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I CHEMICAI, PETROGRAPEICAI AND MINERALOGICAI STUDY OF FIVE MINERALIZEDDRILL HOLES CONTAINING Au-Cu-(Te-) ORE (C2-, C3-, C4-, E- and K-ORE) AND
ITS IMMEDIATE SURROUNDINGS IN BIDJOVAGGE Au-Cu ORE, FINNMARK, NORWAY -


WITE INTERPRETATIONS OF THE ADJACENT ALTERATIONS

Pertti Lamberg and Päivi Toikkanen

I ABSTRACT

Five representative ore sections were studied from Bidjovagge Au-Cu ore. C2
(drill hole S1281) and C3 (5144F) represent typical Cu ore. C4 (S154B) is a
subeconomic Cu-Au mineralization hosted by metadiabase. E ore (N20E) is
classified as Au ore and K ore (N95F) as Au-Te ore.

In the drill logs four rock types are reported. Albitic felsite is the most
common rock type hosting all ores but C4. Metadiabase sheets are 1 to 35 metres
wide and often situated close to the ore. Black shist do not occur in contact
with metadiabases in studied sections. Narrow carbonate veins cut albitic
felsites. Chemically those rock types (i.e. studied samples) do not differ
notably. Albitic felsite and metadiabase sheets can be distinguished by immobile
element ratios. Ti, P and Cl contents are higher and Cr lower in metadiabases.
Albitic felsites, carbonate rocks (or veins), black shists (after Lamberg and
Hautala, 1990) and ores are similar with respect to immobile element ratios and
Ti, Cl, P & Cr concentrations.

Two metadiabase types can be specified by their different Al203/Ti02 ratios. The
ratio in C-type metadiabases (in C and E ores) is close to 5 and in K-type
metadiabase (in K ore) about 42. Another marked difference is K content, which
is higher in K type metadiabase (K20 = 1-3 wt.% vs. < 1 wt.%, respectively).

In all sections some specific elements are associating with each other. C, Ca,
Mg and Mn are always grouped together and they are called as carbonate forming
elements (CFE's). Immobile and silicate (albite and quartz) forming elements
(ISE's) Si, Al, Na, Zr, Ti and Cr are accompanied together. Carbonate forming
elements show negative correlation with silicate forming elements. Sulfide
forming chalcophile elements (S, Cu, Fe, Ni, Co, Zn, Pb, ± As) show a positive
correlation in every ore type. K, Rb Sr and Ba and lesser degree Mg, Y and Cl
are associated with each other and this element group is called phlogopite
forming elements (PFE's). Phlogopite forming elements (PFE's: K, Mg, Rb, Sr, Ba,
Y) are occasionally, clearly associated with Cl and P and have negative
correlation with Cr showing metadiabase association (MDBA) in these cases.

All studied ores are located close to the contact between metadiabase and albitic
felsite. Cu is correlation with SFE's and Au with Cu, Te, U, Mo. Ore hosting
albitic felsite does not differ notably from barren albitic felsites. The
mineral composition, texture and chemical compositions are almost equal. In the
vicinity of each ore the Co/Ni and pyrite/pyrrhotite ratios change from pyrite
dominant to pyrrhotite dominant.

According to the model for the formation of Cu-Au ore the emplacement of the
metadiabases has triggered the hydrothermal system. Oxidizing fluids have
dissolved graphite from black shists producing oxidized meta black shists (0Mbs,
albitic felsites). Au and Cu have precipitated from the oxidizing solutions
penetrating to reducing environment. The plane of precipitation has been narrow
and higly specific by the phase relations in Fe-S-0 system. Au has precipitated
in higher T (in the stability of calcite) than Cu (in the stability of dolomite).
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CHEMICAL, PETROGRAPHICAL AND MINERALOGICAL STUDY OF FIVE MINERALIZED

DRILL HOLES CONTAINING Au-Cu-(Te-) ORE (02-, C3-, 04-, E- and K-ORE)

AND ITS IMMEDIATE SURROUNDINGS IN BIDJOVAGGE Au-Cu ORE, FINNMARK,


NORWAY

WITH INTERPRETATIONS OF TEE ADJACENT ALTERATIONS


Pertti Lamberg and Päivi Toikkanen

1 INTRODUCTION

Mine geologist Markus Ekberg of Bidjovagge mine ordered a chemical
and petrological study of five Pidjovagge Au-Cu ore sections. Aim
of this study is to characterise the chemical, petrographical and
mineralogical features of different ore types. An effort is also
made to qualify and quantify the alteration processes responsible
for the formation of Au-Cu ore.

1.1 Previous studies

Following studies were used as references (complete reference is
given in Section 13).

Geolocy: Anttonen et al. (1990), Björlykke et al. (1987, 1991),
Hollander (1979), Holmsen et al. (1957)

Geochemical characteristics: Nurmi et al. (1991)

Mineralogy: Hånninen (1983 and 1990), Mathesen (1969), Sotka
(1987, 1988), Sotka & Hånninen (1983) Sotka et al. (1987,
1990), Olerud (1988)

Production mineralou7 and rocessin : Ekberg & Sotka (in press),
Palosaari (1989, 1990a, 1990b), Palosaari & Hänninen (1989,
1990a, 1990b), Sotka (1987, 1988)

Datincs: Bjbrlykke et al. (1990)

Fluid inclusion studies: Bjdrlykke and Ettner (1991)

Alteration: Lamberg & Hautala (1990)

2 SAMPLES

M. Ekberg selected five drill holes representing different type of
ores for the chemical, petrographical and petrological study (Table
2.1, Fig. 2.1). These drill holes were sampled for the chemical
analyses by M. Ekberg. Samples from albitic felsites and
metadiabases plus minor carbonate rocks were selected. Black
shists or graphitic felsites weren't sampled.

Samples for the microscopical examinations were selected by M.
Ekberg, P. Lamberg and P. Toikkanen. From each drill hole at least
one sample per rock type were selected. Also samples from the ore
and assumed least altered rocks were chosen.
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Detailed list of the samples is given for each ore type in Tables
4.1, 5.1, 6.1, 7.1 and 8.1. Drill logs are enclosed with the
report (Appendices la, 2a, Sa, .:;s.and 5a).

Table 2.1.
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Fig 2.1 Geological map of the Bidjoyagge area (Ekberg & Sotka, 1991).
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3 METHODS

Polished thin sections and a few polished sections were prepared
from the drill core samples in Geoanalytical Laboratory. Sample
preparation for chemical analyses has mainly been made at
Bidjovagge. Powdered samples were briquetted and analysed in
Geoanalytical Laboratory by Philips PW-1400 XRF-spectrometer, which
uses Fundamental Parameters (RRFP0) correction program (Ala-Vainio
1986). Au content of the samples was analysed at Didjovagge except
for the sample S154B/60.6, which was analysed at Geoanalytical
laboratory in Outokumpu. The results of the analyses are given in
Appendices lb, 2b, 3b, 4b and 5b.

Analysed samples represent the composition of total 1 to 2 m long
drill cores. Variations in chemical composition in each drill hole
are represented as XY-diagrams where concentration are examined as
a function of depth. The depth value is either the beginning or
the end depth of the sample. Simplified rock type legends of the
Figures have been drawn according to the original drill core
reports, in which a few thin rock type intervals have been
neglected.

Factor analyses and correlation matrixes were made for each ore
type at Outokumpu Finnmines Oy. The results are given in
Appendices lc-d, 2c-d, 3c-d, 4c-d and 5c-d.

For the calculation of normative mineral composition the chemical
composition of scapolite and amphibole was determined by Cameca
SX-50 electron microprobe. The results are given in Appendix 6.

Abbreviations used for minerals and rock types are given in Table
3.1

Table3.1. Abbreviations used for minerals and rock types

abb name abb name

af = amphibole pa = paragonite
ab = albite phl = phlogopite
bt = biotite plg = plagioclase
chl = chlorite pn = pentlandite
cp - chalcopyrite po = pyrrhotite
crb = carbonate py = pyrite
da = davidite qtz = quartz
dol = dolomite ru = rutile
grf = graphite sca - scapolite
ilm = ilmenite sp = sphalerite
mt = magnetite tit = sphene
mu - muscovite zir = zircon

ABFST = albitic felsite
DB = diabase
KRB = carbonate rock
MDB = metadiabase
ML = black shist
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For each sample the one-ion percentages were calculated. This is
modified version of Eskola's (1954) system (see for exampie
Appendix 3 in Cox et al. 1979). In addition to cations S and Cl
were included and therefore the name one-ion instead of one-cation
percentages was adopted. First weight per cent results (oxides,
metals, Cl and S) were divided by equivalent weight of the elements
(oxide, metai, Cl and S) producing atomic proportions. The
equivalent weight of the metals and anions is the same as the
molecular weight. That of the oxide is the same as the molecular
weight when only one cation is present (e.g. Si02, Fe0) and half
the molecular weight when two cations are present (e.g. Al203,
Na20). The atomic proportions were then totalled and recalculated
as percentages (the one-ion percentages). Thus, for example if the
Si percentage is 49.5 this signifies that of every 100 (cations S

+ C1) in the rock 49.5 of them are Si. The one-ion percentages are
given in Appendices le, 2e, 3e, 4e and-5e.

Normative mineral composition of each sample was calculated from
the one-ion percentages. For amphibole and scapolite compositions
determined by electron microprobe were used (Appendix 6). Other
minerals were assumed to be stoichiometric in composition.
Calculation procedure is given in details in Appendix 7 and the
calculation LOTUS-1-2-3 worksheet is given in enclosed diskette
(Appendix 8) as a file called CALC.WK1.

Calculated normative mineral composition of each sample is civen in
Appendices lf, 2f, 3f, 4f and 5f. Results are also presented as
cumulative XY-diagrams, where the variations in mineral composition
of each section is studied as a function of depth.

Carbonatization diagrams as well as Al-carrier diagrams were drawn
after Kishida & Kerrich (1987) and Lamberg & Hautala (1990) on the
basis of cation proportions and normative mineral composition.

The ratio of Fe-sulfides was estimated on the basis of Co and Ni
contents in the samples. Hänninen (1983) and Sotka & Hånninen
(1983) have determined the composition of Fe-sulfides by electron
microprobe and by calculating after selective dissolutions from C
ore. Co/Ni ratio are specific for pyrite and pyrrhotite. The
calculated Co/Ni ratio average in pyrite is 2.9 and in pyrrhotite
0.38. These values have been used to estimate the
pyrite/pyrrhotite ratio in analysed samples. The values 0.38 and
2.9 are marked in Co/Ni ratio diagrams (e.g. Fig. 4.7) by stippled
lines. Only in few samples Co/Ni ratio is less than 0.38 or
greater than 2.9 justifying estimations. Pentlandite is one source
of error but it occurs such a small amounts in studied polished
sections that it can be neglected. If it is present the amount of
pyrrhotite is overestimated, which, however, is the "right
direction" because pentlandite occurs in all cases together with
pyrrhotite. In K ore melonite (NiTe2) is common telluride and can
carry significant amount of Ni (Palosaari and Hänninen, 1990) (Fig.
8.7) obscuring the pyrrhotite/pyrite ratio. The calculations are,
however, in agreement with microscopical observations.

The calculations of alterations were made using Gresens (1967)
equations. Alterations were illustrated by Isocon diagram after
Grant (1986) (see also Lamberg & Hautala, 1990).
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4 CU OPE C2

4.1 Introduction

C2-ore is located on the southern part of the north-south trending
Bidjovagge antiform (Fig. 2.1). C2-ore is one of the orebodies
belonging to the ore type rich in Cu and named therefore as Cu
ores. Ore types have recently been described by BjOrlykke et al.
(1991) and Ekberg & Sotka (1991). Copper ore type is characterized
by being rich in sulphides, mainly chalcopyrite (3-4 % Cu) and
pyrite, having minor tellurides and native goid (1-2 g/t Au)
(Ekberg & Sotka, 1991).

