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'GEOCHEMICAL nlVE3TIGA:I'lOl.;rS AT TH[, NORTHEIDT STAR GOLD !·mm, 
TllNNAHT CHFiX, N .T . 

by 

D. llunnet 

Reoords 1965/48 

During 1964 the Bureau of !-!ineral Resources contractod .3000 feet of 

hammer and waggon drilling on the No.2 and No.3 Ironstone lodes at the 

Northern Star Gold Mine, Tennant Creek to study selected traoe element 

distribution. Forty four holea \'/ere drilled on approximately 80 foot centres 

to a maximum depth of 120 feet. Geoohemioal samples were oolleoted over 

3 foot intervals in eaoh hole and analysed for oopper, cobalt, zino, lead, 

molybdenum and bismuth. Gold assays were also undertaken. 

Statistical analysis of the results indicates three popUlations for 

the elements ooppe:r, cobalt, zinc and molybdenum. Isochemical conto\U's, 

drawn at the upper limit of each popul ation, define areas of similar genesis. 

Distribution of the higher ooppel' J.)opulation (>1200 p.p.m.) defines two 

anomalous e.r~.?,tl , 'Yl/ti -;h form a dumb-bell shaped anomaly at depth, in the centre 

of the No.2 I I'<x.ls1;ane. This ancmaly is closely related, in apacs, to a 

limonitic, cellular hAmat1te, produoed by replacement of homatite shale and to 

massive manganiferous hematite. The former is thought to represent the 

leached oap of a magnetite/sulphide orcbody. 

Copper and cobalt oonoentrations tend to increase 1'/i th depth, 

suggesting that tlv:· J.umb-'b811-shaped anomaly may be rel ated to a secondary 

enriohed copp~:- :l~('Isi t 8.bove t he 'tlat ~!' tE'.hlf> (El)Q ! r.:et). From previoUB 

water tah J.~ ~ 

'1'118 gf. ',' :1:1-:;nj ..... ".1 f"';o:·,nl~'-;;':;B $ho~.; oCJpp~r C·,);1.":hl-. t,l~1:\ ttu:..1S up to 1% in part 

of the No~2 :~~ ·t'nB .. . !; . tI ] l)l.l'~ W"; r:'.i.g. .... _~ ~~;L ('a'!t 171GtO.l vil"!.ues in ~he No. 3 Ironstone. 

Cobalt, and t,--, eo ;.:~.~",c s:c o.cgr <)c-;! ~:L'l !~ .. :nd r!!ol: .... bdfllJ:u1l; grades vr.t:ry d.ireotly with 

the copp3r ~c'~) ~':!:"ltrat. ic.e1 s , G",l .... c 3s~:a.yl'J e.vO=.ilabl e .,;., date range from nil up to 

1. 1 dwt/ton; tl! -;., !f"I.ujori ty of seJnples are l ess than 0 . 2 dwt. 

" 
DuriJ:lg tho drilling progt'amme the Geophysical Branch of the Bureau 

completed a detailed aeromagnetic survey over the Northern Star leases. 

This survey indicates a magnetic anomaly, similar in shape nnd trend to the 

oopper anomaly, and apparently due to a magnetic body sitUated below and 

slightly to the north of the e eochemioal anomaly. Structural information 

suggests that the mangetic anomaly i s produced by the primary magnetite phaso of 
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the No.2 Ironstone.

The geochemical results suggest untested copper mineralization at

depth, probably associated with the body producing the magnetic anomaly.

Further geochemical investigations and diamond drill exploration of the

magnetic anomaly are recommended.

INTRODUCTION 

PURPOSE OF PROJECT

During 1964 the Bureau of Mineral Resources undertook a waggon

drilling/geochemical sampling programme at the Northern Star Gold Mine,

Tennant Creek. The main object was to study the three dimensional distrib-

ution of copper, cobalt, zinc, lead, molybdenum, bismuth and gold in

virtually untested ironstone masses south of the old mine workings. It

was thought possible that an economic mineral deposit of copper, gold or

bismuth might be present in one of these ironstones, or its extension in depth,

but that its surface expression might have been removed by leaching or

conoealed by oxidation.

In addition the programme was designed to develop the technique of

profile geochemical sampling with rapid, inexpensive spectrographic analyses

as a means of cheap exploration of ironstone bodies and to study its use-

fulness in planning deeper drilling programmes.

To assist the geochemical studies, the B.M.R. Geophysical Branch

undertook a low altitude (250 feet) aeromagnetic survey to supplement the

geochemical programme.

LOCATION AND ACCESS .

The Northern Star Gold Mine is situated approximately 22 miles north

of Tennant Creek township, and is reached by travelling north aldng the Stuart

Highway for 23 miles and thence due west along an all-weather road for ai miles.
It is one of the most northerly mines an the Tennant Creek Field.

HISTORY AND PRODUCTION

The Northern Star leases were first worked as a gold mine in 1934-35.
A shaft was sunk in the No.1 Ironstone in 1937 to a depth of 240 feet where
the gold shoot was cut off by a south-east dipping fault; the Higgins Fault.

The mine was closed during the War but was reopened in 1947 by Northern Star
(T.C.) Gold Mines N.L. Production ceased in 1952 and most of the plant has

since been removed. Gold extraction averaged 6.95 dwt/ton with 2.73 dwt left

in the tailings prior to the Var. Ivanac (1954) lists full production

figures and history up to 1951. Various private companies have since examined
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the mine and carried out some diamond drilling programmes.

PREVIOUS EXPLORATION 

Sixteen diamond drill holes have been put down in an attempt to

intersect mineralization in the North Star - Northern Star area. Of these

holes 9 D.D.H.4 and 5 intersected highly leached ironstone of the No.2 Ironstone
body at shallow depth and two wore drilled to intersect the No.1 Ironstones

D.D.H.8 intersected a narrow band of jasper at approximately 500 feet and

D.D.H.10 intersected some secondary copper on an apparent extension of the

No.1 Ironstone beneath the Higgins Fault (Plate 16). However the most

interesting results were in D.D.H.14 2 put down by Peko Mines N. L., which

intersected 22 feet of 3.3% copper at 959 feet (Elliston, 1957) and.in

D.D.H.15 put down by Metals Ekploration N.L., which intersected good gold

values at 997 feet. Both holes are to the east of the No.2 Ironstone body

(Plate 3).

Thee two deep holes (D.D.H.14 Ss 15) were drilled for a target

indicated by a ground magnetic survey of the Aerial Geological and Geophysical

Survey of North Australia in 1937 (Daly, 1957). This target is situated in

the vicinity of 3005, 700E (Plate 3) at approximately 950 feet depth. The

ground survey was not completed to the west due to extraneous surface magnetic)

disturbances.^This western area, in the vicinity of the No.1 and 2 Ironstones,

was surveyed successfully in 1964 by aeromagnetic methods. This survey is

fully discussed by Mils= and Finney (1965). A peak of an intense magnetic

anomaly was defined about 500 feet to the west of the 1937 A.G.G.S.N.A. anomaly.
This western anomaly is interpreted as being due to a magnetic ironstone body

situated slightly to the north of the No.2 Ironstone, its centre being at

200$, 200E at a depth of 700 feet (see Correlation of Structure, Magnetics and

Geochemistry). The position of the main low associated with the high indicates

the magnetic body is dipping steeply to the north (Milsom & Finney, 1965).

This main anomaly has not been tested to date.

No previous systematic geochemical survey has be"n undertaken.

McMillan and Debnam (1957), in a reconnaissance survey of the ironstones of the

Tennant Creek area, found the North Star ironstones, 1000 feet to the east of

Northern Star, to be anomalously rich in copper. The samples fell within

their Group V range (^backbound) and they recommended further geochemical

work on the North Star - Northern Star ironstones.
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GIDLOGY

REGIONAL SETTING

The Northern Star Geld Mine is situated near the northern limit

of the area of outcrop of the Warramunga Group of Proterozoic miogoosynclinal

sediments.^This Group overlies (?) Archean gneisses to the south and is

unconformably overlain by the Proterozoic Hayward Creek Beds about four miles

to the north of Northern Star. The exact stratigraphic position of the

Warramunga Group rocks which crop out at Northern Star is unknown. They

appear to be stratigraphically lower than the rocks that are mineralised in the

vicinity of Tennant Creek township, but include a 'hematite shale' lithology

similar to the hematite shale marker bed found in the Mt. Samuel - Eldorado

area (Crohn & Oldershaw, 1964; Dunnet & Harding, 1965).

DETAILED GEOLOGY

Sedimentary rocks at Northern Star include four main rock types:

(1)Hematite Shale. The omatite shale is a thinly bedded

ferruginous shale, consisting of alternating laminae of hematite-

rich and hematite-poor 'quartz siltstone„ commonly with a micro-

crenulate fabric and distinctive blocky outcrop (Oldershaw, 1961).

The micro-crenulate fabric appears to be duo to an incipient strain-

slip cleavage.

(2)Pink and Rod SiltstoneS. The siltstones are interbedded with

the hematite shale and together constitute the main sedimentary

rocks associated with the mineralisation.

(3)Greywacke and Shale. Interbedded greywacke and shale,

dominantly shale, constitute the main lithology of the Warramunga

Group in the area. Beds range from less than one inch to several

feet thick.

(4)Tuffaceous Sandstone. A soft, white friable sandstone, which

contains rock fragments and feldspar, underlies the finer grainod

sediments ( (1) and (2) above ).^It is thought to be of

tuffaceous origin.

The regional strike of the area is north-east with dips between 30 0

and 600 to the south-east.^Dolomitic siltstones and small lenses of dolomite

(20 CaCO3 
20% MgCO3) crop out several miles to the south-west along strike

from Northern Star. These may be present in the Northern Star sequence:

crystalline dolomite has been noted in drill core (D.D.H.15) at about 1000 feet.

Rocks resembling silicified carbonates crop out to the east of Northern Star.

These rocks may have provided a favourable bed for mineralization. The

carbonates may be recrystallised and remobilised sediments, or may be secondary

carbonates associated with the ironstone mineralisation. It is interesting to
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note that a body of carbonate rocks is situated in the hanging wall of the

Orlando Mine (J. Elliston, pers. comm.).

A full understanding of the stratigraphy of the Northern Star area

is restricted by poor outcrop and complex structure.

IRONSTONE MINERALIZATION 

The area investigated in this drilling programme includes the

central and southern (No.2 and No.3) of throe ironstone bodies which crop

out an the Northern Star leases. These ironstones are similar to the

ironstones throughout the Tennant Creek Field (Ivanac, 1954); they are

largely quartz-hematite bodies derived by oxidation of quartz-magnetite

replacement bodies above the watertable.. Through most of the Gold Field

favourable beds (mudstone, shale, hematite shale) and/or favourable structure

(shear zones, brecciation zones) have controlled mineralization. Northern

Star is a structurally controlled replacement lode, the ironstone types

,reflecting the sediments replaced.

Ivanac (1954) mapped four ironstone types at Northern Star:

Type A. Limonite-rich hematite with lozenge-shaped boxwork and
ribwork which superficially resembles a leached sulphide gossan.

Type B. Dense massive quartz-hematite.

Type C. Massive quartz-jasper hematite.

Type D. Botryoidal and mammillary goethite.

These varieties are distinguished on fabric differences. This survey

has reclassified the ironstones on a genetic basis; three groups are

recognised, an intrusive phase, a replacement phase and a secondary alteration

phase. The intrusive and replacement phases are essentially contemporaneous.

The intrusive phase consists of massive forms of ironstone containing varying

quantities of quartz and manganese and which appear to be implaced by

mechanical intrusion into the sedimentary rocks, with subordinate replacement

of country rocks. The replacement phase consists mainly of silica - or iron-

replaced sedimentary rocks, replaced in situ by mineralizing solutions, and

contains subordinate intrusive veins and dykes.

The following forms are recognised:

(1) Primary Intrusive Ironstans 

Emplaced ironstones are the products of low temperature hydrothermal

solutions which carried the sulphide phase. Two types can be distinguished in

the field:
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(a) Quartz-hematite. The quartz-hematite phase consists

of massive blue-black hematite cut by veinlets of quartz and specular

hematite (Ivanacts Type B).

(b)Manganiferous quartz-hematite and massive pyrolusite.

These forms are similar to (a) but with a large proportion of manganese oxides

(pyrolusite, manganite, psiloMolane) in place of hematite. Field relations

indicate that these post-date the quartz-hematite phase in most instances.

(2) Replacement Ironstones 

Replacement ironstones consist largely of replaced sedimentary rocks

with minor intrusive quartz-hematite. In some cases the initial fabric is

retained due to differential replacement of the various sedimentary beds.

The two subdivisions mainly reflect initial differences in rock type:

(a) Quartz-hematite jasper.^(Type C of Ivanacb classification).

In this rock type, varying proportions of quartz, hematite and specularite

form veins in a pink to bright red siliceous jasper. The jasper is a

replacement, by silicification, of the pink to red siltstones. Brecciatian

of the siltstone produces fractures which are healed by quartz and specularite.

The degree of silicification ranges from almost unaltered siltstone to a dense

red jasper. Replacement by iron is subordinate except where hematite shale

is present.^The specularite veins are a late phase of the replacement.

Quartz veins are of at least two periods, the earlier set is associated with

the replacement process, and may represent primary quartz veins or quartz

derived from the sediment during replacement.

(b)Cellular hematite.^(Type A of Ivanads classification).

This rock type is formed when hematite shale is completely or partly replaced

by iron and manganese oxides along bedding, cleavage or fractures. A

considerable quantity of intrusive material is generally present as veinlets,

transgressing or parallel to bedding. Cellular hematite commonly contains

little quartz. Differential weathering of the soft, unreplaced sediment,

limonite and manganese wad relative to the massive hematite and pyrolusite

produces an open cellular rock superficially resembling a sulphide gossan.

The two replacement rock types reflect their different origins in

their geochemistry: the cellular hematite has a higher concentration of

copper, cobalt, zinc and molybdenum than does the quartz-hematite jasper.

In most cases there is a direct relationship between sedimentary

rock type and replacement product so that jasper is formed from siltstone and

cellular hematite from hematite shale. Iron replacement of siltstono is
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uncommon but silicification of hematite shale was noted on the eastern end of

the No.2 Ironstone body.

(3) Secondary Ironstone

(Type D of Ivanac's classification).^These rocks consist of the

oxidation products of primary ironstones : mainly hydrous iron and manganese

minerals in botryoidal and mammillary forms which tend to obliterate the
primary fabric.^They occur on the No.2 and No.3 Ironstones in the vicinity

of shear zones and faults. The main minerals are goethite, limonite and

manganese wad, derived from quartz-hematite, quartz-manganese-hematite and

cellular hematite. Due to the great depth of oxidation in this area (400 -

600 feet) these secondary oxidation minerals may constitute a significant part

of the ironstone even at depth.

