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Scholarship period Sept. 1974 - March 1977. 21/2yrs.

GEOLOGY OF THE SKOROVAS MINE

TERMINALREPORTTONTNF - INDUSTRYSCHOLARSHIP

BYARNEREINSBAKKEN.

B. INTRODUCTION


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.

1. General Pur ose of the Scholarshi

As stated in the NTUF-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 mapping, 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 ho estab
lished for the original depositional environment (paleo-
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 ec-iledonj:ir
volcanic
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Greenstone terrains, a useful exploration tool for future
investigations. The author believes that it is through the
intricate disection of such å 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.

2. Brief Outline of the  Project

The NTNF-INDUSTRI-STIPENDIET covered a two and one half (21/2)
years period from Sept. 1. 1974 to March 1. 1977.
In the beginning the author was given ample opportunity to
become aquanted 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, Løkken, 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 Remdalsffåll - Stekenjokk Area, Sweden and the
Røros 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 VintermErtet"was
attended at Gbteborg 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, toc_:ethr
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.
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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 geological 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 minetenabling identifiable vo3canostra-
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 aueas.
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 various 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 vastnumber 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 pdrts
of southern extremes of the orebody. The more recently des-
cribed diamond drill holes (by A.H. and LBL) and the drill
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holes described by S. Foslie and T. Gjelsvik, that are found
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.

3. Summary  ofWork Completed under this Project

(a) At SKOROVAS GRUBER

All 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.

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.

A detailed description with accompanying 1:50 scale
cblor coded cross section of three strategic surface
diamond drill holes DBH 10.045; 10.040; 10.042.

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

Several key E-W cross sectionsfscale 1:2000,through
the mine area: Profiles ca. 80 S, 42 S and 22 S,
and one N-S cross section through profile 0 N-S.

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

(b):At the Gedlogisk institutt, NTH.

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

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 sambles of the 1W3.3Sjva
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and impregnated ore types mapped at SKOROVAS - to
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 Volcanie
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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1. 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 geological
aspects regarding the geological setting of the SKOROVNS ore-
body has already been presented as a joint paper entitled the
"Geological Setting of the SKOROVAS Orebody within the Alloch-
thonous Volcanic Stratigraphy of the Gjersvik Nappe, Central
Norway", co-authored by C. Halls, A. Reinsbakken, I. Farrida,/,
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 wil] 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 preas)

"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 Köli Nappe (Kulling 1966) and de-
fined to the N. and S. respectively by the
Börgefjell 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 vesicie
fillings of epidote, albite, chlorite, carbonate
and quartz related to primary volcanic flow
structures in the lava pile provide evidenco 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 orogeny in Silurian
times.

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 componental 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-economic
quantities (S. Foslie and M. Johnson lløst1932).

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 orebodv 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 orebody 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, exhalative
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sedimentary horizons occurring extensively
within the extrusive sequence of 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 valuable tool in exploration for
massive sulphide bodies formed in limited re-
ducing environments."

Diagrams that accompany this publication show:

Figure 1 (page 11) A synoptic geological map
of the Scandinavia Caledonides showing the po-
sition of the Grong district in Central Norway.
Fi ure 2 ( age 13) shows the location of the
main oredeposits in the Grong - Stekenjokk dis-
trict and their relationships to the main stra-
tigraphic and structural units within the KOli
Nappe (of which the Gjersvik Nappe is a part).
Figure 3 ( a e 14) 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 15) 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).

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

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.

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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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.

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 volcanic hydrothermal origin which
was proposed by Oftedahl (1958).

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.

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 heen recog-
nized that the Gjersvik (Skorovas) greenstones are composed of 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)•lentions 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 Støren Group of the Lower Ordovician 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
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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 (K2Or 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 voicanic
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 Si02 and K20 contents has been given bv Taylor
(1969) which defines the boundaries between the volcanic
divisions as:

BASALT(high-Al basalt)-C53% S102 (44-53% Si02)


 ANDESITE 53-62% Si02 (0.7-2,5%1<20)


 DACITE 62-68% 5102




RHYOLITE > 68% 5102




In his classification,Taylor further divides the Andesite
group into Low-Silica Andesites, Low-K Andesites and High-K
Andesites according to the Si02 and K20 contents. This cids-
sification by Taylor has been used in subdividing the Skoro-
vas volcanics. It has also been noted (Hatch + Wells 1961)
that the average 5102 contents for the Tholeiitic Basalts
from japan, which has been given as 50% Si02, 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.

3. Strati ra h .

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 origindl
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 crea,
and north in the Hausvik Æorekomst area, where the individual
volcanic units are much thinner and the volcanic activityildsLe::
much less severe, that the volcano-stratigraphic units have
been easiest to define. However, through the help of detajled
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 bcen 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 Arc
affinity)

- with the Skorovas orebody occupying the space between the
acid voleanic complex and the younger Calc-Alkaline volcanic
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 vol-
canic pile.

4, Descri tion of the Volcano-Stratigra hic 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 1:2000 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 11/2meters 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 associat-edmagnetite 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 chloritie 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 Tahle
2 is typical for basalts and shows a moderate enrichment
in Ca0 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 "Viscåria
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.

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

This unit occurs as a rather thin distinct band of well
developed close-packed pillow lavas anå associated pillow
breecias and hyaloclastites. The pillows contain varv
distinct white (magnetic) cherty cusps filling the spaces
between the individual pillows (plate 24, pp. 108 ).
The 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-Bacite 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 ddrk
greenish chlorite and magnetic basalts occurring within
the mine at the east and footwall zone of the Eastern ore-
body, where the sulphide stringer-feederzenciwith itg
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associated hydrothermal wall-rock alteration cuts through
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 quantities 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 chloritic-Basalt sequence,
showing an extreme enrichment in total Fe (approx 16%
Fe203tot)' very unusual when compared to the other volcanic
units within the Skorovas area. These Iron-rich Basalts
also show a marked depletion in both Ca0 and Na20. 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 sequence and
therefore suggests that they have a common heritage.

c) Intermediate Volcanic Com lex: 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 domesrand the intermediate volcanic sequence
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 disseminations 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 quartz.

The dacitic varieties of this intermediate complex are
more intimately associated with the acid extrusive bands
(ieplocality GF 236 along the vannledning south of the
Gråbergstoll) and a complete gradation to the acid volca-
nic varieties (Rhyo-Dacite) has been found in the area
NW and N of the Gråbergtoll at localities GF 61 and GF 81.
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 bv
numerous zones of quartz and minor stilpromelane 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 volcanics north of the Gråbergs-
tollen.

These Intermediate volcanic rocks are characteristically
Andesite in compositionrwhich has been enriched in Na20
and depleted in both Ca0 and Mg0.compared to the othef.
Skorovas volcanic units. The trace element discrimina-
tion data (Figure 9, pp. 41 ) suggests that these stil-'

pnomelane-bearing intermediate volcanics show a Low-K
Tholeiitic affinity.

d) Dark-gre ish 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 Bagaltic-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 (aquagene tuffs),
and generally host a strongly magnetic white to grey
cherty horizon along its upper contact. The macroscooic
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. 2The extreme Na20 content

could well be accounted for by sea floor metamorohism 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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e) 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 memhers by their dominating whitish to
light-greyish color, their extreme hard, flinty nature
and their prominant, rather large white cherty to quartz
fragments and amygdules and their large quartz filled
tension gashes and fractures. The intrusive members are
invariably phenocrystic and the extrusive varieties gene-
tally 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 Grå-
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
a-agments and ubiquitous quartz filled tension gashes
chtracterize 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 vicinitv 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. 97 ).
Local occurrences of intense sulphide veining and
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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-eve"
porphyry Rhyo-Dacite breccia between the two ore-
bodies at the southern parts of the mine (plate 4,
pp. 97 ), through to densely compacted lapilli
tuffs (plates 5 and 16) and down to extremely fine
grained, sulphide impregnated, "quartz-eye" fragmen-
tal, pale sericite schistslpresumably 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 Gråbergstippan, and the
Nygruva area,where the sulphide impregnated "auartz-
eye" fragmental sericite schists grade laterally,
southward, with increasing sulphide impregnation and
pyrite banding, directly into massive pyritic ore near
the 25 S profile area (see Profile 0 N-S accompany-
ing report). This rusty "quartz-eyer 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 strong]y 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 bearing chertv
and jaspilite exhalite bands to the SW of Dausjøen
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 Na20 at the expense of the depletcd K 0.
The sulphide impregnated, "quartz eye" serici,ic
schists (tuffs) from the imoregnated part of the
ore-zone shows, in contrast, a E20 content varying
between 1.2 to 3.3% and equalamounts ot Na20
(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 K20 enriched schists.
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(2) U ermost 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 Grubefjell and Gråbergstollen, are ge-
nerally brighter to paler green than the lowermost
acid volcanics, although aphanitic, dark grey, mag-
netite-rich varieties occur (Nordre Grubefjell), and
they are typically porphyritic, containing large
(2-4 mm), elongate albitic-plagioclase lath-like
phenocrysts with singular Carlsbad twinning set in
an aphanitic quartz and ptagiocIase mossaic matrix
(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
feJsic tuffs are found in immediate contact to a
plagioclase porphyry Rhyo-Dacite body immediately
west of the Gråbergstollen at locality GE 227.

