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Abstract.

ueophysical groundsurvey was carried out in the late summer of 1997 in the I ljandallSvandal

and Nissedal areas in Telemark. Norv.av The instrument used v,as a Proton-magnetometer capable

ut measuring the total magnetic field of the Earth

'Fhe primary objective in the thartdallSvartdal area was the locatinu of a uold-copper-bismuth

bearinu vein deposit hosted in amphibolite. Due to a hiuh content of magnetite in the \+allalteration

associated with the vein mineralisation. the main trend of the vein was located successfully.

The outstanding ability of the Proton-magnetometer to map near-surface geology was tested and

proved in the Nissedal area Althouuh interpretation of magnetic data should be done with great

care, as the Proton-magnetometer reacts primarily to the maunetite content and not a specific

rocktype, individual geological strata can be recounised from the magnetic profiles and used as a

ouidance.



lintroduction.

This repon evaluates maznetic data from a zeophvsical zroundsurvev that  ‘as carried out in the

summer 07 in the Iliat tdal S andal- and Nissedal areas, Norwav te These t\1/4oareas

descrihed m more detail in ehapter 3 and ehapter 4. respeetivelv

The objective of the investizations in the Iljandat Svandal area was to locate the zold-copper-

bismuth hearing quani-ankerite veins ot the area as zrounds thr Mrther development of the

eoncession, ineludinz the planninz of core-drillinu There has previouslv been an active mine in the

area, The Bleka Mine 1t exploited hizh-zrade gold. 30-40 z t, from a sinzle mineralised vein, but had

to close do‘vn in the bezinning of the centurv due to a lackinz economv. ef ref 4

In 1964 the NG1-, Norges Geologiske l'ndersokelse, did a number of aeromaznetic surveys and

produced, amonz others, an aeromaznetic map of the Nissedal area This map shows a larze,

51.500 nT, trianzular shaped anomaly over a small area called Kleivaasen. Resent geolozical
mapping and interpretation done bv Mr T. Thomsen Final Year zeology student at Aarhus
Universitv, cannot explain the anomalv, on the contrarv, the rocktypes appears to have

susceptibilities below averaze

The main aim of the geophysical investizations on Kleivaasen was therefore to produce a feasible

explanation for the large aeromagnetie anomalv.

The instrument used in these survevs was a 685bAX Proton-maznetometer, eapable onlv of

ineasuring the total magnetic tield of the Eanh As this model of proton-magnetometers can store a

limited amount of data, 1000 measurements, a small sofhyare packaze called Maglme was used to

extract the data from the Proton-matmetometer to a labtop computer A 'hasestation' reading was

taken everv morninu and evening. to eorrect the data collected during the dav tbr variations in the
Earth's magnetie tield

The 'raw' data as imponed by NlazI.oc is stored on the enclosed I 44Mh in ASCII format as

'name unt Also included on the tloppv is a small text file explaininz the relevant 'name'.znt tile and

the corrected data. The eorrected data is presented as sinzle profiles in ASCII format
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2.Previous Work.

Since the Bleka Mine closed m 1910 there has been several investigations in the area Two of the
more recem hich will be mentioned here is a ceophysical dr-oundsuRev conducted by Jens P Larsen
from i \S')/y/ )/ and a geolowcai e8ploratIon project from I t)S4 condueted tbr Norsk I Idro A.

2/

2.1:Gold Exploration in The Bleka Fold Area. Telernark'

The 1984 geological exploration project took its starting point around the Bleka Mine, 59"35"54"
N and 833'30"E, - and Espelid, 5916'90"N and 811'14"E, areas, It comprises a

signiticant amount of information reearding the geological and structural nature of the veinsystems
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In summarv, the Bleka Main Vein System, cf fig 3, was found to be a quartz-tourmaline-ankerite
vein with ore minerals constituting approximatelv 1°10The general orientation of the Vein System is
:71) and the strike approximatelv, —85°N After 300 metres the vein shows a abrupt shift in

orientation which is taken as a convergence of two en echelon fractures fref 2.1

The proposed structure of the Vein System is supported by the structural lineaments of the region
\shich shov,s fractures with a prominent NE;;SW and NW SE orientation