Atomic absorbtion spectrophotometric analyses indicate up to 5000

p.p.m. copper and 800 p.p.m. cobalt in manganese wad, suggesting a strong

tendency for these secondary minerals to absorb metal irons.

STRUCTURAL GEOLOGY

The regional trend of bedding in the Northern Star area is 060 ° and
bedding dips between 30 o and 70 o to the south-east. Northern Star is
situated half a mile to the north of a strong photo lineament with a trend of

055o parallel to the trend of the magnetic contours (Plate 14). Regional
stratigraphy indicates that this lineament coincides with a major structural

break between the north-and west-dipping volcanic sequence of the basal

Warramunga Group, and the south-east dipping Northern Star sequence.

The small ironstone bodies half a mile south of the Northern Star

leases are structurally controlled; they are situated an the intersection of

cleavage (strike 210 ° - 230 0) and favourable beds (regional strike 240° -
260 °) and, in particular in anticlinal cores.

Regional mapping of the Mt. Woodcock 1-mile Sheet area during 1964

(Dunnet & Harding, 1965) indicated the structural history listed below -

(1)Broad warping and folding of the geosynolinal sediments

about an east-west axis with no cleavage developed. Folds plunge shallowly

to the west.

(2)Intrusion of granite and intrusive porphyry possibly

synchronous with phase 1.

(3) Regional deformation and metamorphism to produce low-

grade greenschist facies rocks and a slaty or strainslip cleavage (S
2).
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Folds occur in zones of more intense deformation and in incompetent rocks,

those folds may plunge either east or west; the plunge is controlled by the

initial attitude of the bedding. The bedding trends between 220 ° and 270 0 ,
and dips steeply north or south; the trend directions are probably modified

by phase 4.

(4) Fracture cleavage and faults (3
3
) with a 330 o trend and

a consistent sense of movement over broad areas produce chevron-style folds

with a very steep to vertical plunge parallel to

S
1
/5

3 
and S2/S3 intersections are always steep.

in the Northern Star area is sinistral.

the S1/S3 intersection;

The movement on S
3 features

(5)Faults and fracture cleavage with an 040 ° trends (3
4

)

are possibly conjugate locally to 3 3 .

(6)Ironstone mineralization structurally controlled by the

intersection of favourable lithology and the more intense 19 2y S3 or S4
structural zones.

Structural control is apparent at Northern Star; the three ironstone

are situated on S2 anticlinal crests and tend to be terminated by S 3 
or S

4
fault zones (Fig.2). These anticlines are minor structures within a regional

east plunging anticlinorium. The mineralization post-dates the main fold

movement (S 2) and is either contemporaneous with or post-dates the north-east
fault system (S4). Some late movement on S 2 has locally sheared the ironstone.

•■■ •
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GEOCMITISTRY

(=MECUM

The geochemistry of the Northern Star lodes was investigated to

determine:

(a) The three-dimensional distribution of elements within the ironstone.

(b)The relationship between the various ironstone types.

(c)The distribution and control of copper mineralization.

(d)The usefulness of waggon drilling as a low cost geochemical prospecting

tool.

The geochemical sampling was divided into two sections.

(a) Regional sampling involved the collection of rock chips from outcrops

around the Northern Star lodes, together with samples of soils from colluvial

deposits and streams draining the Northern Star-North Star group of hills.

This was part of a regional geochemical sampling programme to cover the Mt.

Woodcock 1-mile Sheet area.

(b) Detailed sampling of hammer end waggon drill cuttings formed the major

part of the programme, and involved 'a total of 3066 feet of 'hammer and waggon
drilling in 44 holes spaced at approximately 80 feet intervals (see Plate 3).
The depth of each hole was intended to exceed 100 feet, but difficult drilling

conditions necessitated a reduction to 60 feet on many holes.

The total cost of drilling was 6:4,892; approximately 32/- per foot.

Considering the small size of the contract and the drilling difficulties due

to cavernous ground, this is probably not excessive. The drilling rate

averaged 600 feet per fortnight.

DRILLING =HODS

Associated Diamond Drillers Pty. Ltd., were contracted to supply two

air-operated drills; at first they used Halco Stenuick hammer drills operating

a 4 inch diameter hammer, or in some cases, a 3 inch hammer. Two compressors
of 300 c.f.m. capacity operated the drills at 75-100 lb/sq. in..

The cavernous nature of the cellular hematite made it necessary to

case the holes; NX casing was lowered to the back of the 4 inch hammer, but
casing could not be used effectively with the 3 inch hammer. The method of
the casing following the hammer was not ideal, and contamination ) cave-ins and

jamming of the hammer resulted.

In drilling most rock types the 300 c.f.m, compressors maintained an

air supply which was just adequate to return cuttings. However, when drilling
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broken quartz-hematite or cellular hematite, loss of air into the country

rocks caused insufficient air flow to return cuttings effectively. In

deep holee(I:60 feet) penetrating ironstone, the inadequate air return

produced differentiation of cuttings, so that only small and light cuttings

rose to the collar. Casing of holes did not appreciably reduce air loss and

contamination of samples, and the larger and heavier ironstone cuttings still

remained in the hole. Contamination was at least 5% and in some instances

as much as 30%.

A Climax Coventry KIMP-154A waggon drill with 3 inch bit, was

available for the latter part of the contract. Although not tested on all

types of ironstone, it was a more efficient drilling machine for geochemical

sampling. The drilling rate was almost double that of the hammer drill

and contamination was negligible. Australian Development N.L. utilise waggon

drills in' ironstone to depths of 250 feet, far in excess of the hammer drill

capacity.

With both drills the 300 c.f.m., 15 - 100 lb/sq. in. air supply was

not adequate for all ironstone drilling conditions, and a 600 c.f.m. compressor

per rig appears to be necessary. Waggon drills are preferable to hammer drills.

SAMPLING METHODS

Drill cuttings and dust were collected over 3 foot drilling intervals

in the following mannerg

(a)A sampling drum (Fig.3) was constructed from a 44-gallon drum.

The collar pipe protrudes above the base of the drum so that dust and chips

fall into the drum when the air flow velocity is reduced at the collar. This

method was very efficient with little loss of material, and was far superior

to a dust collecting hopper and venturi pipe arrangement.

(b) Before the beginning of each 3 foot run the collecting drum was

cleaned and placed in position. After 3 feet of drilling the hole was blown

clean for several minutes and the drum then emptied into a container with the

footage interval marked.

(c) Each sample was split using a large Jones sample splitter, until

a suitable volume remained.

(d)4 samples of this material were bagged and labelled; one sample

and duplicate for spectrographic analysis, one sample for gold assay and one

sample for panning and binocular microscope determination of rock typo.

(e) The sample container and splitter were cleaned with a brush

after use.^Samples were not crushed or sieved.
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Figure 4 .3 
'Taggon Iteill Sample Collector.

ANALYSIS OF SAMPLES

Samples for spectrographic analysis were forwarded to the

Australian Mineral Development Laboratory (A.M.D.L.) in Adelaide for semi-

quantitivo spectrographic analysis of copper, cobalt, zinc, lead, molybdenum

and bismuth. This was carried out an a Baird 3 metre grating spectrograph.

Analyses were returned to the field geologist about 4 weeks after the samples

left the field.

Gold assays were done by the Government Battery, Tennant Creek.
Samples were first crushed in a pulveriser to less than 80 mesh; the
pulveriser was cleaned after each sample.

Samples were described after identification of minerals and rock
typos under a binocular microscope. This description enabled a check on

the amount of contamination and a direct correlation between rock types and

trace element concentrations.

ACCURACY OF RESULTS 

The spectrographic analysis technique used by A.M.D.L. is semi-

quantitive and results aro normally given with a precision of 50%. Copper

cannot be determined accurately by this method when concentrations exceed
4000 p.p.m..^A check by A.M.D.L., using wet chemical methods, of 25 samples

spectrograph results were high by_a factor of 1.5 to 2.5;
in excess of 4000 p.p.m. copper showed that the/spectrographic determinations

of 10,000 p.p.m. copper did not exceed 8000 p.p.m. when determined by wet

chemical methods.
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Figura 4 
Largo Jones splitter and samplo drums, used for splitting goochemical
waggon drill samplo to a size suitable for packing for %nalysis.

Figur° 5
Outcrop of quartz-hematite (q) and limonite-manganoso wad (M) in
the Northern Star shalos (S) in a shear zono on the eastern and
of the No.3 Ironstone. The Field Assistant is standing on the
axis of the No.3 Ironstone anticline.
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Two factors in the sampl e collection and preparation influenoe 

acouracy. Firstly, contaminat ion of sampl~ material colloot~d frpm waggon 

drills may be as high as 30%, boc,?"use of cave-in and matcrj,c.l left in . the 

~ole after drilling the previous s.:!JJlplo interval . Sccondly, A.M.D.L. Malyso 

tho minus 80 mesh rr<::.ctian of the ccmpl cs . In mixed samples l:ith components 

~uch as shale and homatite or pyrolusite/hematite and manganeso w.:\d/limonite 

n higher proportion of tho soft r ock or mineral will occur in the minus 80 
mesh fraction, so that sieving ''Till produco a compositionnl bias. 

Furthermore, tho majority of ironstono samples arc rich in iron and 

ti tan1um, which produce a dark baokground to spectrographic plates, md arc 

diff10ul t to road. J\l1Q.lyscs arc dot ermined by comparison ,11th silica matrix 

standards, but tho matrix affect of iron may differ fran that of silica and 

produce variations in lino density • 

A number of tho Northern Star soroplcs "rIere rc-Ql1alyeod rmd found 

to differ considerably; copper from 1 to 6 times and cobal t from t to 4 timos, 

the original analyses. Thes e Giffcrancos indicate that tho geochemical assnys 

given in this report nrc probably n"t roliablc for statistical analysis, 

this should be kopt in mind when conclusions are drawn from tho results. 

Only trends in clemont distribution Cen be considered and this ~akcs it 

difficult to assess the s ignif icance of tbe basG metal distribution in tho 

ironstones. Rowove', it is clc£'.I' from tho geochemical distribution in 

individual holes that the curront 2'Jl(l.lyses and sor.lpling teohniques are 

suffiCiently accurate t o assess the major geochemical domain3 end to attempt 

a g~eral discussion of thG signific=ncc of populations. 

The complote suite of samples e.re currently being ro-anclysed. by 

Atomic Absorption Spoctrc~hotomotric methods to ch8ck the suitability of 

spoctrographic an~yseB of iron matrix samples. 

availablo by August, 1965. 

STATISTICAL f.NAJ,YSIS OF GIDCII»uC.1L DJ.TA 

These results should be 

Tho distribution of cl ements in igneous z.nd metamorphic rocks 

approochos a lognormal r a.thor th<:U1 normal distribution, (Shll.l'l, 1961) . Tennant 

and Whit e ( 1959) have Bho~m that saveral populations in a suite of samples oan 

be recognised from tho shapo of t he cumulctive fr equency distribution of tho 

sample plottE.td on probability papor . Theso graphs arc plotted by obtaining 

the frequency of each value in ~. saito of a.:unpl cl! and converting this to a. 

porcentage fr equency.. These arc then plotted ca a cumul2.tiv,", percontage 

frequenoy on logarithmio pro1k~bility paper. 

Tho .resultant plot of a lognormally distributed population is a 

straight line whoso slope is relt~tod to the dispersion of the popul.::. ticn. Two 

overlapping populations will produce a dcuble stepped line, the gradient 

.~----- ._----- _.- . _-- .. - - ---- -
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changos dofining the limits of th~ populations. 

This technique can be used for analysis of tmy sui to of si.'JJlples und 
the boundaries between popul~tions ucod as cont our values t o dofinc tho limit s 

of like popul ntionz (Pritch~d , 1964) . I t has been devolopod end used by , 
J . lku'rio in tho Bureau of Mineral Resources for the onalysis of' gElol ogical , 

goochemical and goophysi cal d~to . 

DErAILED DISCUSSI011 OF ELEUmITS 

Copper 

p. p.rn.. • 

Tho geoohemistry of cappel' show's ooncentrations from 10 to 10,000 

Those fall liithin four populations as set out below. 

PopulatiCl'l Cancmtration Range . M~. rj, ' of Suite 

1 lcee th.:,'U"l 25 p.p.m . 4% 
2 25 to 90 p.p. m. 16% 

3 90 to 1, 200 p.p. m. 55% 
4 g-~'eat(:r than 1, 200 p.p. m. 25% 

The first popul ?tion (L25 p . p . m.) is the background rango in a01lo 

and country r ock3 in tho vicinity of l~arthern Star . Investigation of r ock 

types contauli ng the seoond populution (25-90 p . p . m. ) suggest they r esul t 

f'loom either primary (soo boIO\1), or secondary di s per sion into s ediments {for 

exampl e hol~ No. 42) .Population thrcc (90- 1200 p.p.m.) oontains the major 

portion of samples end includes r epresentatives of all ironstono types. The 

main rock types included i n this populati on arc tho quartz-hem~ti to jasper and 

sodimcnts o.djo.cmt to the no. 2 ironstone (Holes 5 and 6) b~t concentra tions i n 

this rCJli;6 are also common in the more l e:achcd portions of the cellular 

hemati tc; l edo. The population thus E'.ppears to r eprosent prim~.ry ruplacemen t 

in jnspor, primary dispers ion of cOPJ:: cr in sediments (?) und strongly loacbed 

portions of prlmc.ry ironstone. 

Populaticn four (>1 200 p.p.m.) i6 tho prim.J..l'Y intrusive o.nd 

replacom.;mt 

o.re thought 

populati on, modified by l oaching. Coneentrnt1ons in this range 

t o be related to the initia l distribution of copper sulphi des and 

the betmdaries of thi s popul~ticn ere r t.'g'ardGd as the limits of the in itial 

sulphide orobody. The majority of concentr ati ons in this r<mgo are in 

manganiferous ironstone or l imonitic cellular repl~ccmcnt ironstono and a few 

are in quc'.l'tz-hemat i t o jUSPel'. Proj ect i on of t ho gradient of the froquenoy 

distribution l ine for this popul~tion indicates a maximum copper concentr ation 

of 4%. From D.D. H.1 4 th~ maximum copper gr~de 113 6. 2% in tho primary 

sul phidll zone. It is not cl~ l{hother the population beine; considered here 

i s r epresentative of thE) origino.l copper v.:'!.lues, or whether lfe ere deal ing 
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with an initially richer grade subsequently modified by leaching. If the

latter is correct, a secondary enriched body could be present at depth.

The distributian_of copper is shown in Plates 1, 2, 6, 7, 8 and 9.

