iy

4 | Bergvesenet :
Postboks 3021, 7002 Trondheim R app Ortarklvet
[ Bergvesenet rapport nr Intern Journal nr Internt arkiv nr Rapport lokalisering Gradering i
BV 1765 Trondheim
Kommer fra ..arkiv Ekstern rapport nr Oversendt fra Fortrolig pga Fortrolig fra dato:
Tittel
The Geology of the Skorovas Mine
Forfatter Dato Bedrift
Reinsbakken, Arne (1804 1977 ) | NTNF
NTH
Kommune Fylke Bergdistrikt 1: 50 000 kartblad 1: 250 000 kartblad
Namsskogan Nord-Trendelag |Trondheimske
Fagomrade Dokument type Forekomster
Geologi Skorovas
Rastofftype Emneord
Malm/metall

Sammendrag




NORGES TEKNISK NATURVITENSKAPELIG FORSKNINGSRAD

Stipenpier 1310 ARNE REINSBAKKEN M~Sc

THE GEOLOGY OF THE SKOROVAS MINE

BY ARNE REINSBAKKEN

April 18, ‘1977
GEOLOGISK INSTITUTT
NORGES TEEKNISKE H@GSKOLE

TRONDHEIM, NORGE



TABLE OF CONTENTS page
A, ACKNOWLEDGEMENTS i
B, INTRODUCTION ' 5
l. General Purpose of the Scholarship 5

2. Brief outline of the project 6

3. Summary of work completed under this project 8

C. PART 1 GENERAL GEOLOGY 16
1 Introduction 16

2. Classification of Volcanic Rocks 20

3. Stratigraphy 21

4., Description of the Volcano-Stratigraphic Units 22

a) Lowermost Volcanic Unit 22

b) Iron-rich Basalt 23

c) Intermediate Volcanic Complex 24

d) Dark-greyish Basaltic-Andesite 25

e) Acid Volcanic Sequence 26

f) Uppermost Volcanic Sequence 29

D. PART 1II ORE GEOLOGY 45
1. General Ore Geology 45

2. Compositional Features of the Skorovas Massive Ore 46

3. Skorovas Ore Types 48
E. PART III TECTONICS 62
l. General Summary 62
2. Deformation: Phases and Style 62

3. Tectonic Effects on the Ore 65



page

F. PART IV CONCLUDING REMARKS 72
1. Difficulties Encountered under Geological Mapping 72

2. Suggestions to Future Investigations 73

G. REFERENCES 76
APPENDIX 1 List of Terminalogy for Volcanic 81

Structures and textures

APPENDIX 11 Geochemical Analytical Methods used 90
at Geologisk Institutt, NTH

APPENDIX III Macro and Micro Photographs of the 95
Volcanic Rocks and Ore Type Units

GEOLOGICAL MAPS AND SECTIONS I BACK FOLDER
1. 1:2.000 Geological Map
2., 1:2.000 Cross Sections

a) Ca. 80 E-W
b) 42 E-W
c) . 0O N-S



ACKNOWLEDGEMENTS

The author would like to take this opportunity to thank the
many people involved directly or indirectly in this project.
A special thanks goes to Direktgr Gunnar Lgvaas, Berg.ing.
Ole-Sivert Hembre and Arve Haugen, and the management of
SKOROVAS GRUBER for giving the author the opportunity of
studying the Skorovas Orebody and a free hand in publishing
the results.

Numerous colleagues at the Geologisk Institutt, NTH, are to
be thanked for their instructions and discussions regarding
the usage of the various analytical eguipment available at
the Geologisk Institutt, (X-ray fluorescence Spectrograph,
atomic absorption spectrometer, etc.), and the analytical
procedures involving the major and trace element total sili-
cate analyses.

The author is especially indebted to chemist I. Rgmme and
assistant J. Sandvik.

Tore Prestvik helped in setting up the total silicate analy-
tical method for greenstones now in use at the Geologisk
Institutt, NTH, and the author is truely thankful for his
time and effort and discussions concerning dgreenstone geo-
chemistry.

Dr. George Gale, NGU, and stip. Tor Grenne are mentioned for
their numerous discussions on the geochemistry of volcanic
rocks.

Prof. F.M. Vokes was helpful in setting up the outlines for
this project and the author is indebted to him for discussions
regarding the metallogenesis and metamorphism of Caledonian
massive sulphide deposits.

Dr. Chris Halls and Ian Farriday, from the Royal School of
Mines - Imperial College, London, have been engaged in a
regional geological mapping program surrounding the Skorovas
Mine Area and the author is indepted to them for the under-
standing of the complex problems concerning the volcanic
stratigraphy and structural geology of the area immediately
surrounding the Skorovas Mine.

Ian Farriday also assisted in the mine mapping during a six
month period in the winter of 1974-75.

Berging. Roar Jensen (Hovedkontoret Elkem Spigerverket, Oslo)
deserves mention for his continued interest and encouragement
in the authors work within the Grongfelt.

The above mentioned have contributed to the authors understan-
ding of the numerous problems concerning the SKOROVAS Orebody,
however - the author takes full responsibility for all state-

ments and conclusions that are given within this report.

Finally, the author would like to thank kindly the various
people of SKOROVATN, especially Jan and Aud Skinstad and
family, whom have helped to make the authors stay in SKOROVATN
most memberable.

The author would also like to take this opportunity to espe-
cially thank his wife Liv-Birgit, for her tolerance during

the authors many long hours at the end of this project.




Scholarship period Sept. 1974 - March 1977. 2% yrs.

GEOLOGY OF THE SKOROVAS MIMNE

TERMINAL REPORT TO NTNF - INDUSTRY SCHOLARSHIP

By ARNE REINSBAKKEN,

INTRODUCT ION

The final report to NTNF-INDUSTRI-STIPEND-KOMITE is meant to
be a status report for all work that has been carried out by
the author concerning the SKOROVAS deposit and its immediate
surroundings within the Grongfelt of Central Norway during
the period Sept. 1974 to March 1977. The author would like
to emphasize here that the data collected during this project
is intended to form the basis for a more detailed study con-
cerning the genesis and deformation of the SKOROVAS Orebody
which the author intends to submit towards a Doctorate Degree,
and therefore the research here is in the preliminary stages
and some of the conclusions given here may well be revised as
more data is obtained. The author realizes that a much more
systematic sampling and analyses of the SKOROVAS Orebody and
its volcanic host rocks is needed before the information can
be more meaningful, however, taken as a preliminary study,
much of the information and conclusions given here have some
very interesting implications.

l. General Purpose of the Scholarship

As stated in the NTNF-INDUSTRI-STIPENDIET brochure, the
scholarship should focus towards the candidates schooling
and should give much time to his own studies during this
period. As the author had previously been involved in aca-
demic research at the University level, much of the authors
time was spent tackling the problems concerned with the
detailed geological mapping of the SKOROVAS Orebody and
the classification and description of the various volcanic
units and ore-facies, to illustrate their intimate rela-

. tionships to each other and to facilitate a volcanostrati-

‘' graphy that would project to the surface exposures and,
through further detailed surface mavping, would help in
correlating to the more regional geological investigations
carried out by Dr. C. Halls and students from Imperial
College, London.

