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Fig. 5 

Fig. 6 
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Tennant. Creek area, showing position of major mines 
and topographic features 

Development of pseudo-ripple marks by aoute-angle 
interseotion of bodding and cleavage. 

"Bruohfal ten" associated wi tb oblique shear in 
Warramunga sediments . 

Struotural sketch, Tennant Creek One-mile area. 

Diagrammatic representation of main eets of shear 
zones, Tennant Crsek One-mile area. 

Strike frequenoies of shear zones from selected 
portions of the Tennant Creek One- mile area . 

Generalised seotion through Gum Ridge Formation . 

Strike frequenoies of ironstonea from sel ected 
portions of the Tennant Creek One-mile area. 

Diagrammatio relationship of ironstones to shear 
zones and favourable beds . 

Relationship of small i ronstone lode to beddi ng of 
Warramunga sediments, East Peko area • 

Strike frequencies of quartz veins from selected 
portions of the Tennant Creek. One-mile area • 

Sub-div~sions of Tennant Creek One- mil e area used 
in regional geological descriptions. 

"fount Samuel - Eldorado area, show"ing main geological 
features. 

Struotural sketoh map, Mount Samuel area . 

Diagrammatic oross-section, about a quarter mile 
east of Jubilee Mine • 
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Plata IA 

Plate IIA 

B 

Plate lIlA 

ILWSTRATIONS 

Honeymoon Ranges, general Tiew, showing peneplain 
in early stage of disseotion. 

Mount Rugged area, general View, showing peneplain 
in advanoed stage of dissection. 

Rising Sun FOrmation south of Red Terror Mine, 
showing typical rounded hills. 

Typical hematite shale, vicinity of Big Ben Mine, 
sbowing regularity of layering. 

Sand Volcanoes, )00 yards soutb of Red Ned Mine. 

B Pseudo-ripple marks in Warramunga sediments, half 
a mile north-east of Red Terror Mine . 

Plate IVA Rising Sun Formation unconformably overlying 
weathered porphyry. 

B Typical granite tors near Station Hill. 

Plate VA 

Plate VIA 

B 

Plate VlIA 

Foliated porphyritic granite . 

Baveno microolina orystals weathered out of foliated 
porpbyritio granite . 

Mafic xenoliths in foliated porphyritic granite. 

Contorted arenaoeOUB xenolith in porphyritic 
granite • 

Chevron structures in Warramunga sediments at north­
east margin o~ Quartz Hill granite complex . 

B Jubilee porphyry, showing baveno microcline crystals. 

Plate VllIi\ Contact between Town Hill Porphyry and 
Warramunga sedimonts . 

B PhotO-micrograph of quartz-feldspar porphyry. 
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REFERENCE 
D Recent gravel, alluvium, sand etc. 

t~-=-=-=g Gum Ridge Formation and Helen Springs Volcanics 

§ AShburton Group 

Rising Sun Formation 

Warramunga Group 

Igneous rocks: granite and porphyry 

" ...... ~, Shear zone: quartz filled 

\.."\.."\". Shea r zon e: other 

MAJOR MINES 

Whippet 21 Pinnacles 
2 Northern Star 22 Feko 
3 Last Hope 23 Golden Forty 
4 Bernborough 24 Golden Mile 
5 Queen of Sheba 25 Skipper 
6 Orlando 26 Mount Samuel 
7 Black Angel 27 Enterprise 
8 Curlew 28 Eldorado 
9 Mary Lane 29 Cat's Whiskers 

10 Shamrock 30 Noble's Nob 
II Mary Ann 31 Rising Sun 
12 Lone Star 32 Red Terror 
13 Memsahib 33 New Hope 
14 Mammoth 34 Ivanhoe 
15 Black Cat 35 Burnt Shirt 
16 Gigantic 36 Kathleen 
17 Blue Moon 37 Hammerjack 
18 Metallic Hill 38 Patties 
19 Gibbet 39 Edna Beryl 
20 Wheal Doria 

E 53 -A 14-31 G.M. & :M 

MAP OF TENNANT CREEK AREA, SHOWING POSITIONS Of MAJOR MINES AND OUTCROPS OF MAJOR ROCK UNITS 
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THE GEOLOGY OF THE 
TENNANT CREEK ONE-MILE SHEEJr AREA 

SUMMARY 

Most of the Tennant Croek area is underlain by shale , 

siltstone and graywacke of the vlarramunga Group (lower Proterozoic), 

which have undergone moderate to severe folding and shearing. These 

rocks are intruded by several varieties of granite, adamellite and 

quartz-feldspar porphyry, quartz-magnetite and quartz-hematite lodes, 

jasper lenses, quartz reefs, diori to and dolerite and lampro.phyre dykes. 

The gold and sulphide or ebodies of the Tenr~t Creak Goldfield 

are confined to the i"larramunga Group, and their distribution is influenced 

by structure and lithology. Most of the known occurrences are closely 

associated with the quartz- magnetite and quartz-bematite lodes, but major 

shear zonas 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 (proterozoio), the Helen Springs Voloanios (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 recentl y been made at the Orlando ~tine and the Ivanhoe 

prospeot. Many other mines and prospects hava 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 non-outcropping orebodies. 

, ' INTRODUCTION 

Tho aim of the work describod 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 ~his scale 

wero made available by Peko Mines N.L. The area was mapped during the 

1958 und 1959 field seasons by P.H. Crohn and W. Oldershaw, assisted by 

R. Ryan in 1958 ana by K. Rochow in 1959. However, major developments 

on the field 4P to the ond of 1963 have been ~ncorporated in this Record. 

Previous Work 

The most oomprehensive preVious investigation of the Tennant 

Creak Goldfield was by Ivanac ( 1954) , who also summarised the results 
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of earlier gcological .work. 

In 1958, the Bureau of Mineral Resources producod a Bet of 

mapa at 1163,)60, showing total magnetio intensity as measur~d by an 

airborne magnetomete~t 

in 1960; In 1955- 57. 

the area covored by those surveys was extended 

a geochemical party from the Bureau sampled 

outcrops on the fiald to dot ermine the relat ion of trace oopper in 8011 

and surfaco rock oxposures to the presence of economic concentrations of 

copper at depth (McMillan & Debnam. 1961 ). In 196) this work was 

supplemented by the use of a mechanical sugar drill to obtain samples 

for speotrograpbio analysis. 

Other investigations relating to the geology of the area 

include the following: 

Twenty C.S.I.R,O. Mineragraphio Reports listod in the biblio­

graphy deal mostly with the min~ral assembl ages of specimens and drill 

coros from various minas, ospecial ly Peko . Edwards (1955) desoribes 

the Peko orebody, with special emphasis on its mineral composition, and 

two articles in the Chemical Engineering and Mining Review (Editorial 

contribution, 1958; White, 1962) summari se developments at the Peko Mine 

up to those dates. Daly (1957) summarizes the results of magnetic 

prospeoting by the Aeri al, Geological and Geophysical Survey of North 

Australia in this area during 1935 to 1931, and discusses the results of 

this work in the light of subsequent developments. Haye (1958 a and b) 

and Crohn (1961) give accounts of the geol ogy and hydrology of the 

Cabbage Gum Basin, which ~as since boen developed as a gource of the 

town water supply. 

History of Mining and Produotion 

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

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

important developments have taken place since then. In 1954 . Pako began 
regular production of 

30th June, 1963, this 

copper concentrato. For the twelve ~onths ending 

mine produced 7200 tons of copper and 12,800 ounces 

of gold froc::. approximately 159,000 tons of ore. For the sams period 

Australian Development N.L. mined approximately 42,000 tons of oro, 

oontaining 4),600 ounces of gold, at tho Nobles Nob Mine. Eldoradc, 

the last of the remaining pre-War mines, ceased regular production in 

July 1958 and baa s ince been worked on tribute on a small scale only. 

During the poriod 1954 to 1963, a largo number of prospects on 

the fi eld wero tested by various companies , but al though encouraging 

results were reported in several places, only two prospeots havo yot been 

shown to contain minoable orobodi 8S . These ar e at Ivanhoe, about t en 

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-Wall aend Investments Ltd. 

At Orlando, r egular production began t owards tho end of 1962, 

7 
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and about 31,000 tons of ore were mined to tho end of June 1963 for a 

yield of 19,250 ounoes of gold and 280 tone of OQpper. At that dats, 

published reserves amounted to 230,000 tons of ore a.veraging 1.2 peroo.o~ 

copper and 11.1 dwt of gold por ton. 

At Ivanhoe, a shaft is being sunk to develop tbe orebody at 

tho time of writing, and the published or e r eserves, calculated from 

diamond drilling data, are 240,000 tons of ore averaging 5 percent 

copper and 4 dwt of gold per ton. 

Prospeotors and syndicates are also active in the area. Most 

depend on the GOvernm~nt Battery (re-opened October 1958) for orushing 

and treatment of their ore. During tho years 1958 to 196), the 

following minea and prospects were worked on a small scale, many of 

tham part-time I 

Aoe High, Blue Moon, Burnt Shirt, Caroline, Edna Beryl, Enterprise, 

Great Northern, Jokor, Jubilee, Kathleen, Lone Star, Maple Leaf, 

Mount Samuel, Outlaw, Pinneoles, Pup, Shamrock, Susan, Trump, 

Wheal Doria, Whippet. 

The total r ecorded produotion of the field t o 30th Juno, 1963 

amounts to about 960, 000 ouncos of gold and 57 ,000 tons of copper, of 

which about two thirds of the gold and practioally all the copper have 

been won since 1952. 
The mines on the field with a rocorded production of more than 

1000 ounoes of gold lO the end of June 1963 ar et 

Blnok Angel & Whit. Devil 
x Black Cat 
x Blue Moon 
x Burnt Shirt 

Edna Beryl 
x Eldorado 
:z: Enterprise 

Golden Chance 
x Harumerjack 
x Kathleen 
x Lone Star 
x Mount Samuel 
x Nobles Nob 

Northorn Star 
Orlando 

x Patties 
:z: Peke 
x Red Terror 
:z: RiSing Sun 
x Skipper Extendod 
x Wheal Doria 

Whippet 

Tons ore Oz .gold Tons oopper 

6400 
2200 
3600 
2600 
2800 

146000 
10000 

400 
5900 
2000 
9500 
3100 

380000 
29000 
37000 
1650 

900000 
600 

10300 
2100 
2700 

16500 

3920 
1020 

12360 
2340 
4420 

105500 
6600 
1260 
5220 
1120 
5570 
4170 

630000 
9660 

19250 
1530 

101000 
1310 
8000 
4250 
2925 

18370 

MinGS marked :z: ar e situated within tho Tennant Creak One-mila area 

PhysiOgraphy 

The Warramunga sediments form groups of mesas (Plato I), 

generally with an east-south-eas t erly trond, separat ed by low flats up 

to two or throe miles acroae . In areas of ign~ous rooks, a typical 

tor topography has developed. The Rising Sun Formation (Plate II) and ~ 
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the Cambrian sediments have produced dis tinotive rounded bills with minor 
, I 

scarps at the lovola of the more r esi st ant beds. Some of ~he l arger 
I 

quartz r eef s and quartz-hematite lodes form bold razorback ridges. 

ThB maxjI!lllm rolief 1s about 300 f eet" the highes t points being 

Grey1s Bluff, 1431 feet and Mount Samuel, 1429 feet above sea l avel. 

Many of the mesas of Warramunga sediments are r ecognised as r emnants of 

an old land surface, which was cbnr act erized by a zone of iron enrichment, 

up to 15 feet thick, underlain by a considerably thicker l eached zonsJ 

no true laterite is pr esent. Tho charactoristic steep sides of these 

mesas are due to the undercutting of this iron- enrichod zone during the 

current oyola of erosi on. 

ThG distribution of tbo zone of i ron enrichment is closely 

controlled by the lithology of the underlying sediments, for it is absent 

or poorly devel oped in the areas north and south of the New Hope Mine , 

and between RoCky Range and the Golden Mile , whore mass ive s iliceous beds 

become an i mportant oonst i t uent of the Warramunga Group . A zone of 

surfaco sil icification tends to r eplace t he iron-enriched zone in these 

areas, but tho equivalent of the under lying l eached zone i s not developed. 

The remnants of the ol d l and surfaoe now sl ope generally at 

angles of ono to two degr~es 1n various directions. This can be accounted 

for either as an old peneplain, locally upwarped or bloCk-faulted and 

tilted in geol ogically r eoent times , or as an originally undula ting 

Burface with a relief of at l east 300 feet, whose s l opes were pedimented 

aft er a ohange of climate. 

The pediment,s now occupy ext ensive areas on the flanks of Bome 

of these mesas and in the headwater ar eas of ma j or creeks rising within 

the r anges . The gent l y undulating araas on the northern flank of the 

Honeymoon Ranges (grid r eference 2,542,500 north, 194,000 east) ar e 

excellent exampl es. 

theBe pediments. 

The present creeks are inoised several f eet into 

The l ow-lying areae between the mesas are now l argely oocupied 

by wind-borno material of s ilt-part i ole size. This mat eri al pr obably 

averages fivo feet in thiCkness over most of its aroa, and only exoep­

tional l y exceods fifteen f eet. 

True alluvium and poorly sorted creek gravels oocupies conaide~ 

acle areas in the l ower reaches of Tonnant Cr eek, and in some of the 

minor creeks draining northwa..rda from the Honeymoon 'ltanges. Thiclol'!3sses 

of mor a t han ton feet are quite common, and some deposits are stro~y 

cementl)d, c.s in the MOWlt Iru.ggad area, the vicinity of the Arizona Mine, 

and the area east of t he Mary Ann Mine . The maximum known thiCkness of 

alluvium is forty feet, encounter ed ' i n drill hol es put down in the search 

for underground water in the flood plain of Term,ant Croek, aome five t o 

six mi l es ~~at of Pigeon Hol es. 

inoised into the. alluvium. 

The present or edka are generally 
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A. Honeymoon R 'nges, 
in early stage of 

PLAT~ I 

general vie w, sbowing peneplain 
disseotion . 

Neg. li/339!33 . 

B. Mount RugBSd area, general view, showing peneplain in 
advanoed stage of disseotion. 

Neg.1I/339/2913 . 

( (,I 



• 

•• ,. 

- . 

• 

(). 

5 _~ 

Superfioial deposits also cover a large part of the Cabbage 

Gum Basin, where diamond dXtlltng in searoh of underground ~ater has 

indicated a hundred feet of partly lateritlzed sands, clays, grits and 

gravels. These deposits must antedato the present erosion surface at 

least in part, and may be Tertiary in age. 

Tbe depth of oxidation of the bedrock formations 1s only known 

from mine workings and from diamond drill holes. In general J the 

sediments and ironstones appear to be substantially fresh at d'epths of 

150 to 200 feet, but the sulphide bodies and breccia zonee are oxidized 

to an average depth of 300 to 350 feet. Edwards (1955) believed tbat 

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 surfacel 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). Tbe following 

table ie adapted from Ivanac (p.19) with some modifioations: 

Recent 

Tertiary ? 

Lower Middle 
Cambrian 

? Lower 
Cambrian. 

? Proterozoio 

Gum Ridge 
Formation 

Helen Springs 
Volcanics 

Rising Sun 
Formation 

Alluvium, creek gravels, 
bull-dust, etc. 

Unconsolidated and poorly consolidated 
sands, olays, grits and gravels, in 
part lateritized. 

Calcareous sandstone, shale, and 
ohert. 

Lavas and pyroclastic roCks. 

Conglomerate, sandstone and quart~ite, 
sbale. 

Igneous activity Late Diorite, dolerite and lampropbyre 
dykes, ? in part post-dating Rising 
Sun Formation. 

and mineralization phases 

? Proterozoic 

Early 
pbases 

Ashburton Sandstone 
and Hatches 
Creek: Group 

Granite, adamellite, porphyry, quartz 
veins, quertz-magnetite and quartz­
hematite lodes, gold and sulphide. 
orebodies. 

Sandstone, conglomerate, and 
quartz! teo . 

Lower 
Proterozoic . 

Warramunga Group Greywacke, siltstone and shale, minor 
grit and pebbl e beds, hematite shale. 

? Archaean. Only known from 
diamond drill 
holes in Bureau 

Quartz-feldspar-garnet gneiss, amphi­
bolito, magnetite schist, granitio 
und gnbbro1c intrusives. 

of Mineral Resouroes 
Reserve No. 3 ares. 

1/ 
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Arohaean 

No· Archaean rooks are known in the Tennant Creek One-mile 

area, but a oomplex of quartz-feldspar-garnet gneiss, amphibolite, and 

magnetiie-ricb rocks, assooiated with granitio and gabbroic intrus ives , 

was found in diamond drill holes put down by Australian Devolopment 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 b e part of an 

Archaean basement. The rocks are overlain by up to 80 feet of poorly 

oonsolidated grit and aandstone~ and do not crop out . They giva riss 

to pronounced magnetic anomalies, but these are due to the presence of 

magnet ite-rich bands within the gndiss oomplexes, and not to quartz­

magnetite lodes of tbe type ocourring wit hin the Warramunga. Group. 

SEDIMENTS 

Warramunga Group 

Mos t of the Tennant Creek One-mile area is underlain by sediments 

of the Warramunga Group; greywacke, siltstone, and shale, with subordinate 

grit and pebble b~ds . Tbe thicKness ot individual beds averages between 

one and two feet, and r ar ely exceeds 

very common. Slump struotures on a 

15 or ao feet . Gradod bedding is 

small scale 

include mud- pollete, balled structures, and solo 

are very widespread and 

markings . Probably at 

l eas t soma of the pebble beds are the products of slumping on a larger soale • 

All these features can be aocountad for on the assumption that 

most of the sediments were deposi1i ed in moderately deep "later and that 

some of the detrital material was carried into its present position by 

turbidity currents. Soma cross- hedding, notably in the extreme south­

eastern portion of the One-mile area , indioates that the depth of water 

was not too great to show the effects of occasional curr~nt aotion, but 

nearly all previous reports of ripple marks in thoso sediments should be 

dieoounted . With the possible exception of a few exemples in the New Hope 

and Golden Mile areas, these so- called ripple marks are believed to be i n 

part load oasta and sole markings and in part structures r esulting from 

the intersection of budding and cleavage at low angles. 

All the greywackas and somo of the coarsor sandy siltston0s 

have developed joint patterns of two or more sets of joints, generally 

developed symmetrioally to the bedding planes and varying in attitude from 

bed to bad. Tha sbalo and moet of the siltstone, on the other band, have 

developed fracture cleavage, the east-west trend of which 1s almost 

entirely controlled by regional factors and therqfore remains constant 

over large areas • 

Very faw fresh specimana are available f or study and most of 

these oomo from mines, where the rocks ar e l ikely to have been affectGd 

by metamorphio or metasomatic processes caused by the emplacement of iron-

stone bodies and gold and sulphide orebodies. Howev~r, specimens from 

the Eldorado, Skipper, and Golden Forty Mines indicate that quartz end 

fragments of pre-oxisting shale are the dominant constituents of the 

ooarser-grained sediments, while serlciti~ and ohloritic aggregates make It, 
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up tho bulk of tbe f~grained onos. A few grains of sericitized feld-

spar are present, but are difficult.--to . ...id.entify .with oertainty. Most 

of the rocks carry abundant magnetite, commonly as euhedral crystals, 

indicating epigenetic origin or ... recrystalUzetion after tho consolidation 

of the rock. This, however, may be a local effeot closo to orohodies. 

Lithological Features and Sub-divisions 

Attempts to subdivide the Warramunga Group have bean only partly 

successful, owing to the oomplexity of structures and the absenoe of marker 

beds. In the northern portion of tho On6-m!le area, a belt consisting 

dominantly of shale and siltstone oen be distinguished, and traced from 

the north-west corn~r of the area to a point about two miles oast of Mount 

Cleland. Tbe boundary of this belt with the overlying shale-greywack~ 

sequence is rarely a shal~ ond, although it is obvious enough on a 

regional scale. These relations are best exposed in tho aroa near and 

to the south of Mount Cleland, where the b.;:.ds are free from shearing and 

miner folding. In this area , the succession consists of at loast 2500 

feet of interbedded graywacke and shale. Tho greywacke near the base of 

tbo graywacke-shale succession is markedly lenticular. 

The only marker bed which has been traoed for any distance in 

the Warramunga Group is a very distinctivo horizon of thin-bedded hematita­

rioh shale with minutely orenulated bedding-planes (Plate II) and a 

peculiar blocky type of outcrop, which occurs 1n the upper portion of tbe 

graywacke-shale assemblage. It crops out in the Mount Samuel/Eldorado 

srEla, near the Burnt Sh;irt and Lona Star }.fines, between the Mammoth and 

New Moon MinGS, at tbe Golden Mile, and at a number of other localities :in 

the One-mile area. It crops out near tho Northorn Star 14'ina, about 15 

miles north of tho One-mile area. 

The hematite shalG ranges from a few inches to about 20 foet 

thick. About ten chains west of the Eldorado Mine, two bands of hematite 

shalo are present, separated by up to 20 feot of groyw·acke and sbalo. 

To tbe east of the Burnt Shirt, two bads of homatite shale have been 

mapp0d, about 250 feet apart, and at the Golden Mile thera appear to be 

two major and several minor bods. 

In the r~ount Sann.lsl/Eldorado eraa, the hemoli ttl shale has been 

traced with only minor interruptions for a distance of more then three 

miles along the strike. Near the Burnt Shirt it has been traced for at 

least two miles and if its faulted extensions in the Lono Star, Momaahib t 

and ~hurunoth/Naw Moon areas are included, for more than eight miles. 

The correlation of the hematite shale within each of the major 

belts is regarded as being firmly establishod1 but owing to gaps in 

the outorops, the correlation betw~en belts, though it is regarded as 

very probable, cannot be pro~ed beyond all doubt. 

Under the microscope, typical spocimon~ of the hematite shale 

are se.en to consist of alturnating cronulat0d layers of silty shale and 

of black or brown iron oxides, usually l as8 than 2 mrn. thick. ~~'&J... 

(3 
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PL.<\TE. n. 

A. Rising SUn Formation, south of ~ed Terror liino I 
showing typioal rounded hil19. 

Neg . 11./339/23 • 

B. Typical Homatite Shale, v101nit( ot Big Bon lline, showing 

rogo1srity of l ayer ing. Neg. M/339/16 . 
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the thinnest layers show tho moat intense orewlat.ion. Some of the silt 

layers ara graded, baving a bottom zone of angular and sub-angular quartz 

grains, whioh passes up into a zone of minute quartz granules act in a 

matrix of sericite flakes. There 1s a well-marked foliation parallel 

to the axial plane oleavage. The quartz grains are elongated and the 

sericite flakes mostly extinguish parallel to the cleavage. 

Tbe layers of iron oxide are very constant, and even tho thinnest 

of them can generally bo traoed right across tbo thin sBction. Some of 

the thinner onee oonsist of a single lino of minute granules of iron oxide, 

but the tblakar layers gonerally oonsiat of a continuouB band of opaque 

black hematite. Tbe layors may oocur singly or in groups, and do not 

appear to altornate systematically. 

Some sp~clmena also contain small ootahedra of hematite after 

magnetite, which may form up to about 15 percent of the rock by volume. 

The ootahedra range up to 3 mm., in diameter, and many are fraotured~ 

Small quartz aggregates may occupy the pressure shadows adjoining tho 

ootahedra in the plane of the folla~ion. 

In other oocurrences, lenses of magnetite, now largely altered 

to hematite, take thG place of the magnetite octahedra. They are con­

formablo with the bedding, but are quite distinct from the orenulated 

layers. 

shears • 

They may also be broken or deformed by minor thrust faults and 

The oranulated layers ar~ regardod as s~netically preoipitated 

iron ondes, but the magnet! to octahedra and lenses must have been intro­

duced or at least reconstituted aftar tbe consolidation of the rock • 

From a study of the distribution of trace elements (sea section on quartz­

bomatita and quartz-magnatite lodes), they are thought to have originated 

by reoonstitution of syngenetically preoipitated iron oompounds. 

Other isolated thin-banded shales with orenulated bedding plapes 

lack the bigh hematite contents of typical members of this group, although 

they are oomparable in all other respects. Suoh rooks are ~spsoially 
4 

promdn4nt near the eastern extremity of the Burnt Shirt line of outorops, 

and they are tentatively regarded as the leaohed equivalents of the 

hematite shale. 

Tbe sediments in the ~larra.munga Group vary laterally as well 

as vertically. To tbe south-east of the New Hope Mine and to the south 

of tha Colden Mile, about 3000 feet of sandston,3 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 Ono-mile area and shows marked CroS8-

bodding, which is rare elsewhere. 

Sun Formation by Ivanao (1954), but 
It was mapped as part of the Rising 

is undoubtedly psrt of the Warramunga 

Group. It probably underlies the beds of the Colden Mile area whioh 

oonsist of about 1000 foot of interbedded graywaoke and shale, with at 

least two strongly doveloped horizons of hematite shale. 

The massivo sandstone may thus be equivalent to part of the 
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graywaoke-shale aeeemblaga occurring in other parte of the Ono-mila area, 

but was probably depositod in shallower water. 

Bede oontaining pebbles or angular rock fragments have boen 

reoorded at widely separated l ocalities . At 2 ,542,000 north, 187,000 

to 188,000 east, east of the Carolina Mine, on~ such bed with a maximum 

th!Okneaa of some 50 feot has been 

2000 feet. This bod, thickest at 

traced along the strike for more than 

the western end and gradually thinning 

to the eaet, consists largely of boulders and angular fragments , up to 

18 inohos in diameter, in a matrix of sandy siltstone or shale . Most 

of the boulders are similar 1n oo~poBltlon to the typical graywacke, 

siltstone and shalo of tho Warramunga Croup, and ware probably derived 

largely by pena-contemporaneous erosion from lower parts of the Buccession 

and transported by turbidity currents. Some are bent and show signs of 

plastic deformation. There are however, a fow pebbl~s of igneous rocke, 

and a few others which have been cut by quartz veins and. w~ioh Dllst bave 

been derived by normal erosion prooesses from already conspl1dated rooks. 

About half a milo north of Mount Cleland, three shale beds 1n a , 
sucoession of intorbedded shale and greywacko contaift spor~dlc subangular 

to subroundod pebbles up to three inchos in diameter. Si milar beds have 

baen noted near tho Mary Ann and Hidden Mystery Minas, and at 2,545,100 
north, 202,000 east, about one mile north- west of the Mammoth Mine . At , 

this last-ment1oned local ity, Bome of the pebbl es appear t o have been 

derivod from pre-exieting igneous roclon 

At most of these localities, several pebble beds oocur within 

a few hundred fe~t of each other, and all appear to l1e at roughly the 

same stratigraphio horizon . They are thought to have beeq. laid down by 

turbidity currents, like ·the beds at the Caroline Mine, but on a smaller ,. 
scale . The proportion of rock fragments is not generally ~ high enough 

to warrant the use of the t erm slump breccia, and there are some examples 

of rocks intormediato between this type and a normal conglomerate w1th 

well- rounded and well-sorted pebbles . 

At 2,534,500 nor t h, 211, 500 east , f or example, a 50 foot 

sootion of well- bedded siltstone and fine-grained greywacke contains 

sporadic pebbles, up to three inohes in diametor, of slightly indurated 

greywacko and shale. Whero two such pebblos have been brought into 

oontact by tho compaotion of the mat r ix, thoy are f l attened at the 

interface, and wore therefore still plastio at tho time of depositi on. 

A simil ar bed, containing slightly more oocurs at 2, 529 , 500 north, 

210,500 eBst. Tbese occurrences ara therefore still cons i stent with a 

pioture of extensive transport of mat~rial by turbidity currents , the 

original derivation of the material being by slump1ng or by inter­

mittent erosion, a .g . , by s oasonal flood conditions. 

At 2,534,500 north, 224,500 east, and at 2,532,000 north, 

~28tOOO east, in tho vicinity of Rocky Rango, on tho other hand, a 

shale-greywaoko Buccession contains sporadio pebbles which appear 
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to be more normal conglomerates • Although theso occurrences are not 

continuous, they all appear ~o lle ·.wlthin B , restriotod stratigraphic 

section, just bolow the first massive graywacke. 

Rocks excaptionally rioh in chlorito, s~r101tGt and I OSB 

oommonly talc havo boen rooordod from numOroUB localities, including the 

lower levele of the Peko Mine, tbe Skipper, Golden Forty, P1nnaol~s, and 

ShamroCk Minos, and tho contaot zone of the large porphyry masa about 

baIt a mile south of the Pinnacles Mine. Socla of these roCks oontain , 
dlssecdnated euhedral magnetite crystals and many of them show euff101ently 

strong parallelism of the constituent minerals to warrant tho names of 

chlorite saQist, talc sohist, act . All these schiste appear to be derived 

from shale of the normal Warrarnunga type by recrystallization with 

hydrothermal activity aocompanying the emplacement of the porphyries and 

ironstones or the gold and sulpbide orebodiee. 

At Mount Samuel, Eldorado, Noble"s Nob and Red Te:rror and near 

the Gibbett Mine, parte of tho Warramunga Group contain congentrations of 

ovoid bodies (Plata IlIa) \Olbioh were first thought to be of organio 

origin, but are now bolieved to bo sand voloanoes, formed during compac­

tion (Oldorshaw, 1961). The sand volcanoes in the Mount Samuel/Eldorado 

area appear to b~ restrioted to two or possibly three graywacke beds, 

twenty feot stratigraphically b~low the bematite shale, but at Noble's 

Nob and Red Terror the relationship is less olose. At the Gibbet Mine, 

the bed of sand voloanoes is not assooiated with any hematite shale; and , 
many oocurrenoes of homatite shale are not associated with any beds 

containing Band volcanoes. 