Nearly 50% of the No.2 Ironstone apparently contains anomalous copper con-

centrations (>1200 p.p.m.) but the highest copper concentration near the

surface does not exceed 0.7% copper.

In the majority of drill holes the copper concentration increases

with depth, indepandant of the rock type: thus hole No. 11 intersects a

constant quartz-hematite jasper from 15 to 66 feet, in this interval copper

increases from 700 to 5000 p.p.m. with only minor fluctuations. This style

of increase is so consistent that it must reflect a redistribution of elements

by groundwater action, either by direct leaching from the surface to depth,

or by migration in the deep weathering profile.

The watertable in the Northern Star area is of the order of 600 feet,

compared to 300 feet in other parts of the Tennant Creek Field. At Peko

Mine a secondary enrichment zone of copper was encountered directly above the

watertable, with virtually no copper above it. A similar profile probably

exists at Northern Star.

The deep weathering profile (probably not a true laterite profile)

may also influence the distribution of metallic elements. The exact position

of the profile at Northern Star is unknown; it is thought that waggon drill

holes intersected the lower part of the B horizon. This may be a zone of

enrioment for most metallic elements, so that their concentrations may deorease

in the leached C horizon, and then increase again as the watertable is

approached.

Copper minerals are not visible in drill cuttings under the binocular

microscope with the exception of hole No.18 which contains visible copper

carbonates in the interval 96 — 120 feet. Elsewhere, copper must occur as

submicroscopic particles held within the ironstone lattice or adsorbed on the

surface of the hydrated minerals (limonite, pyrolusite and manganese wad).

Even in zones of high copper concentration no definite sulphide

boxworks were noted; the determination of boxworks is difficult because of the

similarity with structures found in the limenitic, cellular ironstone. In

some of the manganiferous and cellular hematite, a fine dark yellow to red-

brown limonite is thought to be sulphide boxwork. A mineragraphic examination

of the ironstones is warranted to determine the characteristics of the boxworks

and the manner in which the secondary copper is fixed.
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Cobalt.

Cobalt concentrations range from 1 to 700 p.p.m. and, from the

cumulative frequency distribution diagrams, fall into three populations.

60% of results are less than 40 D.p.m., 24% botween 40 and 130 p.p.m. and

16% greater than 130 p.p.m..^The frequency distribution diagram indicates

the similarity in copper and cobalt distribution, both in gradient (dispersion),

and in the percentages represented in each population.

The three populations appear to represent (a) background in sediments,

(b) primary mineralisation in jasper and secondary dispersion into sediments

and jasper, and (0) leached mineralization, similar to the copper populations.

Spectrographic analyses of 50 high copper—cobalt samples in the

B.M.R. laboratory (Appendix II) indicated the nickel content to be less than

5 p.p.m..

No cobalt minerals have been recognised. Three manganese specimens

contained up to 800 p.p.m. cobalt, possibly in asbolite in the manganese wad.

No cobalt analyses are available from the Poko ore, but 'cobalt bloom'

is known from the Peko Mine. The copper/cobalt ratio of lodo material from

both Peko and Orlando mines is similar to that at Northern Star (A.L. Mather,

B.M.R. pers. comm.), as shown below.

Sample No. Mine .Cu p.p.m. Co p.p.m. Zn.p.p.mi Pb p.p.m.

63/ 011009 Peko 1500 200 300 .^a

63/ 011014 Orlando 5000+ 300 50 50

63/ 011015 II 5000 150 5000 1500

63/ 011016 it 500 100 700 1000

63/ 011018 11 5000+ 500 700 100

' 63/ 011021 It 4000 100 400 4

63/ 011022 tr 1500 80 200 10

- 63/ 011023 II 5000++ 2000+ 300^ 500

a equals absent.

Analyses by D. Haldane ) 17/4/64p B.M.R.

Cobalt was also found to be anomalous in the Warramunga Group rocks

of Acromagnetic Ridge (Harding, 1965); in part cobalt anomalies are directly

related to copper anomalies in space but not in concentration. However, high

cobalt concentrations also occur indopandently of copper.



17.

Cobalt can be used as a reliable, 'path finder' element for copper

mineralisation in the Northern Star-area, both in soil and weathered or

leached rock. It is thought that a check of the copper/cobalt ratio in

ironstones throughout the Tennant Creek field may delimit those associated

with sulphide mineralization (Dunnet & Harding, 1965).

Zinc

Results of zinc analyses spectrographically determined by A.M.D.L.

did not agree well with check determinations carried out by D.M.R. (Appendix

II).

The lower limit of detection for zinc by A.M.D.L. is 20 p.p.m..

The frequency distribution of A.M.D.L. results for zinc is shown in Plate 4
and exhibits a similar overall gradient to the copper and cobalt curves.

The curve defines four populations as shown below:

..110•••••■•••••••••■•••••••■■•••••••■•••

Population Concentration Range Max. % of Suite

1 less 20 p.p.m. 16%
2 20 - 600 p.p.m. 83%

3 30 -1200 p.p.m. 68%

4 400 -2000 p.p.m. 3%

The large overlap of populations may be due to unreliable analyses. However,

the populations appear to represent (1) background of sedimentary rocks,

(2) secondary dispersion and jasper mineralization, (3) leached mineralization

in ironstone and replaced ironstone, and (4) mineralization in leached

manganese-rich replacement ironstone and manganiferous ironstone. A close

relationship also exists between concentrations of zinc and those of copper

and cobalt. As with cobalt, zinc can therefore be used as a 'path finder'

element in this association. The relationship between manganese minerals and

zinc concentrations is most striking.

Lead

The distribution of lead in no way compares with the distribution

of copper, cobalt or zinc. Three populations are represented in the suite of

samples.^The lowest population (1-7 p.p.m.) is 13% of the total suite, and

the upper population (30-400 p.p.m.) only 8% of the suite. The middle

population (3-80 p.p.m.) contains a possible 96% of the suite.^This is a

very shallow frequency distribution gradient compared to the other elements,

and there is no apparent correlation of lead concentrations or populations

with the other elements analysed.

Lead is not a mobile element, which may explain its distribution.

However, in dealing with a leached ore body, its lack of mobility should be



18.

reflected in the different rock typos.

It appears therefore that virtually no lead was associated with

the sulphide mineralization and the two lower populations reflect the inherent

concentrations in the sedimentary rocks and ironstones. The upper population

is apparently related to micaceous hematite in hole No.11, the only hole whore

copper, cobalt, zinc and load exhibit similar variation.^High lead concen..

tratians are also associated with manganiferous hematite (holes 7 and 10).

Lead is not a useful 'path finder' element for copper in this area.

Molybdenum

The molybdenum concentrations range from<1 p.p.m. to 500 p.p.m.;

three populations being represented in the suite, as shown below:

Population Concentration Range Max.% of Suite

5 2%
60A

4%

 

1
2

3

less thaai.12

5 -200 p.p.m.

80 -500 p.p.m.

 

200-
The range00 p.p.m. is ti% of the suite. The style and gradient of the

molybdenum curve is similar to copper, cobalt and zinc, but not lead.

Molybdenum concentrations clearly reflect rock types, e.g., hole NO. 9 exhibits

up to 5 p.p.m. in hematite shale and .c.::11 p.p.m. in micaceous siltstones;

there is a marked increase at the contact of the quartz-hematite jasper from

p.p.m. to 50 p.p.m. over a 6 foot interval (Plate 12).

Population 1 (<1-12 p.p.m.) is the background for country rocks,

and is comparable with Aeromagnetic Ridge results (Hardin i 1965).:

Population 2 (5-200 p.p.m.) represents the mineralized population: in places

molybdenum concentrations of 8 p.p.m. occur in association with up to 1200

p.p.m. copper.^The significance of population 3 (80-500 p.p.m.) is not clear;

most of these results occur in hole No.2 which gives high results for all

elements. For the purpose of the survey, molybdenum is therefore divided

into only two populations: <1-12 p.p.m. and 5-500 p.p.m.

The relationship between molybdenum concentrations and rock types

is obscure and the variation in cooper and cobalt concentrations is not always

reflected in molybdenum. This lack of consistency and the large overlap in

populations make molybdenum a poor 'path finder' element for copper.

However, there is a broad correlation of copper and molybdenum

concentrations in many of the profiles (Plates 10, 11, 12, 13).^This type
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of association is known from porphyry copper deposits and may bo significant

as an element association at Northern Star.

Bismuth

Bismuth concentrations range from <1 to 800 p.p.m. in two

populationsz1 to 100 p.p.m., a possible 98% of the suite, and 20 to 700 p.p.m.,

a possible 7% of the suite.^12% are less than 1 p.p.m..^Bismuth

concentrations are independent of copper, cobalt and zinc, and in most cases

the bismuth varies indepcndantly of rock type. There is a tendency in some

holes for bismuth to vary invorsoly with copper (Nos 2 & 14), and in others
to vary directly (No.9). The broad overlap in populations makes it difficult

to assess individual results and rolate populations to rock types.

Sullivan (1942), in. an unTUhlished report, records the results of a

survey for bismuth at Northern Star, where the highest assay was 1.12%

(11,200 p.p.m.) from the 200 foot ivcl.^There appears to be a gradual increase

of grade with depth; the hif1 .1oL"t L,.sy for any sample from the 50 foot level

being 0.15% (1500 p.p.m.) (after Ivanac, 1954).^These figures are far in

excess of any obtained during the current survey.

Bismuth had previously boon considered a possible 'path finder' element

for gold. In holes No.2 and No.13 some correlation apparently exists between

gold and bismuth concentrations. In hole No.13 a maximum of 0.9 dwt gold

corresponds to a maximum of 80 p.p.m. bismuth.^However, hole No.7 exhibits

no correlation between a 0.7 dwt gold assay and bismuth valuos ranging up to

25 p.p.m..^Similarly in hole No.9, bismuth concentrations rise from<1 to

30 p.p.m. with no gold present.

Results available from D.D.H.15 indicate a close gold/bismuth

association (N.T. Administration, Mines Branch, unpublished records), with

bismuth concentrations in the range 140 to 10,000 p.p.m.. In genoral the low

bismuth concentrations obtained in this survey conform to the low gold assays

for the No.2 Ironstone lode.

Gold

Insignificant gold mineralisation is present in the upper part of the

No.2 Ironstone. Less than half of the gold assays aro available to date

(443 assays).^The majority of those indicate loss than 0.2 dwt; the
maximum grade is 3 foot of 1.1 dwt/ton.

Visible gold occurs adjacent to the No.2 shaft around 450S, 450E,

in brecciated red siltstones near the No.2 lode. The gold is in fine flakes

on joint pianos, and is associated with thin quartz veins healing the

brecciation. Therefore much of the gold appears to bc secondary; the location
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of primary gold is thought to h!:'..ve b~?n controlled by tho degroo of .. breccia.tion 

and proximity- t..Q_the o.djaccn"t(1~...D1'tst~" (rvancoJ 1954) . 

. ,--" 
1022 waggon drilJ .mmplcf.: UCJl"c;. pannod, but only t"I'10 scunplcs contained 

visiblo gold (hol e No.19~ . 9-12 ~d 15- i d feet) . This gold, &imil~r to the 

surface occur~·~"'tl, wae il-' a rod miC!lCCOUS shale. 

Trnr-as ru gold ar~ present in holes No.7, 8, 10, 13, 15, 16, 17, 18 

nnd 19: of these only Nos. (, 13, 17, 18 and 19 gave assays in excess of 0.7 

dlrt. In most of thesCl hol(!s the gold is ~ssaciatcd in. th Jlk""lllganifcrous 

hernati t G which baa high cappel' ~d cobel t concentrations. 

SIGlTIFICl!liCE Ot.J:OPULATION S =:lG Q~:;~.'3'~~ ___ :}:!DCHIiMICAL RELATIONSHIPS 

Pla tos 4 3nd 5 ~h(">w th0 -::IUD\Jl.:.tivo frcqumcy distribution af copper, 

oobalt, zinc, len.d, molyb :'':s.~u..r:1 ,.:':'1~i. 'D],;;:·;:·t...th in the NorthOl'n St~r suito of 

These indicate f0ur' :::·'P'.l.:!.'·:i;:i.-:..'!.'.s far coppc.r l'.nd Zinc, throo f or 

cobalt, lead f.l'1d mclybdenum :~: 1 ~1 t \·",·, .~ r /:,; biamuth. 

in waggcn drill halos indiCw.t ~.5 t!:~~t ~) ...,~ula.tion 3 

A comp~ison of concontr~ticng 

for aohe-lt io oqlJiv::l.lcnt tc 

population 4 for copper and zir.c. f' c ;~.)llla.tions 2 <lnd 3 for oopper end Zinc, 

the dispersion populations, nrc rcprcsOll t od by only ono popul::"l.tion (2) in 

cobalt and molybdenum. Tl":.u upper populetion of copper, cobC'.lt md zino . is 

considered to roprescnt tho lc.::.chod portion of the minercliz cd ironstone. 

The goochemistry of th~ ironstones is e functi on of ana or mora of 

the following factors: 

(1) Primary intrusivo mineralization. 

(2) Primary rcpl3ccmcnt mincraliz.;:.tian. 

(3) Prim?xy ionic und solution dispersion. 

(4) Second.?J'Y l eaching or enrichment by ground N.:?tor action. 

(5) Seccnd~xy dispersion by meohanical mo~s. 

Ground wntcr action may consiot of oxidation end leaching c.bove tho Hc,tortable, 

and/or migration in the lateri to profile . Both these f aotors m·=-.y be 

suporimpos0d on the primary f~'.G tors. In r eplacanent t'.nd priJ!l.'\ry dispersion 

the inherent background v:~luc is :-.leo a fector. 

From r osults obtaino("!. in hol os bordcrirlg tho No.2 Ironstono, e.g. , 

hole No.9, primary ionic rultl solution d i spersion is not an iInport:mt f actor 

in tho distribution af metallic olcrnalts (sea Pla te 12) . 

Hol e No.8 intersects collul:u', limoni tic, replncOilcnt heTJlL\tito and 

me.ssivo m3l"1gruuforous hcmz:.ti to t o n doptb of 87 feet, \·rhcro tho holo was 

abu.ndoncd due t o thu extror.toly l e<.".chcd ncture of the rocks. The copper 
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values are all above 1200 p.p.m. with.a maximum of 8000 p.p.m., thus falling

in the mineralisation population. From the distribution of copper in

section (Plate 9) it is apparent that hole No.8 intersects the leached part

of the main orebody.^Hole No.9 is situated 80 foot to the south of No.8

and 40 feet to the south of the No.2 Ironstone. The hole was inclined at

75
0 north in order to intersect the ironstone at 75 feet depth. At this

depth 6 feet of manganiferous hematite was intersected, followed by 40 feet
of jasper. Ae can be seen from Plato 12, the copper concentrations in the

sediments from the surface to 57 feet range from 80 to 200 p.p.m., they then
rise rapidly to 6000 p.p.m. at the contact and average about 2000 p.p.m. in

the jasper. Cobalt, zinc, molybdenum and bismuth exhibit a similar increase,

indicative of a dispersion halo of 11 -i feet for copper and 6 feet for the
other elements. This dispersion halo may be primary (ionic or solution

dispersion during mineralization) or secondary (transport by ground water

solutions after mineralization), in either case the narrow aureole indicates

the minor role played by dispersion in element distribution.