The Esnelid area is located ca 3 kilometres north of the Bleka Mine Fhe mineralised veins in this
area are smaller and more numerous than in the Bleka area •Fhis is interpreted as part of a maior vein

swarm s stem with a general 08° 20" onentation Fhe ems tend to show a greater variation m strike
than m the Bleka Mine area. varving from 4(r N to 99N. cftig 4
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2.2. `Geofysisk feltarbejde i Hjartdal, Telernarken'

In the sumrner/autumn of 1989 Jens.P.Larsen from Aarhus University carried out a geophysical
zroundsurvey in the Bleka-, Sverveli- and Gjuv area. A large variety ofinstruments and methods
were applied of which the ma_oneticmethod proved to be the most adequate

Six profiles were recorded in the area around the Bleka mine, fig. 5 and seven profiles around
Sverveli. The magnetic fields around the Bleka Mine was measured using both a top and a bottom
sensor. The difference in the two responses provides a rou2hestimation of the depth extend of the
anomaly causing the magnetic anomaly. The contrast in the response from the two sensors in the
Bleka Mine area is very small and implies that the anomaly extends to a considerable depth.

:••
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Fig. 6. 17e sir rnagnetic proffies araund the Bleka Mine. 1989.

7



•

hunnts

rfit
e

.•

id,re Ire ti

•••••.

Fig. 7. lhe seven magnetic profiles recorded around Sverveli. 1989.
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3.Iijartdal/Svartdal.

The mineral concession area in Bleka covers approximately 15 km2 and consists of two separate
1ocations •FheBlekal1suelid- and Bisminuten area. tig. 8. The lithologv m both areas is mainly
amphibolite of the Midproterozoic Sehord Group, central Telemark
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Big.S. The Bi:o coneessuill areasiii Iljarratal Svarulal : Bleka Espelul cuul Bisminuten. (1:50000).

The gold-bismuth minerahsanon in Bleka is found in a single quartz-ankerite vein structure, The
Bleka Main Vein, and was exploited in the late 19th century. The Espelid vein swarm is thought to
be an outer halo to a deeper gold mineralisation and may be associated with the same svstem as the
Bleka Main Vein, if ref 2.

While the vein itself is non-rnagnetic, earlier geophysical surveys in the area show a significant
magnetic response from the bleached alteration zone along the vein structure. ef fig 6 p 7

The objective of the geophysical investigation around the Bleka Mine Area has therefore been

mapping the continuation of the Nlam Vein east of Sverveli, cf. tig.3 p 4

561)-r ovcien '

3>n~ Stmrunute

J71.

I l

	

Bren

, „. .. , 1‘.....
if. i

'' . • c.••:-. •t".....,.b.)"--‘:.•iii ,,.."-r

..4 • -' -•'" - .' thxn‘ - -Itirm- a
. . _,.

_ ',.



The favourable conditions seen in the Bleka area are also present in the Bisminuten area Quanz

veins hosted in Amplubolite The presence of a significant amount of uold in streamsamples taken

trom the area also suduests the possibilitv of a similar mineralisation

Necause ofa sev Cre tack time. onlv a routth und ,,Vas laid out and measmed in this area

The ueophysical data \‘as collected duhnu a 3%‘,eek uroundsurvev. from August Sth to Auuust

I st 1997 The measurements were taken e\erv 10 metres along 20 protiles in the Bleka area. tid

and I g profiles in the Bisminuten area. fid 10 The spacind between the individual protiles in the

Bleka area vary between 100 and 200 metres depending on the need tbr higher resolution, i e tighter

:rid, and time The 10 profiles in the Bisminuten area were placed with a 250 metres interval. which

proved to be too much tbr a correlation of the measured anomalies

3.1.Results and interpretation.