Whenever they are formod, the ovoids appoar to li~ on the fine­

grained upper layers of graywacke bods. Tho top surface of each individ­

ual body is dome-shaped and bas an apical dopression whioh ~~ probably 

the outlet of some duct or pipe . The ovoids ara mostly on~- to two inches 

long, but range up to four inches and down to a quarter of in inch. Their 

width is generally about two thirds of their length, but this ratio 

varies considorably, depanding 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 ~hese bodies is generally about 

on~ quartar of their length. 

Thin sections of several bodies havo shown an internal 

stratification parallel to th~ domed upper surface. The central pipe, 

leading t o the apioal depression, is composed of relatively coarse grains, 

and the average size of the particles in the stratified portion of the 

ovoid decreases from the cGntre outwards. The fact th·at the stratifica­

tion appears to continue into the surrounding rock strongly suggests 

an origin similar to that of sand voloanoos, but their distribution in 

a small number of well-defined horizons still roquires explanation. 

The minor structures described as ripple marks by previous 

workers are now thought to be either pone-contemporaneous f aatures, suoh 

as load casts end Bole markings, or the effects of minor disturbance of 

17 
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PLATE III 

A. Sand Voloanoes, 300 yams ~a'~ t h of Red Ned w..ne. 

Neg. M/339/26 . 

B. Pseudo-ripple marks in Warranrunga sodiments, half a. milo 
nortb-east of Red Terror ru±no. 

Neg. M/339/20 . 

Ii 
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the b9dd1ng planes bT movemant on closely spaoed shear and oleavage 

planoa co ... ~.'Ut. tho bOO.d1ng at low angles (Plate lIla and. Fig.2). The 

latter typo of atl'Uot:ul"1O) 1ZUI.7 be comparable t o drag-folding on a small 

scala, exoept that tbe movements are l ocalized on cleavage planes 

instead of being continuously distributed. 

2 Foot 
Fig 2 

, 
I 
I Development of pseudo ripple marks by acute an91e interse~lion of bt<1dl~ ~cle.1vd.ge 

Fig. 2 
Development of peaudo-ripple marks by aoute-angle 
interseotion of bedding and oloayage. 

Struotural Features 

Struoturally, tho \-larramunga sodiments of the Tennant Creak 

One-mile arda are divisible into two main aroas, separatod roughly by 

the line of the ~artz Hlll/Rooq Range fault (Fig.4). Wast of tho 

fault, the dOminant structures in the Warramunga sodiments are folds 

with roughly east-west axes. Dips average about 600 but in plaoes 
o reaoh 90 and may even be overturned. Most of thQ folds are roughly 

symmetrioalJ however, in the l.fount Samuel/EldOrado area a local steep­

ening of dips t o the north has producod a major monoolinal struoture in 

an area of dominantly gentle dips. 

In the Mount Samuel/Eldorado area, pitches are dominantly to 

the east at angles of up to 20°, but in the Peko and Golden Forty areas 

they are predominantly to tbe wost at angles of up to YJo• Other areas 

show vQriations in pitch witb r apid reversals • 

In Boma areas, two periods of deformation ~ indicated by the 

presence of minor folds, pitohing down the dips of the limbs of the 

major folds. Tbase take the form of lbruch-falten1 , associated with 

oblique shears and can ba traoed into clean breaks along the strike of 

the shoars in placos (Fig.3). 

r9 
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Throughout. ;the~ o.rea.., f'olcl1ng. in the incompetent shale tends to , 
be tighter -and more complei than in the graywacke . 

East of tho ~artz Hill/Rocky Range fault zono, folding is 

gonerally more open, and dips are most commonly in tbe range 30° t o 45°. 

Tho regional strike of tbe oleavage throughout the area. 1s about 

80°, with predominantly northerly dips. Local variations of this 

attitudo are not uncommon, but oannot generally be r elated to any changes 

in the st'rike and pi tcb of the beds or of the nearby fold axes. 

"Sruc.hfalten" asso~iated with oblique shear 
in Warramunga sediments 

l53/AI4 / 33 

-OJ"" wph S K S . 1i~ If R.t:t:Vtt'1)I"/9 7:1 

Fig. ~ 

"Bruohfalten" associated with oblique shear in Warra.nB.l:Qg8 
sedimontary rooks. " 

, 
; 

Sbears and f aults are oommon. They range from clean breaks 

to zones of broooiation and mylonitization mora than a hundred feet wide, 

and the r esultant displacement' may bo anything from a fraction of an 

inch to several hundred foet. Many of them have subsequently been 

filled by quartz reefs or quartz-hematite l odes . The shears and fa.ul ts 

can be grouped into ~oll-defined sets , which together make up a romarkably 

symmetrical pattern (Figs 4 and 5) . Prominent quartz-filled shears 

trend north-east and north-west, prominont shears associated with iro~­

stone and occasionally with gold or.d copper orebod.1es trend east-west, 

east-north-eaet and wGs t-north-wsst , and assorted minor Bets of shears 

trend north-north-Gast and north-north-west. 

Tbo most prominent o~ t~ese sete has a north-westerly trend 

and includes the zone of quartz roefs whioh extend intermittently from 

~rtz Hill to RoOky Range, Q distance of about 30 miles . Near tbe 

Memeahib Mine, this zone splits into two main branches, about a mile 

apart, eaoh of whioh is itself a composite structure . A dis tinct en 

echel on arrangement of the individual quartz veins can be recognised 

south of the Renate Mine and in tbe vioinity of the RoCky Range Trig. 
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A strong north-narth-west branch zone can also be traced f or 

abou t five mil os noar Ro~_Range • 

Compl ement ary north-eastorly zones are devel oped a t Quartz 

Hill and north of the Mammot h Mine . In addition, a strong non-outoropp­

ing north- easterly shear zone has been delineated by di amond drilling in 

the Cabbage Gum Basin, about ten miles south of Tennant Croak township' 

tbe trend coi noides with a prominent linear feature on tho air photo­

graphs, and oan be traced for about 10 miles at l eas t as fer as tbe Peke 

Mine., 

Evidenoe of t he movornent on some of those shears i s ,r athe;r 

ccinflicting. Displ acement of the granit e cont act near tho ol d Telegraph 

Stat i on and of the hematito shale marker bed near the Mammoth Mine 

indicates an appar ent throw of about one and a balf miles, east block 

north, f or the main ~artz Hill/RoCkY Range fault zone . However, parts 

of the zone show a l eft-hand echel on patter n, which suggests a movement 

in tho opposite sense , and a branch fault north- east of Rocky Range, 

trending 140° , shows an apparont t hrow of nearly two milos, eas t block 

south, measurod from the displacement of a conglomer at e horizon at the 

base of a successi on of mass ivo greywackes . I Unless repeat ed movement bae 

taken place, those observations could only be r eoonoiled on t he assumption 

that t he movement on these faults was largely verticnl , €les t block down, 

and pr obably amounted to not lass than 5000 foot . 

Although quartz-filled shears ar e very s triking f entures of the 

r egional geol ogy of the Tennant Cr~ek Gold fi ol d, they ar e l ess important 

economically than those shears which; bave l ocalized the emplaoement of 

the ironstone l odes , and the gold and Bulphi de or ebodies. 

The moat widespread set str ikos between 0900 and 1000 and 

aocounts for nearly half t he shears observed in the One-mile ar ea (Fig.5).,-­
although mos t of t hem could only be t raced for short dis t anoes . Shears 

o 0 
tronding 105 t o 110 ar e less numerous, but they include some very l argo 

struotur es, traceabl o f or many milos , notably tho Mary Lane/Mary Ann 

shear-zone with its probable ext ension into the vioinity of Red Bluff 

t o tho west and the Lone Star Mine to the east. In the Mary Lane araa, 

shears of this s ot trend roughly parallel t o the southern margin of t ho 

Station Hill granite compl ex, t o which they may be related (Fig. 6) . 

In the Lone Star/MemSahib/Mammoth ar ea, numerous smal l shears, 

somo of t hem miner alized, al e a tr~nJ at 120° , par allel to the Quartz 

Hill/Rocky Range f aul t-zpne , and t o II lasser extent this trend is also 

r epr esented, in other par ts of the ar oa (Fig. 6) . 

In t -he south-eas t corner of the One- mile ~at two miles south 

of tbe New Hope Mina, a strong fault, striking at 0150, has been traced 

intermittently for mor e than three miles . East- north- easterly shears 

(aver age str ike 060 t o 0700 f orm a subordinate but s ignificant set in 

the Gi~bet/Wheal Dori a , Pinnacles, cnd Golden Forty ereas . In addition, 

some areas show subordinat e sets striking north-north- oast {aver age 020 
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to 0)0°) end ncrth-north-wost (320 t o )40°) , which inolude both quartz­

filled and minoralizod mambors •. 

Ashburton .Sandstone and Hatches Craek Group 

The Asbburton Sandst one cr ops out t o the north of the Termant 

Craek Ono-milo area on the northern margin of tho Tonnant Creek Goldfield, 

and tho Hatohes Creck Group occupies a similar position on the south flank 

of tho fiold. 

Reconnai ssanco trips t o t he area north and north-eas t of the 

Last Hope loune , about 30 miles north-west of Tonnant Creek t ownship, 

t ended to confi rm Ivanao ' s (1 954) Buggestion that tho Warr~nga sediments 

in this area pass oonformably up into the Ashburton Sandstone . Ther e is 

undoubt edly a stea~ incr easo in t ho proportion of sandst one t o shal e as 

this boundary is approached, and the sandstone becomes more silioeous, 

better sorted, and mora strongly cross-bedded, r esembling in thQse r espects 

the rocks in the south-eastern portion of the Tennant Creek Ono-mila area~ 

Nevortholes e. , the shape of the Warramunga/Ashbur t on contact as shown on 

Ivanac 's map BUgg9s t S an unconformity, and the question can only be 

r esolved by detail ed mapping of Doveral miles of this boundary. 

Smith at al. (1961 ) r ecord an &ngUlar unconfor mity between the 

Warramunga and Hat ches Cr~ek Groups . Tho Ash burton Sands t:-ono and 

Hatches Creek Group ar e very simila r lithol ogically end structurally, 

and it is t antatively suggest ed that they 

in part. If this is so , unconformity i s 

of the Aehburton Sandstono. 

RiSing Sun Formation 

mi ght be equival ent, at least 

l ikaly t o be found at t ho basG 

This Formati on cr ops out ovor an ar oa of approximately s ix miles 

by a quarter of a milo, elongated in a general east-south-eas t erly diroo­

tion, to tho south of th~ Noble 's Nob, RiSing Sun, end Red Terror Mines, 

and t here i s a small outlier about one mile north of Roclcy Range. The 

Formation 1s oomposod l ar gel y of congl omerate , quartzite end grit in the 

lower portion, with sandstone, siltstone ~nd mudstone beccming more 

important in t he upper pcrtion. It rests with a strong angular uncon-

fomi ty on aJ) eroded l?urface of porphyry and Hal'ramunga sodi ments. 

StructurallYt the main mass f orma a syncline with its ,axis 

parall~l t o t he l ong di mension of the outorop, but its s outhern margin 

i s s trongly feultod and in places t he entire s outhern limb appears t o 

have been f aulted out. Minor faulting at right angles t o ' the axis is 

common . Dips range from 200 t o 300 
in tho northern limb of the synoline , 

but are less r egul ar in the Bouthern limb, where the beds are locally 

overturned . The ma.xi.nnl.m exposod thick.enss i s about 200 f eet, but the 

original thickness may of course have been vory much graatur than this. 

Tho Formation rosy be divided into throe main porti ons . The 

basal portion consis ts dominantly of conglomerate with associat~d grit 

and sandstone , about 60 fact thick in the east and t hinning to about )0 
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A. RisIng sun l.I'oJ."ll1'l't1on uno:: .":o· ..!',.1:;'1y OVOl:'lying waatbared 
porphyry . Matrix of the ~k·.'~~ t· ,.1 of oonglomorato oonsists 
of re-workod quartz and f~ldo~a£ grains dGrivod from the 
porphyry . Neg . ~!/339/2918 

iI . Typical grani t. tors near S'~ r .~on Hill. 
Nog. M/339/21. 
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f eet two miles WG6~ward. As the unit thins, the proportion of conglom-

orato decreases frOm a.bO\,}-to 10 PQ.Z'""""',1: +'0 ).£\f;A '+.h.-..- ..to p'Oa.'QQnt, and the 

of the boulders also decreases. 

Typical soctioris through the l owes t portion of tlu..> i'r)~+." ",>,\ 

at the two l ocalities are as follows: 

Enatern Locality 

30 I conglomerate with minor 
grit and quartzite. 

4' white oroBs-bedded 
quartz! to. 

20' conglomerate, including 
6 1 bed of grit, 
commencing 2 ' above 
base. 

2' basal grit with scattored 
pebblos. 

porphyry. 

Westorn Locality 

20 ' conglomerate and 
grit. 

l' oross-bedded 
sandstona. 

0 ' - 2' basal grit with 
scattered pebbles. 

porphyry. 

The basal grit contains woll-rounded quartzite pebbles in a 

matrix of Bubangular quartz end feldspar grains with Borne interstitial 

clayey material. This has boon regarded by a number of previous workers 

(e.g., Ivanac, 1954' as evidence of porphyritization of a c0ll81omer ate, 

but careful examiilation disclosed a sharp boundary agains t the under­

lying porph3ry, and tho material, except for the pebblos, is thought to 

be derived ·from the underlying porphyry by a prooess of ru-working with 

a minimum of transport (Plate IVa) . 

Some of the t hicker conglomerate beds have bean traced along 

the strike for several hundred yards, but some beds were seen to lens 

out from a thicknoss of fiVe feet within a distanco of l ess than 50 yards. 

Tho pebbles in the conglomerate range up to about 18 inches 

in diameter, and are largely sandstone and quartz! to, similar to the 

Ashburton end Hatches Creek Formations. Some are fregments of a 

pre-existill8 conglomerate, and one was found to contain angular fragmen~s 

of quartz, jasper, flint, and shale. 

Although conglomerate and gri t a lternate r epeatedly in this 

part of the Forcation, there is no gradation in grain-size, although a 

few large pebbles occur in the grit bads. 

Tho white cross-bedded sandstone band occurring within the 

conglomerate oan bo fcllowed almost continuously to tho westorn limit of 

the exposures .. It i s in places racrystall1zed· to quartzite. Tbegrit 

overlying it is generally poorly cemented and poorly sorted and l enses 

out rapidly al ong the striko • 

Tho grits and conglomerates ara overlain by a series of pre­

dominantly r ed and purplo. coloured siltstone and sandstone, at least 90 

f eet thick. The sandstone is fine to medium-grained, poorly sorted, 

and in part has a fine-grained clay~y matrix. Beds are from two to 

nino i nohes t hick, and commonly show ripplo marks with an ea,st-wes t 

--
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orientation. Interbedded with them is thin-bedded siltstone whioh 

includ~s a smnll proportion ot ·mudstone. The beds are seTerely 

contorted and in plac~s orushed and sheared. At one point, a lam-

propbyre ·dyke, three feet thick, 1s intruded along a bedding plane. 

The upp~rmost division of the Rising Sun Formation consists 

of quartzitB with u maxi~ exposed thiokness of about 50 feet. Except 

for their sil:i.cification, these beds are very similar to the underlying 

thin-bedded sandstone. 

The general indications are therefore that the basal part of 

the formation waS laid down in shallow water and the upper part in 

moderstely deep calm water. The decrease in thickness of the oonglomer-

ate from east to west, together with the deorease in pebble size, 

indicates a source of s~pply 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 \1arrarounga Group. 

However, two small outliers of conglomerate occur on low 

ridges about one mile north-east of Rocky Range Trig. Stution. Tbese 

beda are lithologically 1ndisttnguishable from tho basal beds of the 

Rising Sun Formation at the type locnllty, indicating thnt the Formation 

was originally muoh more widespread. In addition, rocks gomparable to 

parts of the Rising Sun Fonnation 1n lithology aod structul!O have been , 
recorded in the Davenport Ranges, aoma 80 miles south-east 'of the typo 

locality (Smith, 1960), and from an area on the south-west flank of the 

Ashburton Ranges, about 50 miles north-west of the type lo~lity 

(J. Elliston, Peko Mines N.L., personal ccmmunication). 

At all these localities, the Rising Sun Formation rests 

unconformably on oldor sedimontary and igneous rocks, but is itself 

modsrGtelr ·fold~d and faulted. It may be cut by quartz veins, espec­

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

Holen Springs Volcanics and Gum Ridg~ Formation 

The present survey has oonfirmed Ivanao's description (1954, 
pp. 28-32) of the Helon Springs Volcanics and the Gum Ridge Formation. 

The Gum ~dge Formation oonsists of siliceous shale, chert 

and siliceous limeston~, with a basal sequonce of sandstone, grit and 

sedimentary breccia (F~g. 1). The maximum ~xposed thiCkness of the 

whole formation is about 40 feet. The basal members of this formation 

are derived from tho immediately underlying older roCks, so that 

sedimentary breocias containing fragments of greywacke and shale in a 

sandy matrix occur in areas where the for-mation rests directly on 

Warranfutnsa roCks, whereas quartzite and grit ovorlie the Helon Springs 

Vol oani cs. About balf-way up tho 8.equence, a thin-bedded fossiliferous 

siltstone serves as a useful marker horizon and also indicates the 

vartiCk1.1 transition from coarse to fine-grained sediments • 

bocome abundant for the first time within this siltstone. 

Trilobites 
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Chemical deposits are locally important in the upper, fine­

grained sedimentar,y- succession. . The individual beds do not persist 

along the str~Le9 but commonly lens out rapidly. Siliceous lenses 

and nodules 'dthin these beds are especially rich in fossils, mainly 

trilobites and. b.yc.k:l .. tl::dds; brachiopod.q and sponge spicules are also 

locally abu.ndant~ 

W:i tMn the Tennant Creek One-mile area, the Warramunga 

sediments a,;re :Lntruded by a pene-contemporaneous consanguineous series 

of igneous rocks~ rar~ from massive and foliated granites and 

adamellites through granite porphyry and ~uartz-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 ~he surface. 

As the prophyrics appear to be genetically related to the ~ites, and 

were emplaced pene-contemporaneously, it follows that the ~nites were 

also high-level int:rl.l.sions. 

The two largest of these intrusions are the Stat~on Hill/White 

Hill complex in the northern portion of the One-mile area,; and the 

Cabbage Gum complex on the southern edge of the area. 

The possibility that igneous rocks of two ages ~y be included 

in this series has been advanced by some workers, e.g. Owe~ (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 roCks and the Warramunga sediments appears 

to be intrusive (Plate VIlla). 

Station Hil~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 t~~es:- massive porphyritic, foliated, e~uigranular 

coarse-grained, and a.pli teo The complex is cut by ~uartz veins and 

dolerite dykeS and contains numerous small xenoliths and some infaulted 

wedges of sedimen:t3.l:Y material. It is intruded into the shales at the 

base of tho \r,Ta:rrarrru'0"E'e. succession~ 1il1.ioh dip away from it on all sides, 

so that it iJ,j,")pears -i;o OCc.upy the C81i.-i;·.c'al portion of a lal'ge dome-like 

structure.. However, although its o".l"tline is roughly concordant to the 

invaded sedL~ents, it commonly transgresses the bedding on a small 

scale. One sample of granite (E53/14/1) has been dated by the K/Ar 
method as 1630 million years old (Walpole & Smith, 1961). 
Massive Perphyri tic Granite. The most abundant roCk type wi thin this 

co~plex is a massive porphyritic granite, generally red, which forms 

about 60 percent of the outcrops in the Station Hill area (Plate IVb) 

and almost all in the White Hill area. 



PLAT'tJ V. 

A. Foliated porphyritic Gra:"1 l .+'e , I- r."_mary foliation. shown by 
vertical elongation of mL ,I~· .. S ~ Sho8r foliation, markGd 
by biotite schlier an dips c':' e,pl ," to the right. 

Neg .fli! 539/26 . 

E. Eaveno habit mi croeline cLyeto- ;_3 weath~red out of foliat ed 
porphyri tic grani t o Quar-c z ' .. .. .. ~ aroa ~ 

Neg. I,l; .339/2919 
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The rook consists of rounded to irregularly shaped phenoor,sts 

of rad miorool1ne mioroperthite 5 to 10 IJUJ. acress, GUhedral t o Bubhodral 

greyish-white oligoclase 2 to 3 rom. across, grains of clear glassy quartz, 

and flakes of dark green or black biotite. The granite 1s markedl y 

oonstant in appearancQ over wido areaB, though 1 t beoomes finor-grained 

to tho weat of Station Hill. It contains v~ry few inclusions or xenoliths, 

but the ohilled marginal part s oontain a few druey oavities and pegmat­

itic B~gragatlons . 

Under tho micl'OacopG, only the oligoclaso is eeen to be auhedral. 

The miorooline and quartz crystals are lrro~lar in shape and many are 

ooarsely and irregularly intorgrown, though not on the scale or style of 

graphio intorgrowths . The size 

uniform over tbe whol e extent of 

of the plagioolase orystals 1s remo.rkably 

the granite, but in the chilled marginal 

ports the quartz and miorocline crystal s are muoh smaller than in the 

rast of the gram te o 

Most of the miorool1ne (2V"'90
o) shows characteristic cross­

hatching. Film microperth~te texture is well developed, but in Barno 

orystals tho exsolvad albito filmB, instead of being parallel, are BO 

irrogular aB to resemble agraphia intorgrowth. All the microcline 

crystals have very i rregular shapes , even the phenocrysts . Soma pheno­

orysts show carls'bad twinning, and, unlike tho othors, aro free of 

inolueions of quartz and sericitizod oligoclase. Most of the untwlnned 

mioroolinG crystals contain irregularly shapod i nolusions of quertz, many 

of whioh Bra in optical continuity with each other and show unduloBo 

extinction. There aro also inclusions of serioi tizod oligoolaso, some 

of whioh are also in optical continuity with each other. The margins 

of the micro cline crystals are v~ry irregular, especially against quartz. 

Sarno oontiguous mioroolina crystals ere soparated by zonee of clear 

albito, soma by zonGS of granular albite . Others are separated by cloer 

quartz or by quartz granules. Onu microclino crysta l is rimmod against 

contiguous oligoolase by a thin irregulur band of fresh mioroolino in 

optioal oontinuity' with tha original crystal. 

Quartz oocurs ss irregularly shapod poikilitic crystals of 

varying sizG, whioh oontain inolusions of mioroclin~ and plagiocl aso . 

Strain shadows are wall d~veloped and the inclusions appear t o be tho looi 

f or many of them. A f ow crystals are granulated along their margine . 

Soma of tho quartz orystals appear to have euhodral orystal faoes agai nst 
mlorocline. 

Oligoclaso occurs as ouhodral sericite-oovered crystals, aome 

of which show albite twin lamellae and oxtinotion angles of 50 to '00• 

None of the orystals arG zon~d. The sericite flakes and epidote granules 

appoar t o be arranged in a r<lotangular p.:"\t ·~orn, probably because 

ssussuritization is oontrolled by the oleavage. 

The major mafio minoral was bi otite, but most of it has been 

oonvorted to penninito. The original 

staining and trails of minute grenules 
biotite oleavage is marked by iron 

of hematite . Colourless and pale 
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grQen epidote and patchos of black 

and around the flakee of biotite. 

iron oxide oocur along the 

Minute needlus of apatito 

grains of ziroon are soattered through the rock • 

oleavages 

&nd roWldod 

The porphyritic granit e in the o~ntral part of the Station Hill 

outorop area, just t o tho east of StEo.tion Hill, is ooarSer-grained thWl 

the rest of the granito and is stro~y foliated (Plate Va). 

Most of tho minerals form large crystals. <Oligoolase, showill8 

extinction anglas of 10° t o 120 occurs as euhedral crystals 3 to 5 mm. 

across, quartz forms ovoid blebs up to 10 mm. long, and microoline ooours 

as rounded phenocrysts from 15 to 30 DIm. aoross. As ·tbe foliation 
. 

increases , the parthito phenocrysts are more distinct and rounded: In 

some parts, the miorocline phenoorysts have been woath~red out of the 

granite and oe.n be seen t o oonsist of euhsdral Baveno crystals 20 to .30 

mm. long with slightly r~~dod corners (Plato V). Soma of the microcline 

phenocrysts are mantled with oligoclaso, giving e rapakivi texture. 

Around soma microcline crystals the oligoclase mantla is a continuous 

zone, arouni others it is a zona of minute euhedral crystals of 

serioitized oligoclase. 

The most striking feature of this granite is the intense 

foliation. A primary foliation (probably a flow foliation) strikos 

0700 to e800 end is generaly VGrtical or stoaply dipping. The quartz 

crystals have bean gra.i1ulated and stroaked out into ovoid blebs and trails 

ot granules~ the biotit QS are bent and streaked out into long trails, 

and some of the albite lamellce in the saussuritized oligoolase are bent. 

Ho ..... aver, in opits of this well-marked foliation, there i s no segregation 

into mefio and leuoocrntio l ayors. This primary foliction is intersooted 

by thin, straight biotite schlieren, also striking 0100 t o 080°, but 

dipping et slightly differont angl os . This is probably a l ater shear 

tolia.t1on . 

Tho foliated granite contains numerous mafio xonoliths. Somo 

parts are eo oontaminated as to contain up t o 30 percont of xenoliths. 

Most of the xonoliths are dine-shaped and oriented parallel t o tbe 

foliation. They range in sizs from a few i nches to two or three fuat 

long, and they vary from highly feldspathieed 'ghost xenoliths' to disos 

of fine-grained biotite schist. 

Frssh muscovite flakes and disc-shapod rosettes of radiating 

aoicular dark groan tourmaline crystals up to 5 em. long occur in the 

foliation planes and in tension cracks of this granite. This suggaats 

that the f oliation antodates tho l ata-stage hydrothermal r oactions in 

the gran! te • 

The foliated granito, uncharacteristicnlly, oocurs in tho 

centre of the oomplex: in most granite oomploxes, the foliation and 

contamination inorease towards the margin of the mass. Tbe foliatod 

granite differs considerably from the non-foliated gmnite in grain-size, 

appearance, and content of xenoliths, but no intrusive contaots wore 

found botween tho two granites. Instead, tho massive porphyritio granite 
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was found t o bo weakly fo11&tod in places, and in a few localities was 

seen t o grade into the f oliated porphyritic granite. Generally, however, 

most of tho contact or t r ansition zone is covered by e01l or rubble. 

The foliation appears t o be independent of tho shape of the foliated 

porph,YTitio granite mass and of the whole granite complex, and i 8 sub­

perallel to the regional cleavage. 

Foliated Porphyritio Granite (Socond Phase). The central part of tho 

fol~ated po+phyritl0 granite wae inva~ed by two ma$6es of foliated gTanite . 

One of these ocours as a small north-westerly-tronding pod of fino-grained 

granite at 2, 550,800 north, 190 ,500 east, and 1s distinguished by the 

presence of ovoid quartz crystals whoso long axes plunge steeply south­

wards. The other, at 2,550,200 north, 189,)00 eas t , has a chilled 

marginal zone 30 yards wide and a sharp planar oont act dipping 30° 
o towards 190 against t ho surrounding earlier foliated Porphyritio Granite. 

However, tho ccntact could not be traced mor e than 200 yards and the full 

extont of tho intrusion could not be detormined. The f oliotion of both 

·granites is parallel and independent of the oontaot between them, ~uggast­

ing that the second phase intruded tho first phase before the granites 

ware f oliated. 

Coarse-grained Granite. Tho central part of t he Station Hill outcrop 

area contains ~evoral small int rusions of a coarse-grained inequigranul ar 

granite. 

This oontains crystals of nlioroolino from 1 to 4 nun. aoross, 

and a few phonoorysts up t o 10 mm. Subhedral t o euhedral oligoolase 

orystals (oxtinction angles 5° to 10° ) range from 2 t o 3 rom . aor oss . 

The mafic minerals are aggr0~ted into clots and consiat Qainly of fresh 
~ . . ~ . 

biotite with SODO magneti te and apatite. Quartz-~aroc11ne graphic 
. - ' . 

intergrowths occur, and are commonly r adially disposed arcund small 

kernels of miarceline. Other moroeline crystal s appear to be inter­

stital bet ween euhodral quartz grains. 

This coarse- grained granite usually has sharp, slightly chilled 

smooth contacts against tho adjoining earlier phases of the granite 

complex, commonly the f oliated granit e . 

FinO-grained Granito. The fine-grained granite is the youngest member 

of the Station Hill/White Hill i gneous complex. It crops out over an 

area of about t wo square mi l es a long t ho south-western margin of the 

Station Hill outcrop ar ea, and over smaller a r eas al ong the north­

western margin. Smaller pods, dykas , and. veins of t his granite intrude 

all the· earlier members of the complex. Cont act s ar a sharp and well-

marked. Tho south- west ern m~ss contains inolusions of tbe adjoining 

porphyritic granito. 

Typicc.lly, this fino-grained granite is an inoquigrenular rock: 

with an avorage grain s izo of 0.5 to 2 mm . None of tho minerals are 

euhodral, and quartz-micro cline intergrowt hs are 90mmon. 

The Station Hill and the t-lhite Hill aroas contain voins of this 

Sf 
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fina-grained granite. Where the veins crose non-foliated granito, they 

are not foliated themselves , but thay are foliated whore they cross 

foliated granite and they contain diec-shaped aggregat es of radiating 

t ourmaline needles • 

Xenolith!!_ In places the foliat ed porphyritio granite contains up to 

30 percent of its volumo of fine-grainod mafio xenoliths, streaked out 

parallol to the primary foliation. Those xenoliths rango from discs 

of fine-grained biotite schist to 'ghost xenoliths' crowdod with feldspar 

and quartz porphyroblasts (Plate VIa). 

Under the microsoopo, tho mafic xenoliths are Boon to consist 

of a mosaia of minute interlocking granulos of quartz, mioroollno, and 

alblte-ol1gocle.se, end flakes of sericite , t ogether with oriantod stroaks 

or sohlieren of small fresh parallel flakes of biotite and some musoovite. 

