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1 ft nr. 85.131. The namble Ptoc t. Arco Norwdy

Introductoty lemarks

1n the years 1983-1985 Anaconda Minerals Company, USA, carried out

significiant ore prospecting programmes in Norway through lts

Norwegian subsidiary Arco Norway Minerals A/S. One of its majcr

projects was an investigataon of the Bamble area - in geolegical

lorms the wellknown zone of Broterezolc rocks between Krist 1an8ana

rnd Potsgrunn, 9. Norway. InvestigatIons, however, came up to dn

abrupt halt in 1985 as a result of a decision by the prrent company

to dlscontInue all mineral prospecting. The Bamble prolect was duly

terminated in July 1985. However, the amount of of data generated

by the project was considerable and covered the fields of geological

mapping, geochemical sampling and geophysical surveyinq. Arco (Oslo)

accepted NG0-s offer to take responsibility for archaving them.

The present report is a summary of the geology of the area as seen

by the Arco team in July 1985. While not claiming to be exhaustIve

it describes important features of the geology and introduces some

new ideas. These include:

lithological subdivision of the rocks

origin of certain gneissic rocks, and identification of

exhalative types

types of mineralization and their classification

the possible occurrence of gold

suggestions for future prospecting.

The geological map is mainly a compilation of existing published

data, but also includes annotations made by the Arco team, parta-

cularly as regards the many rust zones in the area. Detailed

geological mapping at 1:5000 scale using new topographic maps was

also carried out in selected areas dS follow-up work for cortain

ore geologacal targets. These data are not yet fully evaluated, hut

will be ancorporated in map compilatIons now in progress at NCti.

GeochemIcal and geophysical data are currently being studied at NGU,

and can be seen on request.
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ABSTRACT

The Bamblearea of soutbeastNorwaycovers about 4.500squarekilomeIers

along the Skdgerakcoaid. Rocksof Proterozoicage ineludehIlhgrddegneisa,

mafic plutonieinrrusiena, inm tlITintrusionsand metdreiphosedassembla(pes

of volcanic-sedimentaryNx-ks in amphiboliteto granulite rocks


occur in a NNE-t_rendingsynclinoriumwith cascade-typefoldingalonq its

western limbs.Mixed felsicand mafic volcanicrocksand sedimentsdominate

the northwesternlimb,while sedimentsdominatethe southeasternlimb.

Elongate,lens like unitsof exhalite-bearingstratacontainingcherts,

albititesand marblesoccur in the transitionzone from mixedvolcanic-

sedimentarystratato dominantlysedimentarystrata.

Mineralizationin the area is of threegeneraltypes: 1) ores associated

with mafic plutonicintrusions,2) magnetitemineralizationin the exhalite-

bearing strata,and 3) sulphidemineralizationin the exhalite-bearingstrata.

Explorationby ARCO Norway,Inc. indicatesthat the greatestpotentiallies

in the thirdtype. Significiantoccurrencesof gold mineralizationhave been

located in areas underlainby exhalite-associatedrockswhere metamorphosed,

synvolcanicalterationassemblagesoccur. Gold occurs both in epigeneticveins

and in disseminationsin synvolcanicstrata.Some potentialexists for copper-

zinc and silver-lead-zincmassivesulfidedeposits.

The most promisingareas for prospectingappear to be in the vicinitiesof

Sannidal,Skyttemyr,Bakkevatnet,Gjerstadvatnand Solvang.Localitiesand

recommendationsfor furtherwork are discussed.
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INTROMUTTION

The Ilambh,hea:U Norwayal

thecii; t)twt li towny, os. PorsRrunn ,:nr: Kr

Thn IftecJrnb/

4.Hnn2 km

fl'

n locks of t

Bambly r(“Jion clit runcat (01

/) towards the north-northeast

by the Oslo Graben and limited

47,J
to the southeast by the

Skagerak. To the northweet

Occur high cjr ide PrecamhIan
///

gneissem and oranitolds dt the

Telemark

0 km 200
,

mc9c The "Great Friction hreccia"

Hffland separates the Telemark axd

Bamble areas.

Sweden

! Denrnark

Rock types in the Bamble area

include high-grade gneIsx,

mafic plutonic intrusione,

granitic intrusions and the

metamorphic products of mixed

, volcanic-sedimentary rocks.

Flguri 1
:j Althoughthe rocks have heen

metamorphosed and deformed

several times, structures in the area tend to parallel the north-

northeast trend of the Great Friction Breccia.

Strata generally dip 600 to 900 towards the south-southeast, and

locally appear to be isoclinally folded. Shearing has been

significant near the Great Friction Breccia. Metamorphic grades

range from amphibolite facies in the northwestern part of the

region (near the Great Friction Breccia) to granulite facies near

the coast.

Radiometric age determinations by 0-Nions et al. (1969), 0-Nions

and Baadsgaard (1971), and Neumann (1960) indicate the sequonce

may be composed of Uppor Proterozoic rocks. It is also possible,

however, that the K/Ar age determinations of 1125-975 m.y.h.p.

merely reflect the Sveconorwegian Orogeny; true depositional

ages mdy be much older.
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During 1983, ARCO Norway Mineralnr A/S (Andconda M noral ('ompdny)

undflrtgok a rogiona1 geologica) Dapping program in tl) drvd ir


grdr to provi.de a hasis for Intorpreting qeocheinicil dnd .p,o-

physical data, and to highlight strata of particular interest with

respect to mineralization. Previous geologic mapp1ng had been too

widely scattered to give a regional view of straliqraphic relations

(see map 85.131-02).

The results of ARCO's mapping are the stahject of this article.

Thn 1:50.000 scale geologic maps compiled by Pedersen tn 1983 are

compiled at 1:100.000 scale for the purpose of this report

(see map 85.131-01 A,B). The reader should keep in mind that while

the work has clarified several aspects of the region-s geology,

there are many unanswered questions and problems.

Also, because there are rapid lateral and vertical facies variations

within the area the map units shown are an amalgamation of several

rock types. There is, however, a significant regional continuity

of the dominant map units.

The most significant aspect of ARCO-s work in the Bamble region

is that it has delineated a mixed, volcanic-sedimentary terrane

within deformed Proterozoic rocks that contains potential for

synvolcanic gold deposits in three areas, epigenetic gold deposits

in three areas, and synvolcanic base metals deposits in two areas.

Additional work should be done in these areas, which are described

below.

DESCRIPT1ON OF MAP UNITS
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The following descript ons of map units are based primarily on

field descriptions and limited petrographic work. No major or

rinor element chemical data are available to assist in classi-

fying the rocks.

I. Volcanic-Sedimentary Rocks:

There are 3 general ch,sses of volcanic-sedimentary rocks:

Type 1. The volcanic-sedimentary rocks of southern

Bamble area.

Type 2. The volcanic-sedimentary rocks of northern

Bamble area.

Type 3. The exhalite-bearing, volcanic-sedimentary rocks

of northern Bamble area.

Type 1. The volcanic-sedimentary rocks of southern Bamble:

Type 1 rocks occur south of the Herefoss granite and include

gneiss, mafic rocks, and minor biotite schist and quartzite.

