine, 
:and traces of purple fluorspar. 

No other occurrences have been found which bear any resemblance to the Crocker 
Well ore. 

Complex Pegmatitic Uranium and Rare-Earth Minerals 
An assortment of complex uranium and rare-earth minerals containing abundant 

titanium and varying amounts of columbiulll and tantalum is known as compara­
tively rare constituents of pegmatites in the western portion of the Province. 
Members of this suite arc similar macroscopically, being generally fresh and 
lustrous in appearance, of conchoidal fracture, dominantly greenish colour, and 
:moderately high radioactivity. All are metamict-isotropic and cannot be critically 
·distinguished by optical or X-ray methods; prep.ise determinations have been mane 
·only in a few cases where sizable samples are available. 

A mineral determined optically as fe'rgllsonite (Whittle, unpublished) is present 
as lustrous brownish-black ovoid inclusions in lamellar hematite near Victoria Hut 

'( C.W. 111). It bears a striking resemblance both in its appearance and associations 
'to samples identified as fergusonite (or possibly samarskite) from Radium Ridge, 
Mount Painter. Small crystals with an external dull-yellow ernst from Crocker 
Well West (C.W. 79) are also reported to be fergusonite. 

8amarskite has been determined in samples from the Mount Victoria copper 
mine area (C.W. 80) and Glenorchy (C.W. 25), where it occurs in pegmatite as 
'coarsely crystalline and highly lustrous greenish-black masses with a dull-yellow 
'staining and surrounded by radial cracks. Identical specimens occur in nearby 
pegmatites with coarse apatite (C.W. 86) and with ilmenite (C.W. 82). Residual 
oSamarskite, with chocolate-brown alteration, can be seen weathering from quartz 
veins near Crocker Well (C.W. 81). Other similar mineral specimens doubtfully 
-referred to as samarskite occur with beryl in a felspar quarry at Old Boolcoomata 
-(Out. 9), and with davidite in quartz vein lets near Doughboy Well (Out. 46). 

'Greenish-black coarse prismatic crystals with rectangular cross-sections which 
-occur with ilmenite in pegmatite at Crocker Well West (C.W. 70) are considered to 
'be polycrase on the basis of physical properties and the partial chemical assay 
'shown below. An analysis of polycrase from Zirconia, North Carolina, U.S.A., is 
:also quoted for comparison. 
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Presumed polycrase, 
(Location C.W. 70) 
Crocker Well West 

.FeO ..... . 
(Y, ErhOa .. 
UO:! .. 
UaOs .. 
;~~10~ .. 
110., .. 
Cb205 •.....•••. } 
Ta205 ......... . 
Water (combined) 
Not determined .. 

'" Total rare earths (lanthanons). 

per cent 

18·8* 

16·8 
3·8 

23·7 

17·6 

4·62 
14·7 

Polycrase, 
Zirconia, U.S.A. 

per cent 
2·87 

27·55 
13·77 

29·31 

19·48 

5·18 
1·84 

Detrital polycrase has also been reported in heavy sand concentrates at Crocker 
Well East. 

Other minerals of the titanifcrous group are very rare. Yttrocrasite is reported 
from pegmatite neal' Crocker Well camp (C. W. 76). Betafite is found as small 
resin-brown granules in felspathized quartzite at Billeroo (C. W. 164). Altered 
samiresite is present as microscopic yellow grains in chloritic schist at the 'Vinda­
morta North Prospeet, anti altered eU:l:enite as dark-hrown crystals ncar Mount 
Victoria copper mincs (C. W. 89) and Spring Hill (C.W. 58). A greenish-black 
mineral altering to uranophane occurs in two places about Crocker Well East 
(C.W. 116, AB 7) and is believed to be brannerite. 

Uraninites 
A few minerals consisting essentially of uranium and rare-earth oxides are known 

as minor constituent~ of pegmatites. Small il'on-grey grains of broegge1'ite have 
been obtained from felspar diggings neal' Aineroo Hill (Maggie mine, Out. 15), 
where it occurs in quartz with beryl, tantalite, and autunite. Another felspar 
quarry at Old Boolcoomata (Out. 54) has 'produced spectacular nodules of bright­
yellow, orange, and black zoned gummite in felspar (fig. 38) ; and a black thorian­
uraninite altered externally to 'uranophane has been identified in pegmatite and an 
adjacent fissure near Crocker Well (C.W. 79). 

Secondary Uranium Minerals 
Supergene uranium minerals are found only in quite minor amounts. Uranopha.ne 

is perhaps the most com,mol). form, having been identified at the Windamerta and 
Mindamereeka Prospellts,' 'aild ,several other localities in the Plumbago-Glenorchy 
district. Carnotite is l~cally '~eveloped in addition to the rare minerals uranospinite 
and, uranospathite at Radium Hill (Whittle, 1954(d»). Traces of torbernite arc 
present at the Mount 'Victoria mine, Mindamereeka Prospect, and in a small open-

I. 
cut worked for copper near Walparuta Springs (Cooper Claim). Autunite is found 
in pegmatite with broeggerite in the ,Ameroo Hill locality (Out. 15), 

'Thorium and Rare-Earth Minerals 
This is a rather arbitrary grouping of a suite of minerals dominantly composed 

of rare-earth and thorium com'pounds which contain little or no uranium and' are 
uSUlilly found independently of uranium mineralization. 

Monazite is of widespread occurrence as an accessory mineral in granitoid rocks 
and in pegmatites. Among the noteworthy pegmatite occurrences, it has been 
observed west of :Mount Victoria as dal~k-brown twin crystals with ilmenorutile and 
traces of samarskite and xenotime (C,W. 123), and nearby with apatite (C.W. 5). 
Similarly 'it occurs with ilmenorutile and xenotinle in 'pegmatite 2 miles ilOrthwest 
of' Outalpa Springs (Out, 41). Minute accessory grains of monazite are abundant 
over a large area of coarse pegmatitic granite at the Camel Hump hill, north of 
Crocker Well and coarse brown crystalline monazite is' also present in . associated 
pegmatites. 
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Highly radioactive ash-grey grains occnrring with cyrtolitc and ilmcllorutilc (?) in 
:a zoned pegmatite near Mount Victoria (C.W. 112) are belie\'cd to be a mixture 
·of monazite and another undetermined rare-earth mineral. A partial chemical 
.analysis of this material gavc the following result. 

U30 S .. •. . ...•.•••. 
P205 ............... . 
Rare earths .. .. .. .. .. .. .. .. .. .. .. 
Th02 ••••••..•••.•••••••• 
H 20- ............. , ..... . 
H20+ ................... . 
Unoertermincd ., ............. . 

1·2 
10·7 
54·3 
20·5 

0·4 
1·5 

11·4 

Monazite and cyrtolite have been observed as detrital grains in Archaean metase­
diments near Bimbowrie station (Out. 81) and Outalpa station (Out. 49), and as 
pale-yellow sand grains weathering from a kaolinitic layer in Adelaide System 
sandstones at King Bluff gold mine. Radiating crystalline aggregates of cyrtolite, 
with protruding pyramidal faces, are especially well-developed in the pegmatite 
described abov~ from near Mount Victoria (C.W. 112). 

Thc most common of the cerium-bearing minerals is o·rthite, which assumes the 
form of coal-black o\'al or irregular masses with a tcndcncy towards a fibrous 
structurc, grcasy lustre and irregular fracture, and is superficially dull dark­
brown on wcathcred slll'faces. Coarse orthite has bcen obtained from quartz seams 
cutting granite at scveral localities in the Plumbago-Glenorchy district (C.W. 23, 
:85,154), with pcgmatite at Crocker Well West (C.W. 21), and with magnetite in 
pegmatite at Old Boolcoomata (Out. 69, 70). Orthitc is also an acccssory 
constitucnt of somc granitoid rocks, as for cxamplc ncar Ameroo Hill (Out. 37) 
whcrc it occurs as minute disseminated grains accompanied hy magnetite and 
flnOl'itc in granitic gneiss. 

Thc yttrinm phosphate xenoti'llle has been observed in many places in the Olary 
l'rovincc. Good prismatic crystals of a pale-brown xcnotime occur in quartz 
-pegmatitc at Old Boolcoomata (Out. 68) and near Teitz Dam, Bimbowrie (Out. 32) 
(fig. 40), and are intergrown with monazite and ilmenorntile in another pegmatite 
two miles northwest of Outalpa Springs. In the Plumbago-Glenorchy district, 
xenotimc is found in pcgmatite in association with davidite wcst of Crocker Vvell 
(C.W. 163), and with fergusonite (C.W. 111) and samarskite (C.W. 80) in the 
vicinity of Victoria Hut. A typical occmrence in pegmatitc (C.W. 97) is shown in 
fig. 39. 

TlI01'ite is found locally as small prismatic crystals with orthite in joints at 
Camel Hump Hill, Crocker 'Veil, and florencite occurs with minute grains of gum­
mite southwest of Wiperaminga Hill (Out. 28). 

llmenorutile-a complex oxide of titanium, iron, and columbium-is cOllllllonly 
:associated with monazite and other minerals described in this group, and details of 
its occurrence are rcferrcd. to on page 114. 

ZONING 
In the Plmnbago-Glcnorchy district-where abundant mincralogical data have 

bcen accumulatcd (luring systcmatic exploration-there is a marked zoning of 
-particular mineral t.ypes and associations which closely correspond with geological 
'sub-divisions based on degrce of g1'llnitization and pegmatization. Five zones can 
he distinguished. 

Zone I-The areas of massive and mobilized core granite corresponding to the geo­
'logical subdivision Ag (plate I), which are usually fcatured by abnormally high 
'background radioactivit.y due to accessory minerals including monazite ano cyrtolite. 

Zone II-Dominantly thol'i1l1n mineralization localized within highly granitized (and 
partly mobilized) formations marginal to the core granites. This association is charac­
·terized by the presence of monazite disseminations, accompanied to a lesser extent by 
xonotime, ilmenorutile, ano thorito, and is chiefly developed in an arcuate·shaped area 
-centred abo1lt two miles south of Mount Victoria. 



Zone III-A zone of ~wanium-thoriu1r. mineralization coinciding in distribution witlD 
migmatite formations (Am) and extending over a wide area from near Billeroo to south­
west of Crocker Well. Typical are complex titanates of uranium and thorium, including 
samnrskite, euxcnitc, absite, and fergusonite, found exclusively in pegmatitic or pneu­
matolytic environment. Xenotime is found also in Zone III, particularly with samarskite. 

Zone IV-The uranium zone-in which thorium is practically absent-corresponds with 
partly felspathized and intensely pegmatized metasedimentary formations (Af and Am) 
which extend from near Billeroo to north of Mount Victoria. Davidite is the dominant 
uranium mineral, occurring chiefly in pegmatite, and in at least one example (Mount 
Victoria mine) as hydrothermal fissure replacement. In the latter case, chalcopyrite is 
an associated mineral. 

Zone V-The lowest-temperature or least-granitized zone (As) in which radioactive­
minerals are absent. Significant copper-cobalt-t1mgsten replacement deposits of the 
Ethiudna mining area and copper in schist at the Billeroo mines lie within metasediments· 
of this category. 

There is naturally a considerable overlapping of the zones in respect to each 
other. Zone III, for example, is also featured to some extent by davidite and 
monazite occurrences, but it is strictly only one or the other which may be found 
in association with absite or samal'skite at any particular locality. Certain minerals. 
are of a general distribution, the most notable of which are apatite, orthite, 
magnetite, pyrite, ilmenite, hematite, and rutile. 

Zonal boundaries are less clearly defined in the Bimbowrie-Old Boolcoomata 
district, but the same general zoning arrangement is however applicable to some 
areas, and differ from the Plumbago·Glenorchy district in the following details: 

Zone III carries, in addition, relatively abundant beryl, tantalite, columbite, and the' 
rare phosphates graftonite, triplite, wagnerite, and fiorencite, all of which have beem 
observed occurring with uranium minerals. 

Zone V is featured by numerous barite deposits. 

RADIUM HILL UR:ANIUM MINE 
Location :-Twenty-fvve miles southwest from Olary, connected by a spur railway 

to the Adelaide-Bl'oken Hill line lit Cu.tanll. Ou.t of cou.nties, North-Eastern diVision_ 

Introduction 
The exploration mining developments and geology of the Radium Hill uranium 

mine have he en described in a number of previously published works_ Recent 
contributions by Rodgers (1953), Sprigg (1954), Whittle (1954), and Parkin and 
Glasson (1954) provide a comprehensive account of the mine geology and petrology 
based upon surface mapping, underground observations up to No.3 level, and 
diamond drilling. 

Since these publications, development of the mine has proceeded rapidly to 
No.6 level, but the related geological ohservations were not within the scope of 
the writers' work. The following notes are thus given for completeness and arc 
mainly hased upon the most recent work of Parkin and Glasson (1954). Some 
data have been added with consideration of the stratigraphie observations made in 
the Weekeroo-Boolcoomata area. 

Regionol Geologicol Setting 
The mineralization at Radium Hill occurs in fracture-plane structures in Archaean 

felspathized gneisses, aplitic gneisses, and schists, intruded by basic and acid bodies. 

The distribution and stratigraphic succession of these various rock types has not 
yet heen established for thi~ would require detailed large-scale mapping and more 
underground data. South of the Luxemburg field, however, a synclinal zone of the 
basement shows a rock succession similar to the Archaean successions of the 
'Veekeroo-Boolcoomata area, with schistose layers at the base, overlain by granite­
gneisses. These may be tentatively correlated with the granite-gneisses of the uppet' 
group of the Weekeroo-Boolcoomata type section (figs. 1, '8, 9) and possibly 
with those overlying the Broken Hill lead lode. 



FIG . 37-PSEUDOCRYST ALLINE ABSITE (a ) IN ADAMELLITE. (NOTE 
QUARTZ (q, ASSOCIATED WITH GRAIN IN FOREGROUND I 
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FIG. 38-Z0NED GUMMITE ( g) IN PEGMATITE 
Raven Hill fe is pa r quarry-Old Boolcooma ta (Out . 54) 
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FIG. 39-XENOTIME CRYSTAL (X) IN 
PEGMATITE 

Near Mount Vic tori a ( C.W . 971 

FIG . 40-RESIDUAL XENOTIME CRYSTALS WEATHERED OUT OF 
PEGMATITE 

Near Bimbowrie s ta tion (Out. 32) 
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The acid intrusive bodies consist of numerous pegmatites, aplitic granite, and 
porphyry dykes, evidcncing intensc igneous activity. 

The basic intrusives comprise an early sill or plug-like amphibolite, usually talcose 
and much sheared with mineral elongation in the direction of regional schistosity; 
and a later amphibolite which transgresses both the gneisses and the lode channels. 
Acid intrusions include several phases of pegmatite introduction, one of which is a 
sodic aplitic type possibly genetically responsible for the introduction of the ore 
mineral. 

The Archaean gneisses are folded in steep-limbed structures with east-northeast 
axial direction pitching generally at a low angle. 

Lode Structure 

Investigations so far have established three major lodes, namely Whip, Geiger, 
and Old Main. In close association and parallel in disposition are five smaller lodes 
which have been explored both by drilling and driving, namely Playford, Smith, 
MiilIer, Dickinson, and South Lodes. Besides these orebodies, there are prospects 
to the northeast of Bonython Hill, Taylor Hill, and Bristowe Hill; and to the 
southwest is another lode (Rutile lode) which has been intersected on the footwall 
side of Old Main lode. To the southeast are several minor lode-systems known as 
the Valley lode and the South Hill lodes, and to the northwest is a small lode­
fracture on which a shaft (W'est shaft) was sunk by early prospectors. 

Lode Minerali:z;ation 

The uranium ore-mineral is davidite which occurs in intimate intergrowth with 
rutile, ilmenite, hematite, and magnetite, in an ore in which each of these minerals 
o()ccurs in varying proportions. A detailed discussion of the intergrowth and 
-exsolution phenomena is presented hy 'Vhittle. 

The mineralization of each of the known lodes is essentially similar. Each shows 
.a gradation from incipient sericite development by gradual stages towards coarse 
ilmenite-biotite growth. Four lode types are recognized, and the proportions of 
these types present varies from lode to lode. A typical lode channel commences as a 
:shear in which there has been a segregation of augen of biotite and quartz enclosed 
in banded gneiss. Introduction of iron and titanium (with O1i without uranium) 
.mineralization into these knots or augen produces an ore-type known locally as 
nodular or spotted ore. An increase in the degree of initial fracturing or brecciation 
.allows a higher degree of replacement resulting in the so-called main-lode ore-type, 
whieh is a coarse intergrowth of bronze biotite, pinkish quartz, ilmenite, rutile, 
lJematite, and davidite. 

Mine Development 

Following' 10 years of intensive exploration by underground development and 
·diamonddrilIing, the mine has becn fully equipped with a main haulage shaft, 
ernsher, and concentration plant, alHl was fllll~' commissioned for schcdnled pro­
oduction in November, 1954. 

The main shaft has been sunk on the hanging wall of the lode system, and 
passes through it below the No. 6 level. Development is proceeding from the 
'main shaft on No.5 and No.6 levels, while ore extraction is proceeding from the 
:upper levels. 

The lode system has been ·established over a length of 4,000ft. and to a vertical 
-depth of 700ft. in one instance, but the pattern of ore-shoot behaviour within the 
lode channels is complex and is not yet fully understood. 
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CROCKER WELL URANIUM DEPOSITS 
Location :-Six main deposits occur within an Mea of widesp1'eacZ uranium', 

mineralization, six miles north of Plumbago station homestead, and 50 miles by' 
graded station-tracks north and northwest of the rail heads at Yuntro and Olary' 
1·e,qpectively. Out of counties, Nortll-Easten~ division. 

Regional Geologicol Setting 
The uranium deposits lie within a tract of low hills 3 sq. miles in extcnt 

between the Ethiudna Hill and Mount Victoria granite massifs. In this area the· 
Archaean migmatite complex is featured by the predominance of a leucocratic' 
granitoid rock of adamellite type, which differs markedly from the regional 
granitic rocks in its unusually uniform composition. 

Uranium mineralization of the distinctive ab:-;ite type is wide:-;pread within the· 
boundaries of the adamellitc zone (fig. 41). Although 1'1l1'ely found in actual 
outcrop, its presence in the bedrock is usually indicated by highly anomalous 
radioactivity due to a concentration of detrital grains of the ore mineral in the· 
soil, or hy the spread of the weathered-out material which has been, in SOIij,lJ cases,. 
transported considcra hIe disbllces from the SOllrce rocks (fig. 42). Initial pros­
pecting which led to the definition of the six mai,i orebodics was entircly depcndcnt 
on l'adiometrie measurements ovcr the area. 

The Ore Mineral 
'l'he ore mineral-absite-is a complex uranium-thorium titanate of general' 

composition 2UOs.'fh02 .7Ti02 .5H2 0, consisting essentially of 32 pel' cent UOs, 13: 
pel' cent ThO:!, 35 pel' cent Ti0 2 , and 7 pel' cent combined water. 

Details of the mineralogy and associations of ahsite are given on page 54,. 
togethcr with partial chemical analyses (table III). 

Rock Types in Re1ation to Ore Localization 
Detailed geological mapping of the principal uranium deposits, comhined with· 

petrographic studies, have led to the identification of six distinctive rock groups and 
variants which occur closely associated with adamellite in, and adjacent to, the 
mineralizcd areas. These helong to two main chronological sub-divisions which are· 
discriminated in the field hy the presencc or otherwise of regional stress effccts. 

The oldest group, which pre-dated shearing, comprises Archaean metasediments. 
intimately associated with hybrid granodiorite, and intruded or replaced by the 
locally predominant adamellite variety of the granitoid rocks. The adamellite has 
no clear-cut contacts with the similarly stressed granites of the district, but general' 
field relationships suggest that it is a mobilized phase of the regional granite. 

The younger unstressed group includcs late-stage differentiates of the adamellite 
referred to as alaskite and alaskite-pegmatite, together with widespread pegmatites, 
of the normal granitic type, and a few granodiorite dykes. 

Each of the rock units enumerated above has a specific relation to ore distributiorr, 
the apprcciation of which has materially assisted in directing mineral exploration. 
Of outstanding significance is the fact that adamellite is the 'host of all important 
absite deposits found to date. Metasediments bordering adamellite in some places 
contain trace amounts of the ore mineral, whereas the hybrid granodiorite is con­
sistently barren. The alaskites carry absite as a minor accessory, indicating a: 
genetic association with the mineralizing solutions 01' gases which led to the 
formation of the main ore bodies. The granite pegmatites and granodiorite dykes, 
clearly post-dated ahsite mineralization. 

Geological and petrographic observations of the typical rocks are treated below 
in their chronological order. 
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Metasediments 
Micaceous schists and amphibolitic gneisses, grading to migmatites, which com­

prise a narrow east-west belt extending for over half a mile at Crocker Well East, 
and are also exposed as small outcrops at the southeastern margin of the Original 
Prospect. 

Grey Mafic Gmnod-iol'ite 
Hybrid granodioritic rocks consisting chiefly of albite-oligoclase, quartz, biotite, 

and magnetite are exposed as elongated bodies following the margins of the main 
helt of metasediments and as xenoliths (or skioliths) within the adamellite. Pyrite 
is a notable accessory constituent, and also occurs with biotite as a fissure filling 
in these rocks. Boundaries are gradational into metasediment, indicating trans­
formation by metasomatic agencies. 

Adamellite 
The predominant rock, adamellite, has been described in detail in an earlier 

report (King, 1954(a»), although at that stage its real significance as host rock to 
widespread uranium mineralization was not fully appreciated. 

The adamellites are characteristically medium-grained and leucoeratic, and con­
tain abundant quartz of a blue opaline variety. A typical sample from the wall 
rock of an absite vein at No. 2 shaft, Main Eastern Prospect, is described 
microscopically (Whittle, unpublished) as follows: 

"This is a light·coloured rock with a typically granite texture consisting of hypauto· 
morphic inequigranular crystal. The mineral composition, in order of abundance, is 
albite, oligoclase, quartz, biotite, and microcline, with accessory apatite, monazite, 
magnetite, and zirCOn. The individual crystals are anhedral and medium grained." 

Alas kite and Alaskite-Pegmatite 
'fhis group includes unstressed pegmatitic phases of the adamellite which may 

be locally observed as intrusive bodies into the mineralized area at the Original 
Prospect, and as replacement kernels in a biotite matrix to produee composite 
rocks known as pseudobreccia. Both alaskite and alaskite-pegmatite are similar 
in composition, consisting of equal amounts of snb-hedral potash felspar and albite, 
and intcrstitial sagenetic quartz. The quartz is significantly the same opaline 
variety characteristic of the adamellite and in places occurs as segregations carrying 
absite. Absite is also present, together with rutile and ilmenite, as an accessory 
('onstituent of the alaskite. 

G'l'anodi01'ite Dykes 
At the Original Prospect, granodiorite dykes a few feet wide crop out, one of 

which was found to intersect mineralization in shaft C. The main mineral 
constituents are oligoclase, biotite, and quartz, and the accessories include apatite, 
zircon. rutile, ilmenite, monazite, and xenotime. 

Granite-Pegmatites 
Coarse-grained felspar-quartz pegmatite dykes and pegmatitic quartz veins, 

some carrying coarse black rutile, biotite, and magnetite, are of widespread occur­
rence throughout the area. Many are orientated in an ENE. direction following 
lines of weakness afforded by shear foliation. The distribution of the peg'lllatites, 
as shown in fig. 2, tend~ to coincide in a hroad way with the mineralized areas, but 
absite has not been found as a constituent of these granite-peg'lllatites and the 
nssociation is regarded as fortuitous. 

Structural Controls 
The adamellite host rock is primarily even-grained and granular in texture, but 

rarely assumes a missive form of outcrop due to the presence of widespread fissur­
ing and close-jointing caused by shearing in a WSW.-ENE. direction (fig. 41). 
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FIG. 42-RESIDUAL PSEUDO CRYSTALLINE ABSITE SLUGS FOUND 
IN SOIL 
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The inten!:;ity and distribution of stress effects are extremely variable, being 
mainly represented by a prominent fracture cleavage (or shear foliation) over a 
wide area, and by t.he local development of narrow and discontinuous shear zones 
and crush-breccia (fig. 45). Beyond the limits of the mineralized areas, two com­
plementary sets of defined shear zones have been observed trending ESE. and NE., 
such as that along which t.he access track to the camp has been constructed. 

The local concentration of absite in breccia and fracture zones related to shear­
ing was first recognized as a result of surface mapping at the Original Prospect, 
and was subsequently confirmed by exploratory drilling. The adamellites adjacent 
to this deposit exhibit shearing in ENE. and NE. directions, and towards the 
central mineralized area become less regular in orientation and gradually merge 
into a lenticular zone of crush-breccia. Absite is mainly found in the form of intcr­
stitial "bunches", and smaller amounts of disseminated mineralization are found 
throughout the more extensive areas of partly fractured adamellite at the periphery 
of the breccia (fig. 44). 

The dcposits at Crocker 'Yell East are similarly of the fracture-fill eategor.\·, 
but the stnlctural elements controlling ore localization are less clearly evident 
because the ore is more widely disseminated as isolated grains and narrow veinlets 
in openings of various types. The grcatest concentrations are apparently at the 
eastern termination of strong ENE. shear zones in shear foliation planc!:; and 
similarly directed fractures, and in strongly developed joints directcd NRW.-SS K 
(fig. 47). This joillting normal to shear foliation is common throughout the area. 

The regiollal influence of tectonic structures on ore distribution is reflected in 
the general lenticular form and COlllillon orientation of the main deposits, eaeh of 
which is directcd ENE. parallel to the regional shear foliation. This fact has 
proved of some value in dirccting' prospecting and exploration of known deposits, 
although relatively few of the widespread stressed or brecciated zones are actually 
mineral ized. 

Ore Genesis 
There is conclusiye evidence that the absite-type deposits are genetically related 

to the adamellite variety of the granitoid rocks, with which all the known deposits 
are so intimately associated. 

Absite has, in fact, been identified microscopically as a minor primary constituent 
of the adamellite ill some localities, althollgh, as already indicated, it is more 
extensively found as a. post-shear fraeturc filling, as isolated intergrowths with 
hiotite and rutile (fig. 46), or in pegmatitic phases of the adamellite. The sporadic 
distribution of the ore in tight and discontinuous fissures provides evidence of the 
extreme mobility possesscd by the mineralizing solutions or gases, but despite this 
there is no appreciable migration of the ore mineral into the wall rock, or into the 
surrounding terrain. 

The ore and associated minerals are dominantly oxides, characteristic of high­
temperature formation, and, except for apatite and traces of fluorite, there is n. 
notable deficiency in minerals rich in volatiles, such as tourmaline or beryl, which 
are commonly found in granite differentiates elsewhere in the district. 

Mineragraphic studies bearing on paragenesis of the ore reveal that biotite and 
apatite were formed simultaneously at the earliest stage of mineralization. The 
second stage involved felspathization as locally observed in the pseudobreccia 
formation of the Original Prospect, and was followed by the introduction of 
alaskite and blue-quartz pegmatitic veins and segregations with some absite, and 
by the final deposition of rutile, ahsite, and daviditc in various intergrowths. 

