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Brief Summary for The Core Logging Bh 4,
at RORVATN, in Gjersvik Area, Grong District

Sun Haitian
(Institute of Mineral Deposits, Chinese Academy of
Geological Science, 26 Baiwanzhuang Road, Beijing, China}!

1 Introduction

This work is a part of the Gjersvik research project, a Grong Gruver A/S - Depariment of
Geology and Mineral Resources Engineering, NTH. INST. united project, funded jointly by NTNF
and GRONG GRUVER A/S.

The summary is based on results of the core logging Bh 4 from 0 to 290 m made by Sun
Haitian, and from 290 to 374.2 m in depth by Arne Reinsbakken, combined with the

identification of 21 thin sections and 9 polished thin sections under microscope for the
specimen collected from different levels of the drill hole covered from 290 to 374.2 m in depth.

2 Background
The logged drilling core Bh 4 has well been preserved in the Grong Gruver. The background
concerning it is delineated in follow.

{1) Name of hole: Bh 4

(2} Location of hole: about 1050 m in the northeast of the RORVATN, al the Gjersvik area, and
about 550 m in the west of the major N.E.- striking fault

(3) Stratigraphic sequence covered by the drilling: metamorphosed volcano-stratigraphic
succession of the Gjersvik Group

(4) Completion depth: from 0 meter on the surface to 374.2 m towards depth
(5) Angle relative to the horizontal: about 60 at angle ?

{6) Direction: towards the east

1 Present address: Department of Geology and Mineral Resources
Engineering, University of Trondheim-Norwegian Institute of Technology,
N-7034 Trondheim-NTH, Norway



(7) For whom the hole is being drilled: Grong Gruver A\S
(8} Driling company: Grong Gruver A\S ?

(9) Purpose of the core drilling: extending knowledge in geology, stratigraphy, lithology,
alteration and mineralization known from the mapping on the surface

(10) Date of drilling: 1988 ?

(11) Name of the loggers:
from 0 to 290 m in depth logged by Sun Haitian
from 290 to 374.2 m in depth logged by Arne Reinsbakken

3  Summary

Types of the rocks and their distribution in the core

The stratigraphic succession covered by the drilling core consist of metavolcanic rocks of the
Gjersvik Group. Thus, types of the rock should correspond with that of the Gjersvik Group.

Three types of the rocks, i.e. pale greenslone, dark greenstone and felsic rock, have been
distinguished within the core. The dark greenstone dominates the length of the drilling rods (
about 92% in length } only with minor amounts of felsic rocks { about 7% ) and pale
greenstone ( about 1% ). The dark greenstone has been subdivided into several subtypes of
epidote-bearing, biotite- and stilpnomelane-bearing and chlorite-dominating greenstones. In
general, the felsic rock and pale greenstone are clear in contact with their wall rocks, whereas
subtypes of the dark greenstone are transitional in contact each other.

The felsic rock occurs at 325 - 33.5 m, 37.5 -40m, 113.2 - 113.8 m, 129.4 - 129.8
m, 191 - 193 m, 213.8 - 2158 m, 221 - 2244 m, 240.2 - 2422 m, 267.8 - 269 m,
274.2 - 279.4 m, and several places below 290 m in depth and tends to increase towards the
depth. They vary largely between 0.5 - 3 m, occasionally up to 5 m wide. The pale greenstone
has been distinguished to occur as thin layers ranging from 0.5 to 1.5 m wide at levels of 48.8 -
50.2 m, 101.8 - 103 m, 135 - 136.5 m, and 247 - 247.8 m in depth. Subtypes of the dark
greenstones tend to present in different levels of the drilling core. The epidote-bearing
greenstone is predominantly associated with chlorite-dominating greenstone and they occur
mainly in upper and lower two parts, from 0 m on the surface to 165 m and from 285 m fo the
374.2 m in the end of the drilling core, respectively, whereas the biotite- and stilpnomelane-
bearing greenstone presents at middle-lower level between 165 m and 285 m in depth.
Sometimes, the biotite- and stilpnomelane-bearing greenstone also contains epidote.