All the recorded magnetic intensity profiles can be found on the enclosed I 44Mb tloppy disk or in

appendix B and C.

3.1.1 Bisminuten.

'Fhe madnetic intensity of the anomalies is hiuher in this area compared to the ones measured in the

Bleka area.

Unfortunately does the 250 metres interval between the individual profiles a correlation virtuallv

impossible. The few very high-intensity anomalies, —51.000 nT, are in general produced by rhyohte.

which is uninteresting in conjunction with the quartz-vein rnineralisation. An example of such a

litholouy boundarv-anomaly can be seen on profile 9 5N appendix. C. p55, where the surrounding,

rock is amphibolite.

T\ko interesting anomahes can be seen on profile 2N. 800m and 4 5N. 700m, c ti p 54 .1"he

maunetic intensity is approximatelv 51 000nT and the hostrock appears to be amphibolite

3.1.2 The Bleka Mine Area. Ris

The reuional maunetic intensity in the Bleka area remams constant at approximatelv 50200 nT,

hich is characteristic tbr the amphibolite host rock -1"hemadnetised alteration zolleti around the

mineralised veins show a suseeptibilitv contrast of about 100-400 nT, but the magnetie signature of

the Nlain Vein is far from constant. It is almost entirelv uone 100 metres West of tiveiveli (protile

ef p 17) but can clearlv be distinguished 100 metres liast of Svereli on profile 5 k, cf p 18 This

ariation is in agreement ‘1/4iththe results obtamed b Jens Larsen in 199 (compare o I with


240W and ST. Nkith 105k. fid 7 p

1.7
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As the intensity of the magnetic field was measured using only one sensor, the infon-nation gained

from the graphs is somewhat limited. This implies that the speculations regarding number. strike and

depth of the anomalies interpreted below, can only rely on the shapes of the anomalies and a guess.

Still, several trends can be deduced from the following magnetic profiles.

P rofile 2.W .

51500
51000
50500
50000
49500
49000

0 0 0 0 0 0 0 0 0
o vco L.n v-)

D ist./m

Seetion 2W Urom -10 to 500)

The first profile in the Bleka Area showing the Main Vein, B.0, is 2.W. The profile is located 25

rnetres SW of adit E (530 m). Both B.1. and B.0 seem to consist of at least two closely spaced

anomalies. The strike could be almost vertical, especially in the case of B.O.

B aselin e,south

magintensity/nT
B.0

W

51500
51000
50500
50000
49500  

cz: 49000
48500

.0 0 0 0 0 0 0 0 0 0 0 0 0 0
o rn —

-t- rn ni r- I -- —

D ist./m

Fig. 12. Sowhem sechon of Baseline Mom -500 10 500 I.

ti B 3

— B aseline

13



The two magnetic anomalies recognised on 2W reappear on Baseline, although in a different

shape. 13.1. has been reduced from 50800 nT to only ca. 50300-50500 nT and shows two distinct

anomalies. B.0 is given by a small negative anomalv —-100nT. The pronounced drop in intensity

must reflect the position of B.0 on Baseline, which is just in front of adit B where vast arnounts of

vein- and vein associated material have been removed. The two very large anomalies on the left hand

side of B.3 is a powerline and a tinroof shed. Good conductors as these mask the anomalies and

usually makes the interpretation useless. B.4. is a cluster of very high intensity anomalies probably

due to some structural feature, faults etc., as the anomalies associated with the wallrock alterations

are smaller, in general. 8.5. consists of 3 small anomalies that appear to share some similarities to the

ones seen at Espelid Vein Swarm, cf fig.32 p.28.

Profile 1.E.

51500

•7 50500
c.>

1-t--;49500
bIJ

48500

B.5 8.2 B.6

1.E.

RI
Ro B.3 B.4

0 0 0 C 0 CD 0 0 0 0 C 0 0 0 0

0 1"3- cc r'l -t ao cz, oo

‘71- rn r‘i rn in kr)

Dist./m.

