% Bergvesenet Rapportarkivet

Postboks 3021, N-7441 Trondheim

¢ Bergvesenet rapport nr Intern Joumal nr intemt arkiv nr Rapport lokalisering | Gradering “}
:
4763 Apen :

Kommer fra _arkiv | Ekstemrapportar | Oversendt fra ' Fortroligpga | Fortrolig fra dato:
(dd Nilsen, UiO |

A 2 " A,

S Fiei
: 1. Oslos sentralt beliggende sglvgruve
. 2. Silver mineralization in the ancient Akersberg mine, Oslo

-

Forfatter 1" Bedrift (Oppdragsgiver og/eller appdragstaker)

£
i
3 2
E: :
; Nilsen, Cdd Dato  Ar | Geologisk Institutt Universitetet | Oslo g
é Bjerlykke Arne 1 1992 1 | §
! S TR E
%'"korh}'riu'hé' ' T Fyike "Bergdistrikt 1- 50 000 kartblad 1: 250 000 Kartblad §
| {
i Oslo iOslo 119144 | Oslo %
-i |
i
%
Fagom;réde Dokument type Forekomster (forekomst, gruvefelt, undersgkelsesfelt) i
Geologi | Akersberg gruve Dragehullene
Historisk ‘
Réstoffgrup;ﬁe Rastofftype
Malm/metall | Ag

AR

' Sammendrag, innholdsfoﬂeg;welse eller innholdsbeskrivelse
1. Oslos sentralt beliggende selvgruve, publ i St Halvard nr 2/1992
2. Silver mineralization in the ancient Akersberg mine, Oslo, pubINorsk Geologisk Tidskrift nr 71 (1992)

P

s




Iy

Akersberg gruve:

solvgruve

«underjordiske».

AV ODD NILSEN

Gjennom tidene har urbani-
seringsprasessene effektivt
tfjernet de fleste spor av
gruva ved folen av Akers-
berget under Gamle Aker
kirke, pd hjermet av Tel-
thusbakken og Maridals-
veien. Mange eldre Oslo-
borgere vil kanskje erindre
de sikalte Dragehullene
som herfra ledet inn til
malmforekomstene.

Selve gruveomrddet har 1
en menneskealder vaert
overbygget av Nordsirgm
& Due's sdpefabrikk som
begynte driften heri 1914
I 1975 ble en kort adkomst-
stoll under sidebygningen.
den tidligereflsola sjokola-
defabrikk, funnet delvis ut-
gravd og fredet ved Riksan-
tikvaren. Pa senvinteren
1988 ble sapefabrikken re-
vet til fordel for et prosjek-
tert kontorbygg, og mulig-
hetene for eventuelt & kun-
ne finne flere spor etter
gruva var nd til stede. En

Oslos sentralt
beliggende

Jkke mange hovedsteder kan
smykke seg med en selvgruve
sd 4 si midt 1 sentrum.
Det dreier seg sdgar om et av de
eldste bergverk i landet. Den
godt skjulte byhistorie fortelles
her med en geologs innsikt i det

Oslo kan.

Fig. 1: Geologisk
kart over Akers-
berg gruve.
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0Odd Nilsen {fadt
1940) er cand.
real. og har si-
den 1980 vaert
amanuensis ved
Institutt for Geo-
logi ved Univer-
sitetet i Oslo
med arbeidsfelt
malmgeologi og
optisk mieralogi.

(st Hallvard 2/1992)
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Mélestokl:

avdekning av de gamle gru-
berom ville ikke bare vare
av arkeologisk og kultur-
historisk verdi, men ogsd
fra et geologisk synspunkt
ville appivsninger om mal-
mens opptreden og sam-
mensetning vare av stor in-
teresse. Ved en grundig in-
speksjon av steinmaterialet
pd nedrivningstomta lyktes
det & finne en enkelt malm-
prgve som gjorde utsiktene
til flere funn ved en arkeo-
logisk utgraving lovende,
og i regi av Universitetets
Oldsaksamling ble en pro-

veutgraving av tomta fore-
1att i august 1988, Denne
utgravingen bragte frem et
rikholdig geologisk materi-
ale som har kastet lys over
forekomstens opptreden og
dannelse.

Som ved sd mange av vé-
re eldste bergverk knytter
det seg mange sagn 0g my-
ter omkring malmforekom-
stene, deres dannelse, ut-
strekning og driftshistorie,
og historikere og arkeolo-
ger har ofte hatt et vanske-
lig arbeid med 4 oppspore
pilitelige kilder omkring
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eller eldre bergmenns for-
stoiningsmateriale
Den begrensede ulgra-

vingen | 1938 Klarglorde |

malmens oppireden og viste |
| hvordan gruva ble avbyg-
| gel. Fraen eller flere sjak-
ter har man drevet seg ned-
over langs malmlorende
drer ¢ disbasen og med mu-
ligens jevne metlomrom
tarbundet sjaklene med ho-
risontale felworter, Pi storre |
dvp har transport ut og tan
av gruva sannsynligvis To-
regitt langs en eller flere
transportstoller tra Mari-
dalsveien og ian. Enav dis-
sg (witn, fig. 1} er bevart un-
der den udl. Asola Sjokola-
defabrikk og leder frem til
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Fig. 3: Bekiron-
tilkavining til en stetltstd- mot Gamle Aker kirkegdrd. | mikroskopbilde ., oianfylr sjukt pd tomta
3 g g gleniylt sJakt p

