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THE GEOCLOGY OF THE ,
TENNANT CREEK ONE-MILE SHEET AREA i

SUMMARY '

Most of the Tennant Creek area is underlain by shale,
siltstone and greywacke of the Warramunga Group (lower Proterozoic),
which have undergone moderate to severe folding and shearing. These
rocks are intruded by several varieties of granite, adamellite and i
quartz-feldspar porphyry, quartz-magnetite and quartz-hematite lodes, i
Jasper lenses, quartz reefs, diorite and dolerite and lamprophyre dykes.

The gold and sulphide orebodies of the Tennant Creck Goldfiseld
are confined to the Warramunga Group, and their distribution is influenced
by structure and lithology. Most of the known occurrences are closely
associated with the quartz-magnetite and quartz-hematite lodes, but major
shear zones with only minor ironstone development may also be important
loci for mineralization. The ironstones and the gold and sulphide
orebodies are thought to be genetically related to the quartz-feldspar
porphyry intrusions.

Rocks younger than the mineralization comprise the Rising Sun
Formation (proterozoic), the Helen Springs Volcanics (Lower Cambrian),
and Gum Ridge Formation (lower Middle Cambrian), as well as Tertiary to
Recent superficial deposits.

The main mines currently operating on the field are Peko (copper
and gold) and Nobles Nob (gold). Major discoveries of gold and copper
orebodies have recently been made at the Orlando Mine and the Ivanhoe
prospect. Many other mines and prospects have operated profitably in
the past and some are still being worked intermittently or on a small
scale.

Geophysical and geochemical methods have been successfully used
in the search for nonroutcropplng orebodies.

v INTRODUCTION

The aim of the work described in this report was to supplement
previous surveys of the Tennant Creek Goldfield by re-mapping part of the
field at a scale of 1 inch to 1000 feet. Air photographs at this scale
wero made available by Peko Mines N.L. The area was mapped during the
1958 and 1959 field seasons by P.W. Crohn and W. Oldershaw, assisted by
R. Ryan in 1958 and by K. Rochow in 1959. However, major developments
on the field up to the ond of 1963 have been incorporated in this Record.

Previous Work

The most comprehensive previous investigation of the Tennant
Creck Goldfield was by Ivanac (1954), who also summarised the results
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of earlier geological. work.

In 1958, the Bureau of Mineral Resources produced a set of
maps at 1163,360, showing total magnetic intensity as measursd by an
airborne magnetometer: the areca covered by these surveys was extended
in 1960. 1In 1955-57, a geochemical party from the Bureau sampled
outcrops on the field to determine the relation of trace copper in soil
and surface rock oxposures to the presence of economic concentrations of
copper at depth (McMillan & Debnam, 1961). In 1963 this work was
supplemented by the use of a mechanical auger drill to obtain samples
for spectrographic analysis.

Othoer investigations relating to the geology of the area
include the following:

Twenty C.S5.I.R.0. Mineragraphic Reports listed in the biblio-
graphy deal mostly with the mineral assemblages of specimens and drill
cores from various mines, especially Peko. Edwards (1955) describes
the Peko orebody, with special cmphasis on its mineral composition, and
two articles in the Chemical Engineering and Mining Review (Editorial
contribution, 1958; White, 1962) summarise developments at the Peko Mine
up to those dates. Daly (1957) summarizes the results of magnetic
prospecting by the Aerial, Geological and Geophysical Survey of North
Australia in this area during 1935 to 1937, and discusses the results of
this work in the light of subsequent developments. Hays (1958 a and b)
and Crohn (1961) give accounts of the geology and hydrology of the
Cabbage Gum Basin, which kas since been developed as a source of the
town water supply.

"
History of Mining and Production

The history of the field up to 1952 is discussed by Ivanac

(1954), and will not be recapitulated here. However, a number of

important developments have taken place since then. 1In 1954, Peko began
regular production of copper concentrate. For the twelve months ending
30th June, 1963, this mine produced 7200 tons of copper and 12,800 ounces
of gold from approximately 159,000 tons of ore. For the same period
Australian Development N.L. mined approximately 42,000 tons of ore,
containing 43,600 ounces of gold, at the Nobles Nob Mine. Eldorado,
the last of the remaining pre-War mines, ceased regular production in
July 1958 and has since been worked on tribute on a small scale only.

During the period 1954 to 1963, a large rumber of prospects on
the field were tested by various companies, but although encouraging
results were reported in several places, only two prospects have yot been
shown to contain mineable orebodies. These are at Ivanhoe, about ten
miles north-west of Tennant Creek township, and at Orlando, twenty miles
north-west of the township. Both these mines are being developed by
Peko~-Wallsend Investments Ltd.

At Orlando, regular production began towards the end of 1962,
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and about 37,000 tons of ore were mined to the end of June 1963 for a
yield of 19,250 ounces of gold and 280 tons of cqpper. At that date,
published reserves amounted to 230,000 tons of ore averaging 1.2 percant
copper and 11,7 dwt of gold per ton.

At Ivanhoe, a shaft is being sunk to develop the orebody at
the time of writing, and the published ore reserves; calculated from
diamond drilling data, are 240,000 tons of ore averaging 5 percent
copper and 4 dwt of gold per ton.

Prospectors and syndicates are also active in the area. Most
depend on the Government Battery (re-opened October 1958) for crushing
and treatment of their ore. During the years 1958 to 1963, the
following mines and prospects were worked on a small scale, many of
them part-time:

Aco High, Blue Moon, Burnt Shirt, Caroline, Edna Beryl, Enterprise,
Great Northern, Joker, Jubilee, Kathleen, Lone Star, Maple Leaf,
Mount Samuel, Outlaw, Pinnecles, Pup, Shamrock, Susan, Trump,
Wheal Doria, Whippet.

The total recorded production of the field to 30th June, 1963
amounts to about 960,000 ounces of gold and 57,000 tons of copper, of
which about two thirds of the gold and practically all the copper have
been won since 1952.

The mines on the field with a recorded production of more than
1000 ounces of gold to the end of June 1963 aret

Tons ore 0Oz.gold Tons copper

Black Angel & White Devil 6400 3020
x Black Cat 2200 1020
x Blue Moon 3600 12360
x Burnt Shirt 2600 2340

Edna Beryl 2800 4420
x Eldorado 146000 105500
x Enterprise 10000 6600

Golden Chance 400 1260
x Hammerjack 5900 5220
x Kathleen 2000 1120
x Lone Star 9500 5570
x Mount Samuel 3100 4170
x Nobles Nob 380000 630000

Northorn Star 29000 9660

Orlando 37000 19250 280
x Patties 1650 1530
x Peko 900000 101000 56500
x Red Terror 600 1310
x Rising Sun 10300 8000
x Skipper Extended 2100 4250
x Wheal Doris 2700 2925

Whippet 16500 18370

Mines marked x are situated within the Tennant Creek One-mile area
Physiography
The Warramunga sediments form groups of mesas (Plate I),
generally with an sast-south-sasterly trend, separated by low flats up
to two or three miles across. In areas of igneous rocks, a typical
tor topography has developed. The Rising Sun Formation (Plate II) and ¢
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the Cambriap sediments have produced distinotive rounded hi}ls with minor
scarps at the levels of the more resistant beds. Some of #he larger
quartz reefs and quartz-hematite lodes form bold razorback fidges.

The maximm relief is about 300 feet, the highest points being
Grey's Bluff, 1437 feet and Mount Samuel, 1429 feet above sea level.
Many of the mesas of Warramunga sediments are recognised as remnants of

~en old land surface, which was characterized by a zone of iron enrichment,

up to 15 feet thick, underlain by a considerably thicker leached zonej
no true laterite is present. The characteristic steep sides of these
mesas are due to the undercutting of this iron-enriched zone during the
current cycle of erosion.

The distribution of the zone of iron enrichment is closely
controlled by the lithology of the underlying sediments, for it is absent
or poorly developed in the areas north and south of the New Hope Mine,
and between Rocky Range and the Golden Mile, where massive siliceous beds
become an important constituent of the Warramunga Group. A zone of
surface silicification tends to replace the iron-enriched zone in these
areas, but the equivalent of the underlying leached zone is not developed.

The remnants of the old land surface now slope generally at
angles of one to two degrees in various directions. This can be accounted
for either as an old peneplain, locally upwzrped or block-faulted and
tilted in geologically recent times, or as an originally undulating
surface with a relief of at least 300 feet, whose slopes were pedimented
after a change of climate.

The pediments now ocoupy extensive areas on the flanks of some
of these mesas and in the headwater arecas of major creeks rising within
the ranges. The gently undulating areas on the northern flank of the
Honeymoon Ranges (grid reference 2,542,500 north, 194,000 east) are
excellent examples. The present creeks are incised sceveral feet into
these pediments.

The low-lying areas between the mesas are now largely occupied
by wind-borne material of silt-particle size. This material probably
averages five feet in thickness over most of its area, and only excep-
tionally exceeds fifteen feet.

Trae alluvium and poorly sorted creek gravels occupies consider~
atle areas in the lower reaches of Tennant Creek, and in some of the
minor creeks draining northwards from the Honeymoon Ranges. Thicknesses
of more than ten feet are quite common, and some deposits are strongly
cementéd, as in the Mount Rugged area, the vicinity of the Arizona Mine,
and the areca east of the Mary Ann Mine. The maximum known thickness of
alluvium is forty feet, encountersd in drill holes put down in the search
for underground water in the flood plain of Tennant Creek, some five to
six miles west of Pigeon Holes. The present crecks are generally
incised into the. alluvium.
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Honeymoon R nges, general view, showing peneplain
in early stage of dissection.

Neg. 1/339/33.

Mount Rugged area, general view, showing peneplain in
advanced stage of disseotion.

Neg.M/339/2913.
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Superficial deposits also cover a large part of the Cabbage
Gum Basin, where diamond drilling in search of underground ?ater has
indicated a hundred feet of partly lateritized sands, clays} grits and
gravels, These deposits must antedate the present erosion surface at
least in part, and may be Tertiary in age. -

The depth of oxidation of the bedrock formations is only known
from mine workings and from diamond drill holes. In general, the
sediments and ironstones appear to be substantially fresh at depths of
150 to 200 feet, but the sulphide bodies and breccia zones are oxidized
to an average depth of 300 to 350 feet. Edwards (1955) believed that
the original zone of secondary enrichment in the copper orebody at Peko
was formed when the water—table stood at about 210 feet below the present
surface. This zone was subsequently exposed to oxidation by a drop in the
water-table to 260 feet below the present surface: but the water-table
now stands at 170 feet below the surface. At Orlando, oxidation of a
major shear zone with a high sulphide content is still appreciable at a
depth of 600 feet.

GENERAL GEOLOGY
The major rock units in the Tennant Creek Gold field have been
desoribed by previous workers, notably Ivanac (1954). The following
table is adapted from Ivanac (p.19) with some modifications:

Recent Alluvium, cresk gravels,
bull=-dust, etc.
Tertiaxry ? . Unconsolidated and poorly consolidated

sands, clays, grits and gravels, in
part lateritized.

Lower Middle Gum Ridge Calcareous sandstone, shale, and
Cambrian Formation chert.
? Lower Helen Springs Lavas and pyroclastic rocks.
Cambrian. Volcanics
? Proterozoic Rising Sun Conglomarate, sandstone and quartizite,
Formation shale.
Igneous activity Late Dlorite, dolerite and lamprophyre
and mineralization phases dykes, ? in part post-dating Rising
Sun Formation.
Early Granite, adamellite, porphyry, quartz
phases veins, quartz-magnetite and quartz-
hematite lodes, gold and sulphide
orebodies.
? Proterozoic  Ashburton Sandstone Sandstone, conglomerate, and
and Hatches quartzite.
Creek Group
Lower Warramunga Group Greywacke, siltstone and shale, minor
Proterozoic. grit and pebble beds, hematite shale.
7 Archaean. Only known from Quartz-feldspar—-garnet gneiss, amphi-
diamond drill bolito, magnetite schist, granitic
holes in Bureau and gabbroic intrusives.

of Mineral Resources
Reserve No. 3 area.
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Archaean

No Archaean rocks are known in the Tennant Creek One-mile
area, but a complex of quartz~feldspar—garnet gneiss, amphibolite, and
magnetite-rich rocks, associated with granitic and gabbroic intrusives,
was found in diamond drill holes put down by Australian Development N.L.
in the Bureau of Mineral Resources Reserve No.3, some 20 miles west-south-
west of Tennant Creek township, and these are thought to be part of an
Archaean basement. The rocks are overlain by up to 80 feet of poorly
consolidated grit and sandstone; and do not crop out. They giva rise
to pronounced magnetic anomalies, but these are due to the presence of
magnetite~rich bands within the gneiss oomplexes, and not to quartz-
magnetite lodes of the type ococurring within the Warramunga Group.

SEDIMENTS

-Wa Grou

Most of the Tennant Creek One-mile area is underlain by sediments
of the Warramunga Group: greywacke, siltstone, and shale, with subordinate
grit and pebble bads. The thickness of individual beds averages bstween
one and two feet, and rarely exceeds 15 or 20 feet. Graded bedding is
very common. Slump structures on a small scale are very widespread and
include mud-pellets, balled structures, and sole markings. 3robably at
least some of the pebble beds are the products of slumping on a larger soale.

All these features can be accounted for on the assumpiion that
most of the sediments were deposited in moderately deep water and that
some of the detrital material was carried into its present position by
turbidity currents. Some cross-bedding, notably in the extreme south-
eastern portion of the One-mile area, indicates that the depth of water
wae not too great to show the effects of occasional current action, but
nearly all previous reports of ripple marks in these sediments should be
discounted. With the possible exception of a few examples in the New Hope
and Golden Mile areas, these so=-called ripple marks are believed to be in
part load casts and sole markings and in part structures resulting from
the intersection of bedding and cleavage at low angles.

All the greywackes and some of the coarser sandy siltstonecs
have developed joint patterns of two or more sets of joints, generally
developed symmetrically to the bedding planes and varying in attitude from
bed to bed. The shale and most of the siltstone, on the other hand, have
developed fracture cleavage, the east-west trend of which is almost
entirely controlled by regional factors and therqfore remains constant
over large areas.

Very few fresh specimens are available for study and most of
these come from mines, where the rocks are likely to have been affectoed
by metamorphic or metasomatic processes caused by the emplacement of iron-
stone bodies and gold and sulphide orebodies. However, specimens from
the Eldorado, Skipper, and Golden Forty Mines indicate that quartz and
fragmente of pre-existing shale are the dominant constituents of the
coarser—-grained sediments, while sericitic and chloritic aggregates make

ru



“d

a4

c @

7-

up the bulk of the fine-grained ones. A few grains of esericitized feld-
spar are present, but are difficult--to.identify with certainty. Most

of the rocks carrf adbundant magnetite, commonly as euhedral crystals,
indicating epigenetic origin or. recrystallization after the consolidation

of the rock. This, however, may be a local effect close to orebodies.

Lithological Features and Sub-divisions

Attempts to subdivide the Warramunga Group have besen only partly
successful, owing to the complexity of structures and the absence of marker
beds. In the northern portion of the One-mile area, & belt consisting
dominantly of shale and siltstone can be distinguished; and traced from
the north-west corner of the area to a point about two miles east of Mount
Cleland. The boundary of this balt with the overlying shale-greywacks
sequence is rarely a sharp one, although it is obwvious enough on a
regional scale. These relations are best exposed in the area near and
to the south of Mount Cleland, where the beds are froe from shearing and
miner folding. In this area, the succession consists of at least 2500
feet of interbedded greywacke and shale. The greywacke near the base of
the greywaéke-shale succession is markedly lenticular.

The only marker besd which has been traced for any distance in
the Warramunga Group is a very distinctive horizon of thin-bedded hematite-
rich shale with mimutely crenulated bedding-planes (Plate II) and a
peouliar blocky type of outcrop, which occurs in the upper portion of the
greywacke-shale assemblage. It crops out in the Mount Samuel/Eldorado
area, near the Burnt Shirt and Lone Star Mines, between the Mammoth and
New Moon Mines, at the Golden Mile, and at a number of other localities in
the One-mile area. It crops out near the Northern Star Mine, about 15
miles north of the One-mile area.

The hematite shale ranges from a few inches to about 20 feet
thick. About ten chains west of the Eldorado Mine, two bands of hematite
shale are present, separated by up to 20 feet of greywacke and shale.

To the east of the Burnt Shirt, two beds of hematite shale have been
mappod, about 250 feet apart, and at the Golden Mile there appear to be
two major and several minor beds.

In the Mount Samel/Eldorado area, the hemolite shale has been
traced with only minor interruptions for a distance of more than three
miles along the strike. Near the Burnt Shirt it has been traced for at
least two miles and if its faulted cxtensions in the Lone Star, Memsahib,
and Mammoth/New Moon areas are included, for more than eight miles.

‘ The correlation of the hématite shale within each of the major
belts is regarded as being firmly established: but owing to gaps in
the outcrops, the correlation between belts, though it is regarded as
very probable, cannot be proved beyond all doubt.

Under the microscope, typical specimens of the hematite shale
are seen to consist of alternating creonulated layers of silty shale and
of black or brown iron oxides, usually less than 2 mm. thick. JIrmmgenerel

/3
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. A. Rising Sun Formation, south of Red Terror Mine,
al showing typical rourded hills.

. Neg. M/339/23.
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8, Typical Hematite Shals, vioinity of Big Ben Mine, showing
rogularity of layering. y.. w/339/16.
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the thinnest layers show the most intense orermulation. Some of the silt
layers are graded, having a bottom zone of angﬁlarland sub~-angular quartz
grains, which passes up into a zone of minute quartz granules set in a
matrix of sericite flakes. There is a well-marked foliation parallel

to the axial plane cleavage. The quartz grains are elongated and the
seriocite flakes mostly extinguish parallel to the cleavage.

The layers of iron oxide are very constant, and even the thinnest
of them can genorally be traced right across the thin section. Some of
the thinner ones consist of a single line of minute granules of iron oxide,
but the thicker layers gonerally consist of a continuous band of opaque
black hematite. The layers may ocour singly or in groups, and do not
appear to altornate systematically.

Some specimens also contain small octahedra of hematite after
magnetite, which may form up to about 15 percent of the rock by volums.
The octahedra range up to 3 mm., in diameter, and many are fractured.
Small quartz aggregates may occupy the pressure shadows adjoining the
ootahedra in the plane of the foliation.

In other occurrences, lenses of magnetite, now largely altered
to hematite, take the place of the magnstite octahedra. They are con-
formable with the bedding, but are quite distinct from the crenulated
layers. They may also be broken or deformed by minor thrust faults and
shears.

The cremulated layers are regarded as syngenetically precipitated
iron oxides, but the magnetite octahedra and lenses must have been intro-
duced or at least roconstituted after the consolidation of the rock.

From a study of the distribution of trace elements (see section on quarte-
hematite and quartz-magnetite lodes), they are thought to have originated
by reconstitution of syngenetically precipitated iron compounds.

Other isolated thin-banded sﬁales with orenulated bedding planes
lack the high bhematite contents of typical members of this group, although
they are comparable in all other respects. Such rocks are especially
promidﬁht near the eastern extremity of the Burnt Shirt line of outerops,
and they are tentatively regarded as the leached equivalents of the
hematite shale.

The sediments in the Warramunga Group vary laterally as well
as vertically. To the south-cast of the New Hope Mine and to the south
of the Golden Mile, about 3000 feet of sandstons with only minor shale
overlie shale and siltstone similar to those of the Mount Cleland area.
However, the sandstone of these areas is more massive than the greywacke
found in the remainder of the One-mile area and shows marked cross-
bedding, which is rare elsewhere. It was mapped as part of the Rising
Sun Formation by Ivanac (1954), but is undoubtedly part of the Warramunga
Group. It probably underlies the beds of the Golden Mile area which
consist of about 1000 feet of interbedded greywacke and shale, with at
least two strongly doveloped horizons of hematite shalo.

The mossive sandstone may thus be egquivalent to part of the

(5
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greywacke-shale assemblage occurring in other parts of the Onc-mile area,
but was probably deposited in shallower water.

Beds containing pebbles or angular rock fragments have been
recorded at widely separated localities, At 2,542,000 north, 187,000
to 188,000 east, east of the Caroline Mine, ons such bed with a maximum
thickness of some 50 fect has been traced along the strike for mors than
2000 feet. This bed, thickest at the western end and gradually thinning
to the east, consists largely of boulders and angular fragments, up to
18 inches in diameter, in a matrix of sandy siltstone or shale. Most
of the boulders are similar in composition to the typical greywacks,
siltstone and shale of the Warramunga Group, and were probably derived
largely by pene-contemporaneous erosion from lower parts of the succession
and transported by turbidity currents. Some are bent and show signs of
plastic deformation. Thers are however, a few pebbles of igneous rocks,
and a few others which have been cut by quartz veins and which must have
been derived by normal erosion processes from already consolidated rocks.

About half a mile north of Mount Cleland, three phale beds in a
succession of interbedded shale and greywacke contain aporﬁdic subangular
to subrounded pebbles up to three inches in diameter. Similar beds have
been noted near the Mary Ann and Hidden Mystery Mines, and at 2,545,700
north, 202,000 east, about one mile north-west of the Mammoth Mine. At
this last-mentioned locality, some of the pebbles appear to have been
derived from pre-ecxisting igneous rocks.

At most of these localities, several pebble beds occur within
a few hundred feet of each other, and all appear to lie at roughly the
same stratigraphic horizon. They are thought to have been laid down by
turbidity ourrents, like the beds at the Caroline Mine, bu? on a smaller
scale. The proportion of rock fragments is not generally?high enough
to warrant the use of the term slump breccia, and there are some examples
of rocks intormediate between this type and a normal conglomerate with
well-rounded and well-sorted pebbles.

At 2,534,500 north, 211,500 east, for example, a 50 foot
sootion of well-bedded siltstone and fine-grained greywacke contains
sporadic pebbles, up to three inoches in diametor, of slightly indurated
greywacke and shale. Where two such pobbles have been brought into
contact by tho compaction of the matrix, thoy are flattened at the
interface, and were therefore still plastic at the time of deposition.

A similar bed, containing slightly more occurs at 2,529,500 north,
210,500 east. These occurrences are therefore stilllconsistent with a
picture of extensive transport of material by turbidity currents, the
original derivation of the material being by slumping or by inter—
mittent erosion, e.g., by scasonal flood conditions.

At 2,534,500 north, 224,500 east, and at 2,532,000 north,
228,000 east, in the vicinity of Rocky Rango, on the other hand, a
shale~greywacke succession contains sporadio pebbles which appear
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to be more normal conglomerates. Although these occurrences are not
continuous, they all appear to lie within a restriotod stratigraphic
section, Just below the first massive greywacke,

Rocks excoptionally rich in chlorite, sericite, and less
commonly talc have been recorded from numerous localities, including the
lower levels of the Peko Mine, the Skipper, Golden Forty, Pinnacles, and
Shamrock Mines, and the contact zone of the large porphyry mass about
half a mile south of the Pinnacles Mine. Some of these rocks contain

dissenminated euhedral magnetite crystals and mahy of them show sufficiently

strong parallelism of the constituent minerals to warrant the names of

chlorite schist, talc schist, ect. All these schists appear to be derived

from shale of the normal Warramunga type by recrystallization with
hydrothermal activity aodompanying the emplacement of the porphyries and
ironstones or the gold and sulphide orebodies,

At Mount Samuel; Eldorado, Noble's Nob and Red Terror and near
the Gibbett Miney; parts of the Warramunga Group contain congentrations of
ovoid bodies (Plate IIIa) which were first thought to be of organic
origin, but are now believed to be sand volcanoces, formed during compac-
tion (Oldershaw, 1961). The sand volcanoss in the Mount Samuel/Eldorado
aroa appear to be restricted to two or possibly three greywacke beds,
twenty feot stratigraphically below the hematite shale, but at Noble's
Nob and Red Terror the relationship is less close., At the Gibbet Mine,
the bed of sand volcanoes is not associated with any hematite shale; and
many ocourrences of homatite shele are not assoclated with ény beds
containing sand volcanoes. |

Whenever they are formed, the ovoids appear to lie on the fine-
grained upper layers of greywacke beds. The top surface of each individ-
ual body is dome-shaped and has an apical depression which @a probably
the outlet of some duct or pipe. The ovoids are mostly oné:to two inches
long, but range up to four inches and down to a quarter of an inch. Their
width is generally zbout two thirds of their length, but this ratio
varies considerably, depending apparently on the amount of deformation
undergone by the rock, as the elongation is always parallel to the trend
of nearby fold axes. The height of these bodies is generally about
ona quarter of their langth.

Thin sections of several bodies have shown an internal
stratification parallel to the domed upper surface. The central pipe,
leading to the apical depression, is composed of relatively coarse grains,
and the average size of the particles in the stratified portion of the
ovoid decreases from the contre outwards. The fact that the stratifica-~
tion appears to continue into the surrounding rock strongly suggests
an origin similar to that of sand volcanoes, but their distribution in
a small mumbor of woll-defined horizons still requires explanation.