The gneisses are more common here than to the north, and range

in composition from very silicic to felsic. They are medium to

fine grained, thin 13:-.ddedand characterized by a typical

"sugary" weathering that may appear rusty due to oxidation of

minor disseminated Fyrite and pyrrhotite. These gneisses are

interpreted to be metamorphosed, waterlain sediments which were

derived from source rocks occurring to the west (Telemark) and

north (Bamble).



The "amphfbolites" of the scuchern Kamblr flYCd are not strictiv

amph bolites. They are -k, "sugary" textured, and exhib:


pillow-shaped weathering surfaces which are characte,istic of

the unit. The rock contains 20-30% quartz, 30-40% plagioclase,

30% hornblende and 10% biotite with accessory K-feldspar ard

fron sulphides. This suite changes laterally to the north into

a conglomeratic rock containing chert chlsts in a matrix of

calc-silicates, quartz, minor feldspar dnd hematite. The

orientation of chert clasts is suggestive of cross-bedding.

Type 2. The volcanic-sedimentary rocks of northern Bamble:

Type 2 volcanic-sedimentary rocks consist of two main

lithologies: gray, diffusely-banded, felsic gneiss and

homogeneous amphibolite. On the geological map these volcanic-

sedimentary rocks are grouped into units with more than 70%

amphibolite and units with less than 70% amphibolite. In

addition to felsic gneiss and amphibolite, the volcanic-

sedimentary rock unit contains minor amounts of dark biotite

gneiss, biotite schist, gneiss with a granitic composition

(type 5, see below) and quartzite. Larger quartzite bodies are

shown separately on the map, and where these look cherty (see

description below), it is separately mentioned. All the rock

types are strongly intercalated, and thicknesses of layers

range from 1 cm to several hundred meters, 2 to 6 meters being

average. Rapid lithological changes occur both across and

along strike. The borders of the individual rock types within

the unit are usually gradational, but may be sharp.



The elsic cnelsses ale d ffusely eney-whtte hdnded anc

duntain 40 placiociase, 30v.quartz, 10i K-feldspar, 10 maca


(hlotite, phlogopite and muscovite) dnd 10% accessory mancrals

including garnet, hornblende, sphene, apatite and opaques.

Towards the Type 3 exhalite-bearing volcanic-sedimentary rocks

the mineralogy becomes more complex and mtnerals such as silli-

manate, garnet, cordierite, and carbonates become amportant.

Becson (1975) reports petrograchic and ceochemieal dotails on

metasedimontarv gneisses from the Gierstad area.

The amphibolites exhibit a speckled, gray and white textere,

and are homogeneous, massive and thick bedded. The average

mineral content is 40% plagioclase, 10-20% quartz, 30-40%

hornblende and 10% biotite. Important accessories are apatite,

sphene and opaques (magnetite, pyrite and pyrrhotite). In all

investigated thin sections a fairly high quartz content is

seen, and thin quartz layers are common.

Type 3. The exhalite-bearing volcanic-sedimentary rocks of the

northern Bamble area:

These rocks occur in elongate, lens-like units, here termed

"trends" which contain cherts, albitites and marbles inferred

to be of exhalative origin. Other rock types include:

calc-silicate rocks; amphibolite; and sillimanite, garnet or

cordierite gneiss and quartzite. The chert, albitite and marble

are distinctive rock types in the trend, and the amphibolite

and felsic gneiss appear to be enriched in Al, Mn and Fe as

indicated by their enrichment in garnet, sillimanite,

corderite, and magnetite or iron sulfides. These types of



metamorphic rocks c(In be forred from ;everal original roc

types, e.g., ancient regoliths er pe1Itc sediments, or by

alteration during metamorphism. Howevl, field evidence

indicates that the abundant occurrence of these minerals within

particular areas is related to metamorphism of hydrothermally

altered rocks, with the alteration having occurred during late

stages of volcanism. Thus, the exhalite-bearing trends are

hosted in metamorphosed, hydrothermally-altered strata.

Papid changes in lithology, intimate interlayer-ng of the

rock-types, and sharp internal contacts between units are

characteristic of the trends. Most of the sulphide and

magnetite mineralization of the Bamble area is within these

trends. The exhalite-bearing trends are characterized by a

lithologic and mineralogical complexity that is not found

outside the trends.

Chert and albitite units

Quartzite with a cherty appearance occurs within the quartzite

units and as thin layers in the felsic gneisses, very often

with sulphide or magnetite mineralization. The albitite occurs,

as cm to 20 meter thick horizons interbedded with felsic gneiss

in areas near sulphide or magnetite mineralization, e.g.

between Solvang and Gjerstad. There is a complete gradation

between chert and albitite and they often grade into each

other.

The cherts are weakly mica-foliated, dm-thick bedded, and often

have a pitted surface due to oxidation of mm-sized blebs of

ankerite. Single, isolated mm-sized grains of Y-feldspar and



-

diopside are commcn. Lt color is whitIsh-grey with urac shades

parallel to beddIT

The albitites are otten verv garnetiferous, and coarse inter-

growths of albite and quartz are common. In some places the

albitites grade into a K-feldspar bearing variety. Thrl


layers of chert and Ihitite are commonly interhedded in fe sic

gneisses and we e preferentially mobilized during metamurphism,

so that mincr cross-cutting veins occur.

The cherts and albitites are interpreted to have formed from

gels produced by exhalations onto the sea-floor.

Marbles

Marble is easily weathered and it has been noted only in

road-cuts. The marbles may therefore be more widespread than

recognized. Calcite-ankerite marble occurs north of Skyttemyr/

B(6ylestad mine. Ankerite marble is seen in 5 places along

highway E18.

Three types have been seen. One is an equigranoblastic, medium-

grained calcite-ankerite marble with accessory ore minerals and

pseudomorphs after scapolite (indicates a Na-rich brine). The

second type is massive, green ankerite marble with accessorr

pyrrhotite, graphite or thin mica-layers. On fresh surfaces the

ankerite is green but on weathered surfaces it is brown to

rusty. The thicknesses of the marble horizons range from 0.5 to

8 meters and their lateral extent appears to he limited. Marble
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and calc-stlicate hdrizors are preser,t in

1n strata in the Skyttemyr and Sa-nidal trends.

Thesc carbonates occur near areas mapped as volcanic centers

and are interpreted to have formed as chemical precipi.tates

from sclutions exhaled onto the sea-floor. The apparently

smaller lateral extent of the marbles compared to the

chert/quartzites may indicate that the marbles occur very close

to vents.

A third, distinctly different, dirty, well-layered dolomitic

marble hosts the Espelandsmyr mine Pb-Zn-Ag ore. This thin

carbonate horizon can be traced for at least 7 kilometers along

strike and is represented by varying amounts of dolomite,

calcite and calc-silicate.

Calc-silicate rocks

Calc-silicate rich horizons are wide-spread within the

exhalite-bearing, volcanic-sedimentary trend. The minerals

present are amphibole (tremolite-actinolite), diopside, garnet

and minor glaucophane. Mineralization is often associated with

the calc-silicate - bearing rocks, and the magnetite ores of

the Arendal area are hosted in coarse-grained, banded

diopside-garnet rock.