Eventually it was hoped that a genetic model could be estab
lished for the original depositional environment (palec-
geography) which, in conjunction with the unravling of

the superimposed structural deformation through its tectoni
style, would be of enormous help in understanding the
environment surrounding such a deposit as Skorovas and
would therefore be helpful in the understanding of similar
mineralization within the Grong area and similar Caledonian
volcanic



Greenstone terrains, a useful exploration tool for future
investigations. The author believes that it is through the
intricate disection of such a complex deposit as Skorovas
that one is to fully understand the nature of ore occurrence
within the area as a whole and is of invaluable help in re-
constructing the original environment of deposition. The
Skorovas mine, with its myriad of cross cutting adits, shafts
and drillholes, and its almost total surface rock exposure
presents a golden opportunity for such detailed investiga-
tions.

Brief Outline of the Project

The NTNF-INDUSTRI-STIPENDIET covered a two and one half (2%)
years period from Sept. 1. 1974 to March 1. 1977.

In the beginning the author was given ample opportunity to
become aguanted with the Caledonian greenstone belts and
their associated massive pyritic deposits through a detailed
literature study of some 15 known deposits in Norway, as
part of an information gathering effort towards a coding
scheme for massive sulphide deposits devised by Prof. F.M.
Vokes and berging. R. Sinding-Larsen. This literature study
was accompanied by personal visits to several of the key
mines within Norway (Tverrfjellet, L¢gkken, Joma, Skorovas,
Bleikvassli and Sulitjelma) and to the Stekenjokk mine in
Sweden. While working at the Geologisk Institutt, NTH, the
author accompanied two separate student excursion groups
visiting economic deposits in both Finland and Northern Swe-
den which has helped greatly in widening the authors under-
standing of the overall massive sulphide environments.

The author has also had the distinction of being involved in
an International Geological Correlation Project (IGCP) -
Correlation of Caledonian Stratabound Sulphides (CCSS) excur-
sion to the Remdalsfjall - Stekenjokk Area, Sweden and the
Rgros district, Norway (August 1975), where special emphasis
was given to the volcanic-sedimentary stratigraphy and the
environments surrounding the massive sulphide deposits found
there. The author also attended several international con-
ventions and symposiums where lectures and discussions were
followed concerning volcanic greenstone geochemistry, plate-
tectonics and the depositional environment surrounding mas-
sive sulphide deposits. The "Geologiska Vintermotet" was
attended at Goteborg on Jan. 3.-5. 1976. At the symposium
on "Ore Deposits associated to the deposition of Volcanic
Rocks" in London, England on Jan. 8.-10. 1976, the author
had the distinction of being co-author to a paper submitted
concerning the geological setting of the SKOROVAS orebody.

Prior to the beginning of this SKOROVAS project, the author
has had several summers experience in detailed geological
mapping and structural interpretation in areas surrounding
mineralization similar to that of Skorovas. This, together
with the numerous excursions into the areas surrounding
SKOROVAS, which has been regionally mapped by Dr. C. Halls,
Ian Farriday and students from Imperial College, London, the
author has gained an understanding of the complexities of
the geology at SKOROVAS.



Previous detailed geological mapping (both surface and mine
mapping) is lacking in the SKOROVAS area and the only maps
that were available were some general geoclogical interpreta=
tions on a 1:10.000 scale compiled by D. Husby and another
by the undergraduate students from Imperial College, London
(1972-73) on which is only made the simple distinction be-
tween greenstones, keratophyres and Trondhjemite and gabbro
intrusives. Within the two earlier publications concerning
the SKOROVAS deposit, T. Gjelsvik 1960 and 1968, and Chr.
Oftedahl 1958, the only reference made to volcanic rocks
comes in the form of generalities refering to the "SKOROVAS
greenstone", spilitized greenstones, keratophyre agglomerate
and submarine acid explosion breccias and tuffs.

Since no previous detailed descriptions of the volcano stra-
tigraphy and associated volcanic structures have been attemp-
ted from the SKOROVAS area, the first step of this project
was to systematically map several easily accessible and key
localities within the mine, enabling identifiable volcanostra-
tigraphic units to be projected northwards to the surface ex-
posures for further surface mapping and correlations made
with the regional geological mapping in the surrounding areas.
The various volcanic units were thouroughly sampled and some
55 type sample of the various volcanic units represented were
analysed by the author at the Geologisk Institutt, NTH, for
total silicate and trace elements using both XRF and AAS.

A detailed description of the analytical procedures used at
the Geologisk Institutt, NTH, is given in Appendix II in this
report. The total silicate analyses results have been of
definite help in the establishment of the various volcanic
divisions used in this report and in correlation between
various facies of the same volcanic units and in the general
understanding of the volcanic environment under which these
rocks were formed.

As previously mentioned, the main direction of this investi-
gation was to systematicly classify the volcanic rocks found
at SKOROVAS according to an appropriate classification scheme
such as Rhyo-Dacites, Dacites, Andesites and Basalts (Table 1,
page 31 ) and to standardize the terminology of the structures
and textures used in describing the wvarious volcanic units.

An effort has been made here to diverge from the usage of the
much too general greenstone and keratophyre terminology.

Similar classifications were devised for the various massive
and disseminated ore facies that were found at SKOROVAS,
based on their morphological features and chemical composi-
tions and supplemented by mineralogical and microtextural
studies from polished and thin section studies (Table 6,

pp. 51 ). The vast number of macro and microphotographs
of the various volcanic units and the ore facies, along with
a detailed description of each is found in Appendix III.

Three strategicly placed surface diamond drill holes that
penetrate deeply into the volcano stratigraphy were described
in detail, in an attempt to correlate the presently used
volcanic classification scheme with the various units and
terminology that the previous workers have used and to help
coordinate the surface and mine mapping in the deeper parts
of southern extremes of the orebody. The more recently des-
cribed diamond drill holes (by A.H. and LBL) and the drill



holes described by S. Foslie and T. Gjelsvik, that are founrd
along the relevant E-W profiles, were carefully reread and
an attempt was made to classify the volcanic units according
to the volcanic classification scheme used in this report,
in this way forming some standardization to the previous
drill core reports. The results were transfered on to 1:500
scalecross—sectionsenabling the author the use of much
unused data. It is hoped that all future diamond drill core
logging and rock descriptions will fit into this proposed
classification scheme to help standardize the geological ter-
minology used at SKOROVAS.

Summary of Work Completed under this Project

(a) At SKOROVAS GRUBER

(1) 21l detailed geological mine mapping on a 1:200
scale has been transfered onto the available 1:200
E-W and N-S mine Profiles and set into a Geological
Maps Folder which is intended as a collection for
all future detailed mine mapping.

(2) All available geological data including previous
drill hole descriptions by AH, LBL, S. Foslie and
T. Gjelsvik has been transfered onto 1:500 scale
mine profiles in an attempt to give a better overall
perspectiveof both the East and the Main orebodies.

(3) A detailed description with accompanying 1:50 scale
color coded cross section of three strategic suriace
diamond drill holes DBH 10.045; 10.040; 10.042.

(4) A detailed surface geological map, scale 1:2000 of
the immediate SKOROVAS mine area.

(5) Several key E-W cross sections,scale 1:2000, through
the mine area: Profiles ca. 80 S, 42 S and 22 S,
and one N-S cross section through profile O N-S.

(6) A compilation of all geological data from this pro-
ject as well as previous work ontc a 1:10.000 map
of the area surrounding the SKOROVAS mine, which is
intended to be of help in correlating the geclogy
from the SKOROVAS mine into the surround areas map-
ped by Dr. C. Halls and I. Farriday from the Imperial
College, London. :

\
{b) ‘At the Geodlogisk institutt, NTH.

(1) The data collection and filling in of the coding pro-
gram for 15 massive sulphide deposits from the Scan-
dinavian Caledonides.