The minor structures described as ripple marks by previous
workers are now thought to be either pene-contemporaneous features, such
as load caste end solo markings, or the effects of minor disturbance of

'y
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Sand Voleanoes, 300 yards ¢ h of Red Ned Mine.

Pseudo-ripple marks in Warramunga sodiments, half a mile
north-east of Red Terror Kine. _
Neg. M/339/20,
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the bedding planes by movement on cl0sely spaced shear and cleavage
plancs oreidng the bodding at low angles (Plate IIIa and Fig.2). The
latter typé of struoture may be comparable to drag-folding on a small
scale, exocept that the movements are localized on cleavage planes
instead of being continuocusly distributed.

1 Foot

|
|
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Fig.2

Development of pseudo ripple marks by acute angle intersection of bedding £, cleavage

Fig. 2
Development of pseudo-ripple marks by acute-angle
intersection of bedding and cleavage.

Structural Features

Structurally, the Warraminga sediments of the Tennant Creck
One-mile arsa are divisible into two main arcas, separated roughly by
the line of the Quartz Hill/Rocky Range fault (Fig.4). Wost of the
fault, the dominant structures in the Warramunga sodiments are folds
with roughly east-west axes. Dips average about 60° but in places

reach 90° and may even be overturned. Most of the folds are roughly
symmetriocal; however, in the Mount Samuel/Eldorado area a local steep=-
ening of dips to the north has produced a major monoclinel structure in
an area of dominantly gentle dips.

In the Mount Samuel/Eldorado area, pitches are dominantly to
the east at angles of up to 200, but in the Peko and Golden Forty areas
they ere predominantly to the west at angles of up to 300. Other areas
show variations in pitch with rapid reversals. _

In some areas, two periods of deformation are indicated by the
presence of minor folds, pitching down the dips of the limbs of the
major folds. These take the form of 'bruch-falten', associated with
oblique shears and can be traced into clean breaks along the strike of
the shears in places (Fig.3).

(9
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Throughout the.area, folding in the incompetent shale tends to
be tighter -and more oomplei than in the greywacks.

Bast of the Quartz Hill/Rocky Range fault zone, folding is
gonerally more open, and dips are most commonly in the range 30 to 45 o

The regional strike of the cleavage throughout the area is about
800, with predominantly northerly dips. Local variations of this
attitude are not uncommon, but cannot generally be related to any changes
in the strike and pitch of the beds or of the nearby fold axes.

Fig.?;_

“Bruchfalten” associated with oblique shear
in Warramunga sediments

. ES3/A14/33
bureay of Mineral Resources, Geology and Geophysics - Toaccampany Record IV°/9é4/73

"Bruchfalten" associated with oblique shear in Warramunga
sedimentary rocks. i

i

i
Shears and faults are common. They range from ¢lean breaks

to zones of brecciation and mylonitization more than a hundred feet wide,
and the resultant displacement may be anything from a fraction of an

inch to several hundred feet. Meny of them have subsequently been
filled by quartz reefs or quartz-hematite lodes. The shears and faults
can be grouped into well-defined sets, which together make up a remarkably
symmetrical pattern (Figs 4 and 5). Prominent quartz-filled shears

trend north-east and north~west, prominent shears associated with iron-
stone and occasionally with gold ard copper orebodies trend east-west,
east-north-east and west-north-west, and assorted minor sets of shears
trend north-north-east and north-north-west.

The mest prominent of these sete has a north-westerly trend
and includes the zone of quartz reefs which extend intermittently from
Quartz Hill to ﬁocky Range, a distance of about 30 miles. Near the
Memsahib Mine, this zone splits into two main branches, about a mile
apart, each of which is itself a composite structure. A distinet en
echelon arrangement of the individual quartz veins can be recognised
south of the Renate Mine and in the vicinity of the Rocky Range Trig.
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Point. A strong north-north-west branch zone can also be traced for
about five miles ncar Rocky Range.

Complementary north-easterly zones are developed at Quartz
Hill and north of the Mammoth Mine. In addition, a strong non-outcropp-
ing north-sasterly shear zone has been delineated by diamond driiling in
the Cabbage Gum Basin, about ten miles south of Tennant Cresk township:
the trend coincides with a prominent linear feature on the air photo-
graphs, and can be traced for about 10 miles at least as far as the Peko
Mine..

Evidence of the movement on some of these shears is rather
cdhflicting. Displacement of the granite contact near the old Telegraph
Station and of the hematite shale marker bed near the Mammoth Mine
indicates an apparent throw of about one and a half miles, east block
north, for the main Quartz HilL/Rocky Range fault zone. However, parts
of the zone show a left-hand echelon pattern, which suggests a movement
in the opposite sense, and a branch fault north-east of Rocky Range,
trending 1400, shows an apparent throw of nearly two miles, east block
south, measured from the displacement of a conglomerate horizon at the
base of a succession of massive greywackes. ' Unless repeated movement has
taken place, these observations could only be reconciled on the assumption
that the movement on these faults was largely vertical, east block down,
and probably amounted to not less than 5000 feet.

Although quartz-filled shears arc very striking features of the
reglonal geology of the Tennant Creek Gold fiocld, they are less important
economically than those shears which have localized the emplacement of
the ironstone lodes, and the gold and sulphide orebodies.

The most widespread set strikes between 090° and 100° and
accounts for nearly half the shears observed in the One-mile area (Fig.B};“
although most of them could only be traced for short distances. Shears
trending 105o to 110° are less numerous, but they include some very largo
structures, traceable for many miles, notably the Mary Lane/Mary Ann
shear-zone with its probable extension into the vicinity of Red Bluff
to the west and the Lone Star Mine to the east. In the Mary Lane aresa,
shears of this sot trend roughly parallel to the southern margin of the
Station Hill granite complex, to which they may be related (Fig.6).

In the Lone Star/Memsahib/Mammoth arca, numerous small shears,
some of them mineralized, also trend at 1200, parallel to the Queartz
Hill/Roeky Range fault-zone, and to a lesser extent this trend is also
represented in other parts of the arca (Fig.6). |

In the south-east corner of the One-mile area, two miles south
of the New Hope Ming, a strong fault, striking at 0750, has been traced
intermittently for more than three miles. East-north-easterly shears
(average strike 060 to 0700 form a subordinate but significant set in
the Gibbet/Wheal Doria, Pinnacles, and Golden Forty areas. In addition,

some areas show subordinate sets striking north-north-east (average 020
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to 030°) and north-north-west (320 to 340°%), which include both quartz=-
filled and mineralized members.

Ashburton Sandstone and Hatches Creek Group
The Ashburton Sandstone crops out to the north of the Tennant
Creek Onec-mile area on the northern margin of the Tennant Creek Goldfield,
and tho Hatches Creeck Group occupies z similar position on the south flank
of the field, '
Reconnaissance trips to the area north end north-east of the
Last Hope Mine, about 30 miles north-west of Tonnant Creek township,

tended to confirm Ivanac's (1954) suggestion that the Warraﬁunga sediments
in this area pass conformably up into the Ashburton Sendstone. There is
undoubtedly a steady increase in the proportion of sandstone to shale as
this boundary is approached, and the sandstone becomes more siliceous,
better sorted, and more strongly cross-bedded, resembling in these respects
the rocks in the south-castern portion of the Tennant Creek Ono—mile area.
Nevertheless, the shape of the Warramunga/ﬁshburton contact as shown on
Ivanac's map suggests an unconformity, and the question can only be
resolved by detailed mapping of several miles of this boundary.

Smith ot al. (1961) record an angular unconformity between the
Warramunga and Hatches Crock Groups. The Ashburton Sandstone and
Hatches Creek Group are very similar lithologically and structurally,
and it is tentatively suggested that they might be equivalent, at least
in part. If this is so, unconformity is likely to be found at the base
of the Ashburton Sandstone.

Rising Sun Formation

This Formation crops out over an area of approximately six milss
by a quarter of a mile, elongated in a general east-south-sasterly direc-
tion, to the south of the Noble's Nob, Rising Sun, and Red Terror Mines,
and there is a small outlier about one mile north of Rocky Range. The
Formation is composed largely of conglomerate, quartzite and grit in the
lower portion, with sandstone, siltstone and mudstone becoming more
important in the upper portion. It rests with a strong angular uncon-
formity on an eroded surface of porphyry and Warramunga sodiments.

Structurally, the main mass forms a syncline with its axis
parallel to the long dimension of the outcrop, but its southern margin
is strongly faulted and in places the entire southern limb appears to
have been faulted out. Minor faulting at right angles to the axis is
common. Dips range from 20° to 300 in the northern limb of the synocline,
but are less regular in the southern limb, where the beds are locally
overturned. The maximum exposed thickenss is about 200 feet, but the
original thicknese may of course have been vory much greater than this.

The Formation may be divided into three main portions. The
basal portion consists dominantly of conglomerate with associated grit
and sandstone, about 60 fset thick in the east and thinning to about 30
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- A. Rising Sun rormation wHes. T3 ZiTly overlying weathered
a porphyxry. Matrix of the ba-: t.d of oonglomorate consiats
- of re-workod quartz and foldspar grains derived from the
e pPOrphyry«

Neg. M/339/2918

B. Typical granite tors near Sti.-lon Hill,
Nog. M/339/21.
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feot two miles westward. As the unit thins, the proportion of conglom—
erato decreases from aboyt 70 peweont %o lase thun 40 vexoent, and the
size of the boulders alsc decreases, '

Typical soctions through the lowest portion of tho Forwatsan

at the two localities are as follows:

Eastern Locality Western Locality
30' conglomerate with minor 20' conglomerate and
grit and quartzite. grit.
4' white cross-bedded 7' cross-bedded
quartzite. sandstona.
20' conglomorate, including ---

6' bed of grit,
commencing 2' ebove

base.

2' basal grit with scattered Q' = 2' basal grit with
pebbles. scattered pebbles.
porphyry. porphyry.

The basal grit contains well-rounded quartzite pebbles in a
matrix of subangular quartz and feldspar grains with some interstitial
clayey material. This has been regarded by a number of previous workers
(eegey Ivanac, 1954) as evidence of porphyritization of a conglomerate,
but careful examination disclosed a sharp boundary against the under—
lying porphyry, and the material, ocxcept for the pebblos, is thought to
be derived from the underlying porphyry by a process of re-working with
a minimum of transport (Plate IVa).

Some of the thicker conglomerate beds have been traced along
the strike for several hundred yards, but some beds were seen to lens
out from a thickness of five feet within a distance of less than 50 yards.

The pebbles in the conglomerate range up to about 18 inches
in diameter, and are largely sandstone and quartzite, similar to the
Ashburton and Hatches Creek Formations. Some are fragments of a
pre-existing conglomerate, and one was found to contain angular fragments
of quartz, jasper, flint, and shale.

Although conglomerate and grit alternate repeatedly in this
part of the Formation, there is no gradation in grain-size, although a
few large pebbles occur in the grit beds.

The white cross—bedded sandstone band occurring within the
conglomerate can be followed almost continuously to the western limit cf
the exposures. It is in places recrystallized to quartzite. The grit
overlying it is generally poorly cemented and poorly sorted and lenses
out rapidly along the strike.

The grits and conglomerates are overlain by a series of pre-
dominantly red and purple coloured siltstone and sandstone, at least 90
feet thick. The sandstone is fine to medium-grained, poorlylsorted,
and in part has a fine-grained clayey matrix. Beds are from two to
nine inches thick, and commonly show ripple marks with an east-west

27
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orientation. Interbedded with them is thin-bedded siltstone which
includzs a small proportion of mudstone. The beds are seversly

contorted and in places crushed and sheared. At one point, a lam-—
prophyre dyke, three feet thick, is intruded along a bedding plane.

The uppermost division of the Rising Sun Formation consists
of quartzite with a maximum exposed thickness of about 50 feet.  Except
for their silicification, these beds are very similar to the underlying
thin-bedded sandstonec.

The general indications are therefore that the basal part of
the formation was laid down in shallow water and the upper part in -
moderately decp calm water. The decrease in thickness of the conglomer-
ate from east to west, together with the decrease in pebble size,
indicates a source of supply from the east.

The rocks at 2,531,000 north, 218,000 east and 2,526,000 north,
224,000 east, shown as parts of the Rising Sun Formation on Ivanac's
map, are regarded here as parts of tho Warramunga Group.

However, two small outliers of conglomerate occur on low
ridges about one mile north-east of Rocky Range Trig. Station.  These
beds are lithologically indistinguishable from the basal beds of the
Rising Sun Formation at the type localiiy, indicating that the Formation
was originally much more widespreads In addition, rocks c%omparable to
parts of the Rising Sun Formation in lithology and structure have been
recorded in the Davenport Ranges, some 80 miles south-east 'of the type
locality (Smith, 1960), and from an area on the south-west flank of the
Ashburton Ranges, about 50 mlles north-west of the type locality
(J. Elliston, Peko Mines N.L., personal communication).

At all these localities, the Rising Sun Formation rests
unconformably on older sedimentary and igneous rocks, but is itself
moderately folded and faulted. It may be cut by quartz veins, espec-—

ially in the vicinity of major faults, but is not otherwise mineralized.

Helen Springs Volcanics and Gum Ridge Formation
The present survey has confirmed Ivanac's description (1954,
pp. 28-32) of the Helen Springs Volcanics and the Gum Ridge Formation.
The Gum Ridge Formation consists of siliceous shale, chert

and siliceous limestone, with a basal sequence of sandstone, grit and

sedimentary breccia (Fig. 7). The meximum exposed thickness of the
whole formation is about 40 feet. The basal members of this formation
are derived from the immediately underlying older rocks,; so that
sedimentary breccias containing fragments of greywacke and shale in a
sandy matrix occur in areas where the formation rests directly on
Warramunga rocks, whereas quartzite and grit overlie the Helen Springs
Volecanics.  About half-way up the sequence, a thin-bedded fossiliferous
slltstone serves as a useful marker horizon and also indicates the
vertical transition from coarse to fine-grained sediments. Trilobites
become abundant for the first time within this siltstone.

29
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Chemical deposits are locally important in the upper, fine-
grained sedimentary succession. The individual beds do not persist
along the strike; but commonly lens out rapidly. Siliceous lenses
and nodules wi%hin these beds are especially rich in fossils, mainly
trilobites and hyolilthids; brachicpods and sponge spicules are also
locally abundant.

GRANITIC ROCKS AND PORPHYRTES

Within the Tennant Creek One-mile area, the Warrammga

gedimenis are latruded by a pene—contemporanecus consanguineous series
of igneous rocks, ranging from massive and foliated granites and
adamellites through granite porphyry and quartz-feldspar perphyry dykes
and plugs to ignimbrites filling volcanic pipes. The occurrence of an
ignimbrite containing minerals identical with those of the adjoining
porphyry (the Airport Porphyry) shows that the prophyry intrusions were
very high level intrusions, and that some of them reached the surface.
As the prophyrics appear to be genstically related t0o the granites, and
were emplaced pene—-contemporaneously, it follows that the granites were
also high-level intrusions.

The two largest of these intrusions are the Station Hill/White
Hill complex in the northern porticn of the One—mile‘area,iand the
Cabbage Gum complex ocn the southern edge of the area.

The possibility that ignecus rocks of two ages may be included
in this series has been advanced by some workers, €.g. Owe4 (1942), and
is supported by the presence in the Caroline boulder bed of pebbles
resembling the sheared porphyries occurring elsewhere in the area.
However, wherever the contacts of an igneous body have been examined,
the relationship between these rccks and the Warramunga sediments appears
to be intrusive (Plate VIIIa),

Station Hill/White Hill Complex comprises some of the best exposures

of igneous rocks in the Tennant Creek One-mile area. It covers an area
of approximately 15 by 8 miles, elongated roughly east-west, and contains
four major granite typess— massive porphyritic, foliated, equigramular
coarse—grained, and aplite. The complex is cut by quartz veins and
dolerite dykes and contains numerous small xenoliths and some infaulted
wedges of sedimernhary material. It is intruded into the shales at the
base of the Warrawmungs succession, which dip away from it on all sides,
so that it appears %0 occupy the central portion of a large dome~like
structurec. Howevery, although its outline is roughly concordant to the
invaded sediments, it commonly transgresses the bedding on a small
scales One sample of granite (E53/14/1) has been dated by the K/Ar
method as 1630 million years old (Walpole & Smith, 1961).

Massive Perphyritic Granite. The most abundant rock type within this
complex is a massive porphyritic gramite, generally red,; which forms
zbout 60 percent of the cutcrops in the Station Hill area (Plate IVD)
and almost a2ll in the White Hill area.




PLATE V.
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The rock consists of rounded to irregularly shaped phenoorysts
of red miorocline mioroperthite 5 to 10 mm. across, cuhedral to subhadral
groyish-white oligoclase 2 to 3} mm. across, grains of clear glassy quarte,
end flakes of dark green or black biotite. The granitc is markedly
constant in appearance over wide areas, though it becomes finer—grained
to the west of Station Hill. It contains very few inclusions or xenoliths,
but the chilled marginal parts contain a few drusy cavities and pegmat-
itic scgregations.

Under tho microscopec, only the oligoclasc is seen to be euhedral.
The miocrocline and quartz crystals are irregular in shape and many are
ooarsely and irregularly intergrown, though not on the scale or style of
graphic intergrowths. The size of the plagioclase orystals is remarkably
uniform over the whole extent of the granite, but in the chilled marginal
parts the quartz and microcline crystals are much smaller than in the
rost of the granite.

Most of the mierocline (2V=90°) shows characteristic cross-
hatching. Film microperthite texture is well developed, but in some
orystals the exsolved albite films, instead of being parallel, are so
irregular as to resemble a graphic intergrowth. All the microcline
crystals have very irregular shapes, even the phenocrysts. Some pheno-
orysts show carlsbad twinning, and, unlike the others, are free of
inclusions of quartz and sericitized oligoclase. Most of the untwinned
microcline crystals contain irregularly shaped inclusions of quértz, many
of which are in optical continuity with cach other and show undulose
extinction. There are also inclusions of sericitized oligoclase, some
of which are also in opticel continuity with each other. The mergins
of the microcline crystals are very irregular, especially against quartz.
Some contiguous microcline crystals are separated by zones of clear
albito, some by zones of granular albite. Others are separated by clear
quartz or by quartz granules. One microcline orystal is rimmed against
contiguous oligoclase by a thin irregular band of fresh microclino in
optical continuity with ths original crystal.

Quartz occurs as irregularly shapod poikilitic crystals of
varying size, which contain inclusions of microcline end plagioclase.
Strain shadows are well developed and the inclusions appear to be the loci
for many of them. A fow crystals arc granulated along their margins.
Some of the quartz orystals appear to have euhedral crystal faces against
microcline.

Oligoclase occurs as euhodral sericite-covered crystals, some
of which show albite twin lamellae and extinction angles of 5° to 10°.
None of the crystals arec zonsed. The sericite flakes and epidote gramules
appoar tc be arranged in a rectangular patitern, probably because
saussuritization is controlled by the cleavage.

The major mafic mineral was biotite, but most of it has been
converted to penninite. The original biotite oleavage is marked by iron
staining and trails of minute granules of hematite. Colourless and pale
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green epidote and patchos of black iron oxide occur along the cleavages
and around the flakes of biotite. Minute needles of apatite and rounded
grains of zircon are scattered through the rock.

The porphyritic granite in the central part of the Station Hill
outcrop area, just to the sast of Station Hill, is coarser—grained than
the rest of the granite and is strongly foliated (Plate Va).

Most of the minerals form large crystals, {giligoclase, showing
extinction angles of 10° to 12° ocours as cuhedral crystals 3 to 5 mm.
across, quartz forms ovoid blebs up to 10 mm. long, and microcline occurs
as rounded phenocrysts from 15 to 30 mm. across. As the foliation
increasss, the partﬁito phenocrysts are more distinct and rounded. In
some parts, the microcline phencerysts have been weathered out of the
granito and cen be seen to consist of euhedral Baveno crystals 20 to 30
mm. long with slightly rounded corners (Plzto V). Some of the microcline
phenoccrysts are mantled with oligoclase, giving a rapakivi texture.
Around some microcline crystals the oligoclase mantle is a continuous
zone, arouni others it is a zone of minute euhedral crystals of
seriocitized oligoclase.

The most striking feature of this granite is the intense
foliation. A primary foliation (probably a flow foliation) strikes
0700 to ¢80° end is goneraly vertical or steeply dipping. Tho quartz
crystals have been granulated and stroaked out into ovoid blebs and trails
of gramules, the biotites are bent and streaked out into long trails,
and some of the albite lamellzoe in the saussuritized oligoclase are bent.
Hovever, in spite of this well-marked foliation, there is no segregztion
into mafioc and loucocratic layors. This primary foliation is intersected
by thin, straight biotite schlieren, also striking 0700 to 0800, but
dipping a2t slightly different angles. This is probably a later shear
foliation.

The foliated granite contains numerous mafic xenocliths. Some
parts are so contaminated as to contain up to 30 percent of xenoliths.
Most of the xeonoliths are disc~shaped and oriented parallel to the .
foliation. Thoy range in size from a few inches to two or three fuet
long, and they vary from highly feldspathised 'ghost xenoliths' to discs
of fine-grained biotite schist.

Fresh muscovite flakes and disc-shaped rosettes of radiating
acicular dark green tourmaline orystals up to 5 cm. long occur in the
foliation planes and in tension cracks of this granite. This suggests
that the foliation antedates the late-stage hydrothermal reactions in
the granite.

The foliated granite, uncharacteristically, occurs in the
centre of the complex: in most granite complexes, the foliation and
contamination increase towards the margin of the mass. The follated
granite differs considerably from the non-foliated granite in grain=-size,
appearance, and content of xenoliths, but no intrusive contacts were
found between the two granites. Instead, the massive porphyritic granite
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was found to bo weakly foliatod in places, and in a few localities was
gseen to grade into the foliated porphyritic granite. Generally, however,
most of the contact or transition zone is covered by soil or rubble.

The foliation appears to be independent of the shape of the foliated
porphyritic granite mass and of the whole granite complexy; and is sub-
perallel to the regional cleavage.

Foliated Porphyritic Granite (Seoogg_ggase). The éentral part of the
foliated porphyritic granite was invaded by two masses of foliated granite.
One of thess ocours as a small north-westerly-trending pod of fine-grained
granite at 2,550,800 north, 190,500 east, and is distinguished by the
presence of ovoid quartz crystals whose long axes plunge steeply south-
wards. The other, at 2,550,200 north, 189,300 cast, has a chilled
marginal zone 30 yards wide and a sharp planar contact dipping 300

towards 190o against the surrounding earlier fcliated Porphyritic Granite.
However, thoe contact could not be traced more than 200 yards and the full
oxtont of the intrusion could not be determined. The foliation of both

‘granites is parallel and independent of the contact between £hem, suggest-

ing that the second phase intruded the first phase before the granites
wore foliated.

Coarse-grainod Granits. The central part of the Station Hill outerop
arga contains several smali intrusions of a coarse-grained inequigramular
granite.

This contains crystels of microcline from 1 to 4Imm. across,
and a few phenocrysts up to 10 mm. Subhedral to suhedral oligoclase
orystals (extinction angles 5° to 10°) range from 2 to 3 mm. across.

The mafic minerals are aggregeted into clots and consist mainly of fresh
biotite with somo mqgnqﬁite and apatite. Quartz-microcline graphic
intefgrowths oceury and are commonly radially disposed around small
kernels of microecline. Other microecline orystals appear to be inter—
gtital between esuhodral quartz grains.

This coarse~-grained granite usually has sharp, slightly chilled
smooth contacts against the adjoining earlier phases of the granite
complex, commonly the folisted granite. .

Fine-grained Granite. The fine-grained granite is the youngest member
of the Station Hill/White Hill igneous complex. It crops out over an

area of about two square miles along the south-western margin of the
Station Hill outecrcp area, and over smaller areas along the north-
western margin. Smaller pods, dykes, and veins of this granite intrude
all the earlier members of the complex. Contacts arc sharp and well-
marked. The south-western mess contains inclusions of the adjoining
porphyritic granitc.

Typically, this finc-grained granite is an inequigrenular rock
with an average grein size of 0.5 tc 2 mm. None of the minerals are
euhedral, and quertz-microcline intergrowths are common.

The Station Hill and the White Hill arcas contain veins of this
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fine-grained granite. Where the velns cross non-foliated granite, they
are not follated themselves, but they are focliated whers they cross
folizted granite and they contain disc-shaped aggregates of radiating
tourmaline needles.

Xenoliths. In places the foliated porphyritic granite contains up to
30 percont of its volume of fine-grained mafic xenoliths, streaked out
parallel to the primary foliation. These xenoliths range from discs

of fine-grained biotite schist to 'ghost xenoliths' crowded with feldspar
and quartz porphyroblasts (Plate VIa).

Under the microscope; the mafic xenoliths are seen to consist
of a mosaioc of minute interlocking gramules of quartz, miocrocline, and
albite-oligoclase, and flakes of seriocite, together with orientad streaks
or schlieren of small fresh parallel flakes of biotite and some muscovite.
Accessory magnetite, zircon, and apatite are common.

a Thé qﬁértz, microcline, and plagioclase also form poikiloblastioc
phenocrysts up to 10 mm. across. They have very irregular margins,
enclosing numerous granules of the mosaic. One large microcline aggregate
consisting of minute interlocking irregularly shaped crystals of microcline,
was seon.