malmforekomstens nere med brattskjzrngen opp

; 1 ntittire - ;
Euer noen meters skraping ?;v;';gfsinkme“, her («bw, fig. ). Herfra gdr

iangs diabasgangen kunne  de fra Akersherg det etrer ail sansynlighet en

plutselig gravemaskinen ta | gruve. Dethvite | feltort frem ul vdr utgravde

de kalk- og skiferbergarter | fait pa en gjenfylt sjakt felteter 0,01 | iakr og videre mot sydest

ved Gamle Aker kirke | (nr.l. fig.1}, og flere prover :'e?;:f:':_"r' langs diabasgangsn.

nord-nordvestlig reining. av malm ble herfra bragt | Malmen som ble bragt

Diabas er en massiv. mork | opp i dagen sammen med opp i dagen. bestod for det
| meste av en massiv, svart

ende, gangformet stork-
ningsbergart (diabas) som
gjennomsetter de omgiven-

4
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gronngrd bergart som etter

| at man innforte brolegning i |

Kristiania i |840-drene.
spesielt ble etterspurt til
dette formdl. 1 drene 1908-
1910 foretok kommune: en
storstilt utsprengning av
den malmforende diabasen
ved Akersberg til den pagd-

| tilhogne tommerbjelker og

glaserte takpanner. Ved ca.
3 meters gravedybde dpnet
en horisontal ort eller gru-
veeang seg paralielt med
dinbasgangens retr.ing og
ble patruffer igjen ved en
ny sjakt, ca 10 m ser-ost for
den forrige (nr. 2. fig.1).

og grovkornet sinkbicnde
[(Fe.Zn)S.] Kobberkis [Cu-
FeS2] finnes ofte oppblan-
det med sinkblenden sam-
men med svovelkis [FeS2].
[ gruveveggene kan man se
hvordan disse malmminera-
lene opptrer som flere cm

tykke linser pd grensen
mellom diabasgangen og
den omliggende skifer. Fra
disse striler det ut mm ul |
cm tynne steiltstdende
kvarts- og kalkspatdrer pd
tvers av diabasgangen med

| randsoner av blyglans
[PbS), kobberkis, svovelkis
og sinkblende. [ mikroskop
kan man her se hirtynne
drer av de selvholdige mi-
neraler sternbergitt (solv-
kis) [AgFel83] (fig. 2) og
argentitt (solvglans) [Ag2S]

ende havneutbyggingen. og | Ogsé her ble maim og tom-
| etterlot en tomt som nok ik-| mer gravet opp. Da man
ke sd svart annerledes ut imidlertid stotte pd led-
enn slik vi ser den i dag. ningsnett for vann og klo-
Ved undersokelsesarbei- | akk. ble gravearbeidene \
dene i august 1988 var det | innstillet. Tommeret som
naturiig 4 avdekke sd mye | ble bragt opp fra den nord-
som mulig av diabasgang- | lige sjakt, representerer
en. Etter statsgealog Rolf | sannsyniigvis enten rester
Falck-Muus' undersekelser | av sjakigulv eller forstot-
omkring gruveormnridet i ningsmateriale. og ved en |
1935 burde flere gjenfvite | n@rmere datering av detie ‘
|

sjakter kunne pltreffes materiale vil vi kunne
langs diabasgangen. Gang- | bringe pd det rene om vi
| en viste seg & lope parallelt | her stdr overfor Girbirk's




48 | tfig. 3). mens solv-telluri- i de forskjeliige sulfider av |
| det hessitt apptrer som | jern. kobber. sink og bly |
spredte mnesluinimgaer | ble avsatt i sprekkene sam- |

kobberkis og bivglans. Det | men med kaikspat og

er derfor mest naturlie at de | kvarts. Ved blyisotopunder-
hivholdige drene i diabasen | sokelser har vi kuanet plivi-
| var mer ettertraktet som se gt utfellingen av den
malm under gruvedrifien og | solvhaldige blyglans og de
derfor vanskelig kan finpes | ovrige sulfider opprinnelig

| 1 den sinkblenderike av- ble avsatt i sprekker i dia-

| gungen fra gruva. Sinkblen- | baxen fra lesnmger utgdtt

[ den derimot har nok blin fra et granittisk magma i

‘ regnet som mindre verdi- dvpel. lsotoptorholdene i

| full. ja opptreden av sink- | blvglansen fra Akersberg
blende ble fakusk ansett skiller seg : sd henseende
som en torurensning av fra blyelansen 1 de solvto-

maimene pd den tid gruva | rende sulfid-ganger i
ble drevet. S$ledes betegner | Kongsbergfeltet der «jord-

| Agricola sinkblenden | skorgevanas 1 storre grud

| middelalderens malmer har transportert og avsatl

D som galena inanis eller maimmineralene.