Ifig. 14. Section of profile 1.E. (from -580 to 500).

The more asymmetrical shape of anomaly B.0 probably reflects a change in dip from alrnost

vertical to a dip between 70"-60". This change in dip along the Main Vein has also been recorded by

Hydro A/S in 1984, where the dip changes from 75" to 55° across profile 1.E. B.2. is a generally

smaller anomaly that runs parallel to the Main Vein Anomaly,13.0. and coincides with the parallel

system of mineralised veins mapped by Hydro AiS in 1984, cf. fig. 3 p.4.

Although B.2. doesn't seem to terminate but continues along side B.0 beyond Sverveli

14



P rofile 2.E .

52000
r - 5 I 500

51000

50500

50000

r. 49500
49000
48500

B 09.2
. 7

2 E

B 4

=

D ist./m .

r1
fl r1

Fig. 14 Sectionof 2.E. (from -500 to 500).

The distribution of several smaller anomalies around the Bleka Main Vein contribute to the total
anomaly and is clearly reflected in the widening of the base of B.O. The small anomaly between B.0
and B.2 is probably a similar 'sidevein'. This `sidevein' anomaly will hereafler be referred to as B.2.
as it is a very typical feature of the Bleka Main Vein.

Following the more spike-like shape of the Main Vein anomaly, B.O., it appears to have regained
its near-vertical dip The anomaly B.7 now appears with two distinct anornalies and at a more
shallow depth than on profile LE

P rofile 4.E
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There is a ueneral decrease in maunetic intensitv of the interpreted anomalies throutth the profiles

2W to 4 E. but it is still possible to identifv the Main Vein anornalv, 130, althouuh it has diminished

in intensitv from 51400 nT to just below 50500 ni The anomalv, B 2. stans to seureuate from the

Main Vein anomalv. B 0

I 5 0

5 1 0 0


5 0 5 0

0


0


0

B

P rofile

5

6.E.

B 6
 •,.„

5 0

4 9

4 9

4 8

0

.5

0

5

0

0

0

0

0

0

0 ,

0





6 E

„

D ist.fiii.

Fig. 17. Section of profile 6.1.1.(from - 750 to 300).

The most striking feature of this profile is the lack of a magnetic signature for the Main Vein

anomalv, R 0 and confirms the results presented by Jens P Larsen in 1989, cf fig. 7 p.8. 185W.

Identification ofBO relies 100% on the geological mapping of the Bleka Main Vein. As no outcrops

have been recorded on the geological map, the position of B 0 is somewhat uncertain If the position

indicated on profile 6.E is correct, the vein appears to be displaced ca 20-30 metres north compared

to the position given on the rnap, cf. fig.3 p.4. The resulting structure would be similar to the change

in orientation recorded between Baseline and profile I E, just on a smaller scale The hypothesis of

such an en echelon structure can be supported by the trend of anomalies B.3, B 4, B 6 and B 7 cf

fig 30 p 26

The B I magnetic anomaly can't be identified with certaintv hased solely on this magnetic intensity

protile

I 7



Profile 8.E.
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9111
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	 B 6 
 13




50500





50000





8.E

49500





49000




B.2 B.7 B.3




48500





trC
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) tr--;
— — re; krt r- t--

t

D ist./m .

18. Section qfprofile 8.E. (from -800 to 100).

Anomaly 13.0 reappear with an intensity of ca.50800 nT and 8.2 can be identified.
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Tig. 19. Profile 9.E (from -100 to -600).

The profiles 9 E, 11 E and 13 E are all measured the last day in the Bleka area

Because of the supposed en echelon structure of the Main Vein these Profiles are essential in

correlation of the Main Vein anomalv from proffie 8 E to 14E.
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The Main Vein anomaly, B 0 and B 2 are easily identifiable on profile 9 E and indicate another
displacement north 118 is a new anomalv that have a trend and sienature sornewhat like the Main
Vein anomaly, 130 so it may be a vein structure sinijiar to the it
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Eig• 21. Profile 10.1J(from 0 to -900).