The fine-grained mafic xenoliths do not resemble any of the
country rock exposed round the granites. Probably the xenoliths were
incorporated into the granites at considerable depth, where the high
temperature, content of volatiles, and long poriod of alteration allowed
the dovelopment of the large feldspar porphyroplasts. None of the exposed
contact rocks show such extensive altecration and feldspathization.

The foliated porphyritic granite in the centre of the complex
is the richest in zencliths, whoreas the marginal granite contains very
few xenoliths, even of tho contiguous metasediments. Some of the aren-
aceous xenoliths in the porphyritic granite show intense contortion
(Plato VIb), which may be a result of mobilization.

Contact Metamorphism, The sediments in contact with the Station Hill/
White Hill granite complex are only lightly metamorphosed. The contacts
arc mainly concordant and the metasadimaﬁts dip radially off the granite.
The sediments are mostly fine-grained siltstone and altornations of

siltstonec and shale.
_ In seme places, the contact rocks contain thin quartz - tourmaline
veins and quartz-feldspar-tourmaline veins, but generally new minerals
are not developed, and the rocks arec merely hardened either by baking or
by silicification,

Under the microscope, most of the siltstone is seen to have been
re-crystallized into mosaics of interlocking minute grzins of quartz with
varying amounts of sericite scattered through the rock. There is usually
a relatively high proportion (about 5%) of mimute octahedra of magnetite.
Small fresh poikiloblastic crystals of biotite and small rounded grains
of green tourmaline are also scatterod through the rocks. A siltstone
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PLATE VI,

A. Mafic xenolith in foliated povphyritic granite, showing
development of poikilicblastic fellspars.
Neg 35/30

B, Contortod arcnaccous xecnolith Tn porphyritic granite.
White Hill arca.
Neg. 14/339/30.
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near the White Hili granite contact contains irregular veins of fine=-
grained kaclinite and ovoid pods composed of minute grains of green
tourmaline.

The sericitic siltstone and shale contain mimto irrogular

quartz graiﬁs scattered through a matrix of oriented fresh serleita flolksa,

These sericitic rocks contain less magnetite, biotite, and tourmaline
than the quartzose rocks.

The hardening and recrystallization of the contact rocks may
be due to mobilization and recrystallization of quartz by the heat of the
nearby granite. On the other hand, the prosence of scattered tourmaline
shows that boron-rich emanations from the granite were pormeating the
rocks, and these could also have introduced silica. The contact rocks
at the eastern and western extremities of the granite also contain
limonite~filled casts of pyrite ocubes.

A fow of the contact rocks are veined. The most common veins
consist of quartz and contain tourmaline crystals growing normal to the
vein walls. These veins have been found in sediments up to three miles
from the nearest granite cutcrops. Quartz-feldspar-tourmaline veins
also occur in the contact rocks. Some of the sericitic rocks appear to
have been invaded along irregular fractures by volatiles which altered
the sericite to kaolinite, thus forming 'veins' of kaclinite. These
veins consist of large flakes of kaolinite and some illite set in a
siliceous matrix. Some veins have ferruginous borders.

Some of the veining is irregular, but most of it follows the
stecply dipping east-west rogional cleavage, which appears to be independ-
ant cof the shape of tho granite and the changing tronds of the contact
metascediments.

Structural Relationships. Thoe granite appears to have pushed the

surrounding motascdiments aside, for the metasediments to the west of
Station Hill appear to diverge north-sastwards and south-eastwards around
the granite, and dip off it. However, neither the western extremity of
the granite nor the actual divergence of the metasediments is exposed.

The contact rocks are well oxposed along the north-west margin,
whore they contain numorous drag folds overturned to the north-east, which
plunge down the regional dip of the beds. Chevron structures about
fractures striking 030° to 040° were also noted (Plate VII). Drag-folds
end chevron structures were also found along the south-west marging but
tho strata along the south-eastern margin dip gently off the granite at
angles of 300 to 60°.

Although the granite appears to have pushed the sediments aside,
the cleavage cf the contact rocks trends 0700 to 0900,parallol to the
regional cleavage. This cleavage appears to antedate the emplacoment
of the last phase of tho granitc, as numerous veins of quartz and aplite,
and a few Baveno porphyry dykes, have been injeccted along the cleavage
plancs. It is therefore suggestecd that the clecavage of the sediments
and the foliation of the granite were developed contemporaneously during
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the final stagos of consolidation of the granite.
Cabbage Gum Complex

The Cabbage Gum Complex, apart from a few small outcrops of
porphyritic adamellite, is known only from diamond drill intersocticns.
However, in addition to the porphyritic adamellita,- en augen gneiss and
a2 medium~-grained gneissic granite have been recognised as major phases,
and quartz-feldspar porphyry, aplite, and dolerite as minor ones. The
complex also contains several major inclusions of Warramunga sediments and
is cut by quartz veinsg and by a major north-casterly shear zone, as
described in a previous section.

The peorphyritic adamellite corresponds closely to the foliated
porphyritic grenite (first phase) of the Station Hill area in mineral
compcsition and in the distinctive appearance of the microcline phenocrysts.
However, no equivalents to the augen gneiss or the gneissic granite have
been noted elsewhere in the One-mile area. Because of the lack of out-
crops, the age rolationships of the three major phases could not be
determined. The aplite can be scen in some of the drill cores to be
small irregular intrusions into the granitic phases, and the dolerite is
thought to occur as dykes the granitic members of the complex.

Other Granitic Rocks

A small isolated mass of porphyritic granite crcps out about

one mile north—-east of the New Hope Mine, and some other cccurrences of
both porphyritic and fine-grained granite are associated with the quartz-
feldspar porphyry outerops between two and three miles cast of this mine.
Their relations to the porphyry could not be determined, howevor,

In addition, a large granodiorite mass occurs some ten miles
south-scuth-east of Noble's Nob, ocutside the limits of the Tennant Creek
One-mile arca, but this was not investigated in detail during the present
survey.

Porphyries and Ignimbrites’

By contrast with the granites, the porphyries generally occupy
smaller arcas with a meximum extent of about three by one miles, the
best examples being north of the Curlew Mine, at the Jubilee Mine, in the
vicinity of the Aerodrome, south of the Red Terror Mine, to the east and
south-ecast of Peko, and in the New Hope area.

Some of the smaller masses of porphyry are very strongly sheared,
and in hand-specimen ere not always distinguishable from the grits of the
Warramunge Group. In the ficld, however, they can gonerally be ident-
ified by their uniform appearance over much greater widths than any
attained by beds of the Warramunga Group and by their transgressive contaots.

Nearly all these bodies are elongated east-west, parallel to the
dominant strike of the Warramunga sediments, and the direction of shearing
is generally also parallel to this dircction. The transgressive relation-
ships of these bodies are usually ﬁost obvious at the east and west tips,
where the sediments have been forced apart and shattered.
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In some ofuthe larger massocs only the margins have been
sheared, leaving a relatively fresh core of bluish-grey or greenish-groy
rock studded with glassy quartz and white or flesh-coloured feldspar.

The shoared phases are generally more strongly weathered and are reddish-
brown in colour.
The Baveno Porphyries. Because of their content of Baveno-habit

microcline phenocrysts, several of the porphyries in the One-mile area,
notably those from the areas north of tho Curlew Mine and west of the
Jubiles Mine, are thought to be closely related to the porphyritic phases
of the Station Hill granite complex. These have been called the Baveno
porphyries. The porphyry occurrences in the New Hope area alsc include
some rocks of this type, but fine-grained and sheared phases predominate.

At the Jubilee Mine, these porphyries form two concordant
ovoid intrusive bodies, about two by one miles in area, in the cores of
domal structures in the Warramunga metasediments. At the porphyry
contacts, the metasediments have been silicified and in part replaced by
iron oxides, resulting in the development of prominent quartz-hematite
reefs, from 10 to 30 feet thick, within the contact aureole.

A number of petrolcgically similar porphyries crop out in the
areca betwsen the southorn margin of the Station Hill granite area and the
Mary Lanc and Hidden Mystery Mines. These porphyries are mosily in the
form of dykes 10 to 40 feet thick, which coincide in strike with the
trend of the surrcunding metasediments and also with the outline of the
granite complex. They may thus be part of an incompletely developed
system of ring dykes. They are generally sub-vertical, and commonly
lens out rapidly along the strike. In places, the planes of woakness
originally invaded by the dykes were subsequently invaded by quartz veins
which attain thicknesses of up to 20 feet where the dykes lens out.

However, not all the dykes of this area conform to this pattern.
Thus at 2,549,300 north, 186,000 east, one well exposed dyke has been
traced for nearly two miles in an easterly direction, parallel to the
cleavage of the metasediments rather then their bedding, and the eastern
portion cuts across the contact of fhe Station Hill granite complex and
passes almost through the centre of a body of fine-grained granite.

All the Baveno porphyries are distinctive porphyritic fine-
grained rocks containing large bavenc crystals of microcline 10 to 20 mm.
long, oveid corroded quartz crystals 10 to 20 mm. long, and subhedral
crystals of plagioclase (Plate VIIDb).

The phenocrysts of microcline are all ecuhedral baveno crystals
with slightly rounded corners. They contain a few inclusions of quartz
and plagioclase, and in some of the dykes the microcline is heavily
saussuritized. The microcline crystals in the Baveno porphyry near the
Jubilee Mino contain irregularly shaped gas cavaties that have been
subsequently filled with dark green chlorite, There is not much
perthite texture.
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The quartz phenocrysts consist of large, single, slightly
strained crystals which have been rounded and dseply embayed by magmatic
corrosion. The quartz phencerysts are more numerous close to the margins
of the intrusions, where they consist mainly of small slightly corroded
euhedral bipyramids.

The plagioclase occurs as irregularly shaped crystals and
aggrogates of small crystals, Most of these are saussuritized, so that
albite~twinning extinction angles are difficult to measure, but the
occmposition appears to be albite,-oligoclase.

There is little mafic material, except for a few biotite flakes,
magnetite granmules, and rounded zircons. There is a marked increase in
the amount of magnetite in the marginal parts of the Jubilee porphyry.

The groundmass is very fine—-grained and consists of minute
granules of queartz and microcline, flakes of sericite,; and minute granules
of what appear to be radially intergrown quartz (? crystobalite) and
microcline. The groundmass is markedly finer grained near the margins
of some of +he phenocrysts.

Quartz-Feldspar Porphyries. The great majority of the porphyries in the
Tennant Creek One-mile area are here grouped together as gquartz-feldspar
perphyries, although detailed petrological examination might enable
furfher subdivisions to be made.

Theso rocks form dykes, small plugs, and large lenticular

intrusions, up to three miles long, intruded into tho Warramunga shale
and groywacke (Plate VIIIa). The intrusions differ in their resistance
to erosion according to their size and degree of shearing, and many of the
dykes have been reduced to aggrogates of quartz grains in an almost
structureless red clayocy matrix.

The contact metamorphic effects of these intrusions are generally
slight, and even the larger bodies are surrounded by zones of silicifica-
tion only sbout 50 yards wide. In some areas, notably along the southern
margins of some of the larger intrusions, such as the Aerodrome porphyry,
prominent jaspor reefs have been formed by the introduction of silica
end iron oxides into favourable beds. Xenoliths arce very abundant in
some of these porphyry bodies, e.g., at 2,535,000 north, 206,000 east.

Most of ‘them are sharply defincd angular fragments of Warramunga greywacke
and shale and are little altered.

Most of the quartz-foldspar porphyries consist of irregularly
shaped corroded phenocrysts of quartz, microcline, and euhedral plagioclass,
set in a fine-grained matrix which ranges from dark grey to red, depend-
ing on the degree of weathering (Plate VIIIDb),

Quartz forms the most common phénocryats and occurs as large,
irregularly shaped, deeply embaycd and corroded single crystals up to
5 mm. in diameter. Neur the margins of the porphyry intrusions, however,

corroded euhedral bipyramids of quartz (aftor beta quartz) are more common.
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The microcline phenocrysts consist of irregularly shaped deaply
corrodsd orystals of fresh, cross-hatched microcline, (2 V = 90°), up to
5 mm. in diameter. Little perthite was found. The microcline contains
inclusions of quartz, plagicclase, aznd many chlorite-filled gas or fluid
cavities. The marginal parts of some porphyries contain clear sanidine
(2 v = 15° to 30°), crowded with minute rod-like orientated opaque
inclusions.

The plagioclase cccurs as euhadral sericite-covered phenocrysts
from 1 to 3 mm. across. A fow fresh plagioclase crystals with well
developed albite twinning appear to be albite-oligoclase, having extincticn
angles of 12° to 15° and a refractive index below that of canada balsam.

There is not much mafic material - a few megnetite octahedra
scattered through the matrix, a little chloritized biotite, and some
apatite and zircocn.

The matrix is very fine-grained and consists of minute inter—
grown granmules of quartz and micrccline, and flakes of sericite and
chlorite. Many of the gramules consist of radiating intergrowths of
quartz znd microcline. In places there is a well-marked flow foliatiocn.

A fow specimens from the central, unsheared portion of the
Aerodrome porphyry were found to contain specks of disseminated sulphides
(chalcopyrite and pyrite), and at several other localities, notably about
throe quarters of a mile south of the Pimnnacles Mine and to the cast of the
New Hope Mine, the weathered porphyries contain cavities partly filled
by limonite (Plate VIIIb), which may be, at least in part, residual after
the leaching of sulphide minerals. On the other hand, they may be formed
by the leaching out of weathered feldspars. The possible significance
of this will be more fully discussed in a lator section.

Some of thoe porphyries contain minor amounts of tourmalins, and

‘in one of them, about two miles east of the Rocky Range Trigonometric

Station, thoe original feldspar is almost completely tourmalinized, leaving
the original quartz as the only remaining primary mineral. However,

as this porphyry is situated almest at the junction of two major quartz—
filled shear zneos, the alteration may be related to the rariod of
mineralization rosponsible for the emplacement of these reefs rather than
to that of the porphyry itself.

An unusual variant of the porphyries occurs in the vicinity of
the Black Angel Mine, some 25 miles north-west of Tennant Creek township.
Here, several bands of porphyry, uplto 3000 feet long and 100 feet wide,
trond roughly north-west, parallel to the locally dominant trend of the
Warramunga sediments. Theso porphyry bands are characterized by the
presence of exceptionally large rounded quartz phenocrysts, and were
mapped as conglomerates by Ivanac (1954, p.23), although their true nature
had been recognized by Owen (1942).

The quartz phenocrysts in these rocks range from 2 mm. to 2 cm.
across and are deeply cmbayed and corroded ovoid crystals, The smaller
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ATE VIII

Part of Town Hill Porphyry contact showing xenoliths
and marginal thrusts., Nog.M/339/5.

Photomicrograph of Quartz-feldspar-porphyry.
Q - quartz (note corrosion).

Y - microcline.

A - alterod plagioclaso.

Neg.1i/339/1584.,
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phenocrysts are mostly ccrroded bipyramids, but some cf the larger
phenocryste have several crystal faces and probably were more complex
orystals. These phenocrysts are set in a fine-grained matrix of quartz,
soricite, and magnetite. Unusual features are the high prcportion of
quartz and magnetito, the almost complete absence of feldspar, and the
linear orientation of the quartz ovoids.

A few irregularly shaped felted masses of small sericite flakes
found in the thin sections are probably altered feldspar crystalsi

The matrix consists of minute irregularly shaped intergrown
crystals of quartz, flakes of sericite, and granules of magnetite. In
parts the matrix has been recrystallized into a mosaioc of poikiloblastic
quartz with sericite and magnetite inclusions. The magnetite content
of the matrix varies, and in places the magnetite has aggregated to form
orientated mafic clots consisting of up to 60 percent of magnetite. A
few oriented ovold xenoliths of fine-grained quartzite, consisting mainly
of poikiloblastic quartz crystals, alsc occur,

It is tentatively suggested that the lenticular outcrops, the
orientation of the quartz phenccrysts, and their intense corrosion
(suggestive of high content of volatiles in the magma), can most readily
be accounted for on the assumption that the porphyry is some form of
volcanic vent filling.

Ignimbrites. Two outcrops of ignimbrite have been found in the Tennant
Creck area. One is a thin lons along the south-eastern margin of the
airport porphyry; the cther is a north-westerly lenticular mass, nearly
two miles long, near the Bermborough Mine.

The airport ignimbrite consists essentially of irregularly
shaped fragments of quartz, sanidine, and sericitized plagioclase of
various sizes up to 1 mms The fragments are of euhedral crystals, of
corroded crystals, and triangular fragments or shards, with concave
faces, of quartz and samidine.

The groundmass forms approximately 20 percent of the rock and
consists of a very fine-grained mosaic of quartz and ssricite.

The sanidine of the fragments is identical with that in the
adjacent Airport porphyry and contains the characteristic oriented
opaque rod-like inclusions. Thin sections taken across the porphyry/
ignimbrite contact show it ic be marked by a 1 mm. band of minute
magnetite grains, and both the marginal portion of the porphyry and the
ignimbrite are crowded with larger magnetite grains up to 0.25 mm. in
diameter.

The ignimbrite is probably a remnant of a vclcanic pipe filling.
The similerity of the sanidines in appearance, composition and inclusions
suggests that the ignimbrite was derived from the contiguous porphyry
which followed it intc the pipe and displaced the greater portion of
the original pipe-filling. Unfortunztely, the ignimbrite/Warramunga
contact was not found.

The ignimbrite near the Bernborough Mine, about six miles north



e

o

28.

of the Tennant Q:eek One-mile area, consists of various shaped fragments
of ouhedral and corrcded crystals of quartz and microcline, set in a

matrix of minute gramular quartz and devitrified brown-stained shards of
volcanic glass. This matrix comprises about 40 percent of the rock by

volume. The shards of volcanic glass are the most significant component and,

being oriented identify the rock positively as an ignimbrite. Meny of
the shards have characteristic conchoidal faces and some have a marginal
zone of inward growing acicular'crybiads,

No plagioclase was found in the rock and very little mafic
material, except for a few chloritized biotite flakes and a few grains
of magnetite. _

The shards commonly show a well marked parallel orientation and
are deflected around the larger fragmentsignclosed in the matrix - a
eutaxitic texture.

The outcrop was not examined in letail, but the published map,
(Ivanac, 1954) suggests that the mass is a large pipe-filling rather than
a flow. However, it is not certain whether the whole mass is one
homogeneous body, or whether some later intrusions of prophyry are
inocluded in it.
Other Igneous Rocks possibly rclated to the granites and porphyries.

A number of igneous rocks of uncertain affinities are known from
the vicinity of the Last Hope Mine, about 30 miles north-west of Tennant
Crock. At the mins itself, Ivanac (1954, p.143) records lavas or tuffs
within the transition zone from the Warramunga beds toc the Ashburton
Sandstone. Some three miles sast of this mine, several bodies of igneous
rock occupy arsas of up to half a mile by a quarter of a mile, but are so
deoply weathered and iron-stained that their characteristics and relation-
ship with the surrounding sediments could nct be established. Residual
mineral grains and textures suggest that they may have been medium—-grained
acid or intermediate rocks, possibly rolated to the porphyries.

Similar rocks also cccur within the Ashburton Sandstone, about
30 miles morth of Tennant Creck township.

Diorites, Dolerites and Altored Basic Rocks

At 2,546,200 north, 186,000 east, in the Mary Lane area, an

elongated mass of saussuritized and uralitized hornblende diorite intrudes

the Warramunga sediments. This has been traced for about 2000 feet in

an east-south~casterly direction, and appears to have a maximum width of
about 50 “~9%. It is now largely composzd of hornblende altered to
actinolite and of plagioclase broken down to albite, zoisite, and sericite.
Epidote, sphene, and apatite are subordinate constituents.

In the Golden Forty area, a2 small outcrop of a similar rock,
composed largely of tremolite fibres and irregular rounded grains of
iron oxide, has been shown spectroscopically to contain about 0.2 percent
of copper and zinc.

At 2,543,000 north, 186,200 east, about one and a quarter miles
north-west of the Caroline Mine, a small body of serpentine six feet wide

is oxposed in an irregular excavation about nine feet in diameter and
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five foet deep. The mass ccnsists of soft grecnish matorial containing
lonses and bands of serpentine, up to six inches in width. = The meass
trends roughly east-west and is flanked to the north and south by strongly
sheared sediments with vertical cleavage striking at 0850. The origin
of this serpentine is not known.

In the vicinity of 2,550,000 north, 191,500 east, a fine-grained
dolerite dyke cuts across the Station Hill granite complex, and has been
traced for more than a mile in an east-south-easterly direction. A
similar rock type has also been encountered in No. 104 drill hole in the
Cabbage Gum Basine.

Lamprophyres

The Warramungz sediments are also intrudsd by a number of fine-
to medium-grained intermediate and basic rocks, tentatively grouped as
lamprophyres. These usually occur as irregular bodies nct more than
200 feet by 200 feet in extent, and are generally'deeply weathered. An
exceptionally large member of this group cccurs in the vicinity of
2,542,000 north, 191,000 east, where it has been traced intermittently for
more than half a mile with an avaraéa width of 100 tc 150 feet, apparently
fellowing a major fault or shear zone. Others occur as flat-=lying
sheets, up to 20 feet thick, again presumably following joints or shear
zones. At the Caroline Mine, at least one such shect has been shown to
cut across the quartz-hematite lodes. At the southern flank of the
Aerodrome pcrphyry, one of these lamprophyres occurs within a few feet
of the porphyry, but the contact relationships are obscured by shearing.

The petrology has not been investigated in detail, but the
lamprophyres appear to include amphibolitic and pyroxenitic as well as
biotite-rich types. The outcrops are commonly marked by a strong
development of travertine, which may be regarded as almest diagnostio
of this group.

The lamprophyre dykes and sills cut the ironstone reefs and
the Rising Sun Formation, and thus are Upper Proterogzoic or younger.
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IRONSTONES, JASPERS AND QUARTZ VEINS

Ironstones

The ganeral term ironstone is retaincd for the quartz-hematite
and quartz-magnetite bodies. As & xulo, the iron oxide is hematite at
the surface zndé magnetite below the water table, but some ironstones still
carry significant amounts of magnetite even in the oxidized zona. The
ircnstones range from a few inches to more than forty feoet in width and up
to several hundrod yards in length.

All the known occurrences lie within the Warramunga Group, and
are localized by both structural and lithological controls. Structurally,
intense deformation and proximity to porphyry intrusions are favourable
features, and lithologically the typical shale—greywacke succession,
and especially the vicinity of the hematite shalé; appears to be more
favourable than either tho shale-siltstone succession in the northern part
of the area or the arenaceous facies in ths south-cast.

Most of the ironstones are tabular or lenticular bodies but some
are irregular and one (at 2,540,000 north, 200,600 east) was found to be
an inverted saddle reef, Another, about one mile north—wegt of the
Momsahib Mine, is ccncordant with the surrounding sodimenta;y rocks, and
has been traced through several gentle folds parallel to the bedding,

This body is associated with a tabular transgressive ironstone in a major
shear zone which mezy have acted as a feeder for the bedded deposit.

The most of the ironstones are elongated ecast - west, parallel
to the regional strike of the bedding and cleavage and the accompanying
gset of strike faults and shears (Fig. 8). However, minor bodies striking
about OTOD aro widesprecad, gencrally in association with a set of shear
zones with that trend; strikes of 1300, parallel to the Qnartz-Hill/Rocky
Range fault system, become important in the viecinity of the Lone Star Mine
and in parts of ths Honeymcon Ranges. A minor set of ironstones striking
0400 is best develcped in the vicinity of the Government Battery and in
the Pekq/Goldon Forty area. Tho Peko orebody itself, which has the shape
of a steoply plunging pipe, is exceptional and will be discussed in detail
in a later sootion.

The ironstones can be sub-divided intc three main groups accord-
ing to their mode of occurrenca.

1. Most occupy faults or shear zones, and many of them are
localized at the intersecticns of thesc zones with favourabls beds, such

as the hematite shale. Occurrences of this type are thought to include
most of the larger known bodies on the field, and they are obviously
favoured by conditions in which the bedding and shearing of the sediments
tend towards parallelism, i.e. in arcas of steep dips. It does not follow
however, that they are necessarily best devcloped in the largest shear
zonas. Good oxamples of ironstone bodies situated on major shear zones
are prcvided among cthers by these at the Gigantic, Now Hope, and Mary Lane
Mines; but some of the largest bodies in the area, as at Eldorado and Mount
Samuel, are asscciated with shears of only local significance. A pattern
of right-hand echelon repetition tends to be developed under these

«7
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Fig.8

Strike frequencies of ironstone
from selected areas of the

Tennant Creek I-Mile Sheet
Note : Figures refer to numbers of observalions
incorporated in individual diagrams.
Areas shown in Fig. /2,
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circumstances, as meny of the shears responsible for this type of inter-
scction strike east-south-east, compared to & general ecast-west striko
for the bedding (Fig. 9).