(2) The total and trace element silicate analysis of 55

volcanic rock samples, representative of the various
volcanic divisions found at SKOROVAS.

(3) The Cu-Zn-Pb-Mn analysis of 15 samples of the massive




(4)

(5)

and impregnated ore types mapped at SKOROVAS - tc
correlate with analyses that have previously been
performed at the SKOROVAS assay lab.

The production of numerous macro and micro photo-
graphs taken of polished rock slabs, thin sections
and polished sections to help in the description
and classification of the various volcanic units
and ore facies mapped as SKOROVAS.

Co-author of a paper that was presented at a Volcanic
Studies Group Symposium in London Jan. 1976, entitled
"Geological Setting of the Skorovas orebody within
the Allochthonous Volcanic Stratigraphy of the Gjers-
vik Nappe, Central Norway", - (in press with the
Institute of Mining and Metal., London) by C. Halls,
A. Reinsbakken, I, Farriday, A. Haugen and A. Rankin.
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Eastern thrust boundary of the Caledonian allochthon.

Eastern thrust boundary of Seve -Koli nappe or equivale'nt
with metamorphosed sediments and eruptives of Cambrian -
Silurian age.

Basement inliers and culminations: Pre-Cambrian.

Jotun nappes and related structures with allochthonous
Pre-Cambrian rocks.

Pre-Cambrian basement re-worked during the Caledonian
orogeny.

Helgeland , Rédingsfjall , Beiarn and equivalent nappes
with L.Palaeozoic rocks at higher metamorphic grades
overlying the Seve-Koli nappe in N. Norway.

Principal stratiform pyritic orebodies of volganic
affinity at the Koli structural level.

1
FIGURE® SYNOPTIC GEOLOGICAL MAP OF THE

SCANDINAVIAN CALEDONIDES SHOWING THE MAIN
DISTRICTS OF STRATIFORM VOLCANOGENIC ORES AT THE
KOLI STRUCTURAL LEVEL.
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2
FIGURE & MAP SHOWING THE LOCATION OF THE MAIN ORE DEPOSITS IN THE

GRONG + STEKENJOKK DISTRICT (SK~-SKOROVAS, .Gj—GIBRSVIK, jo -JOMA AND

St-STEKENJOKK) AND THE MAIN STRUCTURAL AND STRATIGRAPHIC UNIIS WHICH

CAN BE DISTINGUISHED WITHIN THE KOLI NAPPE.

1) THRUST AT BASE OF THE OLDEN BASEMENT NAPPE

2) THRUST AT BASE OF THE SEVE-KOLI NAPPE |

3) THRUST SEPARATING THE SEVE AND kLI SEQUENCES WITHIN THE
SEVE KOLI NAPPE COMPLEX

4) THRUST SEPARATING THE GJFRSVIK NAPPE AT THE TOP OF THE KOLT NAPPE
SEQUENCE FROM THE HIGH GRADE METAMORPHIC ROCKS OF THE

HELGELAND NAPPE COMPLEX

(Boundaries based on geological information from FOSLIE, OFTEDAHL,

ZACHRISSON, GEE AND GUSTAVSON).

1
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Inferred stratigraphic correlation between the Lower Palacozoic sequances to

L= R

the South and North of the Grong Culmination. The correlation is approximate

and based on information from Vogt 1945, Zachrisson 1971, Oftedahl 1974

and Roberts 1975,

Tectonic disjunction within the two areas is shown

schematically by oblique parallel lines,(from: HallsC, et al, 1977 )
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Introduction

As the main purpose of this report is to document the results
that have accumulated from this project regarding the detail
geology of the SKOROVAS orebody, the more regional geclogical
aspects regarding the geological setting of the SKOROVAS ore-
body has already been presented as a joint paper entitled the
"Geological Setting of the SKOROVAS Orebecdy within the Alloch-
thonous Volcanic Stratigraphy of the Gjersvik Nappe, Central
Noxrway", co~authored by C. Halls, A. Reinsbakken, I. Farriday,
A. Haugen and A. Rankin, at a symposium in London (Jan. 9-10,
1976) sponsored by the Volcanic Studies Group and is presently
to be published in the Inst. of Mining and Metal. Bulletin-
London.

The publication is the direct result of five years regional
geological investigations under the guidance of Dr. C. Halls
from Imperial College, ant this NTNF project has contributed
to the major details regarding the SKOROVAS Orebody and its
relationships to the enclosing volcanic rocks. The author
would refer the reader to this paper for a better understan-
ding of the regional geological setting of the SKOROVAS Ore-
body. A brief summary will be given here of the conclusions
drawn from the paper to-gether with the abstract and several
of the diagrams to give the reader a better perspective of
the SKOROVAS Orebodies position within the Caledonian Lower -
Ordovician greenstone belt in Scandinavia.

ABSTRACT: (Halls C. et al, 1977 - in press)

"The Skorovas orebody is one of the chief
Stratiform base-metal deposits within the
allochthonous greenstone belt of the Cen-
tral Norwegian Caledonides. It is contained
in the volcanic level of a complex eruptive
association of L. Ordovician age defined by
S. Foslie (1922-1943) and C. Oftedahl (1956)
as the Gjersvik Nappe. The rocks of this
Nappe are contained as a depressed segment of
the larger Koli Nappe (Kulling 1966) and de-
fined to the N. and S. respectively by the
Borgefjell and Grong-Olden basement culmina-
tions. The principal components of this Nappe
are a plutonic infrastructure of composite
gabbroic intrusions within which has been em-
placed a series of dioritic to granodioritic
(trondhjemitic) bodies which form the roots of
- a consanguineous submarine polygenic volcanic
sequence. The eruptive rocks are overlain un-
conformably by a sequence of polymict conglome-
rates and calcareous flysch sediments, the com-
position of which suggests immediate derivation
by erosion from the underlying ignecus complex.

Pre-tectonic segregations, veins and vesicle
fillings of epidote, albite, chlorite, carbonate
and guartz related to primary volcanic flow
structures in the lava pile provide evidence of
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pervasive in-situ seafloor metamorphism and
this interpretation is verified by the abun-
dance of nearly monomineralic epidote clasts
in the derived conglomerates.

The relationship of the eruptive and sedimen-
tary suites is interpreted in terms of the evo-
lution of an ensimatic island arc of L. Ordovi-
cian age which underwent uplift and erosion
prior to emplacement on the Fennoscandian base-
ment during the climactic stages of collision
tectonism of the Caledonian orodeny in Silurian
tinmes.

The entire igneous and sedimentary assemblage

has been affected by the tectonic stages of al-
lochthonous emplacement but the gross differen-
ces in competence between the component litholo-
gies has resulted in a particularly hetero-
geneous style of deformation in which folding,
componental sliding, fracturing and penetrative
metamorphic refabrication have been governed
largely by the geometry of the most competent
lithologies, notably gabbro, diorite and grano-
diorite (trondhjemite) intrusives and, within

the extrusive sequence, compact dacitic flows

and their spilitised aphanitic equivalents (kera-
tophyres). The heterogeneous pattern of deforma-
tion is resolved in terms of two main stages of
folding complicated by compcnental sliding move-
ments.

Mineralisation occurs at two levels in the erup-

tive sequence. The layered gabbros and lensoid
metagabbros of the plutonic infrastructure con-
tain small cumulus bodies of nickel-, copper- and
platinum-bearing pyrrhotite-pyrite-magnetite ore
of magmatic derivation. Mineralisation of this
type is at present only known in sub-ecconomic
guantities (S. Foslie and M. Johnson Hgst 1932).