Drill hole 51281 (C2-ore) intersects black schists with thin
graphite felsite parts (not shown in the legends of the Figures),
albitic felsite, which also hosts the Au mineralization, and
metadiabase dykes (Appendix la). Rock type intervals and data on
the samples from each rock type are civen in Table 4.1.

Table4.1. Listof the samplesof C2-ore.

4.2 Chemistry

XRF-analyses are presented in Figs. 4.1-4.8, where the ratios of
immobile elements and element concentrations have been presented as
a function of depth. Roughly estimated averages of the most
important elements in albitic felsite, metadiabase and ore are
given in Table 4.2. Values for rock types high in CO2 and low in
CO2 are given.

Table4.2 Averagechemicalcompositionof differentrocktypesin C2-ore.
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Diagrams of immobile element ratios (Figs. 4.1-4.2) point clearly
the different rock types and also Au ore in drill hole 51281.
A1203/Ti02 ratio is approximately 25 for albitic felsites versus 9
for metadiabases. A1203/Cr203 ratio is about 500 vs. 750,
Ti02/Cr203 20 vs. 80 and Zr02/Ti02 0.025 vs. 0.010, respectively.
One sample within the albitic felsite (between 60-70 m) has got
immobile ratios characteristic for metadiabase. In between 20-30 m
metadiabase has got peculiar immobile element ratios: A1203/Ti02 =
30, A1203/Cr203 = 600, Ti02/Cr203 = 20 and Zr02/Ti02 = 0.03-0.04.

Albitic felsite and metadiabase doesn't differ notably in chemical
composition (Table 4.2). Only Ti02, Cl and P205 contents are
clearly higher in metadiabase. Ti02 is greater than 1 wt.% in
metadiabase and about 0.5 wt.% in albitic felsite (Fig. 4.4), Cl
contents are greater than 0.1 wt.% and 0.01 wt.%, respectively
(Fig. 4.7) and for P205 values are 0.15 wt.% and 0.05 wt.%,
respectively. Other differences in chemical tomposition of these
rock types are obscured by the highly varying 002-content in
albitic felsite (002 = 1-22 wt.%).

Au mineralization is located between 70 and 80 metres hosted by
albitic fels1te, the content of Au being approximately 5 ppm (Table
4.2). The mineralization doesn't differ in main element
composition from barren albitic felsites. Immobile element ratios
in Au ore differ slightly from the values of the albitic felsite.
In the ore A1203/Ti02 is lower than in albitic felsite being about
20, A1203/0r203 is about 400 and Zr02/Ti02 ratio is varying
strongly in the vicinity of the ore.

If chemical variations and their relations in rock types are
examined closer, it can be noticed that some elements are following
each other sympathetically. These relations are not (necessarily)
related to host rock, but same correlations can be noticed both in
metadiabase and albitic felsite. Correlation matrix for 02 ore is
given in Appendix le and rotated factor matrix in Appendix ld.

002 is accompanied by CaO, Mg0 and Mn0 (plus Fe0 in lesser degree).
These carbonate forming elements (CF elements or CFE's) have
positive correlation coefficients (r=0.48-0.79) and are grouped in
the very same factor F2. Immobile and silicate (albite+quartz)
forming elements (IS elements or ISE's) Si02, A1203, Na20, Zr02,
0r203 and TiO2 act diametrically opposite to carbonate forming
elements. IS elements are grouped in the same factor F2 as CF
elements but they got negative loadings.

Sulfide forming chalcophile elements (SF elements or SFE's) Fe, S,
Cu, Co, Ni, Zn and Pb are grouped together (factors F8 and F6) and
they have negative correlation coefficients with IS elements and
positive with CF elements.

K is somewhat unique. It has got weak positive correlation
(r=0.26-0.50) with other IS elements except Na. Potassium is
associated most strongly with Rb, Ba, Sr, Y, Cl and Mg, which are
grouped in the very same factor Fl with positive loadings. These
elements are incorporated mainly in phlogopite (Cl in scapolite)
and are thus called as phlogopite forming elements (PF elements or
PFE's).
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Cl show interesting features. In addition associated with PF
elements it shows positive correlation with Ti, P and negative
correlation with Cr. These relationships are related to
metadiabase and therefore called metadiabase association (MDBA).
Cl, Ti and P have positive correlation with CFE's.

Ce, La and Nb (in lesser degree) are following each other
sympathetically (Fig. 4.8) (groubed in factor F9) and have pcsitive
correlation with IS elements (r=0.30-0.63).

Gold shows positive correlation with Cu, Mo and U, and they are all
grouped in factor F3 with negative loadings. Gold has weak
positive correlation with other chalcophile elements (SFE's)
(r=0.21-0.84) and with CF elements. Weak negative correlation is
noted with respect to IS elements.

Co/Ni ratio (Fig. 4.7) ranges widely, but Au ore is located in
local Co/Ni minimum (Co/Ni = 1). Outwards the ore Co/Ni increases
irregularly. However metadiabase sheet between 53-59 metres is low
in Co/Ni ratio (about 1-2) and - interesting enough - rimmed by
albitic felsites high in Co/Ni ratio (> 2.5).

The summary on the chenical features observed in drill hole 51281
is given below:

metadiabase can be distinguished from albitic felsite on the
basis of immobile element ratios, higher Ti, Cl and P
concentrations and lower Cr content (MDBA)
other elements doesn't show any marked differences with respect
to rock type
some elements are associated with each other and they are grouped
and named in the following way:

carbonate forming elements (CFE's): C, Ca, Mg and Mn
immobile and silicate (albite + guartz) forming elements
(ISE's): Si, Al, Na, Zr, Ti, Cr
sulfide forming chalcophile elements (SFE's): S, Cu, Fe, Ni,
Co, Zn, Pb
phlogopite forming elements (PFE's): K, Mg, Rb, Ba, Sr, Y and
Cl

CFE's shows negative correlation with ISE's
SFE's show positive correlation with CFE's
Au shows positive correlation with Cu, U and Mo and weak positive
correlation to SFE's
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Fig. 4.1. Bidjovagge, C2-ore, drill hole 51281 (rock type legend
Ratios of imobile elements as a function of depth. The Cu-Au ore is located
roughly between 70 and 80 metres on both sides of black shist (marked by lines).
Abbreviations: ABFST = albite felsite, ML - black schist, MDB = metadiabase.



OUTOKUMPU MINIGG SERVICES
Geoanalytical Laboratory
Lamberg & Toikkanen

Report
074/Bidjo, ore types/PPL,PT/1991
23.8. 1991 CU ORE C2 / 10

fl

oloWiemM fi fi
w-"`

elt

n a ss

fl

fl

fl

a aM- a amm ms . .„:"..\
!

sm w

IM _
et sa ralat eint, nt *

m
T ms

fl

 fl

fl

Fig. 4.2. Bidjovagge, C2-ore, drill hole 31281 (rock type legend simplified).
Ratios of imflobileelements as a function of depth. The Cu-Au ore is located
roughly between 70 and 80 metres on both sides of black shist (marked by lines).
Abbreviations: ABFST = albite felsite, ML = black schist, MOB = metadiabase.
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Fig. 4.3. Bidjovagge, 02-ore, drill hole 51281 (rock type legend simplified).
Named elements as a function of depth. The Cu-Au ore is located roughly between
70 and 80 metres on both sides of black shist (marked by lines). Abbreviations:
ABFST = albite felsite, ML black schist, MDB = metadiabase.
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Fig. 4.4. Bidjovagge, C2-ore, drill hole 51281 (rock type legend
Named elements as a function of depth. The Cu-Au ore is located roughly between
70 and 80 metres on both sides of black shist (marked by lines). Abbreviations:
ABFST = albite felsite, ML = black schist, MOB = metadiabase.
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Fig. 4.5. Bidjcvagge, C2-ore, drill hole S1281 (rock type legend simplified).
Named elements as a function of depth. The Cu-Ap ore is located roughly bet-..een
70 and 80 metres on both sides of black shist (mnarkedby lines). Abbreviations:
ABFST - albite felsite, ML = black schist, MDB = metadiabase.
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Fig. 4.6. Bidjovagge, C2-ore, dr:ll hole SI281 (rock type legend
Named elements as a function of depth. The Cu-Au ore is located roughly between
70 and 80 metres on both sides of black shist (marked by lines). Abbreviations:
ABFST - albite felsite, ML = black schist, MDB - metadiabase.
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Fig. 4.7. Bidjovagge, 02-cre, drill hole 51281 (rock type legend simplified).
Named elements as a function of depth. The Cu-Au ore is located roughly bet...een
70 and 80 metres on both sides of black shist (marked by lines). Abbreviatcns:
ABFST = albite felsite, ML = black schist, MOB = metadiabase.
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Fig. 4.8. Bidjovagge, C2-ore, drill nole 51281 (rock type legend simplified).
Named elements as a function of depth. The Cu-Au ore is located roughly between
70 and 80 metres on both sides of black shist (marked by lines). Abbreviations:
ABFST - albite felsite, ML = black schist, MDB = metadiabase.
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Fig. 4.9. Bidjovagge, C2-ore, dr1 hole 51281 (rock type legend
lamed elements as a function of depth. The Cu-Au ore is located roughly between
70 and 80 metres on both sides of black shist (marked by lines). Abbreviations:
ABFST = albite felsite, ML = black schist, MDB = metadiabase.
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4.3 Petrography

For the petrographical study nine samples from the drill hole S1281
were selected between 26.3 and 116.5 metres. Summary on the mineral
composition of the samples is given in Table 4.3.

Six samoles (26.2 m, 51.2 m, 81.6 m, 91.8 m, 112.5 m and 116.5 po)
are olassifled as albitic felsites. The groundmass of thLs rock
type is composed of fine grained slightly lineate or polyconal
albito and quartz grains. Rutile ± ilmenite are common
accessories. Grain size is typically about 10 pm.

Table 4.3. Suninaryon thepetrographjcalstudyon BidjovaggeC2 ore samples,
drillhole51281. Abbrevjationstorrocktypesandmineralsaregivenin sectjen
3. Mineralsaregivenin theorderof abundance.In column ah (pm)theaverage
diameterof alblteis giveninmicrometres;if twovaluesare given,thefirstis
for groundmassdndthe secondforvelns. Ind:a(02)= indicativemineralsfor
oxygenactivity(fugasity)determinatjon,Ind:p8= indicativendneralsforpH

determinaPion.

All albite felsite samples are cut by numerous veins ranging frcm <
1 pm to 4 mm in thickness. Veins are sometimes parallel but more
often they are irregular in shape: branching, swelling, pinching
and so on. In some cases veins are crosscutting each other but no
clear evidence about veins of different age can't be found. Vein
minerals occur also in groundmass, but differ from it by coarser
grain size, and are included also in "vein minerals". Many mineral
parageneses can be found in veins (minerals in the order of
abundance):

af-phl-gtz-po-cp-pa-chl (no crb) (26.3 m)
py-chl-crb-ab-phl-af-(sca->chl+crb) (51.3 m)
crb-cp-phl-gtz-po-mt-py-ab-chl±ilm-(sca->chl+crb ?) (Au-ore)
(81.6 m)
ab-gtz-py-mt-crb-phl-chl-cp (close to the ore) (91.8 m)
ab-gtz-py-crb-chl-ilm-mt (112.5 m)
pa-crb-gtz-py-ab-chl-apa-cp-po-ilm (116.5 m)
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The dominant oxide mineral in the albitic felsite hosted Au-ore
sample (81.6 m) is magnetite. It can be found in contact with all
sulfides, also with pyrite, although rarely. Grain size of
magnetite is typically about 300 pm. Ilmenite is not so abundant
as magnetite. In some cases relics of rutile grains can be found
as inclusions in ilmenite. Thus it seems that rutile is replaced
by ilmenite in the ore samble 81.6 m. Two textural varieties of
pyrite can be found in Au-ore sample(s) 81.6 m (and 70.3 m). The
more common texture - occurring also in other samples - is
eu-subhedral grains of more than 150 pm in diameter. The pyrite
grains of another textural variety can be found only in ore
samples. They are filling silicate interstices (can form a shell
on albite), are sub-anhdedral, cuter faces are often extremely
rugged and the grain size is tvoically about 50 pm.