2. Ironstones of the sccond group, some appreaching jasper in
composition, are roplacements of unsheared cr cnly slightly shsared

favourablo beds, cf which the hematito shale is again the outstanding

examplo. Tho lodes at Metzllic Hill and the Golden Mile are of this type.

3 The third group is developed at the margins of some of the
largor poerphyry intrusions, espocially at concordant contacts. Thase
lodes alsc tend tc be jaspery and conform clesoly to the bedding of the
host rocks. The best examples c¢f this type are the ironstones near
the Jubilee Mine. ‘

Thore are transitions betweon the various groups, but the major
divisicns aro quite clearly defined.

Differential replacoment of very thin laminze of thoe country
rock is ccmpuaritivoly raro. A gcod example ceccurs at 2,543,100 north,
193,800 oast, where certain laminae of a minor drag-fold have boon
selectively roplaced. This ironstone passes along the strike, into 2
massive quartz-hematite body occupying a shear zone.

The quartz-hematite bodies have nct only replaced the pre-cxist=-
ing sediments volume for volume, but have also pushed them apart bedily
as is well shown by & small exposure ot 2,527,100 ncrth, 205,300 cast,
where tho banding of the sediments can be tracod into and around a small
quertz-hematite lens (Fig. 10).

Many of tho quurtz-hemctite bodics zre themselves sheared or
faulted by mzjor movements that affected the area aftor they were emplaced.
Almost all mines have encounterecd such faults in their workings, the
largest having displacements of a hundred feet or more, and a number of
others became apparent during the regional mapping, c¢.g. near the Ace
High, Kethleen, and Plain Jane Mines,

The proportion of quartz tc iron oxides (hematite and{or
magnetite) vories widely, even within a single ironstone, znd many of
the lodes aro themselves cut by younger quartz veins free from iron oxides.
In genoral, tho long narrow bodies, which follow the bedding closely, tend
to carry less quartz than the more lenticular bodies assccianted with
shear zones. The two types are well contrasted in the Queen of Sheba
Mine, about 20 miles north of Tennant Creck tcwnship, where the quertz-
rich phase appears to be the younger of the two.

Mineragraphic ovidence indicates that the hematite of these
lodes is derived from magnetite, but the degree of oxidation varies con-
siderably, and some magnetite is preserved even at the surface. Meny
grains cf iron oxide show the crystal form of magnetitc and are attracted
to a hand magnet, but give z hematite streck.

' Thecretically, magnotite can be oxidized to hematite either by

hydrothormal c¢r by supergene solutions. In this area, the cevidence cf

ENY
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negnetometer surveys, deep drilling, and mine development all indicates
a vory abrupt increase in the hematite content of the ironstcne abeve
woter level, showing that supsergenc scluticns have boen respensible for
at loast a large proportion'of the hem=ztite. On the cthoer hand, the
presence of bluded homatite intergrown with quertz, tale, and chlerite
in many cf the ircnstones indicates vhat hydrothermal offects have also
played a part. The relative impertonce of the twe factors thus have
to be evaluated for each cccurrenc-.

Relative propertions of Irom in Lodos and in Country Reck: A very rcugh

estimate indicates that ironstone lodes and lenses cccupy areas of the
order c¢f 10,000 t¢ 50,000 square feet per square mile in various parts
of the Tennant Crock ficld., This is equivalent to abocut 0.04 to 0.20
porcont ¢f tho country rock by volume or 0.08 to 0.40 por cent by weight.
If the dissominated iron oxides contoined in scme of the major shesr zenes
are included, this figure might have to bec increased by a factor of twe or
throe, but wculd even then be nc mors than 0.2 to 1.0 percent by weight.
On the other hond, a number of spocimons of Warromunga rocks
frem the Elderado, West Peko, znd Lone Star areas were found tc conteain
from about 0.5 percenf iron oxides in sandstones, more then 1.0 percent
in shales, and, as much as 20 psrcent in some of tho hematite shale bands.
The total quantity of iron oxice preésent in the country rccks is therefcre
likely to be compareble to or even in excess of that occurring in the
defined lodes and heavily impregnated shoar zones. Thersfore much of
the iron in the reefs cculd have been derived by lateral secretion from
the adjzcent sediments. Or it cculd have bocen derived from sedimonts
caught up in the ignecus complexes.,

Rolation of Ironstono Bodies tc¢ Hematite Shale Beds. The close associa-

tion of many ircnstcne bodies with the hematite shale marker horizon hos
already been referred to. Apart from the extreme oxamples in which the
hematite shale has itself been reploced to give jaspery ironstone lensos,
thero is a vory markoed concentration of ironstone bedies in the immecdiate
vicinity of the hematito shale in sevsral zcreas. The cutstanding example
is provided by the Mount Scmmol/Outlaw/Enterprise/Eldoraco line, but
good examples also occur in the vicinity of the Gibbet, Wheal Deria, Burnt
" Shirt, Lone Star, Memsahib, and Mammcth Mines, and, outside the limits
of the One-mile area, at the Northern Stur Mine.

This persistont assceiation could be due either tc the fact
that the hematite shale and the immediastoly adjeining beds, being
criginally rich in iron, providecd tho scurce c¢f the iron which was oon~
centrated intc these ironstonos, or that, by reascn of their composition
or physical characteristics, these beds were espcecially favourable for
roplzcemont frcm bearing ircn and silica solutions.

In order to gain some further information cn these relation—
ships, ccncentrates of iron oxides frcm three ironstcne lodes and three

specimens of hematite shale were spectrochemically analyscd by A.D.Haldane
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of the Burcau of Minorel Rescurces Labcratcry. All the specimens were
ocllaected szmESurfadémoutcropﬂa~so that the effects of surface leaching
should be comparzbles The saﬁples of iron oxide from the hematite shale
specimens were cbtained by concentraticn on a superpanner. Specimen
4545 contained cnly hemztite pscudcmorphs after magnetite cotahecdra;
specimen 97935 contained only crenulated layers cf hematite; whercas
specimen 196410 centained both octahedra and layers. Of the ircnstone
samples, specimens 52 L ancd 52 B were taken from the Mounf Samuel Lode,
and speoimen 149419 was taken from the Skipper Hill Locdes  The latter
lode contained drusy cavities lined with high-temperature bi-pyramidal
quartz and micacsous hemztite.

As oan bo seen from the attsched table, the magnetite cctahedra
and the hematite layers in the hematite shale ccntain the same trace
elements, but these differ markedly from those cf the ironstone lodes.
The Hematite shale contains Cr, Mn, V, Ba, and Ag, whereas the ircnstone
lodes contain Bi, W, Go, and Mo. The bismuth and tungsten content of
the lodes is espacially'significant, as they are regarded as typical

ephithormal elements and no trace cf them was found in the hematite shale.

Spectrochemical Analyses

Spec. 52 L  Ircnstone, Mount Samusl.
52 B Ironstcne, Mcunt Samuel.
149419 Irconstcone, Skipper Hill,
4545  Hematite Shale with magnetite octahedra.
97935 Hematite Shale with hematite layoers.
196410 Hematite Shale with both octahedra and layers.

Fe, Al, 5i and Ti were present in all samples.

Ircnstons Lodes Hematite Shale

52 £ H2 B 149419 4545 97935 196410
K 3 2 3 5 El 3
Ca 4 4 5 4 4 4
Sr 0 C 2 1 1 0
Ba (¢] 0 0 3 0 0
ag 0 0 0 3 0 0
Cu 6 7 6 7 6 5
Pb 2 2 2 3 4 2
Sn 3 4 1 3 1 2
Bi 3 5 0 0] 0 0
In 2 0 2 0 2 1
Cr 0 0 0] 5 3 4
v 0 1 3 2 2 3
Mn 0 0 0 2 7 2
Co 0 1 0 1 1 1
Ni 1 2 2 2 3 2
W 4 1 3 0 0 0
o 5 5 4 2 1 2
Go 1 1 0 0 0 0
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Diétinctive Elements :

Bi, W, Ge, Mo. Cr, Mn, V, (Ba, ig).

The numbers incieate the relative propcrtions of the given
elements in tke six samples, but are nct ccmparable between the elements.

Thesc results therefore indicate important éifferences between
the iron oxides in the hematite shale and those in the ircnstcne lodes.
The iron oxides in the heomatite shale are most probably synsgenetic, and
tho magnetite cectahedrz in this rock were apparently formed by redistri-
bution of the primary iron oxides in the shale during a period of mild
metamorphism. On the cthor hand, the iron cxides in the ironstone lodes
are prcbably epigenetic and must have been intrcduced into the Warramunga
rocks, possibly by solutions emanating frcm the peorphyry intrusions. If
they had been merely redistributed on a large scale by solutions percola-
ting through the country rcck and picking up iron already present in these
rccks, it would be necessary to assume that these solutions carried
sufficient bismuth, tungsten, and other trace slements to acccunt for the
present cccurrences of these elements in the lodes, and this is regarded
as unlikely.

Jaspuer Beds and Broccias

The jasper beds and breccias are replacement bodies, similar in
many ways tc the ironstones, but composed mainly or entirely of crypto-
crystalline silica, generzlly coloured red by minor amcunts of iron
cxides, Meny are closely asscciated with the 'jaspery! types of iron-
stone described in an earlier section, and they are best developed in the
vicinity of the ferodrome, near the Jubilee Mine, at Ezst Peko, at
Motellic Hill, and at the Golden Mile. With the exception of the two
last-named localities, they generally occur within a few hundred feet of
one or other of thse larger porphyry bedies. Their cdimensions are com=—
parable with thuse of the ironstcnes, and many of them contain minor
coatings cf hematite on Joint planes. These jaspers, therefore, are
formed by silicification of favourable beds and shear zonos in the
Warramunga rocks by sclutions emanating from the porphyries, ancd the
ircnstone bedies by similer replacements by mere iron-rich solutions,
generally at greater distances frcm the perphyry contacts.  Inclusions
of jasper fragments in quartz-hematite lodes indicate that the jaspers
were the earlier formed of the two.

The Jaspor breccias consist essentially of angular fragments
of jesper re-cemented by white vein quarte. This shcws that the
emplacemont of these jaspers was followed by a seccnd phase of deforma=-
tion, which resulted in the shattering of scme of them, and by a second
pericd of silica introducticn, this time as vein quartz.

Quartz Veins

Quartz veins with only subordinate amounts of iron oxides occur
in all rocks older than the Helen Springs Vcleanics, including the iron-
stone lodes, the jasper bodies, the porphyry and adamellite intrusions,
the ishburton Sandstone, and the Rising Sun Formaticn. The veins are
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most probably of several different ages, but except in the case of veins
cutting the Rising Sun Formation, it is not possible to distinguish the
various groups.

The veins range in size from mere stringers, a fraction of an
inch in width, to massive bodies up to thirty or forty feet wide and
intermittently traceable for many miles, as in the Quartz Hill/Rocky Range
fault zone. Most of the larger veins have béan emplaced in shear zones,
and something of their distribution has already been said in the section
on shearing.

Taking the One-mile area as & whole, north-westerly trends,
parallel to the Quartz HilL/Rocky Range fault zone, and north-easterly
trends, parellel to the conjugate set of shears, account for the majority
of the larger veins (Fig. 11). However, there is an important set
striking at 090O in the central portion of the area, as for example in
the Honeymoon Ranges and in the vicinity of Eldorado and the Government
Battery. Minor sets striking at 3400 and 020° can also be found in
SOme areas.

A number of quartz veins in the Mount Rugged and Gibbet areas
contain minor amounts of tourmaline, but generally they are singularly
free from associated minerals.

The only locality within the One-mile area where gold has been
found associated with quartz veins is at the Pup Prospect, about half a
mile south of the Pinnacles Mine. At this prospect, a ssries of small

suriferous quartz veilns occurs in the marginal portion of a small porphyry

stock and in the adjoining Warramunga rocks, but the total production from

this looality only amounts to 40 ounces.
GOLD DEPOSITS

The workable gold deposits of the Tennant Creek field occur in
a variety of structural and lithological environments, ranging from

massive quartz-hematite and quartz-magnetite lodes to brecoiated zones in

sediments, generally mudstonss, which may carry only minor amounts of
iron oxides. Only two gold occurrences, at the Pup Mine and in the
Last Hope area, 30 miles north-west of Tennant Creek township, are
associated with quartz veins free from significant amounts of iron oxidas.

Most of the individuzl mines and prospocts of the field have
boen described in detail by Ivanac (1954) and these desoriptions will not
be duplicated here. Since the completion of Ivanac's survey, only twoe
important now discoveries of gold have bYsen made on the field. Thase
are in the Orlando/One-Oh-One area, montioned in an earlier section, and
at Ivanhoe in the north-western portion of the One-mile area. Orlando
Mines (o subsidiery of Peko-iallsend Co. Ltd) startad production late in
1962 at a rate of 100 tons par day.

The Orlando orcbody was criginally indicated by five diamond
drill hole intersections, cbtained dy Peko Mines N.L., which gave assays
of up to 26 dwt of gold over inclined widths of up to 22 feet. The
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published reserves at the ond of June 1963 amounted to 230,000 tons of
ore averaging 1.2% copper and 11.7 dwt of gold per ton. Because of the
exceptional depth of oxidation of this lode = more than 500 feet -~ there
is so fer little information on the composition of the primery ore, and it
is possibie that this prospsct should be classed with the sulphide
crebodies rather than the gold deposits.
The Ivanhoe occurrence is dominantly a copper orebody and is described
more fully in a subsequent soaction.
Possibility of Secondary Enrichment
It seems likely that all the gcld deposits of the Tennant Croek
field were criginzlly essocicted with some sulphides, for pyrite and

minor chalcopyrite have been encountered in practically all mines where
development or drilling have been carried out below watsr level.

As there is little/igogggroxidizad portions of these mines,
miterial must have been redistributed by supergene solutions and it is at
least possible that the gold may also have undergone some redistribution
and secondary enrichment. This possibility is strongthened by the fact
that some of the richest shcots at sevecral mines, e.g., Enterprise; Whippet,
and Nobles Nob, appear to lie at depths between 120 and 250 feet, and
that this distribution cannnt always be accounted for by structural and
lithclogical factors. It is also supported by the reported cccurrence
of flaky gold and cccasional nuggets within the oxidized zcne of saveral
mines, but not below it (Ivanac, 1954, D.54).

Fcr this resason, it appears that the factors responsible for
the distribution cf gold in relatively shallcew workings may be controls
of enrichment rather than of original deposlitionjy this applies especially
to the ore-shcots in the brecciated sediments immediately azdjoining some
ironstone bodies and in shear zones and pug soams intersecting the iron-
stones themselves.

For the same reason, testing of new prospects c¢cn this field
shculd always bs taken to a depth of at lerst 200 to 250 feet in order
tc interpect such a zone of enrichment if it exists.

Relationship of Gold Occurrences to Hematite Shale

If the distribution of gold mines in the Tennant Creek One-mile
area 1s .examined statistically, a number of general tronds become apparent.
The most obvious is the merked concentration cf highly productive mines
in or close to the hematite shale horizons

Total Within 1000 fsot Per
of nearest hematito cent
shale outcrop

Arsa cf Warramunga Approx. Approx. 10%
Grecup rocks exposed 100 sq. 10 sq.
in Temnant Creek miles miles

One-mile area

Number of ircnstone 700 130 18%
bedies mapped in
present survey
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Total Within 1000 fzet Par
N . of nearest hematite cent
shale outcrop
Nuriiber of mines with
total prcduction of :

1 to 100 ozs. 26 8 30%
100 to 1000 ozs. 27 11 41%
1000 to 10,000 ozs. 1 7 64%
Over 10,000 ozs. 4 3 75%

By contrast, ironstones developed in major shear zones, such
as the Mary Lane, Mary Ann, Gigantic, and New Hope, have rarely been
large producers, although the complex gold - sulphide shoots of Orlando
and Ivanhoe may prove to be exceptions to this rule.

Ironstones along the margins of concordant porphyry intrusions,
as to the west of the Jubilee Mine and to the south-west of the New Hope
Mine, have produced little gold to date.

SULPHIDE DEPOSITS
With the emergence of Peko as the largest mine on tho field,

interest in exploratiocn for copper is wnow equalling or surpassing that
for gold., Since none of the other mines have so far exposed any massive
sulphide ore, it is difficult to generalize on the factors responsible
for the localization of such ore. However, a grezter variety of enviro-
nments appears to be represented, with major shear zones as the most
important single control.

At Pcko, massive sulphides, essentially pyrite, pyrrhotite,
cnd chaleopyrite, replace the central portion of a quertz-magnetite pipe
(Edwards, 1955)« This quartz-magnetiteo differs in shape from the typical
tabular bodies on the field and J. Elliston (1960) has suggested that it
is due to tho replacement of an original slump conglomerate, similar to
that mapped as a 'pebble bed' from the vicinity of the Caroline Mine.
However, the type pebble bed has a fine-grained impervious matrix, and
does not appear intrinsically favourable for réplacecment. An alter—
native controlling influonce on the Peko orebody could be the intersection
of a steeply dipping north-cast-trending shear zone with a zone of

- favourable beds or a shear zone sub-parallel to the bedding, which here

trends roughly east = west. The sedimentary rocks adjoining the orebody
are reported by Elliston to show only moderate disturbance, but the
presence of chlorite schist on the 980-fcot level suggests fairly intense
shearing. The presence of two sets of linear structures is strongly
suggested by the pattorn of the aeromagnetic contours and the air photo=-
graphs of this area, and it seems likely that the north-east-trending
set ropresents an extonsion and possible branching of the major shear
zone delineated by diamond drilling in the Cabbage Gum Basin (Hays, 1958;
Crohn, 1961).

Low=-grade lead z2nd zinc sulphide minerzlization is recorded
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from the footwall sediments of the Péko copper orebody (EZdwards, 1955),
but little is so far known about its extent and relationship to structural
or lithological controls.

At the time of writing (1963) the ore reserves at Peko are
reporte& to amount to 645,000 tons of proved ore, averaging 5.3 percent
copper, and 136,000 tons of indicazted ore, averaging 3.2 percent copper.

At Orlando, 9.1 percent copper has been recorded between 348
and 353 feet inclined depth in Peko diamond drill hole No. 3 (Chem. Engng
Min. Review, November 1958), and further evidenée for the formerly wide-
spread occurrence of sulphides has been provided by development work to
a dgpth of more than 600 feet. However, owing te the quite abnormal
depth of oxidation, the criginal distribution of sulphide minsrals zt
this mine has not yet been fully determined. At the time of writing,
230,000 tons of ore, averaging 1.2 percent copper and 11.7 dwt of gold
per ton, have been proved.

At Ivanhoe, some ten miles north-west of Tennant Creek township,
another promising copper = gold orebody has recently been located by Peko
Mines N.L. This is situated near the projected intersection of the Mary
Lanq/Mary Arn shear zone with a north-sast-trending quartz-filled shear,
and is raported to have proved reserves to date of 240,000 tons of ore,
averaging 5 percent copper and 4 dwt of gold per ton.

At saveral other mines and prospects, disseminated sulphides
have been recorded fromldiamond drill holes in sheared or brecciated
sediments, associated with varying amounts of quartz and hematite or
mzgnetite. The most important of these occurrences are as follows :

Northern Star : 4.05 percent copper as chalcopyrite between
967 and 977 feet in a vertical diamond drill hole put down by Pcko Mines
N.L. (Chem. Engng Min. Revicw, June 1957).

Wheal DPoriz : Disseminated sulphides with hematite and
magnetite in chloritic slate between 157 and 170 feet in hole No.4, and
betweon 167 and 183 feet in hole No.4 A, both vertical (A.G.G.S.N.A.
Report, N.T., NO.41).

Eldorado No.3 Anomely : Five assays averaging 0.48 percent

copper in sheared rocks with quartz end magnetite between 413 and 452 feet
vertical depth in hole No.2 (A.G.G.S.N.A. Report, N.T., No.41).

Peko No.2 Anomaly (East Pcko) 1 Specks of sulphides in slate
and dense magnetite between 264 and 280 feet vertical depth in hole Ho.5
(A.G.C.9.N.A. Report, N.T., No.41),

Nobles Nob : Minor amounts of pyrite and chalcopyrite in quartz-
hematite and brocciated sediments between 268 and 278 feet and between
321 and 331 feet inclined depth in hole No.2, Burcau of Nineral Resources
(Ivanac, 1954).

Golden Forty area : Average assay of 1.5 percent copper over
41 feet of chlorite schist in diamond drill hole put down by Nationzl Lead
Co. of U.S.A. (personzl communication, R.D. Ellett, quoted by McMillan
& Debnam, 1961),
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Some encouraging values have also bsen cbtazined in recent
drilling =t the Lone Star, Cat's Whiskers, and Golden Forty North pros-
pocts = tho latter also known as the Golden Kangaroo. These are
desoribad more fully in subsequent scctions.

In zddition, secondary copper mincrals have been worked in
sheared and breccicted sodiments at the Pinnacles and Shamrock Mines but
none of the workings encountersd primary ore. A4 diamond drilling
programne at the Pinnacles was recently undertzken by the Mines Branch,
N.T. sidministration, but this failed to find any downward extension of
the lode expcsed in the old workings. '

At the horodrome, a few specks of sulphide (pyrite and chal-
copyrite) were found in massive quartz-feldspzr porphyry. At several
othor localities, notably about three quarters of a mile south of the
Pinnzcles Mine, and to the east of the New Hope Mine, the woatherad
porphyry contains cavities partly filled with limonite, which are regarded,
at least in part, as box-works duc tc the leaching of sulphide minerals.

On the other hend, the boxworks are similar in shape and size
to the feldspar phenocrysts in the porphyries. They are partly filled
with clay minerals and contain limcnite networks which resemble the cleav-
age patterns of the foldspars (Plate VIII b). Thus the boxworks could
be woathered cut feldspars. The anomalously high concentrations of
copper in some of the boxworks could ba due to the adscrption, by the
clay minerals, of copper from groundwater percolating thrcugh the porphyry.

In the Pinnacles area, spectrographic analyses cof limonite from
two porphyry specimens confirmed the presence of above-background amcunts
cf coppor (of tho crder of 150 parts per million), but a diamond drill
holo put down to zn inclined dopth of 300 feet in this area by the Mines
Branch, N.T. idministration, failed tc locate any sulphides.

In the Neow Hope area, eight porphyry specimens showing structures
which had been tentatively identified as bozxworks only contzined 10 to 30
parts per million copper. Thosce results are regarded as inconclusive,
as tcc little is known at present abcut the leaching processaes to which
these rocks have been subjected; and some furthor work is thought to be
werranted in ordor to determine whether a systematic geochemical testing
programme is capable of delineating areas which may warrant mcre detailed
examination by gedbhyaical resistivity of self-potential moethods and by
diamond drilling.

If the presence of significant amounts of copper in the porphyriecs
could be confirmed, this would support the suggestion that the copper now
occurring in the ironstones and Warramunga sediments was also derived
from the porphyriés in the first instonce. This raises the questicn of
the relationship of the gold and sulphide-bearing solutions to those
responsible for the cmplacement of the ironstones. At Peko, mineragraphic
ovidence indicatos that tho smplacement of the ironstons was essentially
complete before the introduction of the gold and sulphides (Edwards, 1955).
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In areas cf dissemincted magﬁatita - sulphide ocecurrences, as at Wheal
Doria and Eldorade No. 3 Ancmely, relaticnship are nct so cléar—cut, but
it cppears improbable that sclutions shculd be capable of simultaneocusly
depositing significant quantities of iron cxides and sulphides.

If the two phoses of activity were distinct, it follows that
the present cccurrence of gold and sulphidea in close asscciation with
ironstone is not necessarily universal, being due only to the fact that
the same channels genorally tended tc control the flow of becth sets cf
scluticns. Numerous ircnstones are known which do not carry gold or
sulphides, and recent exploration has revealed gold and sulphide deposits
which are not closely associated with ironstone. The Orlandc pfospect
appears to be an example of such a deposit, and the intersecticn of 41
feet of chlcrite schist, carrying an averzge of 1.5 percent copper with
cnly minor amounts of ircn cxides, in a diamcnd drill hole at the Golden
Forty Mine (McMillan & Debnam, 1961), is ancther.

The scecendary copper minerals at the Sahmrock and Pinnscles
Mines, and the Eurcka prospect, near the Iris Mine, may also be derived
from such bedies. In general, shear zcnes not carrying significant
amcunts of iron oxides are likely to be scft structures, whose outcrcps
are easily obscured, and which will thus escape attention unless copper
concentrations at the surface give cbvious indications of mincralization.
Gocchemical and geophysical methods, such as resistivity and self-potential
surveys, may be of value in detecting and tracing such shear zones carry-
ing sulphides at dopth.

The known copper deposits of the Tennant Creek Field thus appear
tc be develcped in a greater variety of environmental conditicns than the
gold cccurrencas.