A quartz and feldspar porphyritic variety of the
upper acid volcanic series occurs to the SE of the
mine area, between gruvetjøna and Nesåklumpen, 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 plagioclase Toorphyritic
Rhyo-Dacite intrusives, show a marked Mg0 and Na.,0
enrichment compared to the other acid (pale) tufrs
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.



29

The tremendous volcanic activity which facilitated
in the buildup of an acid volcanic complex related
to the formation of a synvolcanic 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 Gråbergstollen.
Similar acid dyke systems have been noticed to the E
of the mine area in the 011atjøna - Havdalsvatn
direction.

f) U ermoot Volcanic Se uence: 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
Dausjøen 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 Gråbergstollen 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 Dausjøen 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 sequence 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
area (plates 25-29, pp.109+130) and East of the mine area
at the west side of Gruvetjøna. 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 Rauher-
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 Mg0 and Ca0 compared
to the lower volcanic units (Table 2, pp. 33 ), and tho
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trace element discrimination data, low Ti and high Zr
content, reflects the Calc-Alkaline nature ef 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% Mg0. This dyke material is somewhat characterIstic
of Gjelsvik's "amphibolite" found south of the Skorovas
mine area.



TABLE. Classificationof VolcanicRocks. (modifiedafter Travis,1955)

RHYOLITE DACITE
 1- 


ANDESITE BASALT

Granite Granodiorite




DioriteGabbro




- Quartz Diorite




VOLCANICS

Igneousequivalent

4. -L.

t- t-

potashfeld.< 10%
total feld.

sodic plagioclase

qtz.<10%,
feldspathoids<10%

potash feld.<10%
totalfeld.

calcicplagioclase

qtz. <10%
feldspathoids< 10%

potashfeld.>2/3
total feldspar.

cuartz>10%

Essentialminerals plagiocLase feldspar> 2/3 totalfeldspar

potashfeld.>10%
total feld.

quartz >10%

Color Index 25 •50
1. J-

65.30 --

16.10 --

2.10 --

2.30 --

1.70 --

3.90 --

3.80 --

2.70 --

61.60

16.20

2.50

3.80

2.80

5.40

3.40
2.10

Chemicalcomposition

5102

Al203

Fe203

Fe0


Mg0


Ca0

Na20
K20

K20/Na20


Fc0*/Mg0

-r-

10

71.50

14.00

•1.50

1.40

0.60

1.60

3.40

4.50

1.26


4.58

20

0.71 -- 0.62

2.46 -- 2.16

58.20

17.00

3.20

3.70

3.50

6.30

3.50

2.10

0.6

1.88

48.60

16.80

4.80

6.00

5.10

8.90

3.70

1.90

0.5

2.02
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TABLE. 2 The AverageChemicalCompositionof the variousvolcanicdivisions
within the Skorovasmine area.




1

A Rhyo-DacitesØ

samples11

23

MassiveAndes.1-Calc. Basalts
+ Andesites

85

45

QDark, Magnetic•Spidote Rich
Basaltic-Andes.Ghlor.-Basalt

23

SiO2 70.21 55.28 52.77 = 50.59 a.. 47.99ja
TiO2 0.55 1.13 1.18




1.44




1.27

Al203 12.07 13.98 .13.81




13.87




14.05

Fe203 2.42 3.65 2.96




3.44




3.97
Fe0 2.16 6.91 7.53




7.57




7.54

Mn0 0.09 0.18 0.20




0.17




0.17

Mg0 0.80 3.59 5.46




4.55




4.92
Ca0 1.16 3.58 5.08




4.93




6.79

Na20 6.84 6.26 4.63




8.56




5.69

K20 0.31 0.19 0.06




0.70




0.05

P205 0.11 0.20 0.18




0.16




0.16

Total 98.28 97.92 97.04




98.31




96.84

Ign. Loss




2.86 3.17




2.34




4.25







”T. 


K20/Na20 .05 .03 .01




.08




.009

Fe0*/Mg0 5.42 2.84 1.87




2.34




2.26

6

0 Fe - Rich
Basalts

2

47.05±

1.61

14.07

1.28

13.50

0.50

6.34

2.35

2.67

0.01

0.13

.004

1
2.28

94.37

4.79
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SYMBOLS 


£S- khyo-Dacites
C)- Mass.,fine-grainedAndesites
4-- Calc-AlkalineBasaltsand Andesites
Q)- Dark grey, magn. rich Basaltic-Andesites

Epidote-rich,Calc-Basalts
- Dark green,Fe-richBasalts
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SYMBOLS

f:(Fe0 tot.)

Rhyo-Dacites
E)- Massivelfine-grained
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TABLE.1.0 Average ChemicalCompositionof Volcanics

From

from the Grong

G. Gale, NGU report,1974.

GjersvikBaealts
13 samples

Field.

GjersVikAndes.
4 samples

GjerevikAcid Vol.
10 samples

8102 48.20tt 2.2[55.204== 3.0 76.614t 2.2

TiO2 1.390.41.400.2 0.440.09

Al203 15.401.3 13.300.7 11390.48

Fe203Tot. 12.601.6 13.301.4 3.191.2

Fe0




 




Mn0 0.220.030.290.05 0.040.03

Mg0 6.402.133.601.0 0.570.49

Ca0 7.802.24.901.5 1.040.7

Na20 4.321.35.020.9 5.661.8

K20 0.270.10.260.1 0.671.1

P205 0.070.040.100.050.030.02

From S. Kollung,GrongProjectReport,1974.

SiO2

TiO2

Al203

Fe203

Fe0

Mn0

Mg0

Ca0

Na 02
K20

P205 


OldeetVolcan.Unit

well-bandedlpale

	

47..83= t0.8

	

0.89 0.99

	

16.15 0.5

	

3.78 0.1

	

5.48 1.1

•0.18

	

7.830.3

	

12.600.2

	

3.t30.6

	

0.340.3

	

0.050.01

MiddleUnit
GjersvikGet.
dark-green

	

50.43== 0.91

	

1.280.171

	

16.001.0

	

6.040.35

	

6.550.01

0.24

	

4.790.88

	

6.032.21

	

5.910.26

	

0.280.3

0.09

i

YoungestVolcan.Unit
well-banded,pale

	

48.88L= 0.8

	

0.760.16

116.580.23

i2.870.08

	

5.290.97

	

0.230.08

	

7.410.7

	

9.062.3

	

4.520.2

	

0.320.03

	

0.070.01



39.

TABLE.4b AverageChemicalCompositionof VolcanicRocks
from Lekal Nord-Trøndelag,( afterPrestvikft974)

StorøyaPormationBasaltsSkeiPormation
porphyriticgst.pillow lavasgreenstonesqtz. keratophyrel

8102 46.03 46.77
il-

.J I. 49.05 72.96




TiO2 3.12 2.43




2.13 0.29




h1/25 148.74,




Ll 15.73 12t..84




Fe203 8.07 3.4 'c 2.75 1.71




Pe0 4.02 8.14




9.28 2.17




Mn0 0.13 0.07




0.18 0.08




Mg0 ,2.47 3.79




5.49 1.03




CaA 9.66 8.07 3 5.40 1.93




Na20 !3.35 4.13




3.80 5.47




K20 1.28' , 0.63




0.27 0.25 ).;



TABLE. 5 Comparisonof the Skorovas acid volcanics to other Scandinavian
Caledonianacid volcanics,and acid volcanics from a typical
Calc-AlcalineSuite as publ. in Irvine and Baragar,1971

Skorovas meta-
Rhyo-Dacites
11 samples

(Reinsbakken

1977)

Gjersvik Acid
1Volcanics
lo samples

(G.Gale,NGU


1974)

Leka Qtz-St.ekenjokkiKillingdal
KeratophyreQtz.-Keratoph Qtz-sericite
Skei Fm.(Juve,1974)schists.
(Prestvik1974(Rui,1973)

72 samp.10 samp.