Towards the ore the amount of vein material in albitic felsite
increases. The mineral composition changes in veins towards the
ore:

the amount of sulfides - especially chalcopyrite - increases
the dominant Fe-sulfide changes from pyrite to pyrrhotite
magnetite becomes abundant mineral occurring as stable mineral
= 250 pm) with chalcopyrite-pyrrhotite-pyrite sulfide assemblage
the amount of carbonate(s) increases
the amount of phlogooite amphibole decreases as a function of


depth

Metadiabase sample 55.5 m is composed of albite, amphibole, and
biotite (main minerals) plus scapolite, ilmenite and magnetite with
some chlorite and carbonate, aoatite & pyrite as accessories.
Texture is unoriented and hoTogeneous. Crain size is distinctly
coarser than in albite felsite (ck= 750 pm vs. 10 pm,
respectively). Magnetite, ilmenite and pyrite occur as sub- to
euhedral grains but all other minerals are anhedral. Albite laths
are unoriented and numerous carbonate, biotite and amphibole
inclusions can be found in them. Amphibole is green coloured
clinoamphibole. Scapolite occurs as large (poicilitic or
porphyroblastic) grains enclosing albite, biotite and amphibole.
Along the cleavage planes scapolite has altered to chlorite.
Carbonate occurs as small anhedral inclusions in albite.

Sample 65.8 m (close to Au cre) is somewhat unique. It is
composed:

mainly of metadiabase like albite (O = 600 pm), magnetite and
rutile + minor biotite, limenite and carbonate (as inclusions in
albite). Ilmenite has altered to rutile.
of irregular portions of albitic felsite like fine grained (4)=
30 pm) albite ± quartz
of up to 3 mm wide coarse grained (4)= 0.7 to 1.0 mm) veins of
carbonate, amphibole, albite, pyrite + minor quartz

Au-ore sample 70.3 m is coarse grained (O - 1.5 mm)
carbonate-chalcopyrite-pyrrhotite-vein with quartz and pyrite +
minor paragonite and chlorite (no oxide minerals). Chalcopyrite is
often rimmed by pyrrhotite. Chalcopyrite, pyrrhotite and pyrite
occur as stable mineral paragenesis.
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4.4 Normative mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses. In
Fig. 4.10 a carbonatization diagram (see calculation and plotting
basis in the section 3 or Lamberg & Hautala, 1990) is presented.
In albitic felsites the degree of carbonatization (CarbInd) ecr.Jals
to Ca3Ma/(Ca+Mg+Fe), in other words, as atomic percentages C equals
to Ca4Mg. Atomic relation Ca/Mg equals to 1. Thus, in albitic
felsites the most likely carbonate species is dolomite. In
metadiabases Ca and Mg are incorporated also in other minerals
(amphibole, phlogopite, chlorite, scapolite), but dolomite is the
most Likely carbonate species also in metadiabase.

AFESI

Fig. 4.10. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(Ca+Mg+Fe)), lines from bottom edge: calcite (Ca/(Ca+Mg+Fe)), calcite +
magnesite (Ca+Mg/(Ca+Mg+Fe)) and calcite+dolomite+siderite (=100). More details
see text. The Cu-Au ore is located roughly between 70 and 80 metres on both
sides of black shist (marked by lines). Abbreviations: ABFST - albite felsife,
ML = black schist, MDB = metadiabase.
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Normative mineral composition was calculated using schedule
introduced in section 3. The result is given in Appendix lf. In
Fig. 4.1: the normative mineral composition of the samples is
presented as cumulative XY-diagram, where depth is placed in
X-axis. Normative mineral composition is in agreement with
petrography.

Albite and dolomite are the dominant normative minerals in albitic
felsite and in metadiabase. Phlogopite, amphibole and especially
scapolite contents are hicher in metadiabase. Phlocopite content
is exceptionally h±gh in metadiabase located between 20 and 22
metres. Albitic felsite is richer in albite and suifides.
Dolomite content varies widely in both rock types. Normative
quartz is almost absent.

Fig. 4.11. Bidjovagge,02-ore,drillhole51281(rocktypelegendsimplified).
Normativemineralcomposition.Fieldsfromloweredgeto thetopedge:phl=
phlogopite(white),af = amphibole(crosshatched),dol= dolomite(white),ab =
albite(dotted),qtz= quartz(rghite),sulf's= sulfides(chalcopyrite+
pyrrhotite+ pyrite)(black).Moredetailsseetext. TheCu-Auore is located
roughlybet'..,een70 and 80 metreson bothsidesof blackshist(markedby lines).
Abbreviationsin rocktype)egend:A3FST= albitefelsite,ML = blackschist,
MDB - metadiabase.
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In Fig. 4.12 Al-carrier diagram (see calculation basis in chapter
3) is shown. Aluminium is carried mainly by albite. In
metadiabase scapolite, phlogopite and amphibole carry about 20 % of
aluminium. In barren albitic felsite albite carries more than 95 %
of aluminium, but in the ore and its immediate vicinity 5 to 10 %
of aluminium is carried by amphibole, phlogopite and scapolite. In
the ore phlogopite carries significant amount (about 5 %) of
aluminium. In addition to changes in Al-carrier ratios gold-copper
ore seems to differ from surroundings by its abnormal high
normative quartz content.

Eiepth )

Fig. 4.12. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Normative aluminium carrier diagram. Fields from bottom edge to the top edge:
phl = phlogopite (v,,hite),af = amphibole (black), sca = scapolite (white) and ab
= albite (dotted). The Cu-Au ore is located roughly between 70 and 80 metres on
both sides of black shist (marked by lines). Abbreviations in rock type legend:
ABFST = albite felsite, ML = black schist, MDB = metadiabase.

In Fig. 4.13 normative mineral composition of the Fe-Cu-sulfide
phase (chalcopyrite, pyrrhotite and pyrite) is presented. In all
samples both normative pyrite and pyrrhotite are present.
Normative chalcopyrite content increases remarkably towards the
ore. The ratio of Fe-sulfides was estimated on the basis Co/Ni
(see section 3 and Fig. 4.7), and normative
pyrite/(pyrite+pyrrhotite) ratio is plotted as a function of depth
in Fig. 4.14. The dominant Fe-sulfide varies in both rock types.
However in the contacts between albitic felsite and metadiabase



OUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE C2 / 23

80 1CC

Depth (m)

107
ML MDB ABFST

Eig.4.13. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Normative mineral composition of the Cu-Fe-sulfide phase. Fields from bottom
edge to the top edge: cp = chalcopyrite (black), py = pyrite (white), po -
pyrrhotite (dotted). The Cu-Au ore is located roughly between 70 and 80 metres
on both sides of black shist (marked by lines). Abbreviations in rock type
legend: ABFST = albite felsite, ML = black schist, MDB = metadiabase.

pyrite/(pyrrhotite+pyrite) (=py/(py+po)) ratio reaches its maximum
( py/(py-po)—I ) and ratio lowers towards the centre of the vein as
well as towards the black shist ( py/(py+po)->() ). The ore is
located in normative pyrite content minimum next to pyrite content
maximum.

Chalcopyrite content correlates chiefly with pyrrhotite content.
In almost all pyrite minimums chalcopyrite content in sulfide phase
increases.
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Fig. 4.14. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Normative pyrite/(pyrite+pyrrhotite) (py/(py+po)) ratio presented as a function
of depth. The Cu-Au ore is located roughly between 70 and 80 metres on both
sides of black shist (marked by lines). Abbreviations: ABFST = albite felsite,
ML = black schist, MDB = metadiabase.

4.5 Summary of the features adjacent to the ore

The gold-copper ore C2 is hosted by albitic felsite, with abnornal
immobile element ratios:

A1203/Ti02 - 20
A1203/Cr203 = 400
Zr02/Cr203 = varies strongly 0.01-0.02

Ore hosting albitic felsite envelopes black shist and the ore is
situating 10 m from the contact of wide (about 10 m) metadiabase
vein and 3 m from the contact of narrow metadiabase portion (< 1 m)
identified according to immobile element ratios, high Ti02, Cl and
p2°5

Au is correlating clearly with Cu, U and Mo and weakly with
chalcophile elements (SFE's).
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The ore hosting albitic felsite differs from barren albitic felsite
in mineral composition only slightly. "Ground mass" is composed of
albite, quartz and rutile in both albitic felsites, but the amount
of crosscutting veins increase and their composition change towards
the ore:

the amount of carbonate (dolomite) increases (varies widely)
the amount of chalcopyrite increases dramatically
the dominant iron sulfide changes from pyrite to pyrrhotite
magnetite becomes as stable mineral with chalcopyrite, pyrrhotite
and pyrite
the amount of normative quartz is abnormally high in the ore
the amount of Al carried by amphibole and phlogopite increases in

albitic felsites towards the ore
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5 CU ORE C3

5.1 Introduction

C3-ore is situated south from the C2-ore (Fig. 2.1). It is also an
example of the copper ore type of Bidjovagge deposit (Bjårlykke et
al., 1991; Ekberg & Sotka, 1991).

The rock types in drill hole S144F of C3-ore are mainly black
schists and albitic felsites (Appendix 2a). In the beginning cf
the drill hole there are also metadiabases (not shown in Legends
of the Figures), which are partly mixed with albitic felsites. The
Au mineralisation is hosted by albitic felsite. Rock type
intervals and data on samples in each interval are given in Table
5 1

Table5.1. Listof thesamplesof C3-ore.

5.2 Chemistry

XRF-analyses are presented in Figs. 5.1-5.6, where the ratios of
immobile elements and element concentrations have been presented as
a function of depth in drill hole. Roughly estimated approximate
values are given in Table 5.2, where the content of CO2 has been
regarded as a reference element.

Table5.2 AveragechemIcalcompositionof differentrocktypesin 03-ore.

_ S' :-1122
s SO2

A1203/Ti02-ratio of true albitic felsites (Fig. 5.1) is
approximately 18 (Table Y), which is clearly less than the ratio in
the C2 ore and given by Lamberg & Hautala (1990) for albitic
felsites. At the end of the drill hole S144F (between 125-160 m)
the same ratio decreases sharply to the values usually
characterizing metadiabases (average ratio about 5) (Fig. 5.1).
This sharp change in ratios (also seen in A1203/Cr203- and
Ti02/Cr203-diagrams) indicate the location of the original contact
of two different rock types. In the drill core log (Appendix 2a)
rock type from 131 m to the end of the drill hole is called albitic
felsite/metadiabase and in this report the name metadiabase is used
for the rock unit from 135 metres to the end of the drill hole.
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A1203/Cr203 ratio changes from about 500 in albitic felsite to 2500
in metadiabase and Ti02/Cr203 ratio from 20 to about 500,
respectively.

Ti02 shows similar trends as immobile element ratios. The content
is 0.2-1 wt.% in albitic felsites with varying 002 content (Table
5.2). Again the highest Ti02 content at the end of drill hole
(about 2.4 wt.%) points out the change in rock type to metadiabase.
P205 is also higher in metadiabase as well as Cl, which varies
quite widely, however, both in albitic felsite and metadiabase. Cl
content decreases in the end of the drill hole to values typical
for albitic felsite (0.01-0.02 wt.%). Cr203 content is lower in
the metadiabase than in the albitic felsite (< 0.01 vs. 0.025 wt.%,
respectively).

