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DEPARTMENT OF MINES AND ENERGY
GEOLOGICAL SURVEY

SOUTH AUSTRALIA

REPORT BOOK 97/10                                                                                                          DME NO
87/95

SOUTH AUSTRALIAN STEEL AND ENERGY PROJECT
COOBER PEDY IRON ORE INVESTIGATION
GIFFEN WELL PROSPECT

M B Davies, B J Morris
and P P Crettenden

As part of the South Australian Steel and Energy Project, MESA targeted Palaeoproterozoic Banded Iron
Formation at Giffen Well as a possible iron ore resource.  Ground magnetic, gravity and drilling
programmes have identified an Inferred Resource of about 290 Mt to 150m depth of magnetite BIF grading
33.7%Fe.  Smaller adjacent untested magnetic anomalies represent a further possible resource of about 100
Mt of magnetite BIF.  Preliminary beneficiation tests suggest that a high grade iron concentrate of about
69%Fe with very low levels of alumina and phosphorous may be readily produced.

INTRODUCTION

As part of the South Australian Steel and Energy Project (SASE) Mines and Energy, South Australia

(MESA) commenced a search for iron ore on the northern Gawler Craton in January, 1995.  The project, in

conjunction with Meekatharra Minerals Ltd (MML) and Ausmelt Ltd, aims to produce pig iron near

Coober Pedy using local iron ore, coal from MML’s Phillipson Coalfield and the direct smelting Ausmelt

technology.

Poorly outcropping Palaeoproterozoic Banded Iron Formation (BIF), associated with a prominent magnetic

anomaly was identified from the regional MESA geological maps and geophysical surveys on the Tarcoola

1:250 000 sheet, near Giffen Well (figure 1).  The area was thought to have potential for haematite ore and

for magnetite BIF which might be amenable to beneficiation to a higher grade product.
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CLIMATE, VEGETATION AND ACCESS

The Giffen well prospect lies in a semi-arid to arid region of low, irregular rainfall, the area being prone to

drought.  The vegetation consists of bluebush, saltbush shrubland and sparse Mulga woodland.  Near

surface BIF forms two subdued hills.  The chief activity of the area is sheep grazing, with Giffen Well

situated on the Bulgunnia Pastoral lease.  The prospect lies close to the Tarcoola to Bulgunnia public

access road, with the nearest population centre being Tarcoola, some 70 kilometres to the south.  The

Tarcoola to Alice Springs railway line lies about 18 kilometres due west and the Lake Phillipson coal

deposits 65 kms north.  Best access is via the sealed Stuart Highway to the Bulgunnia Homestead turnoff,

then via 48 kilometres of well-made dirt road to Giffen Well.  From Giffen Well to the prospect site access

is cross-country with such travel kept to the minimum required for exploration and drilling.

A site avoidance survey carried out by MESA’s Liaison Officer (Mr R Larkins) with representatives of the

Antakarinja people, cleared the Giffen Well prospect area.

The prospect lies on the Tarcoola 1:250 000 sheet and on the Bulgunnia 1:100 000 sheet.  Initially

exploration by MESA was carried out under an agreement with Dominion Gold Operations Pty Ltd and

Resolute Resources Ltd, who held the area as licensees of EL1791.  Since the 26th of October 1996, the

Giffen Well prospect and surrounding area have been excised from EL 1791 and included in ELA 498/94,

currently held by the Director-General, MESA.

PREVIOUS INVESTIGATIONS

Nissho-Iwai, in 1973, took a water sample for analysis from Sextabyng Well, some 3 kms north-northwest

of Giffen Well, as part of the exploration for uranium.

A prominent magnetic and gravity ridge stretches for some 20 kilometres east-northeast of Giffen Well and

is the extension of the Giffen Well anomaly.  It was the scene of exploration for an Olympic Dam style

orebody by Samedan in 1979 who carried out ground magnetic and gravity surveys.  They subsequently

drilltested chosen anomalies in three deep holes, BDH1 to 3.  BDH-1 intersected Palaeoproterozoic BIF

(presumed equivalent to the near surface BIF at Giffen Well) at 216 metres, whilst drillholes BDH2 and 3

failed to reach the BIF.

In 1986 MESA tested magnetic anomalies in the same region and east of Giffen Well (Bulgunnia 1 and 2).