, «verdilos blvglans». Solvmineralene argentitt
| Fraet geologisk syns- | og siernbergitt | Akersbere-

punkt har den solviprende | malmen er imidlertid dan-
sulfid-malmen i Akersberg | netlangt senere ved en
dpenbart kommet pd plassi. | langsom atmosferisk ned-
og pd grensen av diabas- bryvining av den selvholdige
gangen ved en utfelling av | blvglans i diabasen. De har
bly-, sink- og kobberholdi- | avsatt seg pd sprekker oz
ge varme losninger. Dette | riss i de ovrige sulfidmine-

md ha skjedd etter stork- raler pd samme méte som
ningen av diabasen i Per- rust-utfellinger | de avre
misk tid for ca. 240-260 deler av mange andre sui-

millioner &r siden. P4 denne | fidmalmer. Forirsakert av
tiden var Oslofeltet utsatt giennomstremmende regn-

Fig. 4: Tverrsnitt

for store jordskorpebeve- og grunnvann har denne se- : : :‘;en tysk glmve
gelser der smeltemasser kundzre maimdannelse i _ - ;’;.%f‘t“a‘l’le"’f"

| trengte seg opp gjennom Akersberg i titlegg gitt opp- | | . y som viser avbyg-
E kambro-siiurbergartene hav til utfellinger av blysul- ning ved hjelp av
! langs sprekkesoner i under- | fat (anglesitt) {PbSO4] ag horisontale feit.
' grunnen for de (eventuelt) | kobbersulfidet covellin -, arter og loddret-
3, L. N lig riak h ; te siakter pa lik-

flot ut pd overflaten som la- | [CuS]. Nawrlig nok har nende mate som
va. [ sprekkesonene sterk- | disse prosessene anriket 2 ved Akersberg -

net steinsmeltene i form av | Akersberg-malmen pd sols
forskjellice gangbergarter, | i de ovre (og nd utdrevne)

| slik vi finner dem i dag. partier av gruva. De vom-
Ved de pigdende jordskor- | vandlede malmmineraler i

| pebevegelser fikk vi ved dypet av gruva har dpenbart

Akersberg en betvdelig fort for lite selv til at gru-
oppsprekking av den stork- | bedriften ble lennsom i det
nede diabas-gang der 16. drhundre, og de store
malmdannende lgsninger problemer med vanntilsiget | -

fra dvpet ble introdusert, og | bidro nok ogsd til at driften | i - -

L.



gruve, Nederst
til heyre (E} dri-
ves orten fremo-
ver ved fyrset-
ting. Sjakter og
orter er fertom-
ret for 4 forhin-
dre ras. Etter
Lﬁhney «Bericht
vom Bergwerk:
(1617},

| ble oppgitt.

Bevaring av tekniske og
industriclle kulturminner er
nid kommet pd myndighete-
nes dagsorden. og 1 1982
oppreitet Norsk Kulurrdd
et spesielt utvalg som nett-
opp hadde som mandaz &
prioritere registreringen av
slike Kulturminner. Berg-
verksindustrien er Norges
eldste industrigren og har
for en stor del fau sine an-
legg bevart | museer og |
det {ri i Suligelma. pa Ro-
ros. Modum. Lokken. og
ikke minst pd Kongsberg.
Disse fornminner bels ser
| forskjellige uiviklingstrinn

1 var bergverkshistonie tra
1600-taller og frem ul
dag. De gjenstdende anlegy
ved Akersberg represente-
rer imidlertid en forloper
for denne bergtekniske ut-
vikling som blomstret opp
med Kristian 1V og bor der-
for fd sin rettmessige be-
skyttede plass blant landets
og ikke minst bvens kultur-
minner. B
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Silver mineralization in the ancient Akersberg

mine, Oslo

ODD NILSEN & ARNE BIORLYKKE

Nilsen, (), & Bjorlykke, A . Sitver maneralwzation in the ancient Akersherg mine, Osle Norsk Geologish Tidsskrift. Wol, 7

L21= 128, Oslo 1991 [SSN 0029-196X

- PP

Recent archaeological exeavations have uneovered parts ot the ancient silver warkings of the Akersberg mine in the eny of Oslo

"b-Zn mineralization is confined
limestone sequence of the area. The sulphides occur as siceply dipping veins
contact. The mam ore minerals are pynite sphalerue. galena and chalcopyrite,

10 a partially brecclated Pernsian diabase intrusmion which interseets (he Qrdovician slate

pe
partly within the diabase and partls w the diahase
argentite, sternbergite. hessite and covellite are

decessury constituents. Brecciaton with “crack-und-seal’ structures sre common and reflect several episades of mineralizstion
Supergene alteration processes have led to the silver enrichment in secondary silver minerals thut coat the primars sulphide

minetals. The diabase dvke follows the

NW-Skarendng fracture pattern of the Oslo district, und subsequent development ot
Cross-cutting fissures i the dushase may have allowed the intreduction of ore-bearnng

fluids. Lead isotope snilyses of galenas trom

Akersberg reveal a pattern comparable 10 that of oiber Ph-Zn vein deposits within the Osla Graben and point to a ETAMNIC ~ourge

of the metals

€2 Nibsen & A Bjarlvkke, Department of Geolbgy, University of Esdo. 1 6 Bow 137 Blindern, 6316 Oslo 3 Norwuy

The gealogy of the Oslo district iy characterized by the
lithological units and structural features associated with
the development of the Permo-Carboniferous rift system
of SE Norway. commonly referred 1o as the Oslo Graben
or the Oslo Paleorift (Ramberg 1976). The main geo-
logical features of the Oslo Graben have been extensiy ely
studied and documented for more than a century ([Dony
1978). and have been summarized by Dons & Larsen
(1978) and Neumann & Ramberg (1978).