Lithologies



Eelsic rock

The felsic rocks are associated with the dark greenstones. It seems that they can be subdivided
into two types. First, the felsic rock is pale-white grey, hard, very massive and fined-grained,
very homogeneous, and slight magnetite, as well as has a clear contact with dark greenstones. it
consists of quartz, albite with a small biotite and chlorite. Sometimes, the albite porphyritic
crystal can be recognized by the megascopy from the core specimen. This sort of felsic rock has
been considered mainly to represent felsic sills or dykes. Second, this kind of the felsic rock is
generally similar with the first one, but different in its non-homogeneous feature, and
transitional contact with the wall rocks. For example, the felsic rock occurring at 274.2 to
279.4 m in depth is pale green-grey, fine-grained, hard, non-homogeneous and weak
magnetite, and gradually grades into the dark greenstone in both sides. It consists of quartz,
albite, chlorite, epidote, biotite, stilpnomelane and carbonate, in which mafic minerals are non-
homogeneous in occurrence and much more in content than the first one. This kind of the felsic
rock was probably formed by hydrothermal alterations of the dark greenstone. Thus, primary
type of the felsic rocks found within the drilling core are largely felsic sills or dykes, but some
of them are probably product of hydrothermal alterations of the dark greenstone.

The features under microscope show that metafelsic rock consists predominantly of albite,
quartz and chlorite with minor amounts of biotite, stilpnomelane, sericite and carbonate, of
which the felsic minerals range from 60 to 80 per cent in content. It is characterized by typical
porphyritic texture that comprises largely porphyritic albite, usually less 30 per cent in
content, with few biotites setting in matrix consisting of allotriomorphic, and fine-grained,
generally less 0.05 mm in size, felsic minerals being probably albite or quartz which are too
fine to be distinguished each other under microscope. The porphyritic albite crystal are mainly
euhedral, tabular with obvious twins, ranging either from 0.1 to 0.3 mm ( e.g., Sections No.
21538, 21539, 21542 ) or from 0.2 to 0.6 mm { seeing Sections No. 21558, 21562, 21563
) in size and almost of them are oriented along direction of the schistority, and some of them are
obviously surrounded by the schistority ( e.g. Sections No. 21562, 21563 ). Biotites are
allotriomorphic or euhedral, about 0.1 - 0.5 mm in size, and some of them are wholly or partly
replaced by chlorite. Biotite occurs only in certain specimen, for example, Sections No. 21538,
21539 and 21542, but seldom in the others., Chlorite is mica-like, but oriented along direction
of the schistority. Sericite, carbonate and some of quartz probably belong to the altered
minerals.

In general, the felsic rocks are often associated with sparsely disseminated pyrite
mineralization.

Pale greenstone

It is pale greenish, fine-grained, homogeneous, massive to schistose, carbonate-rich, and no-
magnetite, consisting of chlorite, albite, actinolite, and carbonate. No obvious mineralization



can be recognized. Contact between pale and dark greenstones is usually clear.

Dark ar n

The dark greenstone is dark-black to moderate green-grayish, massive to schistose, fine-
grained, homogeneous to non-homogeneous, and strong to no magnetism. It is often but non-
homogeneously associated with sulphide mineralization and hydrothermal alterations, and
consists of chlorite, albite, epidote, biotite, and stilpnomelane plus altered minerals, such as
carbonate, quartz and sericite, and sulphides. The epidote-rich and chlorite-dominating
greensione are characterized by massive to schistose structure, whereas the biotite- and
stilpnomelane-bearing greenstone is generally massive to compact massive. The epidote occurs
mainly either as small, rounded amygdales varying between 1 to several mm in diameter and
thin veins or as altered disseminated crystal and aggregate within the epidote-bearing and
chlorite-dominating greenstones and, occasionally, in biotite- and stilpnomelane-bearing
greenstone. The biotite and stilpnomelane occur mainly as disseminated, small scaly or needle
and short prismatic crystal in the greenstone. Megascopic features of the biotite- and
stilpnomelane-bearing greenstone appear 1o be very similar with those that were found on the
surface in the east of the major N-E siriking fault.