The relative concentration of elements and their association with

rock types is clearly shown in Plates 10, 12 and 13. The following

generalisations can be drawn from these diagrams:

(1)Statistically, copper, cobalt and zinc concentrations are

directly homologous; the copper/cobalt ratio is approximately 10.

(2) High copper, cobalt and zinc concentrations occur in

cellular hematite, manganiferous hematite, quartz hematite and in some

quartz-hematite jasper.

(3)Zinc concentrations are generally high in the manganiferous

ironstones, although check analyses indicate that this relationship may not

always be correct (see Appendix 11).

(4) Lead distribution is apparently unrelated to the cepper/

cobalt/zinc concentrations, and does not vary greatly with rock types.

(5)In most cases molybdenum is not an important indicator.

Its range in concentration is low and the overlap of population ranges is large.

Hole No.9 is an exception; in this hole molybdenum concentrations clearly

reflect thc.mineralised jasper and the dispersion halo.

(6)Bismuth distribution is variable and difficult to assess.

In hole No.2 bismuth concentrations vary inversely with copper/cobalt/zinc,

and high concentrations (up to 50 p.p.m.) are associated with the sedimentary

rocks. Hole No.9 exhibits similar relatively high (30 p.p.m.) bismuth

concentrations in the sediments, and these show some affinities with the

molybdenum concentrations. Bismuth has been reported to show a strong

association with gold in the Tennant Creek Field. Insufficient concentrations

of either metal were present at Northern Star to substantiate the association
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with the exception of hole No.13. Here gold assays up to 0.9 dwt occur

together with bismuth concentrations of up to 80 p.p.m., the Bi/Au ratio

being statistically constant.^In the primary mineralization zones,a direct

relationship may exist. Results from D.D.H.15 suggest that this is so

(N.T. Administration, Mines Branch, unpublished records). Much higher

concentrations of bismuth are found in the primary zone; a single analysis

of core from D.D.H.15 gave 500 p.p.m. copper grid greater than 10,000 p.p.m.

bismuth.

(7) There has undoubtedly been considerable redistribution of

trace dements by secondary ground water action. As different elements have

different mobilities, controlled by Eh and Ph of solutions etc., it is

difficult to ascertain original primary associations, especially as precip-

itation and adsorption on the hydrated iron and manganese minerals can result

in secondary dispersion patterns unrelated to primary distribution.

DISTRIBUTION OF ELEMENTS

Regional

The results of regional sampling of copper and cobalt in the

vicinity of the North Star - Northern Star leases is shown in Plates 1 and 2.

These results were obtained as part of a regional geochemical investigation

on the Mt. Woodcock 1-mile Sheet area; soils, rocks and ironstone bodies

were sampled. The frequency distribution diagrams for this suite of samples

were statistically identical to the waggon drill suite.

The background contours for copper and cobalt delimit the North Star-

Northern Star area. The copper distribution indicates ironstones anomalous

in copper extending to the north-east, but these are not anomalous in cobalt.

These ironstones are close to a minor magnetic peak and the trend of the

copper anomaly is the same as the magnetic trend (Plate 14) and bedding trend.

Waggon Drill 

The analyses of samples from waggon drill holes are listed in

Appendix 1. Two sections AB and CD (Plates 8 and 9) indicate the distribution

of elements in the anomalous areas. (Sections for bismuth and load were not

constructed). The isochemical boundaries used in these sections are

derived from the upper limits of populations as indicated in the frequency

distribution diagrams, so that they define areas of like goochemical population.

Despite this there is not a close correlation between geochemistry and rock

type. A broad correlation exists between copper, cobalt and zinc concentrations

and occurrences of cellular hematite and manganiferous ironstone (see Plates

3 and 7) and the sections clearly show the structural double dome of the No.2

Ironstone lode.
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The sample intervals in the holes are very much shorter than the

distance between holes, and the depth of holes is of the same order as the

distance between holes, so that undue bias may have been placed an the

sub-horizontal distribution of elements (e.g. Plates 8 & 9). Hewaver, this

distribution would be expected in a leached orebody, and in individual holes

copper concentrations generally tend to increase with depth.

The distribution of copper in plan (Plate 7) is derived from the

mean of copper analyses over the upper 48 feet of each hole; this is done

to restrict any bias due to copper increase with depth. The distribution

indicates two anomalous areas at either and of the No.2 ironstone (]>1200 p.p.m.).

The anomalous holes in the cast (Nos. 8, 10, 11, 13) and in the west (Nos. 1,

2, 3, 4, 12, 18) intersect mainly cellular hematite and manganiferous hematite.

Ekceptions to this are holes No.4 and No.12, which intersect jasper and

cellular hematite, and hole No.18 which intersect manganiforous hematite and

hematite shale. This was the only copper-bearing unreplaced hematite shale

encountered, and was the one^hole_ exhibiting visible copper carbonates.

The lack of iron replacement of those copper bearing sedimentary rocks is not

understood; possibly primary or secondary dispersion may account for the

high copper values. Untested copper mineralization may therefore extend to

the north of hole No.18 in the hematite shale.

The distribution of copper shown in the eastern zone may be unduly

biased by samples from a lode of almost pure pyrolusite which extend from

hole No.10 to hole No.13 and which is rich in copper (_,> 2000 D.p.m.). ^A

similar rock was intersected in hole No.2; this rock type may thus be the

main primary intrusive associated with the copper bearing solutions.

Plate 6 is a plan of copper distribution as indicated by surface

samples, which include rock chip samples and the upper 3 feet of waggon drill

holes. The similarity in results to those illustrated in Plate 7 for

subsurface sampling clearly indicates the reliability of surface sampling in

this type of prospecting.In Plate 6 the surface samples indicate that the

anomalous copper concentrations extend to the north of hole No.18. As with

Plato 7, undue emphasis results from the pyrolusite samples; H32, H34, H36

are pyrolusite and manganese wad, both rich in copper. In polished section

no copper minerals are visible, but atomic absorption spectrophotometric

analysis of three manganese rich samples indicated high copper and cobalt

concentrations, apparently absorbed or coprocipitated with the manganese

oxides.
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Sample Description CU Cc Mo Sn Pb Ag

4 Powdery man-
ganose wad.

1000+ 800 150 100 50 2

5 Massive
pyrolusite

(H36)

500 300 70 - - 7

6 Powdery
manganese wad.

2000+ 800 20 50 20 30

Analysis by N. Marshall, Atomic Absorbtion Spectrometer.

SUMMARY
The central part of No.2 Ironstone is anomalous in copper and is

characterised by two rock types, cellular limonitic hematite and manganifercus

ironstone.^The cellular hematite appears to represent, in part, the

oxidised cap of a sulphide lode. It is highly leached and contains up to

0.7% copper.^The parts of the lode around holes 1, 2, 8, 13 and 18 show

increasing copper content with depth and yield the highest assay results in

the area, apart from the manganiferous ironstone. The copper content of the

manganiferous ironstone ranges from 500-5000 p.p.m.; this is thought to be

the rock type most closely associated with the primary mineralization

processes.^Sulphide boxworks were not observed.

The importance of leaching in redistribution of the copper is not

known; if it is important, the copper content will probably continue to

increase with depth. The available evidence suggest that the limonite -

rich cellular hematite is derived, in part, from a sulphide deposit, which

should contain a secondary enriched zone near the watertable level and pass

into sulphides below this level. This is supported by the intersection in

a nearby drill hole of up to 6.2% copper as chalcopyrite at 958 feet depth.

CORRELATION OF STRUCTURE, MAGNETICS AND GEOCHEMISTRY

Mineralization in this area may be controlled by a combination of a

favourable bed and an anticlinal crest, or by an anticlinal axial plane only.

If mineralization takes place only along favourable beds the surface lodes can

be expected to have limited depth, and mineraliz4ation at depth would be

controlled by the combination of another favourable bed with the anticlinal

crests. On the other hand, if axial plane shears were the only affective

control, continuous pipe-like lodes with a very steep north or northeast

plunge would be expected to result.

Diamond drill holes 14 & 15, intersected ironstone in chloritic
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schist between BOO and 1000 feet.^(N.T. Administration, Mines Branch,

unpublished records). This chloritic schist has no known equivalent 4 the
surface.^D.D.H.15 intersected Quartz - calcite - magnetite at about 1000

feet depth. From regional mapping, dolomite crops out along cleavage strike

to the south - west of Northern Star. If these two carbonate bodies are.^,
related, a 15 degree regional plunge to the east is indicated, and this

favourable carbonate bed may control the mineralization at depth beneath

Northern Star. This is the first known occurrence of carbonate rocks in the

Narramunga Group and which possibly act as favourable beds for mineralization

(Dunnet & Harding, 1965). This plunge is supported by the plunge o'f mesoscopic

S2 folds in the area. The diamond drill information does not indicate whether

the No2 Ironstone is continuous from the surface to 1000 feet or if.

discontinuous ironstone lenses lie in the same shear plane (see Plate 15).

The No.3 Ironstone occupies an anticlinal core in a younger part of

the sequence than the No.2 Ironstone. The No.1 and No.2 Ironstones appear to

occupy nearly the same stratigraphic position, but a continuation of the trend

between Nos. 3 and 2, i.e. a south-dipping 'Faultenspiegel' or envelopirig

surface (Turner & Weiss, 1963, p.111) would suggest the No.1 Ironstone is

somewhat lower in the sequence than the No.2 body. Assuming this, we May

predict possible ironstone occurrences on favourable bed/structure intersections

as follows:

(1)Repetition of the ironstone indicated at 1000 feet beneath

No.2 body, beneath No.1 at a shallower depth.

(2)Repetition of No.1 beneath No. 2.

(3) Repetition under No.3 is not considered likely because of the

weak structural control.

The lack of magnetic indication of these two predicted ironstones

suggest that both are completely oxidisedand above the water table. .

Several conclusions may be drawn from the low altitude magnetometer

survey (Milsom & Finney, 1965).

(1) Only one anomaly is indicated by the survey; the anomaly is

produced by a magnetic body lying to the north of the No.2 Ironstone at a depth

of about 700 feet.

(2)The trend of the anomaly parallels the trend of bedding and

cleavage and has a similar shape and limits to those of No.2 Ironstone,

(3) The east-west limits of the anomaly trend north-west (S 3 )

and the eastern limit coincides with the anomaly previously defined by the

A.G.S.S.N.A. ground magnetic surveys The latter anomaly is probably a

subsidiary peak on the main anomaly,
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(4)There is a magnetic low and steeper gradient to the

south of the main peak; indicative of a stoop north plunge to the body.

(5)The.shape- of the anomaly suggests thatit is due to a

• dyke-like body, rather than a spherical body. This dyke would have the

sema trend .ao-the;Te,2 Ironstone body and dip steeply (80 0) north Or north-

'abast.^The width would be loss than 100 feet, and the depth to the top

of the body approximately 700 foot.^Its projection to the surface almost

coincides with the No.2 Ironstone.

(6) If the body is spherical and if Daly's 1954 figures for
Tennant Creek are used in the caloulations, the centre. of the body would be

situatedat approximately 1250 foot depth and the radius of the body would be

about 250 feet. It would lie directly beneath the No.2 Ironstone with its

centre at approximately 220S 9 150E.

The evidence available does not enable the shape or position of the

magnetic body which produces the anomaly to be determined exactly, although

this could probably be clarified by a low altitude aeromagnetic survey flown

on north/south lines over the anomalous area. At present the author considers

the most likely shape to be a lenticular pipe-like body extending more or less

continuously from the No.2 Ironstone to a magnetic section beneath the water

table i.e. an axial plane control on ironstone mineralization. The shape of

the body is probably largely controlled by the cleavage and modified by

replacement of favourable lithologies. The vortical extension of the

ironstone will be controlled by the intensity of the shear zones, the

continuity of the anticline and the presence of favourable beds for replacement.

However, the alternative possibilities must be considered in planning an

exploratory drilling programme.

The central part of the No.2 Ironstone consists of leached copper-

rich ironstone which extends to at least 150 feet (D.D.H. 4 & 5), and gold tends

to be concentrated at the eastern end of the No.2 body. The diamond drill

evidence indicates a similar relationship at 800 to 1000 feet; gold occurs

at the eastern and (D.D.H.15), and copper towards the center of the magnetic

anomaly (D.D.H.14). The magnetic anomaly has not been tested west of

D.D.H.14; if the indicated correlation between magnetics and geochemistry is

valid, substantial concentrations of copper may be present west of this drill

hole intersection. (Plate 15).

The possibility of a pipe-like orebody in the No.2 Ironstone is

supported by the shape of the gold lode in the No.1 Ironstone which, although

tabular at the surface, is pipe-like and pitching very steeply north-east at

depth (150 to 250 feet).
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Discussion, 

Tho f ollowing facts nnd UBsumptions suggest that an economic 

cOpper l ode a t dopth might exist benoa.th t he watOl'tabl e at Northern Star. 

(1) The geochemistry indicateB cop9cr mincralis~tion in tho 

No. 2 Irons tone at tho surfc.co. , 

(2) The aeromClgtl~tic survey indicates a taa.g);\otic body bfJl'1ooth 

and to tho north of tho No. 2 Ironstone. 

(3) Structural eVidence suggests tho magnetic body is Elll 

extension of the No .2 Ironst ono beneath tho watcrtable~ 

(4) The eastern end of tho magnetic body has boen drilled 

previeusly and gol d and copper in eoonomic grados were int~rsected in two 

separat o hol es. 

(5) It is a ro~sonnble assumpti on that the unt ested irons tone 

indica.ted by tho aerom~etic anom~ly is ~J1 oxt ension of tho body drilled 

in tho east, ~d ther oforo \1n 1 cont.n.in some copper minera.liza.tion. 

(6) If t he ironstone/copper r ol ationship is similnr to that 

of tho No. 2 Ironstone, and i f the grade is s imilar to tho intcrt::~ct ion in 

. D.D.H.14 an economic grade nnc1 torUl.:tgC can be expected. 

R];xJONM];IID/.TIONS FOR FlIl'URD HaRK 

Furthor gcechemicol "invo3tigation and GXploratory di~ond drilling 

in tho North Ster - Northern Star areo is r ecommended. Tho fol lowing 

programma is suggested. 