Copper ccecurs in scme cf the ironstone bodies close to the
hemztito shale, e©.g.; North Star; Lone Star and Czt's Whiskers, and in a
shoar zcne clcse to the hematite shale 2t the Iureka Mine. However, the
hematite shale has nct been fecund necr Peke - the most important copper
mine. The hematite-gold-copper orebody at Peko is thought to be related
tc the intersecticn of major shear zonesj; and this is thought tc be the
case at the Ivanhce prospect alsc,

Four other ccpper locdes, Gclden Ferty, Golden Forty North,
Pinnacles, and Shamrock, are also asscciated with shear zones, but not
with defined ironstone bodies, although in at least cne of them, Golden
Ferty, the mineralizaticn is concentrated in a magnetite-chlorite-talc
schist which carries sufficient magnetite tc give rise tc quite strong
magnetic anomalics. These prospects are alsc situated at some distance
from any known outcrops of hematite shale. The Orlando Mine is alsc
tentatively included in this group.

MINERALS OTHER THLN COPPER AND GOLD

Apart frcm ccpper, gold, znd by-product silver, the only mineral

¢f value on the Teonnant Creek field is bismuth. Lt the Jubilee Mine,

{
]
(



s

[

L &)

41,

several hundred tons ¢f meterial containing betwoen ohie and two percent
bismuth are believed to be *vhllable, and a amall plunt hes recently been
sot up by a lcesl syndicata tc reccver thls metal, which oceurs mainly as
tho oxido and carbenate. Bismuth hos been reccrded from the Peko, Noblae's
Nc¢b, Enterprise, Lone Star, Joker, and many other minaa, but in most_of
these the distribution of bismuth minerals was vory irreguld: and the
average grade was very low. A major progfamme cf sampling existing
tailings dumps for their bismuth content has recently been proposed as &
jeint undertaking by tho Burezu of Mineral Rescurces, the Austral}ag
Mineral Develupment Laboratories, the Mines Branch ¢f the Northern :
Territcry ifdministration, and the major oyerating companies cn the ficld,

The total quantity of ircn present in the known ironatone bodies
of the field is estimated to be scme tens of millicns of tons, but owing
to the isclation of the field, thc scattered distribution of the ironstones,
and the verisztion in grede, this is not likely to be an acnnomic source of
ircn ore in the foreseocble future. .
MAGNETIC ANOM:LIES '

On the aerial magnetic mep of the Tennant Creck One=-mile area;“

a pattern of regicnal anomalies with east=-scuth-easterly tronds is combined
with local anomalies due to individual ironstcono bodies. These east-
south-easterly trends, striking at abcut 1050, are inclined at acute angles
beth to the regional trend of the bedding and to tho most prominent faults
of the area, such as the Quartz Hill/Rocky Range fault zone, but they
appear to be parallel to a slightly less obvious system of shears, of
which tho Mary Lane/Mery inn zono, with its probable extensions through
the Ivanhoe prespect to the wost and the Lone Star Mine to the east, is

the most prominent example.

L second sot of anomalios, striking at abcut 30 s &nd probubly
also rolated tc faults or shear zcnes, 1is present in severel areas,
notably in the vicinity of the Pako and Golden Forty Mines.

It is pcssible, though highly conjectural, that this poattern
refloets major structural features in a pre-~Warramunga bascment. This
possibility is supported by a gravity travefse carried cut by the Bureau
of Minecral Resources along the Stuart Highway in 1960, which indicated
that thero is a close cgreemont botween regional gravity and magnetic
profiles, and that at least scme of tho gravity anomalies might be ascribed
to bodies situated at cepths of more than 5000 feet below the present
surface (J. ishley, Bureau of Mineral Roscurces, Darwin, persahal commun-
ication), However, considerzble additicnal work would be required to
establish this conclusively.

ALrces of low magnetic relief, as at White Hill, Staticn Hiil,
the Aerodrome, and between Peko and Eldcrado, correspond to areas where
izneous rocks cropcut at the surface or are believed to underlie it at
relatively shallow depth. -

& very sharp break in the pattern is apparent at the line cf the
Quartz Hill/Rccky Range fault zones To the north-east of this line,
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magnetic relief is very low, altho*gh outcrops of Warramunga sodiments,
complete with ircnstones, etc., persist, especially in the New Mcon and
Golden Mile areas. However, folding in this area is more cpen and shear—
ing less sovere than in the zrea west of the fault zone, so %hat ccnditions
are less favourable for the development of large ironstone bodies, as
pointed ocut in a previous section. It is prcbably significant that the
cnly precnounced anomzly in this eastern arcs is assceiated yith the
Gigantic group of ironstones, which are emplzced in a major shear zone.

Of the ancmalies due to individual ircnstones, only the larger
ones, such as the Peko, Golden Forty, and Eldcrado No.1, are obvicus on
the aerizl map, and scme ¢f these, such as Geclden Forty, have been divided
intc several smaller anomaliss by ground surveys.

Ground magnetic surveys by .i.G.G.S.N.A., the Bureau of Mineral
Rescurces, and private ccmpanies have now covered a very large proportion
of the areas on the field where potential gold or base metal lodes might
be expected, and more than fifty separate anomalies are now known. Of
theso, meny are related to outcropping ironstone bedies, but cthers show
no relaticnship to any outcropping feztures.

There are at prosent no reliable criteria for distinguishing
anomalies due toc ncn-outcrcpping gold or copper-bearing quartz-magnetite
lodes frcm those due to barren ironstcnes. The conly orebcdy which is
adequately exposed in the primary zcne (Peko) is nct typical of the ircn-
stone bodies of the field in that it has a pipe-like rather than a tabular
shape. Disregarding the questicn of whether this is due to tectonic
factcrs, such as the interssction of twc shear zcnes, or tc the shape of
the original sedimentary unit now replaccd by the cre body, it may be that
the shape of the original quartz-magnetite body was an esscntial factor
in dotermining its subsequent replacement by the gcld - sulphide mineral
association. In this case, prospecting on this field would be reduced
to the search for similar stesply pitching pipe-like bodies. However,
it is mcre likely that the shape of the ironstcne bedy was not a critical
factor, in which cese the chances of finijng significant gold - sulphide
mineralization in any quartz-magnetite body are about the same as thcse
of fincding payable shoots of copper or gold in the correspending quartz-—
hematite surface outcrops after allowing for leaching and seccndary en—
richment, and the average size cf cre-shcots at depth would be expected
tc be of the same order as those ¢n the surface.

Within the area of the One-mile shoet, about 700 lenses of iron—
stone were cencountored, of which #8 cr abcut ten percent have been recorded
as prcducing some gold. Of these, four percent produced less than 100 0z.,
four percent between 100 and 1,000 ¢z., 1.6 porcent betwsen 1,000 and
10,000 oz., and only four, i.c. 0.5 percent have produced more than.10,000
0% Only cne mine, Peko, has bewun a significant copper producer. For
exploraticn at depth tu be warranted, other criteria than the mere presence
of a magnstic anomaly must therefore be satisfied. Criteria which could

be used ares large size of the postulated ironstone body responsible for

6z
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the anomaly, favourable geochemical indications, or proximity to known
productive lodea."

On purely empirical grounds, anomalies situated in the vicinity
of intersecting regional magnetic trends, as shown by the aerial magnetic
map, appear to be favourable targets. Peko, Orlando, and Ivanhoe all
conform to this pattern, and similar conditions appear to be present in
the Golden Forty, Red Bluff, Skipper, and New Hope areas.

GHOCHEMICAL SURVEYS

A geochemical prospecting campaign for copper was carried out
by a Bureau of Mineral Resources party under J. McMillan in 1957 (McMillan
& Debnam, 1961). Essentially this consisted of the analysis of numerous
surface and near-surface samples, both of soil and of bed-rock, for trace

amounts of copper. L concentration of 10 parts per million of copper

in sediments and 30 parts per million in ironstones was regarded as back-
ground for the area, and concentrations of more than twice background were
thought to indicate the presence of copper mineralization in the viecinity
of the sample.

Such anomalously high concentrations could be due either to
residual copper remaining in an originally mineralized rock after oxidation
and partial leaching, or to copper derived from nearby mineralized forma-
tions by circulating ground waters. The search for the source of these
copper concentrations would thus have to be guided by geological consider—
ations.

The three main aresas in which this geochemical survey indicated
the presence of significant amounts of copper were Orlando, Cat's Whiskers,
and Golden Forty North (Golden Kangaroo)} all of which have already been
referred to in the section on sulphide deposits. Some high copper values
were also encounterod near the Queen of Sheba Mine, but two diamond drill
holes put down in this area by Consolidated Gold Mining hAreas N.L. in
1960 gave disappointing results.

More recently, the Bureau has carried out some further surveys,
based on spectrographic analyscs of samples obtained from cepths of 20
10 40 feet by the use of a power auger, and several arsgas of abnormal
copper concentrations have bsen outlined by this work (P.G. Dunn, Burcau
of Mineral Resources, unpublished report, 1963).

At two of these localities — Mary Lane "B" and Golden Forty -
diamond drilling programmes to follow up these favourable indications are
about to be undertaken at the time of writing.

CONCLUSIONS A0 ICORCETDATIONS FOR FURTHIR PROSPLCTING

Gold and copper orebodies occur at Tennant Creek in close
association with tabular and pipe-like quartz-hematite and quartz-magnetite
bodies and in major shear zores cutting through rocks of the Warramungas
Group., Among mines associated with the ironstones, the major gold
producers appoar to be restricted to the viecinity of the hematite shale
marker bed (Eldorado, Noble's Nob, Lone Star, Whippet, Northern Star, stec),

but the major coppsr producers appear to be at the intersections of major
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shear zones (Peko, Iyanhoa), To date only one major producing mine has
worked an ore-shoot emplaced in a major shear zone away from defined
ironstone bodies (Orlando), but there are a number of prospects in com—
parable settings (Golden Forty, Golden Forty North, Pinnacles, Shamrock,
Mary Lane), and some of these still require testing.

For future exploration, the drilling of magnetic anomalies,
especially anomalies situcted at the intersections of major structural
features, will undoubtedly remain one of the major programmes for some
years to come. However, as the number of targets of this type is limited,
it is expeoted that increasing attention will have to be given to deposits
not associated with major ironstone bodies, such as disseminated miner—
alization in major shear zonocs. It is expected that geophysical methods,
other than magnetic, and geochemical surveys will play increasingly
important parts in those prospecting programmss.

A major semi-regional investigztion, combining geological,
geophysical and geochemical surveys, is plannad by the Bureau during 1964 e
over an area known as the 'Aeromagnetic Ridge'; north of Peko Mine, and ’,,/’///
it is hopod that the results of this investigation will lead to the
development of more generally applicable prospecting procedures for the
Tennant Creck Field.

DETAILED GFOLOGY OF INDIVIDUAL AREAS

¥

For descriptive purposes, the area has been divided into twenty
five sub-areas, based largely on continuity of outcrop and named after
prominent mines or natural features. An attempt has been made to outline
the outstanding charactcristics of each sub-area, but in orde; to avoid
unnecessary duplication, relationships which hold throughout the goldfield
and which have already been referred to in the previous sections, will not
bo repeated. The order of discussion is based largely on convenience,
so0 that areas with least specialized features are discussed before those
with unusual relationships. The sub-division is shown on Fig. 12.

Honeymoon Ranges

The Honeymoon Ranges are a series of flat-topped hills rising
up to 200 feet above the surrounding plains in the south-western part of
the area.

The rocks are typical Warramunga shale and greywacke and rare
grit, with dips averaging 60° to 70°. West of 197,000 east, the major
structure is a west-pitching anticline with axis at about 2,541,000 north.
East of 197,000 east, several other fold axes can be traced to the south
of this main anticlinal structure, and the westerly pitches locally steepen
to as mach as 450.

The hematite shale can be traced for about two miles on the
southern limb and for over one mile on the northern limb of the main anti-
cline, and a group of major north-south trending faults can be mapped by
the displacement of this marker horizon. Other shear zones are dominantly
sub-parallel to the strike of the bedding, but one mzjor zone with a trend

of about 110° has been traced witk minor interruptions from 2,541,300 north,

by
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196,300 east to 2,539,700 north, 201,000 east.

‘The area contains anly minor -cccurrences of igneous rocks.
Saveral dyke-like bodies. of porphyry trend ecst in the vicinity cf 2,541,500
north, 193,000 east. The largest of them covers an arca of about 1000
by 200 fest. 4 very strcngly sheared ahd weathered cutcrop cf porphyry
alsoc occurs about a quarter of a mile south of the Kathleen Mine, and a
fow smaller bodies have been noted in the eastern part of tho area. A
larger body is also thought to underlie much of the low-lying arca south
of the Kzthleen Mine, but outcrops are very poor: Two small lamprophyres
are kncwn from the arca, both apparently as flat-dipping sheets, not more
than 20 feet thick.

Ironstones occur throughout the aroa, but the greatest ccncen-
tration is found between 2,539,000 anéd 2,540,500 north znd between
193,500 and 196,500 east, where twc major east - west zones, about 1000
feet apart, each ccntain up to three sub-parallel ironstcne lodes.

Several lenses up to 200 by 20 feet occur in this group, and one at
2,540,300 north, 193,500 east is abcut 800 by 20 feet. The trends are
dominantly cast exceopt near major transcurrent faults, as at the Ace High
Mine. At 2,540,000 ncrth, 200,500 east, an ironstone body with the shape
of an inverted saddlo reef was noted, zpparently following the trend of

a favourable bed. '

In tho scuthern focthills of the Honeymoon Runges, a number of
prominent jaspor bars occur at 2,538,800 north, 195,000 east, and at
2,538,500 ncrth, 196,100 east. They are prcbably assceiated with an
extensive bcdy of porphyry, as mentioned above, but this is only exposed
at one peint, about half-way between the two jasper localities.

Quartz veins are fairly uniformly scattered thrcughout the area,
with trends of 080° to 090° and 030° to 040° about equally represented.

The only mines of any importance cccur in the scuth-western part
of tho areca, where the Burnt Shirt, sce High and Kathleon Mines have
recently been worked on a small scale. These are all in massive iron-
stone and have been worked for gold only; nc sulphides have so far been
encountered in any of the wecrkings. The Burnt Shirt, with a total
recorded production of 2340 cz. to June 1961, is the most important of
this grcup. Recorded production of the fce High is 100 vz. and cof the
Kathleen 1130 oz.

4 magnetic ancmaly of about 150 gammas has boen located by the
1937 AeGeGeS.N.Ls survey half-way between the Burnt Shirt and /fce High
werkings, and is interpreted by Daly (1957) as due to & magnetic body
centred at a depth of at least 400 fest; the ancmaly has nct yet been
tested.

Mery Ann/Racecourse irea

Bedrock is exposed over most of the scuthurn part of this low=
lying gently wndulating arez, which is resgarded as a pediment into which
the presont creeks are incised to a depth varying from 2 to 20 feet. In

the northern part of the arca, outercps are more intermittent amid extensive
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depcsits cf bull-dust ond alluvium;

The Warramunge sediments in the southern part of this area are
generally similar tc these cf tho Hecneymcon Ranges, but there are con-
siderable thicknesses cf shale and fine-grained siltstore, frce from any
coarser—-grained beds, to the north of the Mery inn mine and close tc the
granite contact. These beds are the equivalents, at least in part, of
the shzle and siltstone ot Mount Cleland, which will be described more
fully in - a later soction. There ave alsc a number of pebble~beds cen—
taining sub-angular fragments cf greywacke and shale, indistinguishable in
appearance from tho normal Warramungs sedinments, generally in a shaly
matrix. These are regarded as depcsits from smell turbidity currents.

Dips ars varicble, with many minor fold axss tronding east -
west, commcnly with gentle to moderate pitchos either to the east or tc
the west. However, owing to the prevelence of incompetent beds in this
part of the successicn, these minor pitch changes do not necossarily
reflect the major structural trends. In the vieinity of 2,543,500 north,
193,500 east mincr folds pitching steeply down the limbs of the major
structures indicate a seccnd period ¢f deformaticn uncer the action of
differently criented stresses.

Faulting nnd shearing are unevenly developed in the area. In
the northern pertion of the area; a system cf major north-west-trending
quartz reefs merks the position of part of the Quartz HilL/Rockf Range
shear zone; which here consists of three main brenches, up to half a mile
apart. The Mary Ann mine itself is situated on anothor shear zone, and
the line of quartz reefs and breccias passing abcut 100 yards north of
this mine mzrks the course of another which trends about 1000, and has
been fellowed intermittently for nearly onc mile; it is thcught to be part
of an even larger structure extending to the viecinity cf the Mary Lane
mine in the west and the Lone Star mine in the east.

The northern part of the area is largely occupied by granitic
rocks, which cropout intermittently over an area of about two by cne
miles, and are part of the Station Hill granite ccmplex. Exposures
generally arc ccnfined to the mzjor creck beds, and the contact of this
mass with the surrcunding secdiments is not well exposed. However, its
north-eastern boundary is clearly faulted following one of the branches
of the Quartz Hill/Rocky Range shear zone.

Contact metamorphism appears tc have been slight, the main
cffect being a tondency to silicification of the sediments within about
a quarter of 2 mile from the contact.

Scuth of the main mass, a cluster of smaller bedies of igneous
rocks, between 2,545,800 north, 194,000 east, =nd 2,546,500 ncrth,
195,000 cast, appsars tc be intermediate in petrclogical and structural
characteristics between the granitic rocks and the typical pcrphyries, but
exposures are too poor for detailed examination.

& number of normal pcrphyries have also been ncted, especially

bb



1

V&

P

47.

in the vicinity of 2,544,800 north, between 195,500 and 196,500 cast.
Thoy ara generally efongated parallel to the strike of the surrounding
sodiments and strongly sheared. Threoe soourronces of lamprophyre are
also known, the largest occupying an area of about 300 by 50 fecet, but
all are too weathered for detailed potrological exemination.

Only very minor ironstones are khown from this area. Of these,
the most interdsting is that at 2,543,200 north, 193,800 east, where a
messive ironstone lens passcs along the strike into a zone in which
individual laminae of the country ruclk have been sclectively replaced
by iron oxides.

Quartz veins are common, the two most prominent groups being
those associated with the Quartz Hill/Roqky Range shear zcne, and those
following the west-north-west shear zone just north of the Mary Lnn mine.
However, there is also a very strong set striking 0300 to 0400 which shows
its maximum develcpment in the south-western part cf the area.

The Mary Ann is the only mine which has been worked in this area.
It is situated on an iron-impregnated shear zone trending 1900, and is
recorded as having produced 180 oz. of gold.

Governmont Battery hrea

The best exposures in this area are found in a line of flat-
topped hills which extends for about two miles to the east-scuth~east of
the Battery, and in a less regular group of hills between the Pinnacles,
Pup and Southern Star mines, about cne mile south-west of the Battery.

The Warramunga sodiments of this area are generally similar to
thoso of the Honeymoon Renges, and show good graded bedding. Several
fold axes have becn mapped, trending roughly east. They pitch geontly
east in the western part of the area, and are nearly horizontal in the
eastorn part. In the northern part of the arez, a few originally south-
dipping beds are now overturned.

Shearing is not very pronounced. Mcst shears trend east,
parallel to the regional Gtrike of tho bedding, and @ minor sct, as at
the Pinnacles mine, trends 050O to 060°.

In the southern part of the arsa, a porphyry mass cccupies an
arca of at least half a mile by a quarter of a mile. It is moderately
sheared and rather strongly weathered, and i$s northern portion is cut by
a network of quartz veins up to two feet wide. It also contains a
number of inclusions of shearesd Warraminga sediments, now represented
by chlorite ~ magnetite schists. [l.e¢ quartz veins within the porphyry
carry some gold and have boen workad at the Pup mfne. The porphyry
itself conteins nmumerous liménite-filled cavities, a% least some of
which are thought to be bexwerks, due to the leaching cf criginal sul-
phides. i diamond drill hcle put down by the Mines Branch, N.T. :idmin-
istration, tc an inclined depth of 300 feet did not enccuntor any evidence
of mineralization. It is more probeble that these boxworks are weathered
feldspars.

4L lamprophyre was found about hzlf a mile east of the Southern
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Star mine.

‘Lx the Pinnacles mine, a rock congisting largely of chlorite
and magnetite has been referred tc as a basic dyke by Ivanac, but all
the specimens obtained during the present survey cculd equally well be
regarded as porticns of a quartz-magnetite lode ccntaining remnants of
incompletely replaced chloritic Warramunga sediments.

Ircnstones are distributed thrcughout this area, but the
greatest concentration occurs at the Southern Star mine, where an area cf
approximately 2,000 by 500 feat contains abcut twenty separate lodes and
lenses, the largest measuring about 400 by 15 feet. The strikes are
generally east - west.

About two fifths of a mile scuth of the Pinnacles mine, three
Jasper lenses up to 100 by 15 feet trend north-east and lie in en-echelon
fermation. They locally grade into hematite-rich phases indistinguishable
from typ;cal ironstones, and are prcbably related to the porphyry mass
outoropping at the nearby Pup mine. At the Pinnacles mine, silicification
has also affected some bands of rock within and close to the mineralized
shear zone, but these lack the red colour and very fine-grained texture
of the typical jasper occurrences.

Quartz veins are very abundant throughcut this area, and the
najority trend east or east-north-east.

The main mines of the area are the Scuthern Star, with a
recorded production of 120 oz. of gcld, the Pinnacles, with a reccrded
producticn of 960 cz. of gold and an estimated 5 tons of ccpper in hand-
picked ore, and the Susan, with a recorded production of 130 oz. to the
end of 1961, The Susan is the only one which has been worked in recent
years, and that only intermittently. In addition, scme workings about
250 yards west of the Pinnacles aro referred to by Ivanac as the Ajax mine,
(reccrded production 4 qu): although they arc shown as the Western Chief
on the 4.G.G.S.N.A. 1937 plan. The Fassifern mine (recorded prcduction
110 oz.) is believed, by interpolation from Ivanac's regional map, to be
situated at 2,537,400 north, 193,900 ecast, and the Internaticnal (rocorded
production 2 oz.) is situated a quarter of a mile south-east of the Susan.

Of these mines, tho Pinnacles, Ajex, and Internatiocnal are
situated on major shear zones asscciated with minor ironstones, while the
remainder appear tc be in messive ironstcne. Copper mineralization is
present at the Pinnacles Mine, as descoribed in a previous secticn, and to
a lessor oxtent at the Ajax Mine.

Only the immediate vicinity of the Pinnacles and Pup mines are
covered by ground magnetic surveys. Daly (1954) interpreted the results
at the Pinnacles as indicating the abssnce ¢f any major ancmalies, but
at the fup (referred to in his roport as the Pinnacles Alluvial) he reccrds
a week anomaly in a positicn roughly coincident with the porphyry ocntact.

A diamond drill prcgramme to test the downward extensicn cof the
copper mineralization at the Pinnacles Mine was underteken in 1962/1963
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by the Mines Brench, Northeorn Torritory Ldninistration. In three of the
shallower holos, interseotions of 1.95 percent copper over 7 feet, 1.23
percent over 14 fest and 1.50 percent over 11 feet were obtalned at
vertical depths ranging from about 80 to 100 feet, but the results of
deeper drilling, intonded to test the mineralized zone at or below the
water table, wore disappointing.’

Peko/Golden Forty Lrea

Deeply dissected ridges cropout in the castern part of the area
culminating in Mount Rugged; but outorops in the western part, around the
Peko Mine, are more limited.

The area contains a number of minor east - west fold'axas,
generally with westerly pitches of up to 300, and a major anticline
passes through 2,531,500 north, just to the south of the area.

Litholegically, the Warramunga sediments are similar to those
described from other arcas; e.g+y; the Honeymoon Ranges, except for a
50~foot succession of shalo and greywacke at 2,534,400 north, 211,600
east, which contains scattered pebbles up to three inches in diameter,
composed largely of sedimentary rock types similar to those of the
Warramunga Group itself. The hematite shale has been found half a mile
northeast of the Goldon Forty Mine.

The intensity of shearing is greatest in the central part of the
area, around tho Golden Forty workings, where many shear zones are heavily
impregnated with iron oxides. Trends of OBOO'and 100O are commonast,

In addition, an east - west zone of about two miles by a quarter of a
mile, passing through the Kia Ora Minc at the northern edge of the area,
shows very well developed cleavage, which almost obliterates the bedding
in both shales and groywackes. This must indicate intense local stresses,
but is not acocompanied by any marked increase in the number of defined
shear zones.

Porphyry crops out prominently in the area between Puoko and
Golden Forty, and includes both shearsd and massive phases. Some of
tho porphyries are associated with prominent jasper bars, but others have
glven rise to no discernible contact effects at all. Lt 2,535,000 north,
206,000 east, one of the porphyries is crowded with irrcgular xenoliths,
from a few inchos t9 about ten feet in diametor, but these have suffered

‘no metamorphism except for slight induration,

4L emall altered diorite was found just west of the Great
Eastern workings.

The ironstones are concentrated in three areass Pcko, East Pcko,
and Golden Forty. The Poko lode cropsout as twe lenticular masses 200
feot long and 130 feet long striking east and south-east. The BEast Peko
bodies are largoly massive lenses, up t6 200 by 40 feet, most commonly
striking 070o and similar in general appearance to the outcrop at Peko
itself. The Golden Forty ironstones, on the other hand, arec mostly groups
of small_lonsaa associated with iron-impregnatcd shear zones. They
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frequently show an echelon grouping and most commonly striko 0900.