Accessory Iilo.gnati to, zirooJ;l, and spat! tG arGo common. 

Tho quartz, micro cline , and plagioclase also form poikilo~laBtio 

phenoorysts up t o 10 rom. across. They have vary irregular margins, 

enolos ing numerous granul os of the mosaic. One large microcline aggregate 

consisting of minute interl ocking irragularly shaped crystals of microcline, 

was seon. 

The fino-grained mafic xenoliths do not resemble nny of the 

country rock exposod round the granites. Probably th~ xenoliths were 

incorporated into t ho granites at considor able dopth, whero the high 

tempG~tu~o, content of volatiles, and l ong poriod of alteration a llowed 

the development of t he l arge foldspar porphyroblasts. None of tbe exposed 

contact rocks show such Gxt ensive alter ation"and feldspathization. 

The f ollnt ed porphyritic granite in tho centra of tbe complex 

is the richost in xencliths, whoreas t he marginel granite oontains very 

faw xenoliths, evon of tho contiguous metasediments. Some of the aren-

ncsous xenoliths in tho porphyritio granite show intense contortion 

(Plato Vlb), which may bo a r esult of mobilization. 

Contact Metamorphism. The sediments 1n contact with the Station Hill/ 

White Hill grani t e oomplox aro only lightly m~tamorphosQd . The contacts 

aro mainly oonoordant and tho metasediments dip radially off the granite. 

Tho sodiments are mostly fine-grained siltstone and altornations of 

siltstone and Shale. 

In SDma placGs, the contact r ocks contain thin quartz - tourmaline 

VGinB and quartz-feldspar-tourmaline veins, but gener ally now minerals 

are not d~veloped, and the rooks aro merely hardened oither by baking or 

by silioification. 

Under tho microscope, mos t of the siltstone is saen t o have been 

re-crystallizod into mosaics of int~rloCking minute gre1ns of que~tz with 

varying amounts of sericito scatter ed through tho r ock . Thor e is usually 

a reletiv~ly bigh proportion (about 5%) of minute ootahodra of magnetite. 

Small fresh poikiloblastic orystals of biotite and small r oundod grains 

of graon tourmaline are also soattorod through the rocks. A siltstone 



PLATE VI. 

A. Mafic xenolith i n foliat e3. ~ r \'p'~yrit:t c granite ? showing 
development of poik:Llc"b1 a st r. c. f Ql I ':Ira.rs. 

1i. r -,. 3.1 .!J'J 

:13. Contortod arenaceous xonol Lth 'in jJo:cvhyritic granite. 
White Hill aroa. 

Neg. M/339/30. 
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PLATE VII 

A. Chovron struotures in Warramunga sodimonts at nortb-;J8.at 
margin of station Hill granito oompl~x. 

Nag. 11/339/2912 

:e . Jubiloo Porphyry, showing bavono habit microelino orystals . 
'9 ;f .... ,.:'a~·/1~. 

Nog.u/339/J 1 • 
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near the lfui to Hill gre.ni to oontact contains irregular veins of f1ne­

grained kaolinito and ovoid Doda composed "of minute grains of green 

t ourmaline • 

The sericitio siltstono o.nd ahale contain minuto .i .r.r~e.r 

quartz grains BOll.ttered through a matr1x of orient ed fresh eerlcitl;l :fl!".kr.on • 

Th~se sarioitio r ocks contain lass magnetite, biotite, and tourmaline 

than the quartzose r ocks . 

The hardening and r eorystallization of the oontact rocks may 

be duo to mobilization and reorystallization of quartz by the heat of the 

nearby granito. On tho other hand, the prusence of scattered tourmaline 

shows that bor on-rich emanations from the grani to were permeating the 

introduced silica. Tho oontact rocks and these could alBa bave rocks, 

at tho eastern and western axtremities of the granite aleo contain 

limonite-filled casts of pyrite oubes. 

A fow of the contact roCks are veinod. The most common veins 

consist of quartz and contain tourmaline crystals growing normal t o the 

voin walls. Tbose veins have boen found in sediments up to three miles 

from the noareat granite outcrope . Quartz-feldspar-tourmaline veins 

a leo occur in the oontact r ocke . Somo of the sericitio r ocks appoar to 

have been invadod along irregular fractures by volatiles whioh altered 

the sericite to kaolinite, thus forming 'voins l of kaclinite. These 

veins consist of large flakes of kaolinite and sarno illite Bet in a 

siliceous matrix. Some veins have ferruginous bordors. 

Some of the voining is irregul nr , but most of it f ollows the 

stG~ply dipping east-wast r egional cl eavage, whioh appears to be independ­

ant of the shape of tho gran! te and the changing tr(mds of tho contact 

metasodimonts • 

Struotural Relationships. Tho granite appears t o have pushed the 

surrounding mataaodimants aside, for the metasodiments t o the west of 

Station Hill appear t o diverge north-enstuards and south-eastwards around 

t he granite, and dip off it. Howevor, noither the western extremity of 

the granite nor the actual divorgence of the metasediments is exposed. 

The oontact rocks ar a wel l oxposed along the north-west margin, 

whore they contain numorous drag foles overturned to the north-east, which 

plunge down the regional dip of the bede. Chevron struotures about 

fraotures striking 0300 to 0400 
wore also notad (Plate VII). Drag-folds 

and ohevron struotures were also found along tho south-west margin, but 

tho strata al ong the south-eastern margin dip gently off the granite at 

angles of 300 t o 600
• 

Although the granite appears t o hevo pushed the sediments aside, 

tho cloavage of tho oontact rocks trends 0700 t o 090o,parallol to tho 

re5~onal cleavage. This cleavago appears to antodate tho emplacemont 

of the last pheso of tho granito, as nuc&rous voins of quartz and aplite, 

nne. a few Bavono porphyry dykos, be-vG boen inj.octod along tho oleavage 

pIanos. It is thorGforo suggestod that the cloavase of the sediments 

and tho foli~tian of the granite were developed contemporaneously curing 
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tho ' final stagos of consolidation of the granit@~ 

Cabbage Gum Complex 

The Cabbage Cum Complax, apart from a few small outcrops of 

porphyritic adamel11tQ~ 18 known only from diamond drill 1ntorooot~~~. 

However, in addit i on t o the porphyr1tic adamoll~t. A • . ~n au~n gnA~$e ~nd 

a modium-grained gneissic granite have been r ecognised as major phases, 

and quartz- feldspar porphyry, aplite, and dol erite as minor ones. The 

oomplex also contains several major inolusions of Warramunga sediments and 

is cut by quartz v~i~ and by a major north-oasterly shoar zone, as 

desoribed in a previous section. 

The porpbyritic adamellite corrosponds closoly t o the folistod 

porphyritio granite (firs t phase) of the Station Hill area in mineral 

composition and in tho distinctive appearance of the microcline phenocrysts. 

However, no equivalents t o the augen gnGiss or the gneissic 

baen noted elsewhere in the One-milo area . Because of the 

granito havo 

lack of out-

crops, tho age rolo.tionships of the three major pbasGS could not be 

determined. The aplite can be seen in some of the drill cores to be 

small irregular intrusions into the granitic phases, and the dolerite is 

thougbt to occur as dykes the granitic members of the complex. 

Other Granitic Rocks 

A small isolated mass of porphyritic granite crops out about 

one mile north-east of the Now Hope ~une, end some other oocurrances of 

both porphyritic and fine-grained granite are associatod with the quartz­

feldspar porphyry outcrops between two and three miles eas t of this mine. 

Their r el at i ons t o tho porphyry could not be determined, hOllo'ovor. 

In addition, a l ar ge granodiorite mass occurs some t en miles 

south-south- cast of Noble's Nob, outside the limite of the Tennant Cr~ak 

One-mile area, but this was not inveatig~ted in detail during tho present 

survey. 

Porphyries and Ignipbri toe ' 

By contrast with the granites, the porphyries generally oc~py 

smaller areas with a maximum extent of about three by one miles, tho 

bost examplos being ncrth of the Curlew Mine, at tho Jubilee Mine, in the 

vicinity of the Aerodrome, south of the Red Terror Mine, to the eest and 

south-oast of Peko, and in the NGW Hope area. 

Some of tbo smaller masses of porphyry are very strongly sheared, 

and in hand-sp~ci~en ere not al ways distinguishable from tho gr~ts of the 

WarrBllJU.ll&l. Group _ In the fiold, however, they can genorally be i dent­

ified by their uniform appearance over much greater widths than any 

at tained by bods of t he rlarraJllUllBa Group and by their trDJlSgrBssive contaots. 

Neerly al l these bedies are elongat ed oast- west, parallel to the 

c.ominnnt strike of the Harra.munga sGdiments , and the direction of shearing 

is generally a l so parallel to this diroction. The transgressive relation­

ships of these bodies are usually ~ost obvious at the east and west tips, 

whore the sediments have been forced apart and shattered. 

31 
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In somo of " the larger massos only the margins have beon 

sheared. leaving a relativaly fresh core of bluish-gray or groenish-grey 

rock studded with glassy quartz and white or flosh-coloured feldspar • 

Tho sheared phases are generally more strongly weathered and are redd1sb­

brown 1n colour. 

The Baveno Porphyries. Because of their content of Bavono-habit 

microclino phenocrysts, several of tho porphyrios in the One-mile area, 

notably tbose from the areas north of the Curlew Mine and west of the 

Jubilee Mine, are thought to be closely related to tho porpbyritic phnsoB 

of tho Station Hill granite complex. Those have been called tho Baveno 

porphyries. Tho porphyry occurrences in the New Hope area also include 

somo rocks of this type, but fine-grained and shoared phases prodonunata. 

At the Jubil0e Mine, these porphyries form two concordant 

ovoid intrusive bodies, about two "by one miles in area, in tho cores of 

domal structuros in the ifarramunga metasediments . At the porphyry 

contacts, the metasedimonts have bean silicified and in part replaced by 

iron oxides, resulting in the developm~t of prominent quartz-hematite 

reefs, from 10 to 30 feet thick, within the oontaot aureola. 

A number of petrologically similar porpbyries crop out in the 

aroa between tho south~rn margin of the Station Hill granite area and the 

Mar,y Lane end Hidden Mystery Mines. These porphyries are mostly in the 

form of dykes 10 to 40 feet thick, which ooincide in strike with the 

trend of the surrounding metasedimonts and also with tho outline of the 

granite complex. They may thus be part of an incompletely developed 

systec of ring dykes • They are generally sub-vertical, and oommonly 

lens out rapidly along tho strike. In places, the planes of weakness 

originally invaded by the dykes were subsequently invaded by quartz veins 

which attain thicknesses of up to 20 fe~t where the dykes lens out. 

However, not all tho dykes of this area conform to this pattern. 

Thus at 2,549,300 north, 186,000 east, ono well exposed dyke has been 

traood for n0arly two miles in an easterly direction, parallel t~ the 

cleavage of the metasediments rather then their bedding, nnd the eastern 

portion outs across the contact of the Station Hill granite oomplex and 

passes almost through the contre of a body of fine-grained granite. 

All the Baveno porphyries are distinotive porphyritio fine­

grained rocks oontaining large bavano orystnls of microoline 10 to 20 mm. 
long, ovoid oorroded quartz crystals 10 to 20 mm. long, and Bubhadral 

crystals of plagioclase (Plate Vllb) • 

Tho phenocr,ysts of microoline are all euhedral bavano orystals 
with slightly rounded corners. They contain a fow inclusions of quartz 

and plagioolaso, and in some of tho dykes the miorocline is heavily 

saussuritized. The microolino orystals in the Bav0no porphyry near the 

JUbilee Mino oontain irrogularly shaped gas oaveties that heve been 

subsequently filled with dark green chlorite. There is not much 

perthi te texture. 
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The quartz phenocrysts oonsist of l ar go , single, slightly 

strained crystals which hav~ bean rounded and d~cply embayod by magmatio 

corrosion. The quartz phenoorysts are more numerous olose t o tho margins 

of the intrusions, whore they consist mainly of small slightl y corrod~d 

ouhedral bipyrWllids . 

The plagioclase occurs as irregularly shaped crystals and 

aggrogatos of small crystals. Most of thoso are aauseuritiz~d, so that 

albite-twl~ng _extlnction angles are difficult t o m~asuro, but the 

oomposition appoars to bo albite ,_o11goclase . 

There is littlo mafic material, except for a few biotito flakes, 

magnetite granules, and rounded ziroons. Thero is a marked increase in 

the amount of magnetite in the marginal parts of the Jubilee porpbyry. 

The groundmaas is vary fina-grained and consists of minute 

granules of quertz and microcline, flakes of sericite, and minute granules 

of whet appear t o b-o r adi ally intergrown quartz (? crystobalito) and 

microeline. The groundmass is markedly finer grained near tbo mnrgins 

of some of ~he phenocrysts. 

Quartz-Feldspar Porphyrios . The great majority of the porphyries in the 

Tennant Creek Ono-mile area are here grouped together as quartz-feldspar 

porphyries, although det ailed petrologioal examination might enable 

furthor subdivis i ons t o ba made. 

Thoso rocks f orm dyKes, small plugs, and l ar ge lenticular 

intrusions, up t o threo milG6 l ong, intrudod into thG Warramunga shale 

and groywacka (Plate VIlla) . Tho intrus i ons differ in their resistance 

t o erasion according to th~ir size and degree of shearing, and many of tho 

dykes hav~ b~on reduood t o aggregates of quartz grains in an almost 

structuroloss r ad olayoy matrix. 

Tho oontact met amorphic effocts of these intrusions are generally 

slight, and even the l arger bodi~s are surroundod by zoncs of silioifica­

tion only about 50 yards wide. In some ar eas , notably along the southern 

margine of soma of the larger intrusions, such as the Aerodrome porphyry, 

prominent jasper roefs hav~ been formed by t ho introduction of silica 

and iron oxides into favourable beds . Xenoliths are very abundant in 

north, - 206 , 000 east. 8om~ of those porphyry bodies, e . g., at 

Most of -them ara sharply defined angular 

and shal o and ara little alter ed . 

2,535,000 
fragments of Warramunga greywacke 

Meat of the quartz-feldspar porphyries consist of irregularly 

shaped corroded phenocrysts of quartz , microcline, and euhedral plagioclase, 

set in e fine-grained matrix which r anges frvm dark grey to r od, depend-

ing on the degree of wea thering (Plete Vlllb) . 

~artz forms the most common phenocrysts and occurs as l arge, 

irregularly shapod, Goeply embayod and corrodod singlo crystals up to 

5 rom. in diameter. Ne:.r the ,mar gins of the porphyry intrusions , however, 

corroded auhedral bipyramids vf quartz (after beta quartz) are more common . 

<f( 
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The microclinG phenoorysts consist of irregulerly shaped deeply 

corrodad orystals of fresb, cross-qatohed mioroolina, (2 V ; 90°), up to 

5 rom. in diametor . Little porthite was found. The microollne contains 

inolusions of qunrtz, plagioclasa, end many chlorite-filled gas or fluid 

cavities. The marginal parts of some porphyries contain o~ear sanidine 

(2 V = 15° t o 30°), crowdod with minute rod-like orient ated opaque 

inclusions • 

The plagiocl ase occurs as eubadral sericita-covered phenocrysts 

from 1 t o 3 rom. across . A fow fresh plagiocl ase crystals with well 

developed albite twinning appear to be albite-oligoolase, baving extinction 
o 0 angles of 12 to 15 and a refraotivo index below t~t of canada balsam. 

Thoro is not much mafic mat~rial - a few magnetite octahedra 

scattered through the matrix, a little chloritized biotite, and some 

apatite and zircon. 

The mat rix. is very fino-grained and oonsists of minute inter­

grown granules of quartz and microcline , and flakes of sericite end 

oblorite. Ms..ny of the granules oonsist of r adiating intergrowths of 

quartz and mioroolina . In plaoes there is a well-marked flow foliation. 

A fow speoimens from the central, unsheered portion of the 

Aorodrome porphyry were found to oont ain specks of disseminated sulphides 

(cbal copyrite and pyrite), and at several othor l ocalities , notably about 

throe quarters of a mila south of t be Pinnaoles ~line and t o the east of the 

New Hope Mine, the weath6red porphyries oontain oavities partly filled 

by limonite (Plate VIllb ) , whioh may be , at l east in part, residual after 

the leaching of sulphido minerals . On tho other hand, they may be formed 

by the l eaching out of weathered feldspars. The possible s ignifioance 

of this will bo moro fully discussed in a lator section. 

Somo of tho porphyri es oontain minor am~ts of t ourmaline, and 

·in ono of th~, about two miles cast of the Rocky Range Trigonometric 

Station, tho original feldspar is almost complately t ourmalinized, leaving 

the original quartz as t ho only r emaining primary miner al. However, 

as this ·porpbyry is situated almos t at tbe junction of two major quartz­

filled shear 2OnoB, tho alteration may be rolated t o the ~eriod of 

minercllization rosponsible for the emplaccQsnt of these reefs rather than 

to tbat of tbe porphyry itself . 

An unusual variant of the porpbyries occurs in the vioini ty of 

tho Black Angel Mins, some 25 miles north- west of Tennant Creek township. 

Hare, several bands of porphyry, up to 3000 feet l ong and 100 feet wide, 

tr~nd roughly north-wes t, parallel to the locall y dominant trend of the 

Warramunga sedimonts. These porphyry bands are characterized by tho 

presence of exceptionally l argo rounded quartz phenocrysts, and were 

mappod as oonglomeratas by Ivanao (1954, p.23), although their true nature 

bad been r eoognized by Owen (1942) . 

The quartz phenocrysts in these rocks range from 2 rom. to 2 em . 

across and er e doeply ombayed end corroded ovoid cr ystals. The smallor 
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A. Part of Town Hill Por phyry oontaot showing xanoli ths 
and marginal thrusts . Nog.tV339!5 . 

B. Photomiorograph of Quartz-foldspar-porpbyry . 
Q - quartz (noto oorrosion). 
M - mioroolino. 
A - altorod plagioclaso. 

Nog.U/339/1584 . 
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pbenoorysts aro mostly ccr~ded bi pyramids, but some of the l arger 

phenocr ysts bave several crystal faces and probably were mor e complex 

oryst als. These phenocrysts ar e set in a fine-grained matrix of quartz, 

sericite , and magnetite . Unusual features are the high pr cportion of 

quartz and magnetit e , t he almos t compl et e absence of felds~ar, and the 

linear orient ati on of t he quartz ovoids. 

A few lrro~larly shaped f elted maSSes of small soricite flakes 

f ound in the thin sections ar~ probabl y alter ed feldspar crys t als. 

The matrix consi sts of minute irregul arly shaped lntergrown 

cryst als of quartz, flakes of ssricito, · and granules of magnetit e. In 

parts th~ matrix has been rocryst3111zed into a mosaia of poikiloblastic 

quartz with sericite and magn~tite inclusions. The magn~tite content 

of t he matrix varies, and in pl aces the magnetite has aggregated t o f orm 

orientated mafic cl ots consi sti ng of up t o 60 percent of magnetito. A 
few oriented ovoid xenoliths of fino-grained quartzit e, consisting mainly 

of poikilobl astic quartz crystals, a lso occur. 

It i s tentatively suggested that the l enticular outcr ops , the 

orientation of the quartz phenocrysts, and their intense corr osi on 

(suggestive of high cont~nt of vol atiles in tha magma), can mos t r eadily 

be account ed for on tho assumption that the porphyry is some form of 

volcanic vent filling. 

I gni mbrites . 

Creek ar ea . 

Two outcr ops of ignimbrite have been found in t he Tennant 

One i s a thin lans al ong the south- eastern margin of the 

airport porphyry; the ot her is a north-westerly lenticul ar mass, nearly 

two mil es long, near the Bernborough Mino • 

Tho airport ignimbrite consi sts ossentiall y of irregularly 

shaped fragments of quartz, sanldino, and soricitizad pl agiocl ase of 

various sizes up t o 1 rom. The fragments are of euhedral cr ystal s, of 

corroded crystals, and triangular fragroents or shards , with concave 

faces, of quartz and saDidino . 

The groundmass forms approximntely 20 percent of t he rock and 

consis t s of a very fine- grainad mosai c of quartz and suricite . 

The eanidine of the fragments is i dent ical with t hat in the 

adjacent Airport porphyry and contains t ho charaot eris tic' oriented 

opaque rod-like inclusions . Thin sections taken across the por phyry/ 

ignimbrito contact show it tc be marked by a 1 rnm . band of mirruta 

magnetite grai~~ , and both the marginal portion of the porphyry and the 

ignimbrite ar e crowded with lar~r magnetite grains up t o 0.25 rom . in 

diamet er. 

Tho i gnimbrite is pr obabl y a remnant of a volcaniC pi pe filling. 

The s imilarity of t he sani dinos in appearance, composi t i on and inclusions 

suggests t hat tho ignimbrite was deriv~d f rom the conti guous porpbyry 

whi ch followed it intc the 

the original pipe-filling. 

cont act was no t f ounG . 

pi pe and Sisplaced t he greater portion of 

Unfcr tunE:.t el y, the ignim:br1te/~larrMlUllga 

The i gnimbrite near tbe Bornborough Mine, about six miles north 

" 
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of the Tennant Creak Ono-mile area, consists of various sbaped fragments .. . 
of euhedral and corroded crystal s of q~artz and microcline, Bot in a 

matrix of minute granular.quartz and devitr.ified brown-stained shards of 

volcanic glass . This matrix comprises about 40 peroent of the rock by 

volume. Tno shards of volcanic 

being orient ed identify the r oCk 

glass are the most significant 

positively as an ignimbrite. 

component and, 

Man;- of 
the shards have charaoteristic conchoidal f aces and some have a marginal 

zone of inward growing acicular '.- 'cl'&""':tiqs. 

No plagiocl aso was found in tho rock and very little mafic 

material, exoept for a few ohloritizod biotite flakes an~ a few grains 

of magnetite. 

The shards oommonly show a well marked parallel orientati on and 

are deflected around tho l arger fragments ~nclos ed in the matrix - a 

eutaxitic texture. 

The outcrop was not examined in 20tail, but the published map, 

(Ivanac, 1954) suggasts that the mass is a large pipe-filling ~ther than 

a flow. However, it 1s not certain wheiher the whol e mass is ona 

homogeneous body, or whether some later intrusions of prophyry are 

inoluded in it. 

Oth~r Igneous Rocks peBsibly r el at ed to t~~ granites and porphyries. 

A numbGr of igneous r ocks of uncertain affinities a re known from 

the vicinity of the Last Hope Mina , about )0 miles north-wast of Tennent 

Croek. At tho min. itself, Ivanac (1954, p.143) records l avas or tuff. 
within the transition zone from the Warramunga beds t o the Ashburton 

Sandstone. Some three miles asst of this mine, several be dies of igneous 

rock oocupy ar3es of up t o half a mile by n quarter of a mil e , but are so 

deeply weat her ed and iron-stained that their oharaoteristics and relation-

ship with., 'the surroundine; sadiments could not bt) est ablished. Residual 

mineral grains and textures suggest thc.t thoy may hc.ve been medium-grainod 

acid or intermediate rOcks t possibly ralnted to tho porphyries . 

Similar rocks elso occur within the Ashburton Sandstone, about 

)0 milos ~orth of Tennant Creok t~~nship. 

Diorites, Dol erites and Altured Basic Rocks 

A~ 2,546 ,200 north, 186,000 eant~ in the Mary Lane area, an 

el ongated maBS of sQussuritizod and uralitized hornblende di orite intrudes 

tho \~arramunga sediments. This bas been traced for abou t 2000 feet in 

an east-south-oasterly dir ection,) and appears to hava a maximum width of 

about 50 ~ .-::':)t. It is now larg3ly compos.;)d of hornblende altered to 

aotinolite and of plagioclaee broken down t o a lbite, zoi s ite, end sericite. 

Epidote, sphene, and apat:!..te are subordinate constituents. 

In t he Gohlen Forty area, a small outcrop of a similar rook, 

oomposod l argely of tremolite fibres and irregul ar rounded gra ins of 

iron oxide, has baan shown spectroscopi cally t o cont a in about 0.2 percent 

of copper and zinc. 

At 2,543,000 north,. 186,200 east, abou.t ono and a quarter miles 

north-west of the Caroline Mine, a small body of s erpentine six feet wide 

i s exposed in an irregular excavat i on' about nino feet in di amet er and 
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five foat deep. Tbe mass oonsiats of soft greonish matQrial ,containing 

lonses and bands of sorpentine, up to six inches in width. The mass 

trends roughly eas t-wast and is flanked t o the north end south by strongly 

ehearod sedimonts with vertical cl~avago striking at 085° . The origin 

of this serpentine 16 not known. 

In tho vioinity of 2,550,000 north, 191,500 east, a fine-grained 

dolerite dyke outs across t ho Station Hill granite complex, and has been 

traced f or mor e than a mile in an east- south-esaterly direction. A 

similar rock typo has also bean enco~terod 1n No. 10A drill hole in the 

Cabbage Cum Basin. 

Lamprophyres 

Tba ~larr~ sedimcmts are also intruded by a number of fina­

to medium-grained intermediato and basic r ocks, tentatively grouped as 

lamprophyres . Thoso usually occur as irregular bodies not more than 

200 feet by 200 feet in extent, ,and are gonerally deoply wo~thered . An 

exceptionally larg~ member of t his group cccur s in the vicinity of 

2,542,000 north, 191 ,000 east , whoro it bes been traced intermittently f or 

more then half a mile with an aV3rage width of 100 to 150 feet, apparently 

f ollowing a major fault or shear z~ne . Others occur os flnt-lying 

shoets, up to 20 foet thick, again presumably following j oints or shear 

zones . At tho Carolina Mino, at least one such shei3t has been shown t o 

cut across tho quartz-hematito l odas . At tho southern flank of tho 

Aerodrome porphyry, ana of these lamprophyres occurs within a few feet 

of the porphyry, but tho contact relati onships arG obscured by Shearing. 

Tho petrology has not bean investigated in dot ail, but the' 

l~propbyres appear t o include ampbibolitic and pyroxenitic as well as 

biotite-rich typos . The outcrops are commonly market:! by a strong 

deve l opment of travertine, which may bQ regarded as almcst diagnostio 

of this group. 

The lamprophyre d~~es and sills cut tho ironstone reefs and 

the Rising Sun Formation, and thus ar e Upper Proterozoic or YOWlger • 
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IRONSTON.s, JASPl!RS AND QUARTZ vmrs 
Ironstonos 

The gonaral t erm +ronstone i s r etained for th~ quartz-hematite 

and quertz-magnetlti:! bodies: · As ~ 1:\110 , the iron oxide 1s hematite at 

the 8urfncG end magneti t e below t be water tabl~ , but Boma ironstonoa still 

carry significant amcunts of magnetito oven in tho oxidizod zone . Tbe 

ironstones r ango from a few incbes t o cor e than forty foot in width and up 

t o several hundrod yards in l engt h . 

All the known occurrences lio within t he Warramunga Group, snd 

are l ocalized by both structural and lithological contr ol e . St:nlcturallYJ 

intenso deformation and proximity to porphyry intrus i ons ar G f avourabl e 

features, an~ lithologically t he typical shal e-graywacke sucoess i on, , 
and espeoi a lly the vicinity of tho hematite shal e , appoars to be more 

favourable than eitber tho shale- s iltstone succeesion in the northern part 

cf the ar ea or the ar enaceous facios in the soutb- oast . 

Most of the irons t ones ar e t abular or l onticular bodies but SOQe 

are irregul ar end ona (a t 2, 540 ,000 north, 200 , 600 east) was f ound to be 

an invorted saddle r eef . Another, about ona mile north- wes t of the 

Momsahib Mine, is ocncordant with the surrounding sodimentary r ocks, and 

has beon traced through sevoral gentle f olds parallel t o the bedding. 

This body i s associated with a tabular transgressivo ironst one 1n a major 

shear zone which may havo actod 3S a feedor f or t he bedded deposi t. 

The most of tho i ronstones are elongated east - west, parallel 

to tho r egional strike of the beddi ng and oleavago and t he acoompanying 

set of strike f aults and shears (Fi g . 8) . Howovar, mi nor bodi es stri king 

about 0100 nrc widesproad, genora11y i n assooi ation with a s~t of shear 

zones with that trendj strikes of 130° , par allel t o the Qu~rtz· Hill/ RoCky 

Range f ault syst~, becomo i mportant in the vicinity of t he Lone Star Mine 

and 1n parts of the Honoymoon Ranges . A minor set of ironst ones striking 

0400 i s best devel oped in tho vicinity of tho Govornmont Batt ery &nd in 

t ho Peko/Golden Forty ar ea . Tho Peko orebody itself, which has the shape 

of a steepl y plunging pipo, is excoptiona1 and will be discussed in detail 

1n a l a t er s eot ion. 

Tho i rons t ones can be sub-di vi ded into thr €!e main groups accord­

ing t o their mode of ocourrence . 

1. Most occupy faults or shear zones , and many of them ar e 

l ocalized at the intersect i ons of theso zones with f cvour abl0 beds, such 

as the bematite shale. Occurrences of this type ar e thought t o include 

most of t he l arger known bodies on the fi eld, and they are obvious ly 

favoured by condit i ons in which the beeding and sheer i ng of tbe sedi ments 

tend t owards par allelism, i. e . 1n ar oas of stoop dips. It do~s not fo llow 

however, t hat they ar e necessarily bast dovoloped in the l ar gest shear 

zoncs. Good oxamplcs of ironstono bedies situated on ma jor shear zones 

ara prcvided among et hers by those at t he Gi gant i c , Now Hopo , and Mary Lane 

MinasJ but s ome of the l argest bodies i n the ar oa , as at El dorado and Mount 

Samuol, a r e associatod with shoars of only l ocal s ignificance. A pat t ern 
of right-hand cchel on r epotition tends to be devol opoe under these 
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circumstances , as m~ny of the s hears r osponsibl e f or this t ype of inter­

soction striko east- south- east, compc..rod t o :::. gener v.l cast- wes t strike 

f or tho bedding (Fig. 9) • 

2. Irons tones of tho s econd grcup , some appr oc.ching j aspe r in 

composi tien, aro r opl ncotlonts of unshear ed (lr c.·nly slightly s heared 

f avourablo b~ds , cf which tho bomatit o she! e i s again the outsten~ing 

.;xemplo. Tho l odes at MGt~llic Hill and tho Golden Mi l e ar e of this typo • 

3. Tho third gr oup i s devGl opod at tho r.m.r e;1.ns of s oma of the 

l a r ger porphyry int rusions, espocia lly at conoor dant ccntncts . Thaso 

l ocos also t ond t o be jaspory end conform closaly t o the beddi ng of tho 

hos t rocks . The bos t ~x~plos of this type ur a the ironstones near 

the Jubil~a Minc . 