All the anomalies interpreted on profile 8.E can be recognised on this profile, with the exception of
the new anomalv B.8. The identification of B.0 is on this profiles primarily based on the presence of
the characteristic hollows surrounding the Bleka Main Vein anomalv, cf. fig 20, and anomaly B.2.
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Proffle I (from - 250 10 - 650).

Onlv the Main Vein anornalv. 130 and the anornalv 132 can be identified vyithcertaintv
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Profile 12.4. (from -200 to -1100).

The interpreted location of the Main Vein anornalv, 11.0 is verv dubious at best and anomalv B.8

appears to have split up into two separate anomalies verv much like the main vein.
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Fig 25. Profile 1.31.. (from -401) to —83313/

The Nlain Vem anomalv. 130 and the smaller 132 have heen interpreted to he Mcated at ca -650

and -700. respectively These interpretations touether with. althouuh verv uneertam, the position of

the Ntain Vein on protile 12 E. indicate another displacement noith
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Fig. 26. Vorthern Nectuni pryfile 14.f (from -400 to -1056).

Afier the displacement of the main vein somewhere before ur around profile 12.E the anomalv has
regained its previous characteristics, i e tall narrow spike with hollows at the sides. Anomalv B.4
seems to fade a bit This could be an indication of a new ur different structural system, i.e. new fauIt
systems etc. The nel:ative anomalv to the lett of 13.8is another tinroof
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Please note that the scale has been changed as a result of the rapidlv decreasing magnetic intensitv
of the anomalies The large negative response on the left hand side of B 0 is caused by a nearbv
tinroof and telephonecables. Otherwise the signature of the Nlain Vein anomaly is the same as seen
on ftg. 26.
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Eig. 28. Profile 181.:(from -1300 to -800 metres).

The Nlain vein anomalv. B.0 is still verv weak and the identification of B 6 verv uncertain.
The sudden rise in magnetic intensitv at B.6 could be caused bv geological structures or a change in
lithology
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3.2.1.1w Espelid-area.

Tdre Espelid-area i located in tivartdal, Northw est of Bleka Previous rreolourcal tieldwork sho

an extensive amount ot mineralised veins, cf.tty. -1p.5. These seem to be nearkr parallel, steep

dippinu veins, hosted in amphrbolite and with an orientation ol230-250'60-S0'

The main part aie relati  ely small, r 0 lm but several laruer veins have been recorded.

The marmetic freld intensities recorded in this area varv with onlv ca.100 nT from a background

intensitv of 502.00 ni This makes an accurate mappinu of the small veins difficult, but the main

features can still be intet preted

There seems to be a line correlation betv,een the geological maplig. 4, and the interpreted

magnetic anomalies The punctuated line indicate possible vein trends as interpreted from the

magnetic data

50400 00

E.7 E B E 9

Ldhology Boundary

Amphibolite/Quadzite

50200 00

50000 00

49800 00

49600 00

2200 00 2400 00 2600.00 2800 00

Distance/metres

$1. Prohit i Li 1from "HO

The sharp drop m magnetic intensitv at 2700 metres on line 1 1. must relate to ueolouical

structures such as a chanue of litholouv. probablv amphibolite cruartzite
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Distancelmetres

Baseline (from 1500 to 3200).

Anomalies E.8 and the three small anomalies called E.9 are still identifiable, though anornalv E.7 is

gone or verv uncertain. It might be the verv small anomalv seen at 2260 metres
The anomalies El through E5 have not been recognised in the field but are not doubt part of a vein

swarm similar to the one seen at E 8 through E. 10 that has been mapped.

nortra
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ID istance/ rn etres

. fig33. Northern part of profile 1.F. (from 1500 to 3200).

The anomalies E.4 and E 5 is now so close that they appear as one anomaly. E.5 and E 6 also seem

to convenze, althouuh the width of the anomaly indicate that thev have a mOre shallow dip than

E4/E5 This is in acceptance with the ueolouical map where dips between 77° and 55" have been

measured for the veins constituting anomak E.5 and II 6
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5. Conclusion.

After almost 5 weeks geophysical groundsurvey using a Proton-magnetometer in difTerent areas
and all kinds of weather. its abiiitv to map the near-surface geology is very convincing. Mapping a
single magnetised structure such as the Bleka Main Vein in an, almost. homogenous hostrock is of
course optimal

It is also useful in supporting geological interpretations were no outcrops can be mapped and
measured. Still. a joint interpretation of magnetic and geological data should be done with great care,
as the Proton-magnetometer respond primarily to the magnetite coment and not necessarily a change
in lithology

The magnetic data from the area around the Bleka Mine and further eastward indicate that the
Main Vein is otTset in an en echelon structure, cf fig. 30. Another example of such a distribution of
ore zones is the Corinthia deposit in the Southern Cross greenstone belt, fig.48 c.f ref.

Ihe Connibia deposit. Iref51..

The size of the elongated anomalies produced by the high content of magrietite in the wallrock
alterations is approximately 200 X 20m and with a geometry that corresponds to a left-lateral shear,
cf. fig. 30 p.26.. The location of the Bleka Main Vein East of profile 18E is uncertain, but several
rocksamples with a high cornern of sulphides was taken from the area just North of profile 20E-24E.
Sulphides such as Arsenopyrite, Pyrrhotite, Chalcopyrite etc. is a characteristic group of minerals in
alterationzones associated with vein deposits.

The Espelid Vein Swarm was mapped successfullv using the Proton-Magnetorneter. In addition to
the vein swarm already mapped a new group of anomalies with a similar magnetic signature was
identified just 700 metres South of Nystaul, cf. fig. 34 p.30.

Although two bands of high-intensity anomalies, the 'peumatite' with an approximate East-West
onentation and some Fine-grained volcanic rocks with an North-South orientation, cf fig.47 p.38.
were identified, the rnagnetic Mtensity data from the groundsurvey in Nissedal. Kleivaasen, is
inconclusive A closer analysis of the magnetic data in conjunction with the geology of the
Kleivaasen area might provide a clue as to the structure and origin of these high-rnagnetite rocks.
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7.1 Appendix A.
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7.2 Appendix B.

Bleka and Espelid.

Surveylines in the Svartdal/Hjartdal
area, Telemark.

Lines Extent Total/metres No. of stations

4W 17.4N - 8.0N 940 95

2W 22N - 1.0S 2300 731

1W 28N - 22N 600 61

Baseline 32N - 5.5S 3750 376

1E 32N - 6.0S 3800 381

7E 9.0N - 6.5S 1550 156

4E 9.0N - 7.0S 1600 161

6E 3.0N - 8.5S 1150 116

8E 1.0N - 9.0S 1000 101

9E 1.0S - 6.0S 500 51

10E 0.0 - 9.0S 900 91

11E 2.5S - 6.5S 400 41

12E 3.0S - I 1S 800 81

13E 4.0S - 8.0S 400 41

14E 4.05 - !I.ES 750 76

16E 6.05 - 12S 600 61

18E 8.0S - 135 500 51

20E IOS - 13S 300 31

22E IOS - 14S 400 41

24E 12S - 13.5S 150 16
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Appendix 7.3


The Bisminuten area

Survevlines in the Bisminuten area,

Telem-ark.

Lines Eitent Totallme No. of

tres stations

7S 8E - 3.5W 1150 116

4.5S 11.5E - 1.5W 1300 131

2S 10E - 1.0W 1100 111

Baseline 10E - 0.0 1000 101

2N 10.5E - 2.0 850 86

4.5N 13E - 4.5 E 850 86

7 N 16E- 4E 1200 121

9.5N 13E - 0.0 1300 131

12N 9.5E - 1.0E 850 86

14.5N 7E - 0.5W 750 76
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