These observations lead to the now gencrally accepted conclusions that the 
principal ore-deposits are due to a late-stage introduction of volatiles unusually 
rieh in titanium and uranium immediately following the emplacement, cooling, and 
fracturing of the parent mass of adamellite. In many respects the typc of 



64 

mineralillHtion appears comparable to that of cassiterite in granitic rocks, both being 
characterizcd by irregular distribution of ore in bunches, in pegmatites and 
fissures, when the parent rock was largely consolidated. 

Recent ag'e determinations based on the uranium-lead isotopic method have 
shown that thc absite mineralization dates back approximately '580 million years. 
This is in agreement with observed field relationships which indicate that the 
adamellite-and hence the mineralization-predate the Upper Proterozoic Sturtian 
Series (Adelaide System), as demonstrated by the presence of boulders of the 
adamellite (and the regional granites) in the Sturtian Tillite exposures six miles 
to the south, near Plumbago station. 

Grade Evaluation-Methods and Problems 
The sporadic distribution of the uranium mineral in the absite-type deposits 

makes reliable sampling exceedingly difficult. Bulk sampling, by shaft sinking and 
eosteaning, is clearly the most desirable method, but very costly for general 
exploration purposes. 

An initial surface appraisal of the Original Prospect was attempted by stripping 
o\'(~rburden with a heavy bulldozer at regular intervals across the deposit, and by 
sampling bedrock exposed in this way. Although the project proved of some 
yalue in localilling the main area of mineralization, it was found that samples 
obtained were not strictly representatiye in that they did not account for the 
main ore-values concentrated in tight and deeply weathered fissures. 

Some wagon drilling '\'as carried out early in the investigation, but was dis­
('ontinued when it became apparent that the presence of shallow groundwater 
prevented satisfactory dust recovery, and because of the general unsuitability of 
t he rig in this type of ground. 

Diamond drilling on a grid pattern has been used extensively in support of bulk 
sampling. The grade, as determined by assays of drill core and sludge and radio­
metric monitoring, however, show considerable discrepancies, and in the early 
stages could not he satisfactorily resolved. 'l'he problems associated with drill 
sampling are now more perfectly known. Experience has shown that recovery of 
representati"e core 01' sludge is quite impracticable in this particular type of 
deposit, but a reasonably accurate evaluation is being obtained by radiometric 
monitoring of the holes. Diamonil flrilling is being continued on this principle as 
the main forlll of exploration. 

The following' is It review of the main graile-evaluation methoils adopted anil 
t he inaccuracies associated with them. 

Assays of Diamond-Drill Cores 

According to usual prllctice, the whole of the core reco\'ered from each borehole 
is split longitudinally; one half is subdivided on the basis of the geological and 
radiometric borehole logs into fractions for assay, and the other half retained for 
record purposes. Assay results thus obtained (table VI) are known to be con­
sistently lower than the true grade because of the unavoidable loss of the ore 
mineral during actual drilling due to its highly brittle nature and its usual occurrence 
as weakly bonded grains in natural fractures. In almost all cases the core is found 
to be broken at intersections of absite slugs, with only remnants of the mineral 
adhering to the faces of the fracture. 

Recovery of Diamond-Drill Sludges 
Sludges recovered from boreholes were assayed in bulk for each hole and show 

at least 50 per cent higher uranium values than the split core samples. Even these 
results are believed to he conservative as in general there is a considerable loss 
of water (and sludge) in the fractured rock where the mineral generally occurs. 



<!) 
z 

wji 
"'< <>'w 

I 
Vl 

<!) 
'Z 

!;iii 
0< 
D.w 

I 
Vl 

r+++1 
Adamellite pegmatite massive outcrops _________ l..±.....±.J 

fractured and deeply weathered j-:- -!-I 
M t d· t . 1~~3J e ose Imen ory gneiss _____________________ _ 

Alosk.te and o!oskite-pegmotite ________________ ~ 
Grey granodiorite __________________________ ~ 

Basic Rock microdiorite _________________ J ~ I 

S.A. Dep" 01 Mino. US·)37 Goology by D. King 

1'0 face paV8 64] 

Pegmatite quartz felspor _ _____ __ _ _ _ _____ _ _ _ __ ~ 

Quartz veins ___ .________________________ 1IW;q, 

Absite residual in soil _______________________ A 

Biotite __ • _______________________________ c=J 
I~:~·"I Mineralized breccia moin obsite concentrotion _________ AW,-"te ... 

seA L E IN FEE T 

00 100 200 300 400 

FIG. 44-CROCKER WELL-QRIGINAL PROSPECT 
Surface geological plan 

Strike and Dip of shear foliation ________________ _ 

Shear foliation ___________________________ _ 

Shear Zone _____________________________ _ 

JOInting Strike __________________________ H 

D,p 

Vertical _______________________ ..t' 

Irregularly shattered zone ______________________ ~ 

Contour IntervalS feet assumed datum ___________ .......... pss, 



65 

The practice of cementing holes where there is no water return reduces the sludge 
loss to some extent, but this measure cannot account for the water and sludge that 
escapc before the necessity for cementing is realized. In fact, the bulk of the 
sludge recover·ed is that from the massive and weakly mineralized portions of the 
adamellite host rock. 

Radiometric Borehole Logging 
Borehole monitoring performed by the Geophysical Section of the Geological 

Survey Branch has been used extensively in providing additional evidence of grade, 
and is becoming increasingly important in the evaluation of these deposits (King 
and Webb, 1954). This technique has revealed significant radiometric anomalies 
in many of the boreholes, and, from an early stage, led to a belief that true grade 
is reasonably higher than shown by drill-core sampling. The equipment in use has 
the following specifications: 

Geiger tube.. .. .. .. .. .. .. Cintel No. G.M. 4 x 5. 
Length 10iin., diameter ~in. 
Ethyl formate argon filled. 
Operating voltage approx. 1,250. 

Probe .. .. .. .. .. .. .. .. l!in. overall diameter brass tube. 
5 S.W.G. gauge wall thickness. 

Prior to 1955, radiometric-probe results were translated into grade by applying a 
cOllversion factor calculated from a theoretical comparison of radiometric record­
ings and actual grade of bettcr-known deposits (e.g., Radium Hill) in which allow­
ances were made for diff.erences in gamma-ray activity (absite as compared with 
davidite) and .for their respective content of thorium. Experimental calibration of 
the equipment was also conducted using a large drum packed with typical ore of 
known grade. The standard adopted as a result of these researches was that 2,100 
counts per minute are equivalent to 1 lb. of U 3 Os per long ton. 

The irregular size and distribution of the ore mineral affect the reliability of the 
procedure in estimating grade from borehole-probe results, particularly as the 
probe effectively measures radioactivity only within a 5in. radius of boreholes in 
the adamellite host rock. Statistical analyses have shown that reliable results cannot 
be expected over limited footages, but that the probable error decreases to reason­
able limits-less than 10 per cent-if the grade is presented as an overall average 
for each borehole. An exploration programme has lately been completed at the 
Main Eastern Prospect which was primarily designed to provide a standard 
reference for more accurately assessing overall grade by radiometric monitoring. 
This involved the sinking of a shaft (No.1 shaft) on a closely drilled and radio­
metrically logged site, purposely carried out in an area of submarginal-grade 
rock representative of the major reserves of these deposits. The initial boring 
consisted of four vertical 50-ft. holes (E.C.S. series) at symmetrically placed points 
within an area of 6 by 4ft., at sufficiently close intervals to ensure that the borehole 
monitoring which followed would be representative of the bulk sample obtained 
by shaft sinking. 

The weighted average grade-value of the ore broken in the shaft was determined 
by three methods as follows: 

UaOs 
lb. per long ton 

Drill core assays .. .. .. .. .. .. .. 0·2 
Radiometric borehole logging .. .. .. .. 1·1 
Chemical assay of bulk ore (actual grade) .. 1·7 

Apart from clearly demonstrating that drilling provides highly unsatisfactory 
samples due to loss of much of the ore mineral, these results showed that the factor 
used for converting radiometric borehole-logs to equivalent grade over a reasonable 
length of testing (200ft.) underestimated the true grade by the ratio of 1·1 to 1·7, 
and that actually 1,360 counts per minute (rather than 2,100 c.p.m. as previously 
assumed) should be equated to absite ore assaying lIb. U3 0 S per long ton. This 
ratio was considered applicable to the usual dissemination-type ore which forms the 
bulk of the reserves. 

C 
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DUl'ing recent underground development at the Main Eastern Prospect, under­
ground probing experiments were carried out in which development headings were 
probed before firing. In this case, the 12 rock-drill holes in each face were probed 
and the results combined to produce an average count to represent the cut. After 
each cut was fired, a bulk sample of half the broken material was obtained and sent 
for assay. After 29 cuts had been probed and sampled, the results were statistic­
ally analyzed and indicated that a more reliable conversion factor was of the order 
of 2,600 counts per minute per pound U3 0 S per long ton. This more conservative 
figure has since been used to estimate the grade of all the Crocker Well East 
prospects. 

The Original Prospect 
Geology 

At this deposit, absite mineralization is mainly localized within a lenticular zone 
of coarsely brecciated adamellite which is locally developed in an area of intense 
ENE. shearing (fig. 44). The periphery of the breccia is marked by the presence 
of intrusive alaskite bodies, commonly containing absite as an accessory mineral. 

The breccia consists of angular adamellite blocks in a matrix of schistose biotite 
and irregular-shaped kernels of unstressed alaskite. This fragmentary-looking 
structure (pseudobreccia) within the matrix is clearly not of tectonic origin. The 
richest absite values occur within these interstitial fillings-together with apatite­
in alaskite and blue-quartz veinlets, and as sporadic grains and bunches up to a ton 
in weight (King, 1954(a»). 

The mineralized breccia covers an area of some 50,000 sq. ft. in ground plan, 
and is surrounded by a more extensive area of fractured and weakly mineralized 
adamellite. 

A small area of outcropping mineralized adamellite and migmatite known as the 
Crocker South Prospect is located 300yds. southwest of the main deposit at the 
margin of an alluvial flat, and is of particular interest in being one of the few 
places where absite and davidite are found in intergrowth. 

Development 

Exploration commenced in January, 1952, when series of trenches were excavated 
across the deposit by bulldozer to facilitate geological and radiometric surveys, and 
sampling of the bedrock. Shaft sinking was then undertaken, five shafts totalling 
160ft. being sunk and sampled, and ore parcels submitted for metallurgical research. 

TABLE IV 
CHEMICAL ASSAYS OF BULK SHAFT-.SAMPLES 

Original Prospect 

Shaft A 
Shaft B 

Location 

Shaft C .. 
Shaft D 
Shaft E .. 

Footage 

0-20 
.. { 0-20 

20-50 
0-30 
0-40 
0-20 

Chemical assay 
(UaOs) 

lb./long ton 
1·8 
3·5 
2·0 
1·1 
1·0 
1·3 

Diamond and wagon drilling commenced in March, 1953. Wagon drilling proved 
of limited value and was discontinued after 13 holes (822ft.) had been completed; 
but an intensive programme of diamond drilling, totalling 21 holes (2,859ft.) was 
carried on until November, 1953. Initially, vertical bores were sunk within the 
known limits of the breccia structure (table V); subsequently a wider network 
of holes was spread with the object of testing the general dissemination of ore In 
the surrounding area, and finally, three angle-holes were drilled to crosscut the 
hreccia. 



FIG. 4S-TYPICAL SHEAR ZONE IN ADAMELLITE 
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More recently one borehole (No. C.S.1) was drilled beneath the outcrop and 
adjacent alluvium at the nearby Crocker South Prospect as a purely exploratory 
measure, but no mineralization of ore-grade was intersected. 

Ore Reserves 
Trench sampling and subsequent diamond drilling confirmed the view that the 

most significant absite mineralization is confined to the breccia zone. It was also 
shown that the breccia has no great extent vertically. 

The following estimate of ore reserves is, therefore, applied to the breccia zone. 

Grade 
Undoubtedly the most reliable figures available on grade are those provided by 

bulk sampling from the five shafts. These range from 1'0 to 3'5 lb. with a mean 
of 1'65 lb. (table IV). This latter figure may be unduly weighted by the relatively 
high grade obtained from shaft B, and the fact that three of the shafts were sunk 
on surface anomalies, but on the other hand the very nature of the mineralization 
would suggest that rich pockets would be a normal expectation. 

The figures obtained from drilling are, for reasons already discussed, considered 
very conservative. Radiometric bore-log computations based on the latest con­
version factor suggest a grade of between 1,5 to 2'3 pounds. 

It would seem a fair appraisal to suggest from the above figures that the breccia 
zone would provide a mean grade of 1'5 lb. U3 0 S per long ton. 

Tonnage Estimate 
Accepting the geologically mapped limits of the breccia zone as the limits of 

ore, there is a surface area equivalent to 3,000 tons per vertical foot available. 
Cross-sections constructed on the basis of the three crosscutting boreholes indicate 
that the breccia is limited in depth, a reasonable mean depth being 120ft. On this 
basis it might be expected that the deposit could yield 360,000 tons of ore. 

TABLE V 

ASSAYS OF CORE FROM VERTICAL BOREHOLES WITHIN THE BRECCIA ZONE 

Original Prospect 

Assays (UsO.) 
Bore No. Footage 

Core Sludge 
(chemical) (chemical) 

lb./long ton lb./long ton 
1 0-10 0·4 -
2 0-90 0·6 -
3 0-120 0·5 0·5 
4 0-100 0·2 0·7 
5 0-120 0·9 0·8 

Weighted means ........ 0·6 0·7 

Crocker Well East Praspects 
Geology 

Borehole 
logging 

lb./long ton 
1·7 
2·2 
1·5 
2·3 
1·9 

1·9 

The four separate prospects at Crocker Well East are the main centres of 
mineralization-as defined by the spread of detrital absite--within an extensive and 
only partly tested area of weakly mineralized adamellite (fig. 47). In these 
deposits the ore mineral occurs associated mainly with rutile as disseminated 
pellets and sporadic veinlets in widely spaced shear foliation planes and joints. 
In this respect the deposits resemble the marginal area of the mineralized breccia 
at the Original Prospect, and it might be expected that ore concentrations in similar 
structures will be found in depth at Crocker Well East. 
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Davidite has been found to occur in appreciable amounts intergrown with absite, 
and independently, in a number of borehole samples from the Crocker Well East 
Prospects. 

Development 
Exploration of the Crocker Well East Prospects commenced immediately after 

their discovery in September, 1953. Detailed geological and isorad maps were 
prepared showing also the distribution of detrital absite in the soil (figs. 47 and 
49). These results, together with a consideration of the surface topographic 
contours, formed the basic data for designing a pattern drilling programme which 
followed. 

The first phase of diamond drilling' was undertaken as the most convenient method 
of establishing the source of the rich surface-shoads. A total of 21 holes (3,206ft.) 
of the E.C. series were sunk, of which nine are located at the Main Eastern 
Prospect (fig. 43), six at the Southwestern Prospect, and four at the Central 
Prospect (table VI). Each hole is directed northerly at a depression of 45 deg. to 
a usual target depth of 150ft., the inclined holes being chosen because of the steep 
southerly dip of observed geological structures, and the steep inclination of known 
mineralized fissures (fig. 48). 

TABLE VI 

SUMMARY OF DIAMOND-DRILLING RESULTS 

Crocker Well East Prospects 

I Weighted average grade 
Log Bore No. Depth 

I 
Estimated by Core assay (rad.) . 

rad. probe 

ft. lb. U 3OS/ton lb. U 3OS/ton 
Main Eastern Prospect ..... EC 1 179 1·3 2·7 

EC2 149 1-1 0·11 
EC3 177 1·4 0'S9 
EC4 150 1·0 0·11 
EC5 150 0·4 0·15 
EC6 150 1·0 0·15 
EC 7 150 O·S 0·13 
ECS 150 0·6 0·23 
EC9 130 0·4 0·09 

I 
Overall weighted 0·95 0·55 

average grade 

Southwestern Prospect ..... EC 14 170 0·9 0·71 
EC 15 150 0·95 0·29 
EC 16 150 1·0 0·29 
EC 17 150 1·0 0·52 

I EC 21 150 0·95 0·16 
EC 22 150 0·9 0·63 

Overall weighted 0·95 

I 
0·45 

average grade 

Central Prospect ......... EC 10 150 H 0·74 
EC 11 151 1·3 0·52 
EC 12 150 0·5 0·17 
EC 13 150 0·7 0·15 

Overall weighted 0·90 0·40 
average grade 

Western Prospect ......... EC lsi 150 

I 
0·4 0·20 

EC 19 150 0·3 0·07 

Overall weighted 0-35 

I 

0·15 
average grade 
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The next stage of the investigation involved shaft sinking iIll two localities at 
the Main Eastern Prospect, primarily as a confirmation of grades. No. 1 shaft-to 
a depth of 43ft.-is located in an area of general dissemination-type ore where 
some additional vertical drilling (E.C.S. series) and borehole monitoring was under­
taken, and served a dual purpose in providing a bulk sample representing the 
major ore-reserves of the deposits, and also a means of correlating radiometric 
borehole results. No.2 shaft-to a depth of 44ft.-is sunk on an absite vein at 
the eastern end of the deposit (fig. 49). 

Ore Reserves 
Current drilling has revealed that absite mineralization is widely disseminated 

throughout the whole of the areas tested, with a few vein concentrations of only 
minor importance. These very extensive deposits of submarginal grade are con­
sidered here as potential ore-reserves. 

Present evidence indicates that of the four areas drilled, the Main Eastern 
Prospect and Southwestern Prospect are the largest. The Ccntral Prospect is 
-small by comparison, and the Western Prospect is too low in grade to qualify as 
ore rcserves. Extensions of the pattern diamond-drilling programme now in 
progress (June, 1955) are expected to materially increase the volume of proven 
orc reserves described below. 

Grade 
Radiometric monitoring suggests that the average grade along individual bore­

holes varies within the limits of 0·4 and 1·4 lb. with a consistent overall figure of 
0·9 lb. for each of the three main deposits. By comparison, the weighted average 
core assay is 0',5 pound. 

The only large parcel of presumably representative ore from the deposits (68 
ton from No.1 shaft) assayed 1'7 lb., higher in fact than any of the values other­
wise indicated at the shaft site. 

Actual grade is probably slightly in excess of lIb. U 3 Os per long ton. 

Tonnage Estimates 
Estimated tonnages per vertical foot of depth to June, 1955, are as follow: 

Main Eastern Prospect 
Southwestern Prospect 
Central Prospect .. 

Total ....... . 

Surface area 
sq. ft. 
70,000 
42,500 
30,000 

142,500 

Tonnage per 
vertical foot 

tons 
6,000 
3,500 
2,500 

12,000 

There are indications that the mineralized zone maintains its dimensions to a 
depth of at least 100 feet. 

Metallurgical Investigations 
Detailed ore-treatment investigations have been carried out on parcels of the low­

grade Crocker Well ore by the Metallurgical Branch (Smith, 1955). 

The coarse grain-size of the absite and its high specific gravity relative to the 
gangue suggested that gravity concentration-using jigs or shaking tables--could be 
a satisfactory method of treatment. Tests showed, however, that high recoveries 
could only be achieved by this method at the expense of the grade of concentrate, 
and all attempts to raise the latter resulted in high tailing-losses. 



FIG. 50-RADIUM HILL MINE 
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More satisfactory results have been obtained by flotation methods. Samples 
assaying between 1 and 31b. U3 0 S were treated by batch flotation in the laboratory, 
using fuel oil with emulsifying agents, and a concentration grade of approximately 
120 lb. U 3 Os was achieved. Continuous flotation of the same-grade ore in a pilot 
plant, at rates of 100 and 1,000 lb. per hour, indicate that actual recoveries between 
80 and 90 per cent could be expected, giving a concentrate of between 80 and 
100 lb. U 3 Os per ton. 

GenerQI Appraisal 
The ore mineral has many favourable features, particularly in regard to its high 

uranium content (32 per cent UOa) and its relatively simple and inexpensive 
metallurgy. 

At the present stage of exploration, a considerable volume of mineralized ground 
has been indicated, the bulk of which is of a grade somewhat in excess of lIb. 
U 3 Os per long ton. Included also are a few rich zones which could provide per­
haps several thousand tons of high-grade concentrate by selective mining. 

Further diamond drilling and underground exploration is being undertaken in 
an effort to establish actual reserves. 

MOUNT VICTORIA URANIUM DEPOSIT 
Loca.ti01} :-'1'he Mount V'ictoria uranium mine is situated 12 miles north of 

Plmmbago station (md about 4 miles east-southeast of Glenorchy station. The 
Crocker lVell uranium ,deposits lie about 6 mile.s south of the Mount Victoria mine. 
Out of counties, North-Eastern division. 

Introduction 
Shortly after the discovery of the Mount Victoria uranium deposit in March, 

1954 (see Chapter 1) a programme of four short exploratory diamond-drill holes 
sunk beneath the mineralized outcrops provided some highly encouraging results 
(Pitman, 1954(a»), and the drilling programme was gradually expanded to included 
a total of 39 boreholes with progressively increased target depths. 

As the definition of the orebodies progressed, a successful method for upgrading 
the complex ore-similar to that adopted at Radium Hill-was developed by the 
Metallurgical Branch. Initially, experimental metallurgical work was performed on 
rejected fractions of drill-core samples, but later a bulk sample was obtainable from 
a 40-ft. inclined shaft (No.1 shaft) for testing on a pilot-plant scale. 

At the present stage (June, 1955), sufficient ore reserves have been defined by 
drilling to justify a mining operation. Mining estimates have been prepared by 
A. T. Armstrong (State Mining Engineer). The design and location of a con­
centrating mill to be erected near the mine site is in the hands of the Metallurgical 
Branch, and the provsion of a suitable water supply for the mill and domestic 
requirements is being undertaken by boring in the locality. 

The geological investigations and diamond drilling at Mount Victoria were the 
responsibility of one of the authors (D. King) andW. R. Peterson (a geologist 
seconded from the U.S. Atomic Energy Commission), under the direction of L. 
W. Parkin (Chief Geologist). E. Clothier( Technical Assistant) assisted materially 
in the preparation of plans and ore-reserve compilations. 

Surface Geology 
The deposit lies in an area of prominent granitic hills separated by extensive 

stretches of alluvial flats. The mineralized outcrops are situated on the crest of 
a low spur, 300yds. wide, between southerly draining watercourses at the fringe of 
the Windamerta Hill granite ranges. To the south, there is an open flat comprising 
portion of a longitudinal valley ~ mile wide which separates the Windamerta Hill 
range from the prominent Mount Victoria granite massif. 
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Davidite was detected at the surface in several elongated outcrops of schistose 
biotite rock lying within an area of poorly exposed granite and granitized 
metasediments. 

The deposit consists essentially of four outcropping bodies of the mineralized 
rock, -each with an east-west strike and southerly dip. The northern, or Main lode, 
is the largest, extending laterally east-west for a distancc of 250ft. at an average 
width of 10ft. Of the others, the South limb is 100ft. long and converges to 
meet the Main lode at its eastern extremity. Both the Central lode and the South 
lode are elliptical in surface plan, the largest dimensions being 45ft. and 40ft. 
respectively. 

The Central lode is interpreted as a westerly extension of the South limb. 

In addition to the main area of mineralization described above (and in fig. 52), 
several small exposures of davidite-biotite lode rock have been mapped at distances 
of 70, 220, and 300ft. to the southwest of the Main lode outcrop, at the margin 
of a narrow alluviated belt along the line of strike of the Central and Main lodes. 
Similar mineralization is also known to occur over a short strike length beneath 
alluvium at two localities in the southeastern part of the prospect area, in a 
gully 500ft. south of thc Main lode. 

The granitized metasediment country-rock of the mine area is chiefly represented 
at the surface by displaced boulder fragments embedded in soil, the only reliable 
outcrops consisting predominantly of the more resistant granitic and pegmatitic 
components of the complex which have no particular orientation. The lodes 
exhibit a well-defined schistosity, or fracture cleavage, indicative of locally intense 
shearing, but there is no evidense of any fracture system extending laterally beyond 
the relatively abrupt terminations of individual mineralized outcrops. 

In at least one place (co-ords 240W : 200S) the Main lode is disrupted by 
aplitic granite which appears to have post-dated lode emplacement. 

Numerous minor occurrences of uranium and rare-earth minerals have been 
identified during systematic ground surveys of the surrounding areas (see plate IV). 
Half a mile west of the mine, coarse davidite aggregates may be observed in peg­
matitic quartz veins over a wide area. Samarskite occurs as a joint filling i mile 
to the northeast, and uranophane-stained fractured granite and migmatite is 
common in the Talbot Creek locality farther north. South of the mine, xenotime 
and monazite are relatively abundant in pegmatites at the periphery of the Mount 
Victoria granite massif. 

Lode Minerals 
The mineral composition and paragenesis of the Mount Victoria orebodies is 

remarkably similar to that of the Radium Hill lodes. 

The lode rock consists of disseminated daviditic iron-titanium minerals in a 
matrix of medium-grained biotite, albitic felspar, and apatite (fig. 53). The 
biotite, which constitutes 50-80 per cent of the rock, is mostly orientated parallel to 
the lode dip, but there are also a number of flakes lying across the schistosity which 
effectively bind the rock into a felted and compact form. Unstressed segregations 
of albite up to a few inches in diameter replace biotite in a random manner, and 
apatite and subordinate orthite and monazite are widely disseminated in the 
biotite as small grains. 

Impure davidite, rutile, and hematite occur as composite granules and irregular 
segregations replacing, or partly replacing, the biotitic matrix. In most of the 
grains, davidite is the host to minute inclusions of rutile and hematite, but others 
are equi-granular intergrowths of davidite and rutile. These complex ores have 
a steel-grey metallic appearance, but davidite with a high lustre and conchoidal 
fracture resembling that of the pure mineral is found locally in albite segregations 
(fig. 53). 
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A complete chemical assay of this lustrous davidite from the MOlmt Victoria mine 
(No.1 shaft) is given in table II (see page 53). 

Granular magnetite-pyrite rock occurs at the margins of the lodes, and as narrow 
veins parallel to foliation in the hanging-wall migmatites. In all observed cases, 
no davidite or biotite is associated with these veins. 

Small amounts of chalcopyrite, bornite, covellite, and pyrrhotite are associated 
with davidite and with the magnetite-pyrite veins, while molybdenite is a rare 
lode-mineral. Some pyrite is partly replaced by enargite. 

Sulphide aggregates intersect the daviditic ore and are thus later in the 
paragenetic sequence. 

Diamond Drilling 
Exploration of the Mount Victoria deposit by diamond drilling commenced in 

April, 1954, and at the present time (June, 1955) 39 boreholes have been completed 
representing a total footage of 5,178 feet. 

The drilling was designed to follow a systematic grid-pattern at progressively 
increasing depths. The boreholes are all directed north in a plane normal to the 
lode dip, and are spaced at increasing distances from the main mineralized outcrop 
along each 50-ft. north-south grid-line extending from 450W to WOW. The initial 
boreholes were depressed at 45 degrees, but in the deeper testing it was found 
practical and more economical to drill two holes at different angles from the same 
site. 

The location and depression of each borehole is indicated on the surface 
plan (fig. 52). A typical geological cross-section normal to the plane of the lodes, 
along grid line 200W, is shown in fig. 55. 