Au ore is located between 118 and 122 metres hosted by albitic
felsite, the content of Au being approximately 14 ppm with low
value of 002 (3 wt.%) (Table 5.2) (Fig. 5.6). The Au ore has
slightly lower A1203/Ti02 ratio than albitic felsites being about
14. Like in the case of C2-ore, the mineralization here is
characterized only by having higher Cu and Au contents compared
with barren albitic felsite.

Similar correlations as in the 02 ore can also be found hetween
main elements in C3 ore (see correlation matrix and rotated factor
matrix in Appendices 2c and 2d). Immobile and silicate forming
(albite + quartz) elements Si, Ti, Al, Cr, Zr, Na (IS elements or
ISE's) are behaving sympathetically and have negative correlation
with carbonate forming elements (CFE's) C, Mn, Ca, Mg. Phlogopite
forming elements K, Rb and Ba (PFE's) are grouped together in
factor F4. Sulfide forming chalcophile elements (SFE's) Fe, Cu,
Ni, Co, S and As are grouped with Au and Ta in factor F3. Au and
Cu have rather high positive loadings in factor F3 (Au: 0.70; Cu:
0.80). Fe0, Ni, Co, S, As and Ta are in the same factor with
strong positive loadings but correlation coefficient is higher for
Cu - Au (0.66) compared to above mentioned elements in the same
factor.

Co/Ni ratio (Fig. 5.7) increases towards the contact of albitic
felsite and metadiabase from the value of 0.5 (< 100 m) to greater
than 4 (125 m). In metadiabase Co/Ni decreases again. Some
interesting features can be noted in relations of Cl and Co/Ni
ratio. They have negative correlation but maximums are located
next to each other. In other words, as soon as Co/Ni ratio
decreases from its maximum, Cl reaches its maximum.
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Fig. 5.1. Bidjovagge, C3-ore, drill hole S1448 (rock type legend simplified).
Ratios of immobile elements as a function of depth. The location of Cu-Au ore
marked by a line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB
= metadiabase.
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Fig. 5.2. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Ratios of immobile elements as a function of depth. The location of Cu-Au ore is
marked by a line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB
= metadiabase.
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Fig. 5.3. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MOB =
metadiabase.
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Fig. 5.4. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.
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Fig. 5.5. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.
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Fig. 5.6. Bidjovagge, C3-ore, drill hole 5144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.
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Fig. 5_7. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.
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Fig. 5.8. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Named elements as a function of depth. The location of Cu-Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.
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Fig. 5.9. Bidjoyagge, C3-ore, drill hole 5144F (rock type legend simplified).
Hamed elements as a function of depth. The location of Cu-Ap ore is marked ny a
line. Ahbreviations: ABFST = albite felsite, ML = black schist, MDB =
metadiabase.

I 5.3 Petrography

For the petrographical study nine samples from the drill hole S144F
were selected from the interval of 95.5 to 152.6 metres. Summary on
the mineral composition of the samples is given in Table 5.3.

Three samples (95.5 m, 119.2 m and 120.5 m) are classified as
albitic felsites. The groundmass is composed of fine grained
albite and quartz grains. Rutile is common accessory. Grain size
is typically about 10 pm.

Albitic felsites are cut by numerous veins, which are much coarser
than the host rock (400 pm versus 10 pm, respectively). Mineral
composition in the veins varies (minerals in the order of
abundance):
qtz-crb-ab-cp-po-bt-py-tour-apa-sca±ru (95.5 m)
crb-po-cp-ab-qtz-bt-tour-py-chl-ilm-mt (Au ore) (119.5 m)
crb-af-cp-po-qtz-bt-mt-ab-py-chl±ilm (Au-ore) (120.5 m)

Comparing sample 95.5 m (away from the ore) to the ore samples
119.5 m and 120.5 m some differences can be seen:
veins are more numerous in ore samples

111



OUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE 03 / 37

Table5.3. Sumnary on the petrographical study on Bidjovagge C3 ore samples,
drill hole SI44F. Abbreviations for the rock types and minerals are given in
section 3. Minerals are given in the order of abundance. In column oab (pm) the

average diameter of albite is given in micrometres; if two values are given, the
first is for groundmass and the second for veins. Ind:a(02) = indicative
minerals for oxygen activity (fugasity) determination, Ind:pH = indicative

minerals for pH determination.

the amount of carbonate(s) and sulfides is higher in the ore
magnetite is abundant in cre samples
titanium is carried by rutile in albitic felsite sample 95.5 m
(far from the ore). In the ore samples rutile is rare and
titanium is carried by ilmenite (and magnetite)
pyrrhotite is almost only Fe-sulfide mineral in the ore samples,
pyrite is minor sulfide

Chalcopyrite, pyrrhotite, pyrite, magnetite and ilmenite occur all
as stable minerals (all in contact with each other) in the ore
samples.

Samples 104.4 m, 106.4 m and 109.3 m are named as carbonate rocks.
They are composed mainly of carbonate(s), albite, chalcopyrite and
pyrrhotite. Biotite, chlorite, pyrite, magnetite and ilmenite
occur as accessories. The grain size varies from 70 pm to 0.8 rn.
Albite is typically sub- to euhedral and quite coarse (O = 0.6 mm).

Metadiabase samples (130.7 m, 141.5 m and 152.6 m) are composed of
albite and carbonate plus biotite, amphibole, chlorite, pyrrhotite,
chalcopyrite, ilmenite, quartz and pyrite plus minor magnetite (not
in sample 152.6 m). In sample 152.6 m pyrrhotite is partly
replaced by pyrite. Grain size is typically about 0.6 mm.
Sulfides occur as veinlets or dissemination filling albite
interstices. Amphibole occurs in veins with carbonate and
sulfides, which occur also in the host rock. Metadiabase doesn't
change notably in mineral composition or in texture when the ore is
approached. Only amphibole and magnetite contents in diabase seem
to increase towards the ore.

ele

119.3 CRE-R;
A,YS:

1 1:9.7 AB:5-
;!CE:

AE:S"

lie

603 db,P2 .3Y



OUTOKUMPU MINING SERVICES Report

I Geoanalytical Laboratory
074/Bidjo, ore types/PPL,PT/1991

Lamberg & Toikkanen 23.8. 1991 CU ORE C3 / 38

5.4 Normative mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses. In
Fig. 5.10 a carbonatization diagram (see calculation and plotting
basis in the section 3 or Lamberg & Hautala, 1990) is presented,
which shows that the most likely carbonate species is dolomite in
03 ore. In albitic felsites Ca+Mg=C, but in metadiabase the degree
of carbonatization ranges from low values (C<Ca+Mg) to high values
(C>Ca+Mg). In samples containing more than 15 % 002 also some iron
is probably bound in carbonate(s) (i.e. 100-110 m, 115-119 m and
140- m). However in calculating normative mineral composition all
carbon was assumed to form dolomite.

(m)

:ABFSTML MDE

Fig. 5.10. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(Ca+Mg+Fe)), lines from bottom edge: calcite (Ca/(Ca+Mg+Fe)), calcite +
magnesite (Ca+Mg/(Ca+Mg+Fe)) and calcite+dolomite+siderite (=100). For more
details see text. Named elements as a function of depth. Abbreviations: ABFST =
albite felsite, ML = black schist, MDB = metadiabase.

Normative mineral composition was calculated using schedule
introduced in section 3. The result is given in Appendix 2f. In
Fig. 5.11 the normative mineral composition of the samples is
presented as cumulative XY-diagram, where depth is placed in
X-axis. Normative mineral composition is in agreement with
petrography.
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Metadiabase and albitic felsite do not differ notably in normative
mineral composition from each other. Dolomite content increases in
contact from less than 10 % to more than 30 %. The dolomite
content, however, varies widely in the albitic felsite.

Fig.5.11. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Normative mineral composition. The location of Cu-Au ore is marked by a line.
Fields from lower edge to the top edge: phl = phlogopite (white), af = amphibole
(cross hatched), dol = dolomite (white), ab = albite (dotted), qtz = quartz
(white), sulf's = sulfides (chalcopyrite + pyrrhotite + pyrite) (black). For
more details see text. Abbreviations in rock type legend: ABFST = albite
felsite, ML = black schist, MDB = metadiabase.

Normative aluminium carrier diagram (Fig. 5.12) shows some
additional features. Scapolite becomes an important Al carrier in
metadiabase from 130 metres on. The contact with albitic felsite
and metadiabase can't, however, be seen in the Al carrier diagram.
Albite bears more than 95 % of aluminium both in the albitic
felsite and in the metadiabase near the contact. Similar ratios of
the Al carrier minerals can be observed in albite felsites in the
beginning of the section (85 m, and about 90 m). In albitic
felsites with high CO2 albite carries only 20-50 % of alumium.
Scapolite is important Al bearing mineral in these rocks.

Normative mineral composition of Fe-Cu-sulfide phase is shown in
Fig. 5.13. Pyrrhotite is the most abundant sulfide mineral in
albitic felsites and in metadiabase far from the contact of these
rock types. Towards the contact the amount of pyrite increases,
which can be seen clearly in Fig.5.14, where
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Fig. 5.12. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Normative aluminium carrier diagram. The location of Cu-Au ore is marked by a
line. Fields from bottom edge to the top edge: phl = phlogopite (white), af =
amphibole (black), sca = scapolite (white) and ab = albite (dotted).
Abbreviations in rock type legend: ABFST = albite felsite, ML = black schist, MDB
= metadiabase.

pyrite/(pyrite+pyrrhotite) ratio is plotted as a function of depth.
Cu-Au ore can be seen by the increase of normative chalcopyrite
content in the sulphide phase. Gold-copper ore is located in the
albitic felsite where py/(py+po) changes from pyrrhotite dominant
assemblage to pyrite dominant assemblage in the contact between
albitic felsite and metadiabase.
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Fig. 5.13. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Normative mineral composition of the Cu-Fe-sulfide phase. The location of Cu-Au
ore is marked by a line. Fields from bottom edge to the top edge: cp =
chalcopyrite (black), py = pyrite (white), po = pyrrhotite (dotted).
Abbreviations in rock type legend: ABEST = albite felsite, ML = black schist, MDB
= metadiabase.
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Fig. 5.14. Bidjovagge, C3-ore, drill hole S144F (rock type legend simplified).
Normative pyrite/(pyrite+pyrrhotite) (py/(py+po)) ratio presented as a function
of depth. The location of Cu-Au ore is marked by a line. Abbreviations: ABFST =
albite felsite, ML = black schist, MDB = metadiabase.

5.5 Summary of the features adjacent to the ore

Au ore is located between 118 and 122 metres hosted by albitic
felsite close to the contact between albitic felsite and
metadiabase (about 125 m). Au content in the ore is approximately
14 ppm. The Au ore has slightly lower A1203/Ti02 ratio than
albitic felsites being about 14. Gold shows positive correlation
with sulfide forming chalcophile elements (SFE's) Fe, Cu, Ni, Co, S
& As and with Ta.

The veins in albitic felsites becomes more abundant towards the
ore. Mineral composition of the veins in albitic felsites changes
towards the ore by the increase of carbonate(s) and sulfides.
Magnetite and ilmenite become stable mineral with sulfides,
chalcopyrite content increases and dominant Fe-sulfide changes from
pyrrhotite to pyrite.

The mineral composition of metadiabase changes towards the ore by
(1.) the increase of scapolite content which is towards the contact
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followed by (2.) the dissappearance of scapolite and (3.)
simultaneous change in dominant iron sulfide from pyrrhotite to
pyrite.
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6 CU ORE 04

6.1 Introduction

04-ore of the copper ore type has recently been found at Bidjovagge
(Ekberg, 1991, pers. comm.). It differs from other ore types by
its location in metadiabase. In further drilling the 04 ore proved
out, however, to be small and thus subeconomic.

The rock types in drill hole S154B of C4-ore are mainly black
schists with few thinner graphite-rich parts intruded by
metadiabases (Appendix 3a). A thin part of albitic felsite is also
encountered at the end of the drill hole. The Au mineralization is
hosted by metadiabase. Rock type intervals and samples in each
interval are shown in Table 6.1.