Calc-AlkalineSuite.
(Irvine+Baragar,1971)

RhyoliteDacite

SiO270.21 76.61 72.9670.1571.41 73.2369.68
TiO20.55 0.44 0.290.250.54 0.240.36

12.07Al203 11.39 12.84 13.1211.13 14.0315.21
2.42Fe203 3.19(tot. 1.71 0.8213.53(tot) 0.601.08

Fe02.16




2.17 2.11 1.701.90
Mn00.09 0.04 0.08 0.06 0.01 0.020.04
Mg00.80 0.57 1.03 3.05 0.89 0.350.91
Ca01.16 1.04 1.93 1.76 0.02 1.322.70
Na206.84 5.66 5.47 3.54 0.24 3.944.47
K 00.312 0.67 0.25 1.39 3.14 4.083.01

0.11P205 0.03




- - 0.05 0.050.10

K20/Na201 0.05 0.1 0.050.413.1 1.04 0.67

:0



SYMBOLS

Analysesfrom this report
0- C.Hallsanalyses(RS)from

Skorovassurroundingarea.
0- G.Gale analyses(NGU)from

Gjersvikarea, SkorovasN.
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Fig. 9 fri- Zr discriminationdiagramfor the Skorovasvolcanics.(afterPearce and Cann,1973)Fields represented;A=Ocean-FloorBasalts(OFB),B=OccanrFloorBasaltsand Low-PotassiumTholeiites(LICT)from Island-Arcs,C=Low-PotassiumTholeiitesfrom Island-Arcs,D=Calc-AlkalinoBasaltsand Andesites(CAB).
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FIGURE. 10 b Alternative schematic diagram of the stratigraphic relationships

between the various volcanic units and the position of the

Skorovas massive sulphide ore-body.
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Diagram showing the stratigraphicdevelopmentof pillow-brecciasand hyoclastites

'associatedwith close-packedpillow lavas. (afterFurnes,1972,and Carlisle,1963)
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Fig. 2. (Å) sh(tws the developmcin from pdlow lava to butatcd-pillow hreecia te brotzen
breecia at Iltimrev4. Oldra. (11) shows isotated-pillow breccia from thc NW-part

of Oldra. (C) shows a schematic profne from thc same locality as (13) intlicating a
siiniiardevelopment as in (A). The arrows in (7t) and (C) indtcatc the younginr, dirce-
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PARTII OREGEOLOGY

1. General Ore Geolo

On discussing the Skorovas orebody, it is worthwhile to
reiterate from the previous descriptions of the volcanic
host rocks, that the orebody is intimately associated with
acid extrusives and pyroclastic horizons and is situated a the
contact between the volcanic sequences displayina distinctly
Low-K Tholeiitic and Calc-Alkaline character, and that the
eruptive sequence originated in an immature ensimatic island
arc of Lower Ordovician age. It is appropriate to consider
the morphology and mineralogy of the ore deposit and the
peripheral exhalitive mineralization of the Skorovas area in
terms of the exhalitive volcanic hydrothermal origin which
was proposed by Oftedahl (1958). A more detailed discussion
of the origin of the Skorovas orebody can be found in Halls,
C. et al (1977), however, a generalization will be given here
along with a detailed description of the various ore facies
(ore types) found in the Skorovas mine, and their possible
usage for stratigraphic controls within the orebody itself.

The orebody can be described as an en-echelon array of c10se17
spaced massive sulphide lenses, the distribution of which hrts
created an elongate ore zone lying in a N to NE orientation,
with a width of approx. 200 meters and a length in excess of
800 meters (see 1:2000 cross sections, 0 N-S Profile). The
orebody at the present state of development consists of c.
10 million tons of massive sulphides of which 1.5 million tons
are essentially pyritic ore devoid of appreciable base metal
contents. Production from the period 1952-1976 has yielded
4.7 million tons of milled pyrite fines having an average
grade of 1.2% Cu, 1.8% Zn and 45% S. Present reserves are
calculated as approximately 2 million tons with an average
grade of 1.15% Cu and 2.29% Zn, reflecting the present inter-
est in the zinc rich portions of the complex lens-like peri-
pheries to the massive pyritic bodies that have already been
mined. The bulk composition of the Skorovas orebody reflects
a comparatively simple mineralogy, dominated by pyrite, spha-
lerite, chalcopyrite and magnetite in decreasing order and
containing accessory amounts of tennantite (fahlerts), arseno-
pyrite and minor galena. Pyrrhotite is conspicously absent.
The principilegangueminerals are chlorite, quartz and calcite,
together with minor sericite, talc and locally stilpnomelanc.

Peripheral enrichments of base metal values and the separation
between maximum zinc and copper values in the massive pyritic
ores has earlier been documented by Gjelsvik (1960 and 1968)
through a systematic analytical study of the major base metal
contents in ore along selected profilos spanning the length
and breadth of the orebody. Gjelsvik's profile (Figure 21,
pp- 61 ) shows that the zinc and copper contents varied anti-
pathetically, zinc showing a tendency towards enrichments in
the peripheral zones of the orebody and copper tending to con-
centrate in the core areas - with an overall content of zinc
and copper showing an increase towards the south end of the
orebody. Starting from this position, the author has attemo-
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ted to classify the massive sulphide parts of the Skorovas
orebody by studying the variations in the Cu-Zn-S contents
within the massive sulphidesalong the whole length of the
orebody, through selected E-W profiles which provided ada-
quate drill hole coverage and good base metal analytical
data across both the East and the Main orebodies, and spaced
at even intervals to give a representation of the ores pre-
sent in Skorovas, The E-W profiles included from north to
south: Profiles 25, 34, 42-43, 48-49, 55, 60-61, 67, 74-76
and 85, plus numerous control samples of the various ore-
types found during the detailed geological mapping within the
mine. It must be emphasized here that the results do not
take into account the thickness or the amounts of the various
ore facies (types) represented by the chemical data and
shonld therefore not be regarded as quantitative. The results
do, however, demonstrate the qualitative variatious within the
Skorovas massive ore as a whole and can be used in comparison's
with the various ore type divisions outlined in this report
(Table 6, pp. 51 ). Massive ore, as refered to in this

report, has been designated as ore with 30° and greater S
content.

2. CompositiOnal•Features of the Skorovas Massive Ore

The frequency distribution diagrams (Figure 13-15, pp.53-55)
for copper and zinc values from the Skorovas orebody show
positive skewed distributions having regular T shapes. Both
the copper and the zinc values show characteristics of multi-
population distribution as demonstrated by the peaks on the
copper histogram at 0.5% and 2.25% Cu values (Figure 13,
pp. 53 ). The zinc values show a similar multi-peak dis-
tribution. The copper verses zinc scatter diagram (Figurc 16,
pp, 56 ) shows a very strong antipathetic correlation
between copper and zinc, which reflects the copper and zinc
zonation found in the massive ores by Gjelsvik (1960 and 1968)
(Figure 21, pp. 61 ).

As previously mentioned, an attempt has been made here to
classify the various ore types (ore facies) found at Skorovas,
based on the morphological and mineralogical features and
supplemented by analytical data to show their chemical data
for the overall massive ore itself and a comparison can be
made to see how the individual ore-types fit into the general
Skorovas massive ore distribution scheme. Figure 17 (pp. 57)
shows a Cu verscs Zn scatter diagram for the distribution cf
the various ore types and demonstrates that the copper-rich
pyritic ores (I-C) and the zinc-rich pyritic ores (I-D) show
a good separation. The Skorovas vasskis type (I-a) (base
metal deficient pyritic ore) plots near the exhalative-sul-
phide or vasskis band from outside the Skorovas mine area.
Ore types II, IV-a and IV-b plot very near each other and
interestingly enough they are also found in contact or near
contact with each other in the orebody itself, which might
suggest some primary distribution in the base metal contents
of these ores. Figure 18 (pp. 58 ) is a triangular plot

Cu-Zn-S and shows a strong concentration of all the ore types
up in the S corner as the 45-50% S content in the Skoroves
ores dominates completely. Therefore, all the S values were
divided by 20 to bring them down within the same range
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\dr-1--)

(2 - 2.5%) as the Cu and Zn values found in the Skorovas nre.
Figure 19 (pp. 59 ),a Cu-Zn-S/20 triangular plotIshows the

scatter distribution of all the data for the massive ores and
shows a very good spread in the data with noticable concen-
trations in the S/20 and Zn corners. Figure 20 (pp. 60
is a similar triangular plot (Cu-Zn-S/20) for the Skorovas
ore types which demonstrates a good separation between the
various ore types and appears to be a good diagramforuse in
classifying the massive ores at Skorovas. Again the reader
will note that the Skorovas vasskis type (I-a) is found alone
up in the S rich corner, and that the ore types II, IV-a and
IV-b (the quartz-zinc banded pyritic ore, the magnetite
quartzbanded ore and the carbonate rich ore) show a close
grouping in the Zn rich side of the diagram.

One of the goals for this project was to investigate the mor-
phology, mineralogy and the chemical characteristics of the
various ore facies that have been found in Skorovas during
the detailed geological mapping and to investigate their
lateral extensions throughout the orebody as a possible mar-
ker horizon to help separate the possible stratigraphic le-
vels in the massive ores. The ore types (ore facies) within
the Skorovas mine are extremely varied and complete gradations
have been recognized between the various faciestespecially
within the massive pyritic ore classification type Ia to d
(Table 6, pp. 51 ) and (Figure 12, pp. 52 ). However,

most of the oretypes discussed here have distinct morphologi-
cal, mineralogical and chemical characteristics which have
helped to distinguish several suitable stratigraphic marker
horizons within the ore and has helped in the formulation of
a simplified model for the basin of deposition of the Skorovan
ores (Figure 12, pp. 52 ).