In addition to the programme described above, two relatively short exploratory 
boreholes (Nos. V.H. 27 and 28) have been drilled on weakly mineralized zones 
south of the main area, and other holes are in progress to further test these 
occurrences. 

I nterpretation of Drilling 
Country-Rock Structure 

Diamond drilling in the mine area has indicated that the hanging-wall country­
rock comprises mainly albite-biotite-cordierite gneisses and foliated migmatitic 
granites which have a persistent east-west orientation and southerly dip. The 
foliation is inherently related to former bedding planes as testified by the \\'ay it 
describes minor fold structures, but in addition to this usual case in which felspath­
ization has involved a simple replacement of bedding, there are some examples of 
introduced veinlets with ptygmatic folds, unrelated to sedimentary structures. 

There is also abundant evidence of shearing along narrow zones conformable with 
the bedding foliation. The stress effects are chiefly represented by a succession of 
narrow sericitic fractures, which in some places are partly replaced by biotite or 
magnetite, and by peculiar granitized breccia. These features are illustrated in 
fig. 54. 

The footwall consists predominantly of massive leucogranite. 

Lode Structure 
The orebodies are tabular-shaped lodes which persist to depths of up to three or 

four times their strike length. The lodes dip to the south at angles decreasing 
from 65 deg. near the surface to 45 deg. at depths greater than 100ft. down dip, 
and are generally conformable with the country-rock structure. This applies parti­
cularly to the Main lode, as the South limb and Central lode which are considered 
to be disjointed portions of the one orebody, are slightly transcurrent to bedding 
foliation. The Main lode and South limb converge at the eastern end of the 
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outcrops, and also at 200ft. down dip along co-ords. 250 Wand 200W. Similarly, 
the Main lode and Central lode, which are 45ft. apart in the outcrop, converge at a 
depth of 70ft. down dip along co-ord 400W. The South lode is paTallel to the 
Main lode, to a considerable depth, and lies 50ft. stratigraphically above it. 

At a depth of approximately 450ft. down dip, both the Main lode and South lode 
diverge into two branches, separated by 10 to 24ft. of country-rock. 

The lode walls are sharply defined by a shear contact with barren migmatite, a 
feature which is now well exposed in No.1 shaft where the hanging wall is a 
smooth undulating surface marked by numerous flutings and slickenside structures. 
Lenticular remnants of country-rock with sheared boundaries can be observed 
within the lode formation in this opening. 

The pitch of the mineralization in the lode channels is near vertical, the reserves 
of ore-grade lying between co-ords. 400W and 150W. In the plane of the lodes, 
the widths of ore and degree of mineralization decrease gradually to the westward, 
whereas to the east the termination is abrupt. 

On the limited evidence available, uranium mineralization appears to be reason­
ably consistent in distribution within the lodes, with a tendency towards enrichment 
of ore-shoots in lode swellings. 

Lode Dimensions 
At the present stage (June, 1955) diamond drilling has defined the approximate 

dimensions of the Main lode system to a depth of 850ft. down dip, and the South 
lode (hanging-wall lode) to 540ft. down dip. An interpretation of the lode­
structure contours based on diamond-drill results is illustrated in fig. 56. 

The following approximate figures provide an indication of the size of the ore­
bodies as determined from existing evidence, and demonstrate that, in a general 
way, the surface outcrop is an average cross-section of the deposit at least to 
the depths quoted. 

Main lode system {

Main lode .. 
South lode .. 
Central lode . 

Depth 
(down dip) 

ft. 
850 
540 
350 
Near 

Average 
width 

ft. 
6·06 
6·75 
3·5 

Hidden lodes .. .. .. .. .. .. .. .. surface 22·6 

Average 
length 

ft. 
250 
100 

50 

The deepest borehole (V.H. 29-80) intersected the Main lode-after passing 
through the South lode-at a depth of 850ft. down dip. This borehole was 
depressed at 80 deg. to test the lode at 1,000ft. down dip, but a survey revealed 
a gradual flattening to 60 deg. at 990 feet.· 

Controls in Ore Localization 
The geological setting of the lode system is interpreted from only fragmentary 

data, and the following discussion of the sequence and controls of ore localization 
is consequently subject to revision as development proceeds. 

On the available evidence, mineralization is considered to be localized along a 
system of south-dipping, sub-parallel, and branching fracture zones which assume 
It similar attitude to relict bedding foliation in the migmatite country-rock. The 
effects of shearing are reflected in one of several ways: 

(a) Zones of granite breccia (of undefined orientation) which are cemented by 
fine-grained granitic material. 

(b) Numerous narrow fracture-partings in the hanging-wall migmatites character­
ized by sericite-muscovite development or replacement by either schistose 
biotite or granular magnetite-pyrite rock. 

• This is the only borehole that has been surveyed, and it is to be understood that 
no allowance has been made for other probable borehole deflections in compiling 
the geological cross-sections and ore-reserve estimates. 
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FIG. 54-CORE SAMPLES FROM BOREHOLES-MOUNT VICT ORIA MIN E 

I-Ty pical s harp contac t of biot i t e - d a v idite lode roc k wi t h granite- mig m a tite­
Ma in lode h a n g in g wa ll ( Bor e VH 28-45 , a t 162 fee t) 

2-Mag n e tite-pyrite vein s a lo n g folia tion o f grani t e- m igm a tite in the ha n g in g w a ll 
( Bore VH 17, a t 150 fee t ) 

3-Cra n i tized breccia ( or p seudobreccia ) in m igm a tite-Contac t of breccia wi t h 
a djace nt mi g m a t ite ( R .H .S . ) is irreg ular b u t s h a rp (Bore VH 11 -70, a t 15 8 
fee t) 

4-Ptyg matica lly fold e d fe ls p ar ve inl e t s in biotiti c mi gmatite ( Bore VH 11 -70 , a t 
175! fee t) 

S-Gra nula r m igma tite c ons is tin g pre dom ina n t ly of biotite a nd s od ie fe ls p a r (Bore 
VH II , a t 123 fee t ) 

6-Qua rtz frag m e nt in g r an itized b reccia m atrix ( Bore VH 2 0 -60 , a t 27 fee t) 
7-Minor foldin g in beddin g fo ha l ion o f m igma t it e-Ma gne tite-p yrite m in era liza t ion 

c rosscuttin g be ddin g a t r igh t e nd o f s p ecim en (Bore VH 11, a t 13 5 fee t ) 
a-Min or fold in g in b e dd in g fo l ia tion of mi g m a tite (Bore VH 2 6 · 4 5 , a t 133 fee t) 
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(c) The biotite-davidite lode formations with internal schistosity and well-defined 
fracture-plane walls_ 

The lineation of the slickensides in fracture planes throughout the area indicates 
slippage down dip (normal faulting) which, perhaps significantly, corresponds with 
the pitch of mineralization. 

The mineralogy and texture of the lode rock is strongly suggestive of granitic 
parentage. The gangue of intergrown biotite and apatite, with disseminated mona­
zite and orthite, exhibit replacement phenomena in the nature of a greisen 
produced by pneumatolysis. The validity of this conclusion is supported by the 
presence of coarse and relatively pure davidite in unstressed albite segregations in 
the lode rock, and the ubiquitous occurrenee of davidite in pegmatite in this region 
generally. 

The main uranium-titanium daviditic complexes, and the sulphides, which 
partially or completely replace the biotitic lode rock, were clearly introduced by 
successive waves of mineralization under conditions grading from the pneumatolytic 
to the hydrothermal stage. 

A small body of aplitic granite appears to crosscut the Main lode in the surface 
outcrop, and although no other similar bodies were revealed by boring, development 
may prove the presence of post-mineralization granitic intrusions. 

Grade Analysil 
'Phe evaluation of grade of the orebodies has been wholly dependent on assays 

of diamond-drill core, supported by radiometric borehole logging and a limited 
amount of bulk sampling. Details of the sampling methods used, and the order and 
reliability of the results obtained, are summarized below. 

Outcrop Sampling 

In the early stag-es of the investigation a suite of eight chip samples taken from 
regular intervals along the lode outcrops assayed from 3'6 to 11'0 lb. U3 0 S per 
long ton (R. K. Pitman, 1954(a». 

Assays of Drill Core 

Diamond drilling has provided a highly satisfactory method of grade evaluation. 

Core recovery of the lode rock has, in general, been greater than 95 per cent, 
and there is no significant loss of the ore mineral which is firmly fixed in the 
biotitic matrix of the lode rock. Selected portions of the bore cores, including 
all lode rock, have been split and suitably subdivided into fractions for assay. 

The overall grade of the four separate orehodies or branches, weighted by 
length of core, have been calculated from drill-core assays and are as follows: 

Main lode.. .. .. .. 6·95 lb. UgOS per long ton (0·31 per cent) 
South lode .. .. 5·2 lb. UgOS per long ton (0·23 per cent) 
Central lode .. .. .. 4·541b. UgOS per long ton (0.20 per cent) 
Buried lodes.. .. .. 2·9 lb. UgOS per long ton (0·13 per cent) 

The grades of individual samples lie mostly within the range of 4'0 to 7-0 lb., 
up to a maximulll of 12·81b. (bore V.H. 7-70). The estimated figure of 6·95Ib. 
for the Main lode is weighted over a total length of 151·47ft. of core samples, 
but much less data is available for the subordinate lodes. As the boreholes are 
symmetrically placed, areas of influence are approximately equal, except that 
there is a somewhat closer spacing in the upper portions of the lodes. 

The consistency of grade of the drill-core samples suggests that the core assnys 
may be accepted as a reliable indication of the grade of this deposit. 
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Radiometric BOfiehole Logging 

Each borehole has been radiometrically logged soon after completion, and the 
results expressed graphically on the geological cross-section (see fig. 55). 

The calibration figure applied to the ore of this deposit is the same as that used 
at Radium Hill, namely, 1,800 counts per minute is equivalent to lIb. uranium 
oxide per long ton. The background reading is of the order of 300 counts per 
minute. 

All anomalies in the graphs can be directly related to davidite mineralization 
observed in the core samples, and the lode widths and grades determined by these 
investigations correspond very closely to those obtained by drill-core assays. 

Bulk Sample 
A 37 -ton ore parcel raised from 20 to 40ft. in the only mine opening at No. 1 

incline shaft, on the eastern outcrop of the Main lode, was prepared for assay 
by the Metallurgical Branch. The grade was established by chemical assay to be 
6'31b of U3 0 S per long ton. 

Ore R'eserves 
The following estimates of ore reserves based on diamond drilling refer to the 

orebodies of the Main, South, and Central lodes (Main lode system), and two small 
lower-grade lenses in the hanging wall that are not exposed at the surface. The 
estimates are based on cross-sections drawn normal to the lode dip at 50-ft. intervals 
(35ft. vertically) using the maximum lode width obtained from the nearest borehole 
intersection, and applying a conversion factor of 12 cub. ft. per ton. 

Definitions 
The term "prohahle ore" is used to define a conservative interpretation of all 

known borehole facts, but assumes continuity of mineralization between the seven 
main grid-lines (150W to 450W). It does not take into account the possible 
presence of later-crosscutting granitic bodies. Reserves of these specifications 
apply only to the Main lode, where sufficient factual data is available to permit 
a reasonahly accurate three-dimensional definition of the orebody. 

The terlll "possible ore" is applied to additional potential reserves apparent from 
a more liberal interpretation of available data relating to the Main lode. The 
several hanging-wall lodes (Central lode and South limb-South lode) are also 
placed in this category because of insufficiency of information concerning them. 

Tabulation of Ore Reserves· 
* These figures arc extracted from detailed reports filed in the Security Registry of the 

Department of Mines 

Probable ore Possible are 
Tons Grade rrons Grade 

(lb. U,O.) (lb. U,O.) 

{MinOr R.L. 640-430 ........ ,., 7,900} 2,400} 
Main lode Bodies R.L_ 360-290 ........... 2,000 6-95 4,300 Assume 5-0 

Main body .................... 58,000 12,800 

Central lode ........................ " .... - - 5,600 4-54 

{Minon,pp", Iiody ............ 

I 
- - 3,100 

South lode (Below R.L. 60.5) Lower ....... - - 1,700 
5'2 

South limb Main body (above R.L. 780) ... i - - 10,100 
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Total probable ore reserves = 67,900 tons (Main lode) of grade of 6·95 lb. 
(0'31 per cent) UaOs. 

Total possible ore reserves = 40,000 tons of approximate overall grade of 5·0 lb. 
(0·22 per cent) UaOs. 

Total reserves (all categories)=107,900 long tons of approximate overall grade 
of 6·0 lb. (0'27 per cent UaOs' 

The probable reserves of the Main lode represent 90 to 100 tons per inclined 
foot of lode depth. 

OTHER SIGNIFICANT URANIUM DEPOSITS 
Spring Hill Uranium Prospect 

Location :-On the northern slopes of Spring Hill, in T.oweroo bore paddock, 
Glanorchy station, and approximately 12 miles NNW. by rough track from 
Glanorchy homestead. Out of counties, North-Eastern division. 

Introduction 

'rhe uranium prospect at Spring Hill was discovered by a private prospector, 
Mrs. M. E. J. Talbot, in November, 1953. A preliminary geological report on the 
deposit was submitted in April, 1954 (King, 1954(c», in which recommendations 
were made for further testing of the deposit by diamond drilling. A uranium 
discovery reward was subsequently granted to Mrs. Talbot by the Government. 

Surface Geology 
Spring Hill is an outlier of Archaean rocks along the northwestern margin of 

the Pllimbago-Glenorchy ranges, where they terminate against the southern 
boundary of the Lake Frome Plains (plate I). A few miles to the west, Proterozoic 
Adelaide System rocks unconformably overlie the basement to form the Toolaby 
Hills. 

The Archaean rocks in the mineralized area are dominantly metasedimentary 
micaceous schists and gneiss'es, locally intruded or replaced by small isolated bodies 
of pale-pink leucogranite and related pegmatite dykes. Bedding in the metasedi­
ments can be observed in places striking east-west, with a steep northerly dip, but 
generally the bedding is obliterated by a superimposed foliation caused by regional 
shearing. The shear foliation (or schistosity) trends in a variable NNE.-NE. 
diredion and dips at a steep angle to the northwest. The granitic rocks are also 
somewhat affected by shearing. 

Davidite mineralization is localized in highly fractured hybrid granite and 
granitized metasediments' which are unusually deeply weathered and distinctive in 
outcrop due to a superficial staining of yellow-brown iron oxides (see fig. 59). 
The uranium mineral is found mainly within an area of ~ acre, wherein the 
mineralized outcrops and individual veinlets are distributed with no apparent 
regularity. Narrow and isolated veinlets of davidite were also observed 150ft. west 
of the main exposures and there are local points of abnormal radioactivity in 
coarse biotite clots over a wide area surrounding the deposit. 

The davidite occupies fissures which appear to have formed by partial brecciation 
during shearing, and less commonly it is found in joint planes. The deposit is 
considered to be of the pegmatitic-pneumatolytic type, deposited from highly mobile 
mineralizing solutions or gases at a late stage of granite emplacement or granitiza­
tion. 

are Mineral and Association 

The ore mineral is grey metallic daviditic ilmenite, superficially stained with (9) 
carnotite, occurring in the form of coarse-grained aggregates associated with bronze 
biotite in irregular veinlets and segregations measuring up to several inches in width. 
At one place (co-Ol'ds 190N-390W) the davidite is present as pseudocrystalline 
forms in a pegmatitic quartz vein. 
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A chemical assay of hand-picked daviditic ilmenite from the main outcrop showed 
6·9 per cent 030S (see table II, page 53). 

Clusters of small yellow grains of thoro-brannerite were found associated with 
rutile and davidite in borehole samples. 

Diamond Drilling 
Folll' diamond-drill holes were put down to test the main area of mineralization 

to vertical depths ranging up to 100 feet. 

In the absence of any regular surface structure, the initial boreholes Nos. S.H.1 
and S.H.2 were designed on the assumption that the mineralization is steeply 
dipping, concordant with the enclosing metasedimentary rocks. These holes inter­
sected only barren granite. Two additional boreholes, No. S.H.3 and S.H.4, were 
subsequently drilled on the assumption of a shallow pitch to the south or east 
and each disclosed some mineralization. 

The location of borehole sites are indicated on the surface plan (fig. 57), and 
cross-sections along the boreholes are shown on fig. 58. 
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Ore Reserves lind G-rade 

The urea of importance as a uranium prospect is roughly triangular in ground 
plan, coYering 11,000 sq. ft., bounded by co-ords. 385N : 250W, 300N : 120W, and 
215N : 250\V (fig. 57). Here the uranium-bearing rocks comprise 10 separate 
outcrops, each of the order of 150 to 200 sq. ft. in surface area and amounting 
to 20 per cent of the total area. The remainder is largely covered by alluvium. 
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As a preliminary indication of the grade of the deposit, chemical samples were 
cut from the largest exposure of the mineralized rock. Repeat samples, each of 
approximately 10 lb. weight, ranged in grade from 4 to 10 lb. (0·045-0·45 per eent) 
UaOs per ton. The considerable variation of the assay results illustrates the 
ullI"eliability of small-scale surface sampling in this type of deposit. 

Additional information on tonnage and grade provided by the diamond drilling 
is summarized in table VII. 

I 
Bore No. I 

I 

S.H. 1 .... ,. 

S.H.2 ...... 

S.H. 3 ... , .. 

S.H.4 ..... . I 

I 

TABLE VII 

SUMMARY OF DIAMOND·DRILLING RESULTS 

Spring Hill Uranium Prospect 

Borehole Ore intersections 
depth 

From To Radiometric 

Grade 

\ 
Chemical 

ft. ft. in. ft. in. lb. U 30s/long toni lb. U 30s/long ton 
200 Nil 

100 Nil - I -
SO 0 0 4 0 1·6 1·5 

4 0 5 0 9·2 S·7 
5 0 9 0 l·S l·S 
9 0 10 2 7·6 7·4 

10 2 17 0 2·4- 2·1 

Overall 17ft. at 2·6 lb. U 30. per ton 
(chemical) 

140 95 6 96 4 2·0 -
96 4- 99 4 - -
99 4- 100 10 - -

100 10 103 6 - -
103 6 103 10 - -

Overall Sft. 4in. at 1·4- lb. U 30. per ton 
(radiometric) 

The drilling results indicate that the mineralization is fiat-lying and sporadic 
with the deposit underlain at shallow depth by an extensive body of barren granite. 
The shallow pitch-which is to the southeast at an angle of '5·15 deg.-accounts 
for the apparent lack of structure in the surface exposures. 

The tonnage available for open-cut excavation would be of the order of 1,000 
tons of about 7 lb. (0·3 per cent) grade. 

Mindamereeka Hill Uranium Prospect 
Location :-The deposit lies on the southern slopes of a steep hill neM Minda­

mereeka trig, H miles NE. of Plumbago head station, and approximately 4 miles 
ESE. of the Department of Mines camp at Crocker Well. There is a graded 
track from Plumbago station to within a few hundred yards of the prospect. Out 
of counties, N orth-Eastern division. 

Introduction 

The uranium prospect was found by one of the authors (B. Campana) and 
H. E. Campana (Departmental Prospector), during the regional geological and 
radioactivity survey of the Archaean rocks near Plumbago station. A preliminary 
repo:·t on the deposit was· submitted on 21st Augnst, ]953 (Campana, 1953(1'»). 



FIG. 59-SPRING HILL 
URANIUM PROSPECT 

G e n e r a l view of th e m a in 
mine r a lized a r ea-Out ­
c rop rich in davidite ( d, 

in le ft foreg round 

FIG. 60-MINDAMEREE KA HILL 
URAN IUM PROSPE CT 

Bo rin g plant s ite P .P . I.-Peg mark s m a in 
area of r a dioac tivity , a nd b o r e h o le colla r 

is indica t e d b y a s h o ve l 

'1'0 Int'f JIUfl1' 8:! I 

FIG. 61-MINDAMEREEKA HILL URANIUM PROSPECT 
Photomicro g r a ph s howing d a vidite ( D ) enclosed in tita nHe rou s m agn e­
tite (M) of s iliceous z one in p eg m a tite-Speci m e n from dia mond - d"ill 

hol e P .P .1., a t 41 fee t 

----------------



83 

Abnormal radioactivity is restricted to an outcrop of massive granitic rocks 
measuring 100ft. square. Secondary uranium minerals are commonly found as a 
staining on the under surfaces of exfoliated slabs of weathered rock. These indica­
tiom; were regarded as sufficient justification to test the uranium values of the 
unweathered rock in depth, and an exploratory diamond-drill hole (P.P.1) was 
sunk into the outcrop to obtain representative samples for grade evaluation of the 
deposit. 

Surface Geology 
The area mapped in detail (fig. 62) measures 200ft. (E.-W.) by 150ft., aIld 

largely comprises an isolated prominent exposure of massive granite and granite­
pegmatite with bare exfoliated surfaces, and containing xenolithic remnants of 
partly granitized amphibolitic quartzite. The outcrops are surrounded by thick 
houlder-scree material (fig. 60). 

The dominant granitic rock is a fine-grained sodic leucogranite, unusually low 
in biotite content and generally consistent in appearance and composition through­
out the area of outcrop. Jointing is developed strongly in places, usually in a 
regular pattern formed by the intersection of vertical joints directed 100 N. and 
1000 N. 

Coarse-grained felspar-quartz pegmatitic apophyses and veinlets, some carrying 
clots of coarse biotite and magnetite, are of widespread occurrence, intersecting 
mainly the leucogranites and also the metasediment xenoliths. The pegmatites 
commonly follow joint fractures in the leucogranite, and in a general way their 
orientation conforms to that of the major jointing directions; their emplacement was 
therefore subsequent to the consolidation of the leucogranite. 

The uraniferous mineralization is associated with the pegmatites. 

The Chief Mineralogist and Petrologist (A. W. G. Whittle) examined samples 
of the major rock types obtained from borehole P.P.1, (Pet. Lab. Rep. 41/53) 
and reports as follows: 

, 'A typically banded specimen of epidote-actinolite gneiss WlUI taken at 123ft. It is 
a fined-grained gneiss consisting of quartz, albite, diopside, and garnet. The diopside is 
variously uralitized to actinolite. Albite is the major rock constituent and it includes 
an abundance of finer rounded embayed quartz grains. Actinolite is spread through the 
rock [1S coarse flakes intergrown with equally coarse epidote. Sphene is small in size, 
hut euhedral and very abundant. There are many large apatites. 

"Leucogranite from 55ft. is a fine evenly granular quartz-albitite composed largely 
of subhedral albite and very fine granular quartz. Ultrafine muscovite is closely associ­
ated with albite, whereas apatite is abundant amongst the quartz. Another specimen 
from 92ft. is composed largely of micro cline, perthite, and quartz, with subordinate 
albite. Accessory minerals are abundant and include sphene, apatite, ehloritized biotite, 
and opaque mineral. 

"Pegmatite from 19ft. consists essentially of very coarse subhedral microcline and 
perthite, both of which include minute albite crystals in small total amount as inclusions. 
Quartz is largely interstitial to fclspar and is in the form of fine granules of irregular 
shape. Large brown biotites are prominent and these carry many coarsely crystalline 
apatites as inclusions. 

"These examinations indicate that the granitic rocks are partly primary intrusives, as 
for example the sample from 19ft., but are mainly of metasomatic origin and result from 
the albitization of country-rOCk rich in quartz-probably quartzite--and containing 
enough calcareous and ferromagnesian impurity to produce epidote, diopside, actinolite, 
etc., in the rocks at certain horizons." 

Uranium Minerals 

The uranium mineralization is a disseminated pegmatitic type, confined mainly 
to the borders of pegmatitic apophyses, particularly in association with seg'l'ega­
tions and veinlets of quartz. 
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The primary uranium mineral, davidite, in granular form, is found in out­
cropping siliceous pegmatite at one place (co-oTds 155N : 230W). Metatorbernite 
is associatcd with biotite in pegmatite at co-ordinates 153N : 265W, and in many 
otheT portions of the outcrop ther-c is abnormal radioactivity due to stains of 
uranophane (and 'carnotite) beneath weathered and exfoliated surfaces of the 
pegmatite. 

The radioactive constituent of frcsh pegmatitic rock obtained from boring was 
determined as davidite by Whittle. He reports as follows (Pet. Lab. Rep. 41/53) : 

"The active mineral is found in a strongly quartzitic portion of core between 40 and 
43ft. Quartz is intergrown with an abundance of black biotite in irregular bands or 
segregations. Titaniferous magnetite, brown in incident light, is most plentifully 
disseminated through the quartz, particularly in the biotite portions where it is inter· 
grown with biotite. 

"The radioactive mineral is a form of davidite occurring as minute grains CO·lmm. 
size) enclosed within the magnetite crystals (see fig. 61). Ultrafine pyrite is usually 
found associated with the davidite and often forms a contact zone between davidite 
and the enclosing magnetite. The davidite is a mineral of high reflectance; it is isotropic 
and has a density within the range 3·9·4·5. More precise data is indeterminable because 
of the minute size of the grains." 

Diamond Drilling 
An exploratory diamond-drill borehole No. P.P.l (serial No. D.D. 93/53) was 

sunk beneath the outcrop as a means of obtaining unweathered samples of the 
uranif.erous granitic rocks. 

The bore collar is located at the only suitably accessible point in the area at 
co-ordinates 130N :162W (R.L.985.8) and directed 60° W. of N. at 10 deg. depres­
sion for a distance of 150 ft. (fig. 62). The primary target of the hole was to inter­
sect the highly radioactive rock in the vicinity of co-ordinates 150N :200W (R.L. 
993.0), which it did at a distance of 43ft., and at a depth of 17ft. beneath the 
natural suI"face (fig. 62). 

The geological log of the core is as follows: 
ft. in. ft. in. 

o 0 - 12 0 
12 0 - 13 6 
13 6 - 32 0 
32 0 - 32 9 
32 9 - 40 6 
40 6 - 43 0 
43 0 - 55 6 
55 6 - 58 0 
58 0 - 63 2 
63 2 - 80 0 
80 0 - 96 0 
96 0 138 0 

138 0 - 150 0 

Pale-coloured felspar-quartz pegmatite. 
Fine-grained leucogranite. 
Felspar·quartz pegmatite; with coarse biotite clots. 
Fine-grained leucogranite. 
Felspar-quartz pegmatite; with coarse biotite clots. 
Quartzose pegmatite. 
Pale-coloured felspar-quartz pegmatite. 
Epidote-quartz-biotite gneiss-migmatite. 
Pale-coloured felspar-quartz pegmatite. 
Coarse felspar-quartz pegmatite i with biotite clots. 
Fine-grained leucogranite-massIve. 
Epidotized gneiss and epidote-quartzite. 
Amphibolitic epidote-quartzites-pegmatized. 

Assays 
No surface sampling was undertaken due to the secondary nature of the super­

ficial minerals, but the core from borehole P.P.1. provided representative and 
reliable material for assay purposes. 

The shallow angle of inclination of the borehole prevented the usual practice of 
probing the hole by portable borehole radiometric logging equipment, and the 
selection of samples for assay was based upon the results of a radiometric core­
log prepared in the laboratory by the Analytical Section. The results of this 
examination, shown graphically in fig. 62, indicates significant anomalies between 
depths of 37 to 85ft., and particularly high counts at approximately 42ft., i.e., 
vertically below the highly radioactive outcrop at co-ordinates 150N :200W. 