The Oslo district belongs to the southern part of a
northern (Akershus) graben scgment., and consists
largely of Cambro-Silurian rocks and Permian plutonic
and volcanic rocks which have subsided into the sur-
rounding Precambrian gneisses of the Fennoscandian
shield along major N-§ 1o NNE-SSW-trending fault
lines. The Cambro-Silurian sequence of the Oslo district
consists predominantly of marine shales and limestones.
and lesser arenaceous and conglomeratic beds. The suc-
cession was folded along NE-SW-trending  horizontal
axes during the Caledonian orogeny, and has an overall
NE-SW strike and a moderate to steep NW dip. The
Cambro-Silurian sequence has been intruded by Permian
granites, syenites and monzonites. which oceupy the
narthern part of the Oslo district and comprise the sou-
thern part of the Nordmarka-Hurdalen batholith com-
plex ot the Akershus graben segment. Swarms of Permian
dykes. which comprise a variety of igncous lithologies.,
intersect the Cambro-Silurian metasedimentary  racks
within the arca of the city. Diabases constitute the
majority of the dykes in question, although syenitic and
monzonitic varieties are also common. The major dvkes
are featured on the key map (Fig. 1) and their teetono-
magmatic relationships in the Oslo district will be dis-
cussed later.

Reports of and remnants from ancient mining ictivities
i the city of Oslo are scanty. An overall account on the
metallogeny of the entire Oslo Paleorift has been given
by Olerud & Ihlen (1986). and brief accounts of the ore
deposits in the vicinity of the ¢ity and their history have
been given by Falck-Muus (1935) and Sepalstad & Dons
(1977). These deposits comprise a number of small.
skarn-type Fe-oxide and Cu-Zn suiphide deposits 4t the
contact between the Permian intrusives and hornfelsed
meta-limestones in the Sognsvatn arca (Fig. 1), and they
constitute some of the oldest recarded iron ore deposits
in Norwav, having been worked from the heginning of
the 16th century.

At the foothill of Akersherg. bencath Gamle Aker
church in the central part of the city. old silver mine
workings have been known for centuries. but little is
known about the nature and setting of the ores. as no
material remains from the working periods. According
to the Latin document Hisroria Norvegiae, from the late
12th century. the mine might have been expioited and
abandoned even before that century. The nune was even-
tually reopened for two short periods during the 16th
century and may at that time have caught the attention
of Agricola (1546). who refers to the deposit in his De
veteribus et novis metallis (Falck-Muus 1933 Thuesen
1979). The mining operations at Akersberg were in all
probability finally closed down some time between 1580
and 1612,

The urban development since that time has brought
about infilling of the old mine shafts and adits. and
quarrying by the municipality of Oslo during the vears
19081910 left a partially infilled adit (Fig. 2) of the old
mine. which was protected by law by the Central Office
of Historic Monuments in 1975 (Madsen 1975). The site
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of the old quarry was occupicd by a soap factory by the
time of World War . and this was demolished carly in
1988, T'he site was then made ready for the construction ot
anew office buikding. This situation provided an excellent
opportunity for a re-cxamination of the reported old
workings by a supervised excavation 1o recover possible
ore material and artifacts. This was carried out in late

GEOLOGICAL MAP OF THE AKERSBERG MINE

O Nilien 1588
? Scflo: 5"‘

l Ampyn limestone
| t4ag)
—- b

CARADOC

T Diabese

Ogygiecaris shale theust

LLANDEWLG
(4as) \

Contoun wierval - 2 5m

shaft

Fig. 2 Geologicsl map of the Akessberg ming

August 1988 by the University: Museum of National
Antiguitics Oslo in cooperation with the contractor.

Previous work

The exeavations revenied and contirmed that the ore
mineralization is closely associated with a diabase dyke
which mtersects the Cambro-Silurian strata of the area.
This particular affiliation was pointed out by Keilhau as
carly as 1823, The presence of sphalerite. chalcopyrite
and galena in the ores was later noted by Keilhau (1838),
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Kjerulf (1865, 1879) and Schetelig (1917). Scheerer
(1845, 1848) presented three analyses of the bluck sphal-
erite from the specimens available at that time. However.
since the turn of the century no further information
hias become available regarding the local setiing and
mineralogy of the (presumed) silver-bearing ores at
Akersberg. A preliminary account of the Akersherg
mine. based on recent information, has heen given by
Nilsen (1988).

Geological setting

l The bedrock of the investigated area of Akersberg (Mar-
idalsveien 26 and 28) (Fig. 2) consists of o sequence of
Middle Ordovician slates and nodular limestones with a

l NE-SW strike and @ steep NW dip (N36-6UE /6
SONW . The site of the old quarry is bordered to the SW
by & nearly vertical jointed wall, 15-20 min height, which

' displays a good geological section through the strata
(Figs. 2 and 3).