Although tectonic deformatiOn has destroyed almost all clues
of primary sedimentary structures, certain primary textural
evidence has been found to indicate that certain ore facies
are probably of chemical-sedimentary origin and that the
essential copper-zinc zonation pattern is a primary dispersion
effect within the basin of deposition and can be interpreted
in terms of a stratigraphic zonation, the copper concentrating
at the bottom and the zinc at the top, which resembles that
found in orebodies of undisputed submarine synvolcanic exha-
lative origin in such undeformed areas as the now famous
Kuroko deposits of the Miocene GrGen Tuff belts of Japan
(Lambert and Sato, 1974). Final evidence of the operåtion of
chemical-sedimentary processes in the ore formation is provided
by the occurrence of magnetitic and haematitic chert bands

, (jasper) in the hangingwall of the .orebody stratigraphically
overlying the magnetite and zinc rich ore facies (sequence is
now inverteolL Figure 12 (pp. 52 ) shows the werking model

of the basin of deposition for a syngenetic stratiform massive
sulphide orebody deposited under submarine conditions as a
result of emmission of metal-rich fluids in the vicinity of
an acid eruptive centre.
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3. Skorovas Ore T es (Table 6, pp. 51 )

A description will be given hcre of the characteristic fca-
tures of the various ore-types or ore facies that have been
distinguished at Skorovas. Table 6 (pp. 51 ) gives the

base element compositional variations of the various ore-
types and Figure 12 (pp. 52 ) shows their stratigraphic
distribution within the synvolcanic chemical-sedimentary
basin of deposition that has been proposed for the Skorovas
orebody.

Type Ia-d: The major part of the Skorovas ore deposit con-
sists of extremely massiveidense, fine grained pyritic ore
which shows a great variation in base metal contents
(Cu and Zn), Table 6 (pp. 51 ) ore types Ia Lo d, and a

complete gradation has been found from extremely copper rich
(type I-c) to zinc rich varieties almost devoid of copper con-
tent (type I-d). The dominating portion of the massive fine
grained pyritic ores (type I-b) contains roughly 1% Cu and
2% Zn, a 1:2 Cu to Zn distribution, and this ore type is cha-
racterized by its dense, homogenous, compact, extremely fine
grained nature, the individual pyrite grains varying from
0.01 to 0.1 millimeter (plates 43 and 55). The individual
pyrite grains are tightly packed with quartz, and minor spha-
lerite and chalcopyrite as matrix constituents. Zones of
copper and zinc rich ores have been found where the chalco-
pyrite and sphalerite minerals form visible coarse-grained
fracture fillings within the massive compact pyritic ore.
This compact pyritic ore forms the major central zone cf the
two major ore lenses, the East and the Main orebodies (see
figure 23, pp. 67 ), and most likely corresponds to the cen-
tral part of the depositional basin (Figure 12, pp. 52 ).

Copper-rich varieties (type.I-c) of this compact pyritic ore
facies have been found containing up to 5% Cu, however, such
high copper contents are rather rare and the ores generally
average about 2 to 3% Cu and are usually very low in zinc,
0.5 to 1% Zn. This copper-rich pyritic ore facies is rather
restricted to the eastern and south-eastern extremities of the
East orebody, in the immediate vicinity of a thick acid vol-
canic 'complex and closely associated to a zone of intense
sulphide veining and hydrothermal wall rock alteration, of
which some similar pale acid volcanic material has been found
mixed with the copper rich pyritic ores (plate 45, pp. 119 ).
The coppex—rich pyritic facies (type I-c) corresponds to the
lowest stratigraphic position in the basin of deposition as
shown in Figure 12 (pp. 52 ).

Towards the stratigraphic upper parts of the orebody, increase
in zinc contents are noticable, reflecting the increase in
sphalerite content within the matrix and also the occassional
sphalerite band that occurs beneath the sphalerite concentra-
tions of ore types II and III. Zinc contents of 4 to 5% Zn
represnets an appreciable amount of matrix sphalerite.

Type II: Near the upper parts of the orebody, towards both
the hangingwall and footwall of the Main orebody at Skorovas,
lies a very curious, extremely irregularly banded (tectonic)
quartz and minor sphalerite rich and thin compact pyritic
banded ore (plate 48, pp. 120 ). This unit is characterized
by boudinaged, very irregular, dark bands of quartz and finely
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divided sphalerite (up to 4% Zn average) contrasting sharply
to the pale yellowish, compact/visibly sheared pyrite bands.
These bands show typical tectonic structures, howeverpthey
probably represent original compositional banding, now super-
imposed by the effects of deformation. This ore type has
been found at various localities towards the footwall and
hanging wall along the whole length of the massive ore zone
and appears to be a consistant through-going markerband.
This facies probably represents lateral quartz and zinc rich
transitions of the upper stratigraphic parts of the orebody
(Figure 12, pp. 52 ).

Type III: Another very unique ore type or facies found at
the Skorovas mine is a thin band of almost totally massive,
dark-brown sphalerite, carrying minor contents of chalco-
pyrite, galena and silicates, a dark amphibole which could
be grunnerite (plates 52 and 53, pp.122-123). This thin spha-
lerite band occurs very locally in the extreme NE corner, at
the footwall of the Eastern orebody, where it is in contact
with well-banded pyrite and minor sphalerite ore above,
(plate 50, pp. 121 ) and jaspilite fragments and dark green
chlorite schists below. This ore facies, which has been
called "Zn-Pb-Cu peripheral ore", represents a very special
horizon within the Skorovas orebody as its extremely high
base metal contents show , 42% Zn, 4% Pb and 1.4% Cu. Besides
being the only ore facies in which detectable quantities of
Pb have been found, this unit also shows completely different
textural features from the dominating pyritic facies by con-
taining an almost totally schistose character (plate 57,
pp. 125 ). •This Zn-Pb-Cu rich ore represents a peripheral,
laterally transitional facies of the zinc rich orezone at the
uppermost stratigraphic parts of the depositional basin
(Figure 12, pp. 52 ).

Type IVa + b: Another lateral facies of the uppermost strati-
graphic ore zone within the Skorovas orebody is the magnetite
and grey quartz and white carbonate banded facies interbanded
within the pyritic ore (plates 46, 47 and 49). These facies
also contain an average of 3 to 5% Zn, although minor copper-
rich bands have also been found. These ores display extremely
well banded (tectonic) features and are generally much coarser
grained (0.1 cm) than the compact pyritic ores. The magnetite
and carbonate rich facies lies in immediate contact and could
be in part gradational to an extremely well-banded, primary
sedimentary banded pyrite and chlorite impregnated ore
(type Va) which forms the footwall imoregnated ore zone of the
Main orebody at the Profile 42-E-W level (Figure 23, pp. 67)
Magnetite banding is also found here in minor amounts, how-
ever, it is the dominance of chlorite, carbonate and minor
sphalerite banding that characterizes this impregnated ore
zone, which forms a definite stratigraphic horizon having
sharp contacts to the compact pyritic ores above.

Ore facies V-a: (plates 50 and 51, pp.121+122)has heen del:-
cribed above. This ore facies probably represents the extrer:le
lateral carbonate exhalite facies of sulphide mineralization
within the Skorovas depositional basin and shows evidence of
both basic tuff (chloritic schists) and carbonate rich addi-
tions to the sulphide mineralization in this area (Figure 12).
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Type VI: exhalite sulphides - vasskis (plate 54, pp. 123 )
This unit represents the extreme distal exhalative minerali-
zation feature of the Skorovas ore mineralization event, and
the extreme well-bedded nature (primary sedimentary features)
of the aphanitic pyrite and black graphitic rich silicate
bands, reflects the more quiescent manner of deposition.

Type V: sulphide impregnated keratophyre (plate 42, pp.117
This unit occurs as erratic zones of white to pale grey acid
volcanic breccia material (keratophyre) or original hydrother-
mal alteration, wall-rock bleaching and silicification and
albilization, that has been mixed with and intensely veined
by coarse grained pyrite (plate 42). Some of this acid mate-
rial has also been found as inclusions within the copper rich
pyritic ores (plate 45, pp. 119 ).

A possible genetic association of these keratophyres to the
wall rock bleaching, hydrothermal alteration product asso-
ciate with the intense sulphide-veining from the "Feeder
Zone" or "Stringer zone" found stratigraphically below the
massive ore zone (Figure 12), can be suggested from the pho-
tos in plates 39-42 (pp.116-117).

Extreme high contents of both copper and zinc havc been found
in isolated localities in the Skorovas mine and are thought
to represent areas of sulphide remobilization as they are ge-
nerally confined to areas of intense deformation, especially
where the eårlier tight F1 structures have been refolded by
zones of large intense Fo crenulation structures. Extremely
coarse grain pyrite porpyroblasts (up to 2 cm across) and
visible concentrations of wbite quartz, chalcopyrite and spha-
lerite occupy pressure shadows and attest to remobilization.
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TABLE.6 Averagechemicalcompositionof the
Skorovasore-types.

ORETYPES CU ZnPb Zn/Cu (Cu/Zn)

I-aSkorovas vasskis51.06 0.20 0.41 ng 2.02 (0.67)

I-b mass. S-rich,fine-gr.46.97
pyriticore

1.10 2.14 0.05 1.96 (0.51)

I-c mass. Cu-richpyritic
ore

I-4 macre.,ZinielcumdedffIrttie
ore

45.58

*P...28,

2.63


0.79

0.77


9.35

0.04

nd

0,38 (2.65)

(O-08).