The Skorovas orebody, in common with other widely
dispersed volcanic exhalites in the Gjersvik Nappe
(C. Oftedahl 1958), occurs within the volcanic
sequence at a level marked by episodes of explo-
sive dacitic volcanism and associated fumarolic
activity. The Skorovas orebody consists of
approximately 10 million tons of massive and dis-
seminated predominantly pyritic ore with an approxi-
mate average grade of 1.3% Zn and 1.0% Cu together
with trace amounts of Pb, As and Ag. The complex
lensoid geometry of the crebody is resolved in
terms of the disjunction of a single stratiform

" unit by tight isoclinal folding and componental

movements, probably involving both translation and
rotation. Enrichment of sphalerite, chalcopyrite
and, locally, galena within the magnetite-pyrite
ores at the stratigraphic top and margins of the
ore lenses is interpreted as a primary feature.
The banded magnetite-pyrite ores are commonly
associated with magnetitic cherts or jaspers and
are thus transitional in aspect to the thin, ircn-

and silica-rich, base-metal depleted, exhaiative
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sedimentary horizons occurring extensively
within the extrusive sequence cf the Gjersvik
Nappe. These are interpreted as the products
of settling of colloidal iron and silica hydro-
sols following explosive dispersal into an
oxidising submarine environment. They are valu-
able time-stratigraphic markers and indicators
of way-up in complicated structures and are a
potentially wvaluable tool in exploration for
massive sulphide bodies formed in limited re-
ducing environments,"

Diagrams that accompany this publication show:

Figure 1 (page 1l1) A synoptic geological map
of the Scandinavia Caledonides showing the po-
sition of the Grong district in Central Norway.
Figure 2 (page 13) shows the location of the
main oredeposits in the Grong - Stekenjckk dis-
trict and their relationships to the main stra-
tigraphic and structural units within the Xoli
Nappe (of which the Gjersvik Nappe is a part).
Figure 3 (page 1l4) shows the inferred strati-
graphic correlation between the Lower Paleozoic
sequences in the Grong - Stekenjokk region to
those in the W. Trondheim region.

Figure 4 (page 1l5) shows a simplified geolo~
gical map of the Skorovas area indicating the
close spacial relationship between the Skorovas
orebody and the dacitic flows and pyroclastic
horizons.

The following conclusions are drawn from the
paper (Halls C. et al).

(1) The volcanic succession has suffered extre-
mely from the effects of deformation (pene-
trative schistosity) and low grade metamor-
phism under conditions of the Greenschist
facies.

(2) That the spilitic character of the SKOROVAS
volcanic sequence is the result of metamor-
phism which accompanied the sea floor meta-
morphism of the volcanic rocks during Lower
Ordovician Times.

(3) That the eruptive sequence in the Skorovas
area originated in a tectonic setting in
which basaltic rocks typical of an immature
island arc were being generated. The basal-
tic rocks showing a distinct trace element
concentration characteristic of Island Arc
Tholeiites with a noticeable trend towards
the calc-alkali Basaltic field.
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(4) That the orebody is situated within a part
of the volcanic sequence displaying dis-
tinctly Calc-Alkaline character, (Dacitic
pyroclastics and flow units) marked by epi-
sodes of explosive dacitic volcanism and
associated fumerotic activity.

(5) That it is appropriate to consider the mor-
phology and mineralogy of the ore deposit
and the peripheral exhalite mineralization
of the Skorovas region in terms of the exha-
lative wvolcanic hydrothermal origin which
was proposed by Oftedahl (1958).

(6) That the eruptives of the Skorovas area are
the constituents of an immature Island arc
of Lower Ordovician age - formed within an
ensimatic setting peripheral to the Scandi-
navian Craton. The following volcanic suite
characterize immature Tholeiitic Arcs.
Basalts Andesites Dacites and Rhyolites.

(7) That the eruptive sequence, its magmatic
evolution having terminated, was emplaced as
the structural and stratigraphic core of the
Gjersvik Nappe during the climactic stages
of the Caledonian Orogeny in Mid.-Silurian
times.

From previous work in the Grong district, "it has long been recog-
nized that the Gjersvik (Skorovas) greenstones are composed cf a
sequence of basic to acid rocks, including basalts, andesites and
keratophyres of distinctly spilitic offinity" (Halls C. et al
1977) and Oftedahl Chr. (1958) writes of greenstone layers, under
water lava flows and keratophyre agglomerate that represent rhyo- .
lite bombs and acid explosive breccias and Tuffs, and Gjelsvik,

T, (1968) mentions of a "sequence of greenstones of submarine
volcanic and sedimentary origin ............ stratisfication thought
to represent successive submarine lava flows".

According to Furnes, H. (1972), "pillow lava sequences are well
known within the Lower Paleozoic strata of west Central Norway,
especially within the Stgren Group of the Lower COrdovician in

the Trondheims region (Vogt 1945, Torske 1965, Roberts, Springer
and Wolff, 1970)", and have also been documented in West Norway
from the Solund district in the Sognefjorden area (Furnes 1972)
and from Os area south of Bergen (Torske 1972). Primary volcanic
structures such as amygdules, close-packed pillow structures and
associated pillow breccias and hyaloclastites, agglomerates,

flow breccias and banded tuffs have never before been described
from the Skorovas area, or from the Grong district in general,
and the present study is an attempt to document the various vol-
canic structures which can be observed at the macroscopic scale
within the acid and basic members of the stratigraphy and to
examine their geometry with respect to metamorphism and deforma-
tion. An attempt has been made to use these primary volcanic
structures and textures to help in identifying and separating the
various volcanic units within the volcanic stratigraphy and to




20

outline the depositional environment for these volcanic rocks
hosting the Skorovas orebody.

The primary volcanic structures found in the Skorovas volcanics
demonstrate that these volcanics were originally deposited as
submarine basic flows mixed with pyroclastics, acid keratophyric
breccias and tuffs, and associated jasper and magnetite bearing
cherty bands, typical of the volcanics found in the Island Arc
model that has been suggested for the origin of these Skorovas
volcanics,

The recognition of these primary volcanic structures has led to
the introduction of a great number of special terms that has been
used in the description of these structures from the literature.
A list of all the terminology with definitions can be found in
APPENDIX I of this report, in hopes of standardizing the usage of
such terminology in the Skorovas area. Pictures of the various
structures are found in APPENDIX III.