Grey. fossiliferous marls and carbonaceous slates with

l pyrite concretions and with sparsely distributed dise-
shuped limestone nodules occupy the NW part of the
section. A member of the Llandeithan Elnes formation
tor Ogygiacaris sertes (4aa)) Owen et ai. 1990) has been

l thrust towards the St (Telthushakken) above the Car-
adacian Vollen formation (or JAmpyx fimestone (4a/3)).
Towards the reverse tault, the Ogygiocaris shale hecomes

l strongly crenulated and contorted: it has been partly
brecciated and intersected by nemerous NE-dippine. cal-
ate filled strike-slip veins (Fig. 3)

1

-— ng-qcﬂ'ws shale

Calcite- quatts veins w.
l» golena, sphalerite, pyrite

L

L Diabose

Ampya limestons

¢ . Schemantie biock dusgram of the Akersberg mine
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The Permian diabase dvke cut nearly vertically through
the strata, following a prominent set of verticul NNW-
SSE-striking (NT40-160E) master joints. which form the
surfuce of the steep wall of the quarry. The dvke has
been mapped along its strike for more than 1 km (K. O,
Bjorlykke 1898). The diabase crops out in the NW corner
of the quarry where it is 3 m thick.

Recent excavation inctuded a trench dug along the
strike of the diabase from NW to SE to try to confirm
the presence of at least two vertical shafts reported by
Falek-Muus (1935) from the old mine workings. The
diabuse was uncovered for 70 m along the trench beneath
a shallow (11.2-0.5m) cover of urban debris. The two
vertical shaits (or winzes) into the diabase were exposed
(Shafts T and 2. Fig. 2). filled with rock and ore waste as
well as prepared timber ( props). The filled-in shafts were
excavaied to a depth of approximately 3.5 mand revealed
the openings ot & drift running parallel 10 the dyke -
I-1.5 m below the present surface - linking the two shatis
(Fig. 2.

The muineralization

Shaft | with its waste material provided the best OppUT-
wunity 10 study the in st are, as well as are and gangue
material trom the inaccessible parts of the mine. The NW
and SE part ot the shaft opening reveals o eross-section
of the diabase dyvke. which is intersected by & linked
svstem of sulphide-bearing guartz-caleite veins.,

The central part ot the diabase is a massive. line-
grained. greenish grey rock with darker. chilied margins
against an altered, pustel-green marl of the Ogyvgiocans
shitle. Fhe latter is imersected by a set of closely spaced,
harren caleite veins along the master joint set of the area.
which runs parallel to the diabase walls. In the eentral
part of the dishase. angular xenoliths, 1-10 em across.
occur. They consist of Permian syenite and grey granite
from the Precambrian basement. as earlier noted I
Keilhau (1823) and K. O. Bjorlvkke ( [898).

The diabase has a porphvritic texture and earries
phenoerysts of sericitized plagioclase and ehloritized Ti-
augite i a finesgrained matrix of plagioclase, clino-
pyroxene, chlarte and magnetite. Serpentine, bhiotite.
apatite, rutile and sphene are accessory constituents,
Amygdules, several millimetres across. oceur frequently
i the central part of the diabase and are filled with
chlonite, caleite, quartz crystals and chalcopyrite.

Petrographicalty, the mafic dyke Akersberg does
not differ signiticantly from the numerous amphibole-
free. pyroxenc-bearing diabase dykes of the Oslo Region.
and the earlier term “proterobas’ applied by K. 0. Bjor-
Iykke (189%) for the dyke in guestion is iappropnate.

Near the sulphide veins. silicification of the diabase
s taken place. as its plagioclase has been replaced
by fine. granular quartz pscudomorphs. A 1-2 ¢ thick
chlorite sclvige in most cases borders the sulphide veins.

The sulphide mineralization occurs as steeply-
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dipping. linked vein system which cross-cuts the dyvke in
its central parts, being detlected into parallelism towards
the dvke walls and along the master joint set within
the wallrocks (Fig. 3). Here small-scale faulting and
breeciation of the veined diabase has oceurred and in
places the veins swell out into massive nests of quartz,
calcite and sulphides. The mineralization within the brec-
ciated diabase contact cuts across the barren veins that
parallel the strike of the wallrocks {Fig. 3). Here. vugs
composed of spectacular coarse-grained euhedral crystals
of quartz, caleite. black sphalerite and pyrite are tound.
The guartz breccia oceurs as a comb-structured system
of ‘erack-and-seal’ veins between fragments of shattered
diabase that have been highly argillitized and siliaified,
This mdicates multiple fracturing and rescaling events
during mineralization. Weak argillization and decar-
bonization (bleaching) have affected the immediate con-
tact (=10¢m) of the Ogvgiocaris shale and have
obliterated the possible effects of contact metamorphism
by the diabase. Galena. which was probably the target
of the ancient exploitation. and pyrite are chiefly confined
to the thin (2=10 mm) crustificd veins within the central
part of the diabase.

Mineralogy

The ore of the Akersberg mine consists of hypogene and
supergene ore assemblages which are restricted to the
thin (2-20 mm) crustified veins within the diabase (Table
1). The vein crustification is in general symmetrical. with
similar crusts on both sides of the vein. but more complex
relationships are found in some places, e.g. at the june-
tions of cross-cutting veins.