IImass. quartz-Zn rich
tectonicbandedpyritic
ore

36.21 0.41 3.95 0.11 9.70 (0.10)

III Zn-Pb-Curich
peripheralore

27.50 1.40 42.53 3.98 30.48 (0.03)

IV-a mass. mag.+ quartz
banded,minor Zn rich
ore

39.87 0.99 3.90 0.06 3.92 (0.26)

IV-b Carbonatebanded+
impreg.pyritibore

34.23 0.49 4.05 r.t.g 8,31 (0.12)'

V-a Sedimentary(primary)
banded+ impreg.Chlor.

33.54 1.09 1.03 0.01 1.08 (0.93)

+ carbonate+ pyriteore






V-b Sulphideimpreg.acid
volcan.+ tuffs (kerat.)

34.60 0.40 0.67 0.02 1.68 (0.60)

VIExhalative eulphide
bandsfrOm SkorovasE. i

nd-- 0.06 0.02
;

0.01i
1




0.28





1




VII Typicalremobilized
ore

24.00 19.00 9.30 rliiI 0.50 (2.0)



Fig. 12 Simplified sketch of the original basin of sulphide deposition

showing the stratigraphic retationship of the various Skorovas ore-types
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PARTIII TECTONICS


General Summary

Although the problems concerning the deformation of the mas-
sive sulphide ore and its enclosing volcanic rocks are still
under investigation, enough data has been collected concer-
ning the structural deformation and the tectonic style (geo-
metry) to give the author some authority in presenting here
the more general aspects of the structural geology surroun-
ding the Skorovas orebody. A more detailed and complete des-
cription of the regional structural and stratigraphic setting
and the tectonic style within the Skorovas area of the Gjers-
vik Nappe,and its relationship to the surrounding Caledonian
structural units and their emplacements onto the Fennoscandian
craton during the climactic stages of the collision tectonism
of the Caledonian orogeny in Silurian times, has already been
dealt with by Halls, C. et al (1977-in press) and the reader
is refered to this paper. Howeverfa brief summary will be
given here concerning the structural elements and tectonic
style found within the immediate mine area.

According to Halls, C. et al (1977),"at the present level of
erosion, the volcanic sequence in the Skorovas district lies
inverted within the lower limb of a major S.E. facing fold,
the identity of which can be breadly equated to the Gjersvik
Nappe".
The area has undergone two periods of destructive deformation
during which the orebody and its enclosing volcanic rocks
have obtained their present configurations of complex lensoid
en echelon geometry.

Deformation: Phases and St le

The first phase of deformation (Phase I) was produced during
the period of overthrusting and emplacement of the Gjersvik
Nappe onto the Fennoscandian basement, where the supracrustals
underwent a period of major destructive penetrative deforma-
tion, producing early isoclinal folding accompanied by the
creation of a penetrative axial plane schistosity (see Figure
22, pp. 66 ). During this stage of main thrusting and slid-




ing, horizons separated into massive wedges along planes of
high tectonic stress and overrode each other. Such planes
generally can be seen along the major intrusive contacts of
the trondhjemitic and gabbroic bodies within the Grong dis-
trict. Such planes of stress existed in several lesser orders
within the volcanic sequence - and were formed at lithological
boundaries showing marked contrasts in competency and can
partly be explained in terms of componental movement along the
thinned and extended limbs of isoclinal folds. Such planes
can be seen along the contacts of the acid voicdnics to the
east of Nordre Gruvefjell, towards Nyqruva. The least compi-
tant rocks, pillow lavas, breccias and tnffs, suffered a com-
plete penetrative reorganization of their mineralogy, with
accompanied flattening and a production of a "lenticulate
style".
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Because of the gross differences in compitencies between the
various rock types, a particular heterogeneous style of defor-
mation characterizes the intermediate levels of the Gjersvik
Nappe - the pattern being controlled on the larger scale by
the form of the more compitent members, i.e. intrusive massifs
of gabbros and trondhjemites, and to a lesser degree the more
compitant acid extrusive and intrusive dyke members exert a
more local influence. The various volcanic units have there-
fore behaved differently according to their original forms and
relative compitencies.

Minor fold structures of the early generation (Phase I) are
not conspicuosly evident within the volcanostratigrathy and
are best observed in the finely stratified tuff bands and
associated more compitant cherts and Iron-rich chlorite schists
of the exhalite facies. Phase I minor isoclines are also pre-
served at the contacts of the massive ore to the surrounding
schistose envelope and within the well-banded zinc rich facieS
of the massive ore itself, ie primary banded chlorite, carbo-
nate, magnetite and sphalerite bands within the massive pyri-
tic ore.

•Phase I.
The early isoclinal structures (phase I) display gentle axial
alignment in the S to SSW direction which roughly parallels
the elongation of the massive ore zone, and have axial phanes
(S1) dipping at approximately 25° towards th2 SE. Tectonic
banding within the ores parallels the S1 penetrative schisto-
sity in the enclosing schist envelope and represents an axial
plane layering: accompanying the Phase I isoclines.
(Figures 23-27, pp. 67-71). This Phase I axial alignment is
reflected in the axial elongation of the orebody (see profile
0 N-S). Individual lenses are apparently the products of par-
tial disjunction of fold limbs within the fold system
(Figure 25, pp. 69 ). The lateral extremities of the ore

lens system characteristically show multiple digitation and
bifercation (Figures 23 and 24, pp.67-68 ).

Discordance is locally observed between the contacts of some
massive ore lenses and massive volcanic units, and the schi-
stosity of the wall-rock or enclosing volcanic units. It is
possible to explain the local discordanciesbetween early schi-
stosity and the contacts of the massive units, in terms of the
contrasts in the mechanical behavior of the pyritic lenses and
the schistose volcanic rocks during the flattening and isocli-
nal folding of the first stage of deformation. The early de-
formation in the immediate contact zone of the orebody was
sufficient, due to the contrast in compitencies, to create
schistose tectonic facies composed predominantly of chlorite,
carbonate and locally talc. These components were derived by
segregation from the altered host rocks; andesites,basaltic-
andesites and dacites. Such sheared host rocks can be seen
above the massive ore in the Nygruva south area where thick
sequences of calcite-rich, pitted weathered, chlorite schists
occur. The massive acid volcanic units, on the other hand,
contain very thin (10-50 cm) schistose envelopes ir contact
with the massive ore lenses.

The creation of this schistose envelope facilitated the con-
tinuence of componental movement within the vicinity of the
ore contacts during later deformation.
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Phase II.
The second stage of deformation-(Phase superimposed on
the grain of the early isoclines and Sl schistosity, has
created an open system of broad folds which have resulted in
an irregular pattern of dome and basin structures (Halls, C.
et al, 1977). The formation of these open dome and basin
structures has been accompanied by further movements along
the low angle planes generated during Phase I,and these move-
ments have led to the creation of minor fold crenulation and
a second stage crenulation cleavage. (Phase II axial plane
cleavage).
The Phase II crenulation folgs show a consistant southwest
trend plunging approx. 12-15 in a 164° SW direction and
with axial planes dipping moderatelyto the NW. (See Pigures
24-27, pp. 67-71). This period of post schistosity detcrm3-
tion has produced folds of varying magnitude from tiny crenu-
lations (also microscopic) and dragfolds to rather large cpcn
undulating folds as shown at the foot wall ore contact in
Figure 25 (pp. 69 ). In immediate ore contact zones,small
folds up to meters in wavelength occur sporadically in response
to local variations in the ore geometry.

Zones of intense Phase II crenulation folding cut across the
main ore zone at regular intervals with approximately 200 met-
ers wavelength and large amplitudes, producing areas of extrc-
mely irregular ore lens geometry and irregularities in the
early Phase I isocline trends - typical for areas of polyphase
deformation. Areas of ore contact and S2 cleavage discordance
occurs in hinge zones of these large amptitude Phase II open
folds, and the accompanying 82 cleavage has often been mistaken
for earlt .81schistosity.

The orebody as a whole was folded on a broad open style, typi-
cal of late deformation in the Skorovas area.

The final episode of deformation is marked by a complex system
of high angle faults and fractures, dominated by NNE to NE
trending, steeply eastward dipping fractures and minor NW to
E-W vertical conjugate fractures (see 1:2000 geological map
and Figure 23, pp. 67 ). Low vertical displacementshave

been recorded (max. 2-3 meters). These fractures postdate
the main periods of folding in the area and produce many prob-
lems within the mine concerning the stability of the pilIars
in certain areas. Faults of this style also cut through the
massive ores and numerous interesting "glidespeil" polishcd
pyrite mirror surfaces have been found along such faults .
Calcite and quartz filled druzy cavities also occur along some
of the NW trending fractures.
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3. Tectonic Effects on the Ores

Where tectonism has had a pervasive effect on the ore, the
textures are distinctly of tectonic style as shown in plates
nr. 45, 47 and 48 (pp. 119 ). Plate nr. 55 shows the defor-
mation of the compact, fine grained pyritic ore, which is mar-
ked by the mutual impaction and cataclastic nature of the con-
stituent grains. According to Halls, C. et al (1977) any
gross tectonic flattening or extension of the lenses must have
been accomplished by relative movements between the individual
grains accompanied by cataclastic degradation. This mechanism
has been described as macroscopic ductility by Atkinson (1975),
who has also shown that cataclasis is probably the only signi-
ficant deformation mechanism available to pyrite under dry
conditions in the P-T range appropriate to the Greenschist
Facies.