Bulgunnia 1 intersected magnetite BIF at 124 metres depth.
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In 1986 CRAE tested a circular magnetic anomaly 8 kms north of Giffen Well.  After initial

reconnaissance ground magnetic and gravity traverses, they drilltested the anomaly in hole RD/PD84GD-

1, which intersected a magnetite-rich lithology from 190 to 232m.  Initial petrological examination

suggested the magnetite was a magnetite-rich phase of the Gawler Range Volcanics, though a later report

identified the rock as Palaeoproterozoic BIF (Pontifex Mineralogical Report No 7075 in appendix 4).

PNC Exploration Australia exploring for uranium in Tertiary channels and in the Palaeoproterozoic drilled

3 holes on a gravity ridge extending northeast, southwest through Sextabyng Well.  Hole E1, drilled 2 kms

NNE of Giffen Well, intersected granite at 63 metres, whilst holes E2 and E3, drilled 10 kms southeast of

Giffen Well, intersected dolomite, tentatively correlated with the Palaeoproterozoic Katunga Dolomite.

Freeport Australia briefly held the ground and carried out some stream sediment sampling.

In 1991 MESA drilled in the area as part of the Tarcoola-Tallaringa bedrock drilling programme. BIF was

intersected in holes BUL7 (at 10 metres) and BUL34 (at 8 metres), whilst BUL77 and 79, drilled near

holes E2 and E3, also intersected dolomite.  Table 1 summarizes the tenement history.

TABLE 1

COMPANY TENEMENT REFERENCE
(open file)

YEAR

Nissho-Iwai EL48 Env 2390 1973
Samedan EL399, 693 Env 3293, 3537 1979
CRAE EL1089 Env 5047, 6128 1984
PNC Exploration EL 1058 Env 4943 1984/85
Freeport Australia EL1362 Env 6771 1987
MESA - RB88/38 1986
MESA - RB93/4 1991

GEOLOGICAL SETTING

The Giffen Well prospect is interpreted as a near surface block of Palaeoproterozoic metasediments

situated on the northeastern margin of the Wilgena subdomain of the Gawler Craton.  On the regional

aeromagnetics Giffen Well forms the southwestern portion of a magnetic anomaly which continues for 20

kms to the northeast.  This anomaly lies on a prominent linear feature (Bulgunnia Shear Zone) bearing

about 240° and continuing for about 150 kilometres to the southwest.  The prospect is cross-cut by linear

magnetic trends, bearing 130-135°, presumed to be related to dolerite dykes of the Gairdner Dyke Swarm.
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Locally, there are two subdued hills of poorly outcropping BIF.  The BIF is a dull, dark grey to black,

poorly to well laminated, with ubiquitous microfaulting.  Dips are generally steep to moderately east.

Much of the near surface BIF is covered by a thin veneer of BIF scree which grades laterally onto areas of

red sandy soils, patches of ironstone and red aeolian sand.

The subsurface extent of the BIF is revealed by detailed ground magnetic and gravity surveys.  There is

one main strike ridge of BIF, which extends for about 4 kms, north-northeast with a second shorter (1 km)

strike ridge parallel and immediately to the west.  There is a third parallel strike ridge immediately to the

east of the main ridge, but this is covered by about 50 metres of younger sediments.  It also has a strike

length of about 1 km.

GEOPHYSICS

At Giffen Well Prospect ground magnetics and gravity surveys were carried out over the period from

August 1995 to October 1996, totalling 47.2 line kilometres of ground magnetics and 577 gravity stations.

Figure 2 shows the location of the geophysical traverses and geophysical profiles are presented in appendix

2.

Ground Magnetics

In August 1995 a grid was established using GPS with a 200m N-S line spacing and a 50m E-W station

spacing.  This grid was between 6646400mN and 6647400mN and 476700mE and 4767400mE.  Ground

Magnetics using an Overhauser GSM-19 magnetometer was used, reading stations at 25 m intervals.  In

October 1995 the grid was extended West, to 475800mE, East to 477800mE and one line to the north

(6647800mN) to close some apparent open ended magnetic features.  In April 1996 the grid was further

extended to the west and extended south to 6644600mN with 400 m line spacings.  Magnetics were

recorded using an Overhauser GSM-19 Fastman recording at 1 second intervals which equates to

approximately 1.5 m.  Also in April, 4 short traverses were run over some smaller magnetic anomalies

approximately 6 km west of the main Giffen Well anomaly.  In June and October 1996 further extensions

north and south of the grid were completed extending the grid to 6648600mN and 6644200mN.