It is furthermore recognized that these volcanics have undergone
both pretectonic seafloor metamorphism (Halls et al, 1977) and a
pervasive penetrative schistosity associated to the overthrusting
emplacement of these rocks upon the Fennoscandian Craton during
the climactic events of the Caledonian orogeny in the Mid.Silurian.
It is also recognized, through total silicate whole rock analyses,
that these volcanics have undergone pervasive spilitization, that
is to say, these volcanics have undergone an intense metamorphism
whereby the sodic content (Na,0) is highly enriched at the expense
of the depleted potassic (Kzo? content, which is typical for the
Spilite suite. The Skorovas volcanic rocks should therefore
rightfully be called metavolcanics of spilite and keratophyre
affinity. However, since the recognition of primary volcanic
structures has helped to subdivide the rocks into the various
units of the volcano-stratigraphy and to outline their environ-
ment of deposition, and with the help of the detailed chemical
classification of these volcanics from total silicate analyses,
the author would therefore prefer the usage of such terms as
Basalt - Andesite - Dacite and Rhyo - Dacite for the volcanic
material that was deposited on the sea floor, and thereby diver-
ging from the much too vague greenstone and keratophyre-termina-
logy that has been used so frequently by previous authors. The
author would also prefer to omitt the prefix "meta" when refering
to the Skorovas volcanics in this report, although the author
recognizes that these volcanics have undergone destructive meta-
morphism,

2. Classification of Volcanic Rocks.

The author has attempted here to standardize the classifica-
tion of the volcanic rocks in the Skorovas area, using an
accepted classification (Table 1 pp. 31 ) that has been
modified from Travis (1955) and shows the volcanic divisions,
igneous equivalents, the average compositions for fresh unme-
tamorphosed volcanic rocks, and the essential mineralogy ex-
pected in such rocks. Figure 5 (pp. 32 ), after Irving and
Baragar (1971), shows the volcanic rock series expected in a
Calc-Alkaline Series of which some of the volcanics in the
Skorovas area are equivalent to.
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The definitive boundaries between the various volcanic divi-
sions are still under dispute, according to the classifica-
tion one chooses to use. However, one useful classification
based on the Si0O, and K.0O contents has been given bv Taylor
(1969) which defines thé boundaries between the volcanic
divisions as:

(1) BASALT (high=-Al basalt)< 53% SiO
(2) ANDESITE 53-62% SiO

(44-53% 5102)
(0.7-245% KZO)

2

2
(3) DACITE 62-68% 510,
(4) RHYOLITE > 68% SiO2

In his classification,Tayler further divides the Andesite
group into Low-Silica Andesites, Low-K Andesites and High-=K
Andesites accoxrding to the SiO., and K.O contents. This clas-
sification by Taylor has been ilised in“subdividing the Skcro-
vas volcanics. It has also been noted (Hatch + Wells 1961)
that the average SiO., contents for the Tholeiitic Basalts
from Japan, which has been given as 50% Si0.,, correlates well
with the basalts in the Skorovas area, when considering the
Low-K Tholeiitic Island Arc model that has been proposed for
the formation of these volcanics in Skorovas (Halls et al
1977).

Table 2 (pp. 33 ) shows the six volcanic units, that have
been separated in the Skorovas area according to their mor-
phology, stratigraphic position and their chemical composi-
tion, and that these units fit well into the classification
scheme given above (Basalt + Andesite + Dacite + Rhyo-Dacite).
The major silicate and trace element analyses have been
immensly helpful in defining the various volcanic units and
outlining their compositional ranges, especially since the
volcanics in the Skorovas area show an extremely fine grained
to aphanitic nature and an almost complete compositional tran-
sition within the intermediate (Andesite) to acid (Dacite)
fields.

Stratigraphy.

The Skorovas area has proved to be a very difficult locality
to demonstrate a reliable volcano-stratigraphy because of the
complexities associated to the intense volcanic activities
found in an acid volcanic centre such as the Skorovas area,
reflected by the irregular overlapping nature of the original
flow surfaces, and the intense cross-cutting dyking system
associated to such active centres, and also because of the
complexities produced by the superimposed destructive poly-
phase deformation to which the area has been subjected.

The intermediate to acid volcanic sequence is much thicker and
more complex here in the Skorovas area, and it has been
through work outside the area, east to the Havdalsvatn area,
and north in the Hausvik -forekomst area, where the individual
volcanic units are much thinner and the volcanic activity has lec
much less severe, that the volcano-stratigraphic units have
been easiest to define. However, through the help of detailed
mapping of the primary volcanic structures, intrusive rela-
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tionships of the various volcanic units and through the major
whole rock and trace element analyses, it has becen possible
to formulate a volcanic stratigraphy, that in its simplified
form can be interpreted as a structurally overturned, inver-
ted volcanic sequence represented by:

(Youngest) (1) Calc-Alkaline Andesite + Basalt

(2) Acid to intermediate sequence (Andesite to
(Rhyo-Dacite)

(Oldest) (3) Low-K Tholeiitic Basalt (of Island Axc
affinity)

- with the Skorovas orebody occupying the space between the
acid voleanic complex and the younger Calc-Alkaline volecanic
sequence, which is what has been suggested for deposits in
similar volcanic environments in the Caledonian greenstone
belts (Gale and Roberts 1974, Vokes and Gale 1976). Figures
10a and 10b (pp.42+43 ) show roughly the stratigraphic posi-
tion of the Skorovas massive sulphide orebody within the wvol-
canic pile.

Description of the Volcano-Stratigraphic Units.

The reader is here refered to the simplified stratigraphy dia-
grams Figures 10a and 10b and Table 2 (pp.42+43 ) showing the
average composition of the various volcanic units in the Sko-
rovas area. ' The author will here describe in some detail,

the various volcanic units, their characteristic features,
such as volcanic structures, textures, mineralogy and their
chemical compositions etc., beginning with the oldest volcanic
units and progressing stratigraphically upwards to the young-
est units. The reader should bear in mind that, as a general
rule, the stratigraphy is inverted, or at least partially in-
verted within the Skorovas area.

a) Lowermost Volcanic Unit: Chloritic Basalt, epidote bear-
- ing. (Unit nr. 5 from Table 2,
pp. 33 )

The lowermost basaltic sequence forms the major part of
the volcanic sequence both overlying and underlying the
ore zone to the west of the mine area (see geological
map 1l:2000 scale), and is distinguished by its dark to
bright green, chlorite rich, moderately schistose charac-~
ter. These lowermost chloritic-basalts generally occur
as very massive, dense flows with noticable epidote knots
and fragments, epidote and free calcite filled amygdules
and fractures, and minor pyrite disseminations. These
"basalts are only very slightly magnetic.

Close packed pillow lavas occur in thick sequenced within
this volcanic unit immediately to the west and above the
mine up on Grubefjell. The individual pillows, approx.

1 to 1% meters in length and in places extremely flattened,
are characterized by having a reddish-brown weathering
pillow rim and with minor epidote and predominantly white
cherty cusps filling the pillow intersticies. Minor zones
of well banded chlorite and epidote rich tuffs and pillow
breccias, with associated magnetite bearing cherts and jas-
pilite horizons are found intercalated with the pillow
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lavas to the west of the mine area.

These chloritic basalts are generally extremely fine
grained (less than 1 mm) and often exhibit a remnant
ophitic volcanic texture under the microscope (plate 19,
AR 42) showing an intergrown mossaic of albitic plagio-
clase set in a fine grained chloritic matrix. However,
as previously mentioned, the dominating Greenschist
Facies regional metamorphism has generally completely
destroyed all traces of primary volcanic textures and the
primary mineralogy has been completely replaced or pseudo-
morphed by assemplages composed of chlorite, albite, epi-
dote, actinolite, calcite and sphene.

The average chemical composition of unit nr. 5 from Table

2 1is typical for basalts and shows a moderate enrichment
in CaO compared to the other Skorovas volcanic units,

which is reflected in the field by the overwhelming amount
of epidote and free calcite filling amygdules and frac-
tures and in sheared zones. Trace element data (Ti-Zr
discrimination, Figure 9) shows that these lowermost ba-
salts are typical of the Low-K Tholeiitic Basalts from
island ares with some affinity towards Ocean Floor Basalts.

An interesting curiosity regarding this basaltic unit is
the observation of a dwarf form of the flower "Viscéria
Alpina" or Copper flower that has been found growing on
close-packed pillows to the west of the mine. This could
possibly be a reflection of the high Cu content in these
basalts, which do infact contain up to 150 ppm Cu, as
found in one sample from whole rock analyses.