Textural evidence strongly suggests that, within the massive
pyrite ores, cataclasis was the dominant deformation mecha-
nism. Atkinson (1975) also noted that the strength of poly-
crystalline pyrite is strongly and inversely dependent on
porosity. Large volumes of the Skorovas orebody are composed
of nearly monominerallic close-packed aggregates of pyrite
with low porosity and, when lithified, these masses must have
behaved in a highly competent manner relative to the adjacent
chloritized lavas and pyroclastics. Under the influence of
the tectonic stresses prevailing during the Phase I period of
deformation it seems reasonable to propose that the style ot
deformation within the orebody may have been controlled by the
development of narrow zones of cataclastic flow within which
much of the tectonic strain would have been accomodated. in
this way the formation of a disjunct lenticular arrangement of
ore lenses could be explained as well as the rarity of well-
preserved isoclinal structures within the compact pyritic ores.

The zinc rich and banded ores, on the other hand, appear to
have behaved differently under the Phase I penetrative defor-
mation and most of the sphalerite rich ores in Skorovas dis-
play a well developed planar fabric comparable to the

enclosing chlorite schists, and appear therefore to have accom-
modated deformational strains by ashearingphenomenon.
Phase II crenulation clearage planes are also developed in the
zinc rich ore bands in much the same manner as in the enclos-
ing chlorite schists, and Plate nr. 57 (pp. 125 ) shows such
clearage planes cutting the dominating S1 schistosity, here
filled with remobilized chalcopyrite and galena. Increase in
porphyroblastic pyrite grain size and outsweating and remobi-
lization of white quartz, chalcopyrite, sphalerite and minor
fahlerts,are typical for pressure shadow areas produced during
the refolding of earlier structures.
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PARTIV CONCLUDINGREMARKS

1. DiffiCulties-Encountered under Geological Map in

While engaged in detailed geological mapping, both within
the mine and on the surface, and during the drill-core
logging, certain difficulties were encountered which are
worth mentioning as they may be of benefit to future geo-
logical investigations:

Mapping of fresh surfaces withing the mine and drill-
core descriptions produced problems when trying to
compare these units to their More weathered surface
equivalents. As a general rule, the chloritized schis-
tose basic members on surface exposures are much
lighter-green to greyish in color (the feldspar and
mafic minerals being well contrasted by weathering),
as compared to the very dark green of the fresh sur-
faces within the mine. The acid volcanic members have
weathered light-grey to whitish, reflecting the high
plagioclase contents. The stilpnomelane bearing mem-
bers have weathered to a characteristic medium to
light brown, and the magnetite bearing members are very
distinct in their dark greyish to bluish-grey weather-
ing phenomena.

The extreme fine-grained to aphanitic nature of much
of the volcanics surrounding Skorovas has caused nume-
rous difficulties in distinguishing the fine grained
members (contact units) from each other - especially
within the Intermediate Volcanic Complex. However,
epidote knots and fragments,and quartz, calcite and
stilpnomelane filled amygdules have helped to separate
these units. It is almost impossible to distinguish
between the quartz and albitic plagioclase constituants
of the acid volcanic members.

The dominant chloritic content of the intermediate
and basic lavas has produced inumerable problems as the
individual lava flow units show varying grades of chlo-
rite content depending on the shearing deformation and
the accompanying breakdown of the various primary basic
volcanic minerals. In all the volcanic units the pri-
mary mineralogy has been partially or completely re-
placed or pseudomorphed by assemblages composed of
chlorite, albite, epidote, actinolite, calcite and
minor sphene and pyrite, and within intensely sheared
massive basic flows, the complete breakdown of both
the mafic and plagioclase minerals has produced a
chlorite and calcite bearing schist that has often been
mistaken for well-banded tuffs.
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d) The pervasive penetrative schistosity that dominates
the structure throughout the area has often produced
prominant benches within the massive lavas, which has
previously been mistaken as individual lava flow units.
The original compositional banding in most places has
been completely masked through shearing and the devel-
opment of the penetrative schistosity structure.

2. Suggestions fot Future InVestigations.


As a conclusion to this report the author would like to
make a list of the various projects and areas that should
be investigated in the future. The author believes that
the detailed disection of such a,complex orebody as Skoro-
vas, through detailed geological mapping, chemical ana-
lyses, and structural investigations, will give invaluable
,information towards the understandingd e stratigflPhic

p<171;2d),-position of the .orebody within ,e ava ile in t e
•vas area, and wirl-un ou te y help in future exploration
within the immediate-ffirheviciKfEV an a so in se
standing of similar massive sulphide deposits within the
Scandinavian Caledonian Lower Ordovician greenstone belts.

A detailed investigation of the presently developcd
SW corner of the Main orebody, Profile 77 E-W and
south area, by geological mapping and structural ana-
lyses to explain the complex nature of the numerous
ore lenses found in this area. Previous work has shown
these lenses to be very irregular and structurally
controlled. This area also presents an opportunity tc
study in detail the extremely well-banded ore and its
relationship to the stratigraphically uppermost lavas,
an opportunity which will certainly be absent once the
ore has been removed.

Much general geological mapping inside the mine is
still needed to fill in the E-W and N-S profiles
throughout the length of the orebody to study the re-
lationships of the various ore lenses to the volcanic
host rock units.

Investigate the older drill holes for possible Zn con-
tents in areas not previously analysed for zinc ie,

the carbonate, chlorite and sulphide impregnated ore
zone that forms the footwall to the Main orebody in
the Profile 40-42 area,
Thin zinc bands have been found here.

Investigate the possibility of using the ore type divi-
sions proposed here as stratigraphic units, mappable
throughout the whole length of the orebody. If so,
these easily recognizable ore types could be useful in
predicting the expected base metal contents,and throh
further investigations cculd also indicate what willing
and flotation problems that could be expected. A de-
tailed investigation of the various ore types, their
thicknesses and positions in the magazines and piflars
that are to be blasted out, could well be used as a
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warning system to indicate what ores could be expected
in the concentration plant, by periodically checking
the shoots and ore cars transported to the main
crusher. These investigations of the base metal con-
tents and the milling and flotation properties of the
various ore types could be of tremendous help in the
future mine planning and transportation and control
of the various ores driven to the mill.

Further work is needed to investigate the use of the
various volcanic units as stratigraphic and marker

: horizons throughout the Skorovas area. he ma -netite-
rich lavas - illow lavas and D. - nd the

I,s
i pnomelane riCh lava ear to for
 a horizo-E.,

Magnetite-b-ilfingc erty horizons- e found at the con-
tact of this horizon and is therefore easily recognizr
able throughout the area.

Accompanied with the continued detailed geological map-
ping to the south area, where present exploration
ling is being carried out, a detailed structural ana-
lyses should be carried out to help unravel the struc-
turally complex polyphase folding that the area has
undergone, and to help build up a paleogeographical
model of the orebodies original form and extension.
The almost total rock exposures in the Skorovas area
presents a golden opportunity for unprecedented de-
tailed investigations that are strongly needed to
unravel the complexities of a deposit such as Skorovas.
Such.a detailed investigation will undoubtedly have
significant influence on the future exploration philc-
sophies within the Grong District.

Total silicate analyses plus trace element investiga-
tions, accompanied by microscopic investigatiors should
be continued to help distinguish the more questionable
volcanic units - this will help to unravel the volcaric
stratigraphy within the Skorovas area.

Geological mapping should be continued to the NE of
Reservedammenfacross the Trondhjemite intrusive arc,
to help tie up the acid volcanic sequence across this
disrupted zone. Many interesting features point in
this direction, towards the Staldvik's myra area.

A compilation should be made at 1:10,000 scale, of all
previous geological mapping in the Skorovas area in-
cluding the 1:2,000 detail map accompanying this roport
and the more regional mapping completed by the Imuerial
College group under the leadership of Dr. C. Halls.
The volcanic units, color codesfand the volcanic struc-
ture symbols used in the area should be standardized.

Indirectly related to the Skorovas area: Other mincra-
lized areas to the north, of which the author has had
previous aquaintence, should be reinvestigated in light
of the volcanic stratigraphy that has been formulated
from the Skorovas work.
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k) Also of interest in this context, is the morphological
form, mineralogyfand chemical investigation of all the
acid volcanic sequences and related mineralization
from the Grong Field district in an attempt to catago-
rize and classify the various mineralized horizons and
to investigate the possibility of the occurance of
several periods of acid volcanism and related minerali-

? zation. This would hopefully be a helpful tool in
predicting future targets for more intense exploration.
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APPENDIXI

Geochemical Analytical Methods Used at Geologisk Institutt, NTH.

During the course of the detailed geological mapping in the Skoro-
vas Mine Area, approximately 100 rock samples were collected for
total major element analyses, of which 55 samples were chosen as
representative of the various volcanic units mapped (11 acid
volcanic, 11 intermediate volcanic, 13 basic volcanic and 19 basic
and acid tuffaceous units). Fifteen (15) samples of massive and
impregnation sulphide ore were also selected for base metal
(Cu-Zn-Pb) analyses. All the analytical proceedures were carried
out by the author during the period October 1975 to June 1976.

•Analytical methods for.major and trace element silicate analyses.