Thur o era transitions betwoon the various eroups, but the major 

divisions ar o quito cl zarly dofined . 

Dif f erentinl r Gplaccmont of very thin l eQinac of t ho count ry 

rock is ccmpL~ritivoly r er \) . A geed example occurs at 2,543, 100 north, 

193,800 east , wher !.) corta in l aminne of a minor dr ag- f ol d h<.w €I boon 

selectively replaced. This i renst9no pass es a l ong t ho striko , into a 

massivo quartz- hemat i t o body occupying n s hear zona . 

Tho quartz-h~matite bodi es have not only r oplE'.c!Jd tho pr e- exist­

i ng sodiments volurno for volume , but have also pUSh0d them apart bodily 

as is wall shewn by e small oxposuro ~t 2, 521,1 00 north , 205 ,300 Olst, 

where tho banding of tho 6odimonts cnn bo trccod into c.nd ar ound a small 

quartz- hematite I ons (Fig. 10 ) . 

Mruly of tho qu~~rtz-homc. ti t o bodi as ar e thorneel vas s h~e.rod or 

f aultod by m~jor movcQsnts that affoct ed tho ar oa aft or t hay wor o empl aced • 

Al most ell min.:ls hcvo enccunt :;;r eG such f aults in their workings , the 

l £r gcst heving displ~camcnts of a hundred f~et or mor e , ~nc n number of 

oth~rs bacame apparent during tho regional mapping, c . g . ncar t ho Aco 

High , Kcthleen, and. Pla in Jano Mines . 

Tho proportion of qunrtz t o iron oxid~a (hematito and/or 

mQGnutite) v~rios widely, evon within n singl e i ronstono, ~nc many of 

the lodes arc thernsolves cut by youngor qucrtz veins fr00 from iron oxi~es . 

In genvr al, t ho l ong tk~rrow bodi es, which f ollow the b~dding clos ely, t und 

t o carry less quartz than the moro lenticul~r bodies as sociat ed with 

shoe..r zones . The t~10 typos ar a well contrastec. in t he Queen of Sheba 

lUna , about 20 mi los north of Tennent Creek t ownship, whor e the qunrtz­

rich phes o appears t~ bo the younger of tho two . 

Minaragraphic ovidence im:i ca.tes thClt the hOr.lE'.ti t o of thE:lsa 

l odes is d~rivad from ma6" 0tite, but the degrvG of oxid~ti on veries con­

siderably, .::.nd sarno mugnotite i13 pres erved ovon at the surface . Meny 

gTains of iron oxido show the cryst .? l f'crm of magnetit o and ~~re attr not ed 

to a hand magnet, but giva ~ hematit e str0~. 

Theor etically, m~~nutit e can bo oxidized t o hematit e either by 

hydrothormal Qr by super geno s olutions. In this ar ea, t he ovidence cf 
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rnegn~tom~tor e~eys, d~ep drilling, ~C mine cevolopment ~ll indicetoa 

a very abrupt incraoso in the hea~tltQ oontent of t he ironstcne nbcv~ 

water level, showing that supar ganG aolutions hevv bven r espcnsiblo for 

at lo~t Co l a r ge propc·rtion of the h()m~tite . On tbe cthar h::.nd , tho 

presonce of b12ded hvoE'.tite intor eT':nm with qu~~rtz J t nlc, :,.nd chlorite 

in many c.·f tho ironstones inc.ico.tes '~hat hydrothermal off \Jcts hcwe a l so 

pl ayod a part . Tho rGlo.tive lmpoj."~.'c.:.lce of the two f actors thus have 

t o be ovaluetcd f or oach cccurrcnc.,,:. 

Ra l etivG propcrtlons of I ron in Lc.(~(lo end in Country Rcckj 

estimate indicates thet ironstone lod~s ~nd I Gnaos occupy ar~es of thy 

~rder cf 10, 000 t o 50,000 square f eat por square mil o in v~rlous perts 

of the Tennant Cr~ek fi~ld . This is equiva l ent t o nbout 0.04 t o 0 .20 

p oroont of tbQ country r ock by v olume or 0.08 t o 0 .40 por cent by w~ight . 

If tbo dias ominatad iron oxido6 ccnt .:!.in.Jd in s eme of tho mnjor sbe£'.r zcn \3S 

aro included , t his fi gur e migbt bavo t o bo increased by a f actor 'Jf twc. or 

throo, but wcul d ovon tben be nc mora than 0 .2 t o 1. 0 percont by we i ght. 

On tho other hend, a numb0r of ap~cim~ns of Warr~~a r ocks 

fro m tho Eldc r c.do , vlest P.;:ko , ~d Lone Star 'areas were f ound t o conttdn 

from a bout 0 .5 percant iron oxidos in eanGs t on.1s, mor a then 1.0 I)Orc~nt 

1n shales, end, as much as 20 p~rcont in s ome of tho hematite shalo bands . 

Tho t otal quantity of iron oxide present in t ho c'Juntry r~cks is therof ore 

likely t o b~ comparable t o or Gven in excase of th&t occurring in tho 

defined l odes <md haavily impregne t ed shoar zones . Thorefcr£l muoh of 

the iron 1n the r oef s could have been dorivud by l~t Gr~l secretion from 

tho adjo:.cont s odimi3nts. . Or it CGuld huvoa b>.:lcn derivcd from sec':.1oonte 

cC!.u(;'ht up in the i gnoous c('.mpl oxC:ls . 

Rol ut1on of Ironstono Boo les t o Hematite Shale Bods . Tho olose cssoc1~-

tion of many ircnst~nc bodies with the hematit e shal e markor horizon hae 

nlready boen rof~rrce t o . Apart from the extrema oxampl~s in which tho 

hematite shnl e h::ts its <:)lf boon repl:~ c0G t o givo jaspcry ironst one l ensos , 

thero is a vvry marked concentration of ironstone bodi es in t he immi;)ci~te 

vioinity of the hecat ito shal e in Bav ar al nraaB . The outstanding exampl e 

is provided by tho MI..lunt S[,.IllU13l/Outlaw/Ento1:rprise/Eldor ::l.('co lina , but 

&I-';oc1 eXamplGB a lso occur in thi3 vicinity qf the Gibb0t, lfuual Dt~ria t Burnt 

Shirt, Lone Star, Memsahi b , nnd }·1amm(.,th Mines, and , oJUtsi da the limits 

of the Ono-mile area, at the Northern Sto.r Mine . 

This p.;:lrsistont nss ~; oiati \;n coul d be due eithe r t c tho fc.c.t 

tha t the ham.:.tite shal e and the immodi !'.taly c.c!juining 'bede, being 

crigi nally rich in i r on, provide~ tho s~uroe of t he iron which was ocn­

contrated into th0s~ i r orwton;)s, or t b:.lt , by r03scn r;. f their composition 

or physical cheracteristics, th~so beds we N espocia lly fE'.v c·urable for 

roplr~cemant from b ll;::.ring ir:m and silica s olutions. 

In or d£lr t o gain s arlO furthe r 1nfor mt1on en t h;.)se r ol ation­

abipe, c :moentre tes of iron oxi dos frc.ra three irvnstcno lodee and three 

s pooimons of hematit ll sha10 w~ro spectrochemically ~nnlysod by A. D.Haldano 

5/ 
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of the Buruau of Minarel · Resources L~bp:r.!l.tc-ry. All tho specimens W€lre 

ooll~oted fr.cm..,surfaoo. ... outcrop~·, ,so that the effects of surfaco loo..ching 

shvuld be comp8.rr.bla:. The sru:lp!as cf iron oxide from thQ hemeti te shale 

speciLJens were c!:ltClinec1 !>y concentration ;;,n a Buperpanner. Specimen 

4545 contained only hem""tito pec.udcmorpbs after IJugnotite cotahec.ra; 

specimen 91935 conta ined only cronulatoc Ie,yore of hematite; wheroas 

specimen 196410 containod both octahedra and l c.:.yora. Of the ircnstone 

samples, speoimens 52 1 ... ane 52 B were tokon fr:;:.m the Mount 

and specimen 149419 was token frem the Skl~per Hill Lede . 

Se.muol Lode, 

Tho latt~r 

l oc.s cantr.ineG cruey cavities lined with high-temparature bi-pyre.midal 

quartz and micaceous ham~tite. 

As oc;.n be seen from the att ~ .. ohGd table, the nw.gneti to cctahodra 

and the hematite layers in the hematite shale contain tho same trace 

elements, but these diffar markedly from those of the ironstone l odos . 

The Hematite shale contains Cr, bin, V, 

lodes oontnin Bi, W, Go, and Mo. The 

Ba, and Ag, wboreo.s the irons t one 

bismuth ane tungsten content of 

the lodes is eSlJecially significant, as thoay are rGgarded .as tYl)ical 

ephitbormal elements and no trace of them was f ound in the bem,;>..tite shale. 

Spec. 52 A 
52 B 
149419 
4545 
97935 
196410 

Svectrechemical I~lyses 

Ironstone, Mc·unt Samuel. 
Ironst cne, Mount Samuel. 
Ironstono, Sk1ppar H111. 
Homatite Shale with magnetite octahedra. 
Homatite Shale with hernatita layvrs. 
H~matite Sb~lo witb buth oct ahedra and layers. 

Fe, AI, 5i and Ti wero present in 0.11 samples. 

Ircnetcna Lodas Hemctite Shalo 

2U. RJ! '121'2 .1ill. 2m~ '26410 

K 3 2 3 5 4 3 

Ca 4 4 5 4 4 4 

Sr 0 0 2 1 0 

Ba 0 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 
y", 0 0 0 2 7 2 

Co 0 1 0 1 1 1 

Hi 2 2 2 3 2 

W 4 1 1 0 0 0 

Me 5 5 4 2 1 2 

Go 1 1 0 0 0 0 

!i"fv 
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Distinctive Elements , 

W, Ge, Mo. B1, 
Tho numbers inc!ioa.te. the rolo.tive prcpc.rtions of the given 

€Ilements in t1e six s~ples, but are net OCtiI;arnble between ~h(l elements. 

Theso rt;)sults therefore inc~icnt(l important differenoos between 

the iron oxides in the bemctite sbale and those in the ironstone l odes. 

The iron oxidos in tho homctita shals are most probably syngenotio, enc 
tho magnetite cctnhecre in thie r0ck were avparantly f ormed by redistri­

bution of the primary iron oxides in the shale during a puriod of mild 

metamorphism. On the c·ther hand, the iron cxides in the ironstono l odos 

aro probably epigenetic and must ~ave been introducod into the Wa~arnunga 

rocks, possibly by solutions emanating'from the porphyry intrusions. If 

they had been morely redistributed on a large sc~le by solutions peroola­

ting tbrou{Sh the ocuntry reck e.nd picking up iron alroar.y present in these 

r eeks, it would be necessary te assume that these solutions carried 

suffioient bismuth, tune~ten, and other tr~oe alern~nts t o nooount for the 

present ooourrencas 0f these elements in the lodes, and this is regarded 

as unlikely. 

Jasper Bads ~Jld Brocoins 

The j~sver b~ds and breccias era replao~mant bodies, similar in 

many ways t o the ironston~s, but composed mainly or entirely of orypto­

orystalline silic~, generclly coloured rod by minor amounts of iron 

• oxides. Meny arG closoly nssoci&ted with the 'j3sparyt typos 0f iron-

stone described in an earlier section, and they are best developed in the 

vicinity of the Ler odrome, near the Jubil ee Mino, at E:':.st Peko, at 

Motallio Hill, and a t the Golden Mile. With the exception of the two 

last-nsml3d localities, they generally oocur within a few hundred feet of 

one or otber of th~ larger porpbyry bodies. Their Gimansions are com-

parable with those ef tho ironstones, and many of them contain minor 

coatings of hematite on joint planes. These jaspers, therefore, are 

formed by silioification of favourable beds and shear zones in the 

Warramunga r ocks by s ulutions emanating from tho ~orphyries, and the 

ironstone bedias by similer replaoements by mera iron-rich solutions, 

gener~lly at greater distruloes from tbe pcrphyry c·:mtacts. InclUSions 

of jasper fragments in quartz-homutito lodes indioate that the jaspers 

were the earlier formed of the two. 

The jaspor brocoias consist essentially of angulex fragments 

of jasper re-cemonted by w~te voin qucrtz. This shews that the 

emplaoement of these jespers was f ollowed by a seccnd phase of deforma­

tion, whioh resulted in the shattering of Bcme of them, and by a seoond 

period of silioa introduction, this time as vein quartz. 

Quartz Voins 

Quertz veins with only suboreinnte amounts of iron oxides occur 

in all rocks oldor than the Helen Springs Volcanios, including the iron­

stono lodes , the jasper bodies, the porphyry and adamellite intruSions, 

the t.shburton Sandstone, a.nd tho Rising Sun Formaticn. The veins nre 
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most probably of several different agee , but exoept in the oaS8 of veins 

cutting the Rising Sun Formation, it 1s not possible to distinguish the 

various groups. 

The veins r ange in size from mere stringers , a fraction of an 

inch in width, to massive bodies up to thirty or {.arty feet wide and 

intermittently traceable f or many miles, as in the Quartz Hill/Rocky Range 

fault zone. Most of the l arger veina b~ve been emplaoed in shear zonee, 

and something of their distribution bas already baen said in the section 

on shearing. 

Taking the One- mile area as a whole, north-westerly trends, 

parallel to the Quartz Hill/ Rocky Range f ault zone, and north-·easterly 

trends, parellal to the conjugate s et of sbears, Qccount for the majority 

of tbe larger veins (Fig. 11). However, thero is an important set 
o striking at 090 in tho central portion of the area, as for example in 

the Honeymoon Ranges and in the vioinity of Eldorado and the Government 

Battery. Minor sets striking at 34(';)0 and 0200 can also be found in 

some areas. 

A number of quartz veins in the Mount Rugged and Gibbet ar~as 

oontain minor amounts of tourmaline, but generally they are singularly 

free from assooiated minerals. 

The only locality within the One-mile aroa where gol d hae boen 

found assooiated with quartz voins is at the Pup Prospect, about half a 

mile south of the Pinnaolos Mine. At this prospeot, a sarios of small 

auriferous quartz voins ooours in tho marginal portion of a small porphyry 

·stock and in the adjoining \~erramunen rocks, but the total production from 

this l ooality only amounts to 40 ouno~s . 

GOLD DEPOpITS 
The workabl e gold deposits of the Tennant Creek field occur in 

a variety of struotural and lithological environments, ranging from 

massive quartz-hematite and quartz-magnotito lodes t o brecoiatod zonas in 

sediments, generally mudstones, whioh may oarry only minor amounts of 

iron oxidos. Only two gold ooourrenoos, at the Pup ~ane and in the 

Last Hope area, 30 miloa north-wost of Tennant Creek t ownship, are 

associated with quertz veins froe from significant amount s of iron oxid~s . 

Most of the individuc.l minus a.nd prospocts of tho field have 

Daen d~scribed in d~tail by IVanao (1954) and theso desoriptions will not 

be duplioated hero. Sincu the oomplotion of Ivanac's survey, only t.wo 

import~t new diaooverios of gold have ~oen m~d~ on the fisld. Th~se 

are in the Orlando/Ona-ah-onu area, mentioned in an aarlier aeot~on, and 

at Ivanhoe in tbe north-wustern portion of t be One-mile ar ea. Orlando 

Mines (0. subsidic.ry of Peko-' .. lallst'lnd Co. Ltd) startad produotion l ete in 

1962 Rt a rete of 100 tons· par day. 

Tbe Orlando or ubody was originally indioated by fiva diamond 

drill hole intersoctions, cbtained ~y Peko ~anes N.L. , whiob gave assays 

of up to 26 dwt of gold ov~r inolined widths of up to 22 f eet . The 
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published ~servas at the ond of June 196) amounted t o 2)0,000 t ons of 

ore av,:;;,r aging 1.2% ooppi3r and 11.7 _dwt of gold per t on . Ba~use of the 

exceptional depth of oxidation ·of thi s lode - mor a then 500 feet - there 

is eo fer little information on tho oomposition of the primary oro, and it 

is possible that this prospect should be olassed with tho sulphide 

orobcdies r athor than the gold deposits. 

Tbo Ivanhoe oocurrenoe is dominantly a oopper orebody and is desoribed 

more fully in a subsoquent 63ction. 

Possibili t y of Secondary Enrichmont 

It seams likely tb~t all the geld deposits of the Tennant Creek 

f~eld were crigin~lly ~sBooleted with somo sulphides, for pyrite and 

minor ch~loopyrite have beon encounterod in practically all mines whore 

development or drilling have bean oarried out. helow wat'Jr I .Nelo 

As there is little/igo~R~oxidized portions of tbese mines, 

m~;.terial must have boen r (;ldi atributed by suporgene solutions and it is at 

lenst possible tbat the gold may also have undergone some r edistribution 

and seoondary enrichment. This possibility is strangtbenad by the f act 

that some of the richest shoots at several mines, e .g., Enterprise; 'Khippet, 

end Nobles Nob, appear to lie at depths between 120 and 250 f eet, and 

that this distribution cann0t ~lweys be accounted for by structural and 

lithological fact ors . It is also supported by the r eport ed occurrence 

of flnky gold and occcsi onal nuggets within t be oxidizod zone of saveral 

minos , but not below it (Ivanac, 1954, p.54). 
Fer this reeaon, it appears thut the f cctors responsible for 

the distribution cf gold in r elatively shallow workings may b0 centrols 

of enriohment r ather then of original deposition) this applios especi ally 

to tho oro-sbeots in tho brecciated sodimonts immediately edjoining Borne 

ironstone bodios and i~ sbear zones and pug soams intersecting the iron­

stonos themoalvas. 

For tho sem~ reason, t esting of new prospects cn this field 

shculd alw~ys be taken to u depth of at l~st 200 t o 250 feet in order 

t c inte~~ct ' such a zone of enrichment if it oxists. 

Relationship of Gold Occurrences t o Hymatite Shale 

If the distribution of gold mines in the Tennant Creek One-mile 

araa is.examined statistioally, a numbor of general tranda become apparont. 

The moat obvious is the mcrked conoentration of highly produotive minas 

in or close t o tbe hematite shale horizonl 

Aren of Warramunga 
Grcup r ocks exposed 
in Tennant Creak 
One-mile ar ea 

Numb~r of ironstone 
bedies mappad in 
prosent survey 

Total 

Approx. 
100 sq. 
miles 

700 
• 

Within 100e f aat 
of nearest hemetite 
shale outcrop 

Approx. 
10 sq. 
miles 

1)0 18% 
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Nurllber of mines with 
t otal pr oduction of • 

1 to 100 OZ8 • 

100 to 1000 ozs . 
1000 to 10 ,000 ozs. 
Over 10,000 OZB . 

37:-

Total 

26 
27 
11 
4 

Within 1000 f ,.t 
of near sat 'hometite 
ahal ", outcrop 

8 
11 
7 
3 

By contrast, ironstonos dOVGlopGd in major shenr zonas, such 

as the Mary Lane, Mary Ann, Gigantic, and New Hope, havo rarely been 

largo pr oducers , although the complex gold - sul phide shoots of Orlando 

nod Ivanhoe cay prove to be exceptions t o this rule . 

Ironstones al ong the margins of conoordant porphyry intrusions , 

as to tho west of the Jubi l ee ~une and to the south- west of the New Hope 

Mine , have produced little gol d to date. 

SULPHIDE DEPOSITS 
With the emergence of Peko as the 1~rge9t mine on t ho field, 

int~rest in exploration f or coppor is '1l0W equalling or surpassing th~t 

f or gold . Since nona of tho other mines have so fur axposa~ any massivo 

sul phi de or~ , it is d,ifficul lt to gener alize on the f act ors r~sponsible 

for the l ocalization of such ore • Howev~r, a great er variety of enviro-

nmonts appears t o be r epresented, with major shear zones as the moat 

important single control • 

At Peko, massive sulphides, essentially pyri to, pyrrhotite , 

end chelcopyrite, 

(Edwards, 1955) . , 
tabular bodies on 

r epl ace the central portion of a quart z-magnetite pipe 

This qucrtz- magnetito differs in shape from the typi cal 

th'J field and J. Elliston (1960) bas suggested that it 

is due to tbe replacement of an original slump conglomer at e , simil ar t o 

that mapped as a 'pobble bed' from the v.i cinity of the Caroline Mine. 

However, tho t~pa pebble bad h~s a fino- grained i mpervious matrix , and 

does not appear intri~ically favourable f or replacam~nt . An alter­

nati ve controlling influonce o~ t ho Peko or ebody coul d be the int ersection 

of a steeply dipping n~rth-oast-trend1ng shear zone with a zone of 

f~vourablo bods or a shear zone sub- parallel t o the bedding, which here 

trends roughly eas t - west. Tho sodimGntary rocks ~djoining the or ebody 

ar e reported by Elliston t o show only moeorate disturbance, but the 

preseoce .of chlorite schist on the 980- f cot leval suggests fairly intense 

shear ing. The prosence of t wo sets of l inear structures is strongly 

suggested by tho pattorn of the aeromagnutic contours and tho air photo­

grsphs of this area, and it seems likel y th!.t the nor th- oas 'b-t r cmding 

sot r opr esents an ext onsion and possibl e branching of the major shear 

zone delineatod by di amond dri l ling in the Cabbage Gum Basin (Hays, 1958; 

Cr ahn, 1961). 

Low- grado load and zinc sulphide minorclization is r ecorded 
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from the footwall sediments of the Peko copper orebody (Edwards, 1955), 

but little is so far known about i te extent and relationship to structural 

or lithological oontrols • 

At the time of writing ( 1963) the ore reserves at Peke are 

reported to amount to 645,000 tons of proved ore, averaging 5 . 3 percent 

copper, and 136,000 tons of indic3ted ore, averaging 3. 2 percent copper. 

At Orlando, 9 .1 percent copper bas been recorded between 348 

and 353 feat inclined depth in Peko diamond drill hole No . 3 (Chern . Engng 

Min . Review, Novomber 1958), and further evidon~e for the fonnerly wide-

spread oocurrence of 

a dv~th of more t han 

sulphides 

600 reet. 

haa been provided by development work to 

Howevor, owing te the quite abnorrr~l 

distribution of sulphide mingral s et depth of oxija~ion, ihe ~~iginal 

this mi ne bas not yet been fully determined. At the t~me of writing, 

2JO,OOO tons of ore, avoraging 1.2 percent coppe» and 11 .7 dwt of gol d 

per ton, have been proved .• 

A~ Ivanhoe, some ten milas north- west of Tenn~nt Creek township, 

anothor promising copper - gold orebody has recently been located by Peko 

Mines N.L. This is situat ed near the projected intersecti on of the Mary 

Lane/Mar y Ann shoar zone 'li'ith a north-eas t - trending quartz- f ·Hlad shear, 

and 1s 'r~portad to have proved r03erv~s to date of 240, 000 tons of orEl , 

avaraging 5 percent copper and 4 dwt of gold por ton. 

At G9varal other mines and prospacts, disseminated sulphides 

have been recorded from diamond Grill holes in sheared or br ecci ated 

sedimonts, associatod with varying amounts of quartz and hematite or 

m=.gnetite . The most 1oportant of thuse occurr ences are as f ol lows : 

Northern Ster ; 4 .05 p~rcent copper as chalcopyrite between 

961 and 917 feat in So vertical diamond drill hol e p;.t dOl-m by Peko Mines 

N.L. (Chern. Engng Nin . Review, June 1951). 

Wheal Porie. : Disseminated sulphide.s with hematite end 

magneUte in chloritic s l ate between 151 and 170 feet in hol e No .4, and 

betweun 161 and 183 f~et in holo No.4 A, both vertical (A.G.G. S.N. A. 

Report, N.T., NO.41) . 

Eldorado No .3 hnomaly Fivo assays averaging 0 .48 porcant 

oopper in sheared r ooks with quartz e.nci magnetito between 413 and 452 ,feet 

vertical depth in bola No . 2 (A.G.G. S.N. A. Report, N.T., No.41). 

Peko No . 2 Anomaly (East Peko) I Specks of sulphi des in slate 

and denso magnatito between 264 end 280 feet vertical depth in hole No .5 

(A. G. G.S .N.A . Report ; N.T., No .41). 

Nobles Nob I Minor emounts of pyri t o and chalcopyri ta in qu:·~z­

hematite and brocoiated sediments betl-/i3en 268 and 278 f eet Qnd between 

321 and 331 f aet inclin~d depth in hol e No . 2, Bureau of· ~tineral Resources 

(Ivanac, 1954) . 

Goldon Forty area I Averago aSBaS'" of 1. 5, percent copper over 

41 f eet of chlorite schist i n diamond drill hole put down by Nutionel Lead 

Co. of U.S.A. (p~rsonal communication, R.D. Ellett, quoted by MoMillan 

8< Debnam, 1961 ) . 
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Somo ~no~urcg1ng values hav~ also baen obt~ined in r aoont 

drilling Dot the Lone Star, Cat'"s Whiskers, :md Gold(fJn Forty North proa-

PQcte - tho l atter also known cs the Golden Kangar oo . 

dQsor1b~d more fully in subsGquont scctions • 

Theso e r e 

In ~ddition, svcondary copper minorale have boon worked in 

sheared and breccictad sadiments at tho Pinnaclos and Shcrnrock Mines but 

none of tha workings encount~red primary ore. A diamond drilling 

programwe at the Pinnaclos was recently undertaken by the Mines Branch, 

N.T. Administrat ion, but this failed to find any downward extension of 

the lodo oxpcsad in tho old workings. 

At the Aorodrome, a few speoks of sulphide (pyrit.Q e.nd cba l-

co_pyrite) were found in m38sivo quartz-ftlldspa r porpbyry. At several 

other looaliti~s , not~bly about threa quarters of a mile south of the 

Pinn.!:.clGs Mino, and to the east of the Naw Hepe lI.ine, tho liEw.thurad 

porphyry contains cuvities partly fill ad with limon1to, which aro regurded, 

at locst in part, as box-works duo t o the l aaohing of sulphida minerals. 

On the other bend, the boxworks ar c similar in shape and size 

to the f~ldspar phanoorysts in the porphyries. They ~rc partly filled 

with clay minerals and oontain limenite networks whioh rosombla the cleav­

ago pattarns of tho feldspars (Plate VIII b). Thus the boxworks could 

be w0atherod out f eldspar s • The anomalously high concuntrations of 

coppur in aome of the boxlIcrks could bo due to tho e:dsorption, by tho 

clay min~rals, of copper from groundwator percolating thrcugh tho porphyry. 

In the Pinnacles area, sp8ctrographic analyses of limonita from 

two porphyry spocimens' confirmed the presence of r.bovo-background amounts 

of copp~r (Of tho cr dor of 150 parts por million) , but a diamond drill 

hol o put down to ~~ inclin~d dopth of 300 f Gut in this area by the Minos 

Branch, N.T. Administration, fa,Uod to loc.;:.t a any sulphides. 

In tho Nuw Hopo area, ei ght porphyry specimens showing structuros 

whioh had been tentntively identified as borwcrks only cent~ined 10 t o 30 

parts por millic.m copper. Thoso r osults aro r ogar dod as inconclusivo, 

r.s tee littl e is known :It present about tho leaching procossos to which 

thosa r ocks hav~ beon subjocted, ~d somu furthor work is th~~ght t o be 

wc~rantod in ordor to det ermine wh~tbor a systomatio goo chemical tasting 

programme is capablo of delineating areas which m~y warr~t @cre detailod 

examination by geophysical resistivity of sGlf-petontial methods and by 

diamond drilling. 

If the pres unoo of significant amounts of copper in the porphyrios 

could be oonfirmed, tbis would support t ho suggostion th~t tho copper new 

occurring in tho ironstones and Harramunga sodiments was also dorived 

fr::'lla the porpbyries in tho first inst;:.noe. This raises the questicn of 

tho r~lat!onebip of the gold and sulphid~boaring solutions to these 

responsible f or the omplc:.oemGnt of the ironst ones. At Peko, mineragrapbic 

ovidenc8 indicatos tbat tho ompl acement of the ironstone w~s essentially 

complete before tho introduction of tho €r~ l d and sulphides (Edwards, 1955). 
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In aroas cf diseominctad magnetite - sulphide occurrenoes, a~ Qt Wh~al 

Doria ~ne Eldorado No. 3 Anom~lYJ relationship ere not so cl~ar-cut, but 

it appears improbublo that solutions should be capablo of simultaneously 

depositing signifioant quantities of i r on oxidos and sulphides. 

If the two ph~ses of activity wore distinct, it f ollows that 

tho present occurronce of gold and su l pbides in close asa ~ciati on with 

ironstone is not necassarily universal, being due only t o the fact thct 

tho sama channels genorally tended t c control the flow of beth sets of 

sclutions . Numerous ironstones are known which do not carry gold or 

sulphides, and reoant exploration has r evealed g~ld p.nd sulphide depos its 
, 

which ara not closely aSBoci atad with ironstone . The Orlando prospect 

Ilppaars t o be E'J'l example of such a depos1 t, and the intersectic'n Ct f 41 

feet of chlorite schist, carrying an evs r Dgo of 1. 5 percent copper with 

cmly minor ClIl(Junta of ircn (·xides , in £l. diamond drill hol e a.t the G:J lden 

Forty Mine (McMi11 E'J'l & Dobncm, 1961), is anGthar. 