Sphalerite and pyrite (1) are the chief ore minerals and
have a grain size of 0.5-3mm. The primary sulphide
assemblages are intersceted by fissures which are com-
monly healed by the secondary minerabs. The sphalerite
is brownish black and is characterized by a “chalcopyrite
disease” texture which points to a hypogene replacement
of the sphalerite (Barton & Bethke 1987: Eldridee et al.
1988). Microprobe analyses reveal high iron contents
within the sphalerites (10-12% Fe). in accordance with
the old analyses published by Scheerer (1845, [848) and
Oftedal (1941).

Pyrite (I) occurs as subhedral and cuhedral prains,

(1.5-5 mm across. and contains abundant inclusions of

Talle I Ope muineral assemblages of the Akersherg mine (in decteasing wrder of

ahundange)

Hypogene Supergene
Sphalente [amomie
Pymite (1) Anglesity
Chaleopyrite Covellite
Galena Pyrite (11
Pyrchotite Argentite
Hessate Sterabergite

Mulybdenite
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Fig 4 Sooty covellite (grev) und anglesste | A) replacing galena (whitc) in contac
with sphalerite (light grev), Reflected hight. Seale bag: 0.05 mm

sphalerite. pyrrhotite and galena. It often shows myr-
mekitic and atoll-textured intergrowths with galena. Gal-
ena and chalcopyrite form an intergranular matrix
between sphalerite and pyrite. In some places galena is
scen as tiny veinlets that have invaded the other matrix
minerals along fractures. Less commonly. hessite occurs
as small, wedge-shaped inclusions in gatena. Molybdenite
is oceasionally found as small, flaky inclusions in pyrite.

The supergene minerals constitute. in general. very
minor components of the ore and are commeonly found
in the waste-ore material from the excavations, They are
characteristically restricted to mere stain along fissures
and cracks in the primary ore assemblages. An exception
is covellite. which in places has replaced small grains of
galena along grain boundaries (Fig. 4). The supergene
silver mineralization is generally confined to fissures in
sphalerite. Here. sternbergite (AgFe,S4) is a minor
accessory constituent of the waste-ore material. It oceurs
as granular fissure fitlings and has developed with a radial,
sheaf-like intragranular texture. The mincral has com-
monly been replaced by argentite (Ag,S) and fine globu-
lar pyrite (11) (Fig. 5). Argentite occurs mostly as fissure

Fig. 3. Fissure Rthng of sternbergite (grev), panully replaced by pynte (11} and
argentite, in sphalerite (dark grey) that contams hlebw of chaleopynte. Reflected
light. oil immersion. Scale bar: 0.0 mm
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Fig. 6. SEM back-veatter image of argentite (white ) in tissure in sphalerite (grey )
with blebs of chaleopyrite (dark grevi. Seale bar. 0.01 mm

coatings (Fig. 6). Pvrite (1) also forms a thin
(=0.005 mm) coating along the grain boundaries and
fissures within the primary sulphides and as filigree-tex-
tured fissure fillings within the ¢ gangue minerals. Anglesite
and limonite. however. are the most common minerals
along the healed fissures.

Of the ancient production of the mine. it is ditficult to
state the proportion between the silver produced from
the hypogene and from the supergene mineral assem-
blages. The secondary minerals (argentite. sternbergite ).
though richer in silver than the primary minerals (except
for hessite). appear to be only erriatically distributed and
present in relatively meagre amounts in the altered ores.
Oxidation of the vein material. though extending to the
maximum depth attained in mining (40m helow natural
surface according to Falek-Muus (1933)} has not becn
thorough. and the silver minerals are characteristically
restricted to supergenc stains along fractures in the
cobbed ore. The major part of the silver content of the
veins, even close to the surface. is preferably confined to
the primary galena and hessite.

Complex supergene processes have evidently brought
about the silver enrichment at Akersberg. but certain
lines in the development of the supergene assemblages
cun be considered. Silver enrichment apparently necessi-
tates ferric sulphate as an active solvent. and this may
be furnished by the supergene decomposition of pyrite.
Descending solutions of ferric sulphate may cause the
deposition of anglesite at the cxpense of galena in an
acid and oxidizing environment (Takahashi 1960 and
promote the deposition of covellite at the expense of
chalcopyrite. The paragenetic relationships of the argen-
tiferous (sternbergite-argentite— —pvrite (I[}) assemblages
are more ambiguous. Sternbergite constitutes a member
of the German “Silberkies-gruppe’. which apparenth
belong to the youngest members of argentiferous hypo-
gene vein assemblages (Ramdohr 1980). Heating cxperi-
ments show that sternbergite is stable at low temperatures
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{(Czamanske 1969 Tavlor 1967) and its maximal thermal
stability in the presence of vapour lics below 145°C but
possibly above 100°C (Clark & Tavlor 1970), where it
breaks down to monoclinic pyrrhotite and pyrite.
However. the textural relationships suggest that the
secondary  argentite + pyrite (I[) assemblages  were
formed through the supergene breakdown of sternber-
gite. possibly with the aid of excess sulphur liberated by
the reaction between chalcopyrite and ferric sulphate.