Amphibolites

Many, but not all, of the amphibolites within the exhalite-

bearing trend are noted for a high garnet content, the garnets



being as Ifge as 30 cn. Ctift): fin ites are cnted tnr

minor magnetite content. Garnet coftents witl= amphibol)tt•

increase with proximity to exhalites, an observatIon that

indicates deposition of exhalites and alteration of surrounding

(and overlying) strata were concurrent. An examination of thin

sections from selected amphibolite units shows that they all

have a high quartz content (10-20%). Quartz occurs both

disseminated and in mm- to cm-thick quartz lenscs.

Some of the amphibolites of the trend are characterized by thin

quartz layers and biotite foliations. An examination of a thin

section from one of these amphibolites shows that it contains

free carbonate, and it is probably a sedimentary-derived

amphibolite. In some outcrops, the amphibolite exhibits pitted

surfaces 1-3 meters wide and parallel to bedding which are the

result of bedded carbonate being preferentially weathered out.

Garnet, sillimanite or cordierite gneiss and quartzite

The garnet-bearing felsic and siliceous gneisses are often

diffusely banded like their equivalents outside the trend, but

are characterized by up to 40% mm-sized red-violet garnets.

The sillimanite-bearing gneisses are characterized by a very

typical weathering, where nodules of fibrous sillimanite and

quartz stand out. The content of sillimanite is normally

between 5 and 15%, but percentages as high as 50% are not

unusual. A typical example has grain size ranging 0.5-3 mm,

with the grain sizes generally bimodal. Coarse quartz-garnet

layers occur within a finer-grained matrix. Minerals present



are 20% fibrous H.111:-]a te, 20i K-feldnflax, • t :n.

garnet, 10% plagloclase, 10% blotite a

Cordierite occurs in cuartzite sampled south of Sannidal a]cng

E18. The cordierite is seen in the field as 2 - 4 mig sized,

rounded, dark-grey porphyroblasts (ca. 10%) in a cordierite

quartzite. In thin section, large rounded cordierite

porphyroblasts occur in a matrix of eguiaranoblastic cuartz-

biotite-feldspar matrix. Phenocryst proportions average 40%

quartz, 40% cordierite, 10% biotite, 10% K-feldspar and

accessory sillimanite. The cordierite guartzites are apparently

not very wide-spread and were only seen in the SgSnde1ed-

Sannidal area.

II. Granitic Gneiss and Augen Gneiss:

Due to the many metamorphic and structural events in the Barble

area the grouping and interpretation of the various types of

granitic gneiss, augen gneiss, granulite facies gneiss

(Arendalite and others) is very complex. Table 1 shows a

general division into 5 types based on lithological and

structural evidence. The division leads to an interpretation of

how the various types were formed. Future work is likely to

alter the model, due to the lack of details recorded during

this reconnaissance field-work.
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TABLE

T' e Criteria

Type 1. Augen gneiss sharp contacts, homogeneous

composition, marker horizon in

surrounding rocks parallels the

contact, cross-cutting contacts

(intrusive).

Type 2. Augen gneiss gradational contacts, contains

relicts of surrounding rocks

(granitization) and feldspar

augens.

Type 3. Granitic gneiss gradational contacts, contains

relicts of surrounding rocks

(granitization).

Type 4. Granitic gneiss sharp contacts, but with thin

concordant layers of granitic

gneiss in surrounding rocks

(meta-arkoses, metasiltstones or

metarhyolites).

Type 5. Granitic gneiss homogeneous composition, sharp

contacts, igneous-textured in

center, gneissic along borders.

Orthogneiss.



.ne I. Augen gnei_.

:xamples of this type cf gneiss are heer t uf dsfiyr

rine and south cf Herefoss granite. The augen enc:shes are

homogereous, K-feldspar porphyroblastic; single porphyroblasts

are un fo 10 cn ih size, and the greit)r,t; ih ge,J dppear trf

of octassium-rich granitic conp

The augen gneiss scuth of Herefoss granite is characterized by

a very homogeneous composition and knife-sharp contacts with

the country rock. The Espelandsmyr augen gneiss is somewhat

more complex. The eastern, northern and scuthern contacts are

very sharp, whereas the contact towards the west and the Great

Friction Breccia is more complex and gradational, probably

because of the influence of the shear zone found there.

The hedding in the countrv rock parallels the contacts with the

augen gneisses, and near Espelandsmyr mine a marker horizon can

be followed for several kilometers at a constant distance from

the contact. At the northerly end of the Espelandsmyr gneiss

body, cross-cutting and discordant contacts with surrounding

rocks are observed (Grahl-Madsen and Bech, 1984). Moreover,

thin layers of gneiss become conformable with surrounding

strata. These contact relationships, combined with the

homogeneity of the augen gneiss and the absence o` fragments of

gneiss in the surrounding sediments, indicate that it

represents an intrusion.
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Touret (1961) Tirguuh that thla could

be d granitized metahn. t. Thls kely t.

contact relationshins ciccrheci a ' the ::iLt that layers


with similar composition 50 meters ahove the contact are not

affected by the inferred granitization.

Tv e 2. Aucen gneiss

This type ,s especially frequent along thi coastline, where

higher metamorphic grades occur, and also near the Great

Friction Breccia.

This augen gneiss is characterized by common relicts of un-

granitized felsic gnelss, amphibolite and guartzite, and by

gradational contacts where a gradual development of K-feldspar

porphyroblasts occurs over 200 to 800 meter wide zones. A good

example is seen by Solumåsen, on map-sheet 1511 II, SW corner.

Near the Great Friction Breccia this augen gneiss type is

clearly developed pcstkinematically. Development of

postkinematic K-feldspar porphyroblasts and augen gneisses is

one of the most characteristic features in the shear-zone near

the Great Friction Breccia.

This type of augen gneiss was formed b, granitization.

T e 3. Granitic neiss

This type is seen in many places, as for example near Akland,

at the SE-corner of the Nelaug map-sheet, near the Levang



cra ite (old name), et flfKrncrÇ, and in thc•(-(li 1 arL.,

Irom Arendal to Riso.

The contacts with surrounding rooks are gradual. Up to the

arbitrary limits to the granitic gneiss, increasing amounts of

granitic and granoCioritic gneiss occur, as well as relicts of

felsic gneiss, ampiholite and quartzite which are com=

within the graniti gneiss. Generd1ly they are rf.etancrphosez to

upper ar.phibolite facies. However, in the coastal area hetween

Arendal and Risgir granulite facies is reached and a hyper-

sthene-bearing goeiss known as "Arendalite" is found (Starner,

1972A; Bugge, 1943).

Like the above described type 2 augen gneiss, these granitic

gneisses were clearly formed by granitization.

T "e 4. Granitic neiss

This type is seen as thin layers in many places and the large

Farsj?) "granite" belongs to this type.

Internal compositional variations, well-bedded nature and

interlayered amFhibolite characterize this granitic gneiss. It

is also charactEristic in this type to find a sharp contact

with the surrounding rocks, and also to find thin concordant

granitic gneisF layers within the gneiss.

Due to the layered nature, the compositional variations and the

sharp contacts, this type of granitic gneiss is interpreted as



heing derived frot r ta-arku:;;es, ;tones or

metarhyolite.

Tv e 5. Granitic neiss

This type of granitic gneiss is known in two places: south of

Akland and the Helle granite (old name) west of Krager¢5.