All significant radioactive portions of the core were sampled for radiometric 
assay, and results aTe tabulated below. 
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Footage 
ft. in. ft. in. 
37 0 - 38 6 
38 6 - 42 6 
57 6 - 60 0 
60 0 - 61 6 
61 6 - 66 0 
66 0 - 67 6 
67 6 - 71 0 
71 0 - 81 0 
81 0 - 84 6 
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BOREHOLE P.P. 
Radiometric assays 

(UsOs) 
lb./long ton per cent 

0·6 0·025 
3·8 0·17 
2·0 0·09 
1·6 0·07 
2·5 o·n 
0·9 0·04 
0·5 0·02 
1·3 0·06 
0·1 0·005 

The weighted average UsOs content of the total 32·5ft. of rock assayed is 
1·5Ib./long ton (0·07 per cent). On the basis of radiometric core-log, the 
remainder of the core (118ft.) can be regarded as carrying no uranium values. 

Windamerta North Uranium Prospect 
Location :-On a granitic ridge H miles SE. of Glenorc.hy homestead and 1! 

miles W. of Windamerta Hill. Access from the Department of Mines camp a' 
Crocker Well is by station track to Victoria Hut out-station. From this point a 
poor track leads northerly into the p,,",ospect, the distance from the camp being 
about 9 miles. Out of counties, No,·th-Eastern division. 

1 ntrodu.ction 
Radioactive minerals were discovered near Windamerta Hill (B. Campana) in 

the course of regional geological mapping of the Glenorchy military sheet. A 
preliminary report describes the new uranium occurrences, and indicates the need 
for an economic appraisal of the prospect. 

Subsequent airborne scintillation surveys failed to locate any anomalies in the 
prospect area. Examination was continued by ground geological sur\-ey and 
diamond drilling but no significant mineralization was disclosed. 

Surface Geology 
The Archaean rocks in this locality consist largely of irregular bodies of granite 

and pegmatite, which intrude metasediments. The metamorphic rocks consist 
mainly of amphibole-epidote-quartzites, sillimanite-biotite schists and granitic gneiss. 
Uranium mineralization is confined to a jointed granite and to biotite mica schists. 

The mica schists grade through migmatite to mica diorite, depending on the 
intensity of shearing and felspathization, but are shown as a unit on the plan 
(fig. 63). The strongest radioactivity is found in a highly sheared mica schist, 
over a strike length of 20ft. and a width of 6ft. Weakly mineralized extensions 
of the sheared zone are observed over a distance of 200ft. Samples of the 
radioactive schists were examined by Whittle who reported as follows: 

"This is a quartz-felspar-chlorite schist in which albiclase is dominant. Magnetite and 
apatite are abundant. A little secondary uranium mineral occurs as 0·05mm. ovoids in 
chlorite aggregates. Another sample carries bright-yellow encrustations along schistosity 
surfaces which consist of finely fibrous masses of uranophane." 

In the jointed granite, uranophane is found sporadically in joints and other 
irregular fractures as stains and coatings. ·Whittle described the granite as 

follows: 
"This is a fine- to medium-grained xenomorphic granular rock of a composition near 

to adamellite. Its content of albite is near the sum of micro cline, perthite, and ortho­
clase. The rock is considerably fractured but otherwise structureless. It is rich in biotite 
which occurs in scattered aggregates, or as fine flakes in rock fractures. Uranophane and 
gummite (respectively yellow and orange) occur in fractures and among biotite .aggre­
gates. No primary uranium mineral is present hut secondary mineral is abundant." 



FIG. 63-WINDAMERTA NORTH URANIUM PROSPECT 
Geological plan 
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Radioactivity 
In the jointed granite, the general scintillometer background count is 100 c.p.s., 

though limited areas of uranophane in joint planes give readings of 500 to 600 
c.p.s. Selected samples of uranophane-bearing material from surface exposures 
limited to 1 or 2ft. diameter assay less then 2'0 lb. Us Os per ton. 

Significant radioactivity in the mica schist is confined to a small zone where 
counts of 1,000 per second are obtained at the outcrop. A sample taken across a 
width of 6ft. of this radioactive zone assayed 6'5 lb. U 3 Os per ton. 

Diamond Drilling 
No diamond drilling was considered warranted in the jointed granite, but holes 

were drilled to test the schist zone at depths of 35 and 50ft. below the outcrop. 

Borehole No. W.N. 1, depressed 30 deg. on a northerly course, cut schist material 
from 44ft lOin. to 61ft. 4in. No uranium minerals were detected in the core, and 
only slight mdioactivity was recorded, from 56 to 59Ht. The hole was stopped at 
94ft. 7 inches. 

Borehole No. W.N. 2 was drilled in a northwest direction, depressed 40 deg. 
from the same site as No.1 hole. It was planned to cut the same shear 50ft. west 
from the first intersection. No radioactivity was detected in the core, nor was 
any schist disclosed. The hole was completely at 118ft. 7 inches. 

Windamerta South Uranium Prospect 

Location:-On the south slope of a prominent outcrop about 1~ miles southeast 
of Glenorchy homesteadj it lies about ~ mile SW. of the Windamerta North 
Prospect, and can be reached by a poor track leading northwest from Victoria Hut 
out-station. Out of .counties, North-Eastern division. 

Introduction 
Radioactivity was discovered at the Windamerta South locality in 1953, during 

regional mapping in the district. A report (Campana, 1953 (b») describes the 
occurrence and recommends closer examination. 

Surface mapping of the radioactive deposits, together with outcrop sampling, 
was undertaken shortly afterwards. Assays of samples from several localities 
ranged from 1·2 to 7·2 lb. UROS per ton. Diamond drilling was planned to test the 
shear zone at moderate depth, results of this testing being given below. 

Geology 
The area surrounding tbe deposits consists of irregular bodies of granite-and 

their later pegmatitic phases-intruding altered sediments now represented by 
amphibolitic quartzites, biotite-muscovite-sericite schists and complex migmatites. 

In the area mapped in detail (fig. 64) the oldest rocks of the complex consist 
of metasediments and migmatites invaded by leucogranite. Mineralization occurs 
at irregular intervals along a narrow east-west shear zone extending for 500ft. 
parallel to well-developed jointing and lineations in these host rocks. A prominent 
dyke-like body of later coarse porhyritic granite transgresses the migmatites and the 
mineralized zone. 

Surface rocks were described by A. "-IV. G. Whittle as follows: 
"Coarse porphyritic transgressive granite. This is a biotite granite of normal potash. 

rich composition consisting of microcline and perthite (with poikilitic quartz), albite, 
aggregates of biotite, muscovite, and pleochroic zircon. 

"Mineralized shear rock. This is a quartz·felspar·biotite gneiss rich in albiclase. 
Apatite and magnetite are abundant. Ill·defined lit·par·lit injections of granodiorite 
material occur in the rock. Fluorite is abundant. Uranophane and gummite occur 
in considerable amount along fractures in the rock. Secondary calcite occurs in 
small amount. 
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"Highly radioactive sample. The host rock is fine·grained quartz·felspar-biotite schist. 
Numerous minute grains of limonitic opaque minerals which may be altered primary 
uranium minerals. The radioactive mineral present is related to uranophane, namely, 
beta-uranotil, and occurs as minute grains and fibrous clusters." 

Mineralization appears to be associated with pegmatites which are related to 
the older leucogranite. Later granitic intrusions along with broken weathered 
outcrops and talus areas make geological interpretation difficult. 

Diamond Drilling 

Boreholes Nos. W.S.1 and W.S.3 were drilled to intersect radioactive "highs" 
at vertical depths of 40 and 25ft. respectively. Slight radioactivity only was 
detected in the first hole, in a zone of migmatite from 38 to 54ft. The remainder 
of the core was granite. Hole No. W.S.3 cut granite only, in the total depth of 
100ft. 9 inches. 

Borehole No. W.S.2 (depressed 45 deg.) was located to intersect the eastern end 
of a radioactive shear outcrop between the depths of 30 and 80ft. An outcrop 
sampled assayed 1·21b Da Os per ton, but examination of the core revealed slight 
radioactivity only at 60ft., but at 129ft. a small slug of highly radioactive black 
mineral was recovered. The Chief Mineralogist reported as follows: 

, 'The core consists of two rock types. One end of the sample is of fine even·grained 
albiclase·quartz-biotite gneiss containing apatite, magnetite, and pyrite as small grains. 
It contains very little radioactive material. 

"The other end is a coarse· grained granodiorite crosscutting the foliation of the 
finer· grained gneiss. Pyrite grains 1cm. wide, containing a little chalcopyrite, are 
abundant in the grandiorite. A primary radioactive mineral is located ill fine fractures 
in pyrite or in biotite· filled fractures in the host rock. It is dark grey in reflected light, 
and has a fine· grained colloform texture. Positive identification of the mineral is difficult 
because of its fine texture. It is isotropic, reacts to nitric acid, and is probably 
pitchblende. " 

This borehole was completed at 158ft. 7in. in granite. No core samples were 
assayed, and no further testing undertaken. 

Jagged Rocks Uranium Prospect 

Location :-.Abot~t 2~ miles NNW. of Glenorchy homestead, from which it can be 
reached by a fair track. Out of counties, North-Eastern div·ision. 

Introduction 
Davidite was discovered by a departmental prospector (T. Amtmanis) while 

testing Archaean rocks exposed in the Glenorchy area. Mineralization was found to 
be confined to two small outcrops separated by a wide expanse of alluvium. 
Diamond drilling was designed to test the possibility of finding a concealed 
orebody. 

Geology 
The prospect area is composed of Archaean metasediments represented by fels­

pathized quartz schists and granitoid rocks consisting of pegmatitic granite, mica 
diorities, and later pegmatites. Felspathization and assimilation of the metasedi­
ments has formed ·dark biotite-rich migmatites characterized by coarse-grained 
grey felspar. Radioactivity is confined to these migmatites in two snrface outcrops, 
separated by l,200ft. of alluvial flat. Davidite in small nodular disseminations, 
partly replacing fine granular intergrowths of rutile and hematite, is the radio­
active mineral. 

The davidite-bearing migmatites occur along the same line of strike and their 
petrographic similarity suggested an extension below the alluvial area. 
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Diamond Drilling 

Diamond drilling, totalling 641ft. in three holes, failed to prove any significant 
body of uranium mineralization below the alluvial area. 

Boreholes Nos. 1 and 2 were located on the eastern outcrop while No.3 was 
drilled below the eastern area of radioactivity. 

Borehole No. I-depressed 35 deg. S.-was planned to cut the vertical pro­
jection of a radioactive high at a depth of 40ft. A weakly radioactive intersection 
from 33} to 40;lft., not correlated with thc outcrop occurrcnces, was confirmed by 
radiometric logging, calculated grades of U3 0 g being 4'5 lb. per ton (34-35ft.) and 
3'01b per ton (38-39ft.). The remainder of the hole was not abnormally radio­
active. 

Borehole No.2-depressed 30 deg. on a bearing S. 60° W.-was planned to test 
along the strike of the radioactive zone extending westerly from the outcrop. Core 
examination disclosed davidite at 172ft. and from 245ft. 6in. to 248ft. 5in., grades 
calculated from radiometric probing being 3.5 lb. Us Os per ton at each point. 

Borehole No.3 was depressed 45 deg. on a bearing N. 16°W. to intersect the 
downward projection of a highly radioactive outcrop at a vertical depth of 30ft. 
No mineralization was detected either in the core, or by radiometric probing. 

Results 
In the eastern outcrop a small tonnage of mineralized ground was discovered 

comprising the main radioactive outcrop and the intersection in borehole No.1. 
No downward extensions were disclosed by diamond drilling. 

It was concluded that this prospect is too small to justify any further drilling. 
However, it is considered that the wide expanse of alluvium should be tested 
for concealed deposits by geophysical methods. 

Copper-Cobalt-Tungsten Mineral Deposits 
INTRODUCTION 

Copper is the most common of the metallic minerals found in the basement 
rocks, and cobalt and tungsten are locally of some interest. Practically all payable 
copper and cobalt production has come from secondarily enriched zones and there 
are no known cases where primary sulphide deposits are of consistent or overall 
workable grade. The presence of small l'ich supergene concentrations is evidently 
a result of prolonged regional stability under arid conditions, throughout the 
Quaternary Period, as demonstrated by the coincidence of water-level with the 
boundary of supergene and sulphide ore in many of the old mine workings. 

The locations of the known copper-cobalt and scheelite occurrences and mining 
areas in relation to the broader geological subdivisions are shown in fig. 65. 

Production figures from the various small mines and prospects are incomplete 
owing to the lack of early systematic records. 

On the ·evidence of the present study, none of the old mining fields or new 
discoveries of metalliferous deposits justify further development, but the additional 
data has led to a number of conclusions on metallogeny and mineralization controls 
which should materially assist in the future search for minerals. 

MINERALIZATION CONTROLS 
At an early stage in the regional geological study of the area it became apparent 

that many of the copper deposits of the crystalline basement formations are 
localized within particular metasedimentary horizons characterized by a compara­
tively high lime content (Campana, 1953(8». In due course the real significance 
of this relationship was established beyond any doubt and was successfully applied 
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in the search for further mineral deposits. It has now become a well-established 
feature that cobalt and scheelite mineralization of the replacement type has also 
favoured particularly the lime-bearing sediments which are so characteristic of the 
Ethiudna Group of the Archaean sediments previously described. 

The detailed account of copper-cobalt-nickel-scheelite deposits in the Ethiudna 
area which is presented in the following pages clearly demonstrates the influence 
of the lime silicate (tremolite-diopside rock) and calcareous quartzite beds in pre­
cipitating these minerals from the ore-bearing solutions. Reference is also made to 
the cobalt deposits at Mount Howden and scheelite at Old Boolcoomata, both of 
which are in altered limestones at the same stratigraphic level. Minor copper-gold 
showings at the Woman in White mine and Putt Well are typical of the many 
deposits found following the strike of epidote-actinolite quartzite beds, and the 
cobaltiferous copper deposits at Dome Rock are also truly replacement bodies in 
quartzite and slate of the Ethiudna Group. Several examples of copper mineral­
ization in bedded iron formations at a somewhat higher stratigraphic level have 
been observed; these are interbedded with weakly calcareous (epidotic) sediments. 
Here again the calcareous environment appears to have largely influenced' the 
precipitation of the copper minerals. 

A Humber of cupriferous deposits occur in amphibolite rocks. Some of these 
amphibolites arc unquestionably of sedimentary parentage and could be high-grade 
variants of the Ethiudna Group rocks. The massive pyrite-chalcopyrite lodes at 
the Mutooroo mines, for example, follow the strike of amphibolites which are 
believed to be of sedimentary origin because of their great continuity, constancy 
of thickness, and absolute parallelism with the structural lines of the country-rocks. 
The probability that the sulphides are localized along strike faults is strongly sug­
gested by a replacement breccia structure peculiar to the lode rock in these 
orebodies. 

It is also significant that large deposits of barite and baritic iron ore, accom­
panied by feeble copper metallization, are present at intervals along a strati­
graphically conformable horizon within the Ethiudna Group extending from 
Weekeroo (Walparuta barite mines) through Ameroo Hill (Out. 38 and 47) and 
Old Boolcoomata (Mount Mulga barite-copper mine) to near Meningie Well 
(Out. 91) and Dome Rock (Dome Rock barite mine). In these deposits there is 
striking evidence in the form of relict bedding structures to indicate that barite 
deposition involved partial or complete replacement of sedimentary layers, princi­
pally quartzites (Dickinson, 1950). A genetic relationship of the barite and copper 
deposition of the same general replacement type is evidenced by the presence of 
copper stainings and sulphides in the barite of all except one (Out. 91) of the 
outcrops. The copper content is too small to make ore, and economic interest 
centres chiefly on the barite. These occurrences are treated in detail below. 

The association of base metal occurrences with altered calcareous horizons is 
also prominent in the Broken Hill district. Near Silverton, for example, silver­
lead and scheelite occurrences are found repeatedly along an amphibolitic formation 
known as the Ettlewood Limestone. This horizon is the stratigraphic equivalent of 
the Broken Hill lode horizon in which the famous silver-lead-zinc deposit occurs 
(Williams, 1952; Thomson, 1952). This evidence gives weight to the conception 
that many of the base-metal deposits of the Archaean rocks in the Olary-Broken 
Hill region may be genetically and stratigraphically related. It is considered 
prohable that a calcareous formation within the Archaean sequence, which may 
laterally vary to some extent in sedimentary and metamorphic characters-provided 
a general control for mineral deposition during granite emplacement or granit­
ization. In the Olary Province this formation is represented by the Ethiudna 
Group, which is tentatively correlated with the Broken Hill Group. 
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METALLIFEROUS DEPOSITS WITH STRATIGRAPHIC CONTROLS 

Copper-Cobalt-Tungsten Deposits in Calc-Silicate Rocks of the Ethiudna Group 

The Ethiudna Mines 
The Etbiudna' base-metal occurrences are situated in a low range of outcropping 

crystalline rocks 2 to 3 miles southeast of Etbiudna Hill and three miles west 
of Mindamereeka Hill, on Plumbago station property. In tbis area there are 
numerous occurrences of copper-cobalt-nickel and graphite deposits which were 
found and worked by prospectors soon after the first pastoral leases were taken 
up. Most of the old workings are located on four mineral claims shown on the 
geological plan (fig. 66). They include the principal mine on Mineral Claim 9726, 
Piper shaft on Claim 9757, and Lookout Hill workings on Claim 9759, and numerous 
shallow prospecting excavations in copper and graphite on Claim 9758. Other 
mineral occurrences were found as a result of the geological investigation, including 
a significant cobalt-nickel prospect at Ethiudna East and widespread scheelite 
mineralization. 

The Ethiudna mine was later known as the New Year Gift mine. 

Stratigraphy 
The importance of stratigraphy in controlling mineral localization at the Ethiudna 

mines was recognized at an early stage of the regional geological work in the area, 
when it was observed that the productive workings are confined to distinctive 
bedded formations consisting of tremolite-diopside-garnet skarn rocks overlain by a 
massive quartzite. 

The calc-silicate rocks and the "hanging-wall" quartzite marker bed are inter­
stratified with a considerable tbickness of well-bedded and highly folded sandstone­
quartzites, epidote-diopside quartzites, remnants of thin dolomitic beds, and mica 
schists-intruded by pegmatitic leucogranite and pegmatite. In places, the sand­
stones grade to albitites and microclinites due to felspathization accompanying 
granite emplacement. This succession is described in detail in Part 1. 

Minemlogy 
The tremolite calc-silicate formation is of particular importance because of the 

widespread occurrences of primary ore minerals as disseminations in the matrix 
of these rocks. The following minerals have been identified, occurring in this way: 

Copper Chalcopyrite. 
Cobalt .. .. " Cobaltite, smaltite, glaucodot, skutterudite. 
Nickel .. .. .. Pentlandite, nickel-skutterudite, violarite. 
l"ead .. .. .. .. Galena (traces). 
Zinc .. .. .. .. Sphalerite (traces). 
Iron .. .. .. .. Pyrite, pyrrhotite, magnetite, arsenopyrite, loellingite. 
Molybdenum.. .. .. Molybdenite (traces). 
Tungsten .. " .. Scheelite. 

The granite and pegmatites intruding the sequence at any level are generally 
uniform in character, being featured by a conspicuous paucity of mafic elements, 
and varying only in grain size from a medium-grained leucogranite to pegmatitic 
granite and pegmatite. 

In some areas extensive granite bosses completely replace metasediments without 
II.ny notable structural disturbance of the intruded beds whereas the smaller 
pegmatitic bodies as a rule follow planes of weakness afforded by bedding, in a 
lit-par-lit pattern concordant with folding (fig. 67). 

Struoture 
The Ethiudna mine area is structurally composed of an anticline which, despite a 

complex history, is clearly recognizable by geometric and stratigraphic criteria. 
Tbe axial strike of the fold is east-west, with an easterly pitch. In the area mapped, 
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both the northern and the southern limbs of the fold are outlined by the mineral­
ized sequence described above, and their respective dips correspond to a normal 
anticline. 

On the north limb there are numerous overturned drag folds which do not 
conform to the general structural pattern of the major folding and are believed 
to have been superimposed during a subsequent orogeny of Early Palaeozoic Age. 
This minor folding particularly affects the tremolite-marble horizons in the area 
of the main mine workings (figs. 66 and 69). Here the mineralized beds are folded 
into three tight and overturned anticlines which have a northeast axial strike, and 
are separated by broader synclinal troughs. The most important productive mines 
on Claims 9726 and 9757 are each located on the northern (or normal) limbs of 
these folds, suggesting that the structural setting may have locally played a role in 
mineral enrichment within the favourable horizons. 

The south limb of the fold is, by contrast, regular in strike and dip through the 
whole of the mapped area, displaced only by two minor faults. 

The lowest beds of the anticlinal core are almost entirely digested by granite 
intrusives. 

Zones of strong shearing with no appreciable displacement intersect the folded 
succession. The major ones are directed NW.-SE. and NE.-SW., and in at 
least one example are intruded by unstressed dolerite dykes. 

Mine Workings 
Mining operations in the Ethiudna area were mainly carried out from 1889 to 

1908, during a period of widespread mineral search in the State. The workings 
were reopened in 1914 and further developed by the New Year Gift Cobalt Nickel 
and Copper Mining Syndicate, N.L., but these enterprises were short-lived with no 
notable economic results. 

There are no reliable records of production from the deposits. It is known, 
however, that the mixed ore raised was not amenable to treatment in local smelters, 
and a parcel of 8 tons shipped to England in 1900 yielded 16 per cent copper and 
4 per cent cobalt. 

The chief productive mines (Mineral Claims 9726 and 9757) are shown on 
the detailed geological plan (fig. 67) and the regional geological plan (fig. 66). 

Details of the mine workings are as follows: 
Main Shaft Area (Mineral Claim 9726)-The deepest workings are located in 

the northwest corner of the block where the mineralized beds are exposed on the 
crest of a closed overturned anticline. Weak copper mineralization is evident at 
the surface in the hanging-wall quartzite of the northern limb, extending in out­
crop for 350ft. in a NE.-SE. direction. 

A shaft known as the Main shaft has been sunk on the underlie down the 
quartzite to a depth of 110ft., following a cupriferous lode 2ft. wide, dipping 
to the north at angles increasing from 45 deg. near the surface to vertical in depth 
(fig. 68). The ore mineral is chrysocolla, associated with traces of secondary 
nickel and cobalt. A typical sample of the lode from near the base of the shaft 
assayed 1'9 per cent copper, 0·12 per cent cobalt, and 0·01 per cent nickel. Diop­
side marble is exposed on the footwall. 

At the western nose of the same fold-structure numerous shallow pits have 
been excavated and backfilled with mullock. Secondary copper ores are abundant 
in the dump material, as well as traces of scheelite. An exploratory diamond­
drill hole (bore No. E.M.L.1) was sunk here by the Department of Mines in 1951. 
After intersecting granite and remnants of the hanging-wall quartzite-containing 
only small amounts of chrysocolla in joint fissures-the borehole penetrated the 
tremolite-marble layers in which were found dispersed grains of primary sulphides, 
chalcopyrite, pyrite, and pyrrhotite. Sulphides and scheelite were found to occur 
similarly in the underlying felspathized sandstones. 
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The Central Workings-These workings are 400ft. southeast of the Main shaft 
and comprise an east-west line of shallow excavations up to 25ft. deep and cxtend­
ing laterally for 200ft. These follow traces of copper developed in the bedding 
planes of thc flaggy sandstones, at a stratigraphic level a few feet above the massive 
hanging-wall quartzite, and along the north-dipping limb of another overturned 
anticline. The ore mineral is chrysocolla, with some cuprite veins and traces of' 
native copper. 
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FIG. 68-ETHIUDNA MINE-MAIN SHAFT 
Geological plan and cross-section 

Eastern Workings-In the southeast cornel' of Minernl Claim 9726, a 40-ft. shaft 
has been sunk on the underlie at 45 deg. to the west in the upper flaggy sand­
stones. It follows a zone of low-grade copper-manganese mineralization of 2ft. 
width. Bunches of cobalt ore were also reported from this mine, particularly in 
the foot\\'all at 20ft. depth where samples assaying 1'0 pel' cent Cu, 0'1 pel' cent 
Ni, and 3'5 per cent Co were taken during this survey. 

At a distance of 60ft. to the west, another shaft was sunk vertically to 25ft., but 
with insufficient depth to cut the mineralized bed. 

Piper Shaft (Mineral Claim 9757)-The workings here known as Piper shaft 
(fig. 70) consist of a shaft sunk vertically to 20ft. and 30ft. on the underlie at 
45 deg. along a copper-cobalt-manganese lode, some 2ft. wide, in the hanging-wall 
quartzite-again on the north limb of a third overturned anticlinal fold. The 
lower 12ft. of the shaft is backfilled with mullock, at the upper level of which, 
drives extend 40ft. to the west and 20ft. to the east. 

The bost-grade ore reported is from the back of the drive adjacent to the shaft, 
and assayed 12·2 per cent Cu, 0·2 per cent Ni, and 0'5 per cent Co. The copper 
ore is chrysocolla associated with psilomelane. Cobalt is consistently present in 
assayed samples, but neither primary cobalt minerals nor cobalt bloom have been 
identified. The cobalt and associated traces of nickel are believed to be mainly 
contained in black earthy segregations as cobalt asbolan. A sample of this 
material from the western extremity of the drive assayed 1'6 pel' cent Cu, 0'3 per 
cent Ni, 0'25 pel' cent Co, and 0·8 pel' cent manganese. 



FIG. 69-ETHIUDNA MINE MAIN SHAFT 
Drag- fold e d tre molite-diop s id e rock in foreground 

FIG . 70-ETHIUDNA MINING AREA-PIPER SHAFT 
Ethiudna Hill in centra l b ack g round 
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Lookout Hill Mine (Mineml Clahn 9759)-A shnft 47ft. deep has been sunk on 
flat-dipping tremolite-vesuvianite-garnet rocks carrying traces of malachite, chryso­
colla and chalcocite. The mineralized formation in this area is surrounded by granite, 
which was also intersected in the lower levels of the shaft. The mine was aban­
doned without any production. 

In another small outcrop of the tremolite rock-distant 1 mile to the west from 
the Lookout Hill mine-small amounts of galena, sphalerite, and chalcopyrite have 
been observed. 

Jll:lleml Claim 9758-Numerolls shallow prospe~t:ng pits ,\"['re sunk into ell! yso­
colJa-graphite vein lets outeropping on this property. Tlwse were the first mineral 
disco"eries in thc district," hut pro"ed to be of no economic significancc. 

StTl!mJ1elW()1'king~-]n the southwestern portion of the area-at 1 mile west 
of the Lookout Hill mine-a shaft wns sunk to approximately 50ft. in sheared 
gl,mite and felspathized sandstones showing malachitc staining. The mineralized 
shear extends 100ft. in a NE.-S \Y. direction, but the ore grade is apparently very 
low. 