Quartz veins are very prominently developed throughout the area,
especially to t%g ggsgegi the Kia Ora Mine, wherc a numbgr of blogs up
to 200 feet/have boen observed. Two saots, striking 070" and 0907 ,are
almost equally doeveloped.

Peko is the only mine now operating. This orcebody has been
doscribed at length by other workers, especially Edwards (1955), and its
struotural relationships have been discussed in a previous scction. Its
ore reserves are ocurrently estimated at about 645,000 tons, equivalent
to about four years' production at prosent rates (1963). Grade is
estimated at 5 percent copper and 1 to 2 dwt. of gold per ton.

The Golden Forty, Great Bastern and several unnemed mines have
all worked iron-impregnated shoar zones containing lonses of massive
quartz-hematito. Recorded production is 500 oz. for the Golden Forty
and 280 oz. for the Great Bastorn. The Golden Kangaroo (Golden Forty
North), with a recorded production of 50 oz., is situated on a line of
lenticular quartz and quartz-hematite bodies with vuggy and gossanous
outerops, between half and three quarters of a mile north of the Golden
Forty. McMillan (1961). records that two diamond drill holes were put
down on this prospeoct by-the National Lead Co. of U.S.A. They were in-

~ tended to test a combined geochemical and magnetic anocmaly on this lins,

but they encountered neither sulphides nor magnotite. Some further
testing in this arca was carried out in 1962 by jiustralian Development,
N.L., but no mineable orscbodies were discoverod.

hbout one mile south-ecast of Mount Rugged, the Tunnel Mine
(rocorded production 20 oz.) consists of two adits and irrcgular stopes
in shoearad and brecciated sediments associated with small quartz-hematite
lenses. In the northern part of the aroa, the Kia Ora Mine has a re-
corded production of 520 oz. from a zonc of brecciated sediments re-
conented by quartz and hematite. No massive ironstones are associzated
with this zone.

Tho area contains a large numbcr of magnetic anomalies of the
type normally associated with conceazled quartz-magnetite bodies. These
include the major anomaly at Peko itsolf,

At Bast Pekoy a group of four anomalies has bsen tested by
4¢G.G.S.N.A. diamond drill hole No.5 and by several holes put down more
recently by Peko Minos N.L. (Daly, 1957). The full results are not
available, but were apparently not sufficiently sncouraging to warrant
further work on any of the bodies.

At Golden Forty, four anomalies arc arranged in a roughly ring-
shaped pattern. Two of thosc have been drilled by Kia Ora Gold Corpora-
tion and Australian Developmont N.L. (Daly, 1957), and a hole by the
National Lead Co. of U.S.A. is reported to have intersected 41 feet of
talc schist, averaging 1.5 percent coppor (McMillan, 1961, quoting
R. Ellett, porsonal communication).
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The probable presence of extensive base metal mineralization
in this area is also indicated by the occurrence of copper and lead
geochemical anomalies (P.G, Dunn, Bureau of Mineral Resources, unpublished
report, 1963), and some further work is proposed in this area by
Australian Development N.L. at the time of writing.

Two magnetioc anomalies of lesser intensity are known from the
vicinity of the Great Bastern Mine. Some geophysical work, followed by
wagon drilling, was recently carried out in this area by Australian
Development N.L., but the results were disappointings

Another very large anomaly is situated about one mile west of
Peko. This was interpreted by Daly (1957) as due to a magnetic body
of about 480 feet radius, centred at a depth of about 2140 feet; but a
2200-foot diamond drill hole put down in this area by the Bureau of
Mineral Resources under an agreement with Peko Mines failed to interest
either massive ironstone or gold or copper mineralization. It appears
likely, on the evidence now available, that this anomaly is largely or
entirely caused by magnetite disseminated through a considerable thick=-
ness of Warramungs sediments; rather than a discrete ironstone body.

Lone Star Area

This area consists of a group of well dissectsd ridges in its
western portion; tailing away to more isolated outcrops to the east.

The Warraminga sedimente show no features of special interaest
Outcrops of hematite shale are known intormittently from the True Blue
Mine at 2,541,800 north, 199,500 sast, to the Great Bear Mine at 2,541,000
north, 206,300 east. Possibly more than one horizon may be present.

The beds are fairly tightly folded with vertical dips at a number of
localities, Pitches are variable, dominantly to the east at low angles.

Shearing is very pronounced, with a predominance of east-south-
easterly trends in the western part of the area. In the eastern part,
south-easterly trends are more marked, apparently associated with the
proximity of the Quartz Hill/Rocky Range shear zone, which forms the
north-east limit of the area.

Three or four small areas of basic igneous rocks (? lamprophyres)
are indicated by patches of travertine at the surface.

The ironstones include massive lenses up to 300 by 50 feet, as
at the Arizona Mine, and some strongly jasperoid types; as at the Trump
Mine. At the True Blue Mine, a peculiar type of spotted lode consists
of blebs of hematite, averaging half an inch in diameter, enclosed in
quartz. At the Lone Star Mina, the ironstones are themselves extensively
sheared, and at the Plain Jane Mine a north - south fault has displaced
a portion of the lode by about 60 feet horizontally.

The dominant trend of the quartz~hematites is east - west, but
two distinct minor sets, striking 060° and 120° are apparent in a number
of localities.

Quartz veins are present throughout the area, but in the cast-
ern portion they reach a maximum development in the Quartz Hill/Eocky
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Range shsar zone. Scveral lines of quartz reefs and quartz breccias with
romnants of sediments in various stages of replacement by silice attain
width of 20 to 30 feot and can bo traced with minor intorruptions for
distances of at least one mile. Thoy generzlly trend between 110° and
130o and are offset by minor north-cast faults.

Among the mines of this zrea, the Lone Star with a rccorded
production of 5,560 oz. is the most important. The Trump and Maple Laaf
ware recently worked on a very small scale, but have no rccord of production.
Others which have produc.d some gold in the past are the Arizona (22 oz.)
Plain Jane (675 oz.) and Great Boar (180 0z.). In most of these mines,
gold has been obtained both in massive ironstones and in brecciated iron-
impregnated sediments on their flenks: Traces of secondary copper
minerals are apparent in the ore from the lower levels of the Lone Star Mine.

A magnetic anomaly of about 300 gammas is located zbout 300
yards north-west of the Lone Star Mine. This was recently tested by two
diamond drill holes put down under a subsidy agreement between the lease-
holder and the Mines Branch, Northern Territory Administration. A third
hole is in progress at the time of writing. As the quartz-hematite in
the mine is reported to be cut off at depth by a thrust fault dipping
gently to the north (Ivanac, 1954, p. 105), the body responsible for this
anomaly may represent the displaced lower portion of the orebody in the
mine itself.

Caroline Area

The eastern part of this area 1s an extension of the Honeymoon
Ranges and has very closely spaced exposures, which gradually decrease in
frequency to the west.

The sediments are typical of the Warramunga Group, except for a
pebble bed a% 2,542,000 north, 187,000 to 188,000 east, as previously
described, but no hematite shale was found.

There are at least 15 fold axes in the area, mostly 200 to 300
yards apart. Pitches are predominantly to the west in the eastern part
but the fold axes ars roughly horizontal in the western part. The beds
are strongly sheared at many localities, especially in a zone extending
from 2,541,400 north, 187,000 east, to 2,542,400 north, 190,000 east.
This zone, with an average trend of 0?0o is marked by a concentration of
quartz resfs, breccias, lenses of sheared porphyry, Jjesper bars and minor
quartz-hematite ﬁodiea. Another major line of weakness is marked by a
zone of lamprophyre intrusions up tc 150 feet wide, which extends from
2,542,000 north 191,000 east, to 2,542,800 north, 190,800 east, with an
averags trend of 3400.

There are several smzll-porphyries emplaced along shear zones
in the southern and western parts of the area. These comparatively small
occurrences tond to bo associated with ralativeiy large Jjasper bars, and
there are also a few jasper reefs and silicified sodiments in areas where
no porphyry is exposed at the surface, as at 2,540,000 north, 189,000 to
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to 190,000 east. -The northern extention of tha Aerodrome porphyry,
therofore, probzbly underlies much of the southsrn part of the arsa at
rel=tively shallow depth.

Lamprophyres are well representsd. In uddition to those
associcted with the mzjor shear zone already describad, thare are outcrops
in the vicinity of the Caroline Mine and to the east of the Shamrock Mins.
Several of those at the Czroline Mine ars flat-lying sheets, and at lcast
one of thom intersects the main ironstone body at that minc.

Ironstones aro sporadically distributed throughout the area,
but are commonest and largest around the Caroline Mine, where several of
thom attain dimensions of about 15 by 100 fest. At 2,541,600 north,
189,500 to 190,300 cast, scveral ironstone lenses cropout prominently on
stoepsided ridges, but terminate at shallow depths, generally above the
level of the surrounding plains. BHast - west trends again predominate.
Jasper bars and breccias commonly grude inte loss strongly silicified
sediments, and are genor:lly distinct from the quartz-hematite lodes.
Quartz veins, oxcapt for a few associated with major shear zonos, arse not
voery prominent.

Among the mines of the area, only three have =ny recorded pro-
duction. Thse Shamrock produced 20 o0z. of gold and 6 tons of copper from
a zone of sheared and breccizted sediments, cevnverted in part to chlorite
end sericite schists. The Caroline, which is still being worked inter—
mittently, has produccd 280 oz. from massive quartz-hematite lodes and
associated sheared sediments, and the Grezt Northern has produced 450 oz.
from zn iron-impregnated shear zone in Warramunga sediments.

The only purts of this area coverecd by ground magnotometer
surveys are the immediate vicinities of the Shamrock and Great Northern
Mines. The area around the Shamreck gave no indication of the presence
of zny magnetic bodies at 2ll, zund that around the Great Northern indicated
2 number of small bodies at relatively shallow dopths (Daly, 1957).
Gibbet/Acrodrome Area

This area consists of a central line of hills tronding roughly

east - west, flanked to the north and south by lower-lying ground with laess
continuous exposures.

The central part is largely occupicd by normal sediments of the
Warramunga Group. Hematite shale occurs at 2,537,200 north, 188,800 czst,
and at 2,537,900 north, 190,100 sast. At both localities the rocks
contain, in addition to the typiczl finely divided iron oxidsas, dissemin-
ated ootazhedral crystszls, probzbly of martite (hematite psoudomorphs aftor
magnetite), up to 0.01 inch in diameter.

Two or possibly three beds containing 'sand volcanoes' occur
at 2,537,000 north, 189,300 cast.

The most prominent structural feoatures of the arca are a group
of tight west-pitching folds near the Wheal Doria Mine and an open dome-
like structure centred about half a mile south-east of the Gibbet Mine.

o7t
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In the vicinity of the Wheal Doriz Mine, a strong s¢t of shears trends
0700, and the alignment of ircnstone lenses at tho Gibbet Mine suggests
that the shears oxtend into that arca.

Almost the entire northern part of the area is occupied by a
grouy of porphyry bodies, the largest of which is about one mile long and
half a mile wide, elongated east - west. It has = very massive and
reletively fresh central portion, surrounded by a more strongly sheared
end wezthered zone sevaral hundred yords wide. It is intersected by
major north-east trending quurtz reefs and is rimmed to the south and
south-west by a wide zone of silicification, including a number of well
defined jasper bars.

South of this mass, a group of smaller porphyry bodies lies
around 2,538,000 north, between 190,000 and 192,000 wast. The most
easterly member of the gremp occupies part of Town Hill, and some anomalous
dips and pitches in the Warramunga sediments may be due to the effects of
this intrusion. The body is strongly shearcd throughout, and its contacts
are also in part controlled by shearing. Xenoliths are abundant in some
parts of the marginal zone, absent in othars.

A small isolated porphyry has also been noted at 2,536,300 north,
190,000 east, in the southern part of the area.

A small body of lamprophyre, probably in the form of a flat-
lying sheet, underlic¢s the quartz-hemztite at the Gibbet Mine; and a few
spocimens have also been found in spoil from a shallow shaft three quarters
of a mile sast-south~east of the mine.

The main ironstones are on the Wheal Doria/Big Ben line, and
near the Gibbet Mine. They range up to forty feet in width and are
associated with shears trending 0700; it is tentatively suggested that
the major quartz-hematite znd quartz-mognetite bodioes are localized at
the inteisection of these shears with the homatite shale horizon.

The ironsntones at the Gibbet Mine are cut off at about five
feet below the surface, and adits driven underneath them have encountered
either crush breccia or lamprophyre. They are thought to have been
displaced by flut-lying feults, now marked by these breccia zones, along
which the lamprophyres wore subsequently intruded. Quartz veins, except
for those associated with the mejor porphyry occurrences, are not very
strongly developed. A group at 2,536,600 north, 189,500 east, contains
minor amounts of dark groen tourmaline.

The mines are the Wheal Doria (recorded production 3,140 oz.),
Peter Pan (95 oz.), Big Ben (7 oz.) and Gibbet (no record). Of these,
the first three heve mostly worked sheared and brecciated sodiments
impregnated with verying amounts of iron oxides, and locally with minor
amounts of copper, bismuth, and manganese minerals. The shoar zones
strike about O".’Oo end dip north at about 600. Massive ironstone bodizs
also cropout on all thess leases, but have apparently yieldsd very little
gold. The Cibbot workings are in massive ironstone and in crush
breccias intersecting tham.
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A reletively large part of the creaz has been covered by detailed
magnetometer surveys. Four anomalies are recorded from the Vheal Dorig/
Big Ben line, and a test of the strongest of these by two diamond drill
holes (A.G.G.S.N.A. holes No.4 and 4 A), enccuntered disseminated hematite,
magnotite, calecite, pyrite, and chalcopyrite in chloritic slate between
157 and 170 feet in hole No.4 and between 159 and 183 feet in hole No.4 A.
However, only low gold and copper valucs were obt:inod.

In‘the southern part of the area, two very prominent anomalies
are apparent on the aerial magnetic map. The more westerly of these
(locally reforred to as the West Gibbet) has been furthor investigated by
ground magneto-meter survays by Peko Mines N.L. Some¢ dicmond drilling
has also beon carried out in this arca by Foko Minss, but the results are
not available.

Eldorado Area

This area comprises z group of rather zabrupt ridges extonding
from the Enterprise Mine to tlie Cat;a Whiskers, and a number of gentler
hillocks to the east and north-cast (sce Fig. 13).

The Werramanga sediments show no unusual characteristics. The
hematite shale i6 well developed and can be traced z2lmost continuously
from 2,532,000 north, 191,000 ezst to 2,531,000 north, 194,000 east, with
minor occurrences about two miles north-east of the latter point. Two
beds with 'sand volcanoes' ccour strztigrephically just below the hematite
shale.

Structurally, the main features are an open anticline Jjust south
of the Cat's whiakerq/Enterprise line of lodes, and a syncline just north
of it., ©Pitches are to the east in the western part of tho zrea and to
the west in the eastern part; generally at angles of less than 159.
Shearing is not very prominently developed, except for a few localities
near the Enterprise and Cat's Whiskers Mines, where the dominant sets
trend 100° to 1200, and a few quartz breccias in the castern part of the
avea, gensrally striking 3400 to 3600.

A fow small lenses of sheared porphyry wore found about a quarter
of a mile south-east of the Cat's Whiskers Mines.

Ironstonues are very well developed, but are confined entirely
to the western part of the arca, whero they occupy a belt extending from
2,532,000 north, 191,000 east to 2,531,200 north, 194,000 east. This
belt, with an average width of some 500 feet, trends roughly east - west
between the Enterprise and Eldorado Mines, and 120° between the Eldorado
ant Cat's Whiskors Mines. The individual ironstones range from massive
lenses of 200 by 60 feet, as at the main shaft of the Eldorzdo Mins to
bedded formations cnly a fraction of an inch wide. They all trend cast -
west, oxcept for one irregular body about 200 yards south-east of the
Eldorado Mine. The belt of ironstones coincides closely with the outcrop
of the hematite shale, as pointed out in an earlier section, and also
cppears to coincide with the zone of stospest northerly dips in the arca.

Quartz veins zre morc abundant in the castern part, where two

(9
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main sets strike 090° and 340° to 360°.

The mines are confined to the belt of ironstones extending from
the Enterprise to the Cat's Whiskers Mine. From west to east, the main
ones are the Enterprise (recorded production 6600 oz.), Patties (1570 oz.),
Eldorado (106,000 0z.), The Mount (no recorded production), and Cat's
Whiskers (100 oz.). At the Intcrprise and Pattiecs Minos most 6f the ore
came from a zone of brecciated iron-impregnatcd sediments in the footwall
(south side) of thoe massive ironstonc lenses. At the Eldorado Mine, the
bulk of the ors consistod of breccia zones in the ironstone itsclf. At
The Mount, workings are largely in iron-improgniatod sediments, and ot the
Cat's Whiskers in massive quartz-homatite and adjoining crush zones.

At 21l mines, therc were indications that much of the gold was secondary.

. Both the Enterprise and Eldorado Mines have been worked recently,
but only intermittently end on a small scale. At the Enterprisc, a
programme of exploration by long-hole drilling was recommended py Haycs
(1961), but although some onccuraging results wero obtained, the mine has
no significant ore resorves in sight at the time of writing.

At Eldorado, an exploration programme was recommendod by Ryan
(1958), but some of his suggestions still remain to be implemented, notably
tho testing of the lode beneath the Turner Fault below the 300-foot level.

Five mejor magnetic anomalies are known from the area north and
east of the Eldoradc Mine (Daly, 1957, Plate 3). Anomaly No.1? north of
the mins, was tested by L.G.G.S.N.A. diamond drill hole No.1, which inter-
soctod massive ironstone from 223 feet to the bottom of the hole at 235
feet, but encountered only low gold and copper values. Ironstone has
also been encountered in this vicinity by Eldorado drill hole S 3, 300-4
and 300-5. ‘Anomaly No.2 mey be duo to the lower porticn of the Eldorado
orebody, and ironstcono has been cut close to its calculated position by
Eldoradc diamond drill holes S 1 and S 2. finomaly No.3 has been tested
by £+G.G.S.N.A. hole No.2, which passed thrcugh sheared sediments with
disscminated magnetito, chalcopyrite, and pyrite betwecen 413 feet and the
bottom of the hole at 452 feet, inoluding a bedy of massive magnetite
between 435 and 441 foet. Coppor valuss over this 39-foot section
aeveragod 0.42 parcent, with 2 maximum of 0.88 percent for the bottom
seven feot.

In the arez occupicd by No.4 anomaly (Cat's Whiskors), at least
two diamond drill holos are known to have been drilled before 1960, but
no record of these has been found. During 1962 and 1963, five further
holes were drilled by Eldorado Tennant Creck Co. Ltd under an agreament
with the Mines Branch, N.T. Administration, and a north-dipping ironstone
body was found a little north of the positicn indicated by Daly. The
first hole, vortical, intersected only low velues in the oxidized zone of
tho body, but the next two holes, inclined to the south ot angles of 60°
and 750, intersected mincralized zones averaging 2.5 percent copper over
31 feet inclinod width and 3.6 percent coppor over 12 feet inclined width
rospoctively.
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However, hole No.4, 100 feet to the east, obtained only trace

amounts of copper and hole No.5, 100 feet.to the west, obtained one

intersoction 6f threc faet, assaying 2.6 percent copper, and cne of six
feet, assaying 2.55 percent copper. Gold values were vory .low throughout,
No.5 anomaly has not yet been drilled.
An anomaly about three miles east-south-east of the Eldorado
Mine, locally known as the 'Bull-dust Anomaly', was tested by the
National Lezd Co. of U.S.A. by means of two diamond drill hcles. Accord-
ing to McMillan & Debnam (1961), neither hole passed through ircnstone
or sulphide ccncentrations of any impcrtance.

Mount Samucl Area

T The best exposures within this area are restricted to'a group
of ridges extending cast-south-east from Mount Samuel to the Hammerjack
Mine (Fig. 13).

The Warramunga sedimonts arc vory similar to thosc of the
Eldorado area. The hematite shale can be traced intermittently for about
a mile and a half, and at lcast two horizons with 'sand volcanoces' occur
stratigraphically just bolow the hematite shalo (Fig. 14). Structurally,
the main features arc two open cast — west anticlinoria en echelon, one
situated just south of the Red qu/Hammerjack line of lecce, and the other
immediately west of Mount Samuel. A major syncline lies on the north
flank of each. Dips throughout the area are gentle, genorally less than
450, oxcept in the immediate vicinity of the Red Ned/Hammerjack line of
lode, where steep northerly dips of up to 700 ocour. Pitches are to the
east at angles of 10° to 20° over most of the area, with a local reversal
to 20° west half a mile south-east of Mount Samuel. One unexpected
feature is that the hematite shole has been found only on the north flanks
of the anticlinoria, although the beds with sand volcanoes cccur on both
flanks.

Shearing is not generally very obvious, but individual ircnstone
bodies are ccmmonly surrounced by zones of brecciation up to ten feet
wide. Some topographic features, such as the alignment of minor scarps
and gullies, also suggest meridionzl faulting in this arca. Cleavage

is commonly well developed in the finer-grained sediments. It is roughly

- vertical and strikes 080° to 0900.

Owen (1942) rccords that porphyry was intersected at 60 feet
in a bore at tho south-west foot c¢f Mcunt Samuel.

The ironstcnes are confined almost entirely to a belt about 500
foet wide, which trends 120° at the Southern Cross workings, swings to
1350 at Mount Samuel, and continues at 100° between the Outlaw and Hammer—
jack Mines. The greater part of this bclt coincides closely with the
outcrop of hematite shale, and its eastern pcertion also coincides with
the zone of steopest northerly dips in the area. This is similar to the
relaticnships observed in the Eldorado area. Several of the indivicdual
lenses at Mt Samuel attain horizontal dimensions of the order of 200 by

500 fout, but as they are largely flat-lying sheets, their actual volumes
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are no greater than those of cother areas. They are generally very dense
and compact, and many of them are still strongly magnetic, even in exposed
portions ot the surfacc.

The main mines, from wost to east (Fig. 14), are the Southern
Cross (recorded production 300 oz.), Mount Samuel (4150 oz.), Outlaw
(190 oz.), Red Ned (no recorded production),; and Hemmerjack (5500 oz.).
Only the Outlaw has been worked recently. 4t all thesc mines, workings
arc partly in massive ironstone and partly in sheared and brecciated
sediments close to tho ironstones, but much of the richest ore appears to
have been a porcus granular or botryoidal limonitic material with ramifying
solution pipes up to twc inches in diameter. It is not possible to decide
from the available evidence whether this material is the product of
leaching of messive sulphides in situ, or is due to the re-procipitation
of iron oxides transported by supergcne solutiuns. However, analogy
with o¢ther areas on the field would favour the latter origin.

4t the Hammerjack Mine, the main ironstone bedies dip north at
an average angle of about 300, roughly parallel to the dip of the adjoin-
ing sediments, and are cut off tc the north by a breccia zone, probably
representing a major fault. No extensicn of these bodies to the north
of this breccia zone is known.

Lt Mount Samuel, the ironstone bodies are up to 500 fest across,
but they all bottom at depths of 70 tc 90 feet. The underlying sediments,
which are flat-lying, arc slightly brecciated; so the base of the iron-
stones may be controlled either by a change in lithology or by a shear
zone parcllel tc the bedding. Brecciated sediments also flank the
ironstcnes to the north, and may indicate ancther faulted contact.

At the Red Ned and Outlaw Mines, the ironstone bedies dip north
more steeply in conformity with the surrounding sediments. At the
Southern Cross Mine, the dips of the sediments are predominantly to the
south at low angles, but the ironstones are flat-lying bodies similar
to those of Mount Samuel.

Throughcut this and the adjeining Eldorado area, the major
mines (Mount Samuel, Enterprise, Eldorado and pcssibly Hammorjack) are
situated at points where the general ironstone-rich belt undergoés a
change in direction. These changes in direction are prcbably reflections
of pitch changes, which may be the underlying contrclling factor.
| Traces of chalcopyrite and seccndary copper mincrals have been
found in several ironstones.

Three megnetic znomalies are known. One is situated vertically
below the outcrop of the Red Ned ironstone, and another in a position
down dip from the Outlaw ironstone cutcrop; both are undoubtedly cdus to
the extensicns of the outcropping bodies below water level. The third
anomaly is situated about one thousand feet north of the Outlaw workings,
and according to Daly (1957) is due to a much more deeply buried body than
either of the others. None of these anomalies has been tested.
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Noble's Nob irea

This area contains a group of flat-topped ridges, with good
outcrops in its central portion, which decrease in height towards the
margin of the areca.

Most of the area is occupied by Warramunga sediments of normal
lithology: Minor occurrences of hematite shale were seen at Nobla's Nob
mine and half a mile south of the mine. Two, or possibly three, beds
with 'sand volcanoes' have been traced intermittently for about a mile
to the west of the mine, where they are repeatedly offset by minor faults.

Dips in the Warramunga sediments are generally to the sduth at
angles of 60° to 800, except near the northern mergin of the area, where
a few minor folds occur. 4 major anticlinal axis passes just north of
the most northerly outcrops. Pitches are generally to the west %t
gentle or moderate angles. '

In the south, the Rising Sun IPormation cropsout intermiitently
over an arsa of about two miles by half a mile. Those beds generally
dip to the south, and are boumnded on the south side by_a group of hajor
faults.