Tho socond~ry coppor minorc ls at tho S~rock end Pinfk~cles 

Minas, ~d the EUreka prospect, near the Iris Mine, may also be derived 

from suoh bcdies. In general, shear zenes not carrying significant 

amcunts of iron oxidos are likely t o be s eft structures, whose outcrops 

are easily obscured , and which wil l thus escape attontion unless cvpper 

concontrations at the surface give obvious indications of minoralization. 

C0~ohemioal and geophysioal methods , Buoh as resistivity and self-potential 

surv~ys, may be of value in dotacting and traCing such shoar zones oarry­

ing sulphidos at depth. 

Tho known copper deposits o~ the Tennant Creek Fi el d thus appear 

te· be developed in 0. greater variety of envirorunental conditic·ns than the 

gold occurrenc~s. 

Copper Ct ccurs in s cmo of tho ironstone bedias ol ose t o the 

hemctito shelo, e.g., North Star, Lon~ Star and eat's Whiskers, and in a 

shoar zcne clese t o tha hematite shalo ~t tho Eureka Mine. However, th~ 

hematite shale hae net been f cund nec r Peko - the most important oopper 

mine . The bemnti te- gold-copper or abody at Peko is thought t a be r elCltcd 

tc thu interseoticn of major shear zones; and this is thought t o b~ the 

caBO at tho Ivanhoe prospect alsc . 

Four other ccppor l oces , Gclden Ferty, Golcen Forty North, 

Pinnaoles, and Shamrock, ere also asscciatad with shear zoncs , but not 

with defined ironstono bodias, nlthough in a t loast one of them, Colden 

Forty, tho mineralizuticn is concentrat ed. in a magnetite-ohl orite-talo 

sohist which oarries suffioient magnetite t o giv~ rise t c quite strong 

magnotio an~mal ios . These prospeots ar a al so situated at s ome distance 

frem any known outorops of hemati t o shalo. 

tontatively incluoud in this group . 

MIlfBRi,LS OTHER THJ.N COPPER AND GOLD 

The Orlando t·line is als o 

Apart frem cepper, gold, mlG by-produot silvur, the only mineral 

c.f valuo on the Tanm:.nt Cruek field is bismuth. l~t the Jubilee fo'.ine, 

\ 
f 
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sevaral hundred t ons cf mat eria l containing .batwo(m aha anc~. two p~rcent 
. . ~ ! .. , . """ . . . 

bismuth er a believod t o be ~veilabla , . and e smUl l plent heB rec~ntly b~en . . .. .' . '. " . ,, -
Bot up by a l ccs..l synC!1cata t o r<;) ccv~r t his motal, whicl1 o.9.curs mnin~y as 

.' . .. . . ,." " 

tho oxiclo o.nd carbonate ., Bislmltb hcs ,boon r e corded from, the Pekb t Noblo's 

Nob, 'fut orprise , LonoJ St",r, J okor , nnd llKm,Y other ClinGS', but ~n most. of 

thosQ tho distribution of bismuth minarals was vor y 1rre6ula~ nne tha - . 
average grade was very l ow. l.. major pr ogramme of s ampling ex1st1~.g 

t e.ilings dumps f or their bismuth content has r econtly bean p~opo8~d a El, A 

jci~t undertaking by tho Bureeu of Mlnarc!.l Rescurcee, the Aust r al1o.n 

~linor~l Devolopm~nt Laboratorios, tho Min~s Branoh .of tho Ncrthern 

Torritcry Ldministratien, and tbo ma j or operating oompPJUas en tho fiQld, : . . ~ '. 

The t otal qu~tity of iron pr~sen~ in tho known ironstono ~od~os 

of the fiold is estimated to be s ome t ons of millicns of t ons, but owing 

to tho isol ation of tha fiold, tho scatterod distribution of tho 

and the v<.:.rie.ti on in gr ade, this is not likelr t o .. bo nn 3conomic 

iren or e in the f or os ooable future. 

IL\ GNErrC -'.JIOMi,Lr~ 

ironstonos, 
. • c . ,I ' 

S 0 UrOG Gf 

On the aeria l rnr-.gn~tic m<.'.p of t he Termant Creek OnG-mile arila; " 

a pattorn of ro~~onal anomalies with aest-sQuth-ensterly tronds i s combined 

with l ocal anomalios due t o in~lvldual ironstono bedies. These ees t -

south-aesterly trends, striking at about 105
0

, ar e incl .tned at acute angles 

beth t o the r egi onal tr~nd of tho beddi ng and t o tho most pr ominent faults 

of the area, such as tho Quartz Hil l/Rocky Range fault zona, but they 

appear t o be parallel t o a slightly l ess obvious sys t em of shear s , of 

.... hich tho Mary Lane/Mc.ry i.nn zon0, with its pr ob.:lble extensions through 

the Ivc.nhoe pr osPQct t o tho was t and tho Lona St Cl.r Mine t o t he east, is 

the most pr ominent oxampl~. 

l~ s(3cond sot of anomalios, striking at about 300
, end pr obo.bly 

also rolatod t o faults or shear zones, is pres~nt in sever e l ar oas, 

notably in the Vicinity of the Pako and Golden Ferty Mines. 

It i s pcsslblo, though hiahly cCinjcctural, t hat this p:>.ttern 

reflocts maj or structura l f .:.latures in ll. pre-Harrarnungn be.soment. This 

possibility is sUlJllcrt .::ld by a gravity t r avers o carried cut by tho Bureau 

cf Mineral Res ourcos al ong the Stuart Highway in 1960, whioh indicated 

that ther o is a closo cgre~ont bot .... ean r egional gravity and masnoti c 

profil es , <''.Jld that o.t l eE'.s t scmo pf tho gravity anomalies mi ght bo ascribed 

t o bodies situated at depths of mor o t han 5000 f oet below the prosent 

surfeco (J . Ashley, Bureau of Minoral Roscurcos, Darwin, porsmml COr.l!Ill.i~­

ication)~ However, cons i der eblo ncc iticnal .... ork would bo requirad t o 

establish this conclusively. 

Ar Gcs af 10 .... magn.otic r elief, as at Hhi~e Hill, Station Hill, 

th.:.l haradromo, and b~twoen Peko ~~d Eldorado , corr~s~ond, t o ar eas wher~ 

i gneous rocks crcpcut at the surface or are believed t o underl i e it at 
r elativol y shal l ow dept h • . 

A very ahlll'p brenk in tho patt ;;lrn is app~.rent at tho line cf the 

~~rtz Hill/Reeky Range f~ult zone . To t he north-e~st of this line , 
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magnetic r elief is v~ry l ow, althavgh o~tcrops of WorreDUngn so~imants, 

cc.mplete with ircnstonos, etc •. J porsist, ospvcially in the New Moon ::.nd 

Calcen l4ila areas . Howovor, f ol di-pg in this cr all is mors open ond shear-

lng l ess sQvaro than 1n the er ea west of tho fault zon~ , so that oonditions 

er e lOBS f avourablo f or tho development , of I nr ge ironstono bodi es, as 

pointed cut 1n a pr ovious section. It 1s vr cbably significant th~t the 

cnly pronouncod anomaly in this eost'lrn ar oa is assc.ciat ad with the 

Gigantic group of ironst(;.nos, which a r e ompl.::oad in a ma Jor shea r zona. 

Of tho anomalies due t o individual ironstones , only t he larger 

onos, such as th3 Peke , Gol den Forty, and 'Eldor ado No.1, are obvious on 

tho aorial map, and s cme of these, such as GGI~en Forty, h~ve been divieed 

inte several smaller anomalies by ground surv~ys . 

Ground megnotic survoys by "hG. G. S.N. A. , the Bureau of Mineral 

Rescurces, and privuta oompanies have now covar ed a vory l erge proportion 

of the areaa on tho field wher e potential gold or basG metal l odes might 

be ~xpootGd , and more than fifty separato anomal i os are now known. Of 

theso , mcny are r elated t o outcropping ironstone bedias, but others show 

no r ol ationship t o any outcropping f oetur as . 

Thore ~ro at prosent no reli~ble criteria f er distinguishing 

anomalies due t o ncn- outcrepping gol d or coppar-haaripg quartz-magnetito 

lodes from those due t o barren irons t onos . The only orebody which is 

edequately exposed in the primary zone (Peko) is net typical of the iron­

stone bodias of tho field in that it has a pipe- like rather than a tabular 

shape . Disregarding the quostion of wheth=r this i s due t o tectonic 

f actors, such as the inters;ction of two shear zenes, or t o the shape of 

the origina l sediment ary unit now replcead by the er e body, it may be that 

the shape of the original quartz- magnetita body was an ess~ntial f actor 

in dotermining its subsequent r epl acement by the gel d - sul phido min0r a l 

association . In this cas~ , prospecting on this fie ld would be r eeucad 

t o tho searah f~r similar steeply pitching pipo- like bodies . However , 

it i s ~cra likoly t hat tb~ shape of the ironst cne body was not a critical 

factor , in which cc.sa the chances of fin;"':\.ng s i6nificant gold - sulphide 
/ 

minoralizction in any quartz-magnetite body aro about the same as thes e 

af finding payable shoots of copper or ~uld in the corrosponding qucrtz­

hematite surface outcrops after allowing f or l oachi ng and secondary en­

richment, and the avorage sizQ ef ere- sheots at depth would be expect ed 

t o be of the samo ardor as those on tho surfaoe . 

Within lhe area of tho One-mile shoet, about 700 l enses of iron­

stone were oncountor ed, of whioh dB or about t on porcont have been recor dod 

as produoing s oma gold. Of theso , f our vercent producad l~ss than 100 oz., 

f~ur porcent betwe~n 100 and 1,000 ez ~, 1.6 p~rcent betw8cn 1,000 and 

10 ,000 oz ., and only f our, i. o . 0 . 5 percont h~ve produced more than 10,000 

oz . Only cne mino, Poko, h~s bo~n a signifioant copper produoer. For 
exploration at depth t o be warranted, othor criteria than tho mer e pr esenoe 

of a magnatic anomaly must t herefor o be satisfied . Crite~ia which could 

be used ero: l ar ge size of th~ postulat~d ironstone body r esponsibl e for 
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the anomaly, favournbl o geochemical indications, or proximitr to known 

~roducti va lodes. : 

On purely empirical b~ound&, anomalies situated 1n the vicinity 

of intersecting· regional magnetic trends , as shown by the aerial magnetic 

map, appear to be favourable targ,ata. Peko, Orlando, and Iva nhoe all 

canfore to thia pattern, and similar conditions appear to be present in 

the Gol den Forty, Red Bluff, Skipper, and New Hope areas . 

GEOCHEMICAL SURVEYS 

A geochemical prospecting campaign for copper was carried out 

by a Bureau of Mineral Resources party under J. McMillan in 1951 (McMillan 

& Debnam, 1961). Essentially t his oonsisted of the analysis of numerous 

surface and near-surface sampl es, botb of soil and of bed- rock, for trace 

amounts of copper. t. concentration of 10 parts l:Jer million of copper 

in s ediments and 30 parts por million in ironstones was regarded aa back­

ground for t he area , and concentrations of more than twice background were 

thought t o i ndicate the pr esence of copper mineralization in the vi cinity 

of the sample . 

Such anomalously high concentrations could be due either to 

residual copper r emaining in an originally mineralized rock aftar oxidation 

and partial l eaching, or to copper derivo~ froo nearby mineral ized forrna-

tiona by circulating ground waters. The search for the source of these 

copper concentrations woul d thus have t o be guided by geological .consider-

at i ons . 

Tho three main areas in which this geochemical survoy indicated 

the prest;lnco ' of significant amounts of copper wara Orlanc1.o, Cat's Whiskers, 

and Golden Forty Nor;th (Colden Kangaroo)", all of which have already been 

r eferred to in the section on sulphide dOllosits . Some high copper val ues 

were also encountered near the Queen of Sheba Mine, bu t two diamond dri ll 

holes put down in this area by Consolidat ed Gal e Mining Areas N.L. in 

1960 gave disappointing resu l ts. 

More recontly, tho Bureau has carried out somo fu r thQr surveys , 

bas ed on spectrographic analyses of samples obtained from cepths of 20 

to 40 f eet by the use of a power augar, and sevoral areas of abnormal 

co~per concentrations have been outlined by this work (P. G. Dunn, Bureau 

of Mineral Resources, unpublishod report, 1963). 
At two of theSe localities - Mary Lane "B" and Golden For t"y -

diamond drilling prograomes to foll ow up these favourable indications are 

about to be undertakon at the time of writing . 

CONCLUSIOllS 1;,":0 n;cccm;,.":J;;!;-;",DA",T"I",O",N"S-,FO=R'-.!.I'"U!l"T"HNl,,,"O'-.lli9SPI CTlllG 

Gold and coppor oreboeies occur at Tennant Creek in close 

association with t abu l ar and pipe-like quartz- hematite and quartz- magnetite 

bodias and in major shoa~ zo~~s 

Group . Among mines associatad 

cutting through rocks of the \"larra.munge. 

with the ironstones, the major gold 

producer s appoar to be res tricted to the vicinity of tho hem~tit0 shal e 

marker bad (Eldorado, Noble ' s Nob, Lone Star, \fuippet, Northern Star, etc), 

but the major copper pr oducors aPl)&ar to bo at the interseotions of major 
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sh(lar zoncs (Peko, ~ya.n1;l.oa) .. To data only one major producing mino has 

worked an oro-shoot emplaced in a major sbear zono away from defined 

ironstone bodies (Orl ando), but there ar e a nuober of prospeots in com­

parable settings (Golden Forty, Golden Forty North, Pinnacles , Shamrock, 

Mary Lana), and some of these still r equire testing . 

For future exploration, the drilling of magnetic anomalies, 

especially anomalies situated at the intersections of major s tructural 

features, will undoubtedly remain onG of tho major programmes for some 

years to come. However, as the numbar of targets of this type is limited, 

it is expeoted that increaSing attention will have to be given to deposits 

not associated with major ironstono bodies , such as tisseminnted miner-

alization in Qajor shear zonos. It is expected that goophysical methods , 

other than magnatic, snd geochomioal survoys will play increasingly 

impor~unt parts in those prospeoting programm~s . 

A major semi-reb~onal investi gction, oombining geol ogioal, 

goophysioal end geoohOOlioal surveys, is plannud by tho Bureau during 1964 
ovor an area known as tho 'AeromaGnetic Ridge ' , north of Peko Mine, and 

it is hoped that the r esults of this investigation will lead to the 

devel opment of more generally applicable prospecting prooedur.as for tho 

Tennant Creek Field . 

DErAILED G ::!!JIIJGY OF INDI VIDUAL .ilJtEAS ===-=---, , 
For cesori ptive purposos, the ar ea has been divi ded into twenty 

fivo sub-aroas , based l urgely on oontinuity of outcrop and named aft er 

prominent Qines or natural f eatures. An attempt has been made to outline 

the outstanding ohuractoristios of snoh sub-area, but in order t o avoid 

unnooessary du~licet i on , relationships whioh hold throughout the goldfi el d 

and whioh have a lready beon r eforred t o in the provi ous seotions, will not 

be r epeated . Tho order of disous~ion is based largely on convenienoe, 

so that aroas with lo~t spooinlized reaturea are diaoussad bafore those 

with unusual ralationships. 

Honeymoon Ranges 

Tho sub- division is shown on Fig. 12 . 

The Honeymoon Ranges are a series of flat-topped hills rising 

up to 200 feat above the surrounding plains in the south-western pert of 

tbe area . 

The r ooks· are typical Warramunga sbal e anc~ graywacke and rara 

grit, with dips averaging 600 to 70° . Wost of 191 ,000 cast, tho major 

struct ure is a WQst-pitohing anticline with axis at about 2,541,000 north. 

East of 197,000 east , soveral ot her fold axes can ba traced to the south 

of this main anticlinal structure, and the westerly pitches l ooally steepen 

t o as muoh as 45 0
• 

The hematite shal o can be traoed for about two miles on the 

southern limb and for ovor ona mil e on the northern limb of the main anti­

cline, nne. a group of major ncrth- south trending faults can be mal)ped by 

the displacement of this marker horizon. Other shear zonas are dominantly 

sub- parallel to the s trike of the bedding, but one m~jor zone with a trend 

of about 11 0
0 

has b~en traoed wit~ minor interruptions from 2,541,)00 north, 
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196,)00 east to 2,539,700 nor th, 201,000 east • 

"The area contai~ ~nly Qino~-occuxrences of 19nuou~ r ocks. 

Savors} dyko-liko bedies. of PQ~~byry trend a~6t in the vicinity cf 2, 541,500 

north, 193,000 east. Tb3 lerg~st of th~m oovers ~n er oo of , about 1000 

by 200 f O.Jt. :~ vary strcngly sheared end \'la3.ther0d outcrop c:f porphyry 

&lao occurs ahout a quurter of a mi l o south of t ho Kathleen ~li no , and a 

fow smaller bodies havo b~en noted in tho eas tern part of thu ar aa . A 

l arger body is also thought t o undorlie much of the l ow-lying ar Oa south 

of t he Kathl oen Kina, but outcrops ar c very poor. Two small I nmpr ophyroB 

ara known from tho &raa , both a~parontly ~B fl at-dipping sheots, not more 

t han 20 f eet thick. 

Irons t ones occur thr~ughout the ~r~a , but t he gre&t os t ccncen­

tration is foun~ batween 2,539,000 and 2,540 ,500 north ~nd betw~en 

193,500 and 196,500 eaat, uherQ twc major eos t - west zones, abc-ut 1000 

f eet apart, each ccntai n up t o threo sub-p~rallel ironetone l~des. 

Sever al lenses up t o 200 by 20 feet occur in this group , and one at 

2,540,300 north, 193, 500 ees t i s abcu t Boo by 20 fe et. The trends er e 

dominantly oas t excopt ncar major transcurrunt fuults, as ct the Ace High 

Mine . At 2,540 ,000 north, 200,500 east , un irons t ono b~dy with tho shapo 

of Iln inverted saddle r eef was noted, ellparently f ollowing tho trend of 

a favourabl~ bod . 

In tho scutharn f octhills of the Honaycoon Ranges, a nuu~~r of 

prominent ja8p~r bars occur at 2,538,800 north, 195,000 east , and at 

2,538,500 ncrth, 196,1 00 east . They are prcbably associated with an 

extensiva bcdy of porphyry, as mentioned ebovil , but this is only exposod 

at one point, about ha.lf-way betwoiln t he two jasper localitl ~s. 

Quo.rtz veins are f e.irly unifornly scatt0r cd t hrc.ughcut tha ar ea, 

eoo coo 
with trends of 0 t o 090 ~d 0)0 to 040 about equa lly r epresented . 

The only minos of any importance cccur in the 9cuth-w~stern pert 

of tho ar oo , wher e the Burnt Shir t , .:~ce Hi~ ~nd Kathl eon Mines have 

r ecently beon workod on 0. small scale. Thuse are ~1l in mossive iron-

s t ono and hava beon worked for gol d only; n~ sul phi dos hllv~ s o f ar boen 

enoount ered in any ~f tho workings . The Burnt Shirt, with a t~tal 

record~d pr oduction of 2340 cz . t o June 1961, is tho m~8t important of 

thfs group. Rocordod production of th8 Ac~ Hi gh is 100 0 Z . \lnd of the 

Kathleon 11 30 oz . 

A magnetic sncmll1y of about 150 grurunas has b~en l ocated by tha 

1937 f ... G.G.S.N. l •• survey h3.lf- wo.y betwt)on tho Burnt Shirt and Ace High 

workings, and is interpreted by Daly (1957) UB due t o c magn~tic body 

centred a t a dopth of ct l east 400 feet; ·t he anoclel y has nct yet been 

t es t ed . 

M:?ry Ann/Racecour se ".r oa 

Bedrcck i5 exposac over mos t of the south~rn part of this 10w­

lying gently lJ':ldul uting are~ , which is regar d.ed as 3 pediment into which 

the l)resont creeks ar e incisoe t o a dopth vc.rying from 2 t o 20 f eet. In 

the northorn part of t he aroa, outcrops ar e mor e intor mi ttcmt ami d ext ensive 
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dopcsits of bull-dus t end alluviUlil. 

The ~larrer.ru.ll6e sediments i n t he southern pert of this ar ea are 

Gen8rally sir.1ilo.r t o these of tho Hcnoymoon Ranges, but tl:ero ar e ·cc.n­

siderable thicknesses of sh~le c.nd fino- grainod sil tston.e, freG from any 

COo.rsor-groinec. beds, to the north of the Mery Ann mine end closo t c. the 

granit e contact • These beds ar e th~ equival ents, at locs t in part, of 

t he sh~lo end siltstone ct Mount Cl al~~d , whioh will be des cribed more 

fully in· a l at or sootion. Th0r0 are also a numbor of pebble-bede ccn-

t aining sub-angular fra~monts of greY;lack~ and shal e , indistineuishable in 

appearanoe from tho nor ma l UarrG.JllUll{!,'a sod1oonts , generally in a shaly 

rr.a.trix . Thesa ar a r egar ded as depos its from sme,ll turbi dity currents. 

Dipa E'.re v!!r1r:bl e , with many minor f ol d axc::s tronding oust -

west, cocmcnly with Bantle t o mo~ereta pitchos ~ithar t o the eas t or t o 

the west. However, owing t o t h0 pr eva l ence of incompet ent beds in this 

part of the successi on, those minor pitch changes do not necpssarily 

r eflect· the majcr structurel trends . In the vicinity of 2,D43,500 north, 

193,500 cact miner f ol GS pitching stoeply down the limbs of t he ma j or 

structu·:res indi cnte Do second period of c.ef or .Ql;ltion un<!ar the action of 

~iff~~ently orientod strosses . 

Faulting nnd shoaring ar e unevenly d~veloped in the ar ea . In 

the northern portion of the ar e.?. , 0. s ystea of oa j or north- west-trending 

quartz r eafs merks tho position of lI~rt of the Qu~rtz HiU/ROCk; Range 

shear zone, which hera consists of threG ma.in brcnches , up t o b~.lf n mil€! 

apert • The Mary Jurun mine itself is s1tu~t ~d on anothor shear zono, and 

the lino of quurtz r eef s and broccias 

this mine marks the cour se of anot her 

passi ng abcut WO yar ds north of 

" whioh trends about 100 , end has 

be~n f ollowed intermittently for nearly one mi l eJ it is thcught t o be part 

~f an eVGn l ar ger s tructure extending t o the vicinity cf the Mary Lane 

mine in the west and tho Lone Ster mi no in the east. 

Tho northern pert of the ar ea i s l ar goly occupied by eTenitic 

r ocks, which cropout intermittently ov er en er aa of about two by ono 

miles, and ar e pert of the Station Hill granite complex . Exposures 

gGner ally ar o ccnfined t o t he major cre~k beds, and t he contact of this 

moss with the surrounding s odioents is not well exposed. However, its 

north-cast orn boundar y is clearly f~ultod following one of the branches 

of the ~artz Hill /Rocky RangG shear zone . 

Contact matrunorphisc appocrs t o br.:.vo been slight, tho main 

offect bei ng a t ondoncy t o Silicificat i on of the sedimants within about 

a quarter of a mi l e f r ::m tbo contact . 

Scuth of the main mass, a clust er of smaller bcdiQS of i gneous 

rocks, between 2,545,800 north, 194,000 oast, and 2,546,.500 ncrth, 

195,000 cast, apps-ars t o be int er mG diate in petrclogic~\l and str:uct"..1ral 

charact~ristics betwoen t he granitic r ocks and t ho typical porphyries , but 

..:~ exposures arG t oo puor f or det.:liled Gxc.min3tton. 

j;. nWJber (.If nor mal ),lc.r phyrics havo a l so been ncteG, esp0ci ally 
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in tho vic~ty ct 2,544,800 north, betwoen "95,500 nnd 196,500 aasll. 

They M"\l g6lle3'nl.ll ofongated parallel to the strike of the 8\U'rounding 

Bodilllonts and strongly oheared. Throe 6OOQrronoas of lamprophyre are 

also known, the l a r gest occupyinG an area of about 300 by 50 foet, but 

all are too (~aathored f or detailed potrologioal oxcmi~~tion . 

Only vary minor iron&tones are known from this area. Of these, 

tho most interusting is that et 2,54),200 north, 193,800 east, where a 

mcssive irons1ono Ions passes along tho strike into a zone in which 

individual laminao vf t Jli7 country r ")c:( have beon Bol E:lctlvely replaced 

by iron oxides. 

Quartz veins are cOQroon, the two most prominent groups being 

those aBBOci5.t ·ed with tho Quartz Hill/Rocky Re.II8G sheo.r zone, £\l'ld those 

foll owing tbe west-north-wast shaar zone just north of the Mary f~ mine. 

Howevor, there .io 418 0 a very strong sot strik~ng 0)0° t o 040° which shows 

its max1muo develc~mont 1n the south- wostern purt of the aroa. 

The Mary Ann 1s ~hc only mine which has beon worked in this a r ea. 

It i8 situated on an iron-impro8nAted sheer zono tronding 100° , and is 

recordod as having produced 180 oz. of gold. 

Governoont B~tterY l~ca 

Tho best exposures in this area are f ound in n line of flat­

topped hi!ls whioh extends for about two miles t o the east-south-east of 

tho Batte~y, and 1n a lOBS poSUlap group of hills between the Pinnacles, 

Pup "and Southern Ster mines, about one mile south-west of the Battery. 

Tho Werrn~a sediments of this area are generally similar to 

thoso of the" Honeymoon Rr-nges, and show good graded bedding. Several 

fold axes baV'() bean Cicppcd, trending r oughly east. They pitch gently 

east in the western port of tho area, and are nearly horizontal in the 

east.arn part • In the northern part of the arG~, a few originally south-

di11ping beds are now overturned. 

Shearing is 'not viJry pronouncod. Moat shoars trend east, 

parallol to the regional utrika of thu podding, and a minor Bot, as at 
o 0 

the Pinnaclos mine, trends 050 to 060 • 

In the s outhern po.rl of the craa, a porphyry mass occupies an 

aroa of at leas t half a milo by a qua rtur of a mile . It is moderately 

sheared end rather 'str ongly weathered, ~d its northern portion is cut by 

a "network of qucrt"z veins up t o two f oot wido. It also oontains a 

number of inclusions of shear~d WarrnnMnga sediments, now represented 

by chlorite - magneti ~a schists. '1';:',9 q\:iartz voins wi thin the porphyry 

carry SOI:lO e,"Old and he'"a bocn work'Jd at the ¥Up mfne . Tho porphyry 

itself contains numerous limonite-fillod cavit1os, a~ least aome of 

which are tht..'ught t o bo bOJCWorks t due t o the l eaching cf original aul-

phides . i. diamond drill he le put dotm by the l-lines BrE'.noh t N. T • • ;'c'min-

ietration, t o an inclined depth of )00 feet did not encount~r any evi dence 

of mineralization . 

foldspers • 

It is more probabl e that these boxworks ara weather ed 

.~. lampro;;hyre was found about helf a mi l e east of the Southern 
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St.r mine. 

l.t the Pinnaoles mine, s · r6ok. consisting largely of ohl,orlte 

and magnetite. has been referred t o' as a basic dyke by' Ivanac, but all 

the specimens ohto.tned. during the present survey could equally well be 

regarded as portions of a quartz-magnetite l ode cGntaining remnants of 

incompletely replaced chloritio Warramunga sediments. 

Ircnstcnss are distributed throughout this area, but the 

greatest ooncentration occurs at the Southern Star mine, where an sres of 

approximately 2, 000 by 500 feet contains abcut twenty separate l odes and 

lenses, the largest measuring about 400 by 15 feet . The strikes are 

8~nerally east - west. 

About two fifths of a mile s outh of the Pinnacles mine, three 

j48.per lenses up t o 100 by 15 f eet trend north-east and lie in cn-echelon 

f ormation. They l ocally grade into hematit~-rich phasss indi stinguishabl e 

from typ~oal ironstones, and are pr cbably related t o the p~rphyry mass 

outoropping at th~ nearby Pup mine . At the Pinnaclus mine, silicification 

has also affucted s ome bands of r ook within and ol oso t o the minoralizod 

shear zons, but those l ack the red oolour and very fine-grained t exture 

of the typical jasp&r ocourronces. 

Quartz veins are very abundant throughout this area, and the 

ruajority trond east or eaet-north- east • 

The main mines of the area are the Southern Star, with a 

reoorded pr oduction of 120 oz. of geld, tho Pinnacles, with a r eccrdod 

produotion of 960 oz . of g~ld and an estimated 5 t ons of ccpper in hand­

pickod are, and the Susan, with a recorded pr oduction of 1)0 oz. t o the 

ond of 1961 . The Susan is the only one whicb has been worked in reoant 

years, and that only intermittently . In addition, Borne workings about 

250 yards west of the Pinnacles arc referred t o by Ivanac as the Ajax mins, 

(recorded pr oduction 4 Oz . ), although they aru shown as the Hostern Chief 

on the t .. . C.C.S.N.A. 1937 plan. The Fassifern mine (rocordad production 

110 oz. ) is bolioved, by intor~olation from Ivanac ' s regional map , to be 

situated at 2,537,400 north, 193,900 east, and the Internetional (racorded 

l)r oduotion 2 oz . ) is situated a quartor of a mil e s outh- Gest of the Susan. 

Of those minos, tho Pinnacles, Ajax, and Int ern~ti onal are 

situated on maj or shear zones associated with minor ironstones, while the 

r emainder appear t o be in messive ironat c:ne . Copper mineralization is 

pr esent at the Pinnaclos Mine, as described in a pr evious section, and t o 

n lossor oxtent at the Ajax Mine . 