Table6.1. List of the samples of C4-ore.

6.2 Chemistry

XRF-analyses are presented in Figs. 6.1-6.8, where the ratios of
imnobile elements and element concentrations are presented as a
function of depth. Roughly estimated approximate values are given
in Table 6.2, where the content of 002 has been regarded as a
reference element.

Table 6.2 Average chemical composition of different rock types in C4-ore.
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A1203/Ti02-ratio of albitic felsites (Fig. 6.1) is approximately 28
(Table 6.2), which is slightly higher than the ratio in 02 and 03
ores and given by Lamberg & Hautala (1990) for albitic felsites.
The ratio for metadiabase is about 5 (Table 6.2). Also other
immobile element ratios show familiar values for both rock types.
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A1203/Cr203 is about 4500 in metadiabase versus 500 in albitic
felsite, Ti02/Cr203 values are 900 and < 50 in albitic felsites and
Zr02/Ti02 ratio 0.04 vs. 0.01, respectively.

Some peculiar features are observed in immobile element ratio
diagrams. Rock type between 60 and 82 metres is named as
metadiabase, but immobile element ratios indicate that it would
rather be an albitic felsite than a metadiabase. P205, Ti02, Cr203
and Cl imply the same, although high Cl content in the beginning of
the section (60-65 m) display values typical for metadiabase. Also
according to similar observations it seems that in between
metadiabase and black shist (118-120 metres) there is thin albitic
felsite intercalation.

Au mineralization located between 102 and 110 metres shows variable
immobile element ratios. A1203/Ti02 and Zr02/Ti02 ratios indicate
metadiabase host, whereas A1203/Cr203 and Ti02/Cr201 indicate
rather albitic felsite host. Other indicative elements Ti02,
Cr203, P205 and Cl show intermediate values. As a conc2usion it
seems that Au mineralization is hosted by mixture a of albitic
felsite and metadiabase. Au content is approximately 1; ppm (Fig.
6.6). Like in the cases of C2- and C3-ores the mineralization here
is best characterized by having higher Cu content (3 wt.%) compared
to barren metadiabase (0.05 wt.%).

The relationships observed between elements in C2 and C3 ores can
be seen also in C4 ore (see correlation matrix in Appendix 3c and
inverted factor matrix in Appendix 3d). Immobile and silicate
forming elements (ISE's) are grouped together and they have a
negative correlation with carbonate forming elements (CFE's).
Again, phlogopite forming elements (PFE's) K, Rb, Sr and Ba are
behaving similarly as well as chalcophile sulfide forming elements
(SFE's), which form clearly a group of their own.

Factor analysis shows again a correlation between Cu and Au. They
both have rather strong positive loadings in factor F5 (Au: 0.93;
Cu: 0.94). Correlation coefficient is 0.89 between the same
metals.

Co/Ni ratio forms trend opposite to Cl, as stated also in C2 and C3
ores. Highest Au and Cu content coincide with Co/Ni maximum in the
central part of the metadiabase sheet.
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Fig. 6.1. Bidjovagge, C4-ore, drill hole S1548 (rock type legend simplified).
Ratios of immobile elements as a function of depth. Cu-Au mineralization is
located between 102 and 110 metres (marked by a line). Abbreviations: ABFST =
albite felsite, ML = black schist, MDB = metadiabase.
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Fig. 6.2. Bidjovagge, C4-ore, drill hole 51548 (rock type legend simplified).
Ratios of immobile elements as a function of depth. Cu-Au mineralization is
located between 102 and 110 metres (marked by a line). Abbreviations: ABFST =
albite felsite, ML = black schist, MDB = metadiabase.



OUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore typesPRL,FT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE C4 / 48

11P 1
11.1

.1"

Fig. 5.3. Bidjovagge, C4-ore, drill hole S1548 (rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located beten
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDB = metadiabase.
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Fig. 6.4. Bidjovagge, C4-ore, drill hole S1548 (rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located between
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDB = metadiabase.
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Fig. 6.5. Bidjovagge, C4-ore, drill hole S1548 (rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located between
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDR = metadiabase.
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Fig. 6.6. Bidjovagge, C4-ore, drill hole 5154B (rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located between
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDB = metadiabase.
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Fig. 6.7. Bidjovagge, C4-ore, drill hole 515413(rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located between
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDB = metadiabase.
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Fig. 6.8. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Named elements as a function of depth. Cu-Au mineralization is located betv:een
102 and 110 metres (marked by a line). Abbreviations: ABFST = albite felsite, ML
= black schist, MDB = metadiabase.



OUTOKUMPUMININGSERVICES Report
GeoanalyticalLaboratory 074/Bidjo,ore types/PPL,PT/1991
Lamberg& Toikkanen 23.8.1991 CU ORE C4 / 54

6.3 Petrography

For the petrographical study twenty samples from the drill hole
S154B were selected from the interval of 60.6 to 157.8 metres.
Summary on the mineral composition of the samples is given in Table
6.3.

Sixteen samples (60.6 m, 98.5 m, 100.5 m, 102.5 m, 103.5 m, 104.5
m, 105.5 m, 107.5 m, 108.5 m, 109.5 m, 110.5 m, 112.5 m, 114.5 m,
115.5 m, 116.5 m, 117.5 m) are named as metadiabase. Albite is the
main mineral in all metadiabase samples. Other common main
minerals are amphibole, scapolite, biotite and carbonate. Rutile,
ilmenite, chlorite, titanite occur as accessories. Pyrrhotite,
chalcopyrite and pyrite are the sulfides.

Metadiabase situating far away from the Au-ore (60.6 m) is composed
of albite, biotite, amphibole, scapolite (main minerals), chlorite,
ilmenite and pyrite (accessories). Scapolite occurs as large
anhedral grains (O = 4 mm) enclosing numerous albite, biotite,
amphibole, ilmenite and pyrite grains, but not carbonate(s). Also

amphibole occurs as anhedral grains of about 1 mm in diameter
enclosing albite, biotite and carbonate grains. Carbonate vein
with minor amphibole, albite and pyrite cuts the rock

In sample 102.5 carbonate rock is in contact with metadiabase rich
in albite and scapolite. In between these rock types a very coarse
grained (4)= 7 mm) amphibole-sulfide (cp-po-py) rock can be found.

Towards the ore the mineral composition of metadiabase changes:
albite content increases
grain size of albite decreases from 1800 pm via 300 pm (in

metadiabase) to 10 pm in albitic felsite sample 106.5 pm
amphibole content decreases. In the ore Ca is carried by
carbonate(s) and aluminium & sodium by albite
scapolite disappears

Three samples (76.3 m, 106.5 m and 157.8 m) are classified as
albitic felsites. Thus chemical features, which showed the
possibility of the rock units between 65 and 80 metres & 106 and
108 metres to be albitic felsites, are justified. The groundmass
of albitic felsite is composed of fine grained albite and quartz
grains. Rutile (in samples 106.5 m and 157.8 m) or ilmenite (in
sample 60.6 m) is a common accessory. Grain size is typically
about 10 pm.

Albitic felsites are cut by numerous veins. Grain size is much
coarser in the veins than in the host rock (>100 pm versus 10 pm,
respectively). The mineral composition in the veins varies
(minerals given in the order of abundance):
crb-ab-qtz-po-cp-ilm±ru (in sample 76.3 m)
ab-crb-po-cp-chl-bt-py-ru-bt-tit-(relic af, totally altered to
chl) (in Au-ore sample 106.5 m)
ab-bt-qtz-py-cp-sca-po±ru (no crb) (in sample 157.8 m)

In the Au-ore sample 106.5 m (albitic felsite) rutile occurs as
small grains (cl)= 110 pm) in clusters of about 1.5 mm in diameter.
In the clusters tens of rutile grains ± albite, carbonate, quartz
and titanite are enclosed by chlorite (alteration product of
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Table6.3. Summary on the petrographical study on Bidjovagge 04 ore samples,
drill hole S1548. Abbreviations for rock types and minerals are given in section
3. Minerals are given in the order of abundance. In column i;a1)(pm) the average

diameter of albite in micrometres is given; if two values are given the first is
for groundmass and the second for veins. Ind:a(02) = indicative minerals for
oxygen activity (fugasity) determination, Ind:pH = indicative minerals for pH

determination.

amphibole [or scapolite ?]). Clusters are located in vein(s) and
they have relic outlines of ilmenite. Thus rutile is an alteration
product of ilmenite located in vein.

Carbonate rock sample 118.5 m is composed of carbonate(s), albite,
pyrrhotite, chalcopyrite and some pyrite & paragonite. Grains are
coarse, carbonate(s) up to 6 mm and albite up to 3 mm in diameter.
No oxides were found in the carbonate rock.
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6.4 Mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses. In
Fig. 6.9 a carbonatization diagram (see calculation and plotting
basis in the section 3 or Lamberg & Hautala, 1990) is presented.
In the albitic felsites in the beginning of the drill hole (between
about 70-85 metres) and in the ore all Ca and Mg are bonded in
carbonate, which is - according to atomic ratio Mg/Ca equating
unity - dolomite. In the netadiabase and in the albitic felsite in
the end of the drill hole (> 157 m) Mg and Ca are carried also by
other minerals.

Dc-pth(m)

MDS 48cE7

Fig. 6.9. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Carbonatization djagram, dotted field = the degree of carbonatization
(C/(Ca+Mg+Fe)), lines from bottom edge: calcite (Ca/(Ca+Mg+Fe)), calcite +
magnesite (Ca+Mg/(Ca+Mg+Fe)) and calcite+dolomite+siderite (=100). Cu-Au
mineralization is located between 102 and 110 metres (marked by a line). More
details see text. Abbreviations: ABFST = albite felsite, ML = black schist, MDB
= metadjabase.

Normative mineral composition was calculated using schedule
introduced in section 3. The result is given in Appendix 3f. In
Fig. 6.10 the normative mineral composition of the samples is
presented as cumulative XY-diagram, where depth is placed in
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X-axis. Normative mineral composition is in agreement with
petrography, except for chlorite, which shows too small contents
(because of calculation basis, see section 3).

LI

Fig. 6.10. Bidjovagge, C4-ore, drill hole 5154B (rock type legend simplified).
Normative mineral composition. Cu-Au mineralization is located between 102 and
110 metres (marked by a line). Fields from lower edge to the top edge: phl -
phlogopite (white), af = amphibole (cross hatched), dol = dolomite (white), ab -
albite (dotted), qtz = quartz (white), sulf's = sulfides (chalcopyrite +
pyrrhotite + pyrite) (black). For more detalls see text. Abbreviations in rock
type legend: ABFST = albite felsite, ML = black schist, MDB = metadiabase.

Metadiabase and albitic felsite are almost similar in normative
mineral composition (Fig. 6.10). Scapolite content is clearly
higher in metadiabase (Appendix 3f and Fig. 6.11), as well as
amphibole content. In metadiabases significant amount of aluminium
is carried by amphibole, phlogopite and scapolite. In albitic
felsites aluminium is mainly carried by albite.
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Fig. 6.11. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Normative aluminium carrier diagram. Cu-Au mineralization is located between 102
and 110 metres (marked by a line). Fields from bottom edge to the top edge: phl
- phlogopite (white), af = amphibole (black), sca = scapolite (white) and ab =
albite (dotted). Abbreviations in rock type legend: ABFST = albite felsite, ML =
black schist, MDB = metadiabase.

Au-Cu mineralization can be seen in Al carrier diagram (Fig. 6.12)
by decreasing scapolite and phlogopite contents to zero. In Al
carrier diagram the mineralization shows clearly an albitic
felsite-like composition. It differs from barren albitic felsites
by low phlogopite content.
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Fig.6.12. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Normative mineral composition of the Cu-Fe-sulfide phase. Cu-Au mineralization
is located between 102 and 110 metres (marked by a line). Fields from bottom
edge to the top edge: cp = chalcopyrite (black), py = pyrite (white), po =
pyrrhotite (dotted). Abbreviations in rock type legend: ABFST = albite felsite,
ML = black schist, MDB = metadiabase.