The dominant faults and shears, including those affoctlng the
Rising Sun Formation, trend 0?0 s locally swinging to 050 y and are
commonly marked by zones of silicification or iron-impregnation. ' A minor
set strikes 330°s .

Quartz-hematite lodes are best developed close to the Rising

.

Sun and Noble's Nob Mines, and show the usual east - west elongation.
Quzrtz veins are fairly widely distributed, and most commonly'trend 100°
to 120°, i

The two main mines are Noble's Nob, with a recorded production
of 630,000 oz. of gold to the end of June 1963, and Rising Sun, witﬁla
recorded production of 8000 oz.

At Noble's Nob, threec massive quartz-hematite lenses crop out
within a major east trending shcar zone; thc largost has a length of about
320 feet and a maximum width of 90 feet. The ore is largely localized
in fractured zones within the ironstone znd in the immediatcly adjéining
Warramunga sediments, and is characterized by a high content of seﬁioite
end minor amounts of bismuth and copper minsrals, the latter incredsing
mzrkedly in depth. However, gold is only rarely visible to the naked eye,
and the orcbody has assay boundaries. The orebody has been traced to a
depth of just over 300 feet, and reserves at June 1963 wers reported as
75,000 tons, averaging 24.9 dwt. of gold per ton.

Lt the Rising Sun, a zone of breccizted sediments with minor
lenses of hematite has been mined over a length of 125 feet and to a
maximum width of 50 foet, mostly by means of a large open cut. Other
prospects in the area include the Archangel, Bee's Knees, and Weaber's
Find, all of which are associzted with small ironstone lenses. Most of
these prospects have recently been re-examined by Lustralian Development
N.L., but no details have been released.

g/



1%}

R — e SR e e

P MR PRL PSP P S N T A T LTI s

60,

A rafhér feoble magnetic anomaly occurs noughiy in the posifion
of the ironstone intersectad in the Bureuu of Mineral Resources diamond _
drill hole ut Noble's Nob, and Dely (1957) also intcrprets the magnetic
contours to tho cast of the mine as indicating the presence of a very
large body at a depth of 1500 fest or mora. This is more likely to be
due to rock magnetism or disseminatod magnetite than to a defined iron-
stone body, and no attempt has been made to test it.

Red Ta;ror/Jokar Area

Several groups of ty?igal flat-topped, steep-sided ridgos in
the Warramunga sediments reacﬁdiiggg/development close to the Red Terror
Mino. In addition, an east - west group of more rounded ridges is
developed on the Rising Sun Formation in the south.

The greater part of the Warramunga sediments are the usual grey-
wacke, siltstone and shale. The hematite shale has beon traced for about
thres quarters of a mile in the vicinity of 2,529,000 north, between
207,600 and 208,900 east, and soveral isolated beds of sund volcanoes have
beon found between this point and the Red Torror Mine. Immediately west
of this mino, a pelblo bod, about 15 foot thick, offsct by a numbor of
faults, has bcen traced for nearly a mile. It is vory similar to the
bed already doscribed from the arca north-oast of Mount Rugged.

Miner slump structures are widespread, and a few specimens from
various locelitics contain nodules and structures resembling worm—tubes.
Pyritc custs up to an gighth of an inch in diameter occur in shalo about
a quarter of a mile north-west of the Red Terror Mine.

The main structursl feature is a major east = wost anticline
at 2,531,300 north, pitching wost at 10° to 20°. Faulting and shecaring
are widospread. Two vory prominent sets of faults strike 330° and 0300,
end a set of mineralized sheoars, including thosc worked at the Red Terror
cnd Joker Mines, strikes 070°.

" The Rising Sun Formation occupics an cest trending bolt with
an average width of a quarter to half a mile, continuous with that in
the south.urn portion of thc Noble's Nob arca. Its lithology cnd main
structural features have alrdady beon referred to in a previous scoction.

A large prophyry body, throo mileos by half a mile; clongated
sast - west crops out to tho south and south-west of thc Red Terror Minec.
As in most othor porphyrius on thco fiocld, most of thoso cutcrops arec
deoply weathured. On the northern flank of this porphyry mass, a fow
bods of graded groywacke show a superficial rcscomblance to the porphyry
in hand-spocimen, and somec of tho quartz grains in thom show lobate ocut-
lines, reminiscent of those in tho porphyry itself. These rocks have
undoubtedly undergone scmc solution and recrystallization under the
action of solutions from the noarby ignecous intrusion, and tho process
has becn described as 'porphyritization' by somc other investigators
(Ivanac, 1954, p. 27). Undcr tho miscroscopo, however, thesc rocks aro
invariably found to contain fragmonts of pre-cxisting fine-graincd

sodiments, which distinguish thom from the porphyry itsclf.
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At its south-eastern margin, the porphyry is surrounded by a
strong zone of silicification, ihcluﬂins a number of .prominent jasper
bars, and is intersected by severaltquartz reefs with north-north-westerly
trends. To the south and south-west, the porphyry is overlain by the
Rising Sun Formation, and the contact relationships have been fully
described in a previous section.

A smaller porphyry occupying an area of about 200 yards square
occurs about a mile west-north-west of the Red Terror Mine. This
porphyry has highly irregular boundaries and encloses numerous xenoliths
of Warramunga sediments.

At 2,528,500 north, 211,500 east, a group of lamprophyres crops
out close to the Red Terror porphyry, but is separated from it by a
major shear zone.

Ironstones are not very well represented. Within the area
half a mile north and north-west of the Red Terror Mine, a few have been
tésted by shallow workings, but no production is recorded from any of
them. Quartz veins, on the other hand, are strongly developed; with a
general predominance of north - south trends.

The only two mines with any recorded production are the Joker
(760 oz.) and the Red Terror (1300 oz.). Both of these have worked
atéeply dipping iron-impregnated shear zones, trending 0700. In recent
years, only the latter has been worked, intermittently.

The areas surrounding the Red Terror and Joker Mines have been
covered by ground magnetometer surveys, but no major magnetic anomalies
have been located.

Skippen/Westward Ho Area
This area is essentially a westerly extension of the Mount

Samuel arga but the folding of the Warramunga sediments is rather
tighter. There are two major anticlinoria en echelon, each with a
reversal of pitch, giving rise to partially closed dome-like structures.
The close association between ironstone bodics and the hematite shale
horizon can again be observed, and the range in size and attitudes of the
ironstones in the two areas is roughly comparable. However, the
individual ironstones in the Skipper area follow the intersections of
shear zones and bedding and reach their maximum development in areas
where the shearing is sub-parallel to the bedding; i.e.; in areas of
relatively steep dips along the southern limbs of the asymmetric
anticlinoria. A small body of greissic granite cropsout about 200 yards
north-west of the Skipper Extended Mine.

The main mines are the Skipper, Skipper Extended (recorded
production 4250 oz.), Arcadia, and Vestward Ho (820 oz.), none of which
have been worked for some years. A major magnetic anomﬁly has been
located about 2000 feet west of the Skipper Mine, and is reported to
have buen tested by two diamond drill holes, but only very low-grade

disseminated sulphide mineralization was intersected, the host rock
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being a magnutite-chlorite schist (P.G. Dunn, Bureau of Mineral Resources,
personal comsunication).

Jubilee Area

Most of the rock exposures are in the form of low gentle hills,
but there are alsoc a number of small, razor-back ridges of quartz, jasper
and ironstons.

The Warramunga sediments consist of the usual interbedded skhale,
siltstono, and greywacke. Some rocks superficially resemble the hematite
shale described from other parts of the One-mile Sheet, but closer
examination suggests that they are secondarily enriched in iron by
processes similar to thosc responsible for the formation of the massive
ironstones, and their distribution is thersfore of no stratigraphic
significance.

Structurally, the most prominent features arc saveral large
dome~like structures, up to two miles by one mile in extent, the cores of
shich are occupied by bodies of Baveno-foldspar porphyry (Fig. 15). The
dips on the flanks of these structures ars commonly low to moderate, except
near major shear zones. However, the northern contact of the most
northerly of these porphyry masses is faulted, and the sediments north
of this fault dip steeply towards it.

The porphyries themselves are somewhat coarser-grained than is
typical for rocks of this group in other parts of the One-mile Sheet, and
the presence of Baveno type microperthite phenocrysts in some of them
indicates a relationship to the porphyritic phases of the Station Hill
granite. Shearing is generally confined to the marginal portions of the
messes, or may be altcgethar‘absant. No fine-grained border phases have
been observed, but there is a general increzse in the magnetite contents
towards the margins at the intruaioﬁ, and minor lenses of porphyry occur
within the sodiments parallel to the contact of the larger massas.

Ironstones and jaspers are very prominently developed in this
area, and are of two types. By far the more numerous occur in the
sediments within about 200 feet of the contacts with tho porphyry masses.
They are conformable with the bedding of the sediments in which they
occur, but they are lenticular, either pinching out along the strike with
sharp boundaries, or passing into zones of only partly replazced sedimsihts
and thence into beds only slightly enriched in iron or silica or both.
They are not confined to any definite stratigraphic horizons, and sucdoessive
lenses may occur at different distances from the porphyry contact. Some
occur at the contact itself, but this is not typiczl. Tho maxirum thiok-
ness of individual lenses of this type is about 20 feet, but occasionally
two or more lenses may overlap. The development of these lenses and the
associated ferruginization and silicification are especially prcnounced
in areas where comparatively narrow tongues of sediments occur between
two porphyry masses or as a re-entrant within one of the larger masses.

The exact mechenism responsible for the emplacement of these

ircnstone and jasper bodies is not known, but it is obvicusly relatecd to
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the intrusion of the porphyriés znd may be due to a wave or 'front' of
ircn-rich solutions. '

The second type of ironstone cnd jesper lodes consists of the
more usucl tobular bodies associated with major shear zones. These are
best developed in the northern part of the area and in the immediate
vicinity of the Jubilse Mine itself. Their attitudes conform to those
of the shears in which they occur, i.e. they commonly strike cast - wesi
and dip either to the north or to tho south at angles between TCp and 900.

(uartz veins are largely confined to the interior perticns of
some of the larger porphyry bcdies, where they predominantly trend north
to north-east and attain widths of up tec 20 feet.

Only one exemple of a transgressive fault cffsetting the
porphyry contact and the near-by jasper bodies has been noted. This
cceurs three quarters of a mile south-east ¢f the Jubilee Mine. The fault
zone is oocupied by a serics of quartz veins up to 6 feet thick, and the
apparent displacement on the fault is about 500 feet.

The only mine in the area is the Jubilee Mine. This was first
worked for gold and yislded 620 ounces, but recently it has been worked
for bismuth (carbonate) and the first parcel of 28 tens of ore yielded
500 1bs of bismuth of 99 percent purity. The gold and bismuth cre cccurs
in sheared and forruginized sediments in an east-trending shear zone close
to the southern contact cof one of the larger porphyries.

An o0ld mine dump of about 100 tons, with an estimated grade cf
between one and two percent bismuth, is still available for treatmoent,
and on exploration programme to block ocut additional reserves of bismuth-
rich material in the cld mine workings has rucently been proposed. From
preliminary investigaticns, it appears that such a programme sheuld be
able to block cut several hundred tons of cne tc two percent oro.

Mary Lane Arca

The area consists of scattored mesas, mostly composed of

Warramunga sediments, some razorbzcx ridges of ironstone and quartz reefs,
and some lcw-lying areas with good badrock exposurss in the creek beds,
ccmparable to the pediplains of the adjoining Mary Ann arca.

Lithclogically, the Warramunga sediments show two main divisions -
a dominantly shaly successicn cverlain by a greywacke-shule successicn.
The meximum thickness of the dominantly shaly succession is estimated at
about 2100 feet, observed near the Stuart Highway. Several begs with
shale fragments in a fine-grained matrix are regarded as deposits from
turbidity currents. They reach a meximum thickness of about ten feet.
North-east of the Hidden Mystery Mine, there is alsc a conglemerate bed,
about cne foot thick, which contains rounded quartzitc pebbles up to two
inches long.

The sediments within about three quarters of a mile cof the
Station Hill grenite contact generally dip southerly, i.e. away from the
contact, at angles of 35O to 80°.  In tho remsinder of the arca, almost

verticel dips arc common, but facings deduced from graded beds indicate
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isoclinal folds. Minor drag folding occurs in the vicinity of some of
the largor shear zones, e.g. at the Hidden Mysiory Mine.

Within 1000 to 2000 feet of the granite contact, the Warramunga
sediments are commonly extensive silicified, but no high-grade contact
metamorphism was seen.

The dominant structural featurc of the area is the Mary Lane
shoar, striking 105° to 110°, which has been traced for a total distence
of six miles within this area, and continues as the Mary Ann shear to the
east of the Highway. This appears to be one of the major structures of
the Tennant Creek gold field, as it coincides with a marked linear feature
on the serial magnetic map and is co~linecer with a group of shezrs in the
Red Bluff area, some threc miles west of tho limits of the Tennant Cresk
One-mile Sheaat. _

Two major and several minor porphyry dykes, which have petrol-
ogical affinities with the Station Hill granite (just beyond the boundary
of the Mary Lane area) trend roughly parallel with the granito contact at
distances up to one mile frcm the main mass. The largest of these dykes
has been traced for more than four miles.

At Grey's Bluff the trend of this contact diverges from the
regional strike of tho sediments and the porphyry lenscs show a right hand
en echelon arrangement.

A small dicrite dyke intrudes the Warramunga sediments about cne
mile north-west of the Mary Lane Mine, and a few lamprophyre cykes, up to
several feet thick, have been observed in sub-horizontal shear zones at
the Hidden Mystery Mine.

Ironstones are practically confined to two parts of the area.
One group occurs in the Grey's Bluff areca, about cne mile from the granite
contact, where, however, they do not show any obvious alignment on ma jor
structures. The seccnd group comprises the lodes occurring in or close
to the main Mary Land shear zone. They are commonly associated with
quartz rcefs, jaspers, small bodies of sheared porphyry and zones of
sheared, chloritized, silicified and iron-impregnated sediments, which may
attain total widths of more than 200 feet. Gradations are commonly
observed, ospecially the transition of shearod sediments into quarts recfs
on the one hand and ironstones on the other.

The arrangemont of the individual ironstone bodies within the
shear zone is en echelon, and the size of the individual bodies ranges up
to 15 by 50 feet in the vicinity of the Hidden Mystery Mine, and up to
30 by 180 feet in the vicinity of the Mary Lane Mine. Meny of them are

‘shown by costeans and shallow shafts, hcwever, to bottom at shallow depths.

The quartz recfs of this area are also divisible into two main
grcups. Ono of these, trending at about 100° to 1100, comprises the
reefs and breccias developed in the Mary Lane shear zone and in the several
smaller sub-parallel zones betwcen this and the granite contact. Some
of these reefs attain widths of up tc 100 feet and can be traced along the
strike for several hundred yards. The second group, with dominantly
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meridional trends, occur closer.to the granite contact and occupy trans-
current faults, some of which have displaccd the contact itself.

. The only mines in the area are the Mary Lane (recorded production
2 02.)y Hidden Mystef&,(11 0z.), Byes of Youth (no recorded production),
and Mescot (22 o0z.). All of these are situated on the main Mary Lane
shear and have worked material ranging from massive ironstone to sheared
iron-impregnated sediments. Traces of secondary copper minerals have
been found in a small costean east of the Mary Lane shaft and in a minor
shear zone to the south of this shaft, but there is no record that any
primary copper mineralization was found in the existing workings, which
are believed to be about 100 feet deep. A diamond drill hole, inclined
2t 60° to the north, is reported by a local prospector to have been
drilled to a depth of 200 feet from a point 40 feet south of the shaft,
but apparently failed to intersect the shear zone.

Two rather poorly defined magnetic anomalies occur in the
vicinity of the Mascot Mine, but Daly (1957, p« 29) gave his opinion that
these were not of the type produced by a discrete quartz-magnetite body
of the usual type for the Tennant Creck field.

A geophysical survey by means of I.P. reconnaissance traverses
over part of the area was recently carried out by Australian Development
N.L., and thros localities were subsequently further investigated by the
Bureau of Mineral Rescurces by means of geochemical surveys. As a result
of this work, several arecas of above-background copper concentrations have
been delineated, and diamond drilling to test some of them is about to be
undertaken at the time of writing.

Curlew Area

This area comprises the extreme north-western portion of the
Tennant Creek One-milc sheet and consists of a few prominent mesas in the
eastern portion, a few razorback ridges due to the presence of resistant
quartz and jasper lodes, and a number of low, gentle, dome-shaped rises
which merge almost imperceptibly into the surrounding bulldust plains.

The Warramunga sediments in the northern part of the area are
dominantly shale and slate belonging to the lower sub-division of the
group, while the interbedded shale and greywacke of the upper sub-division
predominate in the southern part.

The structure; as far as can be reconstrﬁcted from the rather
limited outcrops, suggests that the north-eastern portion of the area is
occupicd by part of the dome surrounding the Station Hill granite complex,
while the north-western portion contains a similar but rather smaller dome,
the axis of which is occupied by the porphyry intrusion centred about two
miles north of the Curlew Mine. In the south-east, closely spaced east -
west fold axes are the dominant features.

The shale and slate of the lower sub-division are extensively
silicified, probably by the Station Hill granite and the porphyry.

The granito does not cropout within this area, although it may
underlie parts of it at relatively shallow depth, but the porphyry north
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of the Curlew Mine occupies an arca of about three by one miles, elongated
east - west. It is petrologically similar to the porphyries near the
Jubilee Mine, and like them appears to be related to the Station Hill
granite.

The only ironstones which cropout are two lenses up to ten feet
thick at the Curlew Mine, and a few jaspery types in the south-east.

None of these can be shown to be localized on major structural features.
Quartz reefs, on the other hand, are strongly developed, and fall into a
number of well defined sets. The most prominent of these comprises the
system of north-east-trending veins and breccias which extend from 2,549,000
north, 178,500 east, to the vicinity of Quertz Hill, a distance of about
six miles. This group of veins, many of which are arranged in an en
echelon pattern, is thought to mark the position cf a majcr shear zone of
the complementary set to the main Quartz HilL/Rccky Range zone. However,
the amount and direction of displacement on this shear are not known. A
second set, .largely confined to the interior of the porphyry, trends north-
south, and may, at least in part; fill transcurrent fauits which have off-
set the porphyry contact. Finally, there are also a number of scattered
veins trending east - west and south-east - north-west.

Until 1963, the shallow pits and costeans at the Curlew Mine were
the only workings in the area, and there is no recorded production from
them. However, extensive diamond drilling by Peko Mines on a group of
magnetic anomalies about two miles south-east of this mine has recently
led to the decision to develop the Ivanhoe Mine, situated at 2,548,400
north, 176,800 east, on the basis of reported reserves of 240,000 tons of
ore, averaging 5 percent copper and 4 dwt of gold per ton. There is as
yet little information on the structural setting of this orebody, except
that it lies at or very close to the intersection of the north-east shear
zone with the westward extension of the Mary Lane shear.

Memsahib Area

The south-western portion of this area is an extension of the
Honeymoon Ranges, while the northern and eastern portions contain less
abundﬁnt outcrops, largely confined to creek beds and to ridges composed
of resistant rock types, such as guartz rsefs.

The Warramunga sediments fall into two main divisions, separated
by a major north-west shear zone, and their distribution corresponds
roughly to the topographic divisions. In the south-west they consist
of hlternating greywacke and shale with at least two horizons of hematite
shale. In the east, shale predominates and there are a number of pebble
beds up to five feet thick which contain abundant subangular to subrounded
fragments of shale and sandstone up to three inches in diameter, and in
at least one case subordinate pebbles of an igneous rock. Their best
development is at 2,545,600 north, 202,000 east.

Structures are simple throughout the area. Strikes are domin-
antly north-west, parallel to the branches of the Quartz Hill/Hocky Range
shear zone which bound the area, and to the shear which separates the two
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south west, and those in the north .
contrasting lithologies. Dips in the south-west arc dominantly to the / -
easttapp;™, but minor folds are common in both sections. Several of
these minor folds pitch south-east at angles of up to 250, and at
2,543,000 north, 203,000 east, a small closed dome shows that local
pitch reversals also occur. '

Two quarti-feldspar porphyry dykes oropout in the north-east,
and a group of three or four lamprophyre dykes and sills, up to six feet
thick cropout in the viecinity of 2,545,000 north, 201,500 east.

Ironstones are concentrated in two groups. In the southern
part, the lodes show relations similar to those prevailing within the
Honeymoon Ranges. Individual lodes, measuring up to 20 by 100 feet, are
confined to the vicinity of the hematite shale horizons and generally
trend parallel to the strike of the surrounding sediments. A second
grbup of ironstones is associated with the shear zone, which extends
practically across the whole of the area from north-west to south-east.
Within and close to the shear zone, iron has concentrated to produce bodies
ranging from massive quartz-hematite to disseminated zonas of iron-impreg-
nation in the sediments. Most of these are steeply dipping tabular bodies
trending parallel to the strike of the shear zone, but a few are markedly
irregular, and several have obviously replaced favourable beds of the
Warramunga Groups. The outstanding example of the last type occurs at
2,544,600 north, 203,600 east, where a replacement body of massive gquartz-
hematite, some six feet thick, can be traced across the exposed noses of
several small pitching folds.

A jasper lens with a width of up to ten feet occurs in the south-
oast, and appears to represent a silicified section of hematite shale.

The quarts veins also fall into two main sets. North-westerly
reefs occupy the two branches of the Quartz HilL/Rocky Range fault zone
which form the north-east and south-west boundaries of the area, but in
the remainder of the area, reefs of the complementary set, striking almost
at right angles to them, are dominant.

The only mines are the Memsahid (recorded production 132 oz.),
and the Iris (no recorded production).

Traces of secondary copper minerals are apparent in shallow pits
and costeans on a small shear zone wast of the Iris Mine, and this prospect,
known as the EBureka, was recently tested by Australian Development N.L.
by wagon drilling. The results are reported to hava boen disappointing.
Mammoth/New Moon Area

Topographically, the dominant features are clusters of flat-
topped or gently sloping mesas, abcut 100 feet above the level of
the surrounding plains, which gradually decrease in height and in frequency
towards the eastern boundary of the area.

Interbedded Warramunga shale and greywacke is the dominant rock,
and the hematite shale horizon cropsout almost continuously across the
area from east to west. At the Three Keys Mine, three hematito shale
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beds, each up to four feet thick, occur within 20 feet of each other, while
the maximum thickness for a single bed - 12 feet - was observed about one

mile further east.
Dips are predominantly to the south at moderate angles, generally

" less than 500, although a few minor folds have been encountered. Pitches,

where they could be observed, aro generally oasterly.

In the west, a zone of tightly folded strata striking north-west
adjoins the quartz reefs which mark the eastern branch of the Quartz Hill/
Rocky Range shear zone. Other shear zones are mainly of limited extent
and show no obvious preferred trends.

A small body of rounded aggregates of quartz crystals in a matrix
of fine-grained quartz and sericite was found in a small shear zone about
a quarter of a mile socuth of the Mammoth Mine. It may originally have
been a quartz-feldspar porphyry which has undergono an unusual type of
aelteration and recrystallization, or an amygdaloidal acid hypabyssal or
extrusive rock.

The ironstoncs comprise two main groups with different distri-
bution and modes of occurrence. By .far the most numerous are those
occurring within the east - west belt, extending from the Mammoth to the
New Moon Mines, which lies close to the hematite shale. The individual
ironstone bodies of this belt appear to be localized at the intersection
of minor steeply dipping shears with less steeply dipping favourable beds,

~many of which are the hematite shale beds themselves. They therefore

trend predominantly east and are generally of limited vertical extent.
All the mines of the area are associated with ironstones of this type.

The second group comprises less numerous but generally larger
ironstone bodies in the northern part of the area. These are roughly
aligned along a line stretching from 2,545,500 north, 204,000 east, tb
2,545,800 north, 209,500 east, and are not associated with any distinctive
sedimentary formation, nor are they necessarily elongated parallel to the
strike of the surrounding sediments. Also, they arec composed mainly of
very coarsely crystalline hematite, intergrown with quartz, and, from the
absence of extensive workings on them, they are apparently devoid of gold.
Their general alignment indicates that they are controlled by some major
linear feature, such as a shear zone, but no direct indication of such a
feature could be seen.