Only tho i mmediato vicinity of the Pinnacles and Pup mines are 

covar ad by ar ound magnstic survoys. Daly (1954) intorpreted tho results 

ut the Pinnacles as indicating tho ~bsenca of any major anomal i os, but 

at the Pup (rofarrad t o in his r oport c!s tho Pinnaclos Jilluvial ) he roccrda 

a woak anomaly i n a position roughly coincident with t he por phyry ocntaot. 

A diamond drill pr ogramme t o test the dQwttward extonsion of the 

copper ~eralizaticn nt the Pinnaclos Mine was undortaken in 1962/ 1963 
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by the Minoa Brencb, NorthGrn Torr1to~ A.dminiB.t:re.t1on. In three of tho 

shallowor holos, 1ntareootions of 1.95 poroent copper over 7 feet, 1.23 

percent over 14 feat and 1.50 peroent over 11 feet were obtained at 

vertical depths ranging from about 80 to 100 feat, but the results of 

do~per drilling, intended to teet the mineralized zone at or below the 

water table, wore disappointing • 

Peko/Golden Forty !.xea 

Deeply disseoted ridges cropout in the east~rn part of the area 

culminating in Mount Ru€g~dJ but outorops in the western part, around the 

Peko Mine, are more limited. 

The area contains a nucber of minor east - west fold axes, 
o generally with westerly y1tches of up to 30 , and a major antioline 

passes through 2,531,500 north, just to the south of the arGa ~ 

Lltholr.gically, the Warraounga sedicents ara similar to those 

described from other aroas, e. g., the Honeymoon Ranges, exoept for a 

50-foot suooession of shalo and graywacke at 2,534,400 north, 211,600 

esst, whioh oontains soattered pobbles up to three inohos in diameter, 

composed largely of sedimontary rock types similar to thOBO of the 

Warramunga Group itself . The hematite shale bas been found half a mile 

northoast of the Goldon Forty Mine. 

The intensity of shearing is gre~toBt in the central part of the 

area, around the Gold6n Forty workings, where many shear zones are heavily 

imprugnatod with iron oxides. Trends of 0800 
and 1000 are commonest. 

In addition, an east - wes t zona of about two miles by a quarter of a 

milo, passing through the Kia Ora Vano at the northern edge of the area, 

sbows very woll devel oped oleavage, whioh almost obliterates the bedding 

in both shales and groywaokas. This must indioate intonse local stresses, 

but 1s not aooocpanied by any markod inorease in the numbor of defined 

shoar zones. 

Porphyry orope out prominently in tha ar~a botween Poko and 

Golden Forty, and includos both sheared and massive phases. Some of 

tho porphyriae are sssooiatod with prominont jasper bars , but others have 

givon rise to no dieo~rn1blc contact effacts at all. Lt 2,535,000 north, 

206,000 east, ana" of the por phyries is orowded witb irregular xenoliths, 

from a fow inohes to about ton f oe t in diametor, but those have suffor ed 

no motamorphism exoept for slight induration. 

A emaIl altered diorite was found just west of the Great 

East~rn workings • 

Tho ironstones ar e oono3ntrated in three areas 1 Peko, East Poko, 

and Golden Forty. The Poko lodo crops out as two l enticular masses 200 

f eat long and 130 f eet long striking Qast and south-east. The Faa t Peko 

bodio"s are l or galy masaive lonses, up to 200 by 40 feet, most oommonly 

striking 010
0 

and similar in general appear anoo to tho outcrop at Poko 

itself. The Golden Forty ironstones, on the other hand, are mostly groups 

of small l onses assooiated with iron-impregnat ed shoar zones. They 
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fr~quuntly show an echelon grouping and most commonly strike 090 • 

Quartz veins ar,;J vory prominently 

espeoially to tho cast of the Kia Ora Mino, 
by 20 fee t 

to 200 fest/havG been observed. Two sots, 

almost equally developed. 

davolopad throughout the area, 

whore a number of blows up 
o 0 

striking 070 and 090 , are 

Peke is thoJ only mine now operating. This orobody bas baan 

d~scribed at length by other workers, especially Edwards (1955), and its 

struotural relationships bava boon discussed in a previous Boction. Its 

ore rosorvos are currontly ostimat ed at about 645,000 tons, equivalent 

to about four Jeers' production at pr Qsont ratos (1963). Grade is 

estimated at 5 percent oopper and 1 to 2 dwt. of gold per ton. 

Tho Golden Forty, Great Easti:J:nl and several unntlJiled mines have 

all worked iron-impregnated shoer zones containing lonses of massive .: 

quartz-hematitiJ. Recordod production is 500 070". for the Golden Forty 

and 280 oz. for tho Groat Eastorn. The Golden Kangeroo (Golden Forty 

North), with a r~cord~d production of 50 oz., is situated on a line of 

lenticular quartz and quertz-heoatitc bodies with vuggy and gossanous 

outorops, between half and throe qU~rt0rs of a mile north of tho Golden 

Forty. McMillan (1961) . . recorda that two diamond drill holes wore put 

down on this prospoot by tho National Lead. Co. of U.S.A. They were in-

tendod to test a cocbinod geochemioal and magnetic eno~ly on this line, 

but thoy encountered neithor sulphides nor magn3tite. Some furthor 

t esting in this aroa was ca.rried out in 1962 by Australian Devolopmant, 

N.L., but no minoabl e orobodias were discovorvd. 

About ono miloJ south-east of f.lount Rugged, the 'funnel Mine 

( r ocordod production 20 oz .) consists of two edits and irrogulor stopes 

in sh~arvd and brecci~tee sodiments associated with small quartz-hematito 

l enses . In tho northorn part of tho araa , tho Kia Or~ Mine hna n ra-

oorded production of 520 oz . from a zon~ of breooiated sediments re-

co~ontod by quartz and hematito. 

wi th this zone. 

No massive ironstones are associated 

Tho area contains a l argG numbGr of magnatio anomalies of ~he 

type normally aBsooiat~d with ooncdclod quartz- magnetite bodiaB~ These 

include the major anoQaly ct Poko itsolf. 

~t East Peko, a group of. four anomalies has been tested by 

A.G.G.S.N.A. diamond drill hola No .5 and by sevoral holos put down more 

rooently by Peko Minas N.L. (Daly, 1957). The full results CXG not 

available, but were ll.ppar~ntly not Bufficiently ancouraging to warrant 

turthar work on any of tho bodies. 

At Golden Forty, four ' anomalies are arranged in a roughly ri~ 

shaped pattorn. Two of those have b~on drilled by Kia Ora Cold Coryora­

tion and Australian Devolo~mvnt N. L. (Daly, 1957), and a hol~ by tba 

National Lead Co. of U.S.A. is reported to hav~ int~rsect~d 41 faat of 

talo sohist, averaging 1.5 percant coppor (M~allan, 1961, quoting 

R. ElIott, parsonal communication) . 
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The probable presence of extensive base metal mineralization 

in this area 18 aleo indicated by the occurrenoe of oopper and lead 

geochemioal anomalies (P.G. Dunn, Bureau of Mineral Resources, nnpublisbe4 

report, 1963), and some further work is proposed in this area by 
Australian Development N.L. at the time of writing. 

Two magnetio anomalies of lesser 

vicinity of the Great Eastern Mine . Some 

int ensity are known from the 

geophysioal work, followed by 

wagon drilling, was reoently carried out in this area by Australian 

Development N.L., but the results were di8appolntlng~ 

Another very large anomaly is situated about one mila west of 

Pekoe This waS intorpreted by Daly (1957) as due to a magnetic body 

of about 480 feet radius, oentred at a depth of about 2140 feet; but a 

220o-foot diamond drill hole put dOlm in this area by the Bureau of 

Mineral Resouroes under an agreement ' with Peko Mines failed to interest 

either massive ironstone or gold or coppor min~ralization. It appears 

likely, on the evidence now available, that this anomaly is largely or 

entirely oaused by magnetite disseminatod through a considerable thiok­

ness of Warramunga sediments, rather than a discrete ironstone body. 

Lone Star Area 

This area consists of a group of well dissectad ridges in its 

wostern portion, tailing away to more isolated outcrops to tho east . 

The Warramunga sedimonte show no features of special interest. 

Outcrops of homatite shale ~re known int~rmittontly from the True Blue 

Mino at 2,541,800 north, 199,500 east, to the Great Bear Mine at 2,541,000 

north, 206,)00 east. Possibly more than one horizon may be present • 

Tho beds are fairly tightly fol dod with vertical dips at a number of 

localities • PitcheS arc variable, dominantly to tho Bast at low angles • 

Shearing is v~ry pronounced, with a predominance of oast-south-

easterly trends in tho western part of the aroa. In tho eastern part, 

south-easterly trends are morc marked, apparently associated w~th the 

proximity .of tbe Quartz Hill/Rooky Rangu shear zona, which forms tbe 

north-east limit of the area. 

Three or four small areaS of basic igneous roeks (? lampropbyres) 

are indicated by patches of travertine at the surfaee. 

The ironstones include msssivo lenses up to )00 by 50 feet, as 

at the Arizona Mine, and some strongly jasperoid types, as at the Trump 

Mine . At the True Blue Mine , a poculiar type of spotted lode consists 

of blebs of hematite, averaging half an inch in diameter, enclosed in 

quartz. At tbe Lono Star Minu, the ironstones are 

sheared, and at the Plain Jane ~~no a north - south 

a portion of the lode by about 60 feet horizontally. 

themselves extensively 

fault has dlsplaeed 

The dominant trend of the quartz-hematites is oast - wast, but 

two distinct minor sets, striking 060? anel" 1200 ara appt.rent in a number 

of localities. 

Quartz veins ar~ present throughout the araa, but in the eest­

ern portion thoy roach a maximum development in th~ QUartz Hill/Rocky 

7r 
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romnants of 

zone. Sovoral lines of quartz reafs and quartz breccias with 

sedimonts in various stages of replacement by silice attain 

width of 20 to 30 fvet and can bo tracod with minor intorruptions for 

distances of at least one mile. They ~norelly trend betwoen 1100 and 

1300 and arc offset by minor north-cast f aults • 

Among the minos of· t his ~reo, the Lono St~r with a r ocordod 

production of 5,560 oz . is tbe moet important. The Trump El1l.d Maple Laaf 

war~ rooently work~d on a vory small Bcelo, but havv no rocord of produotion~ 

Othors whioh have produc;d some gold in tbe past arc tbe Arizona (22 oz.) 

Plain Jano (675 oz.) and Groat Eaar (180 oz . ). In most of these mines, 

gold hes been obtained both in massive ironstones and in brecci~ted iron-

impregnated sediments on their flenks. Traces of secondary copper 

minerals are apparent in the are from the lower levels of the Lone Star Mine . 

A msgnetic anomely of aboat )00 gammas is located about )00 

ya.rds north-west of the Lone Still' Mine. This WE'.B recently tested by two 

diamond drill holes put down under a subsidy agreement between the lease­

holder and the Mines Eranch, 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 f ault dipping 

gently tv the north (Ivenllc, 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 is an extension of tbe Honeymoon 

Ranges and has very closely spaced exposures, which gradually decrease in 

frequency to the west • 

The sediments are tYllical of the Warramungo. Croup, except for '" 

pebbl e bod a~ 2,542,000 north, 181,000 to 188,000 east, as previously 

described, but no hematite shale was found. 

Thera are at least 15 fold axes in t.he area, moetly 200 to )00 

yards apart. 

but the fold 

Pitohes ara predominantly to the west in the eastern part 

axes are roughly horizontal in the western part. The beds 

aro strongly sh~ared at many localitiaG, especially in a zono extending 

from 2,541,400 north, 187,000 east, to 2,542,4"00 no~th, 190,000 cest . 

This zone, with an average trend of 0100 is marked by a concentration of 

quartz reafs, brecoias, lenses of sheared porphyry, jespor bars and minor 

quartZ-hematite bodies. Another ma~or 11n~ of weakness is marked by a 

zone of lamprophyro intr~sions up tc 150 . feet wide, which extGnds from 

2,542,000 north 191,000 east, t o 2,542,800 ni)rth, 190, 800 east, with an 
o average trend of 340 • 

There are several smell " porph.YTies empl."].ced a long shear zones 

in the southern and western parts of the area . Tbese comparatively small 

occurrencos tond to bo associated with r olatively l arge j asper bars, and 

there are also a f ew j :l.sper raefs nod silicified sodiments in areas ~.,here 

no porphyry is exposed at the surface, as at 2,540,000 north, 189,000 to 
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to 190,000 sest. .The northern extantion of tha Aerodrome porpbyry, 

th~rvfora, prob~bly underlies much of tho south~rn part of tho nraa at 

reb.tivs1y shc l low depth. 

Lampr ophyres a~e well r eprosent &d • In ~dd1tion to thOB0 

£l.6Bocidad uith thd m.!'.. jor sheer zona a lra:l.dy doscrib~d , tharoa a r e outcrops 

in tho vioinity of tho Caroline Mino and to t he east of tho Shamrock Mind. 

Several of tbose ~t t hci C~roline Mine ar e flnt-lying ahaets , and at leaet 

on~ of thom intersects t ho main ironstono body at that minc o 

Ironstones s r u sporadically distributed throughout t ho ar ea, 

but a r e commonos t and l arg~e t nround tho CaroUno;> Mino, wher o several of 

t harn attain dimensions of about 15 by 100 fsot. At 2,541,600 north, 

189,500 to .190 , 300 cast, Buveral ironstone lenses oropout promi nently on 

stoepsided ridges, but t armionate Pot shallow dapths, gen;arally nbovu tho 

leval of t ho surrounding plains. Eas t - west tronds again predomin~to . 

JasPGr bE'.r6 and bracci:J.s cOmLlonly gr",de into l oss strongly silicified 

sediments, and ar e gonor.r.lly distinct from tha quartz-hew,tito l odes . 

Quartz veins, except for a f ew associated with ma jor shoC\.I' zonas , are not 

vary prominont. 

Among the mines of tho a r ea , only three havo ~ r0cord~d pro-

duction. The Sh~oOk produc~d 20 oz . of gold and 6 tons of oopper from 

a zono of shear ed end br aociet ad sodimonts, cvnvQrted in part to chlorite 

and sericita schists • Tbe Caroline, which is atill being workod int er-

mittantly, bas produood 280 oz . from massive qu~rtz-bematite l odes and 

associated she~red sodiments, and tho G~eal Northern bus produced 450 oz. 

from ~ iron-impregnatod shear zone in Warr amunga sediments • 

Tba only p~rts of this area covurcd by ground magnotomator 

surveys ar e the i mmedi at e vicinities of the Shamrock and Gr eat Northern 

Minos . Tho ar&a around the Shamro ck gave no :indication of tho presance 

of any magnIJ tic bodies at .ell, ~d th"lt around t ho Groaat NorthGrn indicat ud 

e number of small bodias a t rel~tivuly shall ow dopths (Dal y , 1951 ) . 
Gibbet/Aorodrome Ar~a 

This ~rea consists of a o~ntral l ine of hilla tr0nding roughly 

east - west, flankud to the north ~nd south by lower-lying ground with l aes 

continuous expoSures . 

The contral part i s largel y occupi od by normal sedi mante of tbe 

Warrallllnga Group. Hamatite Shal \) occurs at 2,531, 200 north, 188,800 east, 

and at 2,531,900 north, 190,100 eas t. At both looalitias the rooks 

conta in, 1n addition to the typicr.l finely di vi dad iron oxid., e, dissemin­

ated ootahedral crystal s , prob~bly of martita (hemati te pseudomorphs aft~r 

magnatito) , up to 0.01 inch in diameter. 

Two or possibly t~roe bods containing 'sand voloanoos ' occur 

at 2,531,000 north, 189,)00 east. 

The most pr ominent struotural features of the cr Oa ar o a group 

of tigl::t west-pitching folds near tho ~1heo.l Doria lUne and o.n open dome­

like struoture o ~ntred about balf a mila south- east of the Gibbet Mine. 
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In tbl3 vicinit y of the Hheal Doria Mip.e, a. strong But of sheors trends 

070°, and the alignment of ironstone lensos at tho Gibbet Mino suggosts 

that the sheers oxtond into th&it area.· 

Al most tha ant ire northern part of the area is ocoupied by a 

grou'p of !'orphyry bodies, tho largest of which 1s about ono mile long and 

half a ~lo wide, elongated east - west. It bus a very ~88ive and 

rel~tively frosh central portion, surrounded by a more strongly sheared 

end we:.thored zono sav·)ral hundred yards wide. It is int~rsected by 

major north-east tl"ending qUt~tz reefs and is r1r.1I:lod to the south and 

south-west by a wido zono of stlicification, including a number of well 

defined j~per bars. 

S~lth of this mass, a group of smallor porpbyry bodi~s lies 

eround 2,538,000 north, bati-l-.Jen 190,000 und 192,000 Gast. The most 

a~st~rly memb~r of the ~~p occupies part of Town Hill, ~nd 80me anomalous 

dips and pitch~s in the Warramunga sediments may be duo to the effects of 

this intrusion. The body is strongly sheared throughout, and its contaots 

are a l so in part cotltrolled by st.ec.ring. Xenoliths ,:-.ro nbundsnt 1n some 

parts of the marginal zone, absont 1n others. 

A soall isolat ed por~hyry has also b~en noted at 2,536,300 north, 

190,000 east, in the southorn purt of the area • 

A small ~ody of lampropnyre, probably in the form of a flat­

lyi~ shoet, underlics the quartz-he~tite at the Gibbet Mine, and a few 

epecim~ns havo a lso been found in spoil from a shallow shaft three quarters 

of a mile east-south-eas t of the mine. 

Th<> tl"'-in ironstones ere on the Wh.aal Doria/Big Ben line, and 

near the Gibb\;lt Min~. They range up to forty feet in width and are 

associated with sheers trending 0100 ; it is tentatively suggested that 

tho major, quartz-bematite ~ld quartz-m~gnetite bodi?s ~e localiz~d at 

the intoi'Section of these shears with tba hematite shale horizon. 

The iron.fltones a.t the Gibbet Minlol ara C\llt off nt about five 

feet below the surfaoe, and edits drivun und e~ne3th them havs encountered 

eithsr crush breccia or lamprophyro. ~ey are thought to bave boen 

displaced by fl~t-lying f~ults, now marked by th~se breccic zonee, along 

which the le~prop~~ea wore subsequentl y intruded. Qunrtz veins, uxcept 

for those associated 

strongly developed. 

minor amounts of dark 

wi th the me.jor porphyry occUrrance::s, are not very 

A group at 2,536,600 north, 189,500 east, contains 

graen toul1llalina. 

The minas 3re th8 Wheal Doria (recorded production 3,140 oz . ), 

Peter Pen (95 oz.), BiC Ben (7 oz.) and Gibbet (no record). Of these, 

the first three b~va most l y worked sbeared nnd brecciated sadimonts 

impregnated with vcrying amounts of iron oxides, and locally with minor 

amounts of copper, bismuth, nnd manganese minurals. The sboar zones 
o 0 strike about 070 end dip north at about 80. Ma~sive ironstono bodies 

also cropout on nll thesSl le;lses , but hav..,; apparently yieldad very little 

gold. The Cibbot workin!;s ere in massive ironstone and in crush 

breooiE:.s intersecting th3rn. 
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A rol~tivaly l arge part of tho ~roa has boon cov~rQd by detailed 

magnGtometar surveys. Four anomalios aro rocorded from the rfuaal Dorte! 

Big Ben lino, and a t es t of tho strongest of thoso by two diamond drill 

holes (A.G.G .S.N.A. holas No . 4 ~d 4 A), oncvuntared dissominated bematite, 

magnetite, celctte, pyrite, ond chclcopyrite in chloritic slnto between 

157 and 110 foot in hole No . 4 and botwcon 159 and 183 f eet in hole No .4 A • 

However, only low gold ~d oopper valuos wer e obt~in~d. 

In the southern part of tho area, two v3ry prominont anomalies 

o.r e a ppa r ent on the aerial magn-3tic map. The mor", t:estElrly of these 

(locally rl3f ()rred to e.G the West Gibbet) has beoJn fur.thor invastlgatt1d by 

ground magnato-motor survays by Peko Minoe N.L. SOffi~ di cmond drilling 

hus ~lso bean carried out in this ar oa by rako Min~s, but the r eeults are 

not availabl a. 

Eldorado Aro£:. 

This ar ea comprisos ~ group of r atber abrupt ridgos ext~nding 

from the Enterprise Mint) to tue Catis i'lhiskors, and a numbsr of g6ntler 

hillocks to the Ga~t and north-aae t (soe Fig. 13). 

The 1ie.rrCJ:lUnga sodiments show no unusual cherllctoris tiCB. The 

beoatito shale 1u wall developed and can be traced ~lmost continuously 

from 2,532,000 nor th, 191,000 oest to 2,531,000 n'.)rth, 194,000 east , with 

minor occurrences abcut two milcs north- e/:l.st of tho) lattor polnt~ Two 

beds tli tb I sand volcanoes' occur strt:tigraphice.ily just below tha hematite 

shale. 

Structur1.l.11YJ the main features arc ;m open antioUnu just south 

of t he Cat' s Hhiskera/Enterpriso line of lodes, and 0. syncline just north 

of it. Pitches era to the oast in the wustern part of tho area and to 
o tbe west in the eastern part, generally at angl es of I sss than 15 · . 

Shoaring is not vary prominently develop~d , exoept for a f ew l ocalities 

near t he Enterpriso and Cat's Hhiskars Minos, whdre thu domirumt sets 
o 0 trend 100 to 120 , and a f ew quartz breccias in the oas t ern par1 of the 

o 0 
a~ea , generally striking 340 to 360 • 

A few small lenses of sheared porphyry wor e found about a quarter 

of a milo sout t.-esst of th~ ' Cat "s Whiskers Mina . 

Ironstonus are vary well developod, but are confined entirely 

to tha western pert of the ar 0a, whoro t hey occupy a baIt 

3 ,532, 000 north, 191 ,000 east to 2,531,200 north, 194,000 

extending from 

aes t. This 

bolt, witb b.n aver age widt'h of s'oma 500 fl3ot, trends ro~~hly east - west 

botween the :J::nterprisEI and Eldorado Mincs, and 12.00 between the Eldorado 

am! Ca. tIs Whiskors loiinee. The individual ironstones rango from massivG 

lenses of 200 by 60 fe~t , as at the main shaft of the Eldor~do Mino to 

bddded foreations cnly a frcction of an inch wide. They all trond coat -

wast, oxcept for ona irregul ar body about 200 yards south- east of t he 

Eldorado ~l1nEl . The bol~ of ironstones coincides olosoly with the outorop 

of the hematite shal e, as pointed out in an earli.:>r s ection, lllld a lso 

appoars to coinoido with the zone of stu~pest northerly dips in tha area . 

Quartz vains ~e moru abundant in 'th~ eastern part, whore two 
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main sots strike 090° and 340° to )60°, 

The minoa era confined t o the belt of ironstones extending from 

the Enterpriso to tho Ce.t 's Whiskors Minv. From woot t o oe.st, the mc.in 

ones are tha EnterprisG (recorded production 6600 oz.), Patties (1510 oz. ), 

Eldora.do (106,000 oz.) , The }!ount (no rl3cordod production), and Cl'.t ' s 

Whiskers (100 oz.). At the Entorprise end Pnttios Minos most of the oro 

C8l:J.O from a zone of brocoiatlld iron-imprognatod sediments in tho footwall 

(south 8id~) of tho massiv.o ironstonu l enses. At tbe Eldorado l>1intl, tho 

bulk of tho ora consistod of breooia zonas in tho ironstono itsalf. At 

Tho Mount, workings ar c l E'.rgoly in iron-improgn::.t od sodiments, and c.t the 

eat'a Whiskors 1n massive quartz-hematite and adjoining crush zones. 

At ell mines, thoro were indice.tions tha.t much of the gol d was .secondary. 

Both the Enterprise end Eldorado Mines have been t ... ork~d rocently, 

but only intermittently and on a small scale. At the Enterpri~e, a 

programma of exploration by long-bole drilling w~s recommended Py Ha.yes 

(1961), but although Barno anccuraging rosults woro obtained, tb~ mine baa 

no significant oro r osorves in s ight a t the tioe of writing. 

At Eldorado , an explor ation programr,lG was recommendod by Ryan 

(1958), but somo of hi s suggestions still rJmoin to bo implemented, notably 

thQ t esting of the lode b~neath the Turnur Fault bolow the 300-foot level. 

Five major magnetic anomalies are known from the ar ca north and 

oast of the Eldorado Mine (Daly, 1957, Ph.to 3) . Anolilaly No.1, north of 

the min~, was tested by A.G.O.S.N.A. diamond drill hole No.1, w~icb intor­

sected massiv~ ironstone from 223 f oat to tbe bottom of tho hole at 235 

feet, but ~ncountorod only low gold and copper values. Ironstone h~s 

also boon encounterod in this vicinity by Eldorc.do drill hole S 3, 300-4 

and 300-5 . Anomaly No .2 mcy be duo t o tho lower portion of the Eldorado 

orabody, and ironstcno has been cut close to its ce lculatod position by 

Eldorado dio.mond drill holes S 1 end S 2. Anomaly No.3 h"s been testoe! 

by :: .• G . G . S.N . t~. hola No.2, which passed tlJ,rcugh sheared sodiments with 

eisBominated Qagn~tito , chalcopyrito, and pyrite betwoen 413 feot and the 

bottom of the hol o at 452 faet, inoluding a body of massive magnetite 

between 435 and 441 f oot . Copper va luas over this 39-foot soction 

evorcgod 0.42 parcant, with e ~~imum of 0.88 percent for the bottom 

Boven faet. 

In the ar<!l~ oecupi'od by No.4 ;:momal.}' (Cat I s Whiskors), at l east 

two diamond drill hol os are known t o have boon drilled beforo 1960, but 

no record of those has boon found. During 1962 and 1963, fiv~ fUrther 

holes were drillod by Eldorado Tonnant Creck Co . Ltd under an agr~ament 

with tho Mines Branch, N.T. Administration, ~~d II north-dipping ironstone 

body WQS found a little north of tho ·positicn indioated by Daly. The 

first hola , vortical, interseotod only low values in the oxidized zona of 

tho bo~, but tho next two holes, inclin~d t o the south ct anglos of 600 

o . 
end 75 t intorsect ed minoral1zod zoncs llv0raging 2 . 5 p~rcent copper ov~r 

31 f eat inclinoc! width ~ 3.6 percont coppor over 12 foet inclined width 

rosp~otivoly. 
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Howav~r, hQl 0 No .4, 100 foot to the oast , obtainad only tracG 

amounts of copper ' and hole No.5, 100 :(a&t ... to tho . ucs.t, " obt a ined ana 

intersoction 'O'f thra" £.Q6t, ~~say:i,.ng' 2. 6 percent cOPPlZl r , and ono of six 

feot, r~eaying 2.55 percent copper. Gold values wer\) very .lev thro\\ghlJ\.lt . 

No.5 anomaly bas not yot beon drilled . 

An anomaly about three miles oast-south-e~st of the Eldorado 

Mine, locally known a3 tho 'Bull-dust Anomaly', was tested by the 

Ncti onal La~d Co . of U.S . A. by moans of two diamond drill heles. Acoord­

ing t o McMillan & Debnam (1961), neither holo passed t~~ough ironstone 

or sulphide concentrations of c.ny impcrtc~oe. 

Mount SamuGl J~raD. 

T Tho b~st exposures within this aroa aru restricted t o 'a group 

of ric.gas extending cuet-south-east fron Mount Samuel to the HUJ!Il!lerjo.ck 

~!ino (Fig. 13) . 

The Warramunga aadiconts aro vory similar t o those of the 

Eldorado ar ea . Tho hematite shale can be tracod intermitt~ntly for about 

a mile and a half, and at least two horizons with 'sand volcanoos ' occur 

stratigraphically just below tho hematite shalo (Fig. 14) . Structurally, 

the main features ar e tlr'O opon east - west cnticlinoria en echelon, one 

situated just south of the Red Ncd/H~orjack line of l oco , and the other 

immediately west of Mount Samuel. .A major synoline lies on the north 

flank of each. Dips throughout the area aru gentle, genorally lass thon 

45°, except in the immediate vicini ty of tho Red Neq/Hrunmorjack line of 

lode, where st eep north~rly dips of up to 70° occur . Pitohes ar e t o the 

east at angles of 100 to 200 ovor most of the area, with a l ocal reversal 

t o 20° west b~lf a mile soutb- east of Mount Samuel. Ono unexpected 

feature is that the heml~tite shale has been f oune only on the nortb flanks 

of the anticlinoria, a lthough tho beds with sand volcanoes cccur on both 

flanks . 

Shoaring is not generally very obvious, but individual ironstono 

bodies are commonly surrounGed by zonas of br8cciat i on up to ten feat 

wide . Sarno topographic fe~tures, such as the alignmont of minor scarps 

and gullies, elsa suggos t meridional f~ulting in this aroa . Cleavage 

is commonly wall devoloped in the finer-grained sedi mcnts . It i s roughly 

vertical and strikes 080° t o 090° . 

Owen (1942) r ecords that porphyry was intersected at 60 feet 

in a bor>3 at th.;;: south-west fo ot cf Uount Samuel. 

The ironstones are ccnfinGd almcst entirely to a bolt nbout 500 
f oet wide , which trends 120° a t the Southern Cross workings, swi~ t o 

135° at Mount Samuel, and continues at 100° betwGon tbo Outlaw and Hammer-

jack Mines . The groator part of this b~lt coincides closely with the 

outcrop of hematite shalu, and its eastorn p0rtion also coincides witb 

the zone of 6te~pcst northerly dips in 

relationships observed in tho Eldorado 

the a rcs . This 1s similar to tho 

area. Several of the indi vi dual 

lonses et ?-1t Samuel attain horizontal dimonsions of the ord0r of 200 by 

500 f Out , but as they are l arg0ly flat-lying sheots , thoir actual volumes 

. .. 
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~G no greater than thos o of other areas. They are generally very donse 

and compact, and ~ of them era still strongly magnotic, even in exposed 

portions ~t thu surface. 