X-Ra Fluorescence S ectrometry (PHILIPS PM 8000).

SiO2 Ti02' Al203' Fe203 (tot)' CaO, K20, P205

and trace elements Rb, Sr, Zr and Y.

Atomic Absor tion S ectrometr (PERKINS-ELMER 503)


Mg0, Na20, Mn0 and base elements Cu, Zn, Pb and Mn.

Wet Chemical Titration (K2Cr207 indicator)

used to analyse for Fe0

Fe203 was then calculated from the formula:

"le203tot Fe0 + 0.8998 Fe203

or Fe203 - Fe0 x 1.111 factor = Fe203

Rock Pre aration:

Rock samples were collected in the field from relatively fresh
unweathered, unoxidized outcrops free from noticably quartz, cal-
cite and sulphide veining and quartz, calcite and epidote filled
amygdules. The individuel samples were collected in the 1-2 kg
range (12 x 8 x 6 cm approx.) and should be fairly representative
because of the extremely fine-grained nature of the volcanics in
the Skorovas area. Several smaller sized samples from the same
locality were also taken to ensure representative sampling. The
samples were then trimmed of any oxidized and weathered surfaces
and then crushed down to approximately 0.8 cm2 size using astainiesi
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steel "Fly Press Rock Crusher", instead of a common tungsten car-
bide jaw crusher, then split to a suitable size and growned to a
powder form using an Agate Ball-Mill Rotation Unit, at 710 rota-
tions/minute for a 2 minute duration. The Agate Ball Mill was
used to minimized trace element contaminations. All crushing and
grinding instruments were thuroughly cleaned after each sample
preparation to minimize possible contamination. Samples were also
crushed in series of first acid volcanics then Intermediate and
last basic volcanics and chlorite schists to also minimize pos-
sible contamination.

Sample Preparation for X-Ra Fluorescence Ahal

The analytical method used here follows the procedure set down by
Padfield and Gray (1971), with minor modifications as suggested
by T. Prestvik at the Geologisk institutt, NTH, to be consistant
with the U.S.G.S. standards and the Iceland volcanic rock samples
that has just been analysed by him.

Procedure: One part (200 mgr.exact weights measured) of powdered
rock sample is mixed with seven parts (1400 mgr.)of anhydrous
sodium tetraborate (Na2B407).
The mixture is melted in a carbon crucible, inside an oven at
1050°C for 13 minutes to ensure a homogeneous melt in the glass
bead. The glass beads are then cooled andtnen crushed to a fine
powder using a tungsten carbide swing mill for one minutetto
ensure a constant grain size of the glass powder. The powder is
then pressed intb discs using dry boric acid powder as a backing
material. The U.S.G.S. standards were prepared in the same manner
to ensure consistancy.

In conjunction with the XRF major element analyses procedure
described above, one must also analyse for the loss of weight due
to ignition (the H204-crystal water, H20 - hydroscopic water, CO2,
S, F and all organic matter that is lost during ignition or glass
bead preparation).

The ignition loss analytical procedure follows as such:

the ceramic crucibles are ignited for 1 hour at 950°C
to drive off the water.

crucibles cooled for one hour in decanter (evacuated)

crucible weighed exactly

rock sample powder weighed exactiv (approx. 500 gr)

crucible with weighed sample set in oven for two hours
at 950°C

6, crucible cooled in decanter for one hour

ignited crucible and sample weighed exactly

weight percent sample lost under ignition is calculated
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XRF Anal tical Procedure

As mentioned above, various major silicate elements were analysed
for/and a general description will be given here for the proce-
dure of SiO2 calculations to give an example of the analytical
procedure. The newly purchased PHILIPS PM 8000 XRF instrument at
the Geologisk Institutt, NTH, was used with the following para-
meters for the Si02 analyses:

Cr X-ray tube

PE crystal

Flow counter detector

Fine collimator

Vacuum (90% argon and 10% methane)

power: 40 mA and 50 Kv

Counter per 100 seconds

Si Koc,peak = 109.18 2-e-

Five similarly prepared USGS standard powder discs, chosen to be
representative of the Si0.)%range from basalts to granits -
similar to that which woutd be expected for the Skorovas volcanics,
were run through the XRF several times to obtain stability, and
then their true Si02% contents (corrected for theoretical ignition
loss) were plotted against the obtained radiation intensity/100
seconds, producing a good linear curve as shown in Figure 28,
(1313.88 ). •

Sample AR20 (5102 = 69.80%) was chosen as an internal standard from
the Skorovas volcanic samples and was analvsed every 5th to lOth
sample to check on the drift of the radiation peak (SiK04), which
can be caused by:

heating of the analysing crystal (PE)
Or

fluxuation of the electrical current delivered to the
power unit.

The Si0.)%values for the Skorovas volcanic samples were calculated
using triecurve from Figure 28, plotting the obtained radiation
intensity for each sample against the Si02% and later correcting
the values for ignition losses.
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Fe0+2 Calculations: wet chemical titration

The following recipe was used in performing the Fe0+2 calculations:

approximately 0.8 grams powdered sample (exact weight)
placed into a platinum crucible

10 ml H2SO4 (1:1) added and cooked for 5 minutes

5 ml conc. HF added and cooked for 5 minutes

The totally dissolved sample is poured into a 400 ml
beaker containing 200 ml disstilled H20, 15 ml H250A (1:2;
5 ml conc, H3PO4, 25 ml H3BO3 (ca. 2% dissolved), plus
3-4 drops of direny1su1phonate indicator

This is quickly titrated, while stirring, with r.
0.1 N KCr04 (0.2% normal) until the mixture just turns
from greenlsh to a purplish-pink color. The indicator,
1/10 N K2Cr207, has a factor 0.9887.

The following formula was used to calculate the Fe0% in
the sample:

%Fe0 = /1.038 (formula wt.Fe0) x ml Cr04-2 used
••••• 1.

grams sample weight x 100

• .71.038x ml Jer0.4-.2)

grams sample

After this procedure, one can easily calculate the amounts
of Fe203 in the sample from the Fe20..1total obtained by
.XRF and Fe0 wet chemical analyses, uging the following

Fe203 = Fe203(tot) - (Fe0 x 1.111(factor))


the factor 1.111 is calculated from

molecular wt. Fe203 79.85

1.111
molecular wt. Fe0 71.84



85

Atomic Absorption S ectrometr .

The major elements Na20, Mg0 and Mn0 were analysed at the Geolog-
isk Institutt, NTH, using the AAS from a method of total dissolu-
tion set up by Tore Prestvik (Nov. 1975 - B løsning).

200 mgr sample (exact weight) placed into a platinum
or tephlon crucible

dissolved in 1.5 ml HC104 plus 5 ml HF, under a fume
hood, in a water bath at 950C - until dissolved

1 ml HC10A added and crucible placed on a sand bath
at 150 - 1600C - until all the HF is driven off

the dissolved solution was thinned to 100 ml in a
volumetric bottle (for 200 mgr samples) - gives a
thinning factor of 1/50

The Na20 contents in the samples were calculated using pure
.

emisslon spectrometry (without the Na90 lamp), pletting the
values of the standards between 10-100 ppm Na, against the pure
emission spectrometry values for these standards producing a
well-fitting curve (Figure 29 A, pp. 89 ). The curve was then
used to calculate the true ppm Na values in the Skorovas volcanics
from the emission values obtained for each dissolved sample.
The ppm values were then recalcuted to percent using the formula:

Na20% = ppm solution x 100 ml
' ..2000 x 10,000

. ppm solution x 10
2.00

The Mg0 and Mn0 contents were similarly calculated, however,
instead of ppm standards, using true % values for five USGS stan-
dards and plotting them against the obtained emission values to
obtain the curve shown in Figure 29B (pp. 89 ) from which the
obtained emission values for the Skorovas volcanics was plotted
to calculate the true Mg0 and Mn0 contents.

Heavy elements (Cu, Zn, Pb and Mn) were also analysed with the
Atomic Absorption Spec. using the following method of partial
dissolution of the sample to extract the heavy elements in sul-
phides and trace elements in micas, epidote, calcite etc.:

1. amounts of powdered sample used (exact weights)

massive sulphides 0.1 gram (approx.)
sulphide impregnation 0.25 gram
pure rock sample 0.5 gram
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sample was dissolved in 10 ml HNO.1plus 5 ml HC1
(Lunges Veske), cooked up to 100°C (overnight) until
completely dissolved and dried

then dissolved in 10 ml conc. HC1 and cooked at 150°C
until sample boils

solution washed out into a 100 ml precision flask

The percent heavy metal calculations from ppm in solution were
obtained using the following formula:

% (Cu, Zn, Pb) = Epm solutionx 100 ml
. grams aample.x 1.0.10.00

Trace Element Anal ses: Rb, Sr, Zr, Y

Analyses of the trace elements Rb, Sr, Zr and Y were performed at
the Geologisk Institutt, NTH, by Jostein Sandvik with the X-ray
Fluorescence spec. using the following procedure:

XRF - tungsten X-ray tube

approx. 1.2 gram sample (exact weight) spiked with
1000 ppm (exact) Mo02 + Si02 (approx. 60 mgr of spike)

mixed about 10 minutes until homogeneous and pressod
into discs with Boric acid backings

The Mo spike was used as an internal standard - measuring the top
and the background values of the trace elements in the USGS stan-
dard samples and then calculating a factor using a similar curve
as that below:

USGS Standard

factor

.4


.3

.2


.1

ppm values

The ppm trace element values in the Skorovas volcanic samples are
then calculated from the above curve.
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Ex erimental Error: for the chemical analyses

XRF instrumental error is 0.01% maximum on the counter stas-
tics - this is negligable compared to errors accumulated dur-
ing sampling and sample preparations.