Iron-rich Basalt - (unit nr. 6, Table 2)

This unit occurs as a rather thin distinct band of well
developed close-packed pillow lavas and associated pillow
breccias and hyaloclastites., The pillows contain very
distinct white (magnetic) cherty cusps filling the spaces
between the individual pillows (plate 24, pp. 108 ).

ThHe Iron-rich basalts are extremely fine grained to apha-
nitic, typically dark bluishgrey to greyish green and

very magnetic due to an extremely finely divided magnetite
dissemination, which also accounts for the bluishgrey
color imposed on these basalts. The extreme darkish green
color is attributed to an Iron-rich chlorite which has a
typical purplish birefringence color under the microscope,
a chlorite which differs very much from the pale to medium
greenish, calc-rich chlorite of the lowermost chloritic-
basalt sequence. A rather strangely radiating epidote

has also been found, as tiny epidote knots that could

well represent amygdules or variolite structures, and

"appear to be an epidote pseudomorphing a primary radiating

zeolite mineral. Also typical of this Iron-rich basalt
unit is a prominant disseminated pyrite porphyroblast
developed in the chlorite rims of strongly deformed pil-
lows. In the area beneath the white Rhyo-Dacite explosion
breccia unit, in the Gruvetippen area and to the NE,
occurs a very dominant rusty, sulphide-veined, magnetic,
pillow lava seguence which is very similar to the dark
greenish chlorite and magnetic basalts occurring within
the mine at the east and footwall zone of the Eastern ore-
body, where the sulphide stringer-feederzone,with its
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associated hydrothermal wall-rock alteration cuts thrcugh
the basalts. ’

This highly magnetic Iron-rich Basaltic unit most probably
represents a distinct facies development of the lowermost
basalt sequence and could in fact represent a highly
oxidized flow-top found 1 at the uppermost contact of
the thicker lowermost basaltic lava pile. This could

well account for the extremely high guantities of finely
disseminated primary magnetite and also for the irregular
nature and thickness of this peculiar Iron-rich Basaltic
unit.

The Iron-rich Basaltic unit (nr. 6, Table 2) is chemically
distinct from the lowermost chleritic-Basalt sequencs,
showing an extreme enrichment in total Fe (approx. 16%
F8203tot)’ very unusual when compared to the other volcanic
units within the Skorovas area. These Iron-rich Basalts
also show a marked depletion in both Ca0O and Na,O0. The
trace element discrimination data shows that this Iron-
rich Basalt unit has a Low-K Tholeiitic affinity, very
similar to the lowermost chloritic Basalt seqguence and

therefore suggests that they have a common heritage.

" Intermediate Volcanic Complex: Andesites to minor Dacites

(Unit nr. 2 from Table 2)

Within the immediate mine area, the intermediate volcanic
sequence occurs as very irregular zones of varying thick-
ness, intimately associated with the acid extrusive bands
and intrusive domes,and the intermediate volcanic seguence
noticeably thickness to the SW on Grubefjell, away from
the mine area.

The intermediate volcanics are generally very massive,
dense, hard, extremely finegrained, and are generally
light to medium grey in color, reflecting the increased
silica content and also the ubiquitous finely dissemina-~
ted magnetite content, which accounts for the moderate
magnetic nature of these rocks. Stilpnomelane occurs
throughout this sequence as fine disseminaticns or as
patchy concentrations. The increased stilpnomelane con-
tent imparts a light brownish weathering surface and an
accompanying increasing schistose nature, which makes
this intermediate unit easily recognizable on weathered
exposures, Increase in stilpnomelane contents appears
to be confined to the more acid Dacitic end member of
this sequence, however, stilpnomelane has also been
found in the more basic Andesitic end member, generally
extremely patchy and usually confined to amygdules and

fracture fillings along with gquartz.

The dacitic varieties of this intermediate complex are
more intimately associated with the acid extrusive bands
(iep locality GF 236 along the vannledning south of the
Grabergstoll) and a complete gradation to the acid volca-
nic varieties (Rhyo-Dacite) has been found in the area

NW and N of the Gradbergtoll at localities GF 61 and GF 8l.
These Dacitic-Andesitic varieties are extremely fine
grained to aphanitic, massive and dense, almost £flinty in
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nature. They are characterized by a minor, fine grained,
albitic-plagioclase phenocryst texture, which is set in
an aphanitic groundmass. They are also characterized by
numerous zones of quartz and minor stilpnomelane filled
amygdules, the individual amygdules often extremely
large, occuring up to 2-3 cm in diameter. The dominat-
ing feature of these Andesitic-Dacitic units is their
fragmental nature, which is characterized by the rubbly
nature of the flowtop breccias and agglomerates which
are found near the acid volcanlcs north of the Grébergs-
tollen.

These Intermediate volcanic rocks are characteristically
Andesite in composition,which has been enriched in Na.oO
and depleted in both €a0 and MgO compared to the othe?
Skorovas volcanic units, The trace element discrimina-
tion data (Figure 9, pp. 41 ) suggests that these stil-
promelane-bearing intermediate volcanics show a Low-K
Tholeiitic affinity.

Dark-greyish Basaltic-Andesite (unit nr. 4, Table 2)

A very irregular and patchy sequence of dark grey to
bluish~grey, extremely fine grained and very magnetic
Basaltic-Andesite occurs closely associated to the
stilpnomelane bearing Andesites of the intermediate vol-
canic sequence. The dark grey Basaltic-Andesites also
contain minor stilpnomelane as amygdule and fracture fil-
lings and the minor stilpnomelane patches within the dark
grey Basaltic~Andesite suggests an intimate relation-
ship to the stilpnomelane bearing Andesites described
above,

This. dark grey Basaltic-Andesite invariably occursas
well developed close-packed pillow lavas (individual pil-
lows being up to 1 meter in length), with associated
broken pillow-breccias and hyaloclastites (aguagene tuxfc),
and generally host a strongly magnetic white to grey
cherty horizon along its upper contact. The macroscopic
similarities between this very magnetic pillow lava se-
quence (unit Nr, 4) and the Iron-rich Basaltic unit (unit
nr. 6), described above, are striking and has often led
the author to believe that they could in fact be one and
the same unit. However, because of the great distance
which separates these two units, a closer investigation
is needed to solve this problem.

The chemistry of this dark grey Basaltic-Andesite unit
shows a distinct difference to the lower Iron-rich Basalts
in having a much lower, more normal, total Iron Content,
and an extreme enrichment in Na,0 (8.56%) compared to the

‘other Skorovas volcanic units. “The extreme Na.0 content

could well be accounted for by sea floor metamSrphism of
the pillowed sequence, however, as mentioned before, a
much more detailed chemical investigation is needed to
solve this problem. Trace element discrimination data for
this dark~grey Basaltic-Andesite unit shows however a
distinct similarity to the Iron-rich Basalts, both having
a Low-K Tholeiitic affinity.
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Acid Volcanic Sequence: Rhyo-Dacites and minor Dacites
(unit nr. 1, Table 2)

The acid volcanics, Dacite to Rhyo-Dacite in composition,
found in the Skorovas mine area form a very complicated
and very irregular sequence of intrusives and related
extrusives and pyroclastics. They vary considerably in
form and thickness and show intimate relationships to the
Skorovas orebody and its peripheral transitional minera-
lization. The acid volcanics show extremely sharp boun-
daries to the adjoining volcanic units, however, as pre-
viously mentioned, transitional gradations into contact
dacites and dacitic-andesites have been found. The acid
volcanics are easily distinguished from the other more
basic volcanic members by their dominating whitish to
light-greyish color, their extreme hard, flinty nature
and their prominant, rather large white cherty to gquartz
fragments and amygdules and their large quartz filled
tension gashes and fractures. The intrusive members are
invariably phenocrystic and the extrusive varieties gene-
rally show a pyroclactic texture, the angular fragments
ranging from blocks and bombs down to fine ash size par-
ticles, they are generally rusty with sulphide impregna-
tion and are associated with thin jaspilite and magnetite
bearing cherty siliceous bands.