At 300ft. southeast of t.he shaft, the basal epidosites of the measured seetion arc 
-exposed as a small outlier surrounded by granite. This outcrop contains dissemin­
ated scheelite with an overall grade of 0'32 per cent tungstic oxide. 

l';thiudll(l East Cobalt lJeposit--This occurren:e was locate(1 in 1953 hy .1. John­
son (Technical Assistant) whilst engaged in a detailed ground survey of the 
mine"alized tremolite-IlHlrblc horizon. 

A t the surface, rich cobaltite, smaltite, and glaucodot disseminations are locally 
found in siliceous bands of the tremolite-marble bcd, with erythrite staining along 
joint fissures. Assoeiated millerals are chalcopyritc, hornite, chalcocite, jeffer­
sonite, andradite, colourless garnet, sphene, and apatite. The same rocks also carry 
small veins of axinite. 

The structural and stratigraphic sctting of the deposit is shown in fig. 71. 
Diamond-cl! ill holes sunk into the tremolite rocks at this deposit revealed that 

weakly disseminated mineralization persists in depth, but with a greater develop­
ment of nickel-hearing- minerals than in the outcrop. Niekeliferous minerals-pent­
landite and violarite-were identified in the core, occurring in close association 
with pyrrhotitp, ehalcopyrite, loelhlg;te, and pyrite. The orc grade is very low. 
A t~'pical s<Ilnple of the co;'c frOI11 38 to 52ft. in bOrl'holl' E.E.C.J (fig. 71) assayed 
'1)·25 per cent copper, 0'001 per cent nickel, and no cobalt. 

Sclteelite is found as a detrital mineral on the snrface and as minute grains 
thronghout the borehole samples. 

A similar occulTence of cobalt-nickel and tungsten minerals is found in the same 
type of rocks J mile to the west of the Ethiudna East Prospect. Minerals identi­
fipd nre glancodot, nickeliferous skutterudite, and seheeIite. 

Ore Localization 
The primary ore minerals are found as interstitial disseminated grains in altered 

limestones, now represented hy tremolite-diopside and marble formations, and to a 
lesser extent in calcareous sandstones altered to epidote-diopside-garnet quartzite. 

Mining was largely restrieted to enrichments of secondary minerals in the 
hanging-wall quartzite and overlying felspathized sandstones. In the main mining 
area, the secondary -enrichment is more commonly found in the normal limbs of 
ovel turned anticlines. 

The writers consider that the primary mineralization is related to the emplacement 
of granite bodies, the deposits being- of the contact-pyrometasomatic type. 

* Plumbago sheep station derives its name from the occurrences of graphite (or 
plumbago) in this area. 
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Mount Howden Cobalt Mine 
The Mount Howden ("Cooke) workings are situated on the northern side of a low 

ridge at 7 miles west of Kalabity station and ! mile west of the Bimba eopper 
mine. 

Following the discovery of the property in about 1890, by prospector G. R. 
Howden, a few tons of high-grade erythrite ore were obtained from the outcrops 
during initial mining operations. In 1900, the field was taken over by thc South 
Australian Cobalt and Nickel Company, and a considerable amount of prospecting 
and development work with limited output was carried out along the strike of the 
ore-bearing horizon. The property was subsequently leased by J. H. Cooke who 
worked it intermittently until 1914, during which time small parcels of hand-dressed 
ore, averaging 14 pCI' cent cobalt and 0·5 per cent nickel, were consigned overseas. 

As shown on the geological plan (fig. 72) the cobalt workings are mainly con­
fincd to a relatively small area in an impure-marble bed 20ft. wide, on the eastern 
limb of a gentle south-pitching anticlinal fold. Secondary copper stainings are 
more widely distributed within the same bed over an exposed strike length of 
1,500 feet. 

An underlying marble bed of similar thickness, and exposures of both heds on the 
western limb of the fold, have been thoroughly prospected by pits without revealing 
any significant copper or cobalt mineralization. Above the marble beds are 
schistose slates grading to chiastolite schists. 

The ore raised mainly comprised secondary concentrations of erythrite and 
earthy cobalt oxides from a 30-ft. underlie shaft (Pump shaft) and adjacent small 
stopes. Grade decreased appreciably at depths of 20-30ft., where only a few 
seams of primary ore, averaging lin. in width, were encountered as fillings in an 
irregular joint system. The ore minerals from this level are cobaltite, smaltite, 
g'ulenu, and chalcopyrite, with coarse calcite gangue. Weakly cobaltiferous pyrite 
is associated with the ore. 

Distl'ibut Con of Scheelite 

The search for scheelite was initiated folluwing the detection of this mineral in 
the Ettlewood Limestones of the Broken Hill district and in trace amounts in the 
Olary Province in the old mining fields at \Vaukaloo, \Viperaminga Hill, and 
Mutooroo, and near Old Boolcoomata (Sprigg, 1952). Subsequent systematic 
prospecting with ultra-violet lamps has revealed several other occurrences as dis­
seminated replacements in the lime· silicate beds of the Ethiudna Group, and large 
areas of promising country remain virtually untested. 

The most encouraging tungsten deposit found to date is the Old Boolcoomata 
Scheelite Prospect located 2 miles southeast of the station homestead. Here scheelite 
occurs as disseminations in former bedding laminae along with fluorite and pyrite 
in outcropping remnants of an actinolite-epidote-garnet marble over a NE.-SW. 
strike length of some 2,500ft. (Peterson, 1955). The mineralized skarn is inter­
bedded with carphosiderite which has been mined locally for use in pigment manu­
facture (Solomon, 1952) and is intimately invaded and replaced by granitl'­
pegmatite (fig. 73). 

Measured widths of the intermittent skarn remnants vary from 10 to 30ft. Eight 
grab samples were taken from the larger outcrops at localities where scheelite was 
detected hy ultra-violet lamp. These assayed from 0'02 to 0'22 per cent W03 , 

averaging 0'1 per cent W03 , the latter figure being regarded as representative of 
the overall reserves. Samples of several pound weight from selected areas assayed 
as high as 2·29 per cent W03 . 

Other areas where small amounts of scheelite were detected in garnetiferous lime­
silicate rocks are 4 miles southeast of Old Boolcoomata woolshed (Out. 59), ~ mile 
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southeast of Ameroo Hill (Out. 63), and in several localities in the tremolite­
diopside bed of the Ethiudna mining area. Scheelite was also recognized as 
inclusions in aggregates of magnetite crystals in the dumps of the Mount Victoria 
copper mine. 

In all these occurrences, the richest concentrations of scheelite are invariably in 
proximity to intrusive pegmatite bodies, and copper and iron sulphides are common 
associations. There are, however, no known occurrences of either wolfram or 
scheelite in pegmatites of the Province. 

/ 
FIG. 73-OLD BOOLCOOMA T A SCHEELITE PROSPECT 

Surface geological plan 

Copper Deposits in Epidote-Actinolite Quartzite 

'''''f'~' W.II '.tt, ... 

The cupriferous deposits occurring within epidote-actinolite quartzite arc chiefly 
represented by weak and sporadic sulphide replacements along bedding planes and 
joint openings in the same way as in the Ethiudna lll;ne area (see ahove). Locally 
there arc ore concentrations where structural elements provided ready access for 
mineralizing emanations, particularly in areas of tight folding such as at Dome 
Rock. 

Dome Rock Copper Mine 
This lllllle is located in slate, calcareous sandstone, and chiastolite schist of the 

Ethiudna Group forming low rises 14 miles cast of Kalabity station. Copper 
mineralization occurs in several small inde.pendent ore bodies as replacements of 
particular beds-with little or no quartz gangue-in the axial planes of steep 
pitching folds, and in the overturned limbs of anticlinal drag folds (Dickinson, 
1942). 

The workings comprise three shafts, namely Crawford, Meehan, and Day shafts, 
together with numerous small pits and trenches, along a line extending for i mile in 
an ENE. direction. Main production has come from Meehan and Day shafts, 
especially in secondary ore, and totals 126 tons of copper from dressed ore of 20 
per cent grade. 

Groundwater level in the mine workings stands at approximately 200ft. below 
surface level, corresponding with the boundary of supergene and sulphide ore. The 
oxidized ore consists chiefly of chalcocite, tenorite, and cuprite, and some oliyenite 
and chrysocolla. Primary minerals are chalcopyrite and pyrite, and tpces of 
leaf gold adhering to manganiferous partings. Sulphide ore from t.he lower levels 
of Day shaft assayed 7 per cent copper. 

White cobaltiferous pyrite was observed in the ore from Day shaft, and feeble 
stainings of erythrite in material from Meehan shaft (Mawson, 1923). 
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Woman in White Copper Mine 
Situated 1~ miles SSE. of Old Boolcoomata homestead. The productive workings 

consist of a deep open cut in actinolite-quartzite on the normal limb of an anti­
clinal drag fold. The quartzite carries low-grade disseminations of chalcopyrite 
and gold, and secondary copper minerals covellite, chalcanthite, tenorite, malachite, 
azurite, and nativc copper. Limited amounts of groundwater in the abandoned 
opening arc now saturated with copper sulphates. One and a half miles northeast 
of the mine, copper-stained quartzite, interbedded with garnet-actinolite rock, has 
been prospected by a small open cut (Out. 97). 

Putt Well Deposit 
Situated 10 miles northeast of Old Boolcoomata H.S. Shallow prospecting was 

carried out here for over H· miles along an cast-west actinolite-quartzite bed con­
taining malachite and very low gold-values in joint planes. There are similar low­
grade copper deposits 1Il jointed quartzite (Out. 76) H miles north of the Putt 
tV ell workings. 

1I1.eninqie Well Deposit 
Located 6-1 miles east-northeast of Old Boolcoomata H.S. One and a half miles 

southeast of Meningie Well an open cut (Out. 61) exposes narrow vein Ids of 
jarositic limonite-epidote-quartzite. In other workings ~ mile east of l\'leningie 
Well, copper carbonates and pyrite occur as low-grade disseminations in gneissic 
metaquart7.ite (Out. 86). 

Raven Hill Copper Show 
This deposit is 2~ miles east of Old Boolcoomata H.S. This is a minor occur­

rence of copper carbonate associated with ironstone in small joints in epidote­
quartzite. Some gold colours are reported to have been obtained from the small 
opening. 

. Other Deposits 
Secondary copper stainings have also been opened up in drag-folded epidote­

actinolite-quartzite 4 miles northeast of Outalpa station (Faugh-A-Ballagi! mine) 
:tnd at the northeast extremity of \Yi peraminga Hill (W ipemminga mine). Other 
poor copper deposits in a simil:! I' quartzite host were worked in the past (COOPe1' 
claim) and recen t1y (lVa lj}(11 ~tttl 11/ ine; ?ora i1sfield, 1956) near \Veekeroo, and near 
:Morial pa station (H 1t,r;7ws copper lJTOSpect). 

Copper Deposits in the Banded Iron Formation 
The following copper deposits occIll' in close association with massive hematite­

quartz outCl'OpS of the Banded Iron Formation 

GTeen and Gold JJ1:ine 
Situated H miles northcast of MacDonald Hill siding. A shallow open cut has 

bcen sunk on a vein of magnetite, chalcopyrite, and malachite up to 1ft. wide which 
intersects a thick body of banded ironstone. On the southwest face of the work­
ings, the yein narrows to lin. width and carries visible flakes of gold. 

Perryhum1tck M'ine 
This mine is 4 miles southwest of Old Boolcoomata H.S. A deep shaft and three 

large pot-holes were sunk on a malachite-stained layer of granular magnetite-pyrite­
actinolite rock in an ironstone bed. Chalcocite may be observed in samples from 
the shaft as an interstitial filling between magnetite and pyrite. 

Mount Bull Mine 
This show is located 6 miles north of Old Boolcoomata homestead. A deep shaft 

and two open excavations were sunk on low-grade impregnations of chrysocolla in 
quartzite, on the footwall of a massive banded hematite body forming the pinnacle 
of Pimpena Hill. On surface evidence it would appear that no saleable ore was 
produced. 
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Other Deposits 

Small copper showings have been opened up in other isolated outcrops of tile 
Banded Iron Formation at the Mount Persevera1~ce mine, and Olary silver mine, 
near Olary, and at Billeroo and Koolka. 

Copper Deposits Associated with Amphibolite 
This is a rather arbitrary grouping of all deposits in which copper mineralization 

is found in association with amphibolite. In most cases poor outcrop conditions 
prevent direct observations of clements controlling ore localization, hut in at least 
some examples it is evident that faulting has played an impol'!mt role in channelling 
the mineralizing solutions. 

Mutoo)'oo Coppe1' Mine 
Situated 12 miles south of Cockburn. The Mutooroo mine is the largest of the 

copper mining fields in the North-Eastern division of the State. Discovered in 
1887, mining and prospecting were actively pursued until 1893, during which period 
over 3,000 tons of rich secondary copper ore were despatched to smelters. Sub­
sequently, mining was taken over by tributers, operating particularly on second­
ary copper zones at Mutooroo South, and was more recently followed by several 
short-lived attempts to precipitate copper from the mine water (fig. 75). 

The country-rock is mainly poorly exposed kyanite- and garnet-bearing schist, 
and aplite, bordering extensive outcropping bodies of bedded amphibolite (fig. 74). 
Mineralization appears to follow zones of shearing along the strike of the schists 
(Knight, 1950 (b») extending discontinuously over a distance of some 6,000ft. in a 
NNE. direction. There are three main lodes, two at the south end of 1,400ft. and 
400ft. length respectively, and one at the north end 1,700ft. long. 

In the weathered zones, the lode rock consists of limonitic jasper with embedded 
ovoid g-ranules of white quartz and secondary copper minerals, and in depth the 
lode minerals are essentially pyrite and granular quartz carrying weak dissemina­
tions of chalcopyrite. Stoping is all in the secondary zone, where the ore minerals 
arc chalcocite, cuprite, chrysocolla, atacamite, erubescite, and copper carbonates, 
bnt there is some developmental work in the primary ore. 

Each of the lodes is about 6ft. wide, with a 45-deg. westerly dip, alit! eoul.l 
yield an aggregate of 1,200 tons of ore per vertical foot of depth. B.ecent diamond 
drilling hy the Department (Parkin, 1953), which explored the nortliern orebody at 
unworked depths, indicated that the grade of the massive sulphide ore averages less 
than 2 per cent copper and approximately 30 per cent sulphur, and at this grade 
neithcr the north nor south lodes could be economically reopened for production 
of copper or sulphur. 

It has been suggested hy geologists of The Zinc Corporation Limited that the 
Mutooroo orcbodies may be correlated with the characteristically pyritic mineraliza­
tion associated with aplite in the Pinnacles Group of the Broken Hill district. 

Mutoo1'oO West Coppe1' Mine 
Situated 2 miles northwest of the Mutooroo mine. 
Two inclined shafts, 200ft. apart, with connccting drives have bccn sunk to depths 

of approximatcly 160ft. on a massi\'c pyritic lode dipping southwesterly, with 
hanging-wall aplite and amphibolite, and footwall biotite schist. The lode attains 
a maximum known width of 20ft. at the 160-ft. level, where it consists pre­
dominantly of pyrite with minor quartz and chalcopyritc, and at least 110 tons of 
ore assaying 3-4 per cent copper and 20-30 per cent sulphur were taken from this 
level. Groundwater levcl stands at 88 feet. 

Monnt Victo1'ia Copper Mine 
Situated 2 miles southwcst of Mount Victoria. At this dcposit a number of 

small mines were workcd for copper and gold along a major N"\V.-SE. shear 
zone cutting massive granitoid rocks. Mineralization is associated with remnants 
(or intrusions) of basic amphibolite and occurs in the form of sporadic ore 
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bunches and seams rather than as a definite lode formation. The ore minerals are 
chalcopyrite, cuprite, malachite, azurite, and free gold, and other minerals present 
include hematite, magnetite, pyrite, rutile, scheelite, and zeolite. 

Pimponda Mine 
Situated l mile northwest of Old Boolcoomata homestead. 
The workings comprise a 40-ft. vertical shaft on a narrow quartz lode carrying 

small amounts of malachite, earthy cuprite, and gold. The vein follows a zone of 
NW.-SE. shearing marginal to amphibolite over a length of some 20 yards. 

Other DelJosits 
At the Waukaloo mine, on Kalabity station, some small copper deposits occur 

in hornfelsie slate, in one case along the contact with a somewhat sheared amphi­
bolite body, and in another along a barite-quartz vein following the regional 
schistosity. There are also small test-holes on malachite-stained amphibolite carry­
ing radiating zeolite aggregates at the Amero,O copper mine, and in cupriferous 
schist adjacent to amphibolite at the Black Maria mine. 

Pegmatitic Copper Deposits 
In three localities some mining work was done on copper-bearing deposits of 

pegmatitic type. 
Mary Copper Mine 

Located 12 miles ENE. of Old Boolcoomata station. 
Mining operations extended over a distance of 200yds. along the NW.-SE. aXIs 

of an anticlinal fold in actinolite-quartzite and metasedimentary biotite gneiss. The 
main copper values were found in open cuts at the southeastern end of the workings, 
where the sediments are intersected by a narrow pegmatite- carrying scattered 
disseminations of pyrite, chalcopyrite, bornite, and traces of molybdenite, the 
leaching of which has led to the formation of secondary concentrations of copper 
carbonate in the biotite-gneiss footwall. The same ore-bearing pegmatite was 
encountered ill a 105ft. deep shaft in the central section of the workings. 

Trinity Mine 
This mine is 2~ miles south of the Mutooroo mine. 
Four shafts were sunk on contorted biotite schist containing pegmatitic segre­

gations stained with copper carbonates. 

Mulga Hill Mine 
Situated 3 miles northwest of Radium Hill. 
Exploratory test-holes along a pegmatitic zone show copper-stained felspar 

and micaceous hematite extending over a length of about 8 chains. 

I ndustrial Mineral Deposits 
The minerals described in this chapter include industrially important non­

metallics, silicates, and ores of the minor metals which have been mined in the 
Province, or occur in sufficient amounts to be considered as possible future sources 
of raw materials. The most common uses and approximate current prices (on 
rail at Olary) of the minerals dealt with, are itemized in table VIII, together with 
details of past production, to December, 1954. 

The production figures indicate that, with the exception of felspar, only relatively 
minor quantities of the various industrial minerals have been marketed from the 
numerous deposits-both large and small-which occur in the area. This is largely 
due to the distant geographic situation of the deposits in relation to industrial 
centres at Port Pirie (176 miles) and Adelaide (258 miles), which is a particularly 
pertinent factor in the case of the 10w- to medium-priced materialst. 

* Information supplied by .T. E. .T ohnson (Technical Assistant). 
t Rail freight from Olary to Port Pirie and Adelaide i& £2 17s. 6d. and £3 8s. per 

ton respectively as at .Tune, 1955. 
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In some cases, particularly in regal'd to aluminium-silicate refractories, graphite, 
and barite, ,"cry large low-grade deposits have been established, and the ultimate 
successful exploitation of these reserves will largely depend upon improved 
beneficiation techniques producing an acceptable product. 

COMMERCIALLY IMPORTANT PEGMATITE MINER'ALS 
Mining of pegmatite felspar and by-product beryl has been carried on intermit­

tently in the area since about 1932*, chiefly from pegmatites within a short 
distance of the railhead at Olary. The quarried felspar is a coarse perthite con­
taining about 12 per cent potash and 3 pel' cent soda (table IX). The best-grade 
material is usually found as segregations a.round a quartz core in the ccntral portion 
of the pegmatite dykes, but such zoning is irregular, and selective mining anp. 
hand-sorting are necessary to obtain a marketable product. Beryl is a minor con­
stituent of many of these coarsely zoned pegmatitcs, and is found as large com­
mercial-grade crystals assaying 11-14 per cent BeO, and measuring up to 5ft. in 
length and 2ft. in diameter. A detailed chemical analysis of one sample (Kleeman, 
1944) revealed an absence of any potassium or the rarer alkalies (table IX). In 
places, some clusters of beryl prisms hav·e a radial arrangement (fig. 80). 

Mineral 

Felspar ..... . 

Beryl ....... . 

Tantalite­
eolumbite 

Mica ....... . 

Apatite ...... . 
:Fluorite ..... . 

Sillimanite, 
andalusite, 
kyanite 

Barite 
Carphosiderite. 

Graphite ..... 

Corundum ... 

Tremolite .... 

TABLE VIII 

PRODUCTION AND USES OF INDUSTRIAL MINERALS 

Olary Province 

Industrial uses 

Ceramics, glassware, 
abrasives 

Beryllium metal ... 

Tantalum and 
columbium metal 

Insulator, filler .... 

Fertilizer ......... . 
Flux, chemical ... . 

Refractories ..... . 

Paint, filler ...... . 
Pigment, sulphuric 

acid manufacture 
Pigment, lubricants, 

Abrasive ........ . 

Refractory (?) ..... 

Approximate values, f.o.r. as at 
June, 19.55 

£5 per ton for second grade (usual) .. 

£15 per unit of contained beryllium 
(per cent per ton). Minimum grade 
9·5 per cent 

£1 lOs. per pound of oxides. Minimum 
grade 30 per cent Ta-Cb 

Best grade-£7 per pound. Scrap­
£10 to £15 per ton 

~~e~~~:~~ p;i~~~~£ii 2~: 6d·. 'p~r' t~l; I 
for 90 per cent CaF 2 I 

£7 lOs. per ton. . . . . . . . . . . . . . . . . . . .. , 

£3 to £6 per ton, depending on grade . 
No demand ...................... . 

Ceylon priees-£30 to £290 per ton. 
Fines cheapest 

High priee for suitable material (im­
ported) 

No known buyer ................. . 

Recorded 
production 

(Olary 
Province) 

tons 
5,392 

16 

Traces 
observed 

Trial parcels 
only 

70 
581 

602 

54 
10 

(trial parcel) 
Nil 

Nil 

Nil 

The purchase prices of these industrial minerals range considerably with local demand. 

* Larger pegmatite deposits of felspar and beryl of the same general type are being 
worked at the Egebek mining field, 15 miles southeast of Cockburn, and approxi­
mately 10 miles within New South Wales territory_ Tantalite is a rare consti­
tuent of these pegmatites, and is also found with wolfram, amblygonite, cassiterite, 
and microlite in pegmatitcs at the Euriowie Hills, north of Broken Hill, in New 
South Wales. 
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Quartz, albite, and muscovite 1U'e abundant in most of the pegmatites, and in one 
locality a smail quantity of muscovite has been gouged from an outcrop. Biotite, 
tourmaline, pyrite, and chalcopyrite are usually minor constituents, and less com­
monly garnet, rutile, and ilmenite are present in small grains. Apatite and other 
complex phosphates are of ubiquitous occurrence in the beryl-bearing pegmatites, 
and are commonly present as very large aggregates or segregations. 

The uraniulll minerals broeggerite, gummite, uranophane, and autunite have 
been observed in felspar-beryl workings at several localities (e.g. Out. 15 and 54, 
plate V) but beryl is absent in the numerous uranium and rare-earth pegmatites 
of the Plumbago-Glenorchy area. (See page 49.) 

Small amounts of tantalum-columbium minerals have been observed in association 
with either beryl or uranium-bearing pegmatites, but no cassiterite, wolfram, or 
lithium minerals have been detected in the region. 

Felspar and Beryl 
Felspar (and beryl) production has mainly come from numerous small open-cut 

workings in the Bimbowrie and Old Boolcoomata localities, and to the end of 1953 
an aggregate of 5,392 tons was marketed for use in glass manufacture, abrasives, 
and special enamels. Beryl is usually too sparse to be mined independently, but a 
total of 16 tons has been produced in the Olary region as a subsidiary of felspar 
mining. Most of the felspar-beryl mining has been done by H. H; Lively of 
Olary. In recent years there has been a notable decline in output of these minerals 
due partly to the depiction of cheaply quarried supplies near the railhead, and 
partly to increased production from deposits nearer industrial centres. 

Mining activity has centred around two main areas, in the vicinity of Old Bool­
c~a (Dickinson, 1943(c) and Bimbowrie station homesteads, and some beryl 
has also been gathered from outcrops neal' 'Viperamlllga Hill and Bimba HilL The 
fclspar workings consist of small open-cuts and quarries in segregations of limited 
dimensions, and are now mostly abandoned. The accurate location of all fclspar 
and beryl working~ in the main productive areas, and other occurrences (chiefly 
beryl) noted during the sun-ey, are shown on the locality map (fig. 78). 

Old Boolcoomata Area 
·White Rock Deposit 

This deposit (Mineral Claim 1947) is located 1 mile northeast of Cathedral Rock. 
A quarry 18ft. by 13ft. (Out. 1) is being worked for felspar and beryl at the 
present time. Another quarry 10ft. deep (Out. 2) on the same claim has produced 
felspar and beryl from quartz-rich pegmatites. The claim was formerly held by 
South Australian Silicates Syndicate. ~ ~ Z. 

Raven Hill Deposit 

This claim (Mineral Claim 1952) is 1 mile south of Cathedral Rock. An open 
cut 60ft deep (Out. 54) was an important felspar producer, but no beryl was 
encountered. Another pegmatite, 200yds. to the southwest, and on the same claim, 
is being opened up for future felspar production (Out. ]13). 

White Lady Deposit 

Mineral Claim 1791 is located near the Woman in White quartz rock. A small 
excavation in felspar. 

(;11111 Greek (Cold Tea) Deposit 

This deposit (Mineral Lease 2675) is in the bed of a creek 2 miles east-northeast 
of Cathedral Bock (Out. 99). An exceptionally high-gTade fclspar was obtained 
from an open cut in the creek hed, now filled with gTavel wash. Operations are 
(·olltinuing" in n sl1lali \Yay in the ('reek hank. 
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Hamper Hut Deposit 
Mineral Claim 1730 is situated ~ mile southeast of the Woman in White mine. 

There is a quarry 25ft. deep, in pale-pink felspar and beryl (Out. 6). Northwest 
of this deposit there is another quarry 10ft. deep on the same claim, in pink 
felspar (Out. 8). 

Little Rat Deposit 
The claim (Mineral Claim 1593) is ~ mile south-southeast of the Woman in 

White mine. Several hundredweights of beryl were obtained from a pegmatite out­
crop (Out. 7). 

Viney Claim 
This claim (Mineral Claim 1903) is situated ~ mile northeast of the Woman in 

White mine. An open cut 22ft. deep yielded felspar and ~ ton of beryl (Out. 9). 
In three other localities (Out. 4, 5, and 12), some beryl was mined independcntly 

in shallow excavations. 

Bimbo1vrie Area 
Maggie Mine 

This mine is 3 miles south of Teitz Dam (Mineral Lease 2785). This lease was 
originally pegged for andalusite mining, but a pegmatite carrying small amounts of 
uranium minerals and tantalite (Out. 15) was also opened up and yielded some 
felspar. 

Bounclm'y Deposit 
Situated 1 mile wcst-northwest of Teitz Dam. Felspar and beryl were obtained 

from a 15ft. deep quarry (Out. 22). One beryl crystal from this deposit measured 
fift. long and 2ft. in diameter. This deposit has not been worked since 1949 
(formerly Mineral Claim 435). 

Ameroo Depos£t 
Mineral Claim '807 is located 2 miles southwest of the junction of Bimbowrie and 

Old Boolcoomata mail roads. An open cut 30ft. decp (Out. 11) produccd high­
quality felspar and some beryl. A considerable tonnage of best-grade felspal' 
may be observed in the northwcst face. 