Tectonomagmatic aspects

The rift segments of the Oslo region are arranged in an
¢n echelon pattern. giving the Oslo Paleorift 4 NNE—
SSW trend (Ramberg & Larsen 1978). Many of the
lineaments within the Oslo Paleorift were probably estah-
lished by earlier Late Precambrian and Early Paleozoic
events. A large number of these tectonic lines were
reactivated during the Permo-Carboniferous extensional
tectonic events and have controlled the structural setting
of the Permian epigenetic hvdrothermal ore deposits of
the Oslo Paleorift (Vokes 1973).

A prominent. vertical fracture system within the cen-
tral Oslo Graben has a general N=S trend and cor-
responds with the direction of the Permo-Carboniferous
dvkes of the region. Although much less frequent. NW-
SE and NE-SW trends are also found. as shown by
Ramberg et al. (1977) and Ygre (1988). In the Akcrsbug
district. the diabase dyke runs parallel to this NW-SE-
trending fracture system., which is developed as u closely
spaced joint set that intersects the older (Caledonian)
system of more irregular trending and barren calcite-
filled strike veins and strike-slip faults within the Cambro-
Silurian metasedimentary rocks (Fig. 3). A subsequent
development of extensional fissures that cross-cut the
diabase may have allowed the introduction of ore- bearing
fluids along the most permeable conduits. Evidence for
small-scale fault displacements along the fracture system
is revealed by the late stage breeciation and TCCIyS-
tallization of the ore at the diabase walls at Akersberg.

A great number of similar diabasc-hosted. argen-
tiferous Pb-Zn deposits confined to the Permian faults
and fracture zones have been described from the Oslo
Paleorift and adjacent areas and were classified by Vogt
as early as 1884, One class of deposits occurs peripherally
to the exposed igncous complex of the Oslo Paleorift and
s confined to the reactivated Precambrian structures in
the Kongsherg-Bamble segments of the Western Rift
margin (Fig. 7) and classified as Rift margin deposits by
Thien (1986a) and Bjorlykke ct al. (1990). They extend
from the Arendal region at the Skagerrak coast (Vogt
1886) to the Fiskum area near Kongsherg (Thlen et al.
1984). The relativ ely few age dctermmatlons for diabases
of the Oslo Paleorift and adjacent areas reveal a wide
range in ages - the youngest being at 219 Ma (Dons
1977).

Vein-type sulphide deposits of another class are con-
fined to the (southern) Vestfald- and Akershus Graben
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segments of the Oslo Paleorift {VGS resp. AGS) (Fig.
7). The polvmetailic deposits are spatially associated
with biatite granites and peralkaling granites (IThien 1978:
Bjerlykke ¢t al. 1990). The majority of the Zn-Pb
deposits are situated in brecciated skarns adjacent 10
the plutons. and are often associated with diabase dyvke
intrusions, c.g. at Konnerudkolen {Thlen 1986Dh).

Geochemistry

Two galena concentrates from the Akersberg mine were
obtained by hand-picking grains from specimens col-
lected i sine from Shaft 1 and from the waste-ore
material. The concentrates were analysed for Ag. Shand
Bi by atomic absorption spectrophotometry using the
method recommended by Rubeska et al. (1967). The
analyses (Table 2) fall well within the range of values
published by Ofttedal {1941) for galenas from the contact-
metasomatic Ph-Zn deposits within the Oslo Graben,

Tuhlfe 2 Ag. Sh and Bi contents (in ppm} of galena concentrates Irom: the
Akersherg mine

Ag Sh B
Galena, Shartt 1 5] 4340 fl
Gialena, waste ore 471 3l w2
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Table 3. 1ead botope compositions of galenas 1rom the Akershoerg mine

T [N 31y “Ph Pk [y TR
Cialena, Shatt 1 {north} 18,590 15,412 s Al
Galena, Shatt 1 (south) I8 383 |5 897 35 F69
Galena, waste are 15,550 F5602 In )

Thev are. in general. characterized by relatively low
Ag-contents (10-1000 ppm Ag). in contrast to the Ritt
Margin vein deposits. which are characterized by more
argentiferous galenas (0. 1-19% Ag). They have a Sb/Bi
ratio >1.

In the light of the recent plumbotectonic investigations
in the Oslo Paleorift. it was pertinent to consider the
lead-isotope signatures of the galenas from the Akersherg
mine in order to characterize the primary source for
the metals. Three galena concentrates were obtained
by hand-picking grains from specimens trom the veins
exposed in the northern and southern faces of Shaft 1
and from the waste ore material. The Phisotope analyses
(Table 3) were performed at the Mincralogical-Geo-
logical Muscum in Oslo.

The galena concentrates were dissolved in 8 ml 2N HCI
and slowly evaporated to dryness. About 1ug Pb was
loaded on a Re filament using the silicon gel-phosphoric
acid technique and analysed on a VG 354 mass spec-
trometer, The 2o error limits for the Pb isotope ratios.
as determined by repeated analyses of the US National
Bureau of Standards SRM 981 and 982 common lead
standards. are approximately =0.1%,

The variation between samples is within the field ot
analytical uncertainty. indicating that the supergenc
alteration (¢.g. of the waste-ore material) had little effect
on the lead isotope composition. This 1s in agreement
with the observations of Lawrence & Rafter (1962) and
Richards (1971). who showed that lead isotope signatures
from primary lead-ore assemblages are transferred to the
secondary lead-ore assemblages formed during super-
gCNE Pracesses.