The main ~nes, from west t o cast (Fig. 14), are tbo South~rn 

Cross (record~d production 300 oz.) , Mount Samuel (4150 oz . ), Ou~law 

(190 oz .), Rad Nod (n.:'l rooc·rded. produotion)t and Hammorjack (5500 oz.), 

Only the Outlaw has boon worked recently. j~t all t hese minos, workings 

are partly in massive irons t ono and partly in shearod and brecciated 

s ediments close to tho ironstones, but much of the richos t ore appaars t o 

have beon a porous gr anular or botryoi dal limonitic mat erial with r amifying 

s olution pipes up to two inch~s in diamet~r. It is not possible t o deoide 

from tho available evidence whether this material is the pr oduct of 

l eaching of mc-ssive sulphides in 8i tu, or is duo to the re:-procipitation 

of iron oxi des t ransported by supergene solutions. Howover, anal ogy 

with 0ther areas on the fiol d would favour the l atter origin. 

At the Hamm~rjack Mine, the main irons t one bodies dip north at 

an average angl e of about )0°, roughly paraliel t o the dip of the adjoin­

ing sediments, and ar e cut off t o the north by a breccia. zone, probably 

representing a major f ault . No extension of thes e bodies to the north 

of this breccia zone is known. 

At Mount Samuel, tho ironstone bodi~s ar e up t o 500 feet across, 

but t hey all bottom at depths Qf 70 t o 90 f eet'. The und8rlying sediments, 

which ar e fl at-lying, arc slightly br occiat ad; so tho b~se of the iron­

stones may be controlled either by u change in lithology or by a shea r 

zone par~llel to the bedding • Breocia.t;;:d sediments al so flank the 

ironstcnes to the north, and may indicate anot he r faulted cont act. 

At tbe Red Ned and Outlaw Mines, the ironstone bodies dip north 

mor e steeply in confcrmity with t he surrounding sediments . At tho 

Southern Cross Mine, the dips of the sediments a r e pr~dominantly t o the 

soutb at l ow anglos, but the ironstones are fl at-lying bodi es similar 

to those of Mount Samuel. 

Throughout this and the adjoining Eldorado a rea, the major 

mines (Mount Samuel, Enterprise, Eldor ado and possibly HammQrjac~) are 

situated at points where the goneral ironstone-rich bolt under goes n 

change in direction. Tbese changes in direction are probably r efl ections 

of pitch changds, which may be the und~rlying controlling faotor. 

Traccs of chalcopyrite and secondary copper minorals have bo~n 

f ound in sev0ral ironstones. 

Three magnetic ~omalies are known. One is situated vertically 

below tho outcr op of tho Red Ned ironstono, and another in a position 

down dip from the Outlati ironstone outcrop; both are undoubtedly duo:> to 

the extensions of the outcropping bodi es below water level. The third 

anomaly i s 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 

eithen of the others. None of these anomalies has been tes~ed. 
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Noble'g Nob J;.rea 

This· area contains a group of flat - topped ridges, with good 

outorops in its oentral portion, which docrease in height towards the 

margin of the aroa . 

Most of the area is occupied by Warramunga sediments of normal 

lithology£ Minor occurrences of hematite shale ware seen at Nobl,a's Nob 

mine and half a mile Boutb of the mine • Two, or possibly three, beds 

with ' sand vol canoes' 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 Harramunga sodiments are gunerally to the squth at 

angles o 0 of 60 to 80 , except near the northern mcrgin of the aroa, where 

a few minor folds occur. A major anticlinal axis passes just nOllth of 

tba most northorly outcrops . Pitches are ganer~lly to tba wast ,t 

gentle or moderate angles. 

In the south, the Rising Sun Formation cropsout intermiltently 

over an araa of about two miles by half a mi l o . Those bads gen~rally , 
dip to the south, and are bounded on t he south side by a group of ~ajor 

faul ts . 

The dominant faults and shea rs, 
o Rising Sun Formc..tion., t r end 010 , locally 

including those affacting tbe 
o ' swinging to 050 , and ar,e 

oommonly markod by zones of silicificat,ion or iron.- impregnation. :. A minor 

sot strikes 3300 
.. 

Quartz- hematite lodes are best doveloped close to the R~sing 

Sun end Noble's Nob Minas, ensi shoH tho usual aast - .113st elongat t on. 

Qu~rtz veins aro fairly widely distributed, end most commonly tre~4 100° 

to 120° . 

Tbe two main minas ar<.:l Noble's Nob~ with oil r ecorded producj:ion 

of 6)0,000 oz. of gold to the end of Juno 1963, and Rising Sun, with a 

recorded production of 8000 oz . 

At Nobl~ 's Nob, t hr ee massive qu~rtz-hematita lenses crop out 

within a major east trending shoar zono; tho largest bas e length of about 

320 feot &nd a maximum width of 90 feet . Tbe oro is Inrg~ly localized 
; 

in fractured zones within tho ironstone ~d in the immediataly adj9ining 

t~erramunge sadimonts , a.nd is characterizod by a high content of so:riioi te 

and minor amount"s of bismuth und copper minerals, the l .2.tter incroe:sing 

~rk0dly in depth. However, gold is only raroly visible to tho naked ayo, 

end the orobody has assay boundaries . The orebody has been traced to a 

depth of just ov~r 300 f eat , and roserves at June 1963 wer~ reported as 

75,000 tons, averaging 24.9 dwt. of gold per ton. 

At the Rising sUn, a zone of br~ccic:.t.ad sodiments with minor 

l cnsGS of hem~tite has boon mined ov~r c length of 125 feot and to a 

maximum width of 50 f oct, mostly by means of a large opon cut. Other 

prospocts in tho aroa include the Archangel, Bee ' s Knees , and ~roabGr ' s 

Find, a ll of which are associ~t~d · with small ironstone lenses. Most of 

these prospects h:lvO r ecently been ro-examined by !..ustr~.lian Devel opment 

N.L ., but no details havo been released. 
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A rather foebl e mr:.gnctic anomaly occurs roughly in th£l position 

of the ironstono intcrsectad in the Bure~u of Mineral Resources diamond 

drill bolo ut Noblels Nob , and Daly (1957) cIs a int ~rprots thG magnetic 

contours to tho aast of tho mine as indicating tho presence of a very 

l argo body at u depth of 1500 feet or mora . This is more likoly to bo 

duo to rock magnetism or disseminated magnetite than to a definod iron­

~tone body, and no attempt has been made to test it . 

Red Tarror/Joker Area 

Savoral groups of typi9al f l at-topped, st~ep-s ided ridgos in 
ma.xJ.mum 

tho Warramunga s8dim~nt~ reach their/development close to tho Red Terr or 

Minc. In addition, an east - west group of more rounded ridges is 

developed on tho Rising Sun Formation in tho south . 

The greater part of tho Warrumungn sedimGnts ere the usual grey-

wacko, siltstone and shale. Tho hematite shal e has b&vn traced for about 

tbrue quarters oP e mil~ in the vicinity of 2,529~000 north, botween 

207,600 end 208,900 east, and soveral isolcted beds of s~d volcanoes have 

boun found botwoun this point and the Rod Torror I4ino. I mmedi ately west 

of this minu, a Ilebbl D bod , about 15 f oot thick, offs0t by a numb _r of 

faults, has been traced for n~arly a mihl . It is vury similG'.r to tho 

bed a lready doscribod from tho ar~a north-~~t of Mount Rugged . 

Miner slump structures are widespread , and a few specimens from 

various loc~liti~ conta in nodules and structures r esembling worm-tubes . 

Pyritu casts up to ~ ~ightb of an inch in diameter occur in she la about 

a quert~r of a milo north-west of tho R~d T0rror MinG • 

The main structurel foature is a major 

at 2,531 , )00 north, pitching was t at 100 to 200 • 

eas t - west anticlino 

Faulting end shearing 

arll widosprlll:"'.d. o 0 Two very prominent scts of fr.ults strike 330 ~~d 030 , 
Uld a set of mineral izGld shoar s, including those • ..... orkod at the R,;;,d 'rerror 

~d Joker Mines, strikes 070° . 
Tho Rising Sun Formation occupi es an o~st trending bolt witb 

an nVGruge width of a quarter to half a mil~, continuous with that in 

the south·Jrn portion of t ho Nobl o 1e Nob eN!a. Its lithol cgy nnd main 

structur al f ea tUres have already bC'<.ln r.:lfGrr~d to in n pr.3vious Boction. 

Po l ar go prophyry body, throe mil os by half Q mil.:!, olol'l8B.tcd 

ous t - west crops out to tho south ~d south-west of thc Rod Terror Mino. 

As in most othor porphyrh:s on tho fi old, most of thoso outcrops a r c 

dCClply weathur .:Jd. On tho north-Jrn flank of this porphyry mnss, a. few 

bods of graded greywacke show a superficia l r esornblance to tho porphyry 

in hand- spocimen, and some of tho qunrtz grains in them show l obate cut-

linos , r eminiscent of thos e in tho porphyry itself. 'fhose r ocks h3.vO 

undoubtedly unde~gono seme solution and recrystallization under tho 

action of sol utions from the nocrby igneous intrusion, ~-Od tho process 

has bocn described as 'porphyritization ' by Borne other investigators 

(Ivanec, 1954, p . 27). Undur tho miscroscopo, howevor, those rocks aro 

invariably found to contain fragmonts of pro- existing fine-grained 

s odiments, which distinguish thorn from the porphyry itsolf . 
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At its south- eastern margin, the porphyry is surrounded by a . , 

5trong , zone of silicifioati on., including a .number ot: .. prom.inQnt jasper 

bars" and '1s intersected by e8vera.1'· quartz reefs with north- north-we!:lt.Grl ,y 

trends. To the south and south-west, the porphy'!Y 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 nunerous xenoliths 

of Warramunga sediments . 

At 2,528,500 north, 211,500 east, a group of laoprophyree crops 

out close to the Red Terror porphyry, but is separated from it by a 

major shear zone. 

Ironstones are not very well represented. Wi thin the area 

half a mile north and north- west of the Red Terror Mine, a few have been 

tested by shallow workings, but no production is record~d 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 

(160 oz . ) and the Red Terror ( 1300 oz . ) . Both of these have worked 

steeply dipping ir~n-impregnated shear zones, trending 010°. 
years, only the latter has been worked, intermittently. 

In recent 

The areas surrounding the Red Terror and Joker Mines have been 

covered by ground magnetometer surveys, but no major magnetic anomal i es 

hava been located . 

Skipper/Westward Ho Area 

This area is essentially a westerly extension of the Mount 

Saouel area but the folding of the Warramunga sediments is rather 

tighter . Tbere are two major anticli~oria en echelon, each with a 

reversal of pitch, giving rise to partially closed dom0-.l1ke structures. 

Tho close aSBociation between ironstono bodies and the homatite shale 

horizQn can ag~in be observed, and the range in size and attitudes of the 

ironstonos in the two araas is roughly comparable. However, the 

individual ironstones in the Skipper area follow fhe intersections of 

shear zones and bedding and reach their maximum developmcnt 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 crops out about 200 yards 

north-west of the Skipp~r Extended Mine. 

The main mines are the Skipper, Skipper Extended (recorded 

production 4250 oz . ), Arcadia, and lIestward Ho (820 oz.), none of which 

have been workad for some years. A major magn~tic anomaly has been 

located about 2000 feet west of the Skipper Mine, and is r eported to 

have b~en tested by two diamond drill hol~s, but only very low- grade 

disseminated sulphido minuralization was inters~ctod, the host rock 
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being a magn~tlte-chlorite schist (P oG. Dunn, Bureau of Miner al Resources, 

personal com.munication). 

Jubilee Area 

Mos t of the rock exposures are in tba form of low gentle hil l a, 

but there are also a number of small , razor-baok ridges of quartz, juspar 

and ironstone. 

The "ITarramunga BGdioente consist of the usual int erbedded scale, 

sil ts'\ono, and graywacke', Some rocks superficially resemble the hematite 

shale described from othor parts of the One- mile Sheet, but closer 

oxamination Bug~St8 tha t thoy ar e secondarily enriched in iron by 

proc~sBoS sindl a r to thOBO r esponsible for the formation of the ~essive 

irOnstones, and their distribution 1s thereforo of no str atigr aphic 

signific:ance. 

Structurally, the most prominent foatures ar~ savoral largo 

dome-liko struotures, up to two miles by one mi l e in extent, the cores of 

shich are occupied by bodias of Bavano-foldspar porphyry (Fig. 15) . The 

dips on tha flanks of these structures ara commonly l ow to moderate, except 

near major ehec.z- zonas . However, the northorn contact of the most 

northarly of theso porphyry masses is faulted, and the s ediments north 

of this fault dip staeply towcrds it . 

The porphyries themsel ves are somuwhat coarsor-grained than 1s 

typical for rocks of this group in other parts of tno One- mile Shoet, and 

the prasonoe of Baveno typo miorope~thitG phenocrysts in some of them 

indicatos a r elationship to tho porphyritic phases of the Station Hill 

granite • Shearing is gener cUy confined to the marginal portions of the 

masses, or may be alt cgGthvr absent . No fine- grained border phasos have 

been obs~rved , but there is a general increcsc in the magn~tite contents 

towards tho margins at the intrusion, and minor l enses of porphyry occur 

within the sodioents parallel to the contac~ of the larger mass~s . 

Ironstones and jaspers are vory prominently dovelopod in this 

area, and are of two types. By far t he mor a numerous occur in the 

sediments within about 200 foot of th~ contacts with tho porphyry masses . 

They are conformabl~ with .the bedding of the sedi ments in which thay 

occur, but they are lenticular, either pinching out a l ong the strike with 

sharp boundaries, or passing into zones of only partly ropl~ced sodimants 

and thonce into bods only s l ightly enr ichad in iron or silica or both . 

They ar e"not confined to- any definite s tratigraphic horizons, and sudoQBsive 

lenses may occur at different distances from tho porphyry contact. Some 

Occur at the contact i tself, but this is nct typiccl. Tho maxi~m thiok­

ness of i ndividual lenses of this type is about 20 feat, but occastonally 

two or mor e lenses may oVdrlap. The devolopment of these lonses and the 

associated fer ruginization and silicification ar a especially prcnounced 

in areas where compar ativaly narrow tongu~s of sediments occUr between 

two porphyry messos or as a re-ontrent within ono of the l arger messes • 

The oxac~ mechenism r esponsible for tho ecpl acement of these 

ironstono and jasper bodies is not known, but it is obviously rel~tod to 
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Diagrammatic cross -section, about~ mile east of Jubilee Mine 
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the intrusion of the porphyri es cnd may b~ due to a wave Dr 'front' of 

iron-rich sol utions . 
The second type of ironstone end j asper lodss consists of ~ho 

more uBuel t ubul ar bodias associated with major shoar ZonGs. These arc 

best develop~d in tho northern part of the area nnd in th~ immediate 

vicinity of the Jubilae ~~ne itself. Their a ttitudes conform t o those 

of the shoars in which they occur, i.e. they commonly striko oast - west 
o 0 

and dip either t o the north or to tho south Ilt ~gles botwoen 7C and 90 • 

'~artz veins ere largely confined to tho interior pert ions of 

some of tbo larger porpbyry bodies, where they prodominantly t rend north 

to north-Gcst and ettain wi dths of up tc 20 feet. 

Only one exe~plo of a transgressive f ault cffsetting the 

porphyry contact and the n~ar-by jasper bodias hss boen noted. This 

ccmire throe quar ters of a mile south-ecat of the Jubilee Mine. The fault 

zona is oocupied by c series of qunrtz voina up to 6 fgot thick, and the 

nppar ont displacement on the fault is about 500 f eet. 

ThG only mine in the erea i s tho Jubilee tune . This was first 

w~rkGd for gold and yioldod 620 ounces , but r ocently it has b~en worked 

for bismuth (carbo~te) and tho first parcol of 28 t ~na of are yielded 

500 lbs of bismuth of 99 percent purity. Tho gold and bismuth ore cccurs 

in shoared end ferruginized sedi8~nts in an a~st-tronding sho~r zone close 

t o the southern contact cf one of the larger porphyries . 

An ol d mine dump of about 100 t ons, with Iln estimated grado of 

betwoon one ~d two percent bismuth, is still avai l able for treatmont, 

and cn expl orcti on programme to block out additional reservos of bismuth­

rich matarial in the old mine workings has rocontly been proposed. From 

praliminary invostigatic·ns, i t app~::lrs thut such 3 progr.J./Jllllc should bo 

ab l e to block cut sover al hundr ed tons of ene t o two perc~nt oro. 

Mary Lene Ar\:lCl 

The area consists of scuttored mesas , most l y co~posed of 

\-larramufl8a sadimants, som", r ezorbe.ck ridgos of ironstone and quartz reefs, 

end sarno l ew-lying oreas wi th good bedr ock exposuras in the creek. beds, 

comparable t o tbe pediplains of tho adjoining J.tary Ann ar~a . 

Lithc logically, the Warramunga sediments sbow two main eivisions 

a dominantly sbaly succession cv ::;;rlain by a groywe.cke-slwlo Buccession . 

Tbe mnximum thickn~ss of tho dominantly shcly success i on is es timatod at 

about 2100 f eet, observod neur the Stuart Highway. Sover al b~'~s witb 

shalo fragment s in a f ino-grainvd matrix are r egarded as doposits from 

turbidity curr~nts. They reach a maximum thickness of about ten fo~t . 

North-east of the Hidden f.'.ystery Mine , ther;a is a lsc a conglorr.erete bed, 

about vnc foot t hick, which contains r oundad quartzitc pebbles up to two 

inches l ong. 

The sediments within about t hr oe quarters of n mile of the 

Station Hi l l granitu contact generally dip south&rly, i. e . away from the 

contact, at angl es vf 350 to SOo . In tho r erncinder of the ar oa , al~ost 

v3rticcl dips erG common, but faCings deduced from graded beds indicato 
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isoolinal f olds. Minor drag f olding occurs in the vicinity of Borne of 

tho larg~r sboar zones, e.g. at the Hidden l-lystory Mine . 

Within 1000 t o 2000 f eot of t he granite contact, the WnrrM'lUJ'lga 

sediments are commonly oxtensive Bil~cifiod, but no high-grade contact 

metamorphism was seen. 

Tho dominant structural featuro of tho area is the Mary Lane 

ehoar, striking 1050 to 110° , which has been tracod for a t otal distance 

of six miles within this area, and continues as the Mary Arm sboar to the 

major struotures of east of the Highway. This appoars to be ono of th~ 

tho Tennant Creek gold fiold, as it coincidos with a marked linear feature 

on tho serial magnetic map and is co-linoer with a group of shears in the 

Rad Bluff ar~a, Borne three milos wast of t ho limits of tho Tannant Creek 

One-mila ShoJGt . 

ogicsl 

of the 

Two major and several minor porphyry dykas, which hove petrol­

affinities with the Stetion Hill granite (just boyond the boundary 

Mary Lane erea) trend roughly parellel with 

distanoes up t o ana mila frem the main mass . 

has boon traced for more than four miles . 

The 

the granito contact at 

largest of these dykes 

At Grey's Bluff tbe trend of this contact diverges from the 

regional strike of tho sediments end the porphyry lenses show e right hand 

on echelon arrangement. 

A small dic.rite dyke intrudos the lvarrnmull8ll . sediments about one 

mile north-west of the Mary Lane Mine, and 8 f ew lamprophyro cykes , up to 

sevora l f~et thiCk, have been observed in sub- borizontal shear zones at 

tho Hidden Mystery Mine . 

Ironstones are practically oonfined to two parts of the area. 

OnQ group occurs in the Grey's Bluff area, about cne mile from the granite 

contact, 1"/'hore, houevar, they do not show any obvious alignment on major 
structures . Tbo seccnd group comprises the l odes occurring in or close 

t o tho main Mary Land shear zone . They are commonl y associated with 

que.rlz r aofs, jaspers , small bodies of shearod porphyry and zones of 

sheared, chloritized, silicified and iron-impregnated sediments, which may 

attain total widths of more than 200 feet . Gradations aro commonly 

observod, 3sPQcially tho transition of shearod sediments into quarts reefs 

on the ono hand and ironstones on t~o other. 

The arrangemont of the individual ironstone bodies within the 

shear zone is en ochelon, and tho size of the individual bodies ranges up 

to 15 by 50 feot in the vicinity of the Hidden Nystary Mine, and up t o 

30 by 180 feet in tbe vicinity of the t.1a.ry Lano Mine. Meny I)f them are 

shewn by cos teans and shallow shafts, he-wever, to bottom at shallow depths . 

grcups . 
The quartz r eofs of this area ara also divisible into two mai n 

Ono of thoso, trending at about 1000 t o 110° , c~mprises the 

reefs and broccias developod in the Mary Lane shear zone and in the sevoral 

smaller sub-parallel zones between this and the granite contact. Some 

of thesQ r eof s attain widths of up tc 100 feet and can be traced along the 

strike for several hundred yards. The second group, with domi?k~tly 
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mGridional trends, occur closor t o t he granito oont act and occupy trans­

current faults, Borns of which have displaced the cont act itself. 

Tho only mines in the area are the Mary Lane (recorded producti on 

2 oz.), Hiddvn ~to~ .( 11 oz.)." ~es of Youth (no recorded production), 

and lo1e.acot (22 oz. . ). All of these a r e situatod on the main Mary Lane 

shenr ~d hGl.vo worked material ranging from mass i ve ironstone t o s heared 

iron-impregnated sediment s . Traces of secondar y copper miner als have 

boon found in a small costean eas t of tho Ma ry Lane shaft and in a minor 

shear zone t o t he s outh of this shaft, but ther e is no r ecord that any 

primary copper mineralization was found in tho existing workings, which 

are believed t o be about 100 f eet deep . A diamond drill hole, inclined 
o at 60 t o tbe north, 1s r eported by a l ocal prospector t o bave been 

drilled t o a depth of 200 feet from a point 40 feet s outh of the shaft, 

but apparently failed t o intersect the shear zone . 

Two r at her poorly definod magnetic anomalies occur in the 

vicinity of tbe Maecot Mine, but Daly (1957, p. 29) gave his opinion that 

these w~ro not of the type produced by u discrete quartz-magnetite body 

of t ho usual type f or the Tennent Creek field. 

A geoph;rsical survey by means of loP. roconnaissance traverses 

over part of the area was recently carri ed out by Australian Devel opment 

N.L., and throe l ocalitios wero subsequently further investigated by t he 

Bureau of Mineral Rosources by means of geochemioal surveys . As a r~sult 

of t hi s work, sever al arecs of above-background copper concentrations have 

been delineat ed, and diamond dr illi ng t o t es t some of thorn is about t o be 

undertaken at the time of writing. 

Curlew Area 

This ar ea comprises the extreme north-west ern portion of the 

Tennant Creek One-milo sheet and consis t s of a fow prominent mosas in the 

aastarn portion, a few razorback ridgos due t o the presence of resistant 

quartz and jasper l odes , and a number of l ow; gentle , dome-shaped rises 

whioh mer ge al mos t impercoptibly into the surrounding bullduet plains. 

The Warramungn sedi ments in the northern part of t ho ar ea are 

domi nantly shale and s l at e belonging t o the l ower sub-division of the 

group, whi l o the interbedded shale and greywacke of the upper sub- divis i on 

predominate in the southern part. 

Tho structura, as far as can ba r ooonstructed f rom tho r ather 

l i mited outcr ops, suggests t hat the north- eas torn portion of the area i s 

occupied by part of the dome surrounding t he Station Hill granito compl ex, 

while the north-western portion contains a Similar but r ather small er dome, 

the axi s of lihich i s occupi ed by tho porphyry intrusion centred about two 

miles north of the Curl ew Mino. In tho sout h- eas t , cl osely spaced eas t -

west fol d axes ar e the dOminant featuros • 

The shal e and s l at o of the l ower 6ub-divi s i on are extensively 

silicified', probably by the Stat i on Hill granito and the porphyry. 

The granito docs not cropout within this area, a l though. it may 

under lie parts of it at relatively Shallow depth , but t he porpbyry north 
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of the Curlew Min~ occupies an area of about three by one miles , olongated 

east - west . It is petrologically similar t o the porphyri es near the 

JubilQ9 ~tine, and like them appaare to be rolated to the Station Hill 

granite . 

The only ironst ones which cropout are two lenses up to ton f eet 

thiok at tho Curlew Mine, end a few jaspery types in the south-cast. 

None of these can be shown to bo localized on major atructura l features . 

Quartz roofe, on the otber hand, are strongly developed, and fal l i nto a 

number of well defined sets . The moat prominent of those comprises the 

system of north-sast- trending veins and breccias whioh extend from 2,549,000 

north, 118, 500 east, t o t be vicinity of Quertz Hill, a distanoe of about 

six miles. This group of v oZI ins, many of which are a rranged in an en 

echelon pattern, is thought to mark the position of a majer shear zone of 

the complementary eet to the main ~artz Hill/Recky Range zone . However , 

tho amount and direction of displacement on this shear are not known. A 
second set, .lergely oonfinad t o t he interior of the porphyry, trends north­

south, and may, at least in part, fill transcurrent faul ts whioh have off-

set the porphyry contact. Finally, thore ar e also a number of scattered 

veins t r ending east - west and south- east - north- west. 

Until 196), 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 gol d per ton. Tbere is as 

yet littl e information on the s tructural setting of this orebody, except 

tbat it lies at or very close to the interseotion of the north- east shear 

zone with the westward extension of the Mary Lane shear. 

Memsahib Area 

The south- western portion of this area i s an extension of the 

Honeymoon Ranges, while the northern and eastern portions contain less 

abundant outcrops, largely confined to creek beds and to r i dges composed 

of resistant rock types, such as quartz reefe . 

The Warramunga sedi ments fall i nto two mai n divisions, separated 

by a ma jor north- west shear zone, and their distribution corresponds 

roughly to the topographic divisions . In the south- west they consist 

of alternating graywacke and sbale 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 Bubrounded 

fragments of shale and sandstone up to three inches in diameter, and in 

at least one oase subordinate pebbl es of an igneous rock . Thei r bost 

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/Rocky Range 

shear zone which bound t he area, and to the ehear whi ch ~eparates the two 
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contrasting lithologies • 

south vrest, and thos e in the north -

Dips in the south-west aro dominantly to tho / 

eagli~.;:cI;., but minor folds are oommon in both sections. Several of 
o 

these minor folds pitch south-east at angles of up to 25 , and at 

2,543,000 north, 203, 000 east, a emaIl closed dome "showe that local 

pitoh r eversals also oocur. 

Two quartz-feldspar porph.Yry dykes oropout in the north-east, 

and a group of three or four lamprophyre dykes and sille, up to six feet 

thick cropout in the vicinity 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 tbe vicinity of tbe hematite shale horizons and generally 

trend parallel to the strike of the surrounding sediments. A second 

group of ironstones is associated with tho shear zone, which extends 

praotioally aoross the whol e of the area from north-west to south-east. 

Within and olose to the shear zono, iron haa oonoentrated to produoe 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 replaoed favourable beds of the 

Warramunga. Group. The outstanding example of the last type oocurs at 

2,544,600 north, 203,600 east, where a replaoement body of massive quartz­

hematite , Bome six feet thick, can be traced across tho exposed noses of 

aeveral small pitching folds. 

A jasper lens with a width of up to ten feet occurs in the south­

aast, and appears to represent a silicified section of hematite shale . 

The quarts veins a l so fall into two main sots . North-westerly 

reefs oocupy 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 tbem, are dominant . 

Tbe only mines are tho Memsahib (reoorded produotion 132 oz.), 

and the Iris (no recorded produotion). 

Traces of s eoondary ooyper minerals are apparent in shallow pits 

and costeans on a small shear zono wast of the Iris tane, and this prospect, 

known 8S the Eureka, was recently tasted by Australian Development N.L • 

by wagon drilling. Tho results aro reported to have been disappointing. 

Mammoth/New Moon Area 

Topographically, the dominant features arc clusters of flat-

topped or gently s loping mesas, about 100 feet above the level of 

the surrOUnding plains, which gradually decreaso in height and in frequency 

towards the eastern boundary of the area. 

Interbedded Warramunga shale and graywacke is the dominant rock, 

and the hematite shalo horizon cropsout almost continuously aorose the 

area from east to west. At the Three Keys Mine , three hematito shale -
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beds, eaoh up to four feat thick, occur within 20 feet of each other, while 

the maximum thickness for a single bad - 12 feet - was observed about one 

mile further east. 

Dips are predominantly to 

than 50°, although a few ~or 

the south at moderate angles, generally 

less folds have bean encounterod. Pitches, 

where they could be observed, aru generally easterly. 

In tho west, a zone of tightly folded strata s triking north-west 

adjoins the quartz reafs which mark the eastern branoh of the Quartz Hil1/ 

RoCky Range shear zone. Other shoar zones ara mainly of limited extent 

and show no obvious preferred trends. 

A small body of rounded aggregates of quartz crystals 1n a matrix 

of fine-grained quartz and sericite was found in a small shear zone about 

a quarter of a milo south of the Mammoth Mine. It may originally have 

bean a quar~z-feldspar porphyry which bas undergono an unusual type of 

alteration and r ecrystallization, or an ~gdaloidal acid hypabyssal or 

extrusive rock. 

The ironstones comprise two main groupe with different distri­

bution and modes of occurrence. By .far the moat numerous are those 

occurring within the east - west bolt, extending from the ¥dUWnotb to the 

New Moon Mines, which lies cl06e to the hematite Shale. The individual 

ironstono bodies of this belt appaar to be localized at the intersection 

of mLnor steeply dipping shears with lesa steeply dipping favourable beds, 

maQY of whioh arG the hematite shale beds thems~lvGS. Tbey therefore 

trend prodominantly east and ara generally of limited vertical extent. 