The acid volcanic sequence, in general terms, can be sub-
divied into two members depending on their stratigraphic
relations to the Skorovas ore horizon and the overlying
Calc-Alkaline volcanic sequence.

(1) Lower Acid Volcanics:

This sequence of acid volcanics is confined to the
immediate footwall of the Skorovas orebody and to
its thinned laterally equivalent mineralization
horizon as shown by the rusty, sulphide impregnated
acid volcanic horizon to the NE and SE of the Gri-
bergstoll. These massive acid extrusive are usually
very dense, hard and flinty, reflecting their extreme
aphanitic nature. They vary in color from whitish
to medium dark grey depending on the finely divided
magnetite content, which also reflects the varying
magnetic nature of these acid rocks. Zones with
arge, rounded quartz filled amygdules and cherty
- "agments and ubiquitous quartz filled tension gashes
chiracterize the massive extrusives and intrusives
of this lower acid volcanic sequence. These acid
extrusives in the immediate mine area are extremely
aphanitic (plates 3-6 and 14), containing a matrix
grain size of between 0.1 - 0.2 mm in diameter, and
are dominated by a tightly interlocking mossaic of
quartz and albitic plagioclase, which are extremely
difficult to distinguish under the microscope. The
footwall acid volcanics in the immediate vicinity of
the ore body, are invariably cut by thin sulphide
and quartz filled veinlets which often show hydro-
thermal wall rock alteration or bleaching associated
with the sulphide vein boundaries (plate 3, pp. 27 ).
Local occurrences of intense sulphide veining and



alteration have been found near both the East and
Main orebodies at Skorovas.

In direct contact with the massive footwall acid
volcanic sequence lies an irregular zone of extre-
mely coarse to fine grained acid pyroclastics which
show intimate relationships to this massive acid
volcanic sequence and are thought to be derived from
the explosive brecciation of the massive acid vol-
canics. This acid pyroclastic sequence shows tre-
mendous variations in both thickness and lateral ex-
tention and also shows great variations in fragment
size, from large blocky and extremely flattened
breccia fragments, demonstrated by the blocky explo-
sion breccia near the mine enterance (plate 32,

PP. 112 ) and the light greyish-white "Quartz-ecye"
porphyry Rhyo-Dacite breccia between the two ore-
bodies at the southern parts of the mine (plate 4,
PP+ 197 ), through to densely compacted lapilli
tuffs (plates 5 and 16) and down to extremely fine
grained, sulphide impregnated, "quartz-eye" fragmen-
tal, pale sericite schists,presumably of tuffaceous ‘
derivation (plate 7).

A thick section of white Rhyo-Dacite explosion breccia
and rusty sericite schists are well exposed between ‘
the mine enterence, at the Grabergstippen, and the
Nygruva area,where the sulphide impregnated "guartz-
eye" fragmental sericite schists grade laterally,
southward, with increasing sulphide impregnation and
pyrite banding, directly into massive pyritic ore neaxr
the 25 S profile area (see Profile 0O N-S accompany-
ing report). This rusty "quartz-eye" fragmental seri-
cite schist (tuff) unit outcrops in the Nygruva

area immediately overlying the massive pyritic ore

and appears to form the uppermost stratigraphic or

the lateral transitional facies to the thick acid
explosion breccia pile in this area. This rusty,
mixed, coarse pyroclastic and fine acid tuff (seri-
citic schists) zone found adjacent to the massive
pyritic orebody, forms a strongly stratabound hori-
zon that can be followed for several kilometers away
from the mine area, represented by the rusty "quartz-
eye" sericite and chlorite schists which show a
strong association to the magnetite hearing cherty

and jaspilite exhalite bands to the SW of pausigen

and the rusty well-banded tuffs to the SE of the

mine area.

The massive acid volcanics at Skorovas (Rhyo-Dacites,
unit Nr. 1, Table 2) have compositions typical to
quartz keratophyres of the spilite suite, showing a
silica content of approx. 70% and a noticable enrich-
ment in Na,0 at the expense of the depleted K.O.

The sulphiae impregnated, "guartz eye" serici%ic
schists (tuffs) from the impregnated part of the
ore-zone shows, in contrast, a K,0 content varying
between 1.2 to 3.3% and egualamounts of Na_O

(Table 3, pp. 34 ), very similar to the Composi-
tions for the quartz keratophyres and sericitic
schists quoted by Juve, 1974 and Rui, 1973 (Table 5,
pp. 40 ), which leads one to speculate on the ori-
gin of these K,0 enriched schists.
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Uppermost Acid Volcanics

The uppermost acid volcanics are characteristically
more dome or plug-like in form and appear to have
cross-cutting, intrusive relations to the Calc-
Alkaline Andesites stratigraphically overlying the
orebody. The uppermost acid intrusives, found be-
tween Nordre Grubefijell and Grabergstollen, are ge-
nerally brighter to paler green than the lowermost
acid volcanics, although aphanitic, dark grey, mag-
netite-rich varieties occur (Nordre Grubefijell), and
they are typically porphyritic, containing large
(2-4 mm), elongate albitic-plagioclase lath-like
phenocrysts with singular Carlsbad twinning set in
an aphanitic gquartz and plagioclase mossaic matriz
(plate 14, pp. 103 ). The typical apple-green color
is caused by the complete chloritization of the ori-
ginal minor mafic minerals and a slight breakdown of
the sodic plagioclase into sericite, zoicite and
minor chlorite, especially in the more schistose,
sheared varieties. These acid intrusives are gene-
rally far less sulphide impregnated than the lower
acid units.

Within the vicinity of the Orebody, these porphyritic
acid intrusive domes are intimately associated with
rather massive, pale yellowish~green "quartz-eye"
fragmental, epidote-rich felsic tuffs and their
chlorite rich "chlor.fleck" equivalents, which are
believed to represent original "crystal tuff" mate-
rial (plates 9 and 10, pp. 100 ). Agglomeratic
facies of these pale green "quartz-eye" porphyritic
felsic tuffs are found in immediate contact to a
plagioclase porphyry Rhyo-Dacite body immediately
west of the Grabergstollen at locality GF 227.

A quartz and feldspar porphyritic variety of the
upper acid volcanic series occurs to the SE of the
mine area, between gruvetjgna and Nesdaklumpen, and
lies here in direct contact with well-banded felsic
and chloritic tuffaceous schists and calc and epi-
dote rich pillow breccias of the uppermost Calc-
Alkaline volcanic sequence,

The pale green epidote-rich massive tuffs, which are
intimately associated to the plagicclase porphyritic
Rhyo-Dacite intrusives, show a marked Mg0 and Na,C
enrichment compared to the other acid (pale) tuffs
in the Skorovas area, conditions which are very simi-
lar to the Calc-Alkaline Andesites and Basalts, and
since these felsic tuffs are separated from the mas-
sive ore and associated sulphide impregnated acid
tuffs by a noticable jaspilite and magnetite bearing
cherty exhalite horizon, it is believed that the
pale greenish epidote rich massive tuffs are in fact
related to the stratigraphically uppermost Calc-
Alkaline Basalt and Andesite series.