In a 2Ph 2HpR vs, TPH AMPh diagram (Fig. 8) the
lead isotope compositions of the galenas from Akersherg
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are plotted together with those tor other Permian deposits
in the Oslo Paleorift (Bjorlvkke et al. 1990y, The data
form two distinet groups. Group | consists of deposits
within the Oslo Graben, including the Akersherg mine
and the Saggrenda rift-margin deposit near Kongsberg,
They are characterized by **Ph 2™Pb ratios between 18,2
and 19.5. Group 2 consists of Permian vein deposits in
Precambrian gneisses along the Western Rift margin and
are more radiogenic with “Ph/#"Pb ratios greater than
20. The Akersberg galenas (Fig. 9) are more radiogenic
than most of those from deposits in the Akershus Graben
segment (AGS), but are less radiogenic than those from
the deposits of the Vestfold Graben segment (VGS) (Fig.
7).

The Akersberg mine is spatialiv related to diabase
intrusions in an Ordovician shale and carbonate sequence
within the Akershus Graben segment. However. its spa-
tial relation to diabase dvkes is similar to many of the ritt
margin deposits of the Osla Paleorift. Lead isotope data
from the hydrothermal deposits in the Osto Paleorift
show that the rift-margin deposits are very radiogenic in
general. reflecting an upper crustal source tor the metals
(Moorbath & Vokes 1963; Bjorlykke et al. 1990).
whereas the lead isotope ritios trom the griben segments
are less radiogenic and reflect i deeper (erustal or mantle)
source [or the metals. The lead isotope composition of
the Akersberg mine is, in this respect. very ditferent from
those tor the rift-margin deposits, but similar to the
within-gruben deposits of the Oslo Paleoritt.
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The lead isotope composition of the Akersberg mine
plots within the range of deposits in the Akershus Graben
segment. both in a *Pb ““Ph - *"ph /ph diagram and
a “°Pb/“Pb — *Ph ¥Ph diagram (Figs. 9 and 101, This
points to the existence of a granitic intrusion at depth
which may be the source of the metals,

In the ““Ph/*¥Pb vs. *™Ph **ph diagram (Fig. 9a)
deposits from the AGS. including the Akersherg inine,
have a higher ““Pb™Pb ratio and plot along the 1-U
line. The exceptions to this trend are three samples from
Nannestad (Abbortjern) and one from Skrukkelia — all
situated in Precambrian gneisses (Fig. 7). and these plot
together with the samples from the VGS along the M-U
line. Galenas plotting along the L-U ling have higher
208/204 ratios. and are interpreted to represent mixing
of lead from lower and upper erustal sources. Galenas
plotting along the M=U lin¢ are interpreted to represent
mixing of lead from mantle and upper crustal sources,
The intersection between these two lines would then be
the upper crustal end member. A hvdrothermal svstem
in which the associated intrusion only acted as a heat
source would give an upper crustal signature of the lead
1sotopes — similar o the rift-margin depaosits,

For most areas within the Oslo Paleorift there is a
limited spread in the lead isotope compositions  of
deposits spatially related 10 u singte granitic intrusion.
indicating a common magmatic source with some con-
tribution of lead from the upper crust, either by con-
tamination of the magma and/or by mixing between
magmatic and meteoric hydrothermal fluids, The primary
magmatic lead isotope compositions (non-radiogenic end
members) would then reflect partial melting of cither
mantle or lower crustal rocks.

None of the exposed rocks in the Akersherg area can
account for the lower crustal end member in the feud
isotope compositions from AKersberg. Some of the lead
must have been derived from water from underlying
magmas that were formed by partial melting of lower
crustal rocks or from water circulated by deep hydro-
thermal convection. More samples should he anmalysed in
order to determine the spread in isotopie compositions
of galenas from Akersherg. which is important in dis-
tinguishing between these alternatives.

Discussion and conclusions

Secondary ore assemblages formed Iy supergene entich-
mMent processes are very uncommon in Norwegian ore
deposits. The nature and extent of the apparent (secon-
dary) copper earichment revealed in some Norwegian
sulphide ores have been discussed by H. Biarlvkke (1960
and Vokes (1961). From the few reports on evident
supergene assemblages (e.g. covellite and anglesite as
cited by Neumann (1985)). one must conclude that posts
Pliocene processes have plaved a quantitatively msig-
nificant role in the alieration of Norwegian ore assem-
blages. However, particularly well jointed bedrock maty
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provide suitable drainage conditions for leaching and
redeposition of ore-bearing material. as revealed in the
sccondary ore assemblages of the Akersberg mine. The
secondary silver enrichment, as revealed by the min-
cralogy of the mine waste. has evidently affected only
the uppermost (worked-out) parts of the mineralized
veins and may have encouraged the ancient silver exploi-
tation at Akersberg. At deeper levels. the low-grade
primary vein assemblages may. in addition to the constint
drainage prablems due to the jointed wallrocks, have led
to the final closure of the mine by the end of the [7th
century. The Akersherg mine provides in this respeet a
puzzling example of how the tectonic and topographic
settings have not only provided the silver ore potential.
but have also contrelled its commereial development.
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