All ground magnetic traverses were positioned at 100 m and 200 m stations along traverses using Garmin

Survey II GPS receiver in differential mode and data post processed.  A base line tie was made to Lewis

Trig (PM 5837/1063).  The positions of control stations are ±2-5 m with all intermediate stations

interpolated using MICROMINE software.
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All ground magnetic data were corrected for diurnal drift using R11 software supplied with the

magnetometers.  On completion of the survey all data were plotted as individual profiles and contoured

using MICROMINE software.  The contoured data was gridded using Inverse Distance Power of 5, a mesh

of 50 m x 50 m and a smoothing tension of 5 (Fig 3).

Gravity

A total of 577 gravity stations were read at Giffen Well Prospect between August 1995 and October 1996

using a Scintrex CG3 Autograv gravity meter.

In August 1995 a gravity survey was conducted in conjunction with ground magnetics over the grid

6646400mN to 6647400mN and 476700mE and 477400mE.  Gravity readings were taken every 50 m

along the traverses.  Stations were levelled using three base and one field Digibar 2000 digital barometers.

An elevation tie was made to Lewis Trig (PM 5837/;1063) by running one base barometer at this point.  A

gravity tie was made to a Solo Geophysics base at Bulgunnia Shearing shed.  In October 1995 and October

1996 further gravity stations were read on the extended grid at 50 m and 100 m.  These stations were

levelled tying to stations from the previous survey using a Sokkisha Set 4 Total Station.

All stations were positioned using Garmin Survey II GPS receiver in differential mode and post processing

the data returning positions to ±2-5 m.

Data was processed using GRAVRED a MESA inhouse software and a density of 2.67.  Data was plotted

as profiles, gridded and contoured using Inverse Distance Power of 5 on a 50 m x 50 m grid with a

smoothing tension of 5 using MICROMINE software (Fig 4 and appendix 2).

DRILLING

Table 2 presents a summary of drilling in the Giffen Well area (Figure 2 shows the location of drillholes).

MESA drilling at Giffen Well commenced with the “depth to basement” Tarcoola-Tallaringa bedrock

drilling programme in 1991.  MESA carried out two traverses, one alongside the station track between

Sextabyng and Giffen Wells and a second along the vermin-proof fence 5 kms west of Giffen Well.

In November 1995, a single, east-west traverse of 6 angled percussion holes was drilled (holes at 60°

toward 090°).  Holes GW1 to 6 were designed to test the grade of near surface BIF. Drilling contractors

were Thompson Drilling using a G&K 850 track mounted drillrig.  Supervising geologists for all drilling
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programmes were MESA personnel.  In May 1996, after reassessment of the geophysical data,  Strata

Exploration Pty Ltd drilled an angled NQ diamond drillhole, GW-DD1 to 114.2 metres to obtain core of

magnetite BIF for testwork.  The hole was sited near to GW-1 and drilled parallel to it.

Also in May 1996, further “depth to basement” drilling was carried out by MESA Drilling Services, using

RC-blade bit configuration (BUL81A to 101).  Holes were sited on magnetic anomalies.

In August 1996, a further programme of deep angled percussion holes commenced (GW7 to 25).  An

attempt was made to test the grade and resource of the “main” magnetic ridge, with holes drilled at 60°

towards 090°, to a total depth of 100 metres and located on a regular grid.  Holes GW18, 19 and 22 had to

be abandoned due to flowing sands in the younger cover sediments collapsing onto the drillrods.  Drilling

contractors were Strata Exploration Pty Ltd.

Figure 2 shows the drillhole locations and drill logs and assay results appear in Appendix 1.

On completion of the drilling programmes holes were plugged and backfilled, or, if the casing extended

above ground, the holes were capped.  Drillsites have been labelled with hole number, AMG co-ordinates

and orientation marked on aluminium tags attached to star pickets.

AMG co-ordinates of all drillholes have been measured using a Garmin Survey II, with differential GPS

post processing.  Accuracy in the x and y dimensions is in the order of 2-5 metres.