( a) J..uger drilling to t"ii~athorod bedrock to sll.III.p l c the bulldust f l ats 

to the nort~oast of Northam Stur (the area defined by the 30 p . p . m. 

isoohemical oontour on Pla t e 1). Dr i lling should be on a 100 foot grid 

spaoing and samplos should be analysed for copper , cobalt , zino, molybdenwn, 

manganose and bi smuth. 

(b) Surface r ock chip s~mpling of the No.1 Ironstone l odo a t 

Northern Star and tho whole of the Nor th Star l ode on a 20 f oo t grid spacing. 

(c) Waggon drilling of anom..'l.lous areas def i ned by (b) end creas of 

c ellular hornatite outcrops . ~rE'.ggon drilling of the ar ea direotly nor th of 

hol a No.18 to delimit the northarn extension of tho copper anom~l.y found by 

thi s survey. An Bo f oot grid is adequate but a closer spacing is reconunended." 

A 5 foot 8nmpl e intorval i 8 sufficient, ~J1d hol es shoul d b e as doep ns possibl e . 

(d) Diamond drilling of the magnetic enanaly body and t ho dOl"M\Olard 

extensi on of the No. 2 Ironstono copper enomaly, t 06'ether with a:ny orcas of 
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significance defined by (b) and (c). At least three holes are recommended

to test the No.2 Ironstone at depth, to delimit its shape and structure and

to locate the copper extension at depth. Throe suggested diamond drill

holes are shown on section G-H (Plate 16) as follows

Hole
^Collar Position

^
Inclination^Bearing^Length

D.D.H. 1 10 150S, 170E 170 800

D.D.H. 'B' 170N, 20E 80 155 1300

D.D.H. IC' 200N, 150E 75 155 1200

D.D.H. 'A' should be drilled to delimit the northern extension of

the copper anomaly, define the northward plunge of the No.2 Ironstone, check

the continuity of the copper anomaly and No.2 Ironstone at depth and check

the possible occurrence of a secondary enriched copper orebody above the

water table. It is planned to intersect the No.2 Ironstone down dip in the

vicinity of the water table.

D.D.H. 'B' should be drilled irrespective of results of D.D.H.'A'.

It will define the position and approximate size of the magnetic body and

will intersect any sulphide zone associated with the magnetic body. Information

from D.D.H.'s 'A,' and 'B' should also determine the position and structural
the

importance of/Higgins Fault, which on present evidence appears to be a low-

angle reverse fault of post-mineralization age.

D.D.H. 'C' will depend partly on information derived from 'Al and

'B'. If 'B' is successful in intersecting both the magnetic body and

sulphide mineralisation, 'C' should be drilled 100 to 150 foot behind (i.e.

north-east) of the section G-H to test the eastern extension of the orebody

and its possible relationship with the copper intersection in D.D.H.14.^If

'B' is unsuccessful it may have missed tho orebody to the west;^1 C 1 will

chock this possibility.

D.D.H. 'B' and 'C' will also check the possible extension of the

gold lode in the No.1 Ironstone.

(e) A detailed ground magnetic survey or low altitude aeromagnotic

survey flown on north-south lines may enable the peak of the magnetic body to

be defined more precisely.^This could be supplemented by a detailed gravity

survey.
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GEOCHEMICAL SAMPLING- NthiTEI sSTAR. 1 TENNANT CREEK.

Sample No Depth

GEOCHEMICAL RESULTS HOLE:M 0 .1 .^80S 60E

BismuthGold^Copper CObalt Lead Molybdenum

dwt/t on^P.P.m. P.P011.

05 0007 0-3^-^600 ' i Q 50! 25 10 5

001 3-6 -^500 8 50 20 8 4

002 6-9 -^500 •.6 .-ilM.. 20 15 5

003 9-12 -^700 10 250 20 15 8

004 12-15 -^5 000 150 500 15 25 8

005 15-18 -^4000 200 250 15 50 25

006 18-21 -^4000 400 250 25 50 5

008 21-24 -^5000 '^80 600 25 50 8

009 24-27 -^8000 150 400 5 60 2

010 27-30 -^1500 15 150 10 25 3

011 30-33 _^25 00 12 500 15 20 8

012 33-36 -^2000 12 250 12 40 10

013 36-39 -^2000 25 250 20 40 15

014 39-42 -^3 000 50 500 25 60 10

015 42-45 _^1500 20 200 40 40 20

016 45-48 -^3000 120 200 5 0 80 15

017 48-51 _^3 000 100 200 40 70 15

018 51-54 _^25 00 . 100 150 40 80 20

019 54-57 -^2000 70 50 50 80 25

020 57-60 -^5 000 80 150 30 70 20

021 60-63 -^5000 80 150 20 30 10

022 63-66 -^5 000 150 200 20 50 • 8

023 66-69 -^7000 250 400 40 50 10

024 69-72 -^4000 200 .500 20 60 12

025 72-75 -^5000 150 500 25 70 18

026 75-77 -^5000 400 500 25 150 20

* All results set out in the same order.
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GEOCHRMICAL SAMPLING - NORTHERN STAR TENNANT CREEK.

...2GlIginga_NAMEIL:LIMillnal_22211.12121

050027 0-3^Trace 400 40 25 15 20 15

028 3-6^Trace 2000 120 80 50 30 15
029 6-9^Nil 1500 80 150 60 20 3
030 9-12^Nil 800 30 30 6 5 2

031 12-15^Nil 800 60 200 12 15 2

032 15-18^Nil 2500 50 200 30 50 18

033 18-21^Nil 1200 40 100 18 25 15

034 21-24^Nil 1500 50 100 30 25 20

035 24-27^Nil 1200 40 100 25 30 20
036 27-30^Trace 1000 10 40 25 25 40
037 30-33^Nil 250 15 30 40 40 30

038 33-36^Nil 300 8 25 20 100 50

039 36-39^Trace 4000 250 200 80 50 5
040 39-42^Nil 2500 200 150 30 25 20

041 42-45^Trace 6000 150 200 30 60 20

042 45-48^Trace 2500 80 30 200 60 30
043 48-51^Nil 700 7 20 15 40 20

044 51-54^Nil 250 8 20 15 15 10
045 54-57^Nil 1500 50 40 18 20 15
046 57-60^Nil 700 15 20 40 15 12

047 60-63^Nil 1500 50 25 50 50 20
048 63-66^Nil 4000 250 100 25 60 15
049 66-69^Nil 8000 400 200 20 Go 25
050 69-72^Nil 10000 300 500 25 60 15
051 72-75^Nil 8000 400 600 15 60 lo
052 75-78^Nil -10000 500 600 15 50 4
053 78-81^Nil 8000 300 600 15 40 3
054 81-84^Nil 7000 600 600 10 15 2

055 84-87^Nil -10000 500 500 10 20 6
056 87-90^Nil 3000 150 300 8 8 10
057 90-92^Nil 2000 50 150 8 10 30

- trace equals 0.3 dwt/ton

GEOCHEMICAL SAMPLING - NORTHERN ST4J TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO.3, 340S, 14aE

050058 0-3^Nil^400^10^150^30 8 15
059 3-6^Nil 600 15 200 30 12 10
060 6-9^Nil 400 10 60 25 lo 4
061 9-12^Nil 500 10 100 20 8 2
062 12-15^Nil 300 25 80 20 20 2
063 15-18^Trace 600 15 70 15 10 3



3.

064 18-21^Trace^800 30 200^20 30 5
065 21-24^Trace^2000 15 800^25 15 10

066 24-27^Trace^3000 15 1200^30 30 6
067 27-30^Tr ace^2000 10 3901^15 30 6
068 30-33^Nil^400 5 80^10 5 3
069 33-36^Nil^3000 10 500^15 25 6
070 36-39^Nil^2500 60 400^15 30 3
071 39-42^Nil^4000 20 500^12 20 3
072 42-45^Nil^1 200 12 250^10 8 4
073 45-48^Nil^2000 15 500^8 10 4
076 48-51^Nil^1 800 12 800^12 8 6

GEOGHMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL -HOLE NO ....4,126,9_4_14a^OE

050077 0-3^Nil^50 20 30^15 5 6

079 3-6^Nil^400 60 250^20 15 2

078 6-9^Nil^80 12 100^10 4 4
080 9-12^Nil^800 12 500^10 12 5
081 12-15^Nil^250 40 150^25 20 1

082 15-18^Nil^1 200 20 80^25 25 5
083 18-21^Nil^600 8 50^10 5 3
084 21-24^Trace^1 200 15 60^10 20 4
085 24-27^Trace^800 15 60^10 25 6
086 27-30^Tr ace^800 20 150^18 20 5
087 30-33^Trace^500 25 100^25 30 4
088 33-36^Trace^2000 50 60^20 50 4
089 36-39^Trace^2000 40 50^25 40 5
090 39-42^0.3^2500 60 40^30 50 3
091 42-45^Trace^6000 100 80^20 60 4
092 45-48^Trace^5000 60 50^30 60 5
093 48-51^Nil^4000 150 80^30 60 6
094 51 -54^Nil^3000 60 60^20 50 10
095 54-57^Nil^7000 150 60^20 50 12
096 57-60^Nil^3000 60 30^15 30 4
097 60-63^Nil^2000 70 80^18 40 7
098 63-66^Nil^4000 100 150^20 50 5
099 66-69^Nil^6000 100 150^20 60 3

050100 69-72^Nil^8000 100 100^8 25 - 1
101 72-75^Nil^5000 80 80^8 25 6
102 75-78^Nil^7000 80 80^12 30 4
103 78-81^Nil^8000 60 60^10 50 2
104 81-84^Nil^8000 60 60^12 60 7
105 84-87^Nil^1 0000 60 60^12 80 10
106 87-90^Nil^4000 50 50^10 40 7
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107 90-93^Nil 7000 60 60^15 300 10

108 93-96^Nil 4000 30 30^12 200 8

109 96-99^Nil 4000 100 100^12 60 7
110 99-102^Nil 5000 100 80^12 60 5

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO.5 380S .149E

050111 0-3^Nil^250^20 40^40 25 12

112 3-6^Nil 800 10 40^30 25 15

113 6-9^Nil 250 20 30^20 12 4
114 9-12^Nil 100 8 30^18 20 - 1

115 12-15^Nil 250 20 50^25 20 - 1

116 15-18^Nil 400 7 20^20 12 3
117 18-21^Nil 300 6 20^20 15 2

118 21-24^Nil 300 5 20^15 8 3

119 24-27^Nil 250 5 20^15 8 3
120 27-30^Nil 200 15 30^15 20 2

121 30-33^Nil 500 25 40^15 25 5

122 33-36^Nil 400 12 80^20 25 2

123 36-39^Nil 250 40 50^25 25 - 1
124 39-42^Nil 250 20 50^15 25 - 1

125 42-45^Nil 80 15 30^1 2 25 - 1

126 45-48^Nil 250 25 50^8 15 5
127 48-51^Nil 700 20 60^15 12 3
128 51-54^Nil 600 10 50^12 8 3
129 54-57^Nil 1000 70 100^10 15 - 1

130 57-60^Nil 250 50 150^18 20 - 1

131 60-63^Nil 250 40 200^15 12 - 1

132 63-66^Nil 300 50 200^12 30 1

133 66-69^Nil 150 40 200^10 20 - 1

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO.6 ^3405. 204,

050134 0-3^Nil 500 30 150^50 25 8

135 3-6^Nil 1000 25 400^25 40 20

136 6-9^Nil 600 20 150^40 20 20

137 9-12^Nil 450 12 50^40 20 15

138 12-15^Nil 80 10 30^15 15 12

139 15-18^Nil 400 15 80^20 20 20

140 18-21^Nil 250 18 100^20 20 15

141 21-24^Nil 300 25 200^15 8 7

142 24-27^Nil 200 20 200^20 20 8

143 27-30^Nil 400 12 80^50 25 12



5.

144 30-33^Ni]. 500 15 50 25 25 18

145 33-36^Nil 200 7 25 25 10 12

146 36-39^Nil 80 7 20 15 4 7

147 39-42^Nil 100 6 - 20 10 5 7

148 42-45^Nil 100 10 - 20 6 4 6

149 45-48^Nil 500 12 20 10 8 6

150 48-51^Nil 1200 18 40 15 25 8

151 51 -54^Nil 1200 25 40 18 15 20

152 54-57^Nil 1200 50 40 6 15 15

153 57-60^Nil 500 25 50 10 5 3

154 60-63^Nil 2000 12 50 20 25 2

155 63-66^Nil 400 25 30 20 3 4
156 66-69^Nil 250 20 25 25 2 - 1

157 69-72^Nil 300 15 25 10 2 - 1

158 72-75^Nil 1000 25 30 6 5 1
159 75-78^Nil 1500 40 150 10 10 2

160 78-81^Ni]. 1500 50 150 25 12 10

161 81-84^Nil 800 25 30 8 8 4
162 84-87^Nil 1200 80 60 10 8 3
163 87-90^Nil 1000 70 30 6 6 10
164 90-93^Nil 1200 60 100 7 2 3
165 93-96 1200 80 100 10 3 4
166 96-99 1000 60 25 5 3 8
167 99-102 1200 15 30 3 4 2

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE N0.7. 4205. 20d

050168 0-3^Nil 100 20 25 25 6 8
169 3-6^Nil 150 4 25 30 8 20

170 6-9^Trace 40 5 - 20 15 10 20

171 9-12^Trace 200 25 80 40 20 15

172 12-15^Trace 250 20 200 40 25 12

173 15-18^0.3 60 12 80 25 10 20

174 18-21^0.4 80 25 150 30 25 15
175 21-24^Nil 80 25 60 25 50 7
176 24-27^Trace 40 8 40 18 10 8
177 27-30^0.2 150 12 250 15 30 12
178 30-33^Trace 1500 80 500 80 60 18

179 33-36 1000 60 600 50 50 12

180 36-39^Trace 300 70 400 70 50 7
181 39-42^Trace 2500 20 30 25 40 7
182 42-45^Trace 2500 25 50 30 50 6

183 45-48^Trace 3000 25 30 60 50 6

184 48-51^Trace 1000 30 40 40 30 8



6.