The two granitic uneisses have a granitic core and a gneisslc

rim. The contacts to the surrounding rocks are sharp, but

somewhat obscured by many pegmatites which surround the two

granitic gneisses. The composition is homogeneous and granitic.

The two granitic gneisses are interpreted as being old granitic

intrusions, now partly metamorphosed.

Parts of the Levang granite (old name) may also be of this

type.

III. Mafic Plutonic Intrusions and Albite Pegmatites:

The mafic plutonic intrusions of the Bamble area are wide-

spread but are particularly abundant in two centers. The major

center is located in the Kragerf6-Bamble region and the minor

center is found in the Risør-SvSndeled area. The areal extent of

individual intrusions ranges from 0.5 to 8 km2.

Morphologically, the intrusions stand out as topographic highs.

The hyperites/gabbros are intruded semi-concordantly; the

foliation of the surrounding rocks tends to bend around the

intrusions and only minor discordant relationships are found.
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The rim. ef the individua1 intrur: re often metamorphosud

tnto homogeneous amphtboitte and i in suggested hy Starmer


(1969B) that the plutons were intruded hetween two malor

eplsodes of metamorphism and deformation.

The intruslons have a mafic to ultramafic composition and later

metamorphism has changed some of the olivine into hypernthere

and amphihule - thus producing the hyperites, whj.ch is the

normal term applied to the intrusions in the area (Bugge, 1943

and others). For details about the composition of the

intrusions see Starmer (1969B).

Albite pegmatites are often found close to the mafic plutonic

intrusions and have been given the local name Kragerc6ite

(Green, 1956). The Kragertites are found as meter-thick cross-

cutting pegmatites and as major intrusions south of Kragert6.

The minerals are mainly albite, some quartz and diopside, and

accessory sphene, rutile and Ti-magnetite. Rutile was mined

from Kragerfbite in various places; the largest of the ancient

mines occurs just south of Kragere5.

IV. The Herefoss and Grimstad granites

The huge Herefoss granite and the minor Grimstad granite are

situated north of Birkeland and around Grimstad town

respectively. The granites, especially the Herefoss granite,

occur as distinct hills.

The granites are younger than the rest of the rocks seen in the

Bamble arca and have ages, based on K/Ar determinations, which



rnnq :!on 956 to 850 million yearH, dithounh

indicate slightly older ages (Start.r,

The contacts of the granites with the surround;ng roc s are

sharp, irregular and cut general bedding in the host rock. Up

to 5 kflometers from the borders of the granites there is a

arg, number of cross-cutting pegmatites and in some blace5;

no.-ganesc ux jes on oint surfaces.

The granites appear to be homogeneous in composition and are

unfcliated. K-feldspar porphvries occur locally, but in general

the granites are medium-grained and eguigranular.

STRUCTURES

The Bamble area is often called the Bamble linear belt due to

the strong NNE-trending lineaments seen in the area. This

linearity is seen in the morphology, the aeromagnetic maps and

in the geological maps. The NNE strike of the rocks parallels

the Great Friction Breccia. In areas nearest the Great Friction

Breccia this parallelism is strongest.

Towards the coast the rapid changes across strike decrease and

the geology becomes complex due to the many intrusions in the

coastal area. These intrusions mainly occur in two regional

centers located in Kragers8-Bamble region and in Risq5r-Sqindeled

region. Below is a summarv of some of the structural elements

of the area.



I. The Great Frictien 1 eccaa:

The Great Friction breccia is a zone of weakness that ha5: been

reactivated several times. The most prominent features are a

0.5 to 4 kilometer wide shear zone and a later fault (the

Porsgrunn-Kristiansand tault) expressed by mylonites. The

initial opening of the basin, in which the rocks of the Pamble

arca were deposIted, is likely to have occurred along a

marginal fault with the same location as the Great Friction

Breccia. However, shearing has obscured evidence of this

possible relationship.

The shear zone is widest in the area between the Herefoss

granite and Kristiansand in the south, and in the area between

Nelaug and Porsgrunn in the north. Here the rocks are charac-

terized by blastomylonites, chloritization and development cf

late postkinematic K-feldspar porphyroblasts. The bedding is

characteristically very sharp, thin and almost schistose in

places, but still determinable as bedding. Within the Herefoss

granite the shear zone is not seen, and in the area between the

Herefoss granite and Nelaug the shear zone is very narrow and

mainly expressed as numerous subconcordant pegmatite intrusions

in a 1 to 3 kilometers wide zone.

Based on gravimetric surveys and the orientation of the

shearing, the Great Friction Breccia has been estimated to have

a NNE strike with a steep 800 easterly dip (Morton et al.,

1970). This orientation is, however, not seen in the

orientation of the blastomylonites of the shear-zone, due to

later compressional folds with a typical wave-length of 50 to
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150 meters and flat-d ppane, NNE-orientated fold axe . This

hest seen along the road from Gjerstad railway statiet towardr

the west and in the art..asouth of the Herefoss granite. Th:r

in contrast to the steep dips tound in the rest of the Bamlle

area.

The later Porsgrunn-Kristiansand fault occurs as a 1- to

50-meter thick zone of mylonite with a steep easterly dlp. 1n

the northern part of Bamble, the fault is found along the

western margin of the shear zone, and just north of the

Herefoss granite the fault splits into two arms. The

westernmost of the two goes west of the Herefoss granite and

dies out 10-20 kilometers south of this. The other arm divides

the Herefoss granite and follows the trend of the shear zone

south of the Herefoss granite. It is likely that the Herefoss

granite operated as a strong plug in an old zone of weakness.

The fault first went west of the Herefoss granite, and later

transected it. The rock types between the two arms are

distinctly different from those of the Bamble area and they

probably belong to the Agder complex (Falkum, 1982).

The movements associated with the fault were mainly vertical

and the downward displacement of the eastern side has been

estimated to be at least 500 meters (Morton et al, 1970).

II. Structures outside the Great Friction Breccia:

Near the Great Friction Breccia a belt of NNE-striking and

generally steeply-dipping rocks occurs. The belt hosts the

exhalite-bearing, volcanic-sedimentary trend. On air photos
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some indications of isoclinal folding within the belt are seen.
Mapping along traverses and roads indicates that isoclinal Eolding
is apparently not as common as inferred from air photos. Facies
variations along strike appear as lens-like bodies and seem to be
the cause of some of the patterns. Also, "cascade-type" folds
with tight isoclinal limbs occur along the limbs of a major synform
(Figure 2) and also account Cor some of the patterns seen in the
air photos.
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SIGURE 2

Generalizedgeologiccross sectionfrom the vicinityof Amli to Tvedestrand
area showinga simplifiedinterpretationof geologicrelationships.Facingevidence
hos been observedonly rarely.The mixed volcanic-sedimentarysequencenear the
Great FrictionBreccia (GFB)is inferredto change laterallysoutheastwards(strati-
graphicallylaterally)to distal sediments.The higher metamorphicgradesobserved
nearer the Skagerakmay be the resultof deeper erosionof the southeastern11mbof
an overturnedsynclinorium.Intraformationalisoclinalfoldingoccurs locally,with
tighter foldingnearerthe GFB and more open foldingtowardsthe coast.
Not to scale.Legendsee map 85.131-01A,B.