The chemical compositions of the plagioclase porphyry
upper intrusives are similar to those of the massive
Rhyo-Dacites from the lower acid series.
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The tremendous volcanic activity which facilitated
in the buildup of an acid volcanic complex related
to the formation of a synvoleanic massive sulphide
deposit such as Skorovas, is reflected by the nume-
rous acid dykes that are seen cutting through the
basalts in a belt NE from Nygruva and Gréabergstollen.
Similar acid dyke systems have been noticed to the E
of the mine area in the Ollatijgna - Havdalsvatn
direction.

Uppermost Volcanic Sequence: Calc-Alkaline Basalts +
Andesites
(unit nr. 3, Table 2)

Calc-Alkaline Basalts and Andesites occupy the stratigra-
phic uppermost position in the Skorovas area and are '
rather limited in extent, occurring at the south end of
Dausj¢gen below the acid pyroclastics, at the west end of
Reservedammen below the acid volcanics, and infolded into
the acid intermediate volcanic sequence immediately southof
the Nygruva and Gréabergstollen area.

These lavas are characteristically much paler-green in
color, reflecting the increased, zoicite and epidote rich
groundmass (plate 21, pp. 106 ), and are noticably coar-—
sergrained than the stratigraphic lower volcanic rocks.
They are also typically non-magnetic and appear to be
slightly more schistose, especially in the Dausigen S
area and south of the Nygruva area. However, this could
only be a reflection of a more intense shearing deforma-
tion in the areas where these rocks occur. Some coarse
grained flow varieties from is seguence carry a meta-
gabbroic texture and their sheared varieties have often
been mistaken as sheared gabbros, amphibolites and even
as "chlor.fleck" tuffs found near the Skorovas massive ore
contact.

Massive flows of this Calc-Alkaline Basaltic-Andesite se-
quence contain numerous epidote knots and fragments and
invariably contain epidote and carbonate and minor quartz
amygdules (plate 26, pp. 109 ). Close-packed pillow
structures with epidote rich rims and epidote filled zoned
amygdules, and associated pillow breccias and hyaloclas-
tites are typical for this unit in the Reservedammen W
area (plates 25-29, ppX9+110 ) and East of the mine area
at the west side of Gruvetjgna. Numerous dykes of these
younger Calc-Alkaline volcanics are found intruding all
the older volcanic units in the area and are especially
noticable in the acid explosion breccia zone near Rauber-
get (plate 31, pp. 111 ) and through the rusty Iron-rich
Basaltic pillow lavas found to the NE of the mine entrance
area near locality GF 148.

The stratigraphic Uppermost volcanic sequence contains
flows having a Basaltic-Andesite average composition,
however, the silica content varies somewhat and flows of
both basaltic and andesitic ccmposition are found. These
lavas are typically enriched in both MgO and CaO compared
to the lower volcanic units (Table 2, pp. 33 ), and the
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trace element discrimination data, low Ti and high Zr
content, reflects the Calc-Alkaline nature of these vol-
canics. Individual dykes of this Calc-Alkaline volcanic
sequence have an exceedingly coarse grained nature, al-
most a gabbroic texture, and are characterized by an
almost ultrabasic composition, containing 40% SiO, and

10% MgO. This dyke material is somewhat charactéristic
of Gjelsvik's "amphibolite" found south of the Skorovas
mine area.




TABLE, 1 Classification of Volecanic Rocks. (modified after Travis,1955)
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B ® General classification scheme for the common volcanic rocks, The lines joining bowws serve to outline common ussoviations, The rocks
indicated by small print within the boxes are variants of the main rock.

( from: Irving and Baragar,1971)
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TABLE, 2 The Average Chemical Composition of the various veplecanic divisions
within the Skorovas mine area.
1 2 3 L <) (<]
A Rhyo-Dacites |@® Massive Andes,.|4 Calc., Baselts |@ Dark, liagnetic |@ Bpidote Rich (] Fe - Rich
+ Andesites Basaltic- Andes. 6@hlor.-Baszalt Basalts
samples 11 8 5 2 3 2

T4 2 0.55 1. 13 1.18 1.44 1.27 1.61
A1203 12,07 13.98 . 13.81 13.87 14,05 14,07
Le203 2.42 3.65 2.96 3.44 3.97 1.28
FeO 2.16 6091 7053 7-57 7-54 13050
MnO 0.09 0.18 0.20 o B f 01T 0.50
MgO 0.80 3.59 5.46 4.55 4.92 6.%4
Ca0 1,16 3.58 5.08 4.93 5.79 2435
Na20 6.84 £.26 4.63% 8.56 5.69 2.67
X,0 0.31 0.19 0.06 0.70 0.05 0.01
205 05471 0.20 0.18 0.16 0.16 C.13
b —-I~r———- —— -

Total 98.28 97.92 97.04 98.31 26,84 94,37
Ign. Loss 2.86 317 2.%4 385 4.79

K20/Na20 + 05 +03 .01 .08 .009 .004
FeO*/Ng0 5.42 2.84 187 2.34 2.26 2,28
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SYMBOLS

A - Rhyo-Dacites

© - Mass.,fine-grained Andesites

<+ - Calc-Alkaline Basalts and Andesites

©@ - Dark grey, magn. rich Basaltic-Andesites
@ - Epidote-rich, Calc-Basalts

3 - Dark green, Fe-rich Baszalts

(Irvine + Baragar, 1971)
A
'* £
I ALXALINE FIELD A A
] A
h AN A
+
+.
i 4= SUB=ALKALINE FIELD
-
34 40 50 60 70 80
510, wt %
Pig. B Alkali-§ilica plot (weight %) of the Skorovas volcanics {after Irvine and Baragar, 1971).
.The solid division-line separates Alkaline from Sub-Alkaline compositions.
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SYMBOLS

A~ Rhyo-Dacites
© - Massive,fine-grained
Andesites
~ - Calc-Alkaline Basalts
o and Andesites
5 : - Dark grey, magnetite rich
F (¥e0 tot.) Rasaltic-Andesites
@ - Fridote~rich, Calc-Basali
@ - Dark green, Fe-rich
Basalts.

THOLEIITE FIELD

CALC-ALKALINE PIELD

AV v v/ \ \ \ AV AV \
80 T0 60 50 40 30 20 10 M
(N820 B3 K20) (ffg".f":i
|
Yig. 7 AFM tfiangular diagram of the Skorovas velcanics. l
( after Irvine and Baragar,1971). Fe® tot. = Fel +

N
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Fig. 15. AFMdiagram (after Irvine & Baragar 1971).

Figure 8 (from Prestvik T, 197%)
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TPABLE. 4Q Average Chemical Composition of Voleanics
from the Grong Field.

A, From G. Gale, NGU report,1974.

Gjersvik Basalts Gjersvik Andes, Gjersvik Acid Vol.
13 samples 4 samples 10 samples

8102 48,20 2,2 55.20 ** 3,0 76.67 ™*2,2
T102 | 1.39 0.4 1.40 0.2 0.44 0.09
A1203 15440 1.3 13.30 - 0.7 | 1139 0.48

! FezoaTOto, 12.60 1-6 13.30 1.4 ; 3019 1.2

FeO : ? .
Mno 0.22 0.03 0.29 0.05 | 0.04 0.03
Mgo 640 2.13 3,60