Beryl was mined indepcndcntly from several Slllall excavations neal' Tcitz Dam 
(Out. 16, 17 and 18), and south of Bimbowrie station (Out. 20). 

Morialpa Area 
White Hope Deposit 

Mineral Claim 1193 is situated 3 miles east of Morialpa station. A few tons 
of felspar have heen despatched frolll this deposit. 

Mica 
Muscovite occurs in association with beryl in many of the pegmatite deposits 

described aboye, but the mineral usually possesses defects which render it valueless 
for the important use in electrical equipment. The best of the known mica 
deposits is situated about 8 miles north of 'Veekeroo station (Out. 93), and 
consists of a large and irregular body of pegmatite ca1'l'ying scattered segregations 
of muscovite, a large quantity of which has been shed from the outcrop. The 
material available is mostly flawed, either due to impurities 01' "fish bone" structure, 
and could only be sold as scrap mica. 



+ 
+ 

SCALE 

o 
t;;;;;;;;H--' 

+ + +/, + 
/ ", --~ 

" SINS"'" HILL " \+ 
/ + 1:::.. +./" 

+ 

+ 

+ 

+ 
\. 

+ 
-t,i-Orew Hill 

.116 

+ 
, + ?4 ogg 

REFERENCE 

Archean ~ 
Gronites milmeti •• , and mdosedi",enl,. _________ L..J:.....J 

PrOferotOic 

Tillite Slates and dolomites at the ~ 
Adelaide 5,11."' _____________________ ~ 

Mine. lopen wo,Unt". _____________________ 'X"7 

Occurrences (Locolily Ref.,ence to the Outolpo Series _).. • 18 

S.A. Dept. or M;nes S 1089 

FIG. 78-PLAN OF BIMBOWRIE-OLD BOOLCOOMA T A AREA 
ShowinB felapar-beryl deposita 



Silica, Si O. ................................ 
Alumina, AI.O. ............................ 
Ferric oxide, Fe.O •......................... 
Manganous oxide, MnO ...................... 
Magnesia, MgO ............................ 
Lime, CaO ................................ 

Soda, Na20 ............................... 
Potash, K.O ............................. , 
Titanium dioxide, TiO. ..................... 
Sulphur trioxide, SO. ....................... 
Chlorine, CI ............................... 
Fluorine, FI ................... " .......... 
Phosphorus pentoxide, p.O. ................. 
Insoluble matter ............................ 
Combined water, H.O. ..................... 
Ignition loss ............................... 
Beryllium oxide, BeO ....................... 
Carbon dioxide, CO. " ...................... 
Rare earths (lanthanides)t ................. , 
Analyst ................................... 

Reference .................................. 

TABLE IX 

CHEMICAL ANALYSES OF INDUSTRIAL MINERALS 

Olary Province 

FELSPAR BERYL BERYL APATITE 

White Rock Maggie Boundary Spring Well, 
Claim Claim Claim first grade 

(Out. 1), Old (Out. 15), (Out. 22), (selected) 
Boolcoomata Bimbowrie Bimbowrie 
(rep. channel (specimen) (rep. 

sample) chipping) 

62·88 64·51 64·94 -
20·92 18·90 18·90 0·91 
0·34 1·57FeO 1·50 0·88 
- - - 0·27 
0·11 0·14 - 0·38 
0·32 0·25 - 51·20 

3·07 0·34 - -
12·03 Nil· - -

- I Nil - -
- - - 0·18 
- - - 0·10 
- - - 3·65 
- - - 41·30 
- - - 1·96 
0·11 0·07 - 0·36 
- 1·72 - -
- 12·74 13·86 -
- - - Nil 
- - - -

Mines Dept. Kleeman :Mines Dept. Chapman 

Pearson, Trans. Roy. Dickinson, Jack, Bull. 7 
Min. Rev. 57 Soc. S.Aust. Min. Rev. 76 

68 

APATITE KYANITE 

Old Dey Hill 
Boolcoomata, Prospect 

first grade (specimen) 
(selected) 

- 36·8 
1·00 60·2 
1-10 1·0 
0·30 -
0·21 Trace 

45·44 Trace 

- -
- -
- 0·1 
0·12 -
0·16 -
1·98 -

35·63 -
14·90 -
0·08 -
- 1·9 

-
0·30 -
0·26 -

Chapman Newbold 
Ref. Ltd. 

Dickinson, 
Min. Rev. 76 

I 

* Rare alkalies also absent. t Recent additional chemical assay data. 

FLUORITE CARPHO· 
SIDERITE 

Plumbago Old 
Workings, Boolcoomata, 
ave. grade average of 
(rep. vein several 

mat.) samples 

19·53 -
0·11 -
0·55 34·38 
- -
- -

56·40 1·26 
Equiv. 

- -
- -
- -
- 23·92 
- -

38·14 -
- -
- 24·19 
- -
- -
- -

0·14 -
- -

Mines Dept. Mines Dept. 

Pearson, Solomon, 
Min. Rev. 57 Min. Rev. 93 
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Phosphotes 
The granitic rocks and pegmatites of the entire OIary Province are featured by an 

abnormally high content of apatite, and a wide range of rarer complex phosphate 
minerals. 

In the t\\'o localities concentrations of coarse black apatite granules in pegmatite 
have attracted the attention of prospectors as a source of phosphate fertilizer 
(Jack, 1919(a) and 1919(b»). Tests ha\'e shown, ho\\,e\'er, that the grade and the 
high silica and fluorine content rendcr the materia! unsuitable for fertilizer and 
ma n ufacturc. 

Old Boolcoom,ata Apatite TV orkings 

This deposit is situated 5 miles east-northeast of Old Boolcoomata homestead, and 
2 miles cast of Binberrie Hill. 

A black apatite is segregatcd into sizable bodies and stringcrs within an irregul­
arly pegmatize(l zone extcnding northcasterly for about 6 chains. The largest 
exposure of apatite ]'oek, consisting predominantly of apatite with interstitial 
quartz and felspar, is a lenticular body measuring more than 30ft. long and 9ft. 
wide. This deposit was worked to a depth of Sft., and the apatite continues under­
foot in the now a bandoncd excavation. 

A chemical analysis of a relatively pure sample of the apatite is contained in 
table IX. A recent partial assay of carefully selected apatite grains showed the 
presence of 0'26 per cen t of rare earths. 

8p1'ing TV ell Apatite Deposit 

Situated 51 miles north-northeast of Old Boolcoomata homestead. This deposit is 
similar to the olle described above but with a wider distribution of lower-grade 
apatitc lenses. Commencing 350yds. northwest of Spring Well, dark green-black 
apatite forms discontinuous segregations in some of the numerous pegmatites in 
the locality and extends to the southwest for about 15 chains (Jack, 1919(a»). 

Other Occurrences 

A pale·hlue translucent apatite is a minor cOllstituent of many of the pegmtltites 
quarried for felspar (e.g., Out. 1, 9, 15, 54) and a colourless to pale-blue apatite 
is invariably prescnt in the uranium-bearing pegmatites and granites of the 
Plumhago-Glenorchy district. 

lVllgne1'ite is prcsent as coarse, pale pink-brown masses in pegmatites near 
Ameroo Hill (Out. 19, 24, S4) and l\1eningie Well (Out. 73). A dark resin-brown 
tTiplite, containing 27·06 per cent P 2 0", comprises a massive aggregate 3ft. in 
diameter at 1 mile west of Teitz Dam, Bimbowrie (Out. 21); amber-coloured 
wagnerite with a halo of apatite occurs in the same pegmatite. Yellow 
graftonite is a minor constituent of beryl-bearIng pegmatites south of Bimbowrie 
(Out. IS, 25), and occurs in lamellar intergrowth with dark-brown triplite in 
pegmatites at Moolcugore Hill (Out. 74), neal' Mount Mulga mine (Out. 56), and 
northwest of Ameroo Hill (Out. 13). 

Minute crystals of fremontite are associated with apatite in joints of a pegmatite 
at Old Boolcoomata (Out. 6). Collophane and vivianite are found as an alteration 
of graftonite neal' Ameroo Hill (Out. 13), and dufrenite has been recognized with 
fio1'encite. at Wipcraminga Hill (Out. 2S). 

Thc widcspread distribution of xenotime has been previously described (see 
page 57). 

Tontolum-Columbium Minerols 
A variety of tantalum-columbium minerals has been observed as minor con­

stituents of pegmatites, and two distinctive types of occurrences with contrasting 
mineralogy and associations are recognized. 
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Tantalite-Columbite 
Tantalite-columbite is found closely associated with beryl in the zoned pegmatites 

·of the Bimbowrie-Old Boolcoomata district. Tantalite has been recorded in two 
.occurrences of this type ncar Ameroo Hill (Out. 15, 17), and columbite is a rare 
mineral in pegmatite near Cathedral Rock (Out. 2) (Mawson, 1926). Detrital 
tentalite-columbite has been obtained from Calico Creek north of Bimbowrie and 
is reported to occur in pegmatites in the nearby Tonga Creek (Out. 111). 

Mixed Oxides of Titanium and Ta;ntalum-Colt~mbium 

These minerals, particularly ilmenorutile, were identified at many localities during 
the recent mineral survey. Ilmenorutile is usually found in close association with 
monazite or xenotime, but rarely with beryl. Three noteworthy occurrences were 
seen near Outalpa Springs (Out. 25, 41, 42), four in the Mount Victoria area 
(C.W. 111, 112, 123, 36) and one near Old Boolcoomata (Out. 98). 

The siliceous phase of one pegmatite near Mount Victoria (C.W. 112) carried 
ilmenorutile (?), cyrtolite, and other unidentified rare-earths. Partial chemical 
assays of samples from this locality gave the following results: 

1 2 
(Unidentified complex 

ilmenorutile ('» Ilmenorutile (') 

Manganese (Mn) ... , ..... . 
Ferric oxide (Fe20a) .. " .. .. 
Titanium oxide (Ti02) ., ..... . 
'l'antalum·columbium oxides .. .. 
Uranium oxide (UaOs) .... " .. 
Thorium oxide (Th02) .. .. .. 
Rare earths .. .. " .. .. .. .. 

pCI' cent 
0·10 
3·20 

23·80 
44·80 

0·41 
0·34 
1·10 

per cent 
0·06 
2·60 

43·10 
32·10 

} 0·51 

A number of complex uranium-bearing minerals found in the Crocker Well area 
contain appreciable amounts of tantalum-columbium. Such minerals include 
samarskite, polycrase, fergusonite, betafite, and euxenite, and are described in an 
earlier section of the Bulletin (see pages 55, 56). Polycrase from near Crocker 
·Well (C.W. 70) carries 17·6 per cent tantalum-columbium oxides. 

FLUORITE 
Near Plumbago station arc the only productive fluorite mines in South Aus­

tl·alia. The original workings are now abandoned, but another deposit which could 
profitably yield a small tonnage of fluorite has been recently found by departmental 
prospectors in the same area. Both are vein-type deposits in Archaean rocks. 

Traces of fluorite have also been observed in the Archaean as gangue at the 
Walparuta and Mount Victoria copper mines, with uranium minerals in granitic 
rocks at Mount Victoria (C.W. 7), Crocker Well East and near 'I'eitz Dam, Outalpa 
(Out. 81) and in pegmatite near Outalpa Springs (Out. 25). It occurs as an 
accessory mineral in gneiss ~ mile north of Ameroo Hill (Out. 37), and in skarn 
rocks with scheelite at the carphosiderite mine, Old Boolcoomata.· 

The Plumbago Fluorite Workings 
This deposit is located about i mile southeast of the station homestead, 35 miles 

west of north by a station track from Mannahill and Olary railway sidings. Here 
fluorite occurs, associated with quartz and traces of copper sulphides, as veins up 
to three feet in width along two sets of intersecting NW.-SE. and E.-W. shear zones. 
Each of the veins has been prospected, but the principal production came from 
along the most easterly of the N.W.-S.E. veins, where the workings include an 
underlie shaft 28ft. in depth (Pearson, 1933). 

* Fluorite is common in the Broken Hill district. A large deposit has been worked in 
the Mount Eltie-Mount Robe area, 23 miles northwest of Broken Hill, and other 
productive deposits are to be found at Thackaringa and Yancowinna. 
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A representative sample from the main vein assayed 78.30 per cent calcium fluo­
ride (table IX). A high proportion of impurity consists of quartz which can be 
readily removed by hand sorting. A total of 581 tons of fluorite was raised during 
the period 1932-36 for marketing in the steel and glassware industries. Fluorite 
remaining underfoot cannot be profitably mined at present prices. 

Newly Discovered Fluorite Vein 
This occurrencc is situated on the \\"cstern slopes of a low hill approximatcly 

150yds. south of the woolshcd at Plumbago station homestead, within 150yds. of 
existing tracks, and could be easily made accessible to 2-wheel-drive vehicles. 

Fluorite mineralization follows along a narrow and well-defined shear zone 
directed southeasterly from the margin of Archaean outcrops for a distance of 
200ft. (fig. 79). At the eastern end of the deposit, there is a width of up to 3ft. 
of massive fluoritc, with minor off-shoots following subsidiary E.-W. shears, but 
toward:; the wcst t:le fluorite is in subordinate amounts as disscminations in schistose 
rock. Malachite staining is common at the western cnd of the shear zone. 

I 

t 
Geology by D. King. 
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The potentially workable fluorite is restricted to the veins of relatively pure 
mineral at the eastern end of the lode. This portion of the deposit cxtends for 
40ft. at an average overall width of 2-3ft., as detailed in fig. 79, and would yield 
approximately 10 tons of commercial-grade ore per vertical foot of depth mined. 
A channel sample (A-AI) was taken across the vein as representative of the 
fluorite obtainable by selective mining, and was found on analysis to consist of 
97·8 per cent calcium fluoride, 1·5 per cent silica, and 0·19 per cent ferric oxide. 
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This is an exceptionally pure fluorite which with careful hand-sorting would be 
suitable for special uses in glass and enamel manufacture and the chemical industry. 
The run of-mine material would be satisfactory for the important use of fluorite 
as a flux in ore smelting, for which the market specification is a minimum of 85 per 
cent calcium fluoride, and a maximum of 10 pel' cent silica and 1 per cent ferric 
oxide impurities. 

The prospect is thus capable of producing a small quantity of high-grade 
fluorite and could be worked profitably as a one- or two-man operation.· 

ALUMINIUM SILICATE REFRACTORIES 
The aluminium silicates andalusite, sillimanite (fibrolite), and kyanite, which are 

constantly in demand for manuf'actme of highly refractory porcelain products, are 
widely distributed in the Archaean metasediments of the Province. These minerals 
are of identical composition, and are converted to a similar refractory product 
(mullite-silica) on firing. Kyanite, however, bas the disadvantage of expanding 
on heat treatment, and requires pre-calcining before use in mouldings, etc. 

All noteworthy occurrences of the aluminium silicates lie within high-grade 
metamorphic zones in mica schists of the Lower Group (as defined in Part I) and 
are typically found in one of the following ways: 

(1) Large low-grade deposits of disseminated crystals (porphyroblasts) in knotted 
mica schist. Kyanite and andalusite (val'. chiastolite) occur most commonly in this 
way, and constitute between 10 and 30 per cent of the country-rock over large outcrop 
areas in several localities. These deposits have not been worked to date, bnt investiga­
tions are now being undertaken to establish whether they could be profitably upgraded 
by screening or flotation on a large scale-as successfully adopted in the U.S.A. 

(2) Small and sporadic segregations of relatively pure aluminium silicates which are 
developed in proximity to pegmatites intruding mica schist. Residual blocks of silli­
manite and andalusite have been gathered from the surface at numerous places and 
marketed at a profit, accounting for the 602 tons total recorded production from the 
area. t 

With the possible exception of large deposits near Morialpa station (8ee page 
118), the andalusite-sillimanite masses exposed in the schist bedrock are gen­
erally too small and erratic in distribution to be worth mining. 

Andalusite 
Massive pink andalusite occurs in mica schist in several localities near Ameroo 

Hill, and two adjoining claims have been worked intermittently on a small scale 
since 1936. 

TOrtl111,1jWatty Andalnsite Deposit 
This deposit is situated 1:\- miles northwest of Ameroo Hill (Mineral Claim 

1670). Lenticular masses of andalusite measuring up to 6ft_ by 2ft. in cross-section 
are exposed in mica schist neal' contacts with pegmatite dykes. Numerous large 
boulders of residual andalusite were taken from the surface (Dickinson, 1943 (a»), 
and more recent additional production has resulted from shallow open-cut operations 
(Out. 79). A similar occurrence has been noted ~ mile north of this locality 
(Out. 80). 

lIiaggie Andalusite Deposit 
Located 2 miles west-northwest of Ameroo Hill (Mineral Lease 2785). This lease 

adjoins the ahove claim to the south. A few tons of superficial andalnsite have been 
taken from the block (Out. 107)_ 

Small amounts of a pink andalusite have also been observed at the contact of 
quartz pegmatite and schist neal' the vValparuta mine (Out. 118). 

* This deposit is now being worked by M. vom Berg (Mineral Claim 1969) to supply 
an Adelaide user. 

t A large body of massive sillimanite rock is being worked at Thackaringa, 20 miles 
west of Broken Hill and 8 miles east of Thackaringa siding on the Broken Hill­
Adelaide railway. 'l'his deposit has produced many thousands of tons of high­
grade sillimanite, and large reserves arc available for any future open-cut 
operations. 
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Andalusite (Var. Chiastalite) 
Knotted andalusite (val'. chiastolite) schists are widely developed in the Archaean 

metasediments of the OIary Province, and the Broken Hill district, and some occur­
rences described in a comprehensive paper by Mawson (1911) are famous for an 
abundance of well-developed chiastolite crystals showing a variety of cruciform 
structures in cross-section (fig. 81). 

The chiastolites occur as cigar-shaped forms two to three inches in length through­
out certain stratigraphio horizons of graphitic mica-schists, and well-preserved 
specimens are readily obtainable as residuals strewn about the sm·face. In the 
past, there has been a limited sale of cut and polished chiastolites in the semi­
precious jewellery trade, mainly due to the enterprise of a local prospector, the 
late G. R. Howden, who also distributed specimen material to museums throughout 
the world. 

In some places the chiastolite crystals comprise about 20 per cent of the rock 
1111d could be readily sorted mechanically for industrial use as a refractory. 

The following are the most noteworthy of the numerous known deposits. 

Mount Howden Ghiastolite Occurrence 
Situated 9 miles north of Bimbowl'ie station homestead, and adjacent to the 

Mount Howden cobalt mine. Residual chiastolites are abundant at the surface, 
.and ocelll' in the schistose country-rock along foliation planes. Most of the crystals 
show the normal cross in cut sections, but others with a more complex intel'llal 
structure have become known as howdenites. 

Pootillaringll Chiastolite Occurrence 
This occurrence is situated near Poothlaringa vVell, Kalabity station. Here the 

·chiastolites occur as un orientated crystals associated with sillimanite III graphitic 
mica-schist. 

Alc01l!ie Hill Chiastolite-Graphite Occurrence 
Located 6 miles northwest of Bimbowrie station homestead (Out. 

·eastern end of Alconie Hill, a graphite-Illuscovite schist contains 
various stages of alteration to sillimanite or pinite pseudomorphs. 
pegged in 1933 as a sillimanite-graphite claim (formerly Mineral 
.but no mining of any consequence was undertaken. 

Andalusite-Sillimanite 

Ameroo TV est Deposit 

105). At the 
chiastolites in 
This area was 
Claim 13905), 

Mixed andalusite and sillimanite parcels have been obtained from three claims 
west of Ameroo Hill, along a southwesterly strike continuation of the Maggie 

.andalusite deposit. In these deposits, intergrowthti of andalusite and sillimanite 
in a mica-schist host form lenticular and blocky masses measuring up to 8 or 9ft. 
in longer dimensions, at the margins of tourmaline-bearing pegmatites and quartz 
segregations. 

Several hundreds of tons of the andalusite-sillimanite rock have been despatched 
to Sydney and Perth for refractory uses (spark plugs, etc.), all of which represents 
residual boulders taken from the surface. The marketed product consists of ovoid, 
relict crystals of andalusite in a matrix of fihl'OllS to massive white sillimanite. The 
(legree of sillimanite replacement is very Yariable, but the buyers accept any 
proportion of andalusite and sillimanite. 

Mineral Claims 902 and 903 (Out. 101 and 102), 3 miles west' of Ameroo Hill; 
sillimanite, with subordinate andalusite and some kyanite, OCCHl'S as scattered sl1r­
face houlders over a wide area. 

Periodic small orders are still being- mpt b~·H. H. Lively of OIary. 
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One large cigar-shaped l'esidual on l\LC. 903, measuring 5ft. long and 2ft. 
maximum diameter, has an external form closely resembling that of the chiastolites 
from the Mount Howden locality. This specimen is internally zoned concentri­
cally about the longer axis; the peripheral zone consists of sillimanite surrounding 
a zone of andalusite, partly replaced by sillimanite. The inner zone consists of 
quartz growing into a central cavity. The occurrence of quartz in this way 
suggests that it has been released during the formation of the aluminium silicates 
from the mica-schist country-rock, which may also account for the numerous 
quartz segregations which are so commonly associated with andalusite-sillimanitc 
bodies. 

Mineral Claim 1672 (Out. 78), 3~ miles west-northwest of Amel'oo Hill; It 

similar deposit to the above in which the raw material consists of about equal 
proportions of andalusite and sillimanite. In the northern portion of the claim, a 
coarse muscovite is intergrown with the andalusite and sillimanite and renders it 
unfit for refractory uses. 

Sillimanite 
M.or£alpa Sillimanite Occurrence 

A greyish-white sillimanite occurs as lenses along the foliation of mica schist 
over a strike length of several miles near Morialpa station (fig. 77). The size of 
the lenses varies from augen 2ft. long and a few inches wide to large masses some 
100ft. long and up to 8ft. wide (Ridgway and Johns, 1950(0»). 

The sillimanite rock forms prominent outcrops, reduced in places by weathering 
to scattered boulder fragments up to several tons in weight. Pegmatites carrying 
tourmaline, and small quartz veins, are commonly found in close association with 
the sillimanite masses, and corundum has been observed with the sillimanite at one 
occurrence 6 miles north of Morialpa station. 

No production has been recorded from these deposits which arc reported to be­
capable of yielding at least 1,000 tons of clean sillimanite above surface level. 

Cent1'alia Sillimanite OccU1'rence 
Situated 2 miles northwest of the Centralia copper mine and 5 miles east of' 

Outalpa station homestead. Small sillimanite lenses occur in mica schists (Out. 
1(3). About 50 tons of shoad rock were marketed. 

Kyanite 
Several extensive low-grade deposits are known withiu a 3-mile radius of the 

Radium Hill uranium mine, where it was first reported in 1914 by the former­
Government Geologist, L. Keith ·Ward. Other similar deposits were discovered in 
this area and near Mutooroo during the regional geological survey of the Ballal'll 
military sheet (Sprigg, 1952(a»). 

In each of the deposits the kyanite chiefly occurs as well-formed crystals from 1 
to 3in. long in a matrix of mica schist, the kyanite comprising from 10 to 50 per cent 
of the rock. Locally there are small segregations of relatively pure kyanite 
adjacent to crosscutting quartz reefs. The Metallurgical Branch are at present 
carrying out upgrading experiments on bulk samples of the schist. At this stage 
of the research it is evident that coarse crushing (lin.) followed by screening can 
produce a 60 pel' cent kyanite concentrate. A marketahle product for refractory 
purposes can be obtained by fine grinding and flotation. 

The best of the kyanite occurrences are as follows: 

Radium Hill Kyanite Prospect 

This deposit is situated 2~ miles north of Radium Hill mine. In an earlier report 
(Sprigg, 1952(a),) four main areas of easterly trending kyanite-mica schist are 
described which have a total outcrop coverage of some 4,000 sq. yds., each of the 
bodies being separated by relatively narrow stretches of alluvium. The southern 
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boundary of the deposit is defined by extensive areas of pegmatite. Small pegma­
tite bodies, and a sinuous amphibolite dyke, intrude the schists in some places 
(fig. S2). 

The bulk of the schist averages about 10 to 30 per cent kyanite. On the basis 
-of these figures, the reserves of kyanite mineral within the limits of the exposures 
.arc estimated to be approximately 300 tons pel' vertical foot of depth.'" 
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Dey Hill Kyanite Prospect 

51·29 

Situated 3 miles east of Radium Hill mine. In this locality there are widespread 
,outcrops of contorted kyanite-mica schist cut by narrow amphibolite, pegmatite, aJId 

-quartz dykes (Dickinson, 1943(b»). In one place there is a well-exposed segre­
gation of kyanite measuring 5 by 3ft., contaminated by about five per cent of 
staurolite, andalusite, muscovite, and garnet. 

A sample of kyanite from this deposit has been chemically analyized, and the 
result is included in table IX. 

Bonython Hill Kyanite Prospect 
This deposit is 1 mile north of Bonython Hill and 3 miles northeast of Radium 

Hill mine. Another deposit of the same type as that at Dey Hill. 

lI:l~~tooroo Kyanite P-rospect 
This is ~ mile west of the l\futooroo mine. Elongated segregations of kyanite 

up to Sin. in width hve been observed in poorly exposed mica schists near the 
-contact with amphibolite. 

BARITE 

Barite is found in both the Archaean crystalline basement and the overlying 
Adelaide System sediments. t 

* Scheelite was recently reportec1 in a bulk sample of kyanite from the Radium Hill 
Prospect. 

t In the Adelaide System rocks, barite is a minor constituent of metalliferous quartz 
veins at Teetulpa and Baratta, and occurs with purple fluorite and quartz in small 
disconnected (sheared) veins 5 miles south of Mutooroo station homestead (Pearce 
barite claims, M.Cs. 1871 and 1872.). 
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In the Archaean rocks, there are a number of very large but low-grade deposits of 
barite of the bedded replacement type which are chaTacteristically contaminated 
by silica, and by a remarkably regular content of granular iron ores-comprising: 
about six per cent of the whole. These deposits appear to follow a certain strati­
graphic level within the banded iron formation as pointed out in an earlier section 
of this record (see page 93). The largest barite deposits are located at 
Weekeroo, Mount Mulga and Dome Rock, and are described in some detail in the 
following pages. Similar occurrences are also to be found near Ameroo Hill (Out. 
38 and 47) and near Meningie Well (Out. 91). 

Metallurgical research on bulk samples from one of these deposits (Weekeroo) 
has indicated that flotation methods would have to be adopted to produce a market­
able product, involving high costs and a serious problem of water supply. On 
account of these factors and the distance from industrial areas, it seems unlikely 
that the low-grade barite deposits have any prospect of commercial development at 
the present time. 

Small barite deposits of better grade are known near Old Boolcoomata home­
stead (Out. 71), and in the Waukaloo copper mine area. 

Weekeroo (Walparuto) Barite Deposit 
Mineral Claim 1775, seven miles 110rtheast of Weekeroo station homestead_ 

Large outcrops of low-grade barite are distributed about the periphery of an exten­
sive siliceous mass (containing some hematite and barite) in an area of Archaean 
quartzites, schists, amphibolites, and intrusive granite-pegmatites (Out. 90). The 
barite outcrops are generally orientated parallel to the bedding of the country-rock, 
and in places retain the original bedding structure of sediments (Ridgway and 
.J ohns, 1949). 