Open to tight folding becomes more obvious in the coastal area, and

numerous igneous intrusions occur. The coastal area is also character-

ized by high -grade metamorphism between Krager0 and Arendal, and just

south of Lillesand.

Primary, cross cutting contacts occur south of Sannidal on a scale of

500 meters. These rocks resemble the pipe of an extrusive center and

strongly indicate that shearing parallel to bedding did not occur in

this area (Pedersen, 1984). Although similar relationships have not

been observed elsewhere, it is reasonable to assume that shearing

poro1lel to bedding is not a prevalent phenomenon in the rest of the

reqlon.

Brecciated rocks are not very wid~read, apart from the area near the

Great Friction Breccia. An exception is the area west of the Helle

qranite (by Aurcia) where brecciation is quile common Hee next para-

(lraph).
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III Voiilt nd joant-patterns

Lookit the 'opograaittd maps at

trend as evaddnt an p.ttern of raver tnd tdt

al. (1970) have made a fault-pattern study of the north ern

Bamble area, and Rvfsholt (1967) made a joint-pattern ctudv in

the Trak area. The fault-pattern study revealed two maxima. The

one with a NE direction was interpreted by these workers as

being old faults sub-paralle1 to bedding and perhaps ociated


with shear stress created by formatioh of rho Great Fractics

Breccia. The other direction is NW and probably related to the

opening of the Permian Oslo Graben. In the northwestern part of

the Bamble region, numerous NW-trending narrow valleys are cut

along breccia fillings consisting of carbonates and idiomorphic

to drusv cuartz (Pedersen, 1984).

The joint pattern has two maxima with orientation ESE and SSE.

The ESE orientation was interpreted as being due to tensional

joints associated with the Great Friction Breccia. The other is

probably related to the opening of the Oslo Graben.

The stratigraphic younging in the sequence of rocks seen in the

Bamble area is not known, but we infer that the package is

generally younging from the Great Friction Breccia (Nelaug

vicinity) to about 15 kilometers towards the southeast. This

inference is based on rare observations of graded bedding, and

the change from a mixed volcanic-sedimentary sequence in the

northwestern part of the area to a dominantly sedimentary

sequence to the southeast. This change occurs both

stratigraphically upwards and laterally to the southeast. From

the vicinity of Klubben to the Skagerak the rocks may be

progressively older (see Figure 2).
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GEOLOGIC HISTORY AND TIMING OF EVENTS

A generalized geologic history is shown in Table 2. While this

geologic interpretation is consistent with present data,

further work will no doubt refine the model. The absolute ages

of events are very uncertain, and the dates shown in the Table

are speculative.

Deposition of the Bamble sediments and volcanites began during

development of a major basin, the northwestern margin of which

was close to the Great Friction Breccia. Near the Friction

Breccia a sequence of interlayered mafic and felsic volcanite,

arkose, sedimentary quartzite, siltstone and minor carbonate

and exhalite was deposited. Towards the southeast this sequence

changed laterally to mixed arkose, siltstone, turbidite and

other felsic clastic material. Late in this period, mafic

igneous rocks were emplaced in these distal sediments. Lateral

facies variations parallel to the Friction Breccia indicate

that volcanic centers occurred at intervals along the basin

margin. One inferred center is near Nelaug and another near

Gjerstad. It is interesting to note that both of these inferred

centers lie near the intersection of the Friction Breccia and

prominent NW-trending linears. Two other centers of smaller

scale (satellite volcanoes?) were mapped by Pedersen (1984);

one occurs near Sannidal and one near Auråa. Data reported by

Morton (1971) indicate that volcanic centers, probably of a

similar scale to those reported by Pedersen (1984), occur near

the coast in the area dominantly underlain by metasediments.
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c:epOSitiOn, but tnL Int( Ltwn dc-po!:jt 1 n

metamorphism is uncerta in. Memil :crce we.c


directed normal to the Friction Pvccola, hut minor, Isoclinal

fo1ding seen near the Friction Breccia indicates some

strike-slip movement along it. The increase in metamorp_ic

grade from the Friction Breccia to Skagerak indicates

deeper stratigraphic leve (c:p9s.r.:alene the coast. The


relatively high grade of metamorphism throughout the c.-r‘a

indicates that published radiometric age determinations reflect

timing of metamorphism. Methods such as Sm-Nd determintions

would be necessarv to ascertain ages of deposition and

emplacement.

MINERALIZATION

The Bamble area has a long history as a mining district, and

160 different small mines, trenches and workings are listed in

the Bergmesters File although no mines are active now. However,

not more than 5 are base-metal deposits and only a few of the

160 occurrences are located within the exhalite-bearing, mixed

volcanic-sedimentary trend (hereafter shortened to the

exhalite-bearing trend) which, as determined from ARCO's rock

chip assays, contains the region's highest concentrEtions of

Au, Ag, Pb, Cu and Zn. The majority of the mines prcduced

magnetite, nickelifereous pyrrhotite-chalcopyrite, -utile or

apatite ores and they are found predominantly in the coastal

area. This may be due to the fact that a very active industry

and shipping environment was centered around the harhors, while

the less populated forests, where the exhalite-bearing
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trend is found, received less attention in the 19th and

beginning of the 20th centuries. Moreover, the strata with

higher sulphide concentrations weather easily and tend to form

topographically low areas such as bogs.

The ores and mineralization can be grouped into mineralization

associated with the mafic plutonic intrusions, magnetite

mineralization in the exhalite-bearing trend, and sulphide

mineralization in the exhalite-bearing trend.

Mineralization associated with mafic plutonic intrusions

Associated with the mafic plutonic intrusions are rutile

mineralization, apatite mineralization and mixed magnetite,

nickelifereous pyrrhotite and chalcopyrite mineralization.

The rutile mineralization is found in albite-rich rocks,

usually aplitic to medium grained. No anomalies for Au, Ag, Pb,

Cu or Zn were detected in samples from rutile mineralization.

No assays were made for platinum group metals.

The apatite ores of ødegårdens Verk (1712 IV, NE corner) are

very rich in apatite and occur in cross-cutting apatite-

diopside-biotite-enstatite p(?gmatites.The pegmatites are

described in detail by Bugge (1965), and they are probably

related to nearby hyperites. Two samples from the ore show

detectable Au (0.005 ppm) but no anomalies for Cu, Zn, Pb or Ag

are detected.
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intrusions, where tnesedYe par(1- amphihcitized. The

ore is either: 1. brecciated coarse-grained magnetite,

amphibole, hypersthene and plagicclase cemented by

nackelitereous pyrrhotite and chalcopyrite, or 2.

hvperite/gabbro with disseminated pyrrhotit0 and chalcopyr itO.

se.:o taken these ores hcw '2alousAu, Ac

or Zn except for samples from Vissestadt mine (0.389 ppm Au, no

other major anomalies) and Skibrekka mine. If these sulfides

are relict magmatic sulfides, the rocks should be examined fcr

possible platinum grcup metals mineralization.

Apart from the mineralization in the E18 trend, the above

mineralization types are believed to be of no importance for

base-metals exploration. However, they do indicate centers of

igneous activity which may have been accompanied by other

mineralizing processes that are of regional importance to an

exploration program.