Microscope identification shows that the dark greenstone comprises predominantly chlorite
and albite with minor amounts of epidote, biotite, stilpnomelane and muscovite, and, at places,
of quartz and carbonate which occur as later hydrothermal altered minerals. Chiorite is usually
over 60 per cent in content, sometimes, concentrates over 90 per cent to constitute bands of the
chiorite in the rock. Epidote is non-homogeneous in content, either less 10 per cent or
disappearance in different specimen, and occurs mainly as two siyles: one is of allotriomorphic,
fine-grained individual or aggregate of epidote crystal, about 0.05 - 0.2 mm in size; the other
occurs as amygdales that are predominantly round, lessly ellipse with generally 0.1 - 1 mm,
occasionally 3 mm in diameter, and consist mainly of crystalline individual or aggregate of
epidotes, occasionally of mineral assemblages of epidole + quariz or epidote + chlorite + quartz
{ e.g. Section No 21560 }. The amygdales set in mairix of the schistory chlorite and are all
surrounded by the schistority. Albite is euhedral, tabular crystals with obvious albite-like
twins, ranging from 0.1 to 1 mm in size, and occurs largely as porphyritic crystal of albites
setting in matrix, consisting predominantly of chlorite and felsic minerals which are too fine,
generally less 0.05 mm in size, to be distinguished under microscope. Occasionally,
glomeropheric albites present ( e.g. Section, N0.21546 ). The porphyritic albites is usually
less 40 per cent of all felsic mineral in content.

The dark greensiones often exhibit porphyritic and amygdaloidal textures. The porphyritic
lexture comprises mainly porphyritic crystal of the albite about 0.1 to 0.5 mm in size (
usually less 15 % in content } setling in matrix. Almost porphyritic crystal are oriented in
direction along and surrounded by the schistority. The amygdaloidal texture is extensive but
limited to occur in certain portion of the drilling core. Meanwhile, it seems that the
amygdaloidal texture becomes more obvious in the stratigraphic levels where the porphyritic
texture occurs.



Structure and texture features associated with different subtypes of the dark greenstone
probably illustrate the difference of their primary rocks. For example, massive to schistose
epidote-bearing and chlorite-dominating greenstone characterized by porphyritic and
amygdaloidal textures represents a sort of vesicular basaltic lava, whereas massive biotite- and
stilpnomelane-bearing greenstone with less epidote and without obvious porphyritic texture
were most probably produced by thick basaltic lava flow. There is a kind of the schistose
chlorite-dominating ( with less epidote } greenstone which differs from other dark greenstone
in association with neither meta-amygdaloidal nor metaporphyritic ( or very less
metaporphyritic ) textures but with some amounts of muscovite. It is only located in certain
levels of the drilling core such as 313 - 334 m in depth, and has been proposed to belong,
perhaps, to a metamafic tuff.

Magnetism of the rocks

Magnetism is one of the important features associated with the rocks in the Gjersvik Group.
Magnetism of the rocks covered the drilling core was determined in terms of a magnet bar. The
result indicates that the pale greenstone ia associated without magnetism, feisic rocks with weak
magnetism, and dark greenstone without or with variety of the magnetism. The reason leading
variety of the magnetism is, perhaps, due to present and contents of magnetite in different types
of the rocks.

The variety of magnetism associated with the dark greenstones seems to be related to the

lithologies. Generally, the altered dark greenstone is characterized by non-magnetism, whereas
the dark, massive biotite- and stilphomelane-bearing greenstone is generally associated with
strong magnetism, but occasionally in places without or with only weak magnetism, such as at
level between 258.5 - 267.5 m in depth. The dark, massive to schistose epidote-bearing and
chlorite-dominating greenstones are associated with or without magnetism. For example, the
epidote-bearing and chlorite-dominating greenstones are characterized by non-magnetism at
levels in 0 - 45 m, 83.5 - 85 m, 87.5 - 91 m, and 105.5 - 107.5 m in depth, but they are
generally associated with strong magnetism at other places above 160 m in the drill core. No
any boundaries between the dark greenstones with and without magnetism can be distinguished,
and, strictly speaking, no difference in lithologies can be recognized on megascopy between the
two. What is reason leading variation of the magnetism in the dark greenstones is not clear until
now.
However, one possibility is that the variety of magnetism in the dark greenstones was probably
caused by concentration and decomposition of magnetite in the rocks during circulating
processes of hydrothermal solution within ocean floor hydrothermal system, but much more
study are needed to certify this proposal.

Nevertheless, it is important to mention that magnetism of the rocks must be carefully used
in determining subtypes of the dark greenstones.