There are eight main bodies consisting dominantly of barite which have reasonably 
well-dcfined boundaries (fig. 83). The appearance of these outcrops is uniform, 
each beng composed of a matrix of coarsely crystalline white barite with fine-grained 
silica inclusions and studded with brownish-black crystlllline hematite and magnetite 
up to ~in. in diameter. 

The deposit is considered to be capable of yielding approximately 3,500 tons of 
ore per foot of dcpth by open-cut operations. The largest hody contains 900 tons 
per foot of depth, a representative sample of which assayed 62·4 per cent barium 
sulphate. Metallurgical tests on the same sample, conducted hy Enterprise 
Exploration Co. Pty. Ltd., demonstate that a concentrate of acceptable grade­
cannot be obtained by gravity concentration alone; flotation is necessary (Knight, 
1950<") ). 

Three parcels of hand-sorted barite, aggregating 54 tons, have heen obtained 
from the deposit during the period 1946-1954. 

Mount Mulga Barite Deposits 
Formerly Mineral Claims 775 and 887, three miles southeast of Old Bool­

coomata station homestead. Six large and irregularly shaped hodies of massive but 
impure barite crop out on the crest of the Mount Mulga ridge (Out. 106). The 
barite outerops are featured by faint structural lines corresponding to the bedding 
foliation of the quartzite country-rock which it appears to replace (Whittle, 1948). 
The hulk of the deposit consists of a coarsely granular white barite containing 
appreciable amounts of disseminated ilmenite and magnetite grains (up to about 
5 per ccnt), in places discoloured by a pale-green copper staining, and generally 
hecoming more siliceous at the margins. 

The outcrop of the largest deposit (No.1 lens) covers an area of approximately 
15,000 sq. ft., which would represent about 1,900 tons per vertical foot of depth. 
The total tonnage available in the five subsidiary deposits would amount to a 
similar figure (Mansfield, 1949). 
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A. W. G. Whittle (1948) reports that smaller but better quality barite-free' 
of granular iron ores-occurs in seams up to 3ft. wide to the north of the Mount 
Mulga deposit. 

Dome Rock Barite Deposit 
This deposit is 3 miles north of the Dome Rock copper mine. According to 

Dickinson (1950), the largest of several occurrences in the area is located at the 
pinnacle known as Dome Rock. Here a lenticular outcrop, about 200ft. long and 
100ft. wide, consists of low-grade granular barite with much disseminated hematite 
(5-30 per cent) and quartz (10-50 per cent). The linear orientation of inclusions 
in the quartz grains as observed in thin section suggest that this mineral is a 
remnant of a former metamorphic rock that has been partly replaced by the' 
barite. The country-rocks are hematite quartzites and schists, and a large pegma­
tite intrusive follows the western boundary of the deposit. 

Even the best material available would not lie within the specification of first­
or second-grade barite used in industry, without first undergoing treatment. 

Waukaloo Barite Deposit 
Situated 8 miles northeast of Kalabity station homestead. A lenticular body of 

white barite, about 75ft. long and 1 to 4ft. wide, has recently been found 100ft. 
east of the 'Waukaloo copper mine. The barite appears to be a reasonably high 
grade. 

MISCELLANEOUS NON-METALLIC MINERALS 
The following mineral deposits which are found in the Olary Province are not 

being worked at present, but lIlay provide a future source of raw materials required 
in industry. 

Carphosiderite 
An lU1usua! deposit of carphosiderite (basic SUlphate of iron) oecurs interbedded 

with mica schists and scheelite-bearing cale-silicate rocks near Cathedral Rock, Old 
Boolcooma ta station (see also page 101). The main deposit is confined to a 
bed about 6ft. wide, which is partly concealed by soil or limestone overburden, 
but probably extends over a strike length of at least 400yds., representing a mini­
mum reserve of about 250 tons per vertical foot of depth (Solomon, 1952). The 
composition of the bed as established by chemical assays of several reprcsentative 
samples (table IX) is approximately 74 per cent carphosiderite and 24 per cent 
insoluble matter. 

A similar but smaller deposit of carphosiderite is also known near AmCl'oo Hill 
(Out. 63). 

The possible usc of the carphosiderite as a pigment, or for sulphuric acid 
manllfaeture, has heen investigated by chemical companies without any noteworthy 
economic developments. 

Graphite 
Finely divided (amorphous) graphite is a constituent of andalusite-mica schists 

which outcrop over wide areas ncar Kalabity and Bimbowrie stations. In at least 
one locality, at Alconie Hill (Out. 105), graphite comprises about 30 per cent 
of the schist over a very considerable width, and experiments are at present being 
conducted on bulk samples to establish whether a markctable product could be 
obtained by metallurgical treatment. (See page 117.) 

Minor deposits of flake graphite of no commercial value are to be found in 
association with copper mineralization in the Ethiudna mining area (see page 99) 
and neal' Old Booleoomata station homestead (Out. 119). 

Corundum 
Corundum occurs in small amounts as porphyroblasts in gneiss and schist near 

the Woman in 'White mine (Out. 120) and near Ameroo Hill (Out. 108). 

Tremolite 
Massive trcmolite rock forms prominent outcrops in the Ethiudna mining 

area. 
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Chapter 4 

POST-PROTEROZOIC VEIN DEPOSITS OF THE CRYSTALLINE 
BASEMENT 

In the localities outlined hereunder, siliceous quartz reefs which intersect the base­
ment rocks were mined for gold and copper. These differ markedly in structural 
and mineralogical features from the typically pegmatitic or pyrometasomatic 
deposits of the Precambrian mineragenic epochs, but are comparable in type, 
mineralogy, and in most eases structural orientation (fig. 65) to the epithermal veins 
-of the Early Palaeozoic metallization. The probability that these siliceous vein 
deposits are in fact of Early Palaeozoic age is substantiated by the observation 
in numerous localities of similarly orientated quartz veins intersecting the Archaean­
Proterozoic unconformity. 

Luxemburg and Queen Bee Mining Area 
The gold and copper mines of the Luxemburg and Queen Bee lllllllllg area are 

located along a system of parallel quartz reefs cutting granite and metamorphosed 
sedimcnts on the eastern boundary of an extensive body of amphibolite. Gold was 
fil·st discovered in 1887 at the Bismarck reef, and shortly afterwards the John Brown 
and Queen Bee rcefs were pegged. In 1915, a plant was erected for crushing ore 
and for the recovery of gold and copper, but lack of water for the treatment plant 
proved to be a serious prohlem to the operations, and the workings were ahandoned 
shortly afterwards. 

The mining area, has been mapped ill detail by Ridgway and Johns (1950(h») 
.and the following detail is largely extracted from their report. 

QUEEN BEE MINE 
'rhis reef outcrops over a distance of about 800ft., with widths varying from 

about Ht. to 8ft. and with a steep northerly dip. The quartz of the lode is white 
lllld massive, though often cellular along the centre. Three main shafts were sunk 
-Oil the eastern end of this reef near the amphibolite-granite contact, and other 
small pot-holes to the eastward. 

The main ladder and haulage shaft was sunk on a 3-ft. lode to a depth of 270ft. 
-on the almost vertical underlie of the lode. There are working levels at 100ft., 
160ft., and 200ft., and it is reported that the bulk of ore was won from the 160-ft. 
level. An 86-ft. shaft connects with the 100-ft. level at the amphibolite contact. 
The 63-ft. windlass shaft connects with a stope above this level. 

Fractures did not persist into the amphibolite which, during the shearing, acted 
as a competent bed. Quartz stringers up to 1'8in. wide, however, feather out 
along the cleavage planes of the schistose amphibolitc for short distances. 

Records show that the original workings at the main ladder and haulage shaft 
intersected some small rich bunches of copper carbonate, chalcocite and bornite, and 
free gold, and one sample assayed in bulk yieldpd 10z. 10dwt. of gold per ton, 
90z. silver and 32~ per cent copper. Near the amphibolite contact the vein is 
richer in copper ores of chalcopyrite, tenorite, and cuprite than the other reefs. 

LUXEMBURG MINE 
The Luxemburg mine comprises workings along the auriferous Bismarck and 

Bayes reefs. 
The Bismarck reef strikes approximately east-west and dips at 45° to 85°N. 

The width of the vein varies from Ht. to 20ft. On the western end near the 
contact with the amphibolite the reef splits into at least three veins which have been 
opened up by means of an underlie shaft and a level at a depth of 56ft. W ork­
ings below this level are inaccessible. The most southerly branch has been 
worked by Illeans of an ad it and winzes which connect through to the 56-ft. level. 
It has been stoped out for a length of 30ft. from the 56-ft. level to the adit. 



Ol'A~TM£NT.OF MIN£S 

]24 

l [G [N 0 

"mloh,bol.leiln~, .. <0<>.1<, __ • ____ • _____________ _ ' 

St"~. lind d,p ~t R ... t, ______________________ ~ 

" :~I',::;~nd;:.:~::,~_ ~_~~'~~~_~~~ ~~~~===~-~ ~ 
S""f1. ______________________________ ~ 

w,,, ... _____________________________ CSl 

D"~ _____________________________ ~ 

CO\lun ____________________________ c;:::::. 

SUII in Feet 

/ 

+ 

+ 
+ 

LSO·59 

FIG_ 84-LUXEMBURG AND QUEEN BEE MINING AREA 
Surface geological plan 



125 

The Bayes reef, which appears to be a branch of the Bismarck, has been opened 
up by means of two underlie shafts, 43ft. and 58ft. deep, respectively, and an open 
stope 80ft. long and 30ft. deep for a width of 7 feet. 

The reported production from these mines amounts to 259 tons, from which 1530z. 
of gold were recovered. 

JOHN BROWN WOR'KINGS 
The John Brown line of reef, between the Luxemburg and Queen Bee, outcrops 

for over 1,000ft. in length, its maximum width being 4ft. The quartz reef strikes 
ESE. and dips NNE. at angles between 50 deg. and vertical. It has been opened 
up by means of an adit, shallow shafts, and trenches at intervals over its entire 
length. Most of the outcrop is barren, or almost barren, quartz. There are three 
other barren-quartz reefs south of the Queen Bee within the map area. 

GENERAL APPRAISAL 
The total recorded production for the whole field amounts to 304 tons for 171oz. 

of gold bullion, and thus could not have covered cost of development. Records 
show the Luxemburg mine as being the major producer, but the Queen Bee is the 
most developed reef on the field and appears to have been the most important. It 
is evident from the survey (Ridgway and Johns, 1950(b») that the ore forwarded 
from the mines probably representcd hand-picked stone from small, richer patches 
along almost barren reefs, and it is unlikely that the deposits will offer any future 
scope for profitable operations. 

Other Mines 
BIMBA MINE 

Situated 10 miles north of Bimbowrie station. 

A shaft and numerous open cuts arc sunk on cupriferous quartz veins introduced 
along It line of faulting whieh extends NNE. in schists for a distance of approxi­
mately 2 miles. A pale-coloured pyrite is the only sulphide now present on the 
dumps. Nickel is reported to be present (Mawson, 1911). 

CUTANA MINE 
Situated 5 mile,,; south of Cutana railway sidillg. 
A limited amount of copper ore was obtained from a well-defined quartz-iron­

stone reef 3ft. wide trending in a NE.-S W. direction for a length of over 60ft. 
Malachite and chalcocite, carrying up to 40z. of silver to the ton, and some gold, 
were met in small but rich shoots. 

CENTRALIA MINE 
Three miles northwest of King Bluff, near OIary. A quartz lode, averaging 

5ft. wide and carrying sparse pyrite and chalcopyrite, trends southeasterly across 
the strike of laminated metaquartzite country-rock. A quantity of secondary 
copper ore was raised from ncar the surface, but at depth only narrow and 
sporadic "einlets of sulphides were encountered. The main shaft is reported to be 
200ft. deep. 

OTHER DEPOSITS 
Feeble copper mineralization is associated with quartz veins in schist at the 

Bil7eroo, Lady Louise, and COPIJer Hill (Boolc.oomata) mines, and with gold in 
an -cast-west yein cutting gneiss at the MacDonald Hill mine. 
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Chapter 5 
POST-PROTEROZOIC EPITHERMAL VEINS IN THE ADELAIDE 

SYSTEM 
The Adelaide System sediments flanking the crystalline basement are featured 

by widely distributed low-temperature metalliferous vein deposits occurring in 
siliceous, ferruginous, or carbonate gangue. Of special interest are the auriferous 
quartz veins which were formerly mined in numerous northeast localities and which 
contributed largely to the gold production of the State during the latter part of 
the nineteenth century. Lead and copper sulphides are found less commonly in a 
similar environment, and traces of bismuth, tungsten, and cobalt have been identi­
fied in association with the other metals. 

Auriferous Quartz Reefs 
In each of seven main mining centres, the gold occurs sporadically in narrow 

siliceous reefs trending parallel to the bedding or structural lines in quartzite or 
slate country-rock. At the King Bluff and N illinghoo areas, auriferous quartz 
forms a stockwork in irregularly fissured quartzite over a strike length of several 
hundred yards. Tn other fields, where the bedrock is predominantly slate, vein 
swarms follow beofling (oJ" cleavage) in the trailing limbs or axes of broad 
fold structures, and reefs averaging 1ft. in width may persist along the strike 
for considerable distances, sometimes exceeding a mile in length. 

T'wo stages of vein development have heen recognized, the earliest of which is 
widely represented by barren milky quartz. Later gold-bearing quartz-calcite­
siderite veins, which are coarsely crystalline and sometimes banded, follow or 
crosscut the barren quartz, as well shown at Wadnaminga. In other places they 
occur as separate reefs. Pyrite is consistently present in the auriferous veins, and 
in fact contains most of the gold, although free gold is common in the weathered 
outcrops where pyrite has decomposed to limonite. Minor amounts of hematite, 
galena, and chalcopyrite were common to most of tLe auriferous depcsits. Barite 
has been identified in the reefs at Teetulp{/) and erythrite at Mannahill (Klondyke 
Reef). Bismuth is associated with the gold in both these localities. 

Greatest gold-mining activity was centred about the Teetulpa area where it is 
reported that several thousand prospectors operated on alluvial and reef deposits, 
from which gold to the yalue of £300,000 was raised. In the reef deposits here, and 
throughout the whole district generally, it was found that the gold values are 
extremely irregular. Extensive selective mining to depths of up to 1,200ft. at 
Waukaringa yielded large tonnages with an a\'erag·e battery return of 17dwt. of gold 
pel' ton during the period 1872-1889. 

A serious problem which handicapped thorough prospecting and development 
of these deposits and which contributed to the early abandoning of the mines 
about 1900, was the general lack of water supplies. 

Silver-Lead 
Numerous small and relatively unimportant showings of silver-lead minerals are 

known in the Adelaid·e System rocks of the Olary region, occurring in either of the 
following ways: 

(1) As described in the preceding section, sparse grains of galena are character­
istic of the hydrothermal quartz veins of the gold mining areas, and the Trinkaleen(t 
mine, east of Mannahill. Galena is particularly widespread at the Wadnaminga 
field, where cerussite, pyromorphite, and crocoite are also found in the weathered 
zone. The nearby South Australian Broken Hill mine yielded cerussite assaying 
420z. of silver to the ton. 
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(2) Narrow and discontinuous seams of galena are found associated with iron 
oxides and gold in bedding plane fissures in dolomitic slates which immediately 
overlie the basal grit formation. Small open-cut workings are operating at the 
present time in deposits of this type at the BMatta field, west of Waukaringa,. 
and at Vranes Prospect, near Outalpa. Similar deposits were worked but later 
abandoned at the Lady Elizabeth, Uncle Tom and Winkler mines. The lead tung­
state, stolzite, has been identified in samples from the latter workings (Mawson, 
1907). 

Copper 
Copper sulphides are found as sparse grains in the quartz reefs of the goldfield 

areas, and small parcels of copper ore were produced in the past from shallow 
workings at several other places in the Upper Proterozoic rocks. These include the 
Mildaltie mine near Radium Hill, where copper and silver-lead minerals occur as 
weak disseminations in highly cleaved slates, the Marjorie mine at Outalpa station, 
Mitchell Prospect on Weekeroo, and the Nil Desperandum near Olary. 
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Chapter 6 

IRON ORE OCCURRENCES 
'1'he geological setting and distribution of sedimentary iron deposits in both 

the Archaean crystallinc basement and overlying Adelaide System (Proterozoic) 
scdiments is outlincd in Part I of this Bulletin. Both are cxposed in numerous 
outcrops which, although of no immediate economic interest, constitute a reserve of 
potential iron ore resources of the following categories: 

(a) Most important strategically are very large reserves of low· to medium-grade 
hematite sandstones which comprise a succession of relatively narrow but 
persistent beds in the Proterozoic sediments. 

(b) Isolated small bodies of medium- to high-grade iroll ore in the crystalline 
basement. 

A number of the more conspicllous iron ore outcrops of both types have been 
known from the earliest mining period. Some have been worked, notably those 
at Cutana and Boolcoomata, to provide iron oxide flux for Broken Hill smelting 
operations. More recently, other extensive and probably more important low­
grade deposits of type (a) han heen disclosed by the systematic geological mapping 
and aero-magnetic surveys. 

Brief details of the most important iron ore outcrops given below are mainly 
extracted from reports by Jack (1922), Sprigg (1951), and Miles (1951). The 
outcrops described all recorded appreciable anomalies during a recent air magneto­
mctric survey conducted by the Bureau of Mineral Resources, Geology and 
Geophysics (fig. 31). 

Proterozoic (Braemar, Bimbowrie) I ron Ore Deposits 
The sequence of ferruginous sediments known alternatively as the Bimbowrie or 

Braemar iron formation are interbedded with the basal tillite (Adelaide System) 
through the greater OJary district, Hnd extend beyond to near 01'1'01'00 in the south, 
aurl ea~terly into New South Wales (Haw,on's Euob-Thonmon, ]952). It is 
probably hest developed at Braemer station, 45 miles south of Yunta. 

In this horizon, the iron usually occurs in several narrow bands, each of a few 
feet thickness, which consist predominantly of medium- to fine-grained hematite. 
The hematite beds are finely laminated and rather porous and friable, but locally 
are dense, or superficially weathered to limonite in outcrop. 

MALDORKY AREA 
Located 2 to 3 miles northeast of Maldorky Hill and 6 miles southwest of 

Radium Hill. (Magnetic anomaly No.7.) The hematite-rich beds are exposed 
here in high hills over a strike length of several miles. The average width of 
the horizon is 50 to 60ft., but the amount of interbedded slate varies considerably. 
Chip samples taken at random across the outcrops in several localities showed an 
iron content (Fe) ranging from 19'5 to 52·0 per cent (Sprigg, 1951). 

CUTANA AREA 
This is situated 7 to 8 miles northeast of Radium Hill and 10 miles south of 

Mingary railway siding. (Magnetic anomalies Nos. 8, 9, 10, and 11.) Numerous 
small quarries and pits are developed over a wide area in pisolitic and earthy 
limonite deposits ,yhich form a capping to low rises composed of flat-dipping 
11ematite sandstones. These deposits were worked late in the last century as a source 
of iron-oxide fluxes for smelting of refractory ore3 at Broken Hill, being trans­
ported from the main workings at Grant quarries by rail via a former spur line. 
Grab samples from several of the quarries assayed 36-6 to 59'8 per cent iron (Fe). 
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OLARY AREA 
Situated 7 miles north-northeast of Oiary. (Area of generally high magnetic 

background). A laminated hematite-sandstone bed measuring about 8ft. wide is 
exposed for several hundred yards in low undulating hills (Out. 104). 

BIMBOWR'IE AREA 
Located H miles east of Bimbowrie station homestead. Intermittent outcrops of 

bedded hematite have been observed over a length of several miles (Out. 112). 

Archaean (Koolka-Billeroo) Iron Ore Deposits 
A banded ferruginous formation is a persistent stratigraphic marker occurring 

along with epidote-actinolite-quartzites in the Upper Group of the basement rocks. 
(See Part I, Chapter 2.) This formation is typically composcd of laminae or 
disseminations of hematite-magnetite in arenaceous sediments, but in a number of 
places is locally represented by massive lenticular segregations of medium- to 
high-grade iron ore whieh may measure up to 20,0000 sq. ft. in cross-sectional 
area. As a rule these iron-rich segregations form prominent pinnacle-shaped hills 
above the general level of the surrounding terrain, and several have been considered 
as a possible source of iron oxides for industrial use, at least locally (Broken Hill). 
The relatively small size of the scattered occurrences, however, seriously curtails 
the value which can be attached to these deposits. 

The largest outcrops of the medium- to high-grade iron ore are as follows· : 

KOOLKA AREA 
Situated 6 miles north of Bimbowrie station homestead. (Magnetic anomaly No. 

in.) Two isolated pinnacles of iron ore (magnetite-hematite), ! mile apart, are 
capable of yielding about 70,000 tons of 66 per cent iron (Fe) above plain level. 

BILLEROO AREA 
Located 12 miles north-northeast of Plumbago station homestead. (Magnetic 

anomaly No. 36.) Three ridges of banded magnetite-hematite rock in this locality 
could provide some 50,000 tons of ore assaying 50 per cent metallic iron above 
plain level. 

OTHER DEPOSITS 
Other similar ironstone bodies are known in less accessible places at JJ:lownt Bull 

(Pimpena Hill), and near Dou,ghboy Well and Ontalpa. Station. 

* For further information refer to Geol. S1trvey S .. <I:u,st. Bull. 9 (R. L . .Jack), 1922. 
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2nd order anomaly 
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MAGNETIC ANOMALIES 
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Anomaly Nos 1 - 9, 12 13 16,18-20 
probably related to B,mbowrre Iron formation 
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probably related TO quartz hematite formation 

No 15 14 
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Nos 17,24 
probably related to amphibolite 
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Adelaide System 

Crystalline Basement 
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DETAILED GEOLOGICAL PLAN 
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Travertine limestone _. ______________________ ~ 
Clayey sand alluvIum ____ . _____________ " __ I'""" .-.-. '"""'I 

Recent and Pleistocene 

Pegmatite (Quartz-felspar-rutile) - - -- - - - - - - - - - -~ 
Quartz veins and segregai ions (Pegmatite)~ __________ ~ 
Adamellite Pale coloured (Accessory absite ) 

Archean Low massive outcrops ____________ ~ 
Broken, deeply weathered outcrop::> _______ I -:- ~!- -;-1 

Porphyritic Coarse-grained pink Granite (Ethiudna Hill type)_ 

Grey mafic Granodiorite ________ . _______________ ~ 
Meta-sedimentary schist and gneiss, etc. ________ , _____ ~\f~\\\;mlmm\ml 

Outcropsnf Absite Mineralization in Adameliite ___________________________ • 

St(Jke and Dip of Schistosity (Metasediments) .. ~_~ _____ ~ ___ ~ __ ~_ _ _ _ __ _ _ _ __ _ ~o 
Strike and Dip or Local shears __ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~o 
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BRIEF DETAILS OF MINERAL OCCURRENCES 

IN THE· PLUMBAGO-GI,ENORCHY DISTRICT 

Grid locatlO r] No 
Reference C IN Series DescriptIOn 

C4 I 

D4 2 

C5 j 

C3 4 
C3 5 

03 6 

03 7 

C3 8 

C3 9 

82 10 

B2 II 

82 12 

C5 13 

85 14 

85 15 

85 16 

84 17 

84 18 

84 19 

85 20 

85 21 

85 22 

C4 2"1 

A2 24 

82 JS 

82 26 

C2 27 

C2 28 

83 29 

83 30 

D2 31 

112 32 

C3 33 

C3 34 

C3 35 

C2 36 

C3 37 

C2 3~ 

C3 39 

C4 40 

82 LI 

82 42 

B2 43 

05 44 

05 45 

C3 46 

C5 47 

03 48 

D3 49 

D2 50 

02 51 

Cl 52 

C2 53 

C2 54 

A2 55 

A2 56 

AI 57 

AI 58 

Al 59 

AI 60 

05 61 

05 62 

05 63 

85 64 

85 6) 

85 66 

84 67 

C4 68 

84 69 

84 70 

85 71 

C5 72 

C4 73 

85 74 

C4 I" 
C4 76 

C4 77 

84 78 

B4 79 

C4 80 

C4 RI 

03 82 

C4 83 

B5 84 

84 85 

03 86 

C4 87 

C3 88 

C4 89 

C3 90 

C4 9 

C4 92 

82 93 

C4 94 
B2 9) 

82 96 

C4 97 

A2 98 

Al 99 

C4 100 

C4 101 

C4 102 

Absae In mlcoceo .. s sheaf cuttrng adamellite. 

U ollo/Jr one specks In small ore:] of red granite 

Rodrooct vc Iron ore xenolith In grantte 

Small xenotlme crystaJs In pegmot te In coppe s+Glned sheaf. 

Pegmatite with tin}' m~nQZlte groins 111 'YJQsses or opatlte. 

Torbern ~e scale:" In thin pegmotlte cutting red granite. 

rurple filJonte weathered o~.!t of sheor 

Few frGgment~ or dOVldlte I)~ quartz seams In gramte 

Uranophane stainS In ~cg'TIQtltlc ,soda grcnlte. 

Small omount or delJ Iwl day Glte from near farge peg'11Gtlte 

Fel"l pieces of loose davld,tc fl'"om neer pegmatite In amytllboJ/te. 

'Jne (ragmene or dOvldlte fJund o"1ong cmph oolIte rubbJe. 

Small pegmatltf' contOIr:lng monazite o'1hlte anD IlmenolL.t Ie, 
In granite. 

1'I1,nute abs/te grains In narrow ado'""'cfllte band 

Bond o( maSSiVe olasklte wl~h OC(eS~ofy ubslte grams 

Abslte In quartz v€If1lets rutting adameiJltc. 

Davlclte granl)J€S cJssemlnated urrougi1 glollite 

Davldlte grams In JOints In granite 

Grains oj monazne In blol..il.e Clot In grolllte 

Coarse davld,te gl'"QInS In blue quartz vein In gneiss. 

Orthlte clots with ocangl1e In pegmatite 

Detr tJi f1odulor lu'Tlps cf cr~h te Intergrown 'v\..Jth rutile 

Ol'"thlte cio[ In JOIn[ In red granflt. 

GrOins of d:J/ldlte ond rutile 111 ((llshpd leucc~adame{/Ite 

Pegmatite In fa71lnoted grey QuartZite wlt.h heavy uranophone 
stains 

PCRmotlte (Ontml1111g davldlte apotlte and coarse steely b otlte. 

Coarse detrlto! oav olte 

'2UJntl1y o( detTital dav,d,te 

Sme'l amount of cetrltal d()Vlwte. 

jmalf Qr-Jount rf det(ltc l "'OV!dltc 

Small arrou'lt of dev/dl l [; Ileotilel'"ea out ot pegmatite m amphI-
bOlite. 

i=ew pieces of (JavJdlte and onhne (ouno flear tJegmotlte 

SIX-~ ded uy5tol 0) somorsklte 1'1 large pegmatite In granite. 