TABLE 2
SUMMARY OF DRILLING - GIFFEN WELL AREA

COMPANY YEAR REFERENCE NO OF HOLES PREFIX METRES DRILLED COMMENTS
MESA Oct‘91 RB93/4 21 BUL 902.3 shallow, vert, RC blade-bit
MESA Nov‘95 - 6 GW 410 deep, angled, percussion
MESA May’96 - 1 GWDD 114.2 deep, angled, diamond
MESA May’96 - 21 BUL 948.5 shallow, vert, RC blade-bit
MESA Aug’96 - 19 GW 1581 deep, angled, percussion

TOTAL 68 3956

In the immediate area of the Giffen Well prospect there is no drilling by private companies.  In 1991 as

part of the Tallaringa-Tarcoola bedrock drilling programme 21 holes were drilled near to the Giffen Well

prospect.  A further 47 holes have been drilled as part of the exploration programme for an iron ore



7

resource.  Of a total of 68 holes, 26 holes have been “deep” angled holes, totalling 2105.2 metres, which

have intersected 1271 metres of BIF, of which 572 metres was unoxidized (magnetite) BIF.

SAMPLING

GW-DD1 was geologically logged, then the core dispatched to the MESA core library, Glenside, where

the core was split and selected intervals of ¼ core sent for analysis.  Selected intervals were sent for

petrological examination and/or had specific gravity measurements taken.  The magnetic susceptibility was

measured every 50 cms.  Selected intervals were sent for comminution and beneficiation testwork.  The

core is held in storage at the core library, Glenside.

Drill cuttings from BUL holes and GW holes were collected continuously during drilling and laid out in

piles, each pile representing a 2 m drilled interval.  A representative sample was then collected from each

pile, bulked with other 2 m samples and then bagged.  Bagged samples (for analysis) were collected at 4, 6,

8 or 10 metre intervals according to the directions of the supervising geologist.  Samples for analysis were

dispatched to Adelaide, thence to Analabs Pty Ltd for analysis for whole rock and/or a suite of trace

elements.

From each 2 metre sample pile a small representative sample was collected in a plastic jar.  A magnetic

susceptibility reading was taken from this jar (using an Exploranium KT-5, measurements in SI units x10-

3) and the jars were sent for storage to the MESA core library, Glenside.

PETROLOGY

Appendix 4 includes 43 petrological descriptions of various lithologies from the Giffen Well area,

including 21 petrological descriptions from GW-DD1.  In summary, the magnetite BIF described from

GW-DD1 is typically meso-microlayered, with layers consisting of subequal amounts of fine magnetite,

cherty quartz and lesser amphibole.  Individual layers are invariably magnetite or cherty quartz dominant,

with the amphibole tending to be associated with the cherty quartz layers.  The layers are generally

microfaulted, sometimes brecciated.  Late stage veins and veinlets of amphibole are common.  Minor later

carbonate occurs as veinlets.  Magnetite grain size estimates vary from <.05 mm to .15 mm, with the

magnetite occurring in a granular form.

The presence of minor pyroxene as coarse relict cores within massive decussate, much finer amphibole

appears to retrogressively and pervasively replace the pyroxene, suggesting a mid to upper amphibolite
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metamorphic facies, followed by a lower grade retrogression.  Petrological examination of the associated

metasediments seems to confirm this conclusion.

GEOCHEMISTRY

MESA has sent some 497 samples of drill cuttings and core for analysis for whole rock and/or selected

trace elements.  Assay results appear in appendix 1.  Analyses were carried out by Analabs Pty Ltd.

Whole rock analysis method was Glass Fusion XRF for SiO2, TiO2, Al2O3, Fe2O3 (total), MnO, CaO,

K2O, MgO, P2O5, Na2O, plus gravimetric LOI (precision ±2% or better), with Au, Pt and Pd analysis by

fire assay fusion carbon rod (detection limit .001 ppm).  Trace element analysis method was a mixed acid

digest (aqua regia, perchloric acid, hydrofluoric acid) and AAS determination (precision generally better

than ±15%) ie Cu, Pb, Zn, Ni, Cr, Co, Fe, Mn, S and Mo.  Analysis for U,  Th, Sn and W was by pressed

powder XRF.