1 85 51-54 Tr ace 1200 50 25 25 25 20

186 54-57 04,2 2000 70 50 18 30 15
187 57-60 0.2 2000 80 50 15 25 3
188 60-63 Trace 6000 100 250 1 2 20 2
189 63-66 0.7 6000 200 200 15 40 4
190 66-69 Trace 2500 50 80 10 15 -^1
191 69-72 Trace 3000 250 100 10 15 -^1
192 72-75 0.3 600 20 30 8 4 1
193 75-78 0.3 800 50 100 25 12 2
194 78-81 Trace 1500 70 100 15 20 10
195 81 -84 Trace 800 30 80 10 15 4
196 84-87 Trace 1 000 60 40 20 8 3
197 87-90 Trace 2500 80 150 15 10 10
1 98 90-93 1000 60 200 15 1 0 3
199 93-96 Trace 700 70 150 18 20 4
200 96-99 Trace 1000 60 200 20 25 8

GEOCHEMICAL SAMPLING NORT ITIN STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS.^HOLE, NO • 8^/.208 . 300E

050201 0-3 3000 80 40 20 30 12
202 3-6 2000 70 50 25 40 12
203 6-9 2000 80 30 25 40 20
204 9-12 2000 50 30 20 50 15
205 12-15 2000 70 30 30 60 12
206 15-18 1500 70 25 20 50 4
207 18-21 1500 60 20 18 20 3
208 21 -24 1 200 40 20 18 40 3
209 24-27 2500 150 40 18 60 2
210 27-30 2000 80 30 18 60 2
211 30-33 1500 25 - 20 20 60 7
21 2 33-36 700 6 - 20 15 20 5
213 36-39 1 200 10 - 20 15 25 10
214 39-42 1 000 8 - 20 15 15 10
215 42-45 1 200 30 40 20 30 8

05 0250 45-48 800 25 - 20 12 25 6
251 48-51 2000 25 80 18 25 6
252 51-54 600 25 60 25 25 6

05 0264 54-57 3000 60 100 15 25 6
265 57-60 7000 500 100 20 50 2
266 60-63 1 800 25 150 15 20 6
267 63-66 2500 30 100 15 25 10
268 66-69 2000 30 150 20 30 6
269 69-72 5 000 250 400 20 60 4
270 72-75 8000 500 5 00 20 50 4



7.

050277 75-78^0.4 4000 400^300 18 50 2

278 78-81 4000 300^200 25 40 8

279 81-84 7000 250^300 25 60 2

280 84-87 5000 300^500 25 50 4

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK

GEOCHEMICAL RESULTS - HOLE NO.9 1 500, 300E

050216 0-3^Nil^70^7^30 30 5 30

217 3-6^Nil 70 5^50 30 4 20

218 6-9^Nil 60 3^30 30 2 15

219 9-12^Nil 50 3^70 30 2 20

220 12-15^Nil 50 4^60 25 1 15

221 15-18^Nil 60 4^80 40 2 15

222 18-21^Nil 60 5^70 25 1 12

223 21-24^Nil 30 6^60 40 1 10

224 24-27^Nil 40 6^80 50 3 10

225 27-30^Nil 60 6^70 40 2 10

226 30-33^Nil 150 7^60 25 2 8

227 33-36^Nil 150 12^50 25 3 8

228 36-39^Nil 70 8^40 25 - 1 7

229 39-42^Nil 50 3^200 20 - 1 1

230 42-45^Nil 60 6^150 20 1 2

231 45-48^Nil 50 4^80 20 - 1 3

232 48-51^Nil 50 4^30 15 - 1 1

233 51-54^Nil 120 2^25 15 - 1 2

234 54-57^Nil 250 3^50 18 - 1 1

235 57-60^Nil 700 4^70 10 - 1 1

236 60-63^Nil 600 2^-^20 8 - 1 2

237 63-66^Nil 800 6^25 8 - 1 1

238 66-69^Nil 1200 20^200 12 - 1 5
239 69-72^Nil 1000 15^80 12 4 7

240 72-75^Nil 2500 80^100 20 15 12

241 75-78^Nil 6000 25^200 12 40 10

242 78-81^Nil 3000 200^300 12 40 5

243 81-84^Nil 3000 300^200 15 50 6

244 84,87^Nil 2000 150^250 8 40 12

245 87-90^Nil 2000 100^200 15 50 15

246 90-93^Nil 800 60^250 8 60 3

247 93-96^Nil 5000 200^250 10 70 10

248 96-99^Nil 1500 80^200 10 30 5

249 99-102^Nil 700 80^30 10 25 8

050253 102-105^Nil 2000 100^150 15 30 20

254 105-108^Nil 2000 70^500 18 30 20



B.

255 108-111^Nil 2500 250 200^20 40 10

256 111-114^Nil 2000 300 250^18 50 5

257 114-117^Nil 2000 80 100^18 40 6

258 117-120^Nil 2500 100 200^15 40 4

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.

050259 60 700?0-3 250 20 40^70

260 3-6 300 18 40^50 4 15

261 6-9 1800 100 200^60 25 6

262 9-12 600 18 25^70 8 30

263 12-15 2000 70 30^100 15 20

050271 15-18 1200 80 50^30 25 25

272 18,-21 1200 100 40^25 40 15

273 21-24 800 50 25^25 20 18

274 24-27 600 60 50^20 20 20

275 27-30 600 50 50^20 30 20

276 30-33 *moo 150 60^30 30 20

050281 33-36 1200 50 30^20 20 15

282 36-39 800 70 80^25 40 5

283 39-42 1500 loo 80^40 50 lo

284 42-45 2000 80 80^40 50 15

285 45-48 2500 50 50^40 50 25

286 48-51 l000 15 so^25 12 20

287 51-54 800 15 200^25 12 20

288 54,57 2500 1 to 200^25 20 20

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANr CREEK.'

GEOCHEMICAL RESULTS - HOLE NO.11, 3L0$, 30

050289 3-6^Nil 700 60^80^50 25 10

290 6-9^Nil 1200 400 80^70 25 10

291 9-12^Nil 700 25 25^40 15 4
292 12-15^Nil Goo 40 50^40 60 5
293 15-18^Nil 'moo 30 60^50 25 4
294 18-21^Nil 1500 150 80^300 25 6

295 21-24^Nil 700 50 80^50 25 2

296 24-27^Nil 'moo 30 60^30 20 2

297 27-30^Nil 2000 150 150^70 50 5
298 30-33^Nil 1500 40 200^40 25 5

05011 33-36^Nil 2000 80 100^50 25 4
312 36-39^Nil 1500 15 80^25 10 8

313 39-42^Nil 2000 40 60^Go 18 10

314 42-45^Nil 3000 60 200^80 20 15



9.

050315 45-48^Nil^4000 150 250^40 25 1

316 48-51^Nil^2500 70 250^50 25 3

317 51-54^Nil^3000 100 500^200 40 7

318 54-57^Nil^3000 80 600^200 50 2

050321 57-60^Nil^4000 80 2000^400 60 2

322 60-63^Nil^5000 400 2000^200 70 1

323 63-66^Nil^5000 300 1500^250 70 2

GEOCHEMIC AL SAMPLING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO .1 2, 420S . 140E

050299 0-3^Nil^400^8^25^15 4 8

300 3-6^Nil^1500 15 30^20 12 7

301 6-9^Nil^4000 40 150^20 5 3
302 9-12^Nil^2500 40 60^40 15 2

303 12-15^Nil^1700 50 60^40 20 1

304 15-18^Nil^2000 40 80^25 25 8

305 18-21^Nil^500 10 20^6 3 2

306 21-24^Nil^1500 40 60^10 15 3
307 24-27^Nil^1200 50 200^12 10 - 1

308 27-30^Nil^1 200 50 100^18 15 2
309 30-33^Nil^1 200 30 80^20 15 2

310 33-36^Nil^700 25 40^15 18 1
050319 36-39^1000 50 80^30 25 1

320 39-42^1000 40 150^25 20 1

05 0324 42-45^Nil^1200 60 150^25 20 2
325 45-48^Nil^700 15 100^18 18 4

-^326 48-51^Nil^600 18 60^15 15 6
050330 51-54^800 30 80^15 18 5
050343 54-57^50 20 20^12 18 - 1

344 57-60^200 20 25^15 40 2

345 60-63^800 40 150^18 40 4

**^See Page 27 for results of hole No.13.

GEOCHEMICAL SAMPLING - NORM= ST AR TENNANT CREEK.
GEocHEmicAL RES ULTS

050351 0-3^150 8 50^20 25 5
352 3-6^150 20 600^30 25 10
353 6-9^150 15 150^25 25 6
354 9-12^300 8 30^20 25 5

05 0346 12-15^300 12 200^25 25 2
347 15-18^100 20 40^15 30 4
348 18-21^400 8 50^20 25 5
349 21-24^1 000 15 150^15 20 4
350 24-27^1500 60 200^15 25 4
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050355 27-30 3000 250 500 15 50 3
050366 30-33 5000 100 700 10 40 - 1

367 33-36 1000 10 100 10 10 4
368 36-39 200 10 100 10 8 3
369 39-42 400 25 600 15 25 2
370 42-45 250 40 600 15 25 1

050373 45-48 200 30 250 20 50 5
374 48-51 200 15 250 20 60 8
375 51-54 200 40 300 12 60 8
376 54-57 2000 20 50 30 70 15
377 57-60 2000 200 50 15 50 4

•^378 60-63 2000 60 40 15 25 4
379 63-66 1500 80 150 20 60 5
380 66-69 2500 70 200 25 30 4
381 69-72 2000 20 400 20 40 4
382 72-75 2000 12 80 12 20 6
383 75-78 4000 50 200 20 70 5
384 78-81 3000 50 100 20 70 4
385 81-84 6000 60 100 25 60 10
386 84-87 5000 50 60 25 70 10
387 87-90 4000 50 60 25 70 10
388 90-93 6000 80 50 20 60 8
389 93-96 6000 60 40 20 50 7
390 96-99 1 000 10 20 15 15 6
391 99-102 2500 80 25 15 50 5
392 102-1 05 7000 700 150 18 50 10

GEOCHEMICAL SAl2LING - NORTHERN  STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO 30081 300E,

05 0393 0-3^Nil 500 30 60 20 40 8
394 3-6^Nil 500 30 40 25 150 3
395 6-9^Nil 500 30 40 25 100 4
396 9-12^Nil 150 15 25 25 60 4
377 12-15^Nil 500 15 25 25 150 3
398 15-18^Nil 80 8 25 25 80 3
399 18-21^Nil 250 30 40 40 40 3
400 21-24^Nil 400 30 30 30 60 5

054210k 27-30^Nil 250 50 40 20 25 1
211 30-33^Nil 600 50 40 20 20 4
212 33-36^Nil 600 40 30 25 40 8

054205 36-39^Nil 200 30 30 30 25 2

+ 24-27 1 not s ampled
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054206 39-42^Nil 300 30 40^30 25 5
207 42-45^Trace 250 40 50^20 25 1
208 45-48^Nil 500 30 40^18 25 1
209 48-51^Tr ace 500 40 50^10 20 1

054227 51-54^Trace 1000 60 50^20 15 3
228 54-57^Trace 2000 80 150^12 40 2
229 57-60^Trace 3000 100 150^15 40 -1
230 60-63^Trace 1000 60 40^15 20 2
232 63-66^0,2 600 50 20^15 20 2
231 66-69^0.3 3000 150 100^25 50 3
233 6942^Nil 1200 70 60^25 40 2

054238 7245^Nil 1500 50 500^25 30 1
239 7548^Trace 700 50 150^18 20 2
24.0 78-81^Trace 150 50 30^5 6 1
241 81-84^Tr ace 3000 60 150^20 40 1

054247 84-87^Trace 2000 ' 60 200^18 25 2
248 87-90^Tr ace 2000 80 200^20 30 1
249 90-93^Trace 2000 70 200^15 50 1
250 93-96^Trace 1500 60 250^25 60 6

054101 96-99^Trace 1500 50 50^20 15 2
102 99-102^0.3 3000 40 80^15 10 3
103 102-105^Nil 7000 100 250^15 10 2
104 105-108^0.3 2500 30 200^18 15 7
105 108-111^0.3 00430000 40 200^18 25 8
106 111-114^Trace 50 200^15 25 2
107 114-117^0.4 7000 150 250^15 40 3
108 117-120^Trace 5000 70 250^15 25 2

GEOCILMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO .16. 26O3, 200

054213 0-3^Tr ace 100 20 20^20 15 7

214 3-6 1200 100 50^20 80 6

215 6-9^Nil 300 60 60^15 60 10
216 9-12 400 50 80^15 70 8

217 12-15 600 80 30^18 60 15
218 15-18^Trace 300 70 50^10 60 8
219 18-21^Trace 1000 100 100^8 50 8
220 21-24 1000 70 100^8 60 15
221 24-27^Trace 2500 600 200^12 80 20
222 27-30^Trace 1500 150 150^12 250 25
223 30-33^Trace 1500 60 150 ̂1 5 150 50

224 33-36^Trace 1200 200 100^20 150 80
225 36-39^Trace 1000 70 400^15 150 40
226 39-42^Tr ace 800 40 200^15 60 40
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054234 42-45 600 60^50 25 60 50

235 45-48^Tr ace 700 50^200 20 80 30

236 48-51 2000 60^40 18 60 100

237 51 -54 2500 200^150 25 150 70

054242 54-57^Trace 2500 500^100 20 150 150

243 57-60^Trace 5000 400^40 25 150 150

244 60-63^Trace 2500 600^50 20 150 150

245 63-66 1500 400^40 20 300 50

050401 66-69 700 200^30 15 300 80

402 69-72 600 250^40 15 500 60

403 72-75 1200 250^50 15 500 50

404 75-78 3000 500^40 15 300 70

054005 78-81 2000 100^30 15 80 80

006 81-84 2000 300^30 15 100 250
007 84-87 1500 400^30 15 200 60

008 87-90 2000 400^40 15 200 40
009 90-93 1800 250^40 15 250 60

010 93-96 2500 50^50 18 250 500
011 96-99 2000 50^50 15 200 300
012 99-102 3000 400^250 15 200 80
013 102-105 4000 500^200 20 250 80

014 105-108 2500 250^300 20 250 40
015 108-111 2000 300^250 20 250 50

016 111-114^Trace 1800 100^300 18 200 40

GEOCHEMICAL SAMPL ING - NORTHERN STAR^TENNAM CREEK.
GEOCHEMIC RESULTS NO .

054109 0-3^Nil 600 12^50 20 15 3
110 3-6 800 25^50 25 20 2
111 6-9 500 15^50 25 20 2
112 9-12 250 20^250 20 15 1
113 12-15 300 20^200 25 20 2

114 15-18 500 20^80 30 20 2
115 18-21 1000 25^200 15 30 1
116 21-24^Nil 2000 80^250 15 50 1
117 24-27 3000 200^400 15 70 2
118 27-30 700 25^30 12 50 1
119 30-33 1200 40^30 15 80 3
120 33-36 150 12^25 10 50 1
121 36-39 500 20^30 15 80 2



•

I3 :

GEOCIMICAL SAMPLING - NORTHERN STAR TENNANT CREEK.

GEOCHEMICAL RESULTS HOLE NO.18, 2208. 220E

054017 0-3 1600 100^200^20 70 12

018 3-6 2000 20 400 15 60 lo

019 6-9 1800 15 50 15 30 15

020 9-12 2500 150 500 20 50 10

021 12-15 500 200 400 20 50 5

022 15-18 700 250 80 30 70 10

023 18-21 2000 250 600 20 60 2

024 21-24 1200 70 300 15 60 3

025 24-27 3000 80 500 15 30 1

026 27-30 2000 400 600 15 70 2

027 30-33 1200 80 500 12 30 3

028 33-36 3000 200 600 15 70 2

029 36-39 4000 250 700 12 80 3

030 39-42 1800 70 400 10 40 2

031 42-45 2000 80 400 12 60 4

032 45-48 2500 70 600 10 60

054033 48-51 250 50 100 6 6 1

034 51-54 400 30 150 18 8 3

035 541-57 150 lo 60 8 4 2

036 57-60 500 20 60 15 10 5

037 60-63 1500 150 200 8 20 8

038 63-66 2500 250 200 6 40 4

039 66-69 1000 70 50 15 20 3

040 69-72 250
1

60 100 15 15 1

041 72-75 150 30 60 8 6 1

042 75-78 l000 50 40 6 6 3

043 78-81 2000 60 70 15 5 3

044 81-84 3000 80 150 12 3 4

045 84-87 2500 60 100 5 2 2

046 87-90 3000 80 150 6 2 3

047 90-93 4000 60 100 7 4 6

048 93-96 4000 15 100 4 3 4

049 96-99 5000 30 200 5 3 2

050 99-102 4000 15 20 8 4 1

051 102-105 3000 25 100 5 3 1

052 105-108 2500 40 50 4 4 1

053 108-111 2500 40 50 8 5 2

054 111-114 4000 20 70 10 6 4

055 114-117 4000 50 150 15 8 5

056 117-120 5000 100 150 12 15 8
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GEOCHEMICAL SAMPLING — NORTHERN STAR^TENNANT CREEK.

GEOCHEMICAL RESULTS — HOLE NO.191 260S^500E

054122 0-3^400^70^80^15 50 20

123 3-6^1500^50^50^15 50 20

14 6-9^1200^60^60^12 25 20

125 9-12^Nil^1 000^10^100^10 20 5
126 12-15^Nil 4.^1 200^12^250^15 30 6

127 15-18^Nil +
^

1500^12^200^8 30 4
128 18-21^1700^100^300^15 50 10

129 21-24^2500^400^100^8 80 20

130 24-27^2000^150^80^30 80 15
131 27-30^2500^500^300^15 50 5
132 30-33^4000^600^400^18 50 4
133 33-36^1 200^100^80^12 30 7
134 36-39^1 000^50^30^10 20 6
135 39-42^1 200^60^30^12 40 4
136 42-45^1 200^60^30^10 30 3
137 45-48^800^80^50^10 15 4
138 48-51^600^50^40^6 15 1
139 51 -54^500^200^30^15 15 2
140 54-57^2000^500^150^8 30 2
141 57-60^1 000^300^150^15 100 4
142 60-63^800^400^150^8 25 3
143 63-66^300^150^40^15 20 4
144 66-69^200^70^200^10 15 3
145 69-72^200^70^150^15 15 4

+^Gold tail in dish (0.5 &it/ton.

GEOCHEMICAL SAMPLING — NORTHERN STAR,^TENNANT CREEK.
GEOCHMICAL RESULTS — HOLE NO.20^1 •OE

054146 0-3^Nil^200^3^30^5 4 2
147 3-6^Nil^500^5^- 20^5 5 5
148 6-9^Nil^500^70^20^15 15 15
149 9-12^Nil^400^70^20^18 20 8
150 12-15^Nil^400^100^20^10 30 3
151 15-18^Nil^200^100^- 20^8 12 3
152 18-21^Nil^1 00^50^- 20^10 10 3
153 21-24^Nil^250^200^20^8 15 2

154 24-27^Nil^500^100^50^15 50 4
155 27-30^Nil^400^100^- 20^10 20 3
156 30-33^Nil^150^50^70^15 10 2
157 33-36^Nil^200^60^60^18 12 4
158 36-39^Nil.^200^50^30^15 10 5
159 39-42^0.2^200^20^40^8 8 5
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054160 42-45^Trace 250 70 150 10 15 6

161 45-48^Trace 500 200 60 30 30 4
162 48-51^Nil 500 250 250 30 50 6

163 51 -54^Nil 300 25 100 15 12 3

164 54-57^Nil 600 200 300 30 25 5

165 57-60^Nil 400 200 300 30 25 2

166 60-63^Nil 800 400 500 30 25 8

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE N0.jQQ 380

054057 0-3^100^25^- 20 8 3 3
058 3-6 400 50 - 20 20 12 10

059 6-9 200 50 20 ,,12 12 8

060 9-12 .20 50 -. 20 5 5 5
061 12-15 150 30 20 15 15 10
062 15-18 200 50 25 20 25 15
063 18-21 400 150 50 30 40 15
064 21-24 150 60 40 30 25 10

065 24-27 1000 150 70 40 50 12
•

066 27-30 700 70 100 50 25 12
067 30-33 200 60 40 15 25 10
068 33-36 250 70 20 15 30 8
069 36-39 180 80 - 20 8 25 5
070 39-42 200 40 20 15 25 12

071 42-45 800 100 30 15 25 12
072 45-48 80 30 20 15 15 3
073 48-51 250 40 20 15 25 4
074 51-54 150 50 25 18 20 4
075 54-57 50 60 20 15 15 2

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
• GEOCHEMICAL RISULTSzjillkaj224_31MAJIM

054167 0-3^Nil^200^20^20^30 10 15
168 3-6^Trace 300 15 20 30 8 20
169 6-9^Trace 250 8 25 50 20 40
170 9-12^Trace 150 15 20 50 20 15
171 12-15^Trace 400 15 40 30 20 15
172 15-18^Nil 150 50 20 15 15 20

173 18-21^Nil 300 60 30 25 20 10

174 21-24^Nil 200 100 25 10 12 10

175 24-27^Nil 500 180 30 12 12 12

176 27-30^Nil 250 25 30 15 10 12
177 30-33^Nil 200 25 40 15 15 8
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054178 33-36^Nil 1200 80 50 20 40 5

179 36-39^Nil 1 200 Eto 50 12 30 5
180 39-42^Nil 800 70 50 15 30 5
181 42-45^Nil 700 50 40 40 25 7
182 45-48^Nil 700 50 50 25 15 5
183 48-51^Nil 800 100 60 30 20 8

GEOCIEMICAL SAMPLING - NORTHERN STAR , TENNANT  CREEK.
GEOCHEMICAL 8C3.1_2_1_3_1SOOE

0540'76 0-3 250 150 25^25 6 10
077 3-6 200 150 25 12 5 7
078 6-9^Nil 300 300 25 12 7 10
079 9-12 zoo 150 -20 12 5 6
080 12-.15^Nil 300 150 20 10 4 8
081 15-18 400 250 -20 15 6 8
082 18-21^Nil 500 250 20 8 6 6
083 21-24^Nil 400 150 25 12 20 6
084 24-.27^Nil 400 60 20 8 10 15
085 27-30^Nil 1500 200 20 8 8 6
086 30-33 1 000 100 25 8 6 8
087 33-36 400 50 40 6 8 4
088 36-39 300 60 25 8 4 3
089 39-42^Nil 1000 150 40 8 5 15
090 42-45 800 100 50 18 10 6
091 45-48^Nil 600 60 40 1 2 8 8
092 48-51^Nil 1500 300 50 15 20 6
093 51 -54^Nil 1 200 200 60 40 20 12

094 54-57^Tr ace 800 200 50 12 15 8

GEOCHEMICAL SAMPLING - NORTHERN STAR. TENNANT CREEK.
GEOCHEMICAL RESULTS -12L.../.1\K,t,

054184 0-3^Nil^150^20^30 25 10 10

185 3-6^Nil 150 25 30 25 1 0 15
186 6-9^Nil 100 5 30 15 5 4
187 9-12 100 10 30 15 4 3
188 12-15^Nil 250 40 150 30 30 4
189 15-18^Nil 250 15 150 40 50 8
190 18-21^Nil 500 40 70 10 15 2
191 21-24 1500 150 200 10 15 2
192 24-27^Nil 400 15 200 10 8 3
193 27-30 400 15 150 10 10 2
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054194 30-33^Nil 2000 250 150 15 25 4

195 33-36^Nil 1500 250 150 15 15 6

196 36-39 1500 150 200 15 10 2

197 39-42^Nil 2000 80 200 8 3 2

198 42-45^Nil 2000 20 200 8 5 3

199 45-48 500 6 40 3 -^1 - 1

200 48-51 700 8 50 2 -^1 - 1

201 51-54 800 8 80 3 -^1 - 1
202 54-57 800 8 100 7 1 - 1

203 57-60 1500 20 200 10 3 2

204 60-63 2500 60 100 15 6 2

GEOCHEMICAL SAMPLING - NORTHEIN STAR. TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO .25, 640$, 300E

054095 0-3^80^5^20^6 2 5

096 3-6 150 7 25 5 6 8

097 6-9 70 7 20 8 8 5

098 9-12 150 6 25 8 4 4

099 12-15 200 7 30 8 5 8

054100 15-18 100 5 20 5 6 4

101 18-21 100 4 20 6 6 4

102 21-24 40 4 20 5 2 3

103 24-27 60 4 20 5 2 3

104 27-30 50 4 20 5 2 2

105 30-33 40 3 20 4 2 1

106 33-36 50 5 20 4 3 .'-1

107 36-39 150 10 25 5 5 6

108 39-42 400 10 40 15 4 8

109 42-45 300 40 30 4 6 3

110 45-48 300 30 50 4 5 4

111 48-51 500 80 70 5 5 7

112 51-54 500 60 50 7 5 6

113 54-57 400 30 30 5 5 2

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO.261 5605, 300E

050414 0-3^30 5^20^20^4 8
415 3-6 25 4 20 12 3 5

416 6-9 25 3 20 10 1 3

417 9-12 20 3 20 8 1 3
418 12-15 25 3 25 12 1 7

419 15-18 15 4 25 12 -1 2

420 18-21 25 4 25 12 -1 3



-
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050421 21-24^40 5 25 15 1 3

422 24-27^30 4 30 15 1 3

423 27-30^30 3 30 15 1 2

424 30-33^40 4 40 15 1 3

425 33-36^25 3 25 10 1 2

426 36-39^40 4 25 8 -1 3

427 39-42^30 4 25 10 -1 2

428 42-45^50 5 30 15 1 3

429 45-48^25 5 25 15 -1 2

430 48-51^25 6 25 10 1 3
431 51-54^20 6 25 15 1 4
432 54-57^20 5 25 18 2 5
433 57-60^15 6 30 18 1 5

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHOMICAL RESULTS - HOLE NO . 27 2 540S . 380

050434 0-3^200^5^25^1 2 4 7

435 3-6^150 4 20 15 3 10

436 6-9^200 4 20 12 3 8

437 9-12^80 4 -20 15 3 8

438 12-15^100 3 20 15 -1 4

439 15-18^60 2 20 15 -1 3
440 1 8-21^80 2 20 25 -1 5
441 21-24^150 2 20 25 -1 3

442 24-27^80 3 20 25 -1 4
443 27-30^100 3 20 20 -1 2

4144 30-33^60 2 20 6 -1 3

A 45 33-36^50 3 25 5 2 2

446 36-39^40 3 25 10 2 2

447 39-42^25 2 25 10 1 2

448 42-45^25 3 30 10 4 2

449 45-48^50 7 30 1 2 6 2

450 48-51^25 5 25 1 2 5 3
451 51-54^20 5 25 10 5 3
452 54-57^25 7 25 10 5 4
453 57-60^20 6 30 12 4 4



1 9.

GEOCHEMICAL SAMPLING NORTHERN STAR^TENNANT CREEK.
GEOCHEMIC/iL RESULTS CE

050454 0-3^15 4 25^io -1 2

455 3-6^50 1 40^8 1 3
456 6-9^40 2 40^8 -1 3
457 9-12^30 1 30^8 -1 2
458 12-15^60 1 60^10 3 3
459 15-18^80 2 80^12 1 3
460 18-21^150 1 150^10 2 3
461 21-24^50 1 50^6 -1 1
462 24-27^40 1 30^8 -1 2
463 27-30^150 2 50^12 4 3
464 30-33^80 1 40^10 2 2
465 33-36^50 1 25^15 -1 2
466 36-39^70 3 30^20 2 3
467 39-42^200 1 50^10 2 -1
468 42-45^80 1 25^15 3 2
469 45-48^60 2 20^20 -1 2
470 48-51^50 1 25^zo -1 1
471 51-54^50 5 25^20 2 3
472 54-57^40 3 20^15 4 1
473 57-60^60 3 20^12 3 2

GEOCHEMIC AL SAY2L ING -; NORTHERN STAR ^TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE .20.12.9a_2204_200.

050474 0-3^40^8^30^8 4 3
475 3-6^50 4 40^10 10 3
476 6-9^30 7 25^15 10 3
477 9-1 2^40 7 25^12 8 3
478 12-15^25 6 25^1 2 10 3
479 15-18^25 7 30^25 4 4
480 18-21^60 6 50^25 4 5
481 21-24^50 4 40^10 1 3
482 24-27^30 2 50^15 3 2
483 27-30^20 2 30^15 2 2
484 30-33^25 1 30^1 2 -1 -1
485 33-36^20 1 30^15 -1 -1
486 36-39^50 1 30^1 2 -1 1
487 39-42^25 2 40^15 1 -1
488 42-45^25 2 80^12 2 -1

489 45-48^30 2 150^8 2 -1
490 48-51^30 1 100^6 2 -1
491 51-54^25 -1 200^5 -1 -1



••(

20.

050492 54-57 50 1 150 5 3 -1

493 57-60 80 1 80 5 8 -1

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CRTEK.

GEOCHEMICAL 00

050494 0-3 25 5 -20^8 -1 4

495 3-6 50 lo 25^15 15 4

496 6-9 100 10 30^15 20 5

471 9-1 2 100 5 25^1 2 8 10

498 12-15 80 6 30^10 10 5

499 15-18 80 8 60^12 1 2 5
05 o5 oo 18-21 50 8 50^12 10 4

501 21-24 30 20 25^8 10 3
502 24-27 200 8 80^15 12 4
503 27-30 100 7 40^15 12 3
504 30-33 100 5 30^18 15 3
505 33-36 100 6 30^zo zo 3

506 36-39 250 4 200^60 40 4
507 39-42 250 4 400^50 25 4
508 42-45 250 lo 300^50 25 8
509 45-48 300 lo 500^70 25 1 0

510 48-51 200 12 200^30 25 8

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK .
GEOCHEMICAL RESULTS - HOLE  I104314 800$ , 450E

050511 0-3 70 5 25^8 2 5
512 3-6 60 5 20^7 2 4
513 6-9 100 6 25^15 12 1

514 9-12 200 15 50^15 10 2

515 12-15 300 3 60^6 5 2

516 15-18 500 10 50^12 12 2

517 18-21 400 2 70^5 4 -1
518 21-24 600 3 60^6 8 1
519 24-27 500 4 70^10 12 2
520 30-33 250 5 80^8 15 5
521 33-36 300 6 70^8 15 8
522 36-39 300 10 100^8 18 10



21.

GEOCHEMIC AL SA11PLING - NORTHERN STIR, TENNANT CREEK.
GEOCHMICAL RESULTS - HOLE NO .32y 6603, 500E 

050523 0-3^40 5 50^10 3 12

524 3-6^40 4 100^8 4 8

525 6-9^50 3 200^8 3 6

526 9-12^50 5 80^8 5 6

527 12-15^60 5 200^12 7 7

528 15-18^60 8 60^7 10 4
529 18-21^50 7 100^8 8 4
530 21-4^100 5 150^7 10 3
531 24-27^80 3 100^7 10 4
532 27-30^80 3 100^5 5 3

533 30-33^80 2 100^5 4 5

GEOCHMICAL SAMPLING - NORTHERN STAR ., TENNANT CREEK.

GEOCHEMIC AL RESULTS - HOLE NO .5^600a, 60q

050534 0-3^100^10^150^25 6 5
535 3-6^100 3 100^20 4 5
536 6-9^200 3 150^20. 3 8

537 9-12^300 3 250^20 10 7

538 12-15^100 5 150^25 7 4
539 15-18^200 5 200^15 6 7

540 18-21^250 4 150^8 3 5

541 21-24^250 20 150^60 12 12

542 24-27^200 4 100^18 5 10

543 27-30^200 15 150^25 5 7

544 30-33^300 50 80^40 7 12

545 33-36^500 10 150^15 3 5
546 36-39^300 40 150^15 3 5

547 39-42^300 30 80^10 4 5

548 42-45^250 50 80^18 6 5
549 45-48^700 300 150^15 4 5
550 48-51^250 40 50^18 3 4
551 51-54^300 60 100^18 5 5
552 54-57^500 150 200^15 5 4
553 57-60^300 50 100^8 2 3



22.

GEOCHEMICAL SAMPLING • NORTHERN STAR,. TENNANT CREEK.

GEOCHMICAL RESULTS • HOLE NO. 3/.. 7006, 200E

050554 0..3 200^12^50^10 2 2

555 3•6 100 2 40 7 •1 4

556 6...9 70 1 30 5 ...1 4

557 9•12 200 3 30 7 3 10

558 12•15 250 2 30 7 8. 20

559 15-18 200 4 30 10 12 25

560 18•21 zoo 3 •20 8 8 15

561 21...24 250 8 20 12 10 30

562 24•27 150 5 25 10 5 50

563 27-30 200 2 20 5 •1 10

564 30-33 200 3 25 6 -1 5

565 33-36 250 1 zo 5 -1 - 1

566 36-39 250 1 20 4 -1 - 1

567 39-42 300 3 30 4 -1 1

568 42-45 30o 10 50 4 4 -^1

569 45-48 150 5 50 4 2 • 1

570 48-51 150 5 60 3 4 - 1

571 51-54 300 6 80 4 6 - 1

GEOCHEMICAL SAMPLING • NORTHERN STAR. TENNAM CREEK.

GEOCHEMICAL RESULTS • HOLE NO.35. 7406. 120E

050572 0-3 400^8^25^6 3 3

573 3-6 So 6 30 3 2 -1

574 6-9 300 30 so 2 2 -1

575 9-12 250 50 70 2 2 -1

576 12-15 300 50 So 1 4 -1

577 15-18 500 60 150 1 6 -1

578 18-21 400 40 100 2 6 -1

579 21-24 300 30 150 2 5 -1

580 24..27 250 25 100 2 5 -1

581 27...30 200 20 150 1 5 -1

582 30-33 400 15 200 1 4 -1

583 33-36 zoo 15 loo 1 4 -1

584 36-39 600 60 250 2 6 -1

585 39-42 300 40 250 2 7 -1

586 42-45 400 10 200 5 10 -1

587 45-48 500 30 200 7 lo -1

588 48...51 300 15 180 8 8 1

589 51-54 400 40 150 8 8 2

590 54-57 zoo 8 so 7 12 1

591 57-60 500 60 zoo 15 7 2



23.

•^ GEOCHEMICAL SAMPLING ■ NORTHERN STAR, TENN= CREEK.

GEOCHEMICAL RESULTS ■ HOLE NO.36, SOOS, 000E 

050592 0••3^40 4 50 6 6 3

593 3-6^50 3 60 5 7 5

594 6-9^50 2 50 5 2 2

595 9-12^30 1 loo 5 1 3

596 12-15^25 2 50 4 1 2

597 15-18^20 1 70 3 2 2

598 18-21^15 1 60 7 2 3
599 21-24^30 1 60 5 1 2

600 24-27^40 1 50 4 2 2

601 27-30^50 1 50 7 2 3

602 30-33^30 1 60 10 2 2

603 33-36^60 1 80 10 2 2

604 36-39^120 1 80 7 -1 2

605 39-42^1010 1 70 7 3 2

606 42-45^60 1 80 7 4 2

607 45-48^60 4 150 7 5 2

608 48-51^30 1 100 5 4 2

609 51-54^30 1 1 20 6 6 2

610 54-57^40 1 100 7 4 3

611 57-60^40 2 80 8 5 3

GEOCHEMICAL SAMPLING ■ NORTHERN STAR^TENNANT CREEK.

GEOCHEMICAL RESULTS ■ HOLE NO.374 SOCP, 100W

050612 0-3^50^4^50^15 5 5
613 3-6^40 3 80 12 5 4

614 6-9^30 1 20 8 5 4

615 9-12^10 1 - 20 7 4 2
616 12-15^25 1 30 10 2 4
617 15-18^25 1 40 7 -1 2

618 18-21^80 3 60 20 2 5

619 21-24^25 1 20 10 2 3
620 24...27^50 2 40 12 5 4

621 27-30^40 1 50 8 -1 1

622 30-33^40 1 60 8 3 3

623 33-36^50 2 60 8 4 3

624 36-39^70 2 50 8 5 5

625 39-42^60 3 30 8 3 10

626 42-45^50 1 150 8 2 4

627 45-48^60 2 120 7 6 3

628 48-51^60 1 120 6 5 3

629 51-54^70 2 70 8 3 6



050630 54-57^70 3 70^8 3 4

631 57-60^70 3 100^8 5 5

GEOCIZMIC AL SAMPLING - NORTHERN STAR ^TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO 382 8003 1 200/1

050632 0-3^70 3^60^7 -1 3

633 3-6^60 5 100^6 -1 2

634 6-9^50 4 70^5 -1 -1

635 9-12^60 6 120^5 -1 -1

636 12-15^80 8 120^8 2 -1

637 15-18^100 50 60^8 2 1

638 1821^80 zo 60^8 -1 1

639 21-24^200 50 60^15 3 2

640 24-27^boo lo 150^lo 3 7

641 27-30^500 8 400^25 3 30

642 30-33^600 lo 300^20 3 7

643 33-36^300 3 300^12 4 4
644 36-39^300 5 300^1 0 2 2

645 39-42^800 50 400^25 3 4

646 42-48^150 5 100^8 2 2

647 48-51^50 5 50^10 4 -1

648 51-54^120 7 250^7 3 2

649 54-57^120 5 150^12 3 2

650 57-60^150 4 180^7 5 3

GEOCHEMICAL SAMPLING - NORTHERN ST AR^TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO .592 65c. 1 00E

050651 0-3^40^3^20^8 5

652 3-6^70 1 40^8 6

653 6-9^80 -1 40^7 5 3

654 9-12^80 -1 50^6 6 2

655 12-15^70 -1 40^8 6 2

656 15-18^60 -1 40^8 5 2

657 18-21^60 -1 60^10 6 2

658 21-24^50 -1 50^8 3 2

659 24-27^60 1 25^5 3 3
660 27-30^70 1 30^4 -1 2

661 30-33^80 1 30^5 1 3

662 33-36^70 1 30^5 2 3

663 36-39^120 1 25^5 2 2

664 39-42^70 1 -20^7 -1 1

665 42-45^80 2 zo^5 -1 3

666 45-48^120 7 25^5 -1 2



25 .

050667 48-51^150 7 -20^6 -1 2

668 51-54^200 8 25^5 3 2

669 54-57^250 10 -20^6 -1 2

670 57-60^250 8 -20^7 2 1

GEOCHEMICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS HOLEiO4.0.1_46062_E

050691 0-3^70 8^20^15 4 7

692 3-6^80 7 100^10 3 2

693 6-9^70 2 100^10 2 1

694 9-12^60 10 100^15 7 3

695 12-15^60 3 50^8 7 5

GEOCIF6MICAL SAMPLING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL R,ES uLTS - HAILN_Oda, L.20S;_ 60E

050671 0-3^25 5^20^8 3 8

672 3-6^100 5 70^7 5 3

673 6-9^100 6 70^8 5 2

674 9-12^80 6 30^8 4 3

675 12-15^100 5 20^8 4 2

676 15-18^100 4 20^7 5 3

677 18-21^150 2 40^6 5 4
678 21-24^150 2 50^7 4 2

679 24-27^100 4 60^8 5 2

680 27-30^80 6 25^8 4 3

681 30-33^200 12 60^10 4 1

682 33-36^300 20 100^12 7 1

683 36-39^300 25 80^8 7 2

684 39-42^200 25 60^8 7 1

685 42-45^200 20 50^7 6 3

686 45-48^700 40 30^5 5 1

687 48-51^700 70 40^4 7 1

688 51-54^150 25 100^5 7 4
689 54-57^400 60 40^10 12 4
690 57-60^700 200 25^12 12 5



26,

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE N0.42. 240S2 2034 

050696 0-3^40 4 -20^12 4 7
677 3-6^40 4 80^15 5 7
698 6-9^60 5 20^20 5 5
699 9-12^50 6 25^20 7 5
700 12-15^30 3 20^20 6 5
701 15-18^30 2 25^15 5 4
702 18-21^25 2 20^8 4 3
703 21-24^60 2 20^10 5 2
704 24-27^60 1 -20^8 4 2
705 27-30^100 2 -20^10 7 3
706 30-33^50 1 -20^10 3 2
707 33-36^30 1 -20^8 3 2
708 36-39^50 1 -20^8 2 2

709 39-42^70 10 -20^7 5 2
710 42-45^80 15 -20^8 5 2
711 45-48^80 25 -.20^7 5 3
712 48-51^100 60 -20^7 6 2
713 51-54^30 5 ...20^6 5 2
714 54-57^25 2 -20^7 7 2
715 57-60^20 1 -20^6 5 3

GEOCHMICAL SAMPLING - NORTHERN STAR. TENJ NM_C1L_EEK.
GEOCHEMICAL

050716 0-3^80 30 40^2 4 1
'717 3-6^100 15 50^2 4 -1
718 6-9^200 12 60^1 4 -1
719 9-12^150 25 50^2 4 -1
720 12-15^150 30 20^3 5 4
721 15-18^250 30 20^5 7 7
722 18-21^250 50 20^4 7 6
723 21-24^200 4 20^4 5 4
724 24-27^250 7 20^5 5 5
725 27-30^80 10 -20^4 2 -1.
726 30-33^150 10 -20^6 6 12
727 33-36^100 4 20^5 5 8
728 36-39^250 5 20^5 12 10
729 39-42^250 2 20^4 4 2
730 42-45^300 4 25^4 6 3
731 45-48^200 2 -20^3 5 2
732 48-51^80 4 -20^2 5 4
733 51-54^150 3 -20^4 5 6



050734 54-57^100

27 ,

4 zo^4 5 8

735 57-60^200 15 20 5 40

GEOCHEMICAL SAMPL ING - NORTHERN STAR^TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO .44, 400N. 250E

050636 0-3^500^100^20^5 12 8

637 3-6^600 80 20^-1 15 8

638 6-9^800 80 30^4 12 25

639 9-12^200 40 -20^3 8 15

640 12-15^150 80 20^4 8 5

641 15-18^200 70 20^4 8 2

642 18-21^200 100 20^2 10 1

643 21-24^200 100 20^3 20 1

644 24-27^300 70 20^3 15

645 27-30^70 60 20^4 15 - 1

646 30-33^150 50 -20^5 15 5

647 33-36^100 10 -20^5 15 4
648 36-39^200 15 -20^6 20 3

649 39-42^200 10 -20^3 20 6

650 42-45^250 25 -20^6 25 8

651 45-48^300 40 20^6 25 15

652 48-51^500 50 20^6 30 15

653 51-54^500 50 20^6 30 12

654 54-57^500 150 25^6 30 7
655 57-60^boo 80 20^6 40 10

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

GEocamic AL RESULTS - HOLE NO31 31 3805, 220E

050327 0-3^800^15^100^15 8 12

328 3-6^1500 40 100^40 40 10

329 6-9^1 000 15 25^15 5 15

331 9-12^2000 30 50^30 15 25

332 12-15^800 25 40^25 20 20

333 15-18^1 200 30 50^30 25 15

334 18-21^1 000 20 80^20 12 40

335 21-24^700 25 50^25 10 25
336 24-27^1 200 50 200^50 20 15

337 27-30^1500 60 250^bo 25 25

338 30-33^1500 30 100^30 25 30

339 33-36^2000 30 30C^30 20 25
340 36-39^2000 30 300^30 40 50

341 39-42^2500 25 150^25 30 80



28.

050342 42-45 2500 25 200 25 50 80

050356 45-48 0.3 1500 25 200 20 20 60

357 48-51 048 3000 150 200 25 20 50

358 51 -54 0.9 5000 150 250 25 20 40

359 54-57 0 .7 4000 400 250 20 25 50

360 57-60 0.4 5000 250 200 20 20 50

361 60-63 0.6 2500 200 300 25 30 30

362 63-66 . , Trace 1500 15 200 25 18 20

363 66-69 Trace 2000 20 200 25 18 25
364 69-72 Trace 2000 15 200 20 18 25

365 72-75 Nil 2000 20 300 20 15 25

050371 75-83 Nil 1000 15 150 15 1 0 20

372 83-84 Nil 2000 15 500 20 15 25
j
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