All the mines of the area are associatod with ironstones of this type • 

The second group comprises l ess numerous but generally larger 

ironstone bodiee in the northern part of the area. These are roughly 

aligned along a line stretohing from ~,545,500 north, 204,000 east, to 

2,545,800 north, 209, 500 east, and are not assooiated with any distinotive 

sedimentary formation, nor are they neoessarily elongated parallel to tho 

strike of the surrounding sedim~nts . Also", they are composed mainly of 

very coarsely crystalline hematite, intergrown with quartz, and, from the 

absenoe of extensive workings on them, they ar~ apparently devoid of gold. 

Thair general alignment indicatos that they ar e controlled by some major 

linear feature, such as a shear zone, but no direot indication of such a 

feature oould be a60n. 

Jasper l enses are distributed similarly to the ironstono' 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 obs~rved near the 

Black Cat Mine. 

Quartz veins again f al l into t he complomentary north - east and 

north-west sets already doscribed from the Momaahib area. The largest 

single vein is a prominont voin of the north-oas t sot whioh starts a few 

hundred yards north of the Three Keys Mine. The main mines of the area 

are the Mammoth (recordod produotion 103 oz.), Three Kaye (293 oz.), 

Little Wonder (21 oz.), Mount Margaret (no r ecorded n,..n":hl~ti n,., ' _ "Rl ", ,,\r- " ... + 
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(1023 oz.), Maurotania (210 OZl)' Hopoful Star (170 oz.) and New Moon 

(no r ecorded produotion). Thoyaro all associated witb ironstones or 

.iron- imprugnatod shear zones situated .within or close to the hematite 

sbale horizon. Tbe Black Cat and New Moon are reported to have been 

examined and wagon- drilled by Australian Development N.L. r ecently, but 

no encouraging results were obtainod. 

The immediate vioinity of tho Mammoth, Black Ca t and Hopeful 

Star MirlOB worll al so oovered by ground magnatic surveys, but no major 

anomalies were disoovered. 

Mount Cloland Area 

Topographically, the dominant features ar e the cluster of r idges 

ouLminating in Mount Cleland itself, but thera are also good exposures of 

Warramunga sediment~ 1n the bad of Tennant Creek, in the ext rome north­

westorn portion of the area . 

In the oontral and northern parte of the area, the dominant rock 

typos are shale and siltstone of the lower division of the Warramunga 
. 0 600 Croup. Dips are dOm.J.nantly to tho south at angles betweep 40 and , 

o 0 but a few minor folds, generally with easterly pitohes of 15 to 30 , have 

been noted • In the southern part of the area, the shale is ovorlain by 

interbedd~d shale and graywacke, part of the upper division of tho Warra­

munga Group. Allowing for ropetltlon by the minor folds, a minimum 

thicknoss of 2500 feet of shal e and 500 f eet of interbeddod shale and grey-

wacke is exPosed. Much of tho greywacke at the base of the shale-greywacke 

sucoession ie noticeab~ l enticular. No hematite shale OCO~B in this 

ar ea, but pebble bods are strongly developod in at least four local ities . 

Saveral of thom ar e six fGet thick and contain pebbles and shale fragments 

up to three inches in diameter, but, owing to lack of oontinuity in the 

ezposures , it i s impossible to determine whether they belong to a single 

continuous horizon or form a series of l ens8s within a l1m1t,')d strati­

graphic interval. 

A few shenr zones have been noted, goncrally tronding eas t but 

do not appeer t o have mor e than local significance. A f ew quartz reefs 

are also present, and fall i nto two sets, one trending 3600 to 0)00 and 

the other 1200 to 1300• 

Blue Moon/Renate Area 

Relief is genorally low, interrupted by isola t ed s t eep-sided 

hills which are genorally compossd of ironstone or j asper, as for instance 

at the Metallic Hill and Gigantio Minas . In tho south, quartz ritefs 

forming part of the Q.,lartz Hill/Rocky Ranga shoar zone cropout prominantly. 

The Warramunga sediments are shalo, s iltstone and greywacke, 

and a fow bods of hematite shale whioh cannot be correleted for lack of 

oontinuity of outorops . At least t,.,.o bod3 of homatite Shale appaar to 

be present at the Blue Moon Mino, separated by sovaral hundred feet of . 
o graywacke . Dips raroly oxcoed ,45 , but the directions of strike and pitch 

of the fold axas are vary variable . 

Vanor faults, generally trending north to north-wes t, are 
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rovealed by tho displacement of the hematite shalo beds, ironstones, and 

qU:!irt.» W>Q.qfR~ oaoec1all¥ in the area.f'. on>3 mile so\\th-oaat of Metallio 
Hill and immediately south of tho Renate Vdne. 

Major north-westerly shoar zonGs, marked by the presenoe of 

on echelon ironstone bodies, pass through the Gigantio and Ra~atQ Min~A. 

The sediments olose to eaoh shear zon~ dip moro steeply and are more 

tightly folded than is normal for the area. 

Small lenses of sheared and silicified porphyry ocour olose to 

soma of the major quartz reefs in the south~rn part of the aroa. Most of 

the ironstone and jasper bodias are bedded, and generally oocur olose to 

the homatite shale, o.g. at tho Blue Moon and Metallic " Hill l~nes. The 
main excoptions are the steeply dipping bodies associated with the shear 

zones at the Gigantic and RGnate Mines. 

The major quartz r30fs ocour in the south, whel'a they form part 

of tho Quartz Hill/ROcky Range shaar zone. These roafs are mostly 30 feat, 

and in places 100 foot, wido. Some occur in groups with a left-hand an 

eOhelon pattern (looking along the shear zona, Gee fig. 9). A minor set 

of quartz roofs strikes east-north-east. 

The minoa in the araa are the Blue Moon (recorded production 

12,500 oz.), Gigantio (520 oz.), Metallio Ifill (150 oz.) and Renate (13 Oz.). 

A shallow geopbysical anomaly was found to the south-east of the Gigantio 

Mine (Ivannc, 1954, p.121), and "s largor and more deep-seatod anomaly 

north-wast of tho ~no. Australian Development N.L. are reportod to have 

tested the shallowor ~omaly by diamond drilling but results were dis-

appointing. The deepor anomaly has not baen tasted to date. 

The only work carried out in th~s aroa in raoent years was at 

the Blue Moon, whore a small repetition of the main shoot was discovered 

and worked in 1959. 

New Hope Aree 

The area displays a variety of land forms. 

several clusters of hills with rounded outlinus, as 

218,000 cast, and at 2,527,~ north, 224,000 east: 

Thoso include 

at 2,532,000 north, 

thie 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 rooks in other 

parts of the field. The extreme north-east is dominated by the ridgos 

formed by the major quartz reefs of the Rocky Bango/Quartz Hill shear zoneJ 

most of the remaindor of the area is of low relief, although outorops are 

generally abundant. 

The Warramunga sediments fall into throo distinct units. A 

contral b~lt, up to throe miles wide, trending east-north-east, consists 

of shale, slate and graywacke, commonly strongly cleaved and shearod, so 

that tho bedding is obliteratod over large areas. lihero they aro raoog­

nisabla, dips ere dominantly to the Bouth at steep angles. No major"foldo 

can bo reoognisod, but minor folde, pitohing in various direotions, ero 

not uncommon. Th~ belt is also rncrked by numerous small porphyry intrusions 
and quartz veins trending eaet. Many of tbeBo quartz veins ara thought 
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~ to ocvupy minor shear zonas, and the entire baIt is one of rala tlvely 

intense deformation. 

The hill s in tho vioinity of 2,521,000 north, 224,000 oast are 

coruposad of sandstone which is more quartzi tic and mor~ massive than the 

normal l"Q.rr~ graywacke, and shows cross-b~ddlng in un! ts up to nine 

inches thick. Many of tho bede ara silicified and Borne are intersected 

by complox networks of diffuse en~atomoslng quartz veinlota, generally 

only a fraction of an inch 1n tbicknciss. Major quartz reofs are rare 

and igneous rocks are altogether absent. The struoture of these hills 

is part of a large, open north-pitching synoline, the greater part of 

which falls outside the limits of the area mapped . It is truncated to 

the north by an east-north-eaeterly shear zone which brings these rocks 

into juxtaposi t10n with normal liarramunga sbale and graywaoke. On the 

eastern flank of the synoline, the sandstone sucoession is underlain by a 

series of shales inoluding 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 ahale sequenoe whioh forms the 

lower unit of the Warramunga. Group. If the pebble beds in this area 

are in the same straligraphio 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 pitohing folds, in part truncated by east­

nortb-east shears, but tbe 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 hi lls at 2,532,000 north, 218 ,000 east, in the 

north-west, i s composed of rocks in some respects intermediate between 

quartz-itio sandstone and the typical Warramunga graywacke - Shale assemblage. 

They consist largely of Silicified sandstone and shal e : the silioification 

may be a surfaoe effact of deep-s8ated origin; the almost entire absence 

of minor deformation, faulting, igneous intruSion, or quartz veins suggests 

that it may be a surface effeot . The bede dip uniformly to the south, 

generally at angles between 40° and 60°, and their total thickness is 

estimated at 3000 feot . 

The silicified beds probably extend eastward into the area 

between 2,530,000 north, 224,000 eas t, and 2,529,000 north, 227,000 east. 

Southerly dips again predo~inate, so that these beds must underlie the 

shale - greywacke succession to the south, unless they are separated from 
them by & series of non-outcropping shears . 

The igneous rocks consist of a wide range of porphyries and 

granitic rocks, inoluding sheared, massive, and pneumatolytically altered 
pha.ses. West and south of the New Hope Mine, sl i ghtly to moderately 

sheared fine and medium-grained quartz-feldspar porphyries predOminate ' . . 
individual bodies oocuPY areaB up to a quarter of a mile aoroas. 

In the a r ea from one and a half to three miles east of the New 
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Hope Mine, porpbyr1oa and fina t o medium-grained porphyritic granites are 

represented. Boundaries between the various phases can be mapped in a 

few places only, owing t o poor exposure, and the individual units app~ar 

to range from a few chains t o about half a mile across. Parts of the 

granite and porphyry, soveral hundred yards across, have been pneumato­

lytlcally altered; in some places tourmaline bas deve l oped. 

Cavi ties , believed t o r epresent boxworka due to the l eaching of 

sulphide minerals , have been noted in some of the igneous rocks , but in 

the absence of significant copper concentrations in specimens tes ted from 

this area, as described in a previous section, the possible economic 

importance of these occurrences cannot be assessed wit bout f urther 

investigation. 

An isol at ed medium-grained porpbyritio granite forma speotacular 

tors about one and a half miles north-east of the New Hope lUrie, and somQ 

minor sbeared and pneumatolytically altered porphyries cropout oh the 

southern flank: of t he Rocky Range quartz reefs , between half a mile and 

two miles east-south-~ast of the Rooky Range Trig. Station . 

The ironstone l odes fall into two groups . One comprises the 

numerous small bodios associated with t he margins of porphyry intrusions 

south and west of the New Hope ~~ne . Tbese invariably conform to tho 

bedding of tbe s~dim~nts, faithfully following minor folds and puckers, 

and in plaoes grade a l ong tho .s trike into typical jasper bodies. They 

may occur sevoral feat away from tpe actual porphyry contacts. They are 

generally not more than four or five f eet wide, and nona of them has been 

reoorded as being mineralized. Except for tboir smaller size , they are 

therefore comparable in every respect with the irons t ones and jaspers of 

the Jubi l ee area . The other group comprises the ironstones of tbe Now 

Hope and Plum ar eas, whicb are steeply dipping, transgressive bodies 

associated with a major west-north- west shear zone . 

The quartz r eefs also f al l into two main groups . One consists 

of the roefs of the Rocky Range shear zone, which t r ends west- north- was t 

in this area. These r eefs ar e commonly )0 feet, and rarely 50 feet wi de . 

In place3, up t o five Sub- parallel r eef s , spread over saveral hundred f eet, 

may occur side by side, but in other parts of the sheer zone the individual 

reefs are arranged in a l eft- hand echel on pattern. 

The other group comprises the east- north-oasterly set of roefs ' 

which rench their maximum development in tho area of sheared porphyries 

and Warramunga sediments to the west and south of the Now Hope Mine. Most 

ar e five feet wide and some a r e twenty f~et wide, but f ew of them persist 

along the strike for more than a f~w hundred feet . 

The only mines 1n this area a r e tho New Hope ( recorded production 

88 oz . ) and tbe Plum (no recorded production) . The area around tbeso 

mines has been covered by ground magnatomoter surveys by t he Bureau of 

Mineral Resouroes, and a number of small anomalies were l ocatod (Daly, 

1959). However, diamond drilling by the National Lead Co. of U.S.A. 
(2 holes), and by New Merioo Gol d Mines N. L. (1 bole), gave disappointing 
results . 

-~ 
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On the aorial mugnat l 0 map of this ar~~, the moat striking 
feature 18 tho contrus t butwoen tho disturbed arua t o t ho w~Bt of grid 

line 22) ,000 east, end the foutur elesB ar ea to the ~st of this . This 

boundary coincides roughly with tbat botwoon the por phyry intrusions 

flankod by minor conoordant ironstono bodiae to th~ wost, ~nd tba porphy~y-

grr:.nite comploxos without assooiated i ronstones to the seat. Howavar, 

1 t doee not correspond to any struotural fanturo t ·h.::.t oc:.n bo r ecogni sod 

on tho ground, and e number of struoturos, such ~B tho feult whioh forms 

the northorn boundary of tho B~dstona in the vicinity of 2,521,000 north, 

224, 000 cast, appear to cr OSB it without any dieturbcnce or offsetting. 

Gol den Nilo Area 

This area consist s of rounded hills composod dominently of 

r alativel y massive BD.nd.etone, mesas of the typical Uarramunga shale­

graywacka, and ridges of ra~f quartz. 

The sandstone occupios one arQa of approximatoly two and a 

half by ona, mi les , elongated north south, in the eas t ern part of the 

er ea, and s uver al smaller ar0~S to tha wast of this. It i s Ii thol~ 

e..ico.ny similar to those of the New Hope ar aa. The total exposed thick­

ness of this sz:.ndstone Succ:Olssion is approxi oo.toly 3000 f oet . Dips er e 
o 0 donunantly to the west ~nd north-wes t at angles of 45 to 60 , and t he 

main struotural fe~ture is a large op~n north- wast-pitching syncline, 

centred at about 2,532 , 500 north, 228,000 east . 

I n tho extreme south- east and also at 2, 533,000 north, 225,000 
east, the eendstona appears to b~ undorlain by strongly sheared shale and 

gr aywacko wi th minor porphyr y intrusions , closely comparablo with the 

corrasponding aseeoblttg.::s in the Now Hope area • 

zones obsCUXG the contact . 

Howev0r , minor shear 

Near the baeo of tha sandatona sucoession, two conglomorate 

bods, ~ach up to tun f eot thick, contai n well-roundud pobbles of sand-

stone , shale, llnd raef quartz up to thr13e inohe-s in dian.etor . Thase 

beds have been tracad intermittently for about a mil~ i n the vicinity 

of 2,532,500 north, 228,000 east , and a similar but loss extonsivo out­

crop hos been noted a t 2,534,500 north, 224,)00 asst. If thGse outcrops 

ccn be oorrelatad, as appears l ikely, an apparent displacemant of about 

two miles, east block south , mus t have takon plaoe on the north- west 

trending shanr zonu, now mark~d by n discontinuous line of maj or qU&rtz 

reafs, which sap~ratos thQ two ocourronoas . 

In tho northdrn part of tho area , norm~l Warramunga shale and 

greywacko occupy cn e~ t - west belt of about four miles by throe 

Quartars of a mi l e c~ntred roughly on the Golden ¥d l e ml no. The beds 

axposod in this area compriso shalo , gr0ywaoka , and hematite shale , 

two major horizons of henatite sh~lo, oach up to 12 foat thiok, and two 

or thrao minor onas, bavo bvon found. Th3Be bads striko generelly 
o 0 oast-north- ocst and dip north at angles of 60 to 10. Minor folds 

with a relativel y oonst&nt west- south-westerly pitch of 200 to 400 are 

abundant. The observed dips indicate that these beds overlie the 

sandstone to the south, unless a major shear zone is present in the 

Qf; I 
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intervening area of poor exposures. 

A oomplex of qUartz-feldspar porpbyry and fine to medium-grained 

porphyritio. granite, in part pn~atolytioally altered, occupies an area 

of about half a square mile in the south • It is similar ~o 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 

mcin Rocky Range sbear zone with two north-wast-trending branohes. The 

porphyries from this locality arc moderately to strongly pneumatolytically 

altered and . include a silioified and tourmalinized rock whicb is now 

composed entirely of qu&rtz phenocrysts Bat in a quartz-tourmaline matrix. 

Finally, two zones of small qucrtz porphyry outcrops extend 

east-north-east of 2,534,200 north, 224,200 ~as t, and north-north-east of 

2,532,000 north, 228,000 east. Each of t hese zones can be truced, with 

minor gaps, for more than half a mile, and has an evarage width of about 

100 ynrds. They t rend pcr~llel to the strike of the adjoining s~dim0nte 

and each oocurs stratigr aphioally just below the conglomerate horizons 

described above. They are therefore regarded as portions of a sill, 

displaced by the north-west trending shaar zone. 

Ironstone bodies arc confined to the northorn 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, 

excopt 1n tho north-west whero both ironstones and sediments strike 

northerly and north-westerly. Widths are generally up to 20 f eet and 

even up to 50 f eat, with lengths of up to 200 feot. Generclly, the 

smaller bodies follow the bedding of the sediments in great detail, in-

eluding minor pitohing folds. The larger bodi~s t~nd to havo sheared 

margins but l~rge shear zones arc absent, and this, takan in conjunction 

with the relatively low average dip of the bads, indioot es that none of 

the ironstones oould be expeot~d to bavo a largo v~rtical extent. 

Jasper lenses show similar distribution and mode of occurrenco, end some 

grade ~nto ironstones along the strike. 

The mein quartz reefs of the area oomprise two major north-west 

zones, which are regarded as branohes of the Rooky Range shear zone. 

Within eaoh zone, the individual reefs are up to 30 feet wide, and two 

or three p~allel reefs oocur side by side in some sections. The more 

easterly zone, as desoribed previously, has an apparent displacement of 

about two miles, east block south. 

shear zone cannot be determined. 

The displacement al ong tbe other 

At 2,532,100 north, 226 ,000 seat, the highest portions of a 

small north - south ridge are capped by a Succession of quartzite, quartz 

grit, and oonglomerates with pebbles up to one inch in diameter. The 

attitude of the bedding could not be determined accurately, but is 

probably sub-horizontal, and tho beds appear to rest on an eroded surface 

of porphyry and porpbyritio granite. The t ot al area of these outcrops 

is ab0ut five ceres, and tho expcsed thickness of th~ beds is probably 
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only 30 to 50 feet, but they Rr9 rogo.rded as boing part of tho Rising Sun 

Formation. 

The only mines in this C'.raa a re the Blue Bird (recordod produotic,n 

51 oz.), Parsevernnot:l (192 oz.), r..nd Golden Mi l o (96 oz.), all associated 

with tba belt of homati te shale, ironstone, and jasper in tho north. 

Quartz Hill Aroa 

This area comprises a group of low but very rugged ridges 

ccmposed of granite cliffs and tors, together with a few razorback ridges 

of roaf quartz. Bedrock exposures are almost continuous for sevoral 

equare miles south-east of Station Hill in the south-central portion of 

the area . 

The Uarramunga. sedimonts ara shale and slate belonging to the 

lower unit. They occur <:.round the margins of tha igneous complex, as 

in-faulted or in-folded septa within it, and as scatt~red xonoliths within 

semo of the i gnGoue r ocks themselves. They are 

but not othorwiso metamorphosed . Tbe eodimtlnts 

gener ally silioified, 

on the flanks of the 

igneous complex invnri~bly dip outwards, ganerclly at angl es butwcen 40° 

and 10°, Tba sbale septa within tho compl~x are 100 foet wido in places 

nod some are sevor~l miles long, genera lly elongated oBst-soutb-east, but 

the bedding of the sbele within thom is gener~lly obliteretod by shearing. 

The minor xonol iths vary widely in s ize, shape, attitude, an~ dagree of 

rocrystallization, ranging from almost unaltored inclusions with sharp 

boundaries to vague schlieron almost completely absorbed by tbo igneous 

rocks. 

The main rock types recogni8 ~d within the granite complex are 

n massivo porpbyritic granite which is strongly f oliated in plaoes , a 

medium-grained even- grained gre.nits, and an aplite'. Tho ilplite occurs 

on the margins of the IllllSS, and mey be a mr.:.rginal phase. The complex 

is cut by minor aplitic dykes, ranging up t o twenty f eet wide and strik­

ing in various directions, but no age relations have been es tablished 

betweon the major phases excopt that the aplito is the youngest. 

Dol erite dykes, up t o 50 feet wide and sever a l hundred yardS 

l ong, with oast-south- eesterly trends, intrude the complex. 

Tho ~rtz Rill/Rocky Rnnge f ault zcne cuts through the complex 

in a south-oastorly direction and displacos its contact with the sodim~nts. 

It is markod by a group of quartz r osfs up t o 50 feot wide, in part show-

ing en echel on arrcngament . A major south-west shear of the complemen-

t ary set abuts against this zone just wost of Quartz Hill, but does not 

cut the ignoQUB complex . Oth~r quartz veins trend north - s outh, as at 

Station Hill, and somo oast - west. 

Thore is no mining in this ar ea , but th~ quartz dotritus from 

tho fl:mks of Quartz Hill has buGn extensively qu.;.rried f or use as road 

aggregate. 

Whi te Hill Mila 

This areu i s very similar t o the Quartz Hill araa, with the 

main outcrop araa c~ntrod on vlliite Hill itsolf. 
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Warramunga aedimonts occur a round tho aouth~rn mer gin of the ., 

igneous complex, as in-f.olded or in-faultod septa. end as xenoliths. In 

addition, . thIJre QXe 'soma outcrops of induratod slate F.'.nd hornfels in th~ 

enst~rn part of tho aroa, associ at ed with a major north-was t qunrtz­

fill ed shear zona. Th03 shca:r zona bas not been tr-a ced into the ignoous 

complex, but. probably offeats ,it 1n the same sonss as tho Quartz Hill/ 

Rocky Range shoar zone, t o whioh it is perallal . 

Tho main com90nont of tho igneous comp!zx i s a porphyritio 

granite, similar to the prQdominant rock at Stction Hill. 

and medium- grain0d ph~8es ar e also pr0sent. 

Minor e.plitio 

Although there 1s a gap of some four mi l os without any outcrops, 

it Boems likely that the Qu~rtz Hill and White Hill exposures are part of 

a Bin~le igneous complex, which would thus havo a total ar~a of approx­

imatoly 15 by 8 milos, elongat od Qast - wost, with a possible axt~nsion 

to th0 Barkly Highway, aome eight miles east of the Flynn Memorial. 

Quartz r eofs ar e strongly devol oped. Apart from those assoc-

1etod with the shear in tho cast, tho majority are confined t o the intorior 

of the igneous complox . Of those , t~", group of r aefs pass ing through 

Whito Hil l itsolf is tho most pr ominent. The trond of theso r oofs is 

mariQional in tho south, swinging' t o north- wast in the north, and they 

probably occupy a f o.ul t or shoar, which has slightly offset the s outh.arn 

boundary of tha ignoous complex . Other quertz vains within this complex 

strika st various angl os from north through north-wGst to west- north-west. 

Two smell ironstono bodi cs havo bean noted a little mor~ thon 

a mi l e south of White Hill Trig. Station, but there ar e nc minee in this 

"area. 

~ Gum Ridge Area 

Warramunga sediments are exposed at only two localities. One 

i s about one mile east of the Blue Moon Mine, wher e t hey are overlain by 

the Helen Springs Volcanics, and tbe other is about five miles east of 

~fuite Hill, where they are directly overlain by Cambrian sediments. At 

both localities, they show normal l i thological and structural features, 

but pass upwards into mater ial not unlike the soil cover with abundant 

r ock fragments which overlies much of the present-day ar ea of ~farramunga 

outcrops . At the northern locality this ru~bly layer in turn passes 

upwards i nto the basal beds of the Cambrian formation. 

The Helen Springs Volcanics cropout at t he base of H~all sca~B 

formed by the Cambrian be,ds, 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 araa due east of White Hill, where the 

Cambrian sediments r est directly on rocks of tbe Warraounga Group . 

The greater portion of ~ha area is occupi ed by Middl e Cambrian 

Gum Ridge"" shale formation' chert and siliceous limest one with minor grit, 

sand and sedimentary brecoia. "These bede dip rogionally eastward, to a 
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maximum of 200 but av~rage less than 50. As a rpault, the bes t exposures, 

• . including practically all the known fossil localitios, aru situated on 

a wost- facing soarp which axtonds for approximately five milos in a north-

south dirootion batwean GuQ · Ridge Trig. Station and the Pigeon Wat~r Holes • 

Locally, however, minor basin' struoturos are develop03d, 'l<li th soarps 

facing in various directions. The mnxiwum exposod thickn~se of tho 

formation is about 40 faot . 

Although the axisting dips in the Cambrian sedi ments must be 

due to teotonic forcBs, no faulting has bean notvd within t hem and neither 

they nor tho und~rlying Halen Springs Volcanics have been affected by 

igneous intrusions, quartz veins, or minoralization. 

Thore is n~ r ocord of any mining aotivity in this ar us . 

Cabbage Gum luraa 

This ar~a is devoid of outcrops Gxcept for a fow small exposur es 

of porphyritic adarnollito in t he vioinity of 2,527,500 north, 199,000 

east, and one prominent east-north- cast quurtz vein at 2,576,000 north, 

191,500 aBs t . Nevertholess, a good denl is known about the geology, for 

it forms tho north~rn portion of the Cabbage Gum Basin whioh bas bo~ 

investigatod in some detail as a sourco of underground water suppli~s for 

Tennant Creek tOHnship,. 

Warramunga sedimente underlying tho north-eastern portion of 

tha area are an extension of thoso croppingout in the Eldorado area, and 

show no unusual featur~s; but, in tho central part of the basin, just 

soutb of th~ limits of the Tennsnt Craok On~-mila she~t, Warramunga 

sedimonts form a serios of roof pondants and infaulted inliers within an 

• igneous oomp!ax, end t heso r ooks ere intensoly shoar~d and r~crystal1is~d. 

• 
The igneous complex itsolf appears to be very similar to that 

previously described from tho White Hill and Quartz Hill araas. The 

thro~ main constituents are a medium-grainod adacellit0 with spheroidal 

feldspar phenocrysts, an augen gneiSS composed of quartz-feldspar aggreg­

ates separated by biotite f olia , and a medium-grainod gneissic granite . 

In addition, there ara minor occurrences of quartz-foldspar porphyry, 

aplite, and dolerite . Th~s~ igneous rocks commonly show a very dis­

tinctive deop woathering profilo of only slightly weethered r ock , passing 

downwards into strongly weathered or completely decomposed mat erial, end 

thence baOk to slightly weatharod and finally to frash rock. In pl acos, 

the upper part of this profile is lacking, probably because it was 

erodod before tho superficial sediments w~ro laid down. The maximum 

thickness of decomposa~l material vncounterad in a drill halo was 110 f eat, 

about 2i milos south of the southern mcrgin of tho Tennant Crook One- mile 

sheot, and the thickness decroases towarc;s tho northern and eo.starn 

margins of the basin. 

Quartz yeins , apart from tho largo one already referroc'. to, are 

generally l ess than 12 inches thick, an~ ar e concontrate~ in a north­

eas t erly bolt, which passes through 2,526 ,000 north, 196,000 east , and 

2,530 ,000 north, 199,000 GUs t . This belt, which coincicee with the axis 
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of a gentle topograph~c dopr ession and shows up as a strong linGar' foature 

on the air llho:to~apJ!s: ~:!l. t~9Uabt. , tQ . . ~. ~he . .,poC!5':1:ti.on of a ma j or shea r 

zone. On the pbotographs, it can be tracad north-east for at least 

another three mi les to the vicinity .of Peko Mine, but it has no surface 

expression there. 

Perhaps the most interaatingfeature of the area is the presence 

of an extensive series of superficial s ediments - clay, siltstone, ssnd-

stone and grit ranging from unconsolidated to well cemented. The cement-

1ng mat erial is siliceous or ferruginous or both . There are f ew well-

defined beds, and none can be traced later ally for any distance. In 

parts, l ater! tiz8tion has produced oomplete profiles comprising fSl.'ruginoue, 

mott l ed, and l eached zones . Elsewher e, however, parts of the pr ofile are 

l acking and at a fow l ocalities reworked laterite fragments appear to 

have boen incorporated in somo of tho beds . 

Tho base of tho succession generally consists of a l ayer of re­

worked materia l derived froo tho immediately underl ying bedroCk. This 

takes the form of an impure sandstone in araas of granitic rocks , and of 

a conglomerate or sedimentary broccia in ar eas of ifarrarnunga sediments. 

At the t op, th~so sediments gonorally pasa into a layer of 

l oosely to mode~ately consolidated rubble , which is regarded as an incipiont 

soil horizon, r el ated to the present l and- surfaco . Tbi s, in turn, may 

bo overlain by up to t on f oot of unconsolidated wind-blown sand. The 

maxicum thickness of those sedimonts within the Tonnant Creek One-mil o 

• Sheet ar ea i s about 40 foot, but thoy attain thicknosses of mo r e than 80 

f ee t in tho contral and southurn perte of tho Cabbage Gurr. Basin • 

•• The superficial s~diments and the decomposod zono of t he granitio 

rocks in plac~s give good yiolds of potuble water (Hays, 1958 a end b; 

Crohn, 1960; Bracewell, Crohn & Hays, 1962 ) . A reticulated wator eupply, 

derived from this basin, has rec~ntly boon constructod for Tennant Cr ook . 
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