Deformation



The deformation of the rocks in the drill core is generally not intensive. The schistory of the
rocks is generally vertical or keeps a slight angle, varying between 0 - 10 degrees, relative to
the drilling core. However, the deformation becomes sometimes relatively strong and the angle
between the schistory and the drilling core can in places reaches into about 40 degrees. For
example, the angle between the schistory and the drill core at level between 150 - 180 m in
depth is about 40. Otherwise, some evidences related to late tectonic activity, e.g., quartz veins,
tectonoclastic zones and tight fold have been recognized. Five quartz veins varying between 0.5 -
2 m wide have been recognized at levels about 65.9 - 66.8 m, 141.5 - 143.8 m, 150 - 151.4
m, 170 - 170.8 m, and 171.8 - 174 m, four of them being concentrated between 140 - 175 m
in depth. The tectonoclastic zones, varying generally between 0.5 - 1 m wide, have been
recognized in 27 m, 57 m, 65 m, 101.4 m, 1026 m, 1514 m, 172 - 174 m, and 181 - 183
m in depth, which are characterized by small pieces of the core specimen broken by the tectonic
processes.

It is interesting and important to notice that the level of the drilling core between 150 -
180 m in depth appears to be occupied by a fault evidenced from that in where the angle between
schistory and drilling core is relatively bigger, and there are an obvious concentration of the
quartz thin veins and tectonoclastic zones in occurrence as well as some apparently tight fold in
places occur. On the other hand, a boundary of the lithology between the epidote-bearing and
chlorite-dominating greenstone and biotite- and stilpnomelane-bearing greenstone just lies in
about 175 m in depth.

Hydrothermal alteration and mineralization

The hydrothermal alteration and mineralization are extensive, non-homogeneous, and linear-
type within the rocks covered by the drilling core. It seems that they are mainly associated with
the dark greenstones, only weakly but extensively disseminated pyrite mineralization with the
felsic rocks, whereas no obvious alteration and mineralization with the pale greenstone. The
intense mineralization are often associated with relatively strong alterations.

The massive to schistose epidote-bearing and chiorite-dominating greenstone is generally
associated with relatively strong hydrothermal alterations and mineralization than the massive
biotite- and stilpnomelane-bearing greenstone in which although they do also occur. For
example, a relative wide hydrothermal alteration zone associated with weak mineralization
occurs in chlorite-dominating greenstone at level between 120 m 1o 155 m in depth, and thin
veined and disseminated pyrite mineralization ranging usually between 1 - 3 mm wide have
been frequently associated with the epidote-bearing and chlorite-dominating greenstone at level
above 110 m, whereas relatively intense and extensive alterations and mineralization are, in
places, present in the chlorite-dominating greenstone at level below 300 m in depth. In
comparison 1o alteration and mineralization at different levels, on the other hand, the strongest
mineralization with concentration of the sulphide minerals up to 30 per cent in content occur at
levels of 317 - 325 m and 359 - 360.5 m in depth, while relative weak mineralization
widespreadly occur in different levels of the drilling core, such as about 2 m, 6.5 m, 21 m, 36
m, 46 m, 48 m, 51 m, 77 m, 93 m, 97 m, 99 m, 103 m, 304 m, 334 m, 340 m and so on in
depths, in where the sulphide mineralization occur mainly either as thin veins about one to
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several mm wide or as linear-type disseminated forms that the sulphides are less 10 per cent
in content. The alteration and mineralization associated with the massive biotite- and
stilpnomelane-bearing greenstone in middle-lower part of the drill core is weak relative to the
epidote-bearing and chlorite-dominating greenstone, but thin veined and disseminated sulphide
mineralization associated with weak alterations do occur in several places at different levels
such as 185 m, 196.2 m, 198.2 m, 226.4 m, 251.6 m and 280.6 - 282.2 m in depth, which
each ranges from 2 - 6 m wide with less 10% sulphides.

The alteration and mineralization occur mainly as interconnected thin veins and linear-
lype disseminated styles within the greenstones. The interconnected thin veins and veinlets,
ranging generaily from 0.5 to 2 cm wide, are generally clear in contact with the dark
greenstone. They, sometimes, are allernated with the dark greenstones, which constitutes bands
alternating slight with dark color. The linear-type disseminated veins range generally from
several millimeters to several or tens centimeters wide but are not clear in contact with their
wall rocks. These features appear to show that the thin veined and veinlet hydrothermal
alterations and mineralization were probably formed mainly by the filling along cracks or
fissures, whereas the alterations of linear-type disseminated styles result mainly from
metasomatism of the greenstone.