Normative mineral composition of Cu-Fe-sulfide phase is shown in
Fig. 6.13. Au-Cu mineralization is characterized by high normative
chalcopyrite content as well as symmetric variations in the ratios
of Fe-sulfides. In the contact between metadiabase and black shist
(proposed albitic felsite between 118 and 120 metres) the dominant
iron sulphide is pyrite changing to pyrrhotite inwards the sheet,
but being again pyrite in the ore.
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Fig. 6.13. Bidjovagge, C4-ore, drill hole S1548 (rock type legend simplified).
Normative pyrite/(pyrite+pyrrhotite) (py/(py+po)) ratio presented as a function
of depth. Cu-Au mineralization is located between 102 and 110 metres (marked by
a line). Abbreviations: ABFST = albite felsite, ML = black schist, MDB
metadiabase.

6.5 Summary of the features adjacent to the ore

Cu-Au mineralization is located between 102 and 110 metres hosted
by mixture of albitic felsite and metadiabase according to the
ratios of immobile elements and other chemical features, namely Cl,
Cr, Ti and P contents. Au content is approximately 11 ppm. Cu and
Au show strong positive correlations (r=0.89).

Co/Ni ratio forms a trend opposite to Cl, as stated also in C2 and
C3 ores. Highest Au and Cu content coincide with Co/Ni maximum in
the central part of metadiabase sheet.

According to petrographical observations the mineral composition of
metadiabase changes towards the ore by the following way:

albite content increases
grain size of albite decreases from 1800 pm via 300 pm (in

metadiabase) to 10 pm in albitic felsite sample 106.5 pm
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amphibole content decreases
scapolite disappears

Au-ore sample 106.5 m is classified also according to petrographic
observation as albitic felsite.

Ratios of normative Al carriers change towards the ore. Scapolite
and phlogopite contents decrease to zero.

Au-Cu mineralization is characterized by high normative
chalcopyrite content as well as symmetric variations in the ratios
of Fe-sulfides, which change from pyrite in the metadiabase -
albitic felsite / black shist contact via pyrrhotite in the inner
part of the metadiabase sheet again to pyrite in the central part
of the metadiabase sheet, which is composed of albitic felsite.



OUTOKUMPO MINING SERVICES
Geoanalytical Laboratory
Lamberg & Toikkanen

Report
074/Bidjo, ore types/PPL,P7/1991
23.8. 1991 Au ORE E / 62

7 Au ORE E

7.1 Introduction

E-ore is a representative of the gold ore type of Bidjovagge
deposit (Bjärlykke et al., 1991; Ekberg & Sotka, 1991). It is
located about 1 km to north from C-ores as shown on the map in
Figure 2.1. Gold ore type is characterized by having less
sulphides than copper ore type, mainly pyrrhotite and pyrite, also
minor chalcopyrite (0.1-0.5 % Cu), and having tellurides, davidite
and gold (5-20 g/t Au) (Ekberg & Sotka, 1991).

Rock types of the drill hole N20E are mainly albitic felsites with
few thin and highly carbonatized parts. These are intruded by
metadiabase dykes at the top and bottom of the drill hole (Appendix
4a). The Au mineralization is hosted by albitic felsite. Rock type
intervals and the samples in each interval are shown in Table 7.1.

Table 7.1. List of the samples of E-ore.

59-8i

93.0-149.C.

169.9, 185.9
:89.=

7.2 Chemistry

XRF-analyses are presented in Figs. 7.1-7.9, where the ratios of
immobile elements and element concentrations have been presented as
a function of depth in the drill hole. Roughly estimated
approxinate values are given in Table 7.2, where the content of 002
has been regarded as a reference element.

Table 7.2 Average chemical composition of different rock types in E-ore.
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A1203/Ti02-ratio of albitic felsites (Fig. 7.1) is approximately 25
(Table 7.2). The same ratio for metadiabase is 15, which is
clearly higher than typical values in C2, 03 and 04 ores and given
by Lamberg & Hautala (1990) for metadiabases. Also other contents
for immobile element ratios and characteristic elements show
intermediate values between typical albitic felsite and metadiabase
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for metadiabase in the end of the drill hole (211-219 m). In this
study, however, only one metadiabase sample was included (Table
7.1).

Au mineralization is located between 190 and 200 metres hosted by
albitic felsite of A1203/Ti02 ratio about 20. Au content is
approximately 1.5 ppm (Table 7.2) (Fig. 7.6). The mineralization
is best characterized by having higher Cu content (2 wt.%) compared
to barren albitic felsite (0 wt.%). Also the content of vanadium
seems to be higher in the mineralized part (0.04 wt.%) than in
barren albitic felsite (0.02 wt.%) (Fig. 7.5).

Elements show similar affinities as in the C ores stated befcre.
Immobile and silicate-forming (ab + atz) elements (ISE's) behave
identically and have negative correlation with carbonate-forming
elemants (CFE's). Phlogopite-forming elements (PFE's) K, Ba and Rb
are grouped together. Chlcride is accompanied with CFE's. Th and
Ce have positive correlation with ISE's. U and Mo resembles SFE's.
Au has much similarities with SFE's especially with Cu (r=0.69) and
Pb (r=0.53).
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Fig. 7.1. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Ratios of finrobileelements as a function of depth. The location of Au ore is
marked by a line. Abbreviations: ABFST = albite felsite, KRB = rock rich in
carbonate, MOB = metadiabase.
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Fig. 7.2. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Ratios of inniohijeelements as a function of depth. The location of Au ore is
marked by a line. Abbreviations: ABFST = albite felsite, KRB = rock rich in
carbonate, MOB = metadiabase.
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Fig. 7.3. Bidjoyagge, E-ore, drill hole N20E (rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreylations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB
metadiabase.
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Fig. 7.4. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MOB
metadiabase.
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01.

Fig. 7.5. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB
metadiabase.



OUTOKUMPU MINING SERVICES
Geoanalytical Laboratory
Lamberg & Toikkanen

Report
074/Bidjo, ore types/PPL,P7/1991
23.8. 1991 Au ORE E / 69

am.

mg-m

Eig. 7.6. Bidjovagge, E-ore, drill hole II208(rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MOB
metadiabase.
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Fig. 7.7. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
lamed elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB
metadiabase.
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Fig. 7.8. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB
metadiabase.
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Fig. 7.9. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Named elements as a function of depth. The location of Au ore is marked by a
line. Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB
metadiabase.
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7.3 Petrography

For the petrographical study eight samples from the drill hole N20E
were selected from the interval of 46.5 to 195.4 metres. Summary on
the mineral composition of the samples is given in Table 7.3.

Seven samples (46.5 m, 62.5 m, 106.6 m, 165.5 m, 185.5 m, 189.5 m
and 195.4 m) are named as albitic felsites. Albite forms with
quartz the fine grained (c)= 10 pm) groundmass of albitic felsites.
Rutile is common accessory. Biotite is an accessory mineral in the
sample 46.5 m.

Ground mass is cut by numerous veins of about 0.4 mm in width.
Grains are much coarser in the veins than in the groundmass. Veins
are not always continuous but vein minerals can be found in the
groundmass as coarse grained lenses or eyes. Mineral composition
in the veins varies from sample to sample (list of minerals given
in the order of abundance):
af-crb-ab-qtz-tit (46.5 m)

- af-bt-crb-qtz-ab-ru-py-cp (62.5 m)
qtz-ah-chl-(rare py & ilm) (106.6 m)
crb-af-ah-tit-ru-bt-ilm-py (165.5 m)
crb-py-bt-af-qtz-ab-ru-ilm-pa (near the ore) (185.5 m) quartz and
albite rims the vein and their grain size is coarser than in the
groundmass (100 pm vs. 10 pm, respectively)
py-qtz-(minor pa-chl-af-ilm-ru±mt) (189.5 m)
py-cp-bt-crb-ah-ilm-qtz-mt-chl-pa (Au-ore) (195.4 m)

Towards the ore the mineral composition of the veins changes:
amphibole dissappears
carbonate content increases
the amount of sulfides in the vein increases

In the Au-ore sample 195.4 m veins, veinlets and lenses are
composed mainly of pyrite, chalcopyrite, biotite, carbonate albite
and ilmenite. The grain size in vein is about 0.3 mm. In the
groundmass rutile is a common accessory.

Sample 140.6 m is named as carbonate rock. It is composed of
carbonate and pyrite. Grains are coarse, commonly more than 0.5 mm
in diameter. Some chalcopyrite inclusions can be found in pyrite.
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Table7.3. Suriparyon the petrographical study on Bidjovagge C4 ore samples,
drill hole S154B. Abbreviations for rock types and minerals are given in section
3. Minerals are given in the order of abundance. In column 4)ab(pn° the average
djameter of albite is given in micrometres; if two values are given the first is
for groundmass and the second for veins. Ind:a(02) = indicative minerals for
oxygen activity (fugasity) determination, Ind:pH = indicative minerals for pH
determination.
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7.4 Mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses
(Appendix 7). In Fig. 7.10 a carbonatization diagram is presented,
which shows that the most likely carbonate species in E ore are
calcite and dolomite. In most of the samples C equals with Ca
indicating rather calcite than dolomite. In some albitic felsite
samples poor in amphibole, however, C equals with Ca+Mg (Ca/Mg
ratio about 1) indicating dolomite. Ore shows interesting
features. Ca/Mg ratio is close to zero and C equals with Ca
showing that calcite is the most likely carbonate species in the
ore. Dolomite is of minor importance if present at all. In the
mineral composition calculations, however, all C is assumed to be
bound in dolomite affecting overestimation in amphibole conten (see
Appendix x).

Normative mineral composition of each sample was calculated using
the schedule introduced in Section 3 and given in Appendix x. The
result is given in Appendix 4f and in Fig. 7.10, which shows
cumulative percentages of each mineral as a function of depth.
Normative mineral composition is in agreement with petrography.

The normative mineral composition of albitic felsite varies widely.
Albite is always the main mineral. Amphibole content is typically
about 25 % but in ore and between 90 and 120 metres it decreases to
less than 5 %. Normative dolomite content is quite high between
130 and 190 metres but in other samples it is accessory. Quartz is
often absent. Sulfide content is quite low (10-20 %) in the ore
with respect to samples in the nearhood (about 190 metres)
containing about 40 % sulfides. Towards the metadiabase,
phlogopite content together with amphibole increases.
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Fig.7.10. Bidjovagge,E-ore,drill hole N20E (rocktype legendsimplified).
Carbonatizationdiagram,dottedfield= the degree of carbonatization
(C/(Ca+Mg+Fe)),linesfrom bottomedge:calcite (Ca/(Ca+Mg+Fe)),calcite+
magnesite (Ca+Mg/(Ca+Mg+Fe))and calcite+dolomite+siderite(=100). For more
details see text. The locationof Au ore is marked by a line. Abbreviations:
ABFST = albite felsite,KRB = rock rich in carbonate,MDB = metadiabase.

The ore does not differ by any specific way from barren albitic
felsites in normative mineral composition. Microscopically
observed decrease in the amphibole content towards the ore is
justified by normative mineral composition, but carbonate and
phlogopite contents do not show any significant increase towards
the ore.

Al-carrier diagram is shown in Fig 7.12. Albite is the dominant
Al-carrier in all samples. Amphibole becomes important in the
interval between 130 and 190 metres rich in CO2. Scapolite is
negligible. Phlogopite is of minor importance in albitic felsites
but towards metadiabase its amount as Al-carrier increases. Au ore
is characterized by high albite content (carrying more than 95 % of
aluminium) with low amphibole and phlogopite contents.
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Fig. 7.11. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Normative mineral composition. Fields from lower edge to the top edge: phl =
phlogopite (white), af = amphibole (cross hatched), dol = dolomite (white), ab =
albite (dotted), gtz = quartz (dnite), sulf's = sulfides (chalcopyrite +
pyrrhotite + pyrite) (black). For more details see text. The location of Au ore
is marked by a line. Abbreviations: AEFST - albite felsite, KRB = rock rich in
carbonate, MDB = metadiabase.