Clot 0: somoc,klte and ruttle 'n clashte dyke 

Uronopllone In granodiorite reactID'1 rim (Jround xenolIth 

De/rltal Ilmcr)orUtile (rogmenrs sned from pegmatite tn amphl~ 
bol,te. 

LI/?ht stains of uranopho>"c In granodIOrite reactIOn r m of 
xeoollth 

Detnto/ . meiloruti/e from narrow pegmatite. 

Uronophone stOlfi:, In r7ll(oceous sne'J( cutfmg gronlte 

SamarsKltc In pegmatite Q.-th,te clots In jOlr (S 1[1 nearby (,mphl~ 
Lollte 

(Jra10/Jhon p stains In brccclOted mlgmatlte. 

Davldae Jfurn':; III red oplttlsed qLortZite 

Clots or o~thlte In Iwge pegmatite 

Lorge smoky ouonz u ystals In ca\'lty '''' begmatltt" 

Rutile ann t/Otlte from schist WOII cf oegmoVte 

Somor::;k !e III )omt In gneissIc grarute 

Abnormally radIOactIVe gran ~e. 

FWflL uronophune stains In Dlotlte streak In gnels:; 

UranophGnc In biotite streak n gne 5S. 

Grams o( duv,d,te 111 I ed granite 

Small cmo!Jnt of netTlto) nOVIOlto shed from large pegmatite. 

Sm~II Qmo~nt of davidlLe in shear zo le 

Samarskltp rrysrol In t~ln pegmatite In gneiss 

Uranophone stain Or) ICtnL 1(1 gneissIc granite 

Dettltal lumps of orthltc wrathcrcd jr'om gr:modlorlte. 

Uranophcne stains In SCniSl 

DaVld,te wains In coarse hlack hornblende and blue avatae. 

Euxenlte In pegmatite lel f ] Ir] g()elss 

D'Jvldlte In ouartz ve m (lJtr ng rcd mlgneaute. 

Ilmenoruule crystal In /Jegrnul.,u;. 

Orthlte lumps In regmcrlte cutling epidote quartz/t(?'. 

DaVldlte grains In red grCJMILe. 

DOVldlte erG ns In red gl'"anlre 

Disseminated dev/d,Ce gluJf)~ /r1 odarnd/lte. 

Df:>semlnoted devld te groliF In (Jdomel'lte. 

Monazite and rT:agnetlte In b'OLltt ::,treoks In gneiss. 

4os'te In JOInts In red grol1lte 

Somarsk,te 1'1 quartz veins If! ()(}wnelilte. 

Accessory obslfc groins In od(Jmf'lIlte 

Polycrase In (oarse reldspar pet]ITJotlte 

Det~llo/ mess of orthlte 

Aoslte n crusr;ed b otHe adcme 'l Le. 

Aoslte n bIOtite 

Somarsklte III small begmatltes Ii reu Jrc..flfte 

DOvld,te and obslte In {((Jrks In g~ey grollitc 

y.-trocrosslLe IfJ small pegm'xJ -. 

AbslLe In shE.ar cutting massIVe oda71elflte. 

4bsltE. III pegrilutltJC odamelllt:: 

Uro/1l'1ltc ond fcrg"sJnlte 111 "mail pegmatite In red Ene1S5. 

Coarse sQlTlorsklte I~ sm;11 feldspar peg'11otlte 

Samor5kJt.c 11 quartz veins In jOlnted adamellite. 
Samorskltc afid ilme"'ilte In smalt pegmatite 

Davld/te vein In 51 eared nllcrOGlofite 

R'Jdrooctive biotite 

()nhlte III quartz ve,n In porplyfltlc grantte 

Samersk,te and apatite In small pegmatite In red gronlte. 

Abslte In J~lnts 111 adame!llte 

Da"dlte In sheer zone cutt.ng aplltlc granite. 

Euxenlte and ilmenorutlle In small ~egn~atlte. 

Davldlte In tiny goo "S In copper stamed amphibOlite. 

MonaZite crystals In t}lIn peg'llotltes cL.lttlng red gneiss c gramte 

f,lonaz,te crystals In thin pegmatltes. 

Dallldrte grams In dark amphlbolltlc rock 

Absltc In QLortz veins In adamcllite. 

DaYld,te grains In dork hyor 0 grunod,ollte. 

Davldlte grams In dark hybr a granodIOrite. 

Xenotlme crystols 111 pegmattte In shear 

Dav,d,te grams m dark hybnd gmnodlome 

DO'vIJ/te rn b!~Lle ve n In red grOrHl.e. 

DOVldlte In JOint In adamellite. 

Detr Ital crystals of monuZite. 

Det(ftal fragmf'nts of davld,te 

C4 103 

C4 104 

C4 105 

C4 106 

C4 101 

C4 108 

04 109 

04 110 

C3 III 

03 112 

03 113 

03 114 

03 II) 

C4 liS 

03 117 

03 118 

03 119 

03 120 

03 121 

03 III 
C3 123 

C2 114 

C2 125 

03 126 

03 127 

03 128 

03 129 

84 130 

84 III 

85 132 

84 133 

B5 134 

84 135 

C5 136 
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B5 139 

C4 140 
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Small grall1s of davldtte In tlmentte vem 

Accessory abslte gro ns 1/1 pink alasklte 

Somarsklte ana monazite 111 quartz pegrr1Qilte5. 

Abslte In bIOtite streaks Irl gneiSSIC adamelflt8 

Dett ltal Gb~lte om'Jngst adamellite boulders. 

Absltc In crushed adamellite 

Block radlooctlVe minerai WIth apctlte 1/1 pegmatite. 

Fergusonlte. "men te and biotite 1/1 coarse begmatlte 

Mocazltc. xcnotlme and yttracolumblte In qoartz pegmatite. 

Abnol molly rodloo~tlve Gaamell,te 

Abnormal radlOoctlvlty ,n biotite mlgmotlte 

Abslte grams III adop,e/J,te 

Branne.(ltc n thIn pcgmatltc CJtti'1g red grantte 

DQv!dl~e 11 gum tz reef 

Smnll nmolJnt of detrttal davld"e 

Dev/dlte 11 siliceous pegmat teo 

Dovtdlte and somarsk!te groins /11 red apllt'" 

DGVldl~e crystals In quartz pegmatite. 

GIOIllS of daVldlte In bIOtite strea~s In mlgmatlte 

ilmenoruu(e mor~ozite and sarr;orskltE In lorge quartz pegmo(lte. 

Fergusolllte crystal In thl'l begrnatJte In granite 

DaVid tc fragmcnts In detTltus 

David te In peg'Totlte 

DaVid te .n quartz pegmatltes 
U~arlop' one end dOlldlte 111 qLortz veins In red ap(,te 

DaVldltc and somdrsklte 111 small pegmatrtes 

Dev/dlte ond obslte With biotite In sneared adamefflte 

Dovlri t~ Gild blot tc In coorse adamellite 

Ab le glolns ,,0 olasK.lie, 

Dav'ldltf' g~(]Ins In red massive gronlte 

Samorsklte Ir small pegrnatJte~ cutting d.11 k g'lelss 

Dav'ldrtf' In gI'"OI'1S In red mQSSlVe granite 

Monulf£e 111 blOdte ::,treal:; In ITligmatlte 

Uranoplwile stOIn" 1'1 iJegmotlte 

UranJphone SlUlm In ~heured gr1els:-, 

Da,;/drte g~alns In gnel<;,)I( gmnltc 

4csl->-e found as det~lta( groins. 

SamorskJre ond monaZite n pegmatltes cutting red granite. 

Coarse rronoZite m small quartz pegfTIQul.e 

Samorsi<I'"f: (Jnd ilmellfte In "moll pegmc[ te 

Sarr:arsk ce n yegrn(JU(e 

/v10nazltc gra/lls In quartz magnetIte bl'Jt. te rock. 

/v'1o(achlte stains n sheared quortz. 

Euxcnltc a'1d sarnorsklte In srr:all pegmatltes. 

SOnlal s~lre In small pegmotltes 

Small amoont of detmal orthlte. 

;\r1oPoZite gn-a ns vvltn biotite and magnetite In blue quartz. 

SornarskJtc In small pegmatite 

Samarsi<Jte In sl~lol1 pegmatite 

Orthl'c "Joints In red granite. 

Orthrte In biotite lets In led g'orllte 

1v1alcch':c stolns on pegmatite ond gneiss 

Beryl crystals In large pegn1 0t/te In epidote q~art:ZJte 

Large rut Ie crystals In quartz vein 

Cha(copyrlte ond mCJQcLf[e In quartz reef III talc sch,st. 

S'T1all veins of daVldlte In red gramte 

DelI/wI (jovldJ(e siled (rorr! lorge quortL Iter 

1v1(J'ochlte stalf1S In sheored gneiss 

Uronoj.Jhone sto r.s In pegmGt,te. 

COQl'"se davldlte In pegmatite and alb,t te 

Large da'lldlte crystols In pegma'lte In epidote quoctzlte 

D/ssemlncred m-::Jnaz te 111 blotiUsed red gronl~e. 

Uroncphane stains 1'1 brecclOted gran,te. 

Uroncphone SWlns II" brecclOted gto'llte 

Uran'Jphone stains 1(; brecclOted g'-onlte' 

Ulanophone staIns I, breCCiated RlolllLe 

! 
I 
I 

A 

Chains 80 EO 40 20 

3 

4 

5 

/ 

B 

\ 
\ 
\ 
\ 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

seA LE 

[I) Dam 

'" 

2 

Ll/ely Well 

4 
I 

c 

'; Miles 
I 

(] 
Q 

o 

----- ..... 

Ore 
Minerals 

e Complex 
:::I Pegmatitic 

Minerals 

Secondary 
Minerals 

{ 

Absite _____________________ .... 

Davld,te _____________________ f:, 

Uranlnite I Broeggerrte, th'J(fon UrGlll1fte ____ 0 
Brannente_______ _ _________ 0 
Samarsk,te __________________ 0 
8etaflte 1 Includlrlg sOI'arsK/te _____ ____ 0 
Euxenlte _ _ ___________ 0 
Fergusonlte_________ _ _ ______ 0 
Yttrocraslte __________________ 0 
Polycrase ___________________ 0 

{

UranoPhane -----------------@ 
Autunite _______ _____ _ _ @ 
Torbcrnlte ________________ @ 

l. 

Deportment o( Mmes 

~~- ---------- - ------ ---

LEGEND 
Archean Granites, Migmatites and Metasediments ___ V·::·:::::::'£:j 

Proterozoic. Tillite and Slates of the Sturtian Series.J~ 

Copper 
Cobalt 
Nickel 

MINERAL DEPOSITS 

Thonte _______________________ _ 
Orthlte ______________________ -
Monazlle _____________________ • 

Xenotlme ______________________ _ 
Yttrocolumblte __________________ • 
llmenoruttle ____________________ _ 

{

Copper Ores. mcludmg chal:opyr,te, 
CIIDntr end rhrysocolfa ~ _____ .Cu 

Cobalt-Nickel Ores, JI/cludmg 
(obalme. pentlar,dlte, etc. ______ .Co NI 

{

Gold. w,th copper ________________ .Au 

Gold Gold. wltn fC7ugincus qoartz veins • 

Tungsten Scheelite ____________________ • vV 

Compiled by D King and J. Johnson 

I.on Ores 

Non­
Metallic. 

Hematite Magnetite _____________ (/jp 

:Fluorlte______________ .FI 

l GraPhlte - _____ - __ - _____ - __ "c,[ 
Belyl ________________ ----- "Be 

Airborne Radiation Survey Anomalies - (-)AB I 
S A Deportment o( Mines survey ______ " 

Mmeral DepOSits of Economic Importance r---l 
Tested by d'uJllocd drtllill'; ______ L......:...J 

Minerai Locality numbers of the Crocker 
Well Senes _____________ '68 

Mine Worklngs ____________ _ ~ 
Tracks _ 

Geological Boundaries --- -----------C 

I 
N 

JL 

ISJ.Jc 
r? 

---

PLATE IV - MINERAL MAP OF THE CROCKER WELL AREA H J "'ALL GOVERNMENT FHOTOllTHOGRAPHER ADELAIDE 

E 

3 

4 

PLATE IV 

US 493 



w 

~ § 
m m 

5500 N rr-- - ----- ---...,-.,.----r,....,"" 

@ 
PH 7 

@ 
rv--. PH 8 "1"',,_.--____ .1. 

5100N 

4600N 

~ 

4500N 
w w w w W 

§ 8 ~ ~ ~ l-
m m m m 

Department of Mines, S.A. 

REF ERE N C E 

w w 

8 8 
N ... ... 

Recent ~nd 

Pleistocene { T ravert ine limestone ______ __ ____________ \Trm'crr 

Clayey sand alluvium _____________ __ _ ___ ~ 

Pegmatite (quartz felspa r ru tile ) _ ________ ~ 
Quartz veins and segregat10ns (pegmat\\ic) _____ ~ 
Quartz Muscovite Magnetl tG veins (in shear zone)_I - 1 

Adamellite _______________________ _ E:::J 
Porphyritic granite Coarse-grained pink ~ 

grani te ( Eth iudna Hil i type). ____________ ~ 

Grey mafic granO(jjOritL _________ _ _ n ___ Jff!ff!jffffbf~ 

Metasedimentary schist clnd gneiss etc. _ __ _ _____ ~~ 

Geology by D. King South Wost Corner by W. Peterson 

R,diolnetric Survey by D. King .nd J. Huris. 

K 

FIG. 49. CROCKER WELL MAIN EASTERN 6- CENTRAL PROSPECTS - SURFACE GEOLOGICAL PLAN 

Alluvial or reSidual absite _____________________ ~ 

Strike and dip of schis'ooity ( me1asediments) ____ ___ .... _ ~ 
Strike and dip of Loca l shea rs ________ _ _ ___ _ ____ ~ 

)om" ---- - - --- -------- --- ------- - -- -'f 
Shear Zone __________ _ __ _ _______________ ~~ 

Locat ion of po sthole samples._____ _ __ _ ________ @PH3 

Contours ____ __________________________ "-/0/
0

, 

SCALE 

H J WALL GOV[HNf04 [N', PHOTOlITHOGRAPHER ADELAIDE 

S400N 

5200N 

5000N 

US 206.7 



BRIEF DETAILS OF MINERAL OCCURRENCES IN THE OUTALPA·BIMBOWRIE·OLD BOOLCOOMATA DISTRICT 

E3 

El 

E3 

E3 

El 

D4 

D4 

03 

D) 

C3 

C4 

D4 e, 
C4 
Cl 

C3 

C3 

C3 

Cl 
8l 

Cl 

83 

.3 
83 

A4 

A2 

D3 

FI 

83 
83 

83 

Bl 
83 

10 

II 

U 

I, 

IS 

" II 

18 

19 

20 

21 

22 

23 

24 

2S 

26 

27 

28 

29 
30 

11 

32 
)3 

Oc-"rrprICI~ 

Sn~cl! ollarry on {eiu:,t;Q( p".s'7JCl(,'t€ w,~h bery'l ar:d co/t,.'l1biIC 

Pf'gmcHIf~' WI,II ~elY $n1c.'1 b~"yl" 

Pq;fllutll~ I'mlJ tew (oars(; bu,'!s 

Pegl~l:J(J:C vedh rew small ber:,,'.,. 

Qt.O."()' ;'1 {e/dsp:1T rrJl7lm;rc WJ~h uc;'yh o'ld (G,-e (re:nor)tl~e. 

Pegm:w,e conninil':~ .rew coar,e berYlS, 

1~I,wry ,'] {dds,lx)r pc,pJOcte ',v,th (ew smell ;("'1/, 

ill (?,Id~pm j'i(;'gm(Jut£ wl~h beryl, smmJISk',e ond blue 

f'(·gm(nlt~ wiril i~ .. · JOO,(;; !.l:;'";tIS. 

Qu~,r,' j,"1 Icl:/~~O( PC!grnm,te 'lI,th ber;;}, ~):;ritc ana il,"ql.'cis<!. 

Coorse ucg-fllmite v/ltn beryl aM greel' o!cc'iIE. 

with 5(;'·:lil beryl" gomer riM [(i/)/ite ir.re'grown with 

I'cgn'ctite WI(," 5ma,n ,'ad:ol beryl clUSTer: 

;'1 pegmo[i(" will' brOf:g,Eb'1l9, auUrll!t;, beryl on:! 

QIJWiL per;Il~(]~ite with few ccarse lease bf'ryls, 

Pegll:(,~i(~ with fe'N STIc;1 be,'yls ani gre':.'), of (a),:ol"e. 

TrCl)dl o.~ f:,eg,(!1o(i~" ccntaining beryl and groftcn:te. 

PegmaUte Wilr' IJrollull"I-'()m~ end '/l/ug,lE','lte. 

PegmorilC witr:' jew lorge berYl's and 0 rr;;tj';oacUvc miner(1l, 

P~'gmQ,iW will~ L',-or.ophane, bery,', V'I'cgneritf' rind [purse trip-
il(r:. 

QUQrry in fe,'dsp(Jr IJep,mu~iw witJ'] large bery,ls. 

P0gn~(j'ilC witl. coarse ter,'Is and uranopllcne SWIn';. 

PegffiaUlt: wiUi coarse bery'-I, :;rc'l:Jp/)ane omi Wtlg,'erite. 

Pegnwtfte wn l) coorse radiaTing heryl. (c'Q(se i/menoruti.le 
nearby, 

Pcgma1it€ 1-'."(11 a rel'f $moll bert-Is and mQlaclJilc scoins. 

P~gmat.it€ with 0 f€\'1 5mol/ bert-'; 

Pegmatite with ~orel1cilC, SDPcb of y,u[,'lInite ar.d few beryls. 

Very coarse davio,'>c ;'1 quartz in gr::Hliti,cd qUIJrtzi&e, 

PegmQtfte WiO] a little davidJte. 

P"gmmite .v,ith monazite grollls, ,71uch magnetite rind JrGrlium 
,,~hre. 

'Nell cry~~ClJI;sed >:enu(ime w€(.."hered our ef pegmatire 

UmooplvJ.1C sra;rh in jO;lll~ Cutting red granite. 

C3 34 UF(Jnr.plwnr slo::1) in l'DI,'1t c~tting reo gr,mi((, 

C4 15 P~?,fflQ[l[e w;th ort~i<e end bille oilgodose in amp,fliba/ite. 

C4 36 Copt)2( (:Jr/)onate ().'d et;ide,minf' ill joints in ampi1.i bolite. 

C3: 37 Gneis:; ~onwln,;ng gF(Jim of Gr1i,:te, m{]gl'etit~ and (IElOf!te. 

C4 38 B~d rJr 0andNI hOf,!e5-'1lJur(.:.-mcglletne rOC~. 

C4 39 ;v\onozlir-' g((JJ,'l<; In biotite clots in ,~vbrld grei,s. 

A3 .!() few ,rragmellt, or dovlcite shed (10m querr? SC()m.~. 

A3 41 Coarse /Jegn):Jtlte comoinil'g mCJno7il[', X:[f:dime and I/menoru-
cUe 

A3 42 fJ,~i' Wf'ined pegm::Jtl:e c:Jl1tG,';;rng gWI()5 Ilr mOr;(l7.lf1' and 

113 43 
83 1,1 

A3 45 

A3 45 

C4 "7 

C4 4B 

C4 '\9 

04 50 

04 j\ 

D3 52 

E3 53 

£3 51 

E4 55 

E4 56 

imenoru(:ie. 

Ciet of dcv';dlle in qUQ;rlZ 5eaffi in gfey leminoted qucrtz.ite. 

Clors o( d-:widiTf ;n qurartz seams rn grey /Qmificted quorrzice. 

C/ol<; or david;,e ,11 DteCCIated grey iam: .. )Clted quartzite. 

C/ots of dOl'idJ':e JI1 quartz sto,'m ir; grey iuminaled q(.ortzite. 

Ded c[ bQrytes-::lLlOftZ-(rJQgnciI0 wilh ch(ji(v~'yrilt grcrins. 

ivlorwz!{e ul'd magnNJt'c ill. bfoti:e sl'f:'l1b 1'1) hybrJcl gneJss. 

Gr;IYisic grrmiriseci .>ulld,c:J.'lf' ,,·,'tl1 crumpied heavy sand loyer. 

lirnnophw'c. stwps In r,~d c:scaioo,-ed granite. 

Uranophor:e in pegmG!lte 

UranophQr.e stwns in D,pgmnrirC' cutting epiuG/e f./ut:rl2!te. 

iJr::mophar>e swins in {lalcrf'; in lorge ,rregular pegmatite. 

Q[,crry in f;o,ldsflCJf r-eg'lwUte wit." b'J2".ilt oro'lge gumm!te and 
°PlIt'-:C. 

SciJeell1e, d("'ri(O,' gr()fw, in gr.Fllel'(J[/,:rlOllte ,kal-I] area. 

Pegrrwtlcc (crrylng inter[i,'UWll, of I: Ip,'lte ot"ld grc;,rton;re. 

£3 57 Davidite ~fnts In "fjegmmlte cutting grey .floggy ~uanz,:'.e. 

E3 ,~8 Shaft WI ','JeWL reef with (ODt'er ar'2$, A/lu'I;Of gold ,round 
neC!r6y. 

D3 59 $(heclite groins in coor~C' gnrncl-(J<th8iitc skarn, 

F 3 to PegmatIte '{'I til uronophonl' (J!~(f i/ml'l1."(> lUlling t"fll('(1,~c' ,'JUG! ~Li(e. 

F3 

F2 

C4 
E4 

E4 

E. 
D3 

EO 

E3 
E3 

1>3 

£3 
E2 

F2 

F2 

FI 
FI 

84 

C3 

C3 
83 

82 

AS 
C4 
84 

F2 

E4 

E4 
B3 

AS 
F3 
AS 
AS 
AS 
AS 
AS 
£3 

£3 
E3 

Gl 
84 

84 

CS 
E5 

AI 

E> 
C3 
C4 

FI 

02 
02 
C2 
E3 

El 

A4 

£3 
Fl 

AS 

D3 
D3 

61 Sh:Jfrs on copper-tearing sheQr wir!"; weo/,dy rodlOcctil{e )'asper, 

62 Dovidl1e dat in quartz in granJtised (juartzit.;:; 

63 DetriWI scheelite groiM ,In garnet-actinolite skarn wca. 

64 Daviditc clots in qL'ortZ I'cim in c.pidote qIHj,'/r:i/c, nee:- co[u'ldum 
gneiSs. 

65 Dovi::fite clots In quartz veins in epidote qUQrtzite, nee,r (orurJdum 
gll{'IS) 

66 Urw'!aph:me .','7 Diotite streak in .7,vbnd gllei,s. 

67 Uronaphane ',,] [vecciated mig-mIJtite. 

68 Wei'! (orfT,ed xenotime prim:s in small DegmQ~ile in gneiss 

69 Coarse orrljite af1(j r:;tJ/c in op,l;te band. 

70 Coar3e f)'cfJi/(' witI' rr;flgneUl~ in (I(.(,,'l;: /-Jep,malite. 

71 Nofoe/lite stained oo'-yies In pegmaUtes. 

72 /'/c1achite vein in epidote quc.,'rzitf'. 

73 Vv'ogncriu:: ill <:;'1:::1('7: ~)egmQIi(e. 

7~ h/lJitc rmd gmfiunite in ,oegmatlte. 

75 Malachite swillS in epJ<jo~e quortzite. 

76 /f\aiochlte in jOd1tS in gron.'tised q,;arcz;te 

77 (h;ostolires in ilOrnfers. 

78 AndQiLsi(e ncOSS€o; in srhiSl. (Pror1iJrJivc). 

79 A.ndQi(.sit(' r/'i()SSCS /Jcrween sci',,;st Gnd quartz pegr7lQNes. 

SO Andakshe- messes be1""'een schists and quartz. pegmatite-s, 

BI MonaZite ami c:ryto{!tf: in ti'acl<: so,;d layer Ir1 graniliS;;G quartzite. 

82 (/,1e IlmerJlte cry-stols In yucrtz pegmatite, 

83 ,,\;lagresire layers In rclc-schist. 

84 Wagneritc in C/lwrfz f)egmo~ite, 

BS ChlJiu.)/Jyriu; groiIi~' in 'no/cchrte-sIGine-d s,lleor zone Ul gneiss. 

B6 /\lb/Qchlte O,lj azurite in sneor a! old capper (nir:e. 

37 Few beryls il") pegmotrte. 

98 Few b,:ryls il") small quarry on feldspar pcgmmit~. 

89 Mr1/ucJlrte if I "hear lo,')e Iii £I'ei~s. 

9:) Bed or iJOfytes-quortz-moglleli(e 'ock. 

91 Bed Df b"rytes-quartz-mogr;etile rock. 

92 To.'"bernite sca.Jes h1 )c!nlS ,'1") gl")C','ss. 

93 PegM:Jt;te ',I,Ijth much mira. 

94 Bcrl or tn!c-S(hisr 

95 ~;(jm,Jrsk,:te ond ilmf'll{]iu{.'fe if: pegl:Wlite 

96 Duvldite ill quurtL veins 111 joi,')ted grey iOIT1,inatec qUf1,'tzire. 

97 IAoJceiiite 111 shEer ZO'l€ CiJ:w~-g gneiss. 

98 flemanorutl.le Ir quC,'(Z pegr:lOtlt€ 

99 Quarry on felds.Mr pegf;l(1f11r 

100 DoyiCitc round on sc'O'r'Jrf' 

I~I Sii!imuf'itf:' len5e~ in mlco ~C; i,t (pwducllve). 

!02 SI,'/lm0nite /enst:s ill mice 5clllS~ (producti'!e). 

,03 S)/lfmcnite lenses in Scil'S~ ((ormerly producrll'e) 

04 Bedded block iron ore ,,'"I A1"Iaioe s'/stern rocks 

'OS II/cered U'la,wiircs in /{rnl:JhiUr schiST 

106 Buryle~, 6it. wi!!e wilh NCl0"le(ll~ gWill:>. rleUr cDpper mine. 

''Jl A'ldolu~!(.;: II' sc!l/oC (ror,l1<:ril pr8ductJve). 

)3 Corundum iyl,'lg ct: sur,roce. 

;09 

, 10 

II 

,12 

13 

114 

I ~ 5 

I 6 

I, -;' 

1,8 

aery; 1(1 pegmatite If1 <;wu(olllC'. (O:Jrmolil1€ s(his~ (form:!riy 
prC(iUiUVe; 

Jeryl in pegm'J1It::s. 

Tanlalum mlllE'tOls repcttf-c In pcgmctlte. 

lron ort. in Ad,,):1ide Sy>1C'] rocb 

fek!sta," in D('gmG~itc (Ilmdll, il'p) 

Feh .. '~p(j,"'. 

Gooel FeidSPQ( Jfj ;)o~g'!lO("tc 

aery,' III (X::gr:lOllte. 

aery: In qL'crtz-rr,iUJ p(gmcl1l~(-, 

And(]kSI'p D' u,r;toCi Dr _~:-h:5' Wid 'J'lmri7·pegmaUle. 

! 19 ;-'..;'cr gro:ie )iiilly gro,!/Ilitlc mieu-sellist. 

Il:) Corundl.Ji'I, ,'fl !!iutile-I;I'cgioclo5'~ gJleiss. 
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