The types of the alterations are largely silicification, carbonitization and chloritization
with, lesslly and locally, albitization and sericitization. The veined and disseminated
hydrothermal alterations consist predominantly of quartz, carbonate and chiorite with small
sericite or muscovite, and albite plus sulphides, which vary from 40 to 90 per cent in content.
The altered quartz and carbonate occur mainly as thin veins or replace the greenstone in linear-
type disseminated style, while the altered chlorite are associated either with the quariz and
carbonate alterations or with greenstone. The altered chlorite can be distinct from that
constituting major rock-forming mineral in the greenstone in crystal size and degree of
chlorite concentration.

The mineralization occur predominantly as very fined veins or linear-type disseminated
styles. The veined mineralization, generally less 2 mm in width, are obviously controlled by
fissures, being associated usually with chloritization and silicification, while the disseminated
mineralization are predominantly formed by replacement of mineralized solution along the
fissures and often associated with silicification, carbonitization, albitization and chloritization.
The mineralization are mainly composed of pyrite with or without minor amounts of
chalcopyrite, sphalerite and magnetite. The pyrite occurs widespreadly in the portions where
mineralization occur, and is usually about 90 per cent of the metallic minerals in content in
addition to individual specimen, e.g. Section No. 21552, in which the pyrite is about 70 per
cent. In some specimen, such as Sections No. 21554, 21558, the mineralization is only
composed of pyrite. The pyrite is euhedral or hypidiomorphic-granular individual or aggeragate
of crystals, ranging generally from 0.05 to 0.5 mm in size, and spatially very related with
chloritization. The chalcopyrite also exists widespreadly in most places where the
mineralization occurs, but is low in content which is usually less 10 per cent of metallic
minerals, with the exception of the Section No. 21552. which is about 20 per cent. The
chalcopyrite is allotriomorphic granular, and occurs generally along cracks or edge of the
pyrites in where the pyrites are replaced by chalcopyrite. The sphalerite is often associated
spatially with chalcopyrite, but usually less 5 per cent in content of metallic minerals. The



magnetite, with less 5 per cent of metallic minerals in content, has been recognized to occur in
some specimen, such as Sections No. 21551, 21552 and 21554, and is mainly euhedral
acicular individual crystal, each about 0.1 mm long, which it is oriented along the direction of
schistority.

Comparison in geology to the results of the mapping on the surface

In comparison with the result taken from the surface mapping on the scale 1:5000 in the
area, the drill hole is located in the west of the major NE - SW striking fault about 550 m,
which separates the dark greenstone into two regions, the epidote-bearing and chlorite-
dominating greenstone in the western part of the fault and the biotite- and stilpnomelane-
bearing greenstone in the east. The direction of the drill core goes towards the east ( or towards
the fault ) with the angle relative 1o the surface about 60 degrees. The dark greenstone near the
fault dips towards the west with angle varying 25 - 35 degrees on the surface.

The results revealed by the drilt core in geology has indicated that the rocks covered by the
drilling hole are dominated by the dark greenstone consisting epidote-bearing and chlorite-
dominating greenstone and biotite- and stilpnomelane-bearing greenstone. The massive to
schistose epidote-bearing and chlorite-dominating greenstones occur mainly in upper and lower
parts of the drilling core at above 175 m and below 285 m in depth, which are comparable in
lithology to those in the west of the fault on the surface. The massive biotite- and stilpnomelane-
bearing greenstone lies at level between 175 - 285 m in depth, which corresponds to that in
the east of the fault. On the other hand, there seems is a tectonic zone to occupy within the
drilling core at level about 150 m - 175 m, which is characterized by relatively big angle
between schistosity and the drilling core, relative concentrations of quartz veins and
tectonoclastic zones and tight folds. Thus, an apparent change of the lithologies and tectonic
features seems 1o indicate that the drill hole has, perhaps, passed the major fault at level
between 150 - 170 m in depth of the drilling core.