RESOURCE CALCULATION

These initial resource calculations refer to the “main” magnetic strike ridge.  The most well defined cross-

section (from drillholes) occurs at 6647000N.  Drillholes GW1, 7, 8 and 9 and GW-DD1 define a

stratigraphic thickness of magnetite BIF of about 250 metres.  Other traverses drilled along strike on this

strike ridge, because the east-west hole spacings were much wider, were less successful in defining the

stratigraphic thickness of magnetite BIF.  A close examination of all the gravity and ground magnetic

profiles across this BIF, reveal a very consistent shape, with the profiles having a similar width magnitude

and slight tilt to the east, reflecting the easterly dip of the BIF.  For a resource calculation a consistent 250

metres stratigraphic thickness of magnetite BIF has been adopted.  This “main” ridge trends in a north-

northeasterly direction, with 5 drillhole traverses across it, from 6645400N to 6647400N.  In the resource

calculations a strike length of 3.5 kms will be used.  Surface oxidation of the BIF extends on average to 50

metres depth.  Assuming that the BIF extends to 500-1000+ metres depth, resource calculations will use a

100 metre depth extent of magnetite BIF, which equates to a depth below surface of 150 metres.  A

specific gravity of 3.3 is used (see appendix 6).  The resource of magnetite BIF at Giffen Well, in the

“main” ridge, is 3500 m x 100 m x 250 m x 3.3 ≡ 290 million tonnes (approx).

The two “lesser” strike ridges, west and east of the main ridge have strike lengths of about 1 km, with

magnetic profiles suggesting a similar stratigraphic thickness for the BIF.  However, neither of these

subareas has been drilltested, so resource estimates are very approximate only.  Assuming similar
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stratigraphic widths SG and depth extent of magnetite BIF, the resource estimated for each of these areas,

assuming a strike length of 1 km is 1000 m x 250 m x 100 m x 3.3 ≡ 50 million tonnes (approx).

Grade

A weighted average grade of magnetite BIF was calculated by weighting the grade of the intervals of

magnetite BIF intersected in drillholes against the total number of metres of magnetite BIF intersected.

Calculations are listed in Table 3 for those intervals for which there were whole rock analyses and for Fe

assays only.  These results apply to a grade for the “main” ridge only.

Now an important consideration in regards to these grade figures is that the geological logs and assay

results show that there is a significant content of very talcose magnetite BIF.  Though the level of drilling is

too sparse to make any definite conclusions, it may be that the main magnetite BIF strike ridge at Giffen

Well contains a significant proportion of amphibole rich BIF and any iron tied up in an iron-rich amphibole

will not be recoverable by magnetic separation processes.  Therefore it must be made clear that the Inferred

Resource of 290 million tonnes must be regarded as a maximum figure (remembering of course that the

magnetite BIF probably has a considerable depth extent and the figures quoted relate to an arbitrarily

assigned mining depth).  Note also that the SG figure of 3.3 is slightly conservative (see appendix 6).

TABLE 3
INTERSECTIONS OF MAGNETITE (UNOXIDIZED) BIF

HOLE DEPTH
(m)

WIDTH
(m)

Fe SiO2 Al2O3 CaO MgO MnO P2O
5

TiO2 K2O Na2O SO3 LOI Au

1 12-80 68 37.6 41.7 .13 1.09 2.17 .05 .152 <.01 .03 .11 .07 .60 1
7 24-88 64 33.3 47.4 .29 1.75 2.55 .04 .145 <.01 .05 .12 .50 .21 2
8 48-100 52 37.8 29.9 .59 5.4 5.36 .12 .103 .02 <.01 <.05 .11 4.06 <1

11 48-84 36 36.4 41.7 .22 1.41 3.02 .11 .129 .01 .01 .11 .33 .88 2
12 60-100 40 27.2 38.0 2.70 7.96 6.91 .51 .135 .10 .09 .14 .30 4.39 6
16 32-68

80-92
48 34.7 36.2 1.50 4.02 6.19 .21 .128 .05 .11 .06 .02 2.17 2

20 40-84 44 36.2 40.5 1.43 2.76 2.93 .12 .117 .07 .19 .24 .62 .55 14
21 52-68 16 33.7 40.8 1.28 4.40 3.15 .16 .076 .04 .08 .06 1.22 1.09 31
24 48-88 40 33.5 35.1 .64 3.55 9.14 .05 .130 .02 .01 <.05 .01 3.50 <1
25 44-88 44 35.9 36.6 1.61 3.53 5.75 .16 .127 .06 .11 .05 <.01 .87 2

Weighted average 452 34.9 39.0 .78 3.36 4.58 .14 .129 .03 .07 .09 .25 1.76 4
Weighted average

(Fe only)
33.7
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DISCUSSION

1. Magnetite BIF at Giffen Well has been deeply weathered to a depth of about 50 metres.  Surface

oxidation of BIF results in magnetite variably altered to haematite, to a lesser extent

limonite/goethite and amphibole altered to limonite/goethite and clay.

2. The stratigraphic succession is unknown due to lack of outcrop and the sparsity of drilling.  The

form of the geophysical anomalies indicates a moderate to steep easterly dip for the “main” ridge

of magnetite BIF.  Hole GW-14 intersected dolomite, possibly the Katunga Dolomite equivalent,

which, on eastern Eyre Peninsula, underlies the Lower Jaspilite of the Middleback Iron Formation.

This comparison suggests that the BIF at Giffen Well is not overturned.  There do not appear to be

any major interbeds of metasediments within the “main” magnetite BIF horizon.

3. The regular shape of the ground magnetic profile and the consistent high magnetic anomaly along

strike suggest some stratigraphic continuity within the BIF horizon.  Unfortunately drilling is too

sparse to allow for any meaningful comment on the variability of grade along strike.  Certainly

there are very talcose intersections of magnetite BIF (GW24 and 25) and some interbeds of

carbonate (low Al2O3, high CaO and LOI).  Given that the magnetite content of the BIF is all

important in determining the resource of recoverable iron, any iron tied up in iron silicates and iron

carbonate (and iron sulphate) will decrease the resource of recoverable iron.

4. The resource might also be diminished by the alteration of magnetite BIF to haematitic BIF

occurring marginal to cross cutting dolerite dykes of the Gairdner Dyke Swarm and/or brittle faults

and/or later granite dykes and sills of the Hiltaba Granite Suite (see the 1:10 000 cross sections for

the location of a granitic intrusion bordering the “main” ridge).

5. In broad terms the BIF at Giffen Well can be categorized as a Lake Superior type BIF (Gross

1995) ie characteristic iron oxide chert laminations in association with shelf-type sediments such

as quartzite, black shales, dolomite.  Total Fe% is comparable with Canadian Lake Superior type

BIF (Gross, 1995) and with BIF from the Middleback Ranges, S Aust (Drexel et al, 1993).  Lake

Superior type BIF has been categorized into four subunits, an oxide facies ie layered iron oxide

chert, silicate facies ie layered iron-silicate-chert, sulphide facies, ie layered pyrite-chert and

carbonate facies, ie layered siderite-chert.  These subdivisions are not strict definitions, but

generally there is a dominant mineralogy which identifies the facies.  At Giffen Well there appears

to be an intimate mix of oxide-silicate facies, with subordinate sulphide and carbonate facies.  It is
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the level of predominance of the oxide facies which is the important factor, providing the magnetite

which is the recoverable product.

6. GW-10 shows some anomalous geochemical assays which may warrant follow up investigations ie

40-48m 123 ppb Au, 10.5 ppb Pt, 23.5 ppb Pd.

FUTURE WORK

1. It would appear that drill traverses on the “main” ridge at Giffen Well need to have drillholes at a

50 metre spacing east-west.  Therefore regular grid drilling needs to proceed on existing traverses

and also on closer spaced traverses in order to achieve confidence in the level of the grade and

resource of magnetite BIF at Giffen Well.

2. Existing drillholes should be geophysically logged.

3. A programme of diamond drilling is required to obtain core from a variety of BIF.

4. Drilltesting of the “minor” neighbouring strike ridges of BIF, including near surface BIF which

outcrops about 5 kms southwest of Giffen Well.

CONCLUSIONS

The geophysics and drilling at Giffen Well has outlined a resource of some 400 million tonnes of magnetite

BIF from 50 to 150 metres below surface.  This figure is considered to be a maximum, because various

mineralogical and geological features will have detrimental effects to the recoverable iron in any

beneficiation process.

The “main” ridge at Giffen Well represents a near surface BIF horizon oxidized to a depth of about 50

metres, with a stratigraphic thickness near 250 metres, a steep to moderate easterly dip and a strike length

of about 4 kms.
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