Normative mineral composition of the Cu-Fe-sulfide phase is shown
in Fig. 7.13. Ore is characterized by high chalcopyrite content
with low pyrite/(pyrite+pyrrhotite) ratio (Fig. 7.14). In albitic
felsites pyrrhotite is typically the dominant Fe-sulfide, but the
ore is rimmed by albitic felsites with pyrite clearly predominating
over pyrrhotite. Pyrite is the only Fe-sulfide in the metadiabase
sample.
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Fig. 7.12. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Normative aluminium carrier diagram. Fields from hottom edge to the top edge:
phl = phlogopite (white), af = amphibole (black), sca = scapolite (white) and ab
= albite (dotted). The location of Au ore is marked by a line. Abbreviations in
rock type legend: ABFST = albite felsite, KRB = rock rich in carbonate, MDB =
metadiahase.
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Fig. 7.13. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Normative mineral composition of the Cu-Fe-sulfide phase. Fields from bottom
edge to the top edge: cp = chalcopyrite (black), py = pyrite (white), po =
pyrrhotite (dotted). The location of Au ore is marked by a line. Abbreviations
in rock type legend: ABFST = albite felsite, KRB = rock rich in carbonate, MDB =
metadiabase.
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Fig.7.14. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).
Normative pyrite/(pyrite+pyrrhotite) (py/(py+po)) ratio presented as a function
of depth. The location of Au ore is marked by a line. Abbreviations: ABFST =
albIte felsite, KRB = rock rich in carbonate, MDB = metadiabase.

7.5 Summary of the features adjacent to the ore

E gold ore is located between 190 and 200 metres hosted by albitic
felsite having A1203/Ti02 ratio about 20. The ore lies about 15
metres from the metadiabase vein (211.5-219.0 m). Au content is
approximately 1.5 ppm (max 3.5 ppm). Vanadium with Cu and Pb show
strongest positive correlation with Au. Also SFE's with Mo and U
show weak positive correlation with Au.

Towards the ore the vein mineral composition in albitic felsites
changes:

amphibole dissappears
carbonate content increases
phlogopite content increases
the amount of sulfides in the vein increases

According to the carbonatization degree diagram (Fig. 7.10) calcite
is the most probable carbonate species in the section. In the ore
Mg content is so low with respect to C and Ca, that dolomite is of
minor importance if present at all. Calcite can explain alone C
and is the most likely species.
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The ore is located in pyrite/(pyrite+pyrrhotite) minimum ("a hole")
in the section. Generally pyrrhotite is predominating over pyrite
in albitic felsites but the ore is rimmed by albitic felsites rich
in pyrite. Ore itself is characterized by low pyrite/pyrrhotite
ratio. In the contact between metadiabase and albitic felsite
pyrite is again the only Fe-sulfide.
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8 Au-Te ORE K

8.1 Introduction

K-ore is located less than 1 km to north from E-ore, on the west
side of B-ore (Figure 2.1). It is a pure member of gold-telluride
ore type, which is similar in structure with the golg ore type, but
it has a different mineralogy. Gold occurs mainly as tellurides,
calaverite (AuTe2) being the dominant Au-carrier (Ekberg & Sotka,
1991).

Rock types of the drill hole N95F of K-ore are albitic felsites
intruded by diabase dykes (Appendix 5a). There are also a few
highly carbonatized parts within albitic felsite. Rock type
intervals and the samples in each interval are given in Table 8.1.

Table 8.1. LIstof the samplesof E-ore.
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8.2 Chemistry

XRP-analyses are presented in Figs. 8.1-8.6, where the ratics of
immobile elements and element concentrations have been presented as
a function of depth in drill hole. Roughly estimated approximate
values are given in Table 8.2, where the content of CO2 has been
regarded as a reference element.

Table 8.2 Averagechemicalcompositionof differentrocktypesin E-ore.

53 13 0.4 1

022 221
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A1203/Ti02-ratio of albitic felsites (Fig. 8.1) is again 25 with
fluctuating CO2 content (Table 8.2). The A1203/TiO2 ratio is
exceptionally high for metadiabase being 45 (CO2 = 8 wt.%). Note
that in C and E ore sections A1203/Ti02 ratio for metadiabase is
typically about 6. Carbonate rock and the ore have the same
A1203/Ti02 ratio as albitic felsites.
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Metadiabase can be distinquished from albitic felsites in addition
to its exceptional high A1202/Ti02 ratio (Fig. 8.1) by its

higher A1203/Cr202 ratio (Fig. 8.1),
higher Tio2/er203 ratio (Fig. 8.2)
higher K content (Fig. 8.4),
higher P content (Fig. 8.5),
higher Cl content (Fig. 8.7), and
lower Cr202 content (Fig. 8.5).

Ti02 content keeps rather steady from a rock type to another.

Au mineralization is located at 23 m and between 35 and 45 metres
hosted by albitic felsite, the content of Au being approximately 6
ppm with low value of CO2 (4 wt.%) (Table 8.2) (Fig. 8.6). Co/Ni
ratio is exceptional low in the ore with respect to other rock
types (Fig. 8.7). U, Ce and Te show exceptionally high
concetrations in the ore (Figs. 8.8-8.9). Also Mg0 content is
remarkably low with respect to barren albitic felsites.

The relationships between the elements are roughly the same as
observed in C and E ores. :rnmobileand silicate forming elements
(ISE's) are accompanied together and have negative correlation with
carbonate forming elements (CFE's) (F1). Phlogopite forming
elements (PFE's) (Rb, Sr, Ba and K) are grouped together with P and
Cl (F2). This element group (K, Cl, P, Ba, Sr, Rb with negative
correlation with Cr) points to metadiabase and is called
metadiabase association (MDBA). Sulfide forming elements (SFE's)
have strong positive correlation coefficients (especially Ni, Co,
Fe and S) and they are grouped together in factor F3 with positive
loadings. Gold is accompanied with Bi, Te and lesser degree with
U, Y and Ce (F4 & F6).

K ore differs from other ores by exceptional weak positive
correlation with Au and Cu (r=0.26) and high concetrations of Bi
and Te with strong positive correlations with Au. Also metadiabase
is extraordinary with high A1202/Ti02 ratio and high K20 content.
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Eig. 8.1. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Ratios of imoobile elements as a function of depth. The location of Au-Te ore is
marked by a line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB =
rock rich in carbonate.
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Fig. 8.2. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Ratios of immobile elements as a function of depth. The location of Au-Te ore is
marked by a line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB =
rock rich in carbonate.
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Fig. 8.3. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig. 8.4. Bidjovagge, K-ore, drill hole H95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig. 8.5. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig. 8.6. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig. 8.7. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = alhite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig. 8.8. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Fig.8.9. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
hamed elements as a function of depth. The location of Au-Te ore is marked by a
line. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.

8.3 Petrography

For the petrographical study eight samples from the drill hole N95F
were selected from the section between 10.5 and 61.6 metres.
Summary of the mineral composition of the samples is given in Table
8.3.

Four samples (20.5 m, 42.1 m, 53.5 m and 61.6 m) are albitic
felsites. Mineralogy and textrures of the groundmass are identical
to albitic felsites in other ores (02-, C3-, C4- and E-ore).
Polygonal albite and quartz plus accessory rutile grains (cip= 10
pm) forms the groundmass of albitic felsites. Numerous veins of
about mm in width cut the host rock (minerals given in the order of
abundance):

qtz-crb-po-py-bt-chl-cp-ru (20.5 m)
- qtz-cp-po-py-crb-ab-chl-ru-pa-ilm±mt (Au-ore, 42.1 m)
- af-crb-py-qtz-bt-ru-tit (53.5 m)
af-crb-py-qtz-ab-pa-bt-ru (61.6 m)
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In the Au-ore albitic felsite sample 42.1 m the main minerals in
the veins are quartz, chalcopyrite and pyrrhotite. Quartz grains
in the veins are coarse (4)up to 6 mm) and they got numerous small
(4)= 10 pm) albite ± quartz inclusions.

No clear change in the mineral composition of the veins can not be
found when the ore is approached. Some remarks, however, are
listed below.

chalcopyrite is the dominat sulfide in Au-ore and in other
samples it is Fe-sulfide (pyrrhotite or pyrite)
Fe-sulfide ratio pyrrhotite/pyrite changes from about 1 in 20.5 m

via 2 in Au-ore (42.1 m) to 0 in 53.5 m and in 61.6 m.

Table8.3. Swilmaryon the petrographical study en Bidjovagge C4 ore samples,
drill hole 51548. Abbreviations for rock types and minerals are given in section
3. Minerals are given in the order of abundance. In column eab (pm) the average
diameter of albite is given in micrometres; if two values are given the first is
for groundmass and the second for veins. Ind:a(02) = indicative minerals for
oxygen activity (fugasity) determination, Ind:pH = indicative minerals for pH

determination.

ReGrese-.ts rass . 2) Gcte:react's-s
cis

C R 'Yeas:
ahered*

alte-es.

ahase ab,pP,,':rb,sGG,GE,

sca->crb-c-.

GG

ab,pa sca->chl,sa
in ab

30.5 highCO2 crb,gtz,chl,ab,phl,pc,py- - pe Gy ab sca->chl+crG4qtz
,cp

srt cre 27:50 sosy,iir ah,Ga

czse tG crb,c,tz,cp,Gy,pc - Gy,P2 ab
t-Gcre

ab,gtz,ru ab

G AEGTS-- eGst ab,;:z,r.„; aG,Ga

Samples 10.5 m, 30.5 m and 46.6 m are named as carbonate rocks.
They are composed of carbonate and quartz plus sulfides. In
samples 10.5 m and 30.5 m also chlorite and minor albite can be
found. Clorite has replaced tourmaline totally. Grain size varies
strongly in all samples, from 0.1 mm to 3.0 mm. Sulfide and oxide
mineral composition varies:

cp-py-ilm in 10.5 m
po-py-cp (no oxides) in 30.5 m
cp-py-(minor po) (no oxides) in Au-ore 46.6 m

Sample 24.5 m is named as metadiabase. It is composed of albite,
biotite, quartz, carbonate, paragonite, pyrrhotite and pyrite plus
some chlorite, scapolite and chalcopyrite. Albite grains are about
1.3 mm in diameter and they are enclosing numerous biotite and
paragonite flakes of 0.1-0.3 mm in diameter. Scapolite has altered
along cleavage planes to carbonate + chlorite. Sulfides occur as
medium-coarse grained dissemination. Aboyt equal amounts of
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pyrrhotite and pyrite can be found. Also portions resembling
albitic felsite can be found in the sample 24.5 m. These irregular
parts are composed of fine grained (1)= 15-50 pm) albite, quartz
and rutile.

8.4 Mineral composition

The mineral composition of each analysed sample was estimatied on
the basis of chemistry, petrography and microprobe analyses. In
Fig. 8.10 is shown a carbonatization diagram (see Chapter 3 and
Hautala & Lamberg, 1991 for calculation and plotting basis). The
degree of carbonatization varies widely from 25 to 90 %. In
carbonate rocks C equals to Ca+Mg with Ca/Mg ratio close to 1
indicating dolomite. In other rock types Mg and Ca are carried
also by other minerals. Carbonatization degree is extraordinarily
low in the ore (< 50 %) with respect to high Ca content (Mg/Ca
close to 0) indicating that carbonate species would be calcite. In
mineral calculation, however, all C was calculated to be bound in
dolomite.