4 Major conclusions

(1) Types of the Rocks and Lithologies

The rocks covered the drilling core Bh4 have been distinguished into three types, i.e. pale
greenstone, dark greenstone and felsic rock. The dark greenstone dominates the length of the
drilling rods only with minor felsic rocks plus few pale greenstone. The dark greenstone has
been subdivided into several subtypes of epidote-bearing, biotite- and stilpnomelane-bearing
and chlorite-dominating greenstones.

The pale greenstone has been distinguished to occur as thin layers ranging from 0.5 to 1.5 m
wide at three levels.

The felsic rocks as thin layers ranging from 0.5 10 3 m wide occur at different levels in the
core and tends to increase towards the depth. The rocks are the pale-white greyish, hard, very



massive and fined-grained, very homogeneous, and slight in magnetism, consisting
predominantly of albite, quartz with minor amounts of chlorite, biotite, stilpnomelane, sericite
and carbonate, of which the felsic minerals range from 60 to 80 per cent in content. They are
characterized by typical porphyritic texture that comprises largely porphyritic albite, usually
less 30 per cent in content, with few biotite setting in matrix. Sometimes, the albite
porphyritic crystal can be recognized by the megascopy from the core specimen. The felsic
rocks have been proposed to be formed by thin sills and dykes or by alteration of the dark
greenstone.

Subtypes of the dark greenstone are present in different levels. The epidote-bearing and
chlorite-dominating greenstones chlorite-dominating greenstone occupy in upper and lower
two parts, from 0 m on the surface to 165 m and from 285 m to the end of the drilling core,
respectively, whereas the biotite- and stilpnomelane-bearing greenstones are located at middie-
lower level between 165 m and 285 m in depth. The former is characterized by massive to
schistose structure, whereas the latter is generally massive fo compact massive.

The dark greenstone is dark-black to moderate green-grayish, massive 1o schistose, fine-
grained, homogeneous to non-homogeneous, and strong to no magnetism, consisting of chlorite,
albite, epidote, biotite, and stilpnomelane plus altered minerals, such as carbonate, quarizs and
sericite, and sulphides. Chlorite is usually over 60 per cent in content, sometimes,
concentrates over 90 per cent to constitute bands of the chlorite in the rock. Epidote is non-
homogeneous in content, generally less 20 per cent and associated mainly with epidote-bearing
greenstone. The dark greenstones often exhibit porphyritic and amygdaloidal textures. The
porphyritic texture comprises mainly porphyritic crystal of the albite ( usually less 15 % in
content ) setling in matrix,

Structure and texture features associated with different subtypes of the dark greenstone
probably illustrate the difference of their primary rocks. For example, massive to schistose
epidote-bearing and chlorite-dominating greenstone characterized by porphyritic and
amygdaloidal textures represents a sort of vesicular basaltic lava, whereas massive biotite- and
stilpnomelane-bearing greenstone with less epidote and withoutl obvious porphyritic texture
were most probably produced by thick basaltic lava flow. There is a kind of the schisiose
chiorite-dominating ( with less epidote ) greenstone which differs from other dark greenstone
in association with neither meta-amygdaloidal nor metaporphyritic ( or very less
metaporphyritic ) textures but with some amounts of muscovite. It is only located in certain
levels of the drilling core such as 313 - 334 m in depth, and has been proposed to belong,
perhaps, to a metamafic tuff.

(2) Magnetism of the rocks

Magnetism of the rocks covered the drilling core was determined in terms of a magnet bar.
The result indicates that the pale greenstone ia associated without magnetism, felsic rocks with
weak magnetism, and dark greenstone without or with variety of the magnetism.

Generally, the altered dark greenstone is characterized by non-magnetism, whereas the dark,



massive biotite- and stilpnomelane-bearing greenstone is associated with strong magnetism.
The dark, massive 1o schistose epidote-bearing and chlorite-dominating greenstones are
associated with or without magnetism, within which it seems that no any difference in
lithologies can be recognized between the two. What is reason leading variation of the magnetism
in the dark greenstones is not clear until now. However, it is probably important to mention
that magnetism of the rocks must be carefully used in determining subtypes of the dark
greenstones.

(3) Hydrothermal alteration and mineralization

The hydrothermal alteration and mineralization are extensive, non-homogeneous, and linear-
type within the rocks covered by the drilling core. It seems that they are mainly associated with
the dark greenstones, only weakly but extensively disseminated pyrite mineralization with the
felsic rocks, whereas no obvious alteration and mineralization with the pale greenstone. The
intense mineralization are often associated with relatively strong alterations.