AAS instrumental errors are low - better than ± 1% relative

- 2% relative error can occur in the greater part of samples
where Si02 and Al203 are the major components.

According to I. Rømme, 98% total for silicate analyses with
ignition loss - not having accounted for H90 ± and Co2, are
very good results. The major part of the total silicate ana-
lyses for the Skorovas volcanics (acid - intermediate -
basic lavas) have 97-98% total, which indicates that these
analyses are justifiable. Some of the chlorite schists and
tuffs have very low total values, 94-96%, and probably reflect
the enormous CO2 and H20 ± and sulphur contents driven off
during crushingand grinding and under ignition.

While the author was at the Skorovas mine, engaged in detailed
geological mapping underground, numerous massive and disseminated
sulphide ore samples, which were incorporated into the chemical
classification of the ore types in this report, were analysed at
the Skorovas assay lab. for S, Cu and Zn. The coarse crushing
was done with a stainless steen jawcrusher and the fine crushing
with a tungsten'carbide swing ball-mill. Analytical procedures
prior to 1975 were totally wet chemical, the S done by gravimet-
ric methods (precipitated out as SOA). Analyses of Cu and Zn
after 1975 was done using a Varion techtron atomic absorption Spc.c.

Several Skorovas ore type samples, analysed at Skorovas, were also
analysed at the Geologisk Institutt, NTH, giving very good corre-
lations (± 0.2 - 0.3% for both Cu and 2n).
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APPENDIXII


Terminalo of Volcanic Textures and Structures.

The following is a list of volcanic terminalogy for textures and
structures of both massive lavas and fragmentals that have been
used in this report. Much of the terms are from the "Dictionary
of Geological Terms",except where designated.

A. Massive Lava Flows

1. Lava Flows

Lava flows are described as

a stream of fluid or viscous, or solidified fragmental
lava which issues from a singular vent or fissure in
relatively quiet fashion with little or no explosive
activity.

the solidified mass of rock formed when lava streams
congeals, generally tabular, elongate in the main
direction of flow. Their form and internal structure
depends chiefly on the fluidity of the lavas, a func-
tion of the composition. Thus, basic lava flows
(basalts), are usually highly mobile, and flow for
great distances, quickly, forming thin sheets and elog-
gate streams, whereas silicic lavas, such as rhyolites
and trachytes are ordinarily sluggish in their flow,
commonly fragmental and form bulbous domes and asso-
ciated fragmental piles generally from explosive acti-
vity.

In Skorovas/these massive lava flow (a Basaltic - Andes.
composition) are generally very thick, and very fine
grained to aphanitic with minor ophitic to trachytic
textures: - also minor microporphyritic and amygdaloidal.

2. Ophittc texture

(diabasic) texture characteristic of diabases or dolerites
in which euhedral or subhedral crystals of plagioclase
are embedded in a mesostasis of pyroxene crystals, usually
augite.
(discrete crystals or grains of pyroxene fill the inter-
stics between lath-shaped feldspar crystals)

3. Trach tic texture

applied to the groundmasses of volcanic rocks in which
neighbouring microlites of feldspar are arranged in paral-
lel or subparallel fashion, bending around phenocrysts,
and corresponding to the flow lines of the lava from which
they were formed. - texture common in trachytes:
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4. Amygdules


small gas bubbles in lavas, filled with secondary minerals
such as zeolites, calcite, quartz etc.

B. 1. PilloW lavas (close-packed pillows) (after Carlisle, 1963)

A close packed accumulation of unbroken pillows. Pillow
structures are exhibited by some basic lavas, basalts and
andesites and especially spilites, and are the result of
submarine •or subaqueous deposition.
They consist of an agglomeration of rounded masses resemh-
ling pillows - fitting closely upon one another and the
intervening spaces are usually filled with such sedimen-
tary material as chert and carbonate. Individual pillows
have a'fine grained or glassy skin, are vesicular within,
and in cross-section exhibit a banded concentric structure.

2. Pillow breccias

in part broken pillows or pillow-derived and in part
cogenetic basic tuff or lapilli tuff.
Two types of pillow breccias are designated that are
intimately associated with pillow lavas.

Broken pillow breccias - consist mainly of pillow
fragments of various sizes in a tuffaceous (hyalo-
clastite) matrix

Isolated illow breccias - consists of irregular but
wholy unconnected pilloWs in a tuffaceous matrix

3. Aguagene tuff = Hyaloclastite (glass fragments)

a formation of volcanic tuff entirely beneath water, the
tuff is intimately related to pillow structures, and is
composed largely of basic glass - usually identical with
the pillow rims, but altered in varying degrees.

C. Flow breccia

a type of lava flow, usually of a more silicic composition, in
which fragments of solidified or partly solidified lava, pro-
duced by explosion or flowage, have become welded together
or cemented by the still fluid parts of the same flow

Flow top breccia

similar to above - occurring at the top of consecutive
flows.

Explosion breccia
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D. Pyroclastics - volcanic ejecta (from Travis, 1955)

a general term for fragmental deposits of volcanic ejectamenta,
including volcanic conglomerates, agglomerates, tuffs and
ashes. Fragments of volcanic rock, of any size that has been
explosively or aerially ejected from a volcanic vent. This
represents a combination of igneous and sedimentary activities.

Size classification of pyroclestic recks. (Table after
Blokhina et al 1959.

Tuff Volcanic Breccia

Ash

5 mm

Lapilli Bombs


5-30 mm 30-200 mm

Blocks

200 mm

medium gr. 1-5 mm
fine gr. 0.1-1 mm
v.fine gr. 0.1 mm

Volcanic e'ecta

1. Ash

unconsolidated volcanic fragments smaller than 5 mm diametet

2. Tuff


consolidated ash - a rock formed of compacted volcanic frau-
ments generally smaller than 5 mm, consolidated by the
action of water, generally well stratified

tuff materials

Vitric - volcanic ash predominantly composed of glassy
fragments

Crystic - volcanic ash dominated by crystalfragments

Lithic - indurated deposit of volcanic ash composed
of previously formed rock fragments. ie.,
accessary pieces of earlier lavas in the
same cone.

3. Lapilli


small ejecta with diameter of 5-30 mm, usually consists of
old lavas, - more rarely of broken pieces of some older
rocks present in the vent.

4. Volcanic breccias

angular volcanic particles sized 30-200 mm
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5. Volcanic blocks and block breccias

large fragments greater than 200 mm diameter, few kg's to
10's of Tons, consists of lava from older flows or domes,
ripped off during explosive volcanic activity.

Agglomerate (volcanic conglomerate)

a pyroclastic with greater than 25% bombs or breccia fragments
in proportion to the tuffaceous matrix

Tuffite


submarine deposits of pyroclastic material often mixed with '
fine sediments, usually bedded and sorted according to grain
size (graded!). Sedimentary structures seen, plus marine
shells irregularly distributed throughout.

Chaotic tuff

formed from the deposits of glowing clouds and mud streams and
slumps.

Welded tuffs (ignimbrites)

overflowing glowing clouds in fissure eruptions of very acid
magmas. The incandescent ash particles are intimately fused
to one another forming a massive and compact rock.

Cr stal tuffs

tuffs that consist dominantly of ejected volcanic crystals
and single crystal fragments, intratelluric crystals blown
out during a volcanic eruption. Tuffs with 75% by volume
of crystals.

"Quartz-E e" tuff

felsic crystal tuff with large rounded glassy quartz fragments.
Quartz and feldspar crystal tuff.
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Volcanic rock-name definitions

Rhyodacite - the aphanitic equivalent of a granodiorite

Spilite - a basaltic rock with albitic feldspar. The
albitic feldspar is usually accompanied by
autometamorphic minerals or minerals charac-
teristic of low grade greenstones such as
chlorite, calcite, epidote, calcedonic silica
or quartz, actinolite and others.

•Keratoppyre a name originally applied to trachytic rocks
containing highly sodic feldspar, but now more
generally applied to all sodic lavis and dyke
rocks characterized by containing albite or
oligoclase, chlorite, epidote and calcite.
Keratophyres are commonly associated with spi-
litic rocks and interbedded with marine sedi-
ments.
Varieties containing quartz are known as
quartz-keratophyres.

Color Index - .(petrology) the sum of the dark or colored
minerals in a rock expressed in percentages,
applied to the classification of igneous rocks.
The rocks are divided into:

leucocratic (color index 0-30)

mesotype or mesocratic (C.I. 30-60)

and melanocratic (C.I. 60-100)
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APPENDIX III PHOTOGRAPHICPLATES

Macro and Micro!PhotographicPlatesof the Various

VolcanicRock UnitsFoundat Skorovas.
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