Magnetite mineralization in the exhalite-bearing trend

Magnetite mineralization is found mainly along the southwestern

marcin of the exhalite-bearing trend with concentrations around

AreLdal, SgSndeled and Kilsfjorden (west and southeast of

Kraners6). Another important magnetite-bearing trend occurs near

the Great Friction Breccia, from Nelaug to Gjerstad.

Magnetite-bearing rocks tend to parallel sulphide

minenalization on another stratigraphic level which occurs to



the northwu5t. iiujtion ef the xtL:. of

the magnetlle

aeromagnetic maps.

The magnetite is normally found as layers in gray felsic

gneiss interbedded with amphibolite and calc-silicate horizons.

Ore material in the larger magnetite mines of the Aren

d'stric: interhedded, coarsc-crained dcnde-




garnet-mdgnetite. Thin amphibolite leyers interbedded wIth

gray felsic gneisses are also magnetite-bearing but not of cre

grade. In other places the massive magnetite ore bands are

found in cherty quartzites with thin amphibolite layers

adjacent to the magnetite. Calcite veins are quite commonly

associated with the magnetite ores.

The magnetite ores are thus banded and associated with ampni-

bolites in a package of felsic gneisses with chert, albitite,

calc-silicate and enrichments of garnet, and are interpreted as

oxide-facies banded iron-formations (BIFs) clearly associated

with exhalites.

Sulphide mineralization in the exhalite-bearing trend

Many occurrences of sulphide mineralization were described and

sampled during ARCO's field-work. As a general rule, all

roadcuts displaying evidence of iron staining in the Bamble

area were sampled, and it was found that onlv mineralization

from the exhalite-bearing trend showed elevated concentratl=

of Au, Ag, Cu, Pb or Zn.
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of general tmcriclnin the sulphidc iian nzation.

The sulphide mineralization gencrally occurs within cmv fulsic

gneiss and biotite-schist which locally are enriched in

disseminated snlphides. The gneiss hosting the sulphidch it

associated with calc-silicates, ard is either verv silleccus or

enriched in garnct, sillimandte cdrcordierite. Thcre does fet

appear to be a consistent or evvn common hanging or feet-wall

rock type to the mineralization. The presence of garnet,

sillimanite, cordierite, chert, albitite or marble is a guiae

to where the mineralization occurs.

The units containing the disseminated sulphides ranse from

centimeters to sevcral meters in thickness. Many of the

mineralized units can be followed for several kilometers alons

strike within the same stratigraphic position.

The sulphides normally occurring in rusty roadcuts are pyrite

and pyrrhotite. Graphite almost invariably accompanies the

sulphides, and cm to dm-thick horizons containing up to 50%

graphite are not uncommon. In some mineralized areas galena,

chalcopyrite, sphalerite, arsenopyrite or

tennantite-tetrahedrite occur in trace amounts. Chalcopyrite is

by far the most common ore mineral, sphalerite occurs

frequently, but the other mentioned sulphides are rare. Assay

results show that Au is correlated with Cu, Zn and As, whercas

Ag is correlated with Pb.
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1n a few rusty outcrops, rinH ik'e nv rrhotte-nhaIcop''iitp

and cross-cutting v(Hns are :ound. These 3m ncretime

accompanied by spha1erite and manv of them ansav high in Au

(0.3 to 2.0 ppm). All the higher Au values are found in samples

of massive pyrrhotite and chalcopyrite, which occur both

stratabound or in veins.

Table 3 shows a list of selected analytical results from

representative rock chip samples taken across the width of

mineralization.

TABLE 3.

Sample
LocationNo.

Skyttemyr
3200
3210
3211
3244

Au
PPm

2.94
0.75
2.48
1.73

Ag
PPm

38.8

70.0
7.0
9.4

Pb

.0060

.0041

.0204

.0051

Zn

.0503

.0850
1.39
2.01

Cu

1.13
3.94
0.70
1.15

Espelandsmyr






RB17 0.05 496 8.2 4.37 .0313
RB18 1.85 641 8.0 4.40 .62
3017 0.01 30.2 0.16 6.21 .0150
3018 0.06 31.6 0.15 6.46 .0140
1329 0.39 d.1. .0013 .009 .0137
1046 0.73 3.0 .0023 .004 0.5

Gjerstad
1170 7.4 d.l. d.l. .0055 .0781

Kragerså






Auråa3151 0.23 1.8 n.d. .0260 .17
Auraa3176 0.12 3.7 n.d. .0120 .63
Skogen3156 0.34 n.d. .0026 .0078 .0181
Grt/Stvn.3139 0.06 n.d. .0013 .0141 .0193

n.d. indicates not determined, d.l. indicates below detection
limit



The Skvitemyr ara

The Skyttemyr area was mapped in detail by Beck ) anh a

short summary is given here.

The Skyttemyr occurrence was mined during the lato 19th century

at two locations, Skyttemyr and BeSylestad. The mines were

production for about 10 years, and then abandoned due

technical and financial problems. The mines produced Cu and Zn

concentrate, and at the time the mines were in operatinn the

potential gold credit to the ore was not recognized.

The ore is stratiform, 0.5 to 2 meters thick at the surface,

and can be followed for about 2-3 kilometers in scattered

outcrop. The strike and dip of the orebody is 0320/700 SE. The

ore comprises massive pyrrhotite, chalcopyrite and sphalerite

with minor arsenopyrite, galena, tennantite-tetrahedrite, and

graphite. Rounded quartz eyes, small lenses of felsic gneiss

and minor cross-cutting calcite veins are common within the

ore. The footwall to the ore is mafic biotite gneiss and

amphibolite. From the Great Friction Breccia to the ore zone,

the footwall rock sequence consists of normal mixed

volcanic-sedimentary rocks and granitic gneiss with very few

exhalite horizons. In contrast, the hanging-wall sequence

consists of a mixed sequence of sillimanite-garnet-bearing

felsic gneiss, garnet amphibolite, cherts, etc. The ore thus

marks the northwestern margin (base?) of the exhalite-bearing

trend hosted in altered rocks.
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fkithwestof Skyttemyr,on the Arendal 1:50.000scale map shent, th d vury lirgn

area dominatedby guartzttewhich often exhibitsa cherty aptedroufband whtch

is interbeddedwith dzithilx)lite.This appears te be a favorahlestdting for .dert‘

mthnralization,and rwe mihnr jdh;
cx-curr,,nent;fitttnlocated hi

area. Representativesamplesdrn

å 3057and 3058,wiTh 0.108 ppm and

0.142 ppm Au respectively (located

near Rise);and samples 3360 to

3363 with valuns between0.024 artd

0.045 ppm Au (ndstof Syndlest.)ya).

tiortneastof tikyttemyr,severdi

sulphide occurrencesanomalousin

base metals and a thin carbenatb

horizonare found in the exhalite

bearing rocks (Figure3). It should

be emphasizedthat many more

occurr5002zdre probablyhosred In

the area, which has not been mapped

in sufficientdetail to locatethem.

1. Caneraltred eap sco.trnq
at coces snwing annellte

!estur•• Ln Une Skyttanyr •rea.
Pold linee snas zulficlic zonea
:oc•tal dur Lrq recornelsearce;
ottac zonee tr• to eccur.