Jasper lenses are distributed similarly to the ironstone of the
first group, and appear to be similarly localized at the intersections of
minor shears with the hematite shale horizon. Good examples of a gradation
from silicified hematite shale to massive jasper can be observed near the
Black Cat Mine,

Quartz veins agein fall into the complementary north - east and
north-west sets already described from the Memsahib area. The largest
single vein is a prominent vein of the north-east sot which starts a few
bhundred yards north of the Three Keys Mine. The main mines of the area
are the Mammoth (recorded production 103 oz.), Three Keys (293 o0z.),
Little Wonder (27 o0z.)., Mount Marcaret (no recordad oradnetion). Rlanl Mas e/
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(1023 0z.), Mauretania (210 oz;), Hopeful Star (170 oz.) and New Moon
(no recorded production). Thoy are all associated with ironstones or
iron-impraegnated shear zones situatoed within or close to the hematite
shale horizon. The Black Cat and New Moon are reported to have been
examined and wagon-drilled by Australian Development N.L. recently, but
no encouraging results were obtained. '
The immediate vicinity of the Mammoth, Black Cat and Hopeful
Star Mines were also covered by ground magnetic surveys, but no major
anomalies were discovered.
Mount Clcland Area
Topographically, the dominant features are the cluster of ridges

culminating in Mount Cleland itself, but there are also good exposures of
Warramunga sediments in the bed of Tennant Creck, in the extremc north-
western portion of the area. i

In the central and northern parts of the area, the dominant rock
types are shale and siltstone of the lower division of the Warramnga
Group. Dips are dominantly to the south at angles between 40° and 600,
but a few minor folds, generally with easterly pitches of 15° to 300, have
been noteds In the southern part of the area, the shale is overlain by
interbedded shale and greywacke, part of the upper division of the Warra-
munga Group. Allowing for repetition by the minor folds, a minimum
thickness of 2500 feet of shale and 500 feet of interbsdded shale and grey-

wacke is exposed. Much of the greywacke at the base of the shale-greywacke

succession is noticeably lenticular. No hematite shale ocours in this
area, but pebble beds are strongly developed in at least four localities.
Saveral of them are six feet thick and contain pebbles and shale fragments
up to three inches in diameter; but, owing to lack of continuity in the
exposures, it is impossible to determine whether they belong to a single
continuous horizon or form a series of lenses within a limited strati-
graphic interval.

A few shear zones have been noted, generally trending east but
do not appear to have more than local significance. A few quartz reofs
are also present, and fall into two sets, one trending 360° to 030° and
the other 120° to 1300.

Blue Mooq/Rsnate Area
Relief is generally low, interrupted by isolated steep-sided

hills which are genorally composed of ironstone or jasper, as for instance

at the Metallic Hill and Gigantic Mines. In the south, quartz reefs

forming part of the Quartz Hill/Rocky Range shear zone cropout prominantly.
The Warramunga sediments are shale, siltstone and greywacke,

and a few beds of hematite shale which cannot be correlated for lack of

continuity of outcrops. At least two beds of hematite shale appear to

be present at the Blue Moon Mine, separated by several hundred feet of .

greywacke. Dips rarely exceed 450, but the directions of strike and pitch

of the fold axes are very variable.

Minor fau}ts, generally trending north to north-west, are

49z,
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rovealed by the displacement of the hematite shale beds, ironstones, and
quarve meafy, aapecially in the areas ons mile south—east of Metallic
Hill and immediately south of the Renate Mine.

Major north-westerly shear zones, marked by the presence of
en echelon ironstone bodiss, pass through the Gigantic and Renate Minss.
The sediments close to each shear zone. dip more steeply and are more
tightly folded than is normal for the area.

Small lenses of sheared and silicified porphyry occur close to
some of the major quartz reefs in the southern part of the area. Most of
the ironstone and jasper bodies are bedded, and generally occur close to
the hematite shale, @.g. at the Blue Moon and Metallic- Hill Mines. The
main exceptions are the steeply dipping bodies associated with the shear
zones at the Gigantic and Renate Mines.

The major quartz reefs occur in the south, where they form part
of the Quartz Hill/Rocky Range shear zone. These reefs ere mostly 30 feet,
and in places 100 feet, wide. Some occur in groups with a left-hand en
echolon pattern (looking along the shear zone; see fig. 9). A minor set
of quartz rcefs strikes east-north-east.

The mines in the area are the Blue Moon (recorded production
12,500 oz.), Gigantic (520 oz.), Metallic Hill (150 oz.) and Renate (13 0z.).
A shallow geophysical anomaly was found to the south-east of the Gigantic
Mine (Ivanac, 1954, p.121), and a larger and more deep-seated anomaly
north-west of the mine. Australian Development N.L. are reported to have
tested the shallower anomaly by diamond drilling but results were dis-
appointing. The deeper anomaly has not been tested to date.

The only work carried out in this area in recent ycars was at
the Blue Moon, where a small repetition of the main shoot was discovered
and worked in 1959.

Noew Hope Areca

The area displays a variety of land forms. These include
several clusters of hills with rounded outlines, as at 2,532,000 north,
218,000 east, and at 2,527,000 north, 224,000 ecast: this is due to the
absence of the iron-enriched surface layer which is responsible for the
development of the steep-sided mesas on Warramunga Group rocks in other
parts of the field. The extreme north-east is dominated by the ridgos
formed by the major quartz reefs of the Rocky Range/Quartz Hill shear zonej
most of the remaindor of the arca is of low relief, although outcrops are
generally abundant.

The Warramunga sediments fall into three distinct units. A
central belt, up to three miles wide, trending east-north-east, consists
of shale, slate and greywacke, commonly strongly cleaved and sheared, so
that tho bedding is obliterated over large areas. Whore they are racog-
nisable, dips are dominantly to the south at steep angles. No major folds
can be recognisod, but minor folds, pitching in various directions, are
not uncommon. The belt is also marked by numerous small porphyry intrusions
and quartz veins tronding east. Many of these quartz veins are thought
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to occﬁpy minor shear zonss, and the entire balt is one of relatively
intense deformation.

The hills in the vicinity of 2,527,000 north, 224,000 east are
composed of sandstone which is more quartzitic and more massive than the
normal Warramungs greywacke, and shows cross-bedding in units up to nine
inches thick. Many of the beds are silicified and some are intersected
by complex networks of diffuse anzstomosing quartz veinlets, generally
only a fraction of an inch in thickness. Major quartz recfs are rare
and igneous rocks are altogether absent. The structure of these hills
is part of a large, open north-pitching syncline, the greater part of
which falls outside the limits of the area mappeds It is truncated to
the north by an east-north-easterly shear zone which brings these rocks
into juxtaposition with normal Warramunga shale and greywacke. On the
eastern flank of the syncline, the sandstone succession is underlain by a
series of shales including at least two pebble beds probably deposited
from turbidity currents. £Elsewhere on the field, such pebble beds have
been found only in the upper part of the shale sequence which forms the
lower unit of the Warramunga Group. If the pebble beds in this area
are in the same stratigraphic position, the overlying quartzitic sandstone
is the equivalent of the upper Warramunga greywacke - shale succession.
The quartzitic sandstone also forms the prominent group of ridges in the
vicinity of 2,528,000 north, 227,000 east. Here again, the major
structures are open, gently pitching folds, in part truncated by east-
north-east shears, but the direction and angle of pitch vary considerably.
Many of the individual beds are up to four feet and some up to six feet
thick, and show both cross-bedding and ripple marks.

The group of hills at 2,532,000 north, 218,000 east, in the
north-west, is composed of rocks in some respects intermediate between
quartzitic sandstone and the typical Warramunga greywacke - shale assemblage.
They congist largely of silicified sandstone and shale: the silicification
may be a surface effect of deep-seated origin; the almost entire absence
of minor deformation, faulting, igneous intrusion, or quartz veins suggests
that it may be a surface effect. The beds dip uniformly to the south,
gonerally at angles between 400 and 600, and their total thickness is
estimated at 3000 feet. ,

The silicified beds probably extend eastward into the area
between 2,530,000 north, 224,000 east, and 2,529,000 north, 227,000 east.
Southerly dips again predominate, so that these beds must underlie the
shale - greywacke succession to the south, unless they are separated from
them by a series of non-ocutcropping shears.

The igneous rocks consist of a wide range of porphyries and
granitic rocks, including sheared, massive, and pneumatolytically altered
phases. West and south of the New Hope Mine, slightly to moderately
sheared fine and medium=-grained quartz-feldspar porphyries predominate;
individual bodies occupy areas up to a quarter of a mile across.

In the ares from one and a half to three miles cast of the New
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Hope Mine, porphyrioce and fine to medium—-grained porphyritic granites are
represented. Boundaries between the various phases can be mapped in a
few places only, owing to poor exposure, and the individual units appear
to range from a few chains to about half a mile across. Parts of the
granite and porphyry, several hundred yards across, have been pneumato-
lytically altered; in some places tourmaline has developed.

Cavities, believed to represent boxworks due to the leaching of
sulphide minerals, have been noted in some of the igneous rocks, but in
the absence of significant copper concentrations in specimens tested from
this area, as described in a previous section, the possible economic
importance of these occurrences cannot be assessed without further
investigation.

An isoclated medium-grained porphyritic granite forms spectacular
tors about one and a half miles north-east of the New Hope Mine, and some
minor sheared and pneumatolytically altered porphyries cropout oh the
southern flank of the Rocky Range quartz reefs, between half a mile and
two miles east-south-east of the Rocky Range Trig. Station.

The ironstone lodes fall into two groups. One comprises the
numercus small bodies associated with the margins of porphyry intrusions
south and west of the New Hope Mine. These invariably conform to the
bedding of the sediments, faithfully following minor folds and puckers,
and in places grade along the .strike into typical jasper bodies. They
may occur several fest away from the actual porphyry contacts. They are
generally not more than four or five feet wide, and none of them has been
recorded as being mineralized. Except for their smaller size, they are
therefore comparable in every respect with the ironstones and jaspers of
the Jubilee area. The other group comprises the ironstones of the New
Hope and Plum areas, which are steeply dipping, transgressive bodies
associated with a major west-north-west shear zone.

The quartz reefs also fall into two main groups. One consists
of the reefs of the Rocky Range shear zone, which trends west-north-west
in this arsa. These reefs are commonly 30 feet, and rarely 50 feet wide.
In places, up to five sub-parallel reefs, spraad.ovar several hundred feet,
mey occur side by side, but in other parts of the shear zone the individual
reefs zre arranged in a left-hand echelon pattern.

The other group comprises the east-north-casterly set of reefs
which reach their maximum development in the area of sheared porphyries
and Warramunga sediments to the west and scuth of the Now Hope Mine. Most
are five feet wide and some are twenty feet wide, but few of them persist
along the strike for more than a fow hundred feet. ‘

The only mines in this area are the New Hope (recorded production
88 oz.) and the Plum (no recorded production). The area around these
mines has been covered by ground magnetometer surveys by the Bureau of
Mineral Resources, and a number of small anomalies were located (Daly,
1959). However, diamond drilling by the National Lead Co. of U.S.A.

(2 holes), and by New Merloo Gold Mines N.L. (1 hole), gave disappointing
results. ' _ s —
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On the aerial magnetic map of this area, the most striking
feature is the contrast botween the disturbed aroca to the west of grid
line 223,000 east, cnd the featureless arez to the sast of this. This
boundary coincides roughly with that botween the porphyry intrusions

flanked by minor concordant ironstone bodies to the west, and the porphyry-

granite complexes without associated ironstonss to the east.  However,

it does not correspond to any structural feature that cezn be recognised
on the ground, and & number of structures, such zs the fault which forms
tke northern boundary of tho scndstone in the vicinity of 2,527,000 north,
224,000 ecast, appear to cross it without any disturbance or offsetting.
Golden Mile Area

This area consists of rounded hills composed dominently ef
rolatively massive sandstone, mesas of the typical Warramunga shale-
greywacke, and ridges of resf quartz.

The sandstone occupics one arsa of approximately two and a
half by one miles, elongated north — south, in the ecastern part of the
area, and scverzl smaller arezs to the west of this. It is litholo-
gically similar to those of the New Hope arsa. The total exposcd thick-
ness of this sandstone succsssion is approximately 3000 fecet. Dips are
dominantly to the west znd north-west at angles of 450 to 600, and the
main structural feature is a large open north-west-pitching syneclins,
centred at about 2,532,500 north, 228,000 czst.

In the extreme south-ecast and also at 2,533,000 north, 225,000

east, the sandstone appears to be underlain by strongly sheared shale and

~ greywacke with minor porphyry intrusions, closely comparable with the

corresponding assemblages in the Now Hope area. However, minor shear
zones obscure the contact.

Near the base of ths sandstone succession, two conglomerate
beds, each up to ten feot thick, contain well-rounded pobbles of sand-
stone, shale, and raef quartz up to three inches in diameter. Thase
beds have been traced intormittently for about a mile in tho vicinity
of 2,532,500 north, 228,000 cast, and a similar but less extensive out-
crop has bzen noted at 2,534,500 north, 224,300 esast. If these outcrops
cen be correlated, as appears likely, an apparent displacemant of about
two miles, east block south, must have taken place on the north-west
trending shear zons, now marked by a discontinuous line of major quartz
reofs, which separates the two occurroncas.

In the northern part of the area, normal Warramunga shale and
greywacko occupy an 2ast - west belt of about four miles by three
quarters of 2 mile cuntred roughly on the Golden Mile minec. Tho beds
exposcd in this aroca comprisc shalo, greywacks, and hemztite shale,
two major horizons of hematite shale, oeach up to 12 feet thick, and two
or three minor ones, have beon found. Thsase beds strike generally
sast-north-cast and dip north at angles of 60° to 700. Minor folds
with a relatively constant west-south-westerly pitch of 20° to 400 are
ebundant. The observed dips indicate that these beds overlie the

sandstone to the south, unless a major shear zone is present in the
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intervening area of poor exposures.

A complex of quartz-feldspar porphyry and fine to medium-grained
porphyritic. granite, in part pneumatolytically altered, occupies an aree
of about half a square mile in the south. It is similar to some of the
igneous complexes from the eastern portion of the New Hope area.

In the extreme south-eastern corner, a series of minor lampro-
phyre and quartz-feldspar porphyry bodies occurs near the junction of the
mein Rocky Range shear zone with two north-west-trending branches. The
porphyries from this locality are moderately to strongly pneumatolytically
altered and include a silicified and tourmalinized rock which is now
composed entirely of quartz phenocrysts set in a quartz-tourmaline matrix.

Finally, two zones of small quartz porphyry outcrops extend
east-north-east of 2,534,200 north, 224,200 east, and north-north-east of
2,532,000 north, 228,000 east. Each of these zones can be traced, with
minor gaps, for more than half a mile; and has an average width of about
100 yards. They trend parallel to the strike of the adjoining sediments
and each occurs stratigraphically just below the conglomerate horizons
described above. They are therefore regarded as portions of a sill,
displaced by the north-west trending shear zone. _

Ironstone bodies are confined to the northern portion of the
area, where they are closely associated with the hematite shale horizons.
Nearly all strike east-north-east, parallel to the surrounding sediments,
oxcoept in tho north-west where both ironstones and sediments strike
northerly and north-westerly. Widths are generally up to 20 feet and
even up to 50 fest, with loengths of up to 200 feet. Generzlly, the
smaller bodies follow the bedding of the sediments in great detail, in-
cluding minor pitching folds. The larger bodies tend to have sheared
margins but largs shear zones arc absent, and this, taken in conjunction
with the relatively low average dip of the beds, indicates that none of
the ironstones could be expected to have a large vortical extent.

Jasper lenses show similar distribution and mode of occurrence, and some
grade into ironstones along the strike.

The main quartz reefs of the area comprise two major north-west
zones, which are regarded as branches of the Rocky Range shear zone.
Within each zone, the individual reefs are up to 30 feet wide, and two
or three pazrallel reefs occur side by side in some sections. The more
easterly zone, as described prsviously, has an appafent displacement of
about two miles, east block south. The displacement along the other
shear zone cannot be determined.

At 2,532,100 north, 226,000 east, the highest portions of a
small north - south ridge are capped by a succession of quartzite, quartz
grit, and conglomerates with pebbles up to one inch in diameter. The
attitude of the bedding could not be determined accurately, but is
probably sub-hcrizontal, and the beds appear to rest on an eroded surface
of porphyry and porphyritic granite. The total area of these cutcrops
is about five acres, and the exposed thickness of the beds is probably
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only 30 to 50 feet, but they ars reéarded as being part of the Rising Sun
Formation. ‘ |

The only mines in this erea are the Blue Bird (recorded producticn
51 0z.), Perseverance (192 oz.), and Gelden Mile (96 oz.), all associated
with the belt of hematite shale, ironstone, and jasper in the north.
Quartz Hill Area

This area comprises a group of low but very rugged ridges

ccmposed of granite cliffs and tors, togethor with a few razorback ridges
of recef quartz. Bedrock exposures are almost continuous for several
square miles south-east of Station Hill in the south-central portion of
the area.

The Warramunga sediments are shale and slate belonging to the
lower unit. They occur cround the margins of the igneous complex, as
in-faulted or in-folded septa within it, and as scattered xenoliths within
scme of the igneous rocks themselves. They are generslly silicified,
but not otherwise¢ metamorphosed. The sediments on the flanks of the
igneous complex invarizbly dip outwards, generally at angles boetween 400
and TOO. The shale septa within tho complex are 100 feoet widoe in places
and some are several miles long, generally elongated east-south-east, but
the bedding of the shzle within them is generally obliteratcd by shearing.
The minor xonoliths vary widely in size, shape, attitude, and degree of
recrystallization, ranging from almost unaltered inclusions with sharp
boundaries tc vague schlieren almost completely absorbed by the igneous
rocks.

The main rock types recognised within the granite complex are
a massive porphyritic granite which is strongly foliated in places, a
medium—-grained even-grained granite, and an aplite. The aplite occurs
on the margins of the mass, and may be a murginal phase. The complex
is cut by minor aplitic dykes, ranging up to twenty feet wide and strik-
ing in various directions, but no age relations have been established
between the major phases except that the aplite is the youngest.

Dolerite dykes; up tc 50 fcet wide and several hundred yards
long, with cast-south-easterly trends, intrude the complex.

The Quartz Hill/Hocky Range fault zcne cuts through the complex
in a south-ceastorly direction and displaces its contact with the sediments.
It is marked by a group of quartz reefs up to 50 feet wide, in part show-
ing en echelon arrangement. A major south-west shear of the complemen-~
tary set abuts against this zone just west of Quartz Hill, but does not
cut the igneous complex. Other quartz veins trend north - south, as at
Station Hill, and scme sast - west.

There is no mining in this area, but the quartz dotritus from
the flanks of Quertz Hill has baen extensively quarried for use as road
aggrogate.

White Hill Areca

This arealis very similar to the Quartz Hill arce, with the

main outcrop area centred on White Hill itsolf.
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Warramunga sedimonts ocour around the southern mzrgin of the
igneous complex, =28 in—fﬁlded or in-faulted septa and as xencliths. In
addition, there are some outcrops of indurated slate and hornfels in the
easturn part of the area, assccisted with a major north-west quartz-
filled shear zocne. The shear zone has not been traced into the igneous
complex, but probably offsets it in the same seonse as tho Quartz Hill/
Rocky Range shear zone, tc which it is parallel.

The main component of the igneous complax is a porphyritic
granite, similar to the pradominant rock at Station Hill: Minor eplitiec
and medium-grained phuses are also present.

'Although there is a gap of some four miles without any outcrops,
it soems likely that the Quartz Hill and White Hill expecsures are part of
a single igneous complex, which would thus have a total arsa of approx-
imately 15 by 8 miles, elongatcd oast - wost, with a possible oxtunsion
to the Barkly Highway, somc eight miles east of the Flynn Memorial.

Quartz reefs are strongly developed. Apart from those assoce-
iated with the shear in the east; the majority are confined to the interior
of the ignecus complex. Of those, ths group of rsefs passing through
White Hill itsolf is the most prominent. The trend of these reefs is
meridional in the south, swinging to north-wost in the nortﬂ, and they
probably ccoupy a fault or shear, which has slightly offset the scuthern
boundary of the igneous complex. Other quartz veins within this ccmplex
strike at various angles from north through north-west to west-north-west.

Two small ironstono bodics have beoen noted a little more than
a mile scuth of White Hill Trig. Station, but there are nc mines in this

area.

Gum Ridge Arca

Warramunga sediments are exposed at only two localities. One
is about one mile east of the Blue Moon Mine, where they are overlain by
the Helen Springs Volcanics, and the other is about five miles east of
White Hill, where they are directly overlain by Cambrian sediments. At
both localities, they show normal lithological and structural features,
but pass upwards into material not unlike the soil cover with abundant
rock fragments which overlies much of the present-day area of Warramunga
outcrops. At the northern locality this rubbly layer in turn passes
upwards into the basal beds of the Cambrian formation.

The Helen Springs Volcanics cropout at the base of wsumall scarps
formed by the Cambrian baﬁs, and in a creek bed at 2,548,500 north,
228,000 east. The volcanics consist of rhyolite, amygdaloidal basalt,
tuff and agglomerate, and attain a maximum exposed thickness of about
50 feet. They are absent in the area due east of White Hill, where the
Cambrian sediments rest directly on rocks of the Warramunga Group.

The greater portion of the area is occupied by Middle Cambrian
Gum Ridge shale formation: chert and siliceous limestone with minor grit,

sand and sedimentary breccia. 'These beds dip rogionally eastward, to a
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maxitum of 20° but average less than 50. hs a result, the best exposures,
including practically all the known fossil localities, ars situated on
a west-facing scarp which extends for approximataly five miles in a north-
south direction betwesn Gum-Ridge Trig. Station and the Pigeon Water Holes.
Locally, however, minor basin structurcs are developed, with scarps
facing in various directions. The meximum exposed thicknoss of tho
formation is about 40 fect.

Although the oxisting dips in the Cambrian sediments must be
due to tectonic forces, no faulting has been notoed within them and neither
they nor the underlying Helen Springs Volcanics have been affected by
igneous intrusions, quartz veins, or mineralization.

Thore is no rocord of any mining activity in this arca.

Cabbage Gum Area

This arca is devoid of outcrops cxcept for a fow small exposures
of porphyritic adamellite in the viecinity of 2,527,500 north, 199,000
cast, and one prominent east-north-cast quartz vein at 2,576,000 north,
191,500 sast. Nevertheless, a good deal is known about the geology, for
it forms the northorn portion of the Cabbage Gum Basin which has been
investigated in some detail as a source of underground water suppliss for
Tennant Croek township.

Warramunga sediments underlying the north-eastern portion of
the ocrea are an extension of those croppingout in the Eldorado area, and
show no unusual features; but, in the central part of the basin, just
south of the limits of the Tennant Creck One-mile sheet, Warramunga
sodiments form a serioes of roof pendants and infaulted inliers within an
igneoous complax, and these rocks are intensely sheared and recrystallised.

The igneous complex itsolf appears to be very similar to that
previously described from the White Hill and Quartz Hill areas. The
thres main constituents are a medium-grained adamellite with spheroidal
foldspar phenocrysts, an augen gneiss composed of quartz-feldspar aggreg—
ates separated by biotite folia, and a medium-grainoed gneissic granite.

In addition, there aro minor occurrences of quartz-foeldspar porphyry,
aplite, and dolerite. These igneous rocks commonly show a very dis-
tinctive deep weathering profilc of only slightly weathered rock, passing
downwards into strongly weathered or completely decomposed material, and
thence baock to slightly weathored and finally to fresh rock. In places,
the upper part of this profile is lacking, probably because it was

eroded before the suporficial sediments were laid down. The maximum
thickness of decompose! material oncounterad in a drill hole was 110 feet,
about 2 milos south of the southern mergin of the Tennant Croek One-mile
sheet, and the thickness decrcases towards the northern and eastorn
margins of the basin.

Quartz veins, apart from the large one already referrec to, are
generally less than 12 inches thick, and are concentrate in a north-
easterly belt, which passes through 2,526,000 north, 196,000 east, and
2,530,000 north, 199,000 cast. This belt, which coincides with the axis

(8-
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_of a gentle topographic depression and shows up 26 a strong lincar feature

on the air photographs is thougbt-to mark the position of a major shear
zone. On the photograﬁﬁé, it can be traced north-east for at least
another three miles to the vicinity of Peko Mine, but it has no surface
expression there.

Perhaps the most interestingfeature of the area is the presence
of an extensive series of superficial sediments - clay, siltstone, sand-
stone and grit ranging from unconsolidated to well cemented. The cement-
ing material is siliceous or ferruginous or both. There are few well-
defined beds, and none can be traced laterally for any distance. 1In
parts, lateritization has produced complete profiles comprising ferruginous,
mottled, and leached zones. £Elsewhere, however, parts of the profile are
lacking and at a fow localities reworked laterite fragments appear to
have been incorporated in some of the beds.

The base of the succession generally consists of a layer of re-
worked material derived from the immediately underlying bedrock. This
takes the form of an impure sandstone in arsas of granitic rocks, and of
a conglomerate or sedimentary broccia in areas of Warramunga sediments.

At the top,; theseo sediments generally pass into a layer of
loosely to moderately consolidated rubble, which is regarded as an incipient
soil horizon, related to the present land-surface. This, in turn, may
be overlain by up to ten foot of unconsolidated wind-blown sand. The
maximum thickness of theose sediments within the Tennant Creek One-mile
Sheet area is about 40 feot, but they attain thicknesses of more than 80
feet in tho central and southern parts of the Cabbage Gum Basin.

The superficial sediments and the decomposod zone of the granitic
rocks in places give good yiclds of potable water (Hays, 1958 a and b;
Crohn, 19603 Bracewsll, Crohn & Hays, 1962). A reticulated water supply,

derived from this basin, has receontly been constructed for Tennant Creek.
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