The hydrothermal alterations and mineralization are more extensive in association with the
massive to schistose epidote-bearing and chlorite-dominating greenstone than with the massive
biotite- and stilpnomelane-bearing greenstone in middle-lower part in which although they do
occur. The strongest mineralization with concentration of the sulphide minerals up to 30 per
cent in content occur at levels of 317 - 325 m and 359 - 360.5 m in depth.

The alteration and mineralization occur mainly as interconnected thin veins and linear-
type disseminated styles within the greenstones. The interconnected thin veins and veinlets,
ranging generally from 0.5 to 2 c¢m wide, are generally clear in contact with the dark
greenstone. They, sometimes, are alternated with the dark greenstones, which constitutes zones
aiternating slight with dark color bands. The linear-type disseminated veins range generally
from several millimeters to several or tens centimeters wide in the drilling core but are not
clear in contact with their wall rocks.

Types of the alterations are largely silicification, carbonitization and chloritization with,
lesslly and locally, albitization and sericitization. The veined and disseminated hydrothermal
alterations consist predominantly of quarnz, carbonate and chlorite with small sericite or
muscovite, and albite plus sulphides, which vary from 40 up to 80 per cent in content.

The mineralization occur predominantly as very fined veins or linear-lype disseminated
styles. The veined mineralization, generally less 2 mm in width, are obviously controlled by
fissures, being associated usually with chloritization and silicification, while the disseminated
mineralization are predominantly formed by replacement of mineralized solution along the
fissures and often associated with silicification, carbonitization, albitization and chloritization.
The mineralization are mainly composed of pyrite without or with minor amounts of
chalcopyrite, sphalerite and magnetite.

The alteration and mineralization found in the drilling core are generally comparative with
those in the dark greenstone exposed on the surface in the Gjersvik Group. The latter is usually
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characterized by extense, non-homogeneous alteration and mineralization, which probably
resuit from extensive bleaching and metasotism of ocean floor basalt by heated circulating
solution in the connecting hydrothermal system. However, the mineralization and alteration al
level between 290 - 370 m in depth are much stronger, which can be considered as a
possibility 1o represent a part of or closed to the feeder zone underlying directly massive
sulphides. This is a valuable clue in prospecling new ore bodies.

In a word, The alteration and mineralization found in the drilling core are comparative with
those in the dark greenstone exposed on the surface in the Gjersvik Group. The latter is
generally characterized by extense, non-homogeneous alteration and mineralization, which
probably result from bleaching and metasomalism of ocean floor basalt by heated connecting
solution in the clrculating hydrothermal system. However, the most intensive mineralization at
level between 317 - 360 m in depth is an obviously anomalous relative to normal
mineralization in the dark greenstone, which can be considered as a possibility to represent a
part of or closed to the feeder zone underlying directly massive sulphides.

(4) Comparison In geology to the results of the mapping on the surface

In comparison with the resull taken from the surface mapping in the area, the drill hole is
located in the west of the major NE - SW striking fault about 550 m, which separates the dark
greenstone into two regions, the epidote-bearing and chlorite-dominating greenstone in the
western part of the fault and the biotite- and slilpnomelane-bearing greenstone in the east.

The results revealed by the drill core has indicated that the rocks covered by the drilling
hole are dominated by the dark greenstone consisting epidole-bearing and chlorite-dominating
greensione and biotite- and stilpnomelane-bearing greenstone. The massive to schistose epidote-
bearing and chlorite-dominating greenstones occur mainly in upper and lower parts of the
drilling core at above 175 m and below 285 m in depth, which are comparable in lithology to
those in the west of the fault on the surface. The massive biotile- and stiipnomelane-bearing
greenstone lies at level between 175 - 285 m in depth, which corresponds to that in the east of
the fault. There seems is a tectonic zone to occupy within the drilling core at level about 150 m -
176 m, which is characterized by relatively big angle between schistosity and the drilling core,
relative concentrations of quariz veins and lectonoclastic zones and tight folds. Thus, an
apparent change of the lithologies and tectonic features seems to indicate that the drill hole has,
perhaps, passed the major fault at level between 150 - 170 m In depth of the drilling core.

Enclosures: a legend of the original core logging with descriptions
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