The Espelandsmyr area

The Espelandsmyrore is hosted by felsicgneiss 50 meters stratigraphicallyabove

(3) the contactwith a coarse-grainedK-feldspar,porphyroblastic,augen gneiss

(type 1). The contact between the augen gneiss and the felsicgneiss is sharp,

and the packageof Celsicgneissescan be followedto the southwestwhere it bends

around the augen gneiss. A marker horizonof garnet-biotite-calciterock has been

followed for severalkilometersin the same stratigraphicpositton (3fahl-Madsen

and i3nek,1984).

L-; ifemTi , 1,-Itittrttd t;phit n!,, fv1- 1:1 •Ind

r •inJ is nor;t tt-! in Lantit-J, lintti ; t• 1)1.. .t.rd

c L Lcnst

fjf)
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garhetifereous, gray felsic gheisn. Assay results show that the

-shileris.e-galena orn has a high silver concentratinn efe)onm)

.tfll i potientsialjuld credi elected analytical results shswn in

Tahle 3). The relatively high concentration of silver in the ore

indicates it may be a stratabound vein, rather than stratabound

syngenetic mineralization. The orientation of the orebody is 0520/750

:;!Iand the footwall to the ore is gray felsic gneiss and amphibolite.

The hanging-wall seguence is gray Eelsic gneiss and interlayered

magnetite-hearing amphibolite and pink granitic gneiss (type 5).

Northeast of the mine, the rusty zone hosting the orp can be observed

sporadically for about 5-6 kilometers along strike at the same

stratigraphic position. Just southwest of the mine is a very large bog.

Airborne magnetic/electromagnetic and ground IP surveys traced the ore

horizon which occurs sporadically over several kilometers to the south-

west. Two drill holes tested the horizon and penetrated pyritic-

graphitie zones but failed to locate significant galena ur sphalerite.

However, only two holes along a trend of such length is not a

realistic test of the trend-s potential.

A distinct magnetic high located southeast of the ore zone parallels

the horizon hosting the ore. The magnetic maximum is at Solvang, 8

kilometers southwest of Espelandsmyr.

The high continues to the southwest and does not bend around the

augen gneiss. The package which bends around the augen gneiss is,

however, found to be magnetite-bearing like the hanqinq wall of the

Espelandsmyr ore.
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randed, gray, felsic gneiss and omphibol  

Some of the magnetite-bearing amphobolites coiYrn low, but

anomalous, cencentrations of gold. Between olvang and Espelardr-

myr mnes, for exampl , sdmrles taken were dnomo;ous in gcld ond

the sample, taken approximately 4 kilomete/s HohW_ t cf

Tspelandsmyr mine, assayed 0.821 ppm Au, 30 ppm Ag, 1.13% eu )nd

low Plo and Zn.

To summarize, a thick packoge of exhalites and magnetite-bearIng

amphibolites, partly anomalous in Au, occurs near Solvang.

The package thins out about 8 kilometers towards the northeast;

at the mid-way point, near Bakke, a Au-Cu-Ag-bearing Fe-sulphide

sample was taken, and near Espelandsmyr a thin carbonate horizon

containing Aq-Zn-Pb (Au) and poor Fe mineralization occurs.

This can be viewed as one system; the thick Solvang exhalite/

magnetite sequence being the proximal center with an intermediate

Au-Cu-Fe sulphide mineralization (perhaps a Skyttemyr "type")

north of Bakke, and distal Ag-Zn-Pb, Au-bearing and Fe-poor

mineralization at Espelandsmyr.

The stream-sediment sample anomaly pattern from Espelandsmyr

area outlines an anomalous trend in the area. The anomaly pattern

does not hend around the augen gneiss, but tends to follow the

trend of the magnetic high.

Higher gold values are locoted in the Espelandsmyr mine areo and

in an area south of Solvang, dnd the entire t/end between these

two areas is anomalous. Migh silver contents accompony the two gold
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the anonalous tre

outside the trend.

The GUerstad area

The Gjerstad area (Gr hl-Madsen and Bech, :9E4) in

characterized by ipnunerahle rusty road cuts. The tvprel rusty

road cut is nineralized with small amounts of disseminated

pyrrhotite and mm-thick pyrite layers on joint surfaces - t_us

giving a more rusty appearance than the amount of sulphides

justifies.

Albitite, chert, garnetifereous grav felsic gneiss and

calc-silicate horizons are widespread and very common within

the area.

The Gjerstad section includes three exhalite-bearing horizons

separated by normal gray felsic gneiss and granitic gneiss

(type 5). The two marginal exhalite-bearing horizons are

mineralized with magnetite and the central exhalite-bearing

horizon with iron sulphides. Ground and airborne magnetic

surveys clearly outlined the iron-sulphide and magnetite-

bearing horizons. Assay results show that all three

exhalite-bearing horizons contain anomalous Au, but only the

central, sulfide-bearing horizon is also anomalous in Cu, Ph

and Zn.

A 14 meter long and mazimum 0.5 meter wide guartz-arsenopyrite-

chalcopyrite vcin containing up to 7 ppm Au and 5% As was found
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1.5 kilometers south of Gjerstadvdtn. The vein crosscuts ar

amphibolite that locally shows intense silicificaton and

sericitization, and which contains sillimanite, garnet,

tremolite and disseminated sulfides. This occurrencelies near

the contact between the central, iron-sulfide horizon and the

southeastern, marginal magnetite-bearing horizon.

The E18 area

The E18 trend is very long, complex and situated close to the

igneous center found in the Kragerø-Bamble area. Details are

given by Pedersen (1984).

The southern end of the trend by Sannidal is characterized by

at least seven thick iron sulfide-bearing horizons with traces

of chalcopyrite, which are stacked on top of each other

(between Sannidal South and Sannidal North), and a very complex

mineralogy and lithology. The sulfide-bearing horizons occur in

interbedded biotite schist and quartzite, garnet-rich

amphibolite, ankerite marble, and biotite quartzite. The

sulphide-bearing package has the form of a wedge, being

thickest at the southern end and thinning out along strike

towards the northeast and Auråa (the igneous center).

Near the igneous center (west of the Helle granite and by

Auraa) are found complex interlayefings of sillimanite gneiss,

garnet amphibolite, magnetite amphibolite, sedimentary

amphibolite, and chert and ankerite marble, that are often
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massIve pyrrhotItc-chaicoevfite lenses of Crc: -cuttInc:

veins.

RECWIMENDATIONS FOR FURTRER WORK

In AprIl, 19E , Atlanfic Richfield Co. eliminated its mInerals

exploration program world-wide. As a result, ARCO's mInerdls

exploration program in the Bamble region was terminated.

results of work done in 1983 and 1984 indicate that certaln

types of deposits can be expected to occur in the area. As a

guide to exploration, our data indicate that the highest gold

values occur in areas anomalous in arsenic where chalcopyrite

appears in addition to iron sulfides. In areas covered by

ARCO's DIGHEM III survey, careful examination of resistivity

data presented as stacked profiles may indicate favorable areas

because the presence of elevated, but non-massive, sulphide

concentrations will exhibit lower resistivity (see Corbett and

Abildgaard, this report). An area with a coincidence of low

resistivity, favorable geology and elevated gold concentrations

in rock samples would be worth careful examination. The

presence of bedded carbonate (e.g., ankerite) in the sec-ion IF

an additional favorable criterion (R.P. Foster, personal

comm.).