0

DS

Fig. 8.10. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(Ca+Mg+Fe)), lines from bottom edge: calcite (Ca/(Ca+Mg+Fe)), calcite +
magnesite (Ca+Mg/(Ca+Mg+Fe)) and calcite+dolomite+siderite (=100). For more
details see text. The location of Au-Te ore is marked by a line. Abbreviations:
ABFST = albite felsite, DB = diabase, KRB = rock rich in carbonate.
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The normative mineral composition of the analysed samples are
presented in Fig. 8.11. Amphibole content might be overestimated
because all C was assumed to be bound in dolomite instead of
calcite. Albite is the dominant mineral in almost all rock types.
Dolomite dominates in rocks rich in carbonate. Amphibole content
is quite high in albitic felsites. Metadiabase is distinguished
from albitic felsite by its hich phlogopite content. The ore is
characterized by low dolomite content and high quartz content.
Sulfides are accessory minerals in the ore.

Fig. 8.11. Bidjovagge,K-ore,drill hole N95F (rocktype legendsimplified).
Normativemineralcomposition. Fieldsfrom lower edge to the top edge:phl =
phlogopite(white),af = amphibole(crosshatched),dol = dolomite(white),ab -
albite (dotted),qtz = quartz (white),sulf's= sulfides(chalcopyrite+
pyrrhotite+ pyrite)(black). For more details see text. The locationof Au-Te
ore is marked by a line. Abbreviations:ABFST = albite felsite,DB = diabase,
KRB = rock rich in carbonate.

Al-carrier diagram is shown in Fig. 8.12. Albite is the dominant
Al-carrier. In the rocks rich in carbonate, however, scapolite
becomes a important mineral. Phlogopite carries about 15 % of Al
in metadiabase with respect to less than 1 % in albite felsite.
Ore is characterized by very high albite content with respect to
other Al-carriers (albite carries > 95 % of Al).
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Fig.8.12. Bidjovagge, K-ore, drill hole M95F (rock type legend simplified).
Normative aluminium carrier diagram. Fie,ds from bottom edge to the top edge:
phl = phlogopite (white), af = amphibole (black), sca = scapolite (white) and ab
= albite (dotted). The location of Au-Te ore is marked by a line. Abbreviations
in rock type legend: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.

Normative mineral composition of the sulfide phase is shown in Fig.
8.13. K ore differs from C and E ores by having poor correlation
with Cu and Au. This is seen also in Fig. 8.13. Chalcopyrite is
quite abundant sulfide mineral between 8 and 52 metres. Ore is
characterized by low normative chalcopyrite content in the sulfide
phase (< 10 %) and pyrite dominating over pyrrhotite (Fig. 8.14).
Metadiabase between 42 and 50 metres show typical feature for wider
diabase sheets. Pyrite/pyrrhotite ratio minimum is located in the
centre of the vein and maximums in the contact between albitic
felsite and metadiabase. Ore is hosted by albitic felsite locating
next to metadiabase in pyrite/pyrrhotite (ratio) minimum (Fig.
8 14)
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Fig. 8.13. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Normative mineral composition of the Cu-Fe-sulfide phase. Fields from bottom
edge to the top edge: cp = chalcopyrite (black), py = pyrite (white), po =
pyrrhotite (dotted). The location of Au-Te ore is marked by a line.
Abbreviations in rock type legend: ABFST = albite felsite, OB = diabase, KRB =
rock rich in carbonate.
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Fig.8.14. Bidjovagge,K-ore,drill hole N95F (rocktype legendsimplified).
Normativepyrite/(pyrite+pyrrhotite)(py/(py+po))ratio presentedas a function
of depth. The locationof Au-Te ore is marked by a line. Abbreviations:ABFST =
albite felsite,DB = diabase,KRB = rock rich in carbonate.

8.5 Summary of the features adjacent to the ore

Au mineralization is located at 23 m and between 35 and 45 metres
hosted by albitic felsite. The nearest metadiabase sheets are
located (1) between 23 and 26 metres and (2) between 43 and 50
metres. Au content in the ore is approximately 6 ppm with low
value of CO2 (4 wt.%) (Table 8.2) (Fig. 8.6). Co/Ni ratio is
exceptional low in the ore with respect to other rock types in the
section (Fig. 8.7). U, Ce and Te show high concetrations in the
ore (Figs. 8.8-8.9). Also Mg0 content is remarkably low with
respect to barren albitic felsites.

K ore differs from other ores by exceptionally weak positive
correlation with Au and Cu (r = 0.26) and high concetrations of Bi
and Te with strong positive correlations with Au. Also metadiabase
is extraordinary with high A1203/Ti02 ratio and high K20 content.

No clear change in the mineral composition of the veins in albitic
felsites can be found when the ore is approaced. Some remarks are,
however, listed below.
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chalcopyrite is the dominat sulfide in Au-ore and in other
samples it is Fe-sulfide (pyrrhotite or pyrite)
Fe-sulfide ratio pyrrhotite/pyrite changes from about 1 in 20.5 m
via 2 in Au-ore (42.1 m) to 0 in 53.5 m and in 61.6 m.

Carbonatization degree is low in the ore (< 50 %) with respect to
low Mg and high Ca content (Mg/Ca close to 0) indicating that
carbonate species would be calcite. The ore is characterized by
low normative dolomite content and high normative quartz content.
Sulfides are accessory minerals in the ore. Pyrite/pyrrhotite
ratio changes from about 0.5 in metadiabase sheets to 0 in ore
symmetrically on both sides of the ore.
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9 SUMMARY OF THE OBSERVATIONS

Five representative ore sections were studied from Bidjovagge Au-Cu
ore. C2 (drill hole 51281) and C3 (S144F) represent typical Cu
ore. 04 (S154B) is a subeconomic Cu-Au mineralization hosted by
metadiabase. E ore (N20E) is classified as Au ore and K ore (N95F)
as Au-Te ore.

In the drill logs four rock types are reported. Albitic felsite is
the most common rock type hosting all ores but 04. Metadiabase
sheets are 1 to 35 metres wide and often situated close to the ore.
Black shist do not occur in contact with metadiabases in studied
sections. Narrow carbonate veins cut albitic felsites.

Albitic felsites and metadiabases were analysed systematically in 1
to 2 metres interval. No black shist samples were selected in this
study. Thin sections were prepared from selected samples
representing each rock type, ore and "least altered rocks".

Chemically those rock types (i.e. studied samples) do not differ
noMably. Albitic felsite and metadiabase sheets can be
distinguished by immobile element ratios which are given for both
rock types in Table 9.1. Ti, P and Cl contents are higher and Cr
lower in metadiabases (Table 9.1).

Albatic felsites, carbonate rocks (or veins), black shists (after
Lamberg and Hautala, 1990) and ores are similar with respect to
immobile element ratios and Ti, Cl, P & Cr concentrations (Tables
4.2, 5.2, 6.2, 7.2, 8.2 and 9.1).

Two metadiabase types can be specified. In 02, C3, 04 and E ores
the A1203/Ti02 ratio is close to 5 in metadiabases (note that in
Table 9.1 the "pure" metadiabase sample is lacking in the E ore).
This ratio is clearly lower than in the albitic felsites (about 25)
(Table 9.1). In the metadiabase of the K ore section A1203/Ti02
ratio is higher than in the albitic felsite, being about 42.
Another marked difference is K content, which is higher (K20 = 1-3
wt.%) in the metadiabase of the K ore section than in other ores
(typically K20 < 1 wt.%). In the beginning of 02 ore section
(depth 20-30 m in the drill hole 51281) a metadiabase sheet
resembling those in K ore with high K content (up to 4 wt.%) and
high A1203/Ti02 ratio (up to 31) is observed.

In all ores some specific elements are associating with each other.
C, Ca, Mg and Mn are always grouped together and they are called as
carbonate forming elements (CFE's). Immobile and silicate (albite
and quartz) forming elements (ISE's) Si, Al, Na, Zr, Ti and Cr are
accompanied together. Carbonate forming elements show negative
correlation with silicate forming elements.

Sulfide forming chalcophile elements (S, Cu, Fe, Ni, Co, Zn, Pb,
As) show a positive correlation in every ore type. K, Rb Sr and Ba
and lesser degree Mg, Y and Cl are associated with each other and
this element group is called phlogopite forming elements (PFE's).
Phlogopite forming elements (PFE's: K, Mg, Rb, Sr, Ba, Y) are
occasionally, clearly associated with Cl and P and have negative
correlation with Cr showing metadiabase association (MDBA) in these
cases.
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Table 9.1. Summary on the immobile element ratios and concentrations of
characteristic elements (as wt.%) in metadiabase, albitic felsite and ore in each
studied ore types.

Rock


type

Ore
A1202 A1202 7-‘02 Zr02

1102 P205 Cr203 Cl




cr2, 0-203 Ti02




C2 6 900 135 0.014 1.7 0.15 0.015 >0.050 1

META C3 5 3000 600 0.012 2.4 0.30 0.005 >0.020 0.2

DIABASE C4 5 4500 900 0.010 2.6 0.30 0.003 >0.080 0.6




E 15 850 60 0.020 0.a 0.05 0.010 0.060 0.5




K 42 4000 80 0.035 0.5 0.50 0.005 >0.080 1-3




C2 25 500 20 0.026 0.5 0.05 0.030 0.010 <0.1

ALBITIC C3 22 500 20 0.020 0.8 0.08 0.025 0.010 <0.1

FELSITE C4 27 600 20 0.040 0.4 0.05 0.030 0.020




E 26 600 20 0.023 0.5 0.05 0.025 0.015 0.1




K 23 500 20 0.023 0.5 0.05 0.020 0.010 <0.1




C2 20 400 20 0.020 0.4 0.07 0.020 0.010 0.5

ORE C3 15 500 20 0.008 0.6 0.05 0.010 0.010 <0.1




C4 7 500 20 0.010 1.6 0.15 0.020 0.02-0.2 <0.1




E 20 500 20 0.022 0.6 0.05 0.020 0.010 0.1




K 23 500 20 0.023 0.6 0.05 0.020 0.010 <0.1

Albitic felsite is a very fine grained (43= 10 pm) rock type which
is composed of albite, rutile and quartz. Homogeneous "ground
mass" is cut by numerous veins, which are irregular in shape. They
branch, swell, pinch, fill cracks and so on. "Veins" are composed
variably of albite, carbonate, quartz, sulfides (pyrite, pyrrhotite
and chalcopyrite), magnetite, ilmenite, phlogopite and chlorite +
occasionally some scapolite and paragonite. The very same minerals
occur in "ground mass" but differ from it by coarser grain size
(about 100 pm vs. 10 pm).

Metadiabases are medium grained altered rocks which show relic
diabasic texture (plagioclase predominates, clinopyroxene fills the
interstices). Plagioclase is totally replaced by albite (±
scapolite) and (clino)pyroxene by amphibole (±phlogopite
±chlorite). Other common minerals in metadiabases are the very
same occurring as "vein" minerals in albitic felsites: carbonate,
scapolite, sulfides, phlogopite, chlorite, magnetite, ilmenite +
occasionally paragonite.

Carbonate rocks (or veins) are composed of carbonate, albite,
quartz and sulfides. Paragonite is quite common accessory.
Magnetite is rarely encountered. Pyrite predominates over
pyrrhotite.
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Mineral composition of the analysed samples was estimated on the

basis of microscopical observations (list of the minerals),
stoichiometric compositions and some microprobe analyses
(composition of the minerals) and chemical analyses (chemical
composition of the samples). "Normative mineral composition" of

each sample was calculated using procedure given in Appendix 7 and

saved as calculation LOTUS 1-2-3 worksheet (file CALC.WK1) in
diskette enclosed in the report.

On the basis of carbonate forming element ratios the dominant
carbonate species in Bidjovagge metadiabase and albitic felsite is

dolomite. In C ores dolomite can explain alone C, Mg and Ca
ratios, but in K and E ores Mg is much lessre than Ca and Ca equals

to C, both indicating, that carbonate species would rather be
calcite. