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SUMMARY

During 1964 the Bureau of Mineral Resources contracted 300C 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 trace element
distribution. Forty four holes were drilled on approximately 80 foot centres
to a maximum depth of 120 feet, Geochemical samples were collected over
3 foot intervals in each hole and analysed for copper, cobalt, zinc, lead,
molybdenum and bismuth. Gold assays were also undertaken.

Statistical analysis of the results indicates three populations for
the elements copper, cobalt, zinc and molybdenum. Isochemical contours,
drawn at the upper limit of each population, define areas of similar genesis.
Distribution of the higher copper population ( >1200 p.p.m.) defines two
anomalous arses, which form a dumb-bell shaped anomaly at depth, in the centre
of the No.2 Jicastome. This anomaly is closely related, in space;, to a
limonitic,; cellular hematite, produced by replacement of hematite shale and to
massive manganiferous hematite. The former is thought to represent the

leached cap of a megnetite/sulphide orebody.

Copper and cobalt concentrations tend to increase with depth,
suggesting that the dumb-bell-shaped anomaly may be related to a secondary
enriched copper dejosit above the water tehle (400 foet). From previous
diamond drilling, copp2r and iron <ulphides are ke 10 be present below the

water tahlz.

The geoshenival analyacs show copper concantrativas up to 1% in part
of the No.2 Iromsuc.e; Wt no sigedlicent aetal values in the No.3 Ironstone.
Cobalt, and tuv a iescar degree zianc wond molybdenum; grades vary directly with
the copper conieniratiane, Cold assays available o date range from nil up to
11 dwt/ton; th: majority of samples are less than 0.2 dwt.

During the drilling programme 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 and trend to the
copper anomaly, and apparently due to a magnetic body situated below and
slightly to the north of the geochemical anomaly. Structural information
suggests that the mangetic anomaly is produced by the primary magnetite phase 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.
Purther geochémical investigations and diamond drill exploration of the

magnetic anomaly are recommended.

THTRODUCTION

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 %o 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 extenzion in depth,
but that its swrface expression might have been removed by leaching or
concealed 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 plamning deeper drilling programmes,

To assist the geochamical studies, the B.M.R. Geophysical Branch
undertook a low altitude (250 feet) aecromagnetic survey to supplement the

geochemical programme.
LOCATION AND ACCEHSS

The Northern Star Gold Mine is situated approximately 22 miles north

of Tennant Creek township, and i® reached by travelling north aldng the Stuart
Highway for 23 miles and thence due vest along an all-weather road for 2% miles,

It ie one of the most northerly mince on the Tennant Credd: Fisld,

HISTORY AND PRODUCTION

The Narthern Star leases srere first worked as a2 gold mine in 1934-35.
A shaft was sunk in the Nos1 Ironstone in 1937 to a depth of 240 fest where .
the gold shoot was cut off by a south-cast dipping faulty +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 War. Ivanac (1954) lists full production

figures and history up to 1951, Various private companics have since examined
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_the mine and carried out some diamond drilling programmes.

PREVIOUS EXPLORATICON

Sixteen diamond drill holes have been put down in an attempt to
intersect mineraligation in the North Star - Northern Star area. Of these
holes,D.D.H.4 and 5 interseoted highly leached ironstone of the No.2 Ironstone
body at shallow depth and two wore drilled to intersect the No.1 Ironstonecs
D.D.H.8 intersected a narrow band of jasper at approximatcly 500 feet and
D.D.H. 10 intersected some secondary copper on an apparcnht extension of the
No.1 Ironstone beneath the Higgins Fault (Plate 16). However the most
interesting results were in D.D.H.14, put down by Peko Mines N.L., wvhich
intersected 22 feet of 3.3% copper at 959 feet (Elliston, 1957) aﬁd‘in
D.D.H.15 put down by Metals Exploration N.L., which intersected good gold
values at 997 feet. Both holes are to the east of the No.2 Ironstone body
(Plate 3).

Theae two deep holes (D.D.sH.14 & 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 300S, TOOE (Plate 3) at approximately 950 feet depths The
ground survey was not completed to the west due to extrancous 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 Milscm 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 duc to a magnetic ironstone body
situated slightly to the north of the No.2 Ironstone, its contre being at
2008, 200E at a depth of 700 fect (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 o reconnaissance survey of the iranstones 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 ( <« 6X background) and they recommended further geochemical
work on the Nerth Star - Northern Star ironstomes.
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GROLOGY

REGIGNAL SETTING

The Northern Star Gold Mine is situated near the northern limit
of the area of outcrop of the Warrammga Group of Proferozoic miogcosynclinal
sediments, This Group overlies (?) Archean gneisses to the south and is
weconformably overlain by the Proterozoic Hayward Creeck Beds about four miles
to the north of Northern Star. The exact stratigraphic position of the
Warrammga Group rocks which crop out at Northern Star is unknowm., They
appear to be stratigraphically lower than the rocks that arc 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. Samual -~ Eldorado
area (Crohn & Oldershaw, 1964; Dunnet & Harding, 1965).

DETATLED GEOLOGY

Sedimentary rocks at Northern Star include four main rock typest

(1) Hematite Shale. The !omatite shale is a thinly bedded
ferruginous sheley; consisting of altermating laminae of hematite-
rich and hematite-poor quartz siltstone, commonly with a micro-
crenulate fabric and distinctive blocky outcrop (0ldershaw, 1961).
The micro-crenulzate fabric appears to be due to an incipient strain-

slip cleavage.

(2) Pink and Red Siltstones. The siltstones are interbedded with
the hematite shale and together constitute the main sedimentary

rocks associated with the mineralisation,.

(3) Greywacke and Shales Interbedded greywacke and shale,
dominantly shale, constitute the main lithology of the Warramunga
Group in the arca. Beds renge 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 grained
sediments ( (1) ond (2) above ). It is thought to be of
tuffaceous origine.

. The regional strike of the area is north-east with dips between 30O
and 60° to the south-east. Dolomitic siltstones and small lenses of dolomite
(29% CaCOB, 20% MgCOB) crop out scveral miles to the south-vest alang 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 carbonetes crop out to the ecast of Northern Star.
These rocks may have provided a favourable bed for mineraslization. The
carbonates may be recrystallised and remobilised sediments,; or may be secondary
carbonates associated with the ironstone mineralisation. It is intcoresting to
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note that a body of carbonate rocks is situated in the hanging wall of the
Orlendo Mine (J. Elliston, pers. comm.).

A full wmderstanding 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
éentral and southern (Wo.2 and No.3) of throe ironstone bodies which crop
out on the Northern Star leases. These ironstones are similar to the
ironstones throughout the Tennent Creck 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 mineralizations Northern
Star is a structurally controlled replacement lode, the ironstone types
reflecting the sediments replaced.

Ivanac (1954) mepped four ironstone types at Northern Stars

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 gocthite.

These varieties are distinguished on fabric differences. This survey
has roclassified the ironstones on a genetic basisy three groups are
recognised,; an intrusive phase, a replacement phase and a sccondary alteration
phases 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 subordinste 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 Ironstancs

Emplaced ironstones ars the products of low tempecrature hydrothermal
solutions which carried the sulphide phese. Two typos can be distinguished in
the field:s
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(a) Quartz-hematite. The quertz-hematite phase consists
of massive blue-black hematite cut by veinlets of quartz and specular
hematite (Ivanac's Type B).

(b) Manganiferous guertz-hematite and massive pyrolusite.
These forms are similar to (&) but with a large proportion of mangonese oxides
(pyrolusite, manganite, psilomclenc) in place of hematite. Field relations

indicate that these post-date the quuriz-hematite phase in most instenoces.

(2) Replacement Ironstones

Replacement ironstones consist largely of replaced sedimentary rocks
with minor intrusive quartz-hematite. In some cases the initial Tabric is
retained due to differentiel replacement of the various sedimentzry beds.

The two subdivisions meinly reflect initial differences in rock typo:

(a) Quartz-hematite jasper. (Type C of Ivanack classification).
In this rock type; varying proportions of quartz, hematite and specularite
form veins in a pink to bright red siliceous jespor. The jasper is a
replacement, by silicification, of the pink to red siltstones. DBrecciation
of the siltstone produces fractures which are healed by quartz «nd specularite.
The degree of silicification ranges from almost unaltered siltstone to a dense
red jasper., Replacement by iron is subordinate except wherc 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 asscciated with
the replacement process, eand may ropresent primery quartz veins or quartz

derived from the sediment during roeplacement.

(b) Celluler hematite. (Type A of Ivanacks classification).
This rock type is formed when hematite shale is completely or partly roplaced
by iron and mangancse 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, wnreplaced sediment,
limonite and mangancse 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 diffcrent origins in
their geochemistrys  the cellular hcmatite has a higher concentration of
copper, cobalt, zinc and molybdenum thon 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 siltstone is
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uncommon but silicification of hematite shale was noted on the eastern end of
the No.2 Ironstone body.

(3) Seponda:y Ironstone

(Type D of Ivanac's clessification). These rocks consist of the
oxidation products of primary ironstones: mainly hydrous iron and manganese
minerals in botryocidal and mammillary forms which tend to obliterate the
primary fabric. They occur on tho 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-mangancse-hemetite 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
psDP.m. copper and 800 p.p.m. cobzlt in manganese wad, suggesting a strong
tendency for these secondary minerzls to absorb metal irons.

STRUCTURAL GEOLOGY

The regicnal trend of bedding in the Northern Star areca is 060° and
bedding dips between 30° and TOO to the south-east. Northemn Star'is
situated half a mile to the north of a strong photo lineament with a trend of
055° parallel to the trend of the magnetic contours (Plate 14). Regional
stratigraphy indicates that this lincament 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 on the intersection of
cleavags (strike 210° - 230°) and favourable beds (regional strike 240° -

2600) and, in particular in anticlinal cores.

Regional mapping of the Mt. Woodcock 1-mile Sheet arca during 1964
(Dumet & Harding, 1965) indicated the structural history listed below -

(1) Broad warping end folding of the geosynclinal sediments
about an east-west axis with no cleavage developed. Folds plunge shallowly

to the west,

(2) Intrusion of grenite and intrusive porphyry possibly
synchronous with phase 1.

(3) Regional deformation and metamorphism to produce low-
grade greenschist facies rocks and o slaty or strainslip cleavage (32)'
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Folds occur in zones of more intense deformation and in incompetent rocks,
these 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°,
and dips steeply north or south; the trend directions are probably modified
by phase 4.

(4) Fracture cleavage and faults (83) with 2 330° trend and
a consistent sense of movement over brecad areas produce chevron-style folds
with a very steep to vertical plunge parallel to the 51/33 intersectionj
51/53 and 52/83 intersections are always steep. The movement on 33 features
in the Northern Star area is sinistral.

(5) Faults and fracture clecavage with an 040° trends (s,)
are possibly conjugate locally to 83.

(6) Ironstone mineralization structurally controlled by the
intersection of favourable lithology and the more intense 82, 53 or S4
structural zones.

Structural control is apparent at Northern Star; the three ironstone
are situated on 52 anticlinal crests and tend to be terminated by S3 or 84
fault zones (Fig.2). These anticlines are minor structures within a regional
east plunging anticlinorium. The mineralization post-dates the main fold
movement (32) and is either contemporaneous with or post-dates the north-east
fault system (84). Some late movement on S, has locally sheared the ironstones
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GEOCHAMISTRY
CENERAL
The geochemistry of the Northern Star lodes was investigated to
determines

(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 mincralization.

(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 ckips 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 and woggon 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 cpproximately 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 £4,892; approximately 32/- per foot.
Considering the smell 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 METHODS
Associated Diamond Drillers Pty. Ltd.; were contracted to supply two

air-operated drillsy; at first they used Halco Stenuick hammer drills operating
a 4 inch diameter hemmer, or in some casesy; a2 3 inch hammer., Two compressors
of 300 c.f.m. capacity operated the drills at 75-100 1b/sq. ine.

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, @znd contamination, cave-ins and

jamming of the'hammer resulted.

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

air supply which was just adequate to return cuttings. However, when drilling



10.

broken quartz-hematite or cellular hematite, loss of air into the country
rocks caused insufficient air flow to return cuttings effectively. In

deep holoes(“-60 feet) ponetrating 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 szome instances

as much as 30%.

A Climax Coventry KIMP-1544 waggon drill with 3 inch bit, was
available for the latter part of the contract. Although not tested on zll
types of iromstone, it was a more efficient drilling machine for geochemical
gampling. 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.n., 75 - 100 lb/aq. in. air supply was
not adequate for zll ironstone drilling conditions, and a 600 c.f.m. compressor

per rig appears to be necessary. Waggon drills are preferablc te hammer drills.

SAMPLING METHODS
' Drill cuttings and dust were collected over 3 foot drilling intervals
in the following manner:
(a) A sempling 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 rwn tho 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 wae split using a large Jones sample splitter, until

a suitable volume remained.

(d) 4 samples of this matcrial were bagged and labelled; one sample
and duplicate for spectrographic anclysis, one sample for gold assay and one
sample for panning and binocular microscope determination of rock type.

(e) The sample container and splitter were cleancd with 2 brush

after use. Samples were not crushed or sieved.



44 GAL. DRUM LID

_' PLATES WELDED 10
OVERLAP JOIN,

ORILL MOLE COLLAR
PIPE

12-15" Migw
BOTTOM OF DRUM
CUT IN HALF

Vaggon Irill 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-

quantitive spectrographic analysis of copper, cobalt, zinc,; lecad, molybdenum

and bismuthe This was carried out on 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, Tenmnant Creek.

Samples were first crushed in a pulveriser to less than 80 mesh; the

pulveriser was cleaned after cach sample,

Samples were described aftor identification of minerals and rock

types under a binocular microscope.

This description ecnabled a check on

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

trace eloment concentrations.

ACCURACY OF RESULTS

The spectrographic analysis téchnique 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 PeDels s

A check by A.M.D.L.; using wet chemical methods, of 25 samples

spectrograph results were high by.a faotor of 1.5 to 2
in excess of 4000 p.p.m. copper sggwed that the spectrggragiic determinations *5

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

chemical methods.



PMegure
Large Jonos splitter and sample drums, used for splitting
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Figure 5

Outerop of quartz-hematitc (Q) and limonite-manganese wad (M) in
the Northern Star shales (S) in a shear zone on the eastern and
of the No.3 Ironstone. The Meld Assistant is standing on the
axis of the No.3 Ironstone anticline.

geochemical
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Two factors in the sample collection and preparation influence
accuracy. Firstly, contaminaticn of sample material collected from waggon
drills may be as high as 30%, because of cave-in and material left in. the
holo after drilling the provicus somple interval.  Secondly, A.M.D.L. analyse
tho minus 80 mesh fraction of the samples. In mixed samples with components
éuch as shale and homatite or pyrolusite/hematite and mangancso wad/limanite
a higher proportion of thse soft rock or mineral will occur in the minus 80

mesh fraction, so that sieving will produce a compositional bias.

Furthermore, the majority of ironstone samples are rich in iron and
titanium, which produce a dark backgroumd to spectrographic plates, and are
difficult to read., Analysecs arc determined by comparison with silica matrix
standards, but the matrix offect of iron may differ from that of silica and
produce variations in line density.

A number of the Northern Star samples were re-cnalysed and found
to differ consideresbly; copper from 1 to 6 times and cobalt from % to 4 timos,
the original analyses. These Giffcorences indicete that the geochemical assays
given in this report are probably not reliable for statistical analysisy
this should be kopt in mind when conclusions are drawn from the rcsults.
Only trends in elemont distribution cen be considered and this makes it
difficult to assess the significance of the base metal distribution in the
ironstones. However,; it is clezr from the geochemical distribution in
individual holes that the currcnt analyses and sampling techniques are
sufficiently accurate to asscess the major geochemical domains and to attempt

a general discussion of the significonce of populations,

The complote suite of samples are currently being re-analysed by
Atomic Absorption Spectrcphotometric methods to check the suitability of
spectrographic analyses of iron matrix samples. These results should be

availablc by August, 1965.

STATISTICAL ANALYSIS OF GEOCIIMICAL DATA
The distribution of elcments in igneocus and metamorphic rocks

approaches a lognormal rather than normal distribution, (Shaw, 1961). Tennant
and White (1959) have shovm that several populations in a suite of samples can
be recognised from the shapc of the cumulative frequency distribution of the
sample plotted on probability papor. These graphs are plotted by obtaining
the frequency of each value in a suite of samples and converting this to a
porcentage frequency. These are thon plotted as a cumulative percentage
fréquenoy on logarithmic probability paper.

Theo resultant plot of & lognormally distributed poPuiatiun is a
straight line whose slope is relatod to the dispersion of the populatiom. Two
overlapping populations will produce a dcuble stepped line, the gradient
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changes defining the limits of the populations.

This technique can be used for analysis of any suite of somples and
the boundaries between populatiocns usced as contour values to definc the limits
of like populations (Pritchard, 1964). It has been developed ond used by
3. Barrio in the Bureau of Mineral Resources for the analysis of geological,
goochcmical and geophysical data.

DETAILED DISCUSSION OF ELEM{IITS
Cogger

The geochemistry of copper shows concentrations from 10 to 10,000
psDeM.. Thesec fall within four populations as set out below.

Population Concantration Range Max. % of Suite
1 | lese than 25 p.p.m. 4% %
2 25 to 90 p.p.m. 16%
3 90 to 1,200 p.p.m. 55%
4 greater than 1,200 p.p.m. 254

The first population (<25 p.p.m.) ie the background range in soils
and cowntry rocks in the vicinity of Northern Star. Investigation of rock
types containing the sccond population (25-90 p.p.m.) suggest they result
from either primary (sce below), or sccondary dispersion into sediments (for
example hole No.42).Population three (90-1200 p.pem.) contains the major
portion of samples and includes representatives of all ironstone types. The
main rock types included in this population arc the quartz-hematite jasper and
sediments adjacent to the No.2 ironstone (Holes 5 and 6) but concentrations in
this range are also common in the more leached portions of the cellular
hematite lodes The population thus appcars to represent primzry roplacement
in jasper, primary dispersion of copper in sediments (?) and strongly leached

portions of primery ironstone.

Population four (>1200 p.pem.) is the primary intrusive ond
replacement population, modificd by leoaching. Concentrations in this range
are thought to be related to the initizl distribution of copper sulphides and
the boundaries of this population zore regarded as the limits of the initial
sulphide orebody. The majority of concentrations in this rango are in
manganiferous ironstone or limonitic cellular replacement ironstonc and a few
are in quortz-hematite jaspex, Projection of the gradient of the frequenoy
distribution line for this population indicates a maximum copper concentration
of 4%, From D.D.H.14 the maximum copper grode is 6.,2% in the primary
sulphide zone. It is not clcar whether the population being considered here

is representative of the original copper values, or whether we are dealing
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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 distribution of copper is shown in Plates 1, 2, 65 T, 8 and 9.
Nearly 50% of the No.2 Ironstone apparently contains anomalous copper con=
centratims (:>1200 pep.m.) but the highest copper concentraticn near the
surface does not exceed 0.7% copper.

In the majority of drill holes the copper concentration increases
with depth, independant of the rock types  thus hole No.11 intersects a
constant quartz-hematite jasper from 15 to 66 feet, in this interval copper
increases from 700 to 5000 pep.m. with only mincr 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 migratian in the deep weathering profile.

The watertable in the Northern Star area is of the order of 600 fecet,
compared to 300 foet in other parts of the Tennant Creck 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 probebly
exists at Northern Star..

The deep weathoring 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 wnknowny it is thought that waggon drill
holes intersccted the lower part of the B horizon, This may be a zone of
enrivament for most metallic elements, so that their concentrations may deorease
in the leached C horizan, and then increase again as the watertablc is
approached,

Copper minerals arc not visible in drill cuttings under the binocular
microscope with the exception of hole No, 18 which contains visible copper
carbonatos in the interval 96 - 120 feet. Elsewhere, copper must .occur as
submicroscopic particles held within the ircnstone lattice or adsarbed on the

surface of the hydrated minerals (limonite, pyrolusite and mangenese 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 thc limonitic, cellular ironstonc. In
gome of the manganiferous end cellular homatite, a fine dark yellow to red-
brown limonite is thought to be sulphide boxworke 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
cunulative frequency distribution diagrams, fall into threc populations.
60% of results are less than 40 p.p.m., 24% botween 40 and 130 p.pem. and
16% greater than 130 p.p.m.. The frequency distribution diagram indicates
the similarity in copper and cobalt distribution, both in grodient (dispersion),
and in the percentages rcpresented in each population.

The three populations appcar to represent (a) background in sediments,
(b) primary mineralisation in josper and secondary dispersion into sediments
and jasper, and (c¢) leached mineraliZation, similar to the copper populatioms.

Spectrographic analyses of 50 high copper—cobalt semples in the
B.M.R. laboratory (Appendix II) indicated the nickel content to be less than
5 PePellae

No ccbalt minerals have becen recognised. Threc mangansse Specimens
contained up to 800 p.p.m. cobalt, possibly in asbolite in the munganese wad,

No cobalt analyses are available from the Pcko ore, but 'cobalt bloom'
is known from the Peko Mine. Tho copper/cobalt ratio of lode material from
both Peko and Orlando mines is similar to that at Northern Ster (A.L. Mather,
B.M.R. pers. comm.), as showm below,

Sample No. Mine © -Cu Pepemne Co pepem. Zn pepemé: - Pb p.pem.
011009 Peko "7 1500 200 3000 ' a
011014 Orlando 5000+ 300 50 50
C11015 9 5000 150 5000 1500
011016 u 500 100 T00 1000
011018 " 5000+ 500 700 100
011021 " 4000 100 400 a
011022 " 1500 80 200 10

......

011023 " 50004+ 2000+ 300 500

a equals absent.
Analyses by D. Haldene, 17/4/64, B.M.R.

Cobalt was also found to be anomalcus in the Warramunga Group rocks
of Acromagnetic Ridge (Harding, 1965); in part cobalt anomelies arec directly
related to copper anomalies in spacc but not in concentration, However, high
cobalt cancentrations also occur independently of copper.
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Cobalt can be used as a roliable 'path finder' element for copper
mineralisation in the Northern Star-arca, both in soil and weathored or
leoached rock. It is thought that = check of the GOpper/cobalt ratio in
ironstones throughout the Tennant Crcek field may delimit those associated
with sulphide mineralization (Dumet & Herding, 1965).

Zinc
Rosults of zinc analyses spectrographically determined by A.M.D.L.

did not agree well with check determinations carried out by B.M.R. (Appendix
1)

The lower limit of detection for zinc by A.M.D.L. is 20 pe.pem..
The frequency distribution of A.M.D.L. results for zinc is shown in Plate 4
and exhibits a2 similar overall gradient to the copper and cobalt curves.

The cuwrve defines four populations as shown below:

Populatiom Concentration Range Max.s) of Suite
1 less 20 pepeoin. 16%
2 20 - 600 p.p.m. 83%
3 30 =1200 Dpepem. 68%
4 400 =~2000 p.p.m. 3%

The large overlap of populations maylbe due to unreliable analyses. However,
the populations appear to represont (1) backgroumd of sedimentary rocks,

(2) secondery dispersion and jaspor mincralization, (3) leached mineralization
in ironstone and replaced ironstones, and (4) mineralization in leached
mangancse-rich replacement ironstone and manganiferous ironstone. A close
relationship also exists betweon concentrations of zine and those of copper
and cobalt. As with cobalt, zinec can therefore be used zs a 'path finder!
element in this association. The relationship between manganese mincrals and

zinc concentrations is most striking.

Load

The distribution of lead in no way compares with the distribution
of copper, cobalt or zinc. Thres populations are represented in the suite of
samples., The lowest population (1-7 p.p.m.) is 18% of the total suite, and
the upper population (30-400 p.p.m.) only 8% of the suites The middle
population (3-80 p.p.m.) contains = possible 96% of the suitc. This is a
very shallow frequency distribution gradient compared to the other clements,
and there is no apparent correlation of lead concentrations or populations

with the other elements analysed.

Lead is not a mobile clement, which may explain its distribution.
However, in dealing with a leached ore body, its lack of mobility should be
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reflected in the different rock typecs,

It appears thereforc that virtually no lead was aszgocinted with
the sulphide mineralization and thc two lower populations reflect the inherent
camcentrations in the sedimentary rocks and ironstones. The upper population
is apparently related to micaceous hematite in hole Wo.11, the only hole where
copper, cobalt, zinc and lcad exhibit similar variation. High lead concen=

trations are also associated with manganiferous hematite (holes 7 and 10).
Lecd is'hot & useful 'path finder' element for copper in this area.
Molybdenum

The molybdenum concentrations range from <1 p.p.m. %0 500 pep.m.;

three populations being represented in the suite, as shown belows

Population Concentration Nenge  Max.% of Suite
1 less then ™2 poyom. 52%
2 5 =200 p.p.m. 6074
3 30 =500 p.p.m. 4%
200~

The range S00 p.p.m. is 14% of the suite. The style and gradient of the
molybdenum curve is similar to copper, cobalt and zinc, but not lecad.
Molybdenum concentrations clearly reflect rock types; e.g.; hole No. 9 exhibits
up to 5 p.p.m. in hematite shale and <1 p.p.m. in micaceous siltstones;

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

<1 pepem. to 50 p.p.m. over a 6 foot interval (Plate 12).

Populaticn 1 (<1-12 p.p.m.) is the background for country rocks,
and is comparsblo with Aeromagnctic Ridge results (Harding, 1965).
Population 2 (5-200 p.p.m.) rcpresents the mineralized populationt in placcs
molybdenum concentrations of 8 p.p.m. occur in association with up to 1200
p.p.m. coppers The significence of population 3 (80-500 p.p.m.) is not clear;
most of these results occur in hole e.2 which gives high results for all
eleaments, For the purpose of the survey, molybdenum is thereforc divided
into only two populationss < 1-12 p.p.m. and 5-500 p.p.m.

The relationship betwoen molybdenum concentrations end rock types
is obscure and the variation in copper and cobalt concentrations is not always
reflected in melybdenum. This lock of consistency and the large overlap in

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

However, there is a broad correlaticn of copper sand 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 olcment association at Northern Star.

Bismuth

Bismuth cancentratiomms range from <1 to 800 p.p.m. in {wo
populations: Z1 to 100 p.pem., a possible 98% of the suite, and 20 o 700 pep.m.,
a possiblc T% of the suite. 126 arc less than 1 p.p.m..  Bismuth
concentrations are independant of copper, cobalt and zinc, and in most cases
the bismuth varies independantly of rock type. There is = tendency in some
holes far bismuth to vary invorscly 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 rclate populations to rock types.

Sullivan (1942), in an wnpublished report, records the rosults of a
survey for bismuth at Northern Star, wiere the highest assay was 1.12%
(11,200 pepem.) from the 20 foof Jovsl, There appears to be a gradual increase
of grade with depth; the Lisheet nzuay for any semple from the 50 foot level
being 0.15% (1500 p.p.m.) (after Ivenoc, 1954). These figures cre far in
oxcess of any obtained during the current survey.

Bismuth had provicusly becn considered a possible 'path finder'elcment
for gold. In holes No.2 and Nc.13 scme correlation apparently oxists between
gold and bismuth concentrations.s In hole No.13 a maximum of 0.9 dwt gold
corresponds to a maximum of 80 p.p.m. bismuth. However, hole He.T exhibits
no correlation between a 0.7 dwt gold assay and bismuth valucs ranging up to
25 pep.m., Similarly in hole No.9, bismuth concentrations risc from<1 to

30 pspeme with no gold prescnt,

Results available from D.D.H.15 indicate a close gold/bismuth
association (N.T. Administration, Mincs Branch, unpublished rccords), with
bismuth concentrations in the range 140 to 10,000 p.p.ms» In gcneral the low
bismuth concentrations obtained in this survey conform to the low gold assays
for the No.2 Ironstone lode.

Gold

Insignificant gold mincralisation is prescent in the uppor part of the
No.2 Ironstone. Less than half of the gold assays are available to date
(443 assays). The majority of these indicate less than 0.2 dwty the

maximum grade is 3 fect of 1.1 dwt/ton.

Visible gold occurs adjaccent to the No.? shaft around 4505, 450E,
in brecciated red siltstoncs ncar the No.2 lodes The gold is in fine flakes
on joint planes, and is associated with thin quartz veins healing the

brecciation. Therefore much of the gold appears to be secondary; the location



of primery gold is thought to have bggn controlled by tho degree of brecciation
and proximity-to_the adsacant’i$9H$£Q“° (Tvanao, 1954).
. ' e ,

-
-

—_—

1022 waggon dril? somples were panned, but only two samples contained
visible gold (hole Fo.19s 2-12 and 15-i6 feet). This gold, eimiler to the
surface occurrenecs Was in a rod micaccous shale.

Prares of gold are present in holes Ne. 7, 8, 10, 13, 15, 16, 17, 18
and 40; of these only Nos. [, 13, 17, 18 and 19 gave assays in oxcess of 0.7
awt. In most of these holes the gold is associated with manganifcrous

hematite which bhas high copper and cobelt concentrations.

SIGNIFICANCE OF POPULATIORS A% G047 (TDCHIMICAL RELATIONSHIPS

Plates 4 and 5 zhow tho sumvlesive frequency distribution of copper,
cobalt, zinc, lead, molybﬁanum 200 bigmuth in the Northern Star suite of
samplos, Thege indieate four copulwiicns far copper and zinc, threc for

-

cobalt, lead and molybdenum c:x! t:: Trio bismuth. A comparison of concontraticns
in waggen drill holes indicavas Thol nupulation 3 for cobelt is equivalent te
population 4 for copper and zinc. Fopulations 2 and 3 for copper =nd zine,

the dispersion populations, arc represcnted by only one population (2) in

cobalt and molybdenum, The upper population of copper, cobalt ond zino is

considered to represent the leached poriion of the mineraliz cd ircnstone.

The goochemistry of the ironstones is a funetion of ono or more of

the following factorss

(1) Primary intrusive mineraligation.

(2) Primery replacement mineralization.

(3) Primery ionic and solution dispersion.

(4) Secondary leaching or cnrichment by ground water action.

(5) Sccendary disporsion by mechanical meens.
Ground water action may consist of oxidation and leaching cbove the watertable,
and/or migration in the laterite profile. Both these factors may dbe
supcrimposed on the primary factors. In replacement and primary dispersion

the inherent background valuc iz also a factor.

From results cobtaincd in holuos bordering the No.2 Ironstoney, c.g.,
hole No.9, primary ionic and solution dispersion is not an important factor

in tho distribution of metallic clcments (seo Plate 12).

Hole No.8 intersects ccllular, limonitic, replacement hematite and
messive manganiferous hematitc to a depth of 87 feet, whero the holo was
abandoned due to the extremcly leached nature of the rocks. Thc copper
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values are all above 1200 pepem. with a méximum of 8000 p.p.m., thus falling
in the mineralisation population. From the distribution of copper in
section (Plate 9) it is apparont that hole No.8 interscets the leached part
of the main orebody., Hole No.9 is situated 80 feet to the south of No,8
and 40 feet to the south of the No,2 Ircnstone. The hole was inclined at
750 north in order to interscct the ironstone at 75 feet depth, At this
depth 6 feet of manganiferous hematite was intersccted, followed by 40 foet
of jesper. As canh be seen from Plate 12, the copper cancentrations in the
sediments from the surface to 57 feet range from 80 to 200 pep.m., thoy then
rise rapidly to 6000 p.p.m., at fhe contact and average about 2000 p.p.m. in
the jasper. Cobalt, zinc, molybdonum and bismuth exhibit & similar increase,
indicative of a dispersion halo of 114 fcet for copper and 6 feet for the
other elements, This dispersion halo may be primary (ionic or solution
dispersion during mineraligation) or secondary (transport by ground water
solutions after mineralimation), in cither case the narrow aurcole indicates

the minor role played by dispersion in elcment distribution.

The relative concentration of clements and their asscciation with
rock types is clearly shown in Plates 10, 12 and 13. The following

gencralisations can be drawn from thesce diagrams:

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

directly homclogous; the coPPGI/cobalt ratio is approximately 10.

(2) High copper; cobalt and zinc concemtrations occur in
cellular hematite, manganifercus hemctite, quartz hematite and in some

quartz-hematite jasper.

(3) Zine concentrations are generally high in the menganiferous
ironstones,; although check onalyscs indicate that this relationship may not
always be correct (see Appendix 11).

(4) Lead distribution is apparently unrelated to the coppor/
cobalt/zinc concantrations, and does not vary greatly with rock types.

(5) In most cases molybdenum is not an important indicatar,
Its range in concentration is low ond the overlap of population ranges is large,
Hole No.9 is an exception; in this hole molybdenum concentrations clearly
reflect the mineralised jasper and the dispersion halo.

(6) Bismuth distribution is variable and difficult to assoss.
In hole No.2 bismuth concentrations vary inversely with coppar/cobalt/zinc,
and high concentrations (up to 50 p.p.m.) are associated with the sedimentary
rocks, Hole No.9 cxhibits similar relatively high (30 p.p.m.) bismuth
concentrations in the sediments, =2nd these show some affinities with the
molybdenum concentrations. Bismuth has been reported to show a stirong
association with gold in the Temnant Crcek Field. 1Insufficient concontrations

of either metal were present ot Northern Star to substantiate the association
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with the cxception of hole Mo.13. Here gold assays up to 0.9 ¢uwt occur
together with bismuth concentrations of up to 80 p.p.m., the Bi/Au ratio
being statistically constent. In the primary mineralization zones,a direct
relationship may exist. Results from D.D.H.15 suggest that this is so
(N.T. hdministration, 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 pepem. copper gnd greater than 10,000 p.p.m.

bismuthe

(7) There has wndoubtedly been considerable redistribution of
trace dements by secondary ground water action. As difforent claments have
different mobilities, controlled by Eh and Ph of solutions ote., it is
difficult to ascertain original primary associations, especially as precip-
itation and adsorption on the hydrated iron and manganese minerals can result

in seccondary dispersion pattems unrclated to primary distribution.

DISTRIBUTION OF ELIMENTS

Regional
The results of regional sampling of copper ond 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 arcaj soils, rocks and ironstone bodies
were sampleds 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 areca. The copper distribution indicates ironstones anomalous
in copper extending to the north-east, but these are not anomalous in cobalt.
These ironstones arec close to a minor magnetic peak and the irend 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 scctions AB and CD (Plates 8 and 9) indicate the distribution
of elements in tho anomzlous areas. (Sections for bismuth and lead 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 gcochemical population.
Despite this there is not a closc correlation between geochemistry ond rock
type. 4 broad correlation exists between copper, cobalt and zinc concentrations
and occurrcences of cellular hematite and manganiferous ironstone (see Plates
3'and 7) end the sections clearly show the structural double domc 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 crder as the
distence between holes, so that undue bias may have been placed on the
sub-horizontel distribution of clements (e.g. Plates 8 & 9).  Hewever, this
distribution would be expected in a leached orebody, and in individual holes

copper concentrations generally tend to increasc with depth.

The distribution of coppor in plan (Plate 7) is dcrived from the
mean of copper analyses over tho upper 48 feet of each holey this is done
to restrict any bias due to copper increase with depth.  The distribution
indicatos two anomelous arcms at cithor end of the No.2 ironstone ( 21200 p.p.m.).
The anomalous holes in the cast (Nos. 8, 10, 11, 13) and in the wost (Nos. 1,
2, 3, 4, 12, 18) intersect mainly ccllular hematite and manganifcerous hematite.
Exceptions to this are holes No.4 ond No.12, which intersect jasper and
cellular hematite, and hole Mo.18 which intersects manganiferous hematite and
hematite shale. This was the only copper-bearing unreplaced hematite shale
encountered, and was the ane hole. exhibiting visible copper carbonates.
The lack ofjiron replacement of thosc copper bearing sedimentary rocks is not
understoody poseibly primary or secondary dispersion may account for the
high copper values. Untested coppor mineralization mey therefore extend to
the north of hole No.18 in the hematite shale.

The distribution of copper shown in the eastorn zonc may be unduly
biascd by samples from a lode of almest pure pyrolusite which oxtend from
hole No.10 to holc No.13 and which is rich in copper ( ' 2000 p.p.m.). A
similar rock was intersected in hole No.23 this rock type may thus be the

main primary intrusive associotcd with the copper beering soluticns,

Plate 6 is o plan of copper distribution as indicated by surface
samples, which include rock chip samples and the upper 3 fcet of waggon drill
holes. The similarity in results to those illustrated in Plate 7 for
subsurface sampling clearly indicates the reliability of swrface sampling in
this type of prospectingJn Plate 6 the surface samples indicute that the
anomalous coppor concentrations oxteond to the north of hole No.18.  As with
Plate 7, unduc emphasis rcsults from the pyrolusite semples; H32, H34, H36
are pyrolusite and mangancsc 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 end cobalt
concentrations, apparently absorbed or coprcecipitated with the menganese

oxides.
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Sample Description Cu Cc Mo oSn b Az
4 Powdery mon- 1000+ 800 150 1C0 50 2
gancse wad.
5 Massive 500 300 T0 - - T
pyrolusite :
(H36)

6 Powdery 2000+ 800 20 50 20 30
manganesc wad. -

e

Analysis by N. Morshall, Ltomic Absorbtion Spectrometer.

SUMMARY

The central part of Ne.2 Ironstone is anomalous in coppor and is
characterised by two rock types, ccllular limonitic hematite and monganifercus
ironstone. The cellular hematite appears to represent, in part, the
oxidised cap of a sulphide lodc. It is highly leached and contains up to
0.7% copper. The parts of the lode around holcs 1, 2, 8, 13 and 18 show
increasing copper contont with depth and yield the highest assay results in
the area, apart from the manganiforous ironstone. The copper content of the
manganiferous ironstone ranges from 500-5000 p.p.m.3 this is thought to be
the rock type most closely associated with the primery mineraligation

proccsses,  Sulphide boxworks were not observed.

The importance of leaching in redistribution of the copper is not
knowny if it is important, the copper content will prcobably continue to
increase with depth. The aveilable cvidence suggesf that the limonite -
rich cellular hematite is Cerived, in part, from z sulphide decposit, which
should contain a socondury enriched zone ncar the watertable lovel and pass
into sulphides bolow this level., This ie supported by the intorscetion in
a necarby drill hole of up to 6.25 copper as chalcopyrite at 958 foct depth.

CORRELATION OF STRUCTURE, MAGNETICS /1D GHOCHIMISTRY

Mineralization in this area may be contrslled By a2 combination of a

favourable bed and an anticlinal crcst, or by an anticlinal axial planc only.
If mineralization takes placo only zlong favourable beds the surfacc lodes can
be expected to have limited depth,; and mineraligation at depth would be
controllod by the combination of znother favourable bed with the anticlinal
crests, On the other hand, if =xial plane shears were the only effective
control, continuous pipe-like lodes with a very steep north or north-east
plunge would be cxpected to result.

Diamond drill holes 14 & 15, intersected ironstonc in chloritic
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schist between 800 and 1000 feet. (N.T. Administration, Mines Branch,
unpublished records). This chloritic schist has no knowm equivolent éﬁ the
surface. D.D.H.15 intersected quartz - calcite - magnetite at aboﬁt QQOO

feet depth. From regional mapping, dolomite crops out along cleavege strike
to the south - west of Northern Star. If these two carbonate bodi?é gie
related, a 15 degree regional pluge to the east is indicated, and this
favourable carbonate bed may control the mineraliZation at depth beﬁgétp
Northern Star. This is tho first known occurrence of carbonate rocks in the
Warramunga Group and which possibly act as favourable beds for miner§li§ation
(Dunnet & Harding, 1965). This plunge is supported by the plunge o? mésoscopic
92 folds in the area. The diamond drill information does not indicétezwhethar
the No.2 Ironstone is continuous from the surface to 1000 feet or if.

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

The No.3 Ironstone occupics an anticlinal core in 2 younger pért of
the sequence then the No.2 Ircnstone. 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 envoloping
surface (Turner & Weiss, 1963, p.%111) would suggest the No.1 Ironstone is
scmewhat lower in the sequence than the No.2 body. Assuming this, wo may
predict possible ironstone occurrcnces on favourable bed/structure iptc@sections

as follows:

(1) Repotition of the ironstone indicated at 1000 fcet beneath
No.2 body,; bencath No.1 at a shallower depth, )

(2) Repetition of No.1 benecath 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 oxidiscdand above the water table. i

Several conclusionse may be drawn from the low altitude magnetemeter

survey (Milsom & Finnoy, 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 Ironstoneé@@ a depth
of about 700 feet. ()

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

cleavege and has a similar shepe and limits to those of No.2 Ironstone,

(3) The cast-west limits of the anomaly trend north-west (53)
and the eastern limit coincides with the anomaly previously defined by the
A.G.8.8.N.4. ground magnetic surveys The latter anomaly i& probably a

subsidiary peak on the main &nomalys
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(4) There is a megnetic low and stecper gradient to the

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

(5) The shape of the anomaly suggests that it is duc to a

. dyke-like body, rather than a sSpherical body. This dyke would have the
scﬁe trend ae” the No.2 Ironstone body and dip steeply (800) north or north-
‘vast. The width would be less then 100 feet, and the depth to the top

of the body approximately 700 fecet. Its projection to the surface almost

coincides with the No.2 Ironstone.

(6) If the body is sphericsl and if Daly's 1954 figures for
Tennant Crecek are used in the caloulations, the centre of the body would be
situatedat approximately 1250 fcet depth and the radius of the body would be
about 250 feet. It would lic directly beneath the No.2 Ironstone with its
centre at approximately 2208, 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 acromagnetic survey flown
on north/south lines over the anomalous area. At present the author considers
the most likely shape to be a lonticular pipe-like body extending more or less
continuously from the No.2 Ironstonc to a magnotic section beneath the water
table i.c. an axial plane control on ironstone mincralization. The shapo of
the body is probably largely controlled by the cleavage and modificd by
replacement of favourable lithologics. The vertical extonsion of the
ironstonc will be controlled by the intensity of the shear zones, the
continuity of the anticlinc and the presonce of favourable bods for replacement.
However, the alternative possibilities must be considered in planning an

exploratory drilling programme.

The central part of thc No.2 Ironstone consists of leached copper-
rich ironstone which extends to at least 150 feet (D.D.H. 4 & 5), and gold tonds
to be concentrated at the sastorn cnd of the No.2 body. The diamond drill
evidence indicates a similar rclationship at 800 to 1000 feet; gold occurs
at the castern end (D.D.H.15), and copper towards the centor of the magnetic
anomaly (D.D.H.14). The magnctic anomaly has not been testod west of
D.D.H.14; if the indicated corrclation between magnetics and geochemistry is
valid, substantial concentrations of copper may be present west of this drill

hole intersecction. (Platec 15).

The possibility of a pipo-like orebody in the No.2 Ironstonc is
supported by the shapec of the gold lode in the No.1 Ironstone which, although
tabular at the surface, is pipe-like and pitching very stecply north-cast at
depth (150 to 250 feet).



The following facts and assumptions suggest that an cconomic
copper lode at depth might exist becnoath the watertable at Northarn Star.

(1) The gcochemistry indicates copper mineralisation in the
No.2 Ironstone at the surface.

(2) The zeromegnetic survey indicates a magnotic body beneath
and to the north of the No.2 Ironstonce.

(3) Structural evidoncc suggests the magnectic body is an
extension of the No.2 Ironstone bencath the watertable.

(4) The eastern ond of the magnetic body has been drilled
proeviously and gold and copper in ccanomic grades were intersected in two

separate holes.

(5) It is a reasonable assumption that the untested ironstone
indicated by the aeromagnetic anomaly is an oxtension of the body drilled
in the east; and therefore will contain some copper mineralization.

(6) If the ironstone/00pper relationship is similar to that
of the No.?2 Ironstone, and if the grade is similar to the intersection in

- D.D.H.14 an economic grade and tomage can be expected.

RECOMMENDATIONS FOR FUTURE ORK

Further geochemical investigation and exploratory diamond drilling
in the North Star - Northem Star arca is recommended. The following
programme is suggested.

(a) Auger drilling to weathercd bedrock to semple the bulldust flats
to the north-cast of Northern Star (thec area defined by the 30 pep.m.
isochamical contour an Plate 1). Drilling should be on a 100 foot grid
spacing and samples should bc analysed for copper, cobalt, zinc, molybdenum,
manganese and bismuth.

(b) Surface rock chip sempling of the No.1 Ironstone lode at
Northern Star and the whole of the North Star lode on a 20 foot grid spacing.

(¢) Waggon drilling of anomalous arcas defined by (b) and arcas of
cellular hematite outerops. Weggon drilling of the area directly north of
hole No.18 to delimit the northern oxtonsion of the copper anomaly found by
this survey. An 80 foot grid is adecquate but a closor spacing is rccommended.
A 5 foot sample interval is sufficicnt, and holes should be as deep as possible.

(d) Diamond drilling of the magnetic anomaly body and the downward
extension of the No.2 Ironstcne copper anomaly, together with any areas of
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significance defined by (b) and (o). At least three holes are rocommended
to test the No.2 Ironstonc at depth, to delimit its shape and structure and
to locatc the copper extension at depth. Three suggested diamond drill
holes are shown on section G-H (Plote 16) as followss:

Hole Collar Position Inclinatio Bearing Length
D.D.H., 'Bf 170N, 20E 80 155 ' 1300

D.D.H. 'C! 200N, 150 5 155 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 sccondary enriched copper orebody above the
water table. It is planmned to intcrsect the No.2 Iromstonc 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 magnctic body and
will intersecct any sulphide zone associafod with the magnetic body. Information
from D.D.Ho's ! heand 'B' ghould also determine the position ond structural )
importance of Miggins Fault, which on present evidence appears to be a low-

angle reverse fault of post-mincralization age.

D.D.H. 'C' will depend partly on information derived from 'A' and
'B', If 'B' is successful in intersecting both the megnetic body and
sulphide mincralisation, 'C' should be drilled 100 to 150 foet behind (i.c.
north-east) of the section G-H to tost the castern cxtonsion of the orobody
and its possible rclationship with thc copper intersection in D.D.H.14. If
'B' is unsuccessful it may have misscd tho orebody to the west; 'C' will
check this possibility.

D.D.H. 'B!' and 'C' will also check the possiblc cxtension of the

gold lode in the No.1 Ironstone,

(e) 4 detailed ground magnctic survey or low altitude acromagnectic
survey flown on north-south lincs may enable the peak of thc megnetic body to
be defined morc prcciscly. This could be supplemented by a detailed gravity

SUrveys
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Sample Nos

050007
001
002
003
004
005
006
008
009
010
011

012

015

016
L7
018
019
020
021

022
023
024
025
026

GECHEMICAT SAMPLING:'=-NORTHERI STAR,. TENNANT CREEK.

Depth

0-3
3-6
6-9
9-12
12-15
15-18
18-21
A-24
24=217
_7-30
30-33
33-36
36-39

39-42
42=45

45-48
4851
51-54
5457
57-60
60-63

63-66
66-69
69-72
72=75
75=T7

GEQCHEMICAL RESULTS'.=-HOLE NO.1,3808, 60E

Gold

% All results set out in the same order.

o

Copper ~Cobalt ¢Zin65 Lead Molybdenum
dwt/ton Dp.p.m. puDefie DsRells ReDelle  DeRele
600 10 500 25 10
500 8 50" 20 8
500 10. 400 20 15
700 10 250 20 15
5000 150 500 15 25
4,000 200 250 15 50
4,000 400 250 25 50
5000 80 600 5 50
8000 150 400 5 60
1500 15 150 10 25
2500 12 500 15 20
2000 12 250 12 40
2000 25 250 20 40
3000 50 500 25 60
1500 20 200 40 40
3000 120 200 50 80
3000 100 200 40 70
2500 _100 150 40 80
2000 70 50 50 80
5000 g0 150 30 70
5000 80 150 20 30
5000 150 200 20 50
7000 250 400 40 50
4,000 200 500 20 60
5000 150 500 25 70
5000 400 500 25 150

Bismuth
Q:E. .

{\-’?'OOGJU‘IJ-\W

oo W\

e WP

10
15
10

L&Y

25
20
10

10
12
18
20



050027
028
029
030
031
032
033
034
035
036
037
038
039
040
041

¥ 043

046
047
048
049
050
051
052
053
054
055
. 056
057

. 050058
059
060
061
062
063

2e

GEOCHEMICAL, SAMPLING = NORTHERN STAR, TENNANT CREEK.

0-3
36
6~9
9-12
12-15
15-18
18-21
21-24
=27
27-30
30-33
33-36
36~39
39=42
L2=45
45=48
48-51
51-54
54=57
57=60
60-63
63-66
66-69
69-72
72=75
75-78
78-81
81-84
84~87
87-90
90-92

~ trace equals 0.3 dwt/ton

GEOCHEMICAL RISULTS ~ HOLE NO42, 3008, 60

Trace
Trace
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Trace
Nil
Nil
Trace
Nil
Trace
Trace
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

400
2000
1500

800

800
2500
1200
1500
1200
1000

250

300
4000
2500
6000
2500

700

250
1500

700
1500
4000
8000

10000
2000
-10000
8000
7000
=10000
3000
2000

40
120
80
30
60
50
40
50
40
10
15

250
200
150

80

50
15
50
250
400
300
4,00
500
300
600
500
150
50

25
g0
150

30
200
200
100
100
100

40

30

25
200
150
200

30

20

20

40

20

25
100
200
500
600
600
600
600
500
300
150

15
50
60

12
30
18

B5R&®Y

20
80
30
30
200
15
15
18
40
50
25

25
15
15
15
10
10

30
20

15
50
25
25
30

40
100
50
25
60
60
40
15
20
15
50
60
60
60
60
50
40
15
20

10

GEOCHEMICAL, SAMPLING - NORTHERN STAR, TENNANT CREEK.

0-3

3-6

6-9
9-12
12-15
15-18

GEOCHEMICAL, RES

Nil
Nil
Nil
Nil
Nil
Trace

400
600
400
500
300
600

10
15
10
10
25
15

0..',

150
200
60
100
80
70

1408

30
30
25
20
20
15

12
10

20
10

15
15

18
15
20
20
40
30
50

20
20
30
20
10
15
12
20
15
25
15
10

N W

10
30

15
10

W ON N



064
065

067
068
069
070
on
072
073
076

050077

078
080
og1
082
083
084
085

087
088
089
090

092
093

094

095
096

098
099
050100
101
102
103
104
105
106

18-21
21=24
227
27-30
30-33
33-36
36-39
39-42
4215
4548
48-51

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS = HOLE NO,.4, 2605, 140

0-3
3-6
6~9
9-12
12-15
15=-18
18-21
_21=24

27-30
30-33
33-36
36~39
39-42
4R2-45
45=48
48-51
51=54
54=57
57-60
60~63
63-66
66-69
69-72
72-75
75=78
78-81
81-84

87-90

Trace
Trace
Trace
Trace
Nil
Nil
Nil
Nil
Nil
Nil
Nil

800
2000
3000
2000

400
3000
2500
4,000
1200
2000
1800

Je

30
15
15
10

10
60
20
12
15
12

200
800
1200
3001
80
500
400
500
250
500
800

20
25
30
15

10

15
15
12
10

12

Nil
Nil
Nil
Nil
Nil
Nil
Nil
Trace
Trace
Trace
Trace
Trace
Trace
0e3
Trace
Trace
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

50
400
80
800
250
1200
600
1200
800
800
500
2000
2000
2500
6000
5000
4000
3000
7000
3000
2000
4000
6000
8000
5000
7000
8000
8000
10000
4000

20
60
12
12
40
20
8
15
15
20
25
50
40
60
100

60

150
60
150
60
70

100

100

100
80
80
60
60
60
50

30
250
100
500
150

80

50
60

60
150
100

60

50

40

80

50

80

60

60

30

80
150
150
100

80

80

60
60
50

15
20
10
10
25
25
10
10
10
18
25
20
25
30
20
30
30
20
20
19
18
20
20

8

8
12
10
12
12
10

30
15
30
30

25
30
20

10

15

12
20
25

20
25
20
30
50
40
50
60
60
60
50
50
30
40
50
60

388K

60
g0
40

O W W O OO O W
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107
108
109
110

050111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

050134
135
136
137
138
139
140
141
142
143

e

90-93 Nil 7000 60 60 15 300
93-96 Nil 4000 30 30 12 200
96-99 Nil 4000 100 100 12 60
99-102 Nil 5000 100 80 12 60

GEOCHEMICAT, SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO.5 380S, 140E

-3 Nl 250 20 40 40 25

36 Ml 800 10 40 30 25
6-9  Nil 250 20 30 20 12

9-12 Wil 100 8 30 18 20
12-15  Nil 250 20 50 25 20
15-18  Nil 400 7 20 20 12
18-21  Nil 300 6 20 20 15
21-2, Nl 300 5 20 15 8
%-21 Wil 250 5 20 15 8
27-30 Wil 200 15 30 15 20
30-33 Nl 500 25 40 15 25
3336 Nl 400 12 80 20 25
36-39  Nil 250 40 50 25 2
39-42  Nil 250 20 50 15 25
4245  Nil 80 15 30 12 25
4548  Nil 250 25 50 g 15
4851  Nil 700 20 60 15 12
51-54  Nil 600 10 50 12 8
54=57 N1 1000 70 100 10 15
57-60  Nil 250 50 150 18 20
60-63  Nil 250 40 200 15 12
63-66  Nil 300 50 200 12 30
66-69  Nil 150 40 200 10 20

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

GEOCHEMICAT, RESULTS - HOLE NO.6, 340S, 204
0-3 Nil 500 30 150 50 25
3=6 Nil 1000 25 400 25 40
6-9 Nil 600 20 150 40 20
9-12 Nil 450 12 50 FAS] 20
12-15 Nil 80 10 30 15 15
15~18 Nil 400 15 a0 20 20
18-21 Nil 250 18 100 20 20
21=24 Nil 300 25 200 15 8
R4=2T7 Nil 200 20 200 20 20
27=30 Nil 400 12 80 50 25
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144
145
146
147
148
149

150

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

050168
169
170

17
172
173
17L
175
176
177
178
179
180
181
182
183
184

30-33  Nil 500 15 50 25
33-36  Nil 200 7 25 25
36-39  Nil 80 7 20 15
39-42  Nil 100 6 - 20 10
42-45  Nil 100 10 - 20 6
45-48  Nil 500 12 20 10
48-51  Nil 1200 18 40 15
51=54  Nil 1200 25 40 18
54-57  Nil 1200 50 40 6
57-60  Nil 500 25 50 10
60-63  Nil 2000 12 50 20
63-66  Nil 400 25 30 20
66-69  Nil 250 20 25 25
69-72  Nil 300 15 25 10
72-75 Wil 1000 25 30 6
75-78 Wil 1500 40 150 10
78-81  Nil 1500 50 150 25
g1-84 Wil 800 25 30 8
8/-87 Wil 1200 80 60 10
87-90  Nil 1000 70 30 6
90-93  Nil 1200 60 100 7
93-96 1200 80 100 10
96-99 1000 60 25 5
99-102 1200 15 30 3

GEOCHEMICAL SAMPLING = NORTHERN STAR, TENN
GEOCHEMICAL RESULTS — HOLE NO.7, 4208, 20M

0-3 Nil 100 20 25 25

3-6 Nil 150 4 25 30
6-9 Trace 40 5 - 20 15

9-12 Trace 200 25 80 40
12-15  Trace 250 20 200 40
1518  0e3 60 12 80 25
18=21  0d4 80 25 150 30
21-2,  Nil 80 25 60 25
=27 Trace 40 8 40 18
27-30 042 150 12 250 15
30-33  Trace 1500 g0 500 g0
33-26 1000 60 600 50
36-39  Trace 300 70 400 70
39-42  Trace 2500 20 30 25
42=45 Trace 2500 25 50 30
45=48 Trace 3000 25 30 60
48-51  Trace 1000 30 40 40
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185 51-54  Trace 1200 50 25 25 25 20
186 54-57 0e2 2000 70 50 18 30 15
187 57-60 0e?2 2000 80 50 15 25 3
188 60-63  Trace 6000 100 250 12 20 2
189 63-66 0.7 4000 200 200 15 0 4
190 66-69  Trace 2500 50 80 10 15 - 1
19 69-72  Trace 3000 250 100 10 15 - 1
192 72-75  0e3 600 20 30 8 4 1
193 75-78 043 800 50 100 25 12 2
194 76-81  Trace 1500 70 100 15 20 10
195 81-84 Trace 800 30 80 10 15 A
196 84,~87  Trace 1000 60 40 20 8 3
197 87-90  Trace 2500 80 150 15 10 10
198 90-93 1000 60 200 15 10 3
199 93-96  Trace 700 70 150 18 20 Vi
200 9%-99  Trace 1000 60 200 20 25 8

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEQCHEMICAL RESULTS = HOLE NO.8, 4208; 300F

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 .
207 18-21 1500 60 20 18 20 3
208 21-24 1200 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
212 33-36 700 6 - 20 15 20 5
213 36=39 1200 10 - 20 15 2 10
214 39-42 1000 8 - 20 15 15 10
215 L2~L5 1200 30 40 20 30 8

050250 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

05026/, 54=57 3000 60 100 15 25 6
265 57-60 7000 500 100 20 50 2
266 60-63 1800 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 5000 250 400 20 60 4
270 72~75 8000 500 500 20 50 A

-



050277
278
279
280

050216
27
218
219
220
221
22
223
224
25
226
227
228
229
230
=31
232
233
234
235
36
237
238
239
240
R4
R42

EERERE

249
050253
254

75-78
78-81
81-84
84~-87

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK
GEOCHEMICAL RESULTS — HOLE NO.9, 5008, 300E

0-3
3-6
6-9
9-12
12-15
15-18
18-21
21=24
24=27
27-30
30-33
33-36
36-39
3942
42-45
45f48
48-51
51=54
54~57
57-60
60-63
63-66
66~69
69-72
72-75
75-78
78-81
81-84
84~87
87~90
90-93
93-96
9699
99-102
102-105
105-108

Oe4

4000
4000
7000
5000

Te

400
300
250
300

300
200
300
500

18
25
25

Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

70
70
60
50
50
60
60
30
40
60
150
150
70
50
60
50
50
120
250
700
600
800
1200
1000
2500
6000
3000
3000
2000
2000
800
5000
1500
700
2000
2000

— -
mgc\mhump-;\mummqo\mmmbbmmmq

&3

200

150
100
60

80
100
70

30
50
30
70
60
80
70
60
80
70
60
50
40
200
150
80
30
25
50
70
20

200

100
200
300
200
250
200
250
250
200

30
150
500

30
30
30
30

25
40
25
40
50
40

25
25
25
20
20
20

15
15
18
10

8

8
12
12
20
12
12
15

8
15

8
10
10
10
15
18

50

40
60

50

!
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255
256
257
258

050259
260
261
262
263

050271
272
273
274
275
276

050281
282
283

285
286
287
288

050289
290
291
292

293
294,
295
296
297
298

050311
312
313
314

108-111
1M11=114
114117
117-120

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEQCHEMICAL RESULTS ~ HOLE NO.10, /460S, 380E

0=3
3-6
6-9
9=12
12-15
15-18
18-21
21-24
R4=27
27-30
30-33
33-36
36~39
39-42

45~48
48-51
51=54
54=57

GEOC

36

6-9

9-12
12-15
15-18
18-21
2124
2427
27-30
30-33
33-36
36-39
39-42
42~45

Nil
Nil
Nil
Nil

2500
2000
2000
2500

Be

250
300

&0
100

200
250
100
200

20
18
18
15

ANT CREEKe'

250 20 40 70
300 18 40 50
1800 100 200 60
600 18 25 70
2000 70 30 100
1200 80 50 30
1200 100 40 25
800 50 25 25
600 60 50 20
600 50 50 20
1000 150 60 30
1200 50 30 20
800 70 80 25
1500 100 80 40
2000 80 80 40
2500 50 50 40
1000 15 80 25
800 15 200 25 |
2500 100 200 25
CAL SAMPLING — NORTHERN STAR, T
GEOCHEMICAL, RESULTS - HOLE NO411, 340S, 300E
Nil 700 60 80 50
Nil 1200 400 80 70
Nil 700 25 25 40
Nil 600 40 50 40
Nil 1000 30 60 50
Nil 1500 150 80 300
Nil 700 50 80 50
Nil 1000 30 60 30
Nil 2000 150 150 70
Nil 1500 40 200 40
Wil 2000 €0 100 50
Nil 1500 15 80 25
Nil 2000 40 60 60
Nil 3000 60 200 80

40
50
40
40

60
25

15
25
40

20

30
30
20
40
50
50
50
12
12

20

25
25
15
60
25

25
20
50
25
25
10
18
20

10

o

7007?
15

o

25
15

888 =

15

10
15
25
20
20
20

-
o O

(VYIS T ST S S U N SUE R

Y
it O



050315
316
N7
318

050321
3
323

050299
300
301
302
303
304
305
306
307
308
309
310

050319
320

050324
325
326

050330

050343
344
345

050351
352
353
354

050346
347
348
349
350

45~48
48-51
51=54
54=57
57-60
60-63
63-66

Nil
Nil
Nil
Nil
Nil
Nil
Nil

4000
2500
3000
3000
4000
5000
5000

P

150
70
100
80

80

400
300

250
250
500
600
2000
2000
1500

REOEEEE e | |

40 25 1

50 25 3
200 40 7
200 50 2
400 60 2
200 70 1
250 70 2

GEOCHEMICAL SAMPLING ~ NORTHERN STAR, TENNANT CREEK.

0-3
36
6~9
9-12
12-15
15-18
18-21
21=2/,
R4=27
27-30
30-33
33-36
36-39
39-42

LR2ml5

45-48
48-51
51=54
54=57
57-60

- 60-63

*% See Page 27 for results of hole No.13.

0=3

6~9

9-12
12-15
15-18
18-21
21=24
R4=27

GROCHEMICAL RESULTS - HOLE NOs12, 4208, 140F
Nil 200 8 25 15 4 8
Nil 1500 15 - 30 20 12 7
Nil 4000 40 150 20 3
Nil 2500 40 60 40 15 2
Nil 1700 50 60 40 20 1
Nil 2000 40 g0 25 25 8
Nil 500 10 20 6 3 2
Nil 1500 40 60 10 15 3
Nil 1200 50 200 12 10 -1
Nil 1200 50 100 18 15 2
Nil 1200 30 80 20 15 2
Nil 700 25 40 15 18 1
1000 50 80 30 25 1
1000 40 150 25 20 1
Nil 1200 60 150 25 20 2
Nil 700 15 100 18 18 4
Nil 600 18 60 15 15 6
800 30 80 15 18 5
50 20 20 12 18 -1
200 20 25 15 40 2
800 40 150 18 40 A

GEOCHEMICAL SAMPLING — NORTHERN STAR,
GEQCHEMICAL, RESULTS = HOLE NO.14,

TENNANT CREEK.

150
150
150
300
300
100
400
1000
1500

8
20

50
600
150

30
200

40

50
150
200

3008, 220F

20 25 5
30 25 10
25 25 6
20 25 5
25 25 2
15 30 4
20 25 5
15 20 4
15 25 4



050355
050366
367
368
369
370
050373
374
375
376
377

- 378
379
380

382
383

385

g &

388
389
390
3
392

050393
394
395
39
397
398
9%
400

054210
211
212

054205

10.

27-30 3000 250 500 15 50
30-33 5000 100 700 10 40
33-36 1000 10 100 10 10
36-39 200 10 100 10 8
39-42 400 25 600 15 25
4245 250 40 600 15 25
45-48 200 30 250 20 50
4851 200 15 250 20 60
51=54 200 40 300 12 60
54=57 2000 20 50 30 70
57-60 2000 200 50 15 50
60-63 2000 60 40 15 25
63-66 1500 80 150 20 60
66-69 2500 70 200 25 30
69-72 2000 20 400 20 40
72-15 2000 12 80 12 20
75-78 4000 50 200 20 70
7881 3000 50 100 20 70
81-84 6000 60 100 25 60
84~87 5000 50 60 25 70
87-90 4000 50 60 25 70
90-93 6000 80 50 20 60
93-96 6000 60 40 20 50
96~99 1000 10 20 15 15
99-102 2500 80 25 15 50
102-105 7000 700 150 18 50

GEOCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL, RESULTS ~ HOLE NO.15 3008, 300F

0-3 Nil 500 30 60 20 40
3-6 Nil 500 30 40 25 150
6~9 Nil 500 30 40 25 100
9-12 Wil 150 15 25 25 60
12-15 Wil 500 15 25 25 150
15-18  Nil 80 8 25 25 80
18~21  Nil 250 30 40 40 40
21-2, w1l 400 30 30 30 60
27-30  Nil 250 50 40 20 25
3033 Nil 600 50 40 20 20
33-36  Nil 600 40 30 25 40
36=-39  Nil 200 30 30 30 25

—
(& e N S T N S SR U S GG TN S (PO S SRR g

e S G
G\QWOOO;\

10
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+ 24=271 not sampled.



054206
207
208
209

054227
228
229
230
232
231
R33

054238
239
240
241

054247
U8
249
250

054101
102
103
104
105
106
107
108

054213
214
215
216
17
218
219
220
221
222
223

24,

205

226

39~42
42=45
4548
48-51
5154
54=57
57-60

96~99

99-102
102-105
105-108
108~111
111-114
114=117
117=120

GEQCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS ~ HOLE NO.16, 2603, 200E

0-3

36

6=9

12
12-15
15-18
18-21
21 =24
=27
R7-30
30-33
33-36

39-42

Nil
Trace
Nil
Trace
Trace
Trace
Trace
Trace
0e2
O3
Nil
Nil
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Ce3
Nil
Oe3
0e3
Trace
Ol
Trace

Trace

Nil

Trace

Trace

Trace
Trace
Trace
Trace
Tracs

Trace

300

250

500

500
1000
2000
3000
1000

600
3000
1200
1500

700

150
3000
2000
2000
2000
1500
1500
3000
7000
2500
4000
3000
7000
5000

100
1200
300
400
600
300
1000
1000
2500
1500
1500
1200

1000

800

1.

30
40
30
40
60
g0
100
60
50
150
70
50
50

23Sy

70
60
50
40
100
30
40
50
150
70

40
50
40
50
50
150
150
40
20
100

500
150

30
150
200
200
200
250

50

80
250
200
200
200
250
250

30
20
18
10

12
15
15
15

,

2
25
25
18

20
18
20
15
25
20
15
15
18
18
15
15
15

SBEaBRERA

20
100
60
50
80
70
100
70
600
150
60
200
70
40

20
50
60
80
30
50
100
100
200
150
150
100
400
200

20
20
15
15
18
10

8

8
12
12
15
20
15
15

20
20
50
40
30
20

40

30
50
60
15

+ 10

10
15
25
25
40
25

15
80
60
70
60
60
50
60
80
250
150
150
150
60

VW = =t A\

LA

VW N NNW NS S DS AN =W NN

10

15

15
20
25
50
80
40
40



054234
235
236
237

054242

050401
402
403
404

054005

33888

o1
012
013
014
015
016

054109
110
111
112
13
114
115
116
117
118
119
120
121

42-45
45=48
48~51
51=54
54=57
57-60
60-63
6366
66~69
69=72
72-75
75-78
78-81
81=84
84=87
87-90
90-93
93-96
96-99
99-102
102-105
105~108
108-111

111-114 Trace

GEQCHEMICAL SAMPLING = NORTHERN STAR
GEQCHEMICAL RESULTS ~— HOLE NO.

0-3
36
6-9
9-12

12-15

15-18

18=21

21-2

27-30
30-33
33-36
36-39

Trace

Trace
Trace
Trace

Nil

Nil

600

700
2000
2500
2500
5000
=500
1500

700

600
1200
3000
2000
2000
1500
2000
1800
2500
2000
3000
4,000
2500
2000
1800

600
800
500
250
300
500
1000
2000
3000
700
1200
150
500

12

60

50

60
200
500
400
600
4,00
200
250
250
500
100
300
400

250
50
50

400

500

250

300

100

50 25
200 20
40 18
150 25
100 20
40 25
50 20
40 20
30 15
40 15
50 15
40 15
30 15
30 15
30 15
40 15
40 15
50 18
50 15
250 15
200 20
300 20
250 20
300 18
TENNANT C
26 O0E

50 20
50 25
50 25
250 20
200 25
80 30
200 15
250 15
400 15
30 12
30 15
b4 10
30 15

Ke

60
80
60
150
150
150
150

300

- 500

500
300

80
100
200
200
250
250
200
200
250
250
250
200

18
20
20
14
20
20
30
50
70
50

50
&0

50
30
100
70
150
150
150
50

60
50
70

250

40

60
500
300

80
40
50
40

A I I O ;" B T o T > B T o6 B .0 R UV



138

GEQCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CREEK.
CGEOCHEMICAT, RESULTS -~ HOLE NO.18, 2208, 220F

054017 0-3 1600 100 200 20
018 3-6 2000 20 400 15
019 6~9 1800 15 50 15
020 9-12 2500 150 500 20
021 12-15 500 200 400 20
022 15=18 700 250 80 30
023 18=21 2000 250 600 20
024 21=2/, 1200 70 300 15
025 s 3000 80 500 15
026 27-30 2000 400 600 15
027 30-33 1200 80 500 12
028 33-36 3000 200 600 15
029 36=39 4000 250 700 12
030 3942 1800 70 400 10
031 L2=45 2000 80 400 12
032 45~48 2500 70 600 10

054033 £,8-51 250 50 100 6
034 51u5, 400 30 150 18
035 5457 150 10 60 8
036 57-60 500 20 60 15
037 60~63 1500 150 200 8
038 63=66 2500 250 200 6
039 66~69 1000 70 50 15
040 69-72 250 60 100 15
041 7275 150 30 60 8
042 75-78 1000 50 40 6
043 78=81 2000 60 70 15
0L 8184 3000 80 150 12
045 84-87 2500 60 100 5
046 87-90 3000 80 150 6
047 90-93 4000 60 100 7
048 93-9% 4000 15 100 4
049 96=99 5000 30 200 5
050 99=102 4000 15 20 8
051 102=105 3000 25 100 5
052 105~108 2500 40 50 4
053 108111 2500 40 50 8
054 111-114 4000 20 70 10
055 114=117 4,000 50 150 15
056 117-120 5000- 100 12

150

00 Ot P~ woswWw DN WOy O

-
Un

12
10
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GEOCHEMICAL SAMPLING — NORTHERN STAR; TENNANT CREEK.
GEOCHEMICAL RESULTS ~ HOLE N0.19, 2608, 500E

ow 83818

-—
o ~

Y
& 8

S W N WSS NN S WSSOy W,

054122 0-3 400 70 80 15 50
123 3-6 1500 50 50 15 50
124, 6-9 1200 60 60 12 25
125 912 Nil 1000 10 100 10 20
126 1215 N1 ' 1200 12 250 15 30
127 15«16 mM1° 1500 12 200 8 30
128 18-21 1700 100 300 15 50
129 2124 2500 400 100 g g0
130 227 2000 150 80 30 80
131 27-30 2500 500 300 15" 50
132 30=33 4000 600 400 18 50
133 33-36 1200 100 80 12 30
134 36-39 1000 50 30 10 20
135 39-4,2 1200 60 30 12 40
136 42=45 s 1200 60 30 10 30
137 4548 800 80 50 10 15
138 4851 600 50 40 6 15
139 5154, 500 200 30 15 15
140 5457 2000 500 150 g 30
141 5760 1000 300 150 15 100
142 6063 800 400 150 g 25
143 6366 300 150 40 15 20
144 6669 200 70 200 10 15
145 69-72 200 70 150 15 15

+ Gold tail in dish € 0.5 dwt/ton.
GEOCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS = HOLE NO+20, 3408, A6CE

054146 -3  Nil 200 3 30 5 d
147 3-6 Nil 500 5 - 20 5 5
148 6-9  Nil 500 70 20 15 15
149 =12  Nil 400 70 20 18 20
150 12-15  Nil 400 100 20 10 30
151 1518  Nil 200 100 =20 g 12
152 18-21  Nil 100 50 =20 10 10
153 21~24  Ni1 250 200 20 g 15
154, U~ Nil 500 100 50 15 50
155 27-30 Ml 400 - 100 =20 10 20
156 30-33 Wil 150 50 70 15 10
157 33-36  Nil 200 60 60 18 12
158 36~39 Wil 200 50 30 15 10

159 39%-42 0e2 200 20 40 8 8

—
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054160
161
162
163
164
165
166

054057
058
059
060
061
062
063
064,
065
066
067
068
069
070
on
072
073
07
075

054167
168
169
170
mn
172
173
174
175

176 -

177

42=L5
45=48
48-51
51=54
54=57
57-60
60-63

GEOCHEMICAL SAMPLING -~ NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS — HOLE NO.21, 3008, 380

0-3

6-9
912
12=15
1518
18=21
212,
221
27-30
30-33
33=36
36=39
39=42
4215
4548
4,851
5154,
5457

GEQCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREUEK,
GEOCHEMICAL RESULTS — HOIE NOe22, 380S, 380E

0=3

6-9

9-12
12-15
15-18
18-21
21-24

27-30

30-33

Trace
Trace
Nil
Nil
Nil
Nil
Nil

250
500
500
300
600
400
800

100
400
200
.20
150
200
400
150
1000
700
200
250
180
200
800
80
250
150
50

15

70
200
250

25
200
200
400

25
50
50
50
30
50
150
60
150
70
60
70
80
40
100
30
40
50
60

150

250
100
300
300
500

~ 20
- 20
20
w 20
20
25
50
40
70
100
40
20
- 20
20
30
20
20
25
20

Nil
Trace
Trace
Trace
Trace
Nil
Nil
Nil
Nil
Nil
Nil

200
300
250
150
400
150
300
200
500
250
200

20
15
8
15
15
50
60
100
180

& &

20
20
25
20
40
20
30
25
30
30
40

10
30
30
15
30
30
30

o0

30
30
50
50
30
15
25
10
12
15
15

15
30
50
12
25
25
25

12
1R

15
25
40
25
50
25
25
30

GREBR

25
20
15

10

20

20
15
20
12
12
10
15

0o N Wt w oy~ O

10

10
15
15
10
12
12
10

12
12

N~ W

15
20

15
15

10
10
12
12



054178
179
180
181
182
183

054076

078
079
080
081
082
083
084,
085
086
087
088
089
090
o
092
093
094

054184
185
186
187
188
189
190
1N
192
193

33-36
3%~39
39-42
4R2=45
45+48
48-51

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

Nil
Nil
Nil
Nil
Nil
Nil

1200
1200
800
700
700

800

16.
80
20
70
50

50
100

0-3
3-6
69
9<12
12-15
1518
18-24
2124,

27-30
3033
33-36
36-39
39-42
4_~45
45=48
48-51
1=54

54=57

GEOCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREEK.

0-3

6~9

9-12
12-15
15-18
18-21
21=24
24=27
27-30

Nil
Nil

Nil
Nil
Nil
Nil

Nil

Nil
Nil
Nil

Trace

250
200
300
200
300
400
500
400
400
1500
1000
400
300
1000
800
600
1500
1200
800

150
150
300
150
150
250
250
150

60
200
100

50

60
150
100

60
300
200
200

50
50
50
40
50
60

20
12
15
40
25
30

25
25
25
-20
20
-20
20
25
20
20
25
40
25
40
50
40
50
60
50

GEOCHEMICATL RESULTS — HOLE NOe24, 3405, 100
Nil 150 20 30 25
Nil 150 25 30 25
Nil 100 5 30 15
100 10 30 15
Nil 250 40 150 30
Nil 250 15 150 40
Nil 500 40 70 10
1500 150 200 10
Nil 400 15 200 10
400 15 150 10

GEOCHEMICAL RESULTS = HOLE N0.23, 380S, 300E

25
12
12
12
10

—
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30

15
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2
10
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G 88w

10
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15
15

10
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17

05419 30-33  Nil 2000 250 150 15 25
1% 33-36  Nil 1500 250 150 15 15
1% %-39 1500 150 200 15 10
197 39-42  Nil 2000 80 200 8 3
198 42-45 Wil 2000 20 200 8 5
199 45-48 500 6 40 3 -1
200 48-51 700 8 50 2 -1
201 51-54 800 8 80 3 - 1
202 5457 800 8 100 7 1
203 57-60 1500 20 200 10 3
204, 60-63 2500 60 100 15 6

GEOCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS ~ HOLE N0.25, 6 0

054095 0-3 80 5 20 6 2
0% 3-6 150 7 25 5 6
097 6-9 70 7 20 8 8
098 912 150 6 25 8 4
099 12-15 200 7 30 8 5

054100 15-18 100 5 20 5 6
101 18-21 100 4 20 6 6
102 2124 40 4 20 5 2
103 2421 60 4 20 5 2
104 27-30 50 4 20 5 2
105 30-33 40 3 20 4 2
106 33-36 50 g 20 L 3
107 36-39 150 10 25 5 5
108 39=42 400 10 40 15 4
109 42=45 300 40 30 4 6
110 45=48 300 30 50 A 5
111 4851 500 80 70 5 5
112 5154 500 60 50 7 5
13 5457 400 30 30 5 5

GEOCHEMICAL SAMPLING ~ NORTHERN STAR, TENNANT CRERK.
GEOCHEMICAL RESULTS - HOLE NO.26, 5608, 300E

050414 0-3 30

5 20 20 4
415 3-6 25 4 20 12 3
416 6-9 25 3 20 10 1
7 %12 20 3 20 8 1
418 12-15 25 3 25 12 1
19 15-18 15 4 25 12 -1
420 18-21 25 4 25 12 -1
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050421

423

425
426

SBER

43
432
433

050434
435
436
437
438
439
440
LA

sEEESR

LLT
448
449
450
451
452
453

21-24
24=27
27-30
30-33
33-36
36-39
39-42
42=45
45-148
48-51
51=54
5457
57-60

40
30
30
40
25
40
30
50
25
25
20
20

15

-t
o
e

o QNS T« N= SN, BV R O

25
30
30
40
25
25
25
30
25
25

25
25
30

15

15
15
15
10

10
15
15
10
15
18
18

P e e

-1

_ A =

GEOCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREEK.

200
150
200
80
100
60
80
150
80
100
60
50
40
25
25
50
25
20
25
20

O =1 W1 U1 =2 W N W WNWWNNMDMND WS~~~ Wm

25
20
20
-20
20
20
20
20
20
20
20
25
25

25
30
30
25
25

25
30

GEQOCHEMICAL RESULTS - HOLE NO.27, 5405, 380F

12
15
12
15
15
15
25
25
5
20

6

5
10
10
10
12
12
10
10
12
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19.

GEOCHEMICAL SAMPLING - NORTHURN STAR, TENNANT CRIEK.

GEOCHEMICAL RESULTS - HOLE NO.28; 6608, LOOE
050454 O 15 4 25 10
455 3=6 50 1 40 8
456 6-9 40 2 L0 )
457 9-12 30 1 30 8
458 12-15 60 1 60 10
459 15=18 80 2 20 12
460 18-21 150 1 150 10
461 21-24 50 1 50 6
462 2=27 40 1 30 8
463 27-30 150 % 50 12
464, 30-33 80 1 40 10
465 33-36 50 1 25 15
466 36-39 70 3 30 20
467 39-42 200 1 50 10
468 42=45 g0 1 25 15
469 45=48 60 2 20 20
470 48=51 50 1 25 20
4 515 50 5 25 20
472 54=57 40 3 20 15
473 57-60 60 3 20 12
GEOCHEMICAL, SAMPLING — NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS — HOLE NO0.29, 7208, 300F
050474 0-3 40 8 30 8
475 3=6 50 4 40 10
476 6-9 30 7 25 15
LT 9=12 40 7 25 12
478 12-15 25 6 25 12
479 15-18 25 4 30 25
480 18-21 60 6 50 25
481 21=2/ 50 4 40 10
482 24=27 30 2 50 15
483 27=30 20 2 30 15
48/, 30-33 25 1 30 12
485 33-36 20 1 30 15
486 36-39 50 1 30 12
487 39-42 25 2 40 15
488 L2=45 25 2 80 12
489 45=48 30 2 150 8
490 48=51 30 1 100 6
49 5154, 25 -1 200 5
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050492
493

050494
495
496
497
498
499

050500
501
502
503
204
505
506
507
508
509
510

050511
512
513
514
515
516
517
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GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.

GEOCHEMICAL RESULTS - HOLE NO.30, 7608, AOOE

GEQCHEMICAL SAMPLING - NORTITERN STAR, TENNANT CREEK.
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GEOCHEMICAL, RESULTS - HOLE NO.31, 8008, 450F
70 5 25 8
60 5 20 7

100 6 25 15
200 15 50 15
300 3 60 6
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500 4 70 10
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300 10 100 g
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050523
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531
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050534
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538
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541
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21,

GEQCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CREEX.
GEOCHEMICAL RESULTS - HOLE NOe32, 6608, 500E

0~3 40 5 50 10 3
36 40 A 100 8 4
6-9 50 3 200 3
9-12 50 5 80 5

12-15 60 5 200 12 7
15-18 60 8 60 ¥ 10
18-21 50 7 100 8 8
21=2/, 100 5 150 7 10
2/=27 80 3 100 7 10
27=30 80 3 100 5 5
30-33 80 2 100 5 4

GEQCHEMICAL SAMPLING — NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS — HOLE NOa 600

03 100 10 150 25 6
3-6 100 3 100 20 4
6-9 200 3 150 20 . 3
9-12 300 3 250 20 10
12-15 100 5 150 25 ?
15-18 200 5 200 15 6
18-21 250 L 150 8 3
2124, 250 20 150 60 12
U2 200 4 100 18 5
27-30 200 15 150 25 5
30-33 300 50 80 40 7
33-36 500 10 150 15 3
36~39 300 40 150 15 3
39=42 300 30 80 10 4
4i2=L5 250 50 80 18 6
4548 700 300 150 15 A
48-51 250 40 50 18 3
51=54, 300 60 100 18 5
54=5T7 500 150 200 15 5
© 57-60 300 50 100 8 2
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22,

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAT, RESULTS = HOLE NO.

050554 0-3 200 12 50 10
555 3-6 100 2 40 7
556 6-9 70 1 30 5
557 9=12 200 3 30 7
558 12«15 250 3 30 7
559 15-18 200 4 30 10
560 18-21 200 3 -20 8
561 212/ 250 8 20 12
562 2427 150 5 25 10
563 27-30 200 2 20 5
564 30-33 200 3 25 6
565 33-36 250 1 20 5
566 36-39 250 1 20 4
567 39%=42 300 3 30 A
568 L2=15 300 10 50 L
569 45=48 150 5 50 4
570 48-51 150 5 60 3
57 51=54 300 6 80 4

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RFSULTS - HOLE NO.135, 7408, 120F

050572 0-3 400 8 25 6
573 36 80 6 30 3
574 6-9 300 30 g0 2
575 9-12 250 50 70 2
576 12-15 300 50 80 1
577 15-18 500 60 150 1
578 18-21 400 40 100 2
579 21-24 300 30 150 2
580 2L=27 250 25 100 2
581 27-30 200 20 150 i
582 30~33 400 15 200 1
583 33-36 200 15 100 1
584 36-39 600 60 250 2
585 39-42 300 40 250 2
586 42-45 400 10 200 5
587 45-48 500 30 200 7
588 4851 300 15 180 8
589 51=5/, 400 40 150 8
590 54=57 200 8 80 7
591 5760 500 60 200 15
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R3e

GEOCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CRELK.
GEQCHEMICAT, RESULTS = HOLE NO. 8 00!

050592 0-3 40 4 50 6
593 3-6 50 3 60 5
594 6-9 50 2 50 5
595 9-12 30 1 100 5
59 12~15 25 2 50 4
597 15-18 20 1 70 3
598 18-21 15 1 60 7
599 _21=24 30 1 60 5
600 227 40 1 50 4
601 27-30 50 1 50 7
602 30-33 30 1 60 10
603 33-36 60 1 80 10
604 36-39 120 1 80 7
605 39-42 100 1 70 7
606 42=45 60 1 80 7
607 45-48 60 4 150 7
608 48=51 30 1 100 5
609 51=54, 30 1 120 6

610 5457 40 1 100 7
611 57-60 40 2 80 8
GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS - HOLE NO. 100W

050612 0-3 50 4 50 15
613 3-6 40 3 80 12
614 6~9 30 1 20 8
615 9-12 10 1 - 20 7
616 12-15 25 1 30 10
617 15-18 25 1 40 7
618 18-21 80 3 60 20
619 21=2/, 25 1 20 10
620 227 50 2 40 12
621 27=30 40 1 50 8
622 30-33 40 1 60 8
623 33-36 50 2 60 8
624 36~39 70 2 50 8
625 39-42 60 3 30 8
626 L2=45 50 1 150 8
627 45=48 60 2 120 4
628 48~51 60 1 120 6
629 51=54 70 2 70 8
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GEOCHEMICAL SAMPLING - NORTHFRN STAR, TENNANT CREEK.
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GEOCHEMICAL RESULTS - HOLE NO.38, 800S, 2004
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GEOCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CREEK.
CAT RESULTS - HOLE NO.
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54=57
57-60

GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEQCHEMICAL RESULTS — HOLE NO..O, 4608, 60E
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36
6-9
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GEOCHEMICAL SAMPLING -~ NORTHERN STAR, TENNANT CREEK.
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GEOCHEMICAL RESULTS - HOLE NO,41s 4208, 60
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GEQOCHEMICAL SAMPLING — NORTHERN STAR
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GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CRELK.
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GEOCHEMTCAL, RESULIS = HOIE NOeA3, 450N, 200F

| 80 30 40 2
100 15 50 2

200 12 60 1

150 25 50 2

150 30 20 3

250 30 20 5

250 50 20 L

200 4 20 A

250 7 20 5

80 10 ~20 4

150 10 =20 6
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GEOCHEMICAL SAMPLING = NORTHERN STAR, TENNANT CREEK.
GEOCHEMICAL RESULTS — HOLE NO4l, AOON, 250F
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GEOCHEMICAL SAMPLING - NORTHERN STAR, TENNANT CREEK.
GEQCHEMICAL RESULTS - HOLE 013, 3805, 2208
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050130
50076+
0502859
292
293
294 +
295
296
297
298
312
313
314
315 +
316
317
318
321 +
322 +
323
050186
187
188
1£9
190
191 +
172
193
194
195
196
19¢
199
200
050201 +
202 +
203
204
205
206 +
207
208
265
267 +
268
269
278
279
280

LPPENDIX 2

COMPARISCON OF f.M.D.L. 4LND B.M.JHe SNGLYSES

__ __ COPPER  COBALT ZING - CLED
AITDL LoiaR. AMDL B.M.R. AMDL B.itR. AMDL Bl
Grid Goord. Depth Spee LiS Spec Spec  &hS  Spec Spec  LAS  Spec Spec and
3808 140 5760 250 240 200 50 40 40 150 60 18 ~120
34058 140L £48-51 1800 1100 1500 12 50 40 800 180 12 <220
3408 300E 3-6 700 280 200 60 60 40 80 40 50 40
12-15 400 220 200 40 50 30 50 20 40 <20
15-18 1000 350 300 30 50 40 60 40 50 40
16-21 1500 240 200 150 45 40 80 40 300 30
21=24, 700 270 200 50 55 40 80 45 50 30
24~27 1000 280 200 30 65 70 60 45 30 <20
27-30 2000 550 500 150 100 70 150 60 70 <720
30-33 1500 600 500 4G 110 70 200 75 40 120
36-39 1500 430 500 15 65 50 80 50 25 <20
39-42 2000 920 800 0 160 150 60 50 60 100
4R~45 3000 1000 1500 60 160 150 200 65 80 90
45~48 4000 1800 1000 150 240 200 250 70 40 720
48=51 2500 1100 1000 70 200 150 250 90 50 30
51-54 3000 860 800 100 170 150 500 150 200 110
54=57 3006 1100 1000 80 90 50 600 160 200 160
57-60 4000 1400 1000 80 210 200 2000 300 400 280
6063 5000 1400 1000 400 220 150 2000 300 200 210
63-66 5000 1600 1000 300 220 150 1500 240 250 150
4208 20W 54=57 2000 €60 1000 70 60 70 50 25 18 220
57-60 2000 1100 1500 80 70 80 50 55 15 2220
60~63 6000 2900 3000 100 180 100 250 20 12 2720
6366 6000 3200 300G 200 23 150 200 95 15 <. 20
66-69 2500 1400 1500 50 & 7C 80 40 10 720
69-72 3000 700 1000 250 50 50 100 30 10 220
72-175 600 380 500 20 30 40 30 25 g £
75-178 800 410 500 50 50 70 100 35 uB5 20
7861 1500 400 300 040 c 100 40 15  ~20
£1-84 800 320 300 30 35 30 80 25 10 220
8487 1000 250 500 60 25 40 4O 20 20 <20
90-93 1000 40C 300 60 70 40 200 40 15 <20
93-96 7O 320 300 70 50 50 150 5 18 <720
J5=99 000 480 300 60 65 70 200 65 20 =20
4208 300E 0-3 3000 1600 1500 80 290 300 40 50 20 <20
3-6 2000 1500 1000 70 230 150 50 50 25 .20
6-9 2000 1500 1500 80 270 200 30 50 25 2120
9-12 2000 1100 500 500 260 150 30 50 20 <20
12-15 2000 680 700 70 170 150 30 30 30 .20
15-18 1500 1100 700 70 310 200 25 35 20 .2
18-21 1500 1500 1000 60 370 300 20 50 18 720
21-24 1200 770 500 40 170 80 20 30 18 220
57-60 7000 4000 5000 500 350 300 100 100 20
63-66 2500 2400 3000 30 280 300 100 90 15 <720
66-69 2000 1100 2000 30 140 200 150 &0 20 < 20
69-72 5000 2500 2000 250 320 300 400 100 20 30
78-81 4000 2500 1500 300 280 100 200 110 25 £ 20
81-84 7000 4500 3000 250 400 150 300 200 25 <20
84~-87 5000 3900 2000 300 330 300 500 190 25 < 20

+

Sent to A.M4.D.L. for rechcck.



APPENDIX 2

COMPairISCH OF A.MoD.L. 4LND B.M.E. G0GLYSES

____ _COPPER  GOBALT o ZING _LED
AIDL | EJGLR, ANDL B.M.R. AKDL B.l:.R. ALIDL BME
Sample S
No. Grid Coord. N Depth Spec Li4S Spec Spec  LAS _Spec Spec  L&S  Spec Spec 1S
050130 3808 140% 57-60 250 24,0 200 50 40 40 150 60 18 ~120
C50076+ 3408 140E 48-51 1800 1100 1500 12 50 40 800 180 12 <20
050289 3408  300E 3-6 700 280 200 60 60 40 80 40 50 40
292 12-15 600 220 200 40 50 30 50 20 40 <20
293 15-18 1000 350 300 30 50 40 60 4O 50 40
294, + 1621 1500 240 200 150 45 40 80 4O 300 30
295 21-24 700 270 200 50 55 40 80 45 50 30
296 24~27 1000 280 200 30 65 70 60 45 30 <20
297 27~30 2000 550 500 150 100 70 150 60 70 <20
298 30-33 1500 600 500 40 110 70 200 75 40 .20
312 36-39 1500 430 500 15 65 50 80 50 25 <20
313 39-42 2000 920 800 L0 160 150 60 50 60 100
314 4215 3000 1000 1500 60 160 150 200 65 80 90
315 + 4548 4000 1300 1000 150 240 200 250 70 40 720
316 LE=51 2500 1100 1000 70 200 150 250 90 50 30
317 51-5/, 3000 &40 800 100 170 150 500 150 200 110
318 5457 300C 1100 1000 80 90 50 600 160 200 160
321 + 57-60 4000 1400  100C 80 210 200 2000 300 400 250
322 + 60-63 5000 1400 100G 400 220 150 2000 300 200 210
323 63-66 5000 1600 1000 300 220 150 1500 240 250 150
050186 4208 2CW 54=57 2000 €80 1000 70 60 70 50 25 18 <20
187 5760 2000 1100 1500 80 70 80 50 55 15 2220
188 60-63 6000 2000 3000 100 180 100 250 20 2 720
169 63-66 6000 3200 3000 200 230 150 200 95 15 <20
190 66-69 2500 1400 1500 50 & 70 80 40 10 720
191 + 69-72 300C 700 1000 250 50 50 100 30 10 720
172 72-75 600 380 500 20 30 0 30 25 8 <20
193 7578 800 410 500 50 50 70 100 35 235 £20
194, 7861 1500 400 300 0 40 o 100 40 15 ~20
195 £1-84 800 320 300 30 35 30 8 25 10 2220
196 £4-87 1000 250 500 60 25 40 4O 20 20 <20
192 90~9 1000 40C 300 60 70 40 200 40 15 <20
199 93-96 e 320 300 70 50 50 150 45 18 720
200 L 5=99 4000 480 300 6C 65 70 200 65 20 - 20
050201 + 4208  300E 0=-3 3000 1500 1500 €0 290 300 40 50 20 < 20
202 + 3-6 2000 1500 100G 70 230 150 50 50 25 .20
203 6-9 2000 1500 1500 80 270 200 30 50 25 20
204, 9-12 2000 1100 500 500 260 150 30 50 20 =20
205 12-15 2000 680 700 70 170 150 30 30 30 .Z20
206 + 15-18 1500 1100 700 70 310 200 25 35 20 20
207 18-21 1500 1500 1000 60 370 300 20 50 18 =20
208 21~24, 1200 770 500 40 170 80 20 30 18 .20
265 57-60 7000 4000 5000 500 350 300 100 100 20 <0
267 + 63-66 2500 2400 3000 30 280 300 100 90 15 <20
268 6669 2000 1100 2000 30 160 200 150 &0 20 <« 20
269 69-72 5000 2500 2000 250 320 300 40C 100 20 30
278 78-81 4000 28500 1500 300 280 100 200 110 25 £ 20
279 81-84 7000 4500 3000 250 400 150 300 200 25 <20
280 8/~87 5000 3900 2000 300 330 300 500 190 25 < 20

+ Sent to 4.1X.D.L. for rechcck.
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GOLD MINE , TENNANT CREEK, N.T.

DRILLING AND GEOCHEMISTRY OF IRONSTONES

Plate 3

Ironstone Types and Position of Holes
{ v ‘
200 W OO W a 000 G \IOO E // 200E 300E 400E 500E 600 E 7TO0E
\ /
\\ ’l
\
| |
/ \
/ l
l
A
i
—
p—|
MAIN —
S 000
000 2 SHAFT \
A\
3
~ — S P
-~ \L‘/ﬁ(
vl /m‘/ /\
—-—-17’0“ /
DDH15
00S _ O 100S
L % x !
[‘;
(1 \
50
200 S 2008
b2)
/i
3005 7 300s
7/ 9/
oll /
No 20 //
s Z
Nol3 7 No 23 > X o]
400S - - > Al 72 — \ 400
: ) e
& \
2 % | C : ]
{ v
\-
o) \\ 4]
S ¥ 0
%0 . ~D ,ﬁ
N \\ = |
500 S O- \ pa — v \ \500S
35) / // s
25 2 70
— ,/ // /‘_
ya ,
so// 7
Nco> 26 QNd27
/—\\
TAILIN DAM 0
6S | B - . 0O 6005
—
0
65 &0
- 30
5 -
20 %{ ~ ) 35
No 3 NGy
Q c,/ N No28 No 32
& é7/ O /5 O 0 20
/ 9’ =55 ~
% E___/ 20 K
55
™~ AT No34 \_ _— Y /%
TOOS e i - Q\\) \ R e —~ £ _y @, (5_ — S // L : 700S
e 7 7 //
A 3 6§ No 29 o 7
o R 7 O f
\ ‘§ /"j /®-,\ 20 >&
» / .A
A \ P No 30
\ g
%; /J 4
g \
\ \\\\\\ Ng 37 No 36 i % .
800S- \’\Q 4 \\\'A \\' 7/ 9 ) 800S
\ \ v /
N \\ % %
o= H
200w IOOW 000 IOOE 4/ 200E 300E 400E 500 E 600E 700E
Reference
Mossive quoartz hematite N66 Collar ond number of Waggon drill hole. 6:0 Plunge of minor syncline
Primary intrusive ironstone
Massive quartz hematite and manganiferous hematire. T Geologrcal boundary _ -}. Plunge of minor anticline
J /// Quartr jasper hematite (replaced and silicifred pink siltstone ) Foulr. ° Relic foliarion in replaced sediment (bedding or cleavage )
. q . .
Replaced sediments } Cellulor hemotite - /lorange shoped boxwork and ribwork — Quartz veins or dyke. m Mine shaft (aof accessible)
t in hemartite (partly replaced hematire shale.) ~ 70 Bedding frend with dip of bed. D Concrate bose of old building.
Secondary ironstone \\ 8orryoidal and mammriliary hematite, [imonite and goerhite. 22, Cleavage trend with aip cf cieavage. Q Road
Sedimentary rocks, hematite shale, siitstone , greywacke — Cieavuge trend with vertical dip. / Stream
and ftuffaceous sandstone — 80 Plurge of lneation parallel to fold axis. Abr—mnmuyp Geochemical section line
40 20 0 40 80 120 160 COOFEET
— e —— = ey —
Bureou of Minera/ Resources, Geology and Geophysics. Februory 19665. To accompany Record 1965/48

E53/A14/74 JK




parts per million

NORTHERN STAR - GEOCHEMISTRY Plate 4
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Plate 5
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. PLATE 6.
NORTHERN STAR COPPER DISTRIBUTION - SURFACE SAMPLES
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PLATE

STAR COPPER DISTRIBUTION - MEAN OF WAGGON DRILL SAMPLES:
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NORTHERN

GEOCHEMICAL

ANALYSES

STAR

SECTION
FROM WAGGON

AB
DRILL

HOLES

Plate 8

Copper

Analyses

NE

No2. No 24
B ..
4 30’
4 60’
4 90’
> /50 p.p.m. copper 150 - 1200 ppm. copper 1200 -6000 pp.m. copper 4120’
Cobadl
No 2. No24 No 18 B
o
430’
- 60
490’
.1 > 90 ppm. cobalt 40— 130 p.p.m. cobalt 130 - 300 p.pm. cobalt > 300 ppm. cobal? ~-?:' :'!l;' 700" Ji20'
L]
LZinc Analyses
A No 2. No 24. B
0 ol
430
460
- 90’
> 30 ppm zinc 30 - 400 ppm. xinc > 400 ppm. zinc ‘+ ,
120
Lead Analyses
No2.No 24 B
o'
- 30
W &0’
4 90’
3 -30 ppm. lead 30-80 ppm. leod 328 > 80 ppm. lead 4120'
Hole No 7 - On section [ Waggon drill hole on section with geochemical analyses
Hole No | - Projected 22 feet NW. r of 3 foot interval in parts per million.
Hole No 2 — Projected 40 feet S.E. | Waggon drill hole projected from near side with geochemical
: . ' analyses of 3 fee! interval in parts per million.
Hole No 24 — Projecred [0 feet NW. T A
. . Waggon drill hole projected from For side with geochemical
Hole No 3 — Projected 40 feer NW l agnalyses of 3 feet interval in parts per million.
Hole No 4 — Projected 22 feel SE. '
4 A/l results in parts per million spectrographically onalysed by AMOL. Adelarde .
Hol/e No 16 — Projected (5 Feel! NW.
B 30 o 30 60 feot
Hole Mo /8 — Projected & feer SE. L ke ke 4
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NORTHERN STAR - SECTION CD e
GEOCHEMICAL ANALYSES FROM WAGGON DRILL HOLES
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Plate IO

NORTHERN STAR HOLE No2 300S 60E
LOG OF GEOCHEMICAL RESULTS
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NORTHERN STAR - HOLE

Comparison of lithology and geochemical Distribution
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Minerao/ February 1965 To accompany Record [965/48 ES53/A14/80 JK
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Comparison of lithology and geochemical Distribution
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PLATE I8

OLertia
LONG SECTION E-F STRUCTURE, MAGNETICS AND MINERALISATION

NORTHERN STAR, TENNANT CREEK
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