The expected deposit types are:

A) Epigenetic gold: Three areas exhibit characteristics

favorable for this type of mineralization.
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comprises amph elite that hu: h(as . arc:

carbonatized, usd which costairs sulp e zflneral


have replaced ferroragnesian minerals.

Pyrrhotite, accompanied by intesse carbonatization, is

frequently observed, usuallv i: the lower 0.r) to 10 meters

of individual amphibolite uri The ever ng gneiss asd


amphibolite are enriched in garnet, sillimanite, chert,

albitite and calc-silicates. The highest gold valups (up

to 0.6 ppm) occur in small veins and lenses of mobilized

sulfides. Mapping of alteration patterns could indicate

areas most likely to contain abundant veining (stockwork

breccias) or stratabound, dissemirated gold

mineralization.

An area of 6-10 km2 located southwest of Gierstadvatn

includes exhalite-bearing horizons separated by gray,

felsic gneiss and Type 5 gneiss. A central sulphide-

bearing exhalite sequence lies between 2 magnetite-bearing

exhalite sequences. The Vekselmyr Au-As vein occurrence (7

ppm Au, 5% As) lies in the eastern part of this area.

Stream sediments in the area tend to be anomalous in Au

and As. A structural analysis of the Vekselmyr area might

orovide a guide to controls the vein occurrence, and


indicate areas where larger veins could occur. Also, the

occurrence is near a trend low resistivity strata as


shown bv the DICHEM III dati. The trend lies within the

central, sulfide-bearing zore. This trend should be

carefully examined for stratabound, disseminated

("invisible") gold mineralization.
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toormaline ccs,bin : Ao ,alue

to 0.8 ppm) associated with clh:lcoovritc Inoicate a

potential for epicene—c gold T.1reralization in the treno.

Unfortdnately, thb most 1-7avcrablearea is nnt well

ard olivatd Au 080( appa=tly occur

spors:ically siona a :j.10n8-tortrend. The vicinity (,)[

9 n br fhe :gest favors.ble localtty, hecause


volcanic center may occur about 2-3 kilometers north to

northwest of Solvang.

B) Svngenctic gold: Three broad areas exhibit characterlstics

favorable for svngenetic (i.e., synvolcaric) mineralization.

During our work, the Agnico-Eagle deposit of Quebec (Barnett et

al., 1982) was used as a general exploration guide. The Agnicc-

Eagle deposit is hosted bv Archean rocks, while the Bamble

rocks are probably of Middle Proterozoic age, or, at the

oldest, cf Sarly Proterozoic age. The difference in ages of

host rocks may be significant, but both areas seem to have

undergone similar processes of volcanism and mineralization and

therefore can be expected to have similar deposit types.

Elements which may be anomalous in the synvolcanic gold

depositl include Ag, As, Ba, Cu, Zn, Mo, V, Bb and Hg, and one

or more of these elements as well as gold may form detectable

haloes :)ver several hundred meters. In general, however, gold

is the best pathfinder element for gold mineralization.

1. The Skyttemyr trend extends for several kilometers to

the northeast and southwest of the Skyttemyr-By5ylestad

deposits. The trend is defined by the exhalite features
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exceeding 0. in rook-chip nrn.tm 1r the chdf

Skyttemyr, corcentratfons of 2 ppH Au are commer and

concentrations as high as 6 ppm Au hdve heen detergined

but not reproduced. The Skyttemyr trend crops out over an

area of 2 x 20 kilometers (see accompanying map) and

shoold be examined in detail. At least three target tvod•

are possible: I) gold in stratabound segg-massiee tc

massive iron suffides with accessory chalccpyrite and

sphalerite; 2) gold associated with disseminated,

stratabound iron-sulphide mineralization, probably hosted

in pyritic chloritized/sericitized quartz schist; and 3)

gold in stratabound epigenetic veins. Epigenetic veins

would most likely be hosted in pervasive shear zcnes.

2. A thick exhalite sequence occurs in the Sannidal area

overlying what appears to be silicified gneiss (felsic

tuffs?). The exhalite package includes interlayered

ankerite marble horizons and horizons enriched in

pyrrhotite. Bedded carbonate is frequently observed. The

mineral assemblages in and around the exhalite package

indicate intense alteration of the original rocks. Assay

results for gold are low (30-70 ppb) but the area should

be carefully examined as ore-grade gold mineralization

could occur over short strike lengths in near-vent

environments. Mapping in this area, as well as Skyttemyr,

should be focused on locating vents and higher-temperature

alteration zones.  • 

3. The rock package near Solvang described above may also

be favorable for syngenetic gold mineralization. A likely



host Yock unu /C. lo[it:e (HjYt7

schist.

C) Stratabound, massive sulfides: The results of 1984's program

indicate that there is little potential for this type of

deposit in the area ficwn by the DIGHEM III survev. Some

potential for this deposat type renins in the Skyttemyr treoo

and in the Sannid-1 area, althouch thu results cf strear

sediment sampling indicate the potential is low. The stream

sediment data are not definitive, however, because of the

limitations imposed by glacial overburden and poor drainage in

large parts of the area. This type of deposit would, however,

be discovered in the course of exploration for synvolcanic gold

deposits if assavs for pathfinder elements are done. The

presence of extensive, metamorphosed alteration patterns in

these two areas supports the concept thpt massive sulfides may

be present.

SUMMARY AND CONCLUSIONS

The Bamble region is underlain by a complex assemblage ot mixed

volcanic and sedimentary rocks metamorphosed to amphibolite and

granulite grades. The assemblage was deposited in a basin the

margin of which is defined by the Great Friction Breccia (GFB).

Volcanic centers arc located near the GFB where volcanic and

volcanically-derived rocks are concentrated. To the scutheast,

sediment interfingers with the volcanic assemblage. The

interface between the underlying volcanic/sedimentary

assemblage and overlying sediment is defined by a sequence of
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, albitite a

cnerss and amphibolite enriched in cal 511117.,31'.1t!

cordierite which we interpret to represent the nntanorH n o

products of hydrothermaliv altered rocks.

Ninera]ization in the recion is of two distinct t

first ircludes mtneralization assocrated with n f

intrusions, sucn as rutile, apatite or mixed magnetito-

pyrrhotite-chalcopyrite mineralization. Most of the known

deposits in the area belong to this group.

The second type includes mineralization occurring in exhalite-

bearing rocks. Both magnetite mineralization (oxide-facies

banded-iron formation) and sulphide mineralization associated

with marbles, cherts and albitites (sulfide-carbonate-silicate

facies banded-iron formation) are widespread. The Skvttemyr

Au-Cu-Zn and Espelandsmyr Ag-Pb-Zn (Au-Cu) deposits occur in

the sulfide-bearing exhalite sequences. Elevated gold

concentrations in sulfide-bearing exhalites indicate potential

in the area for both epigenetic (vein) and svngenetic

(stratabound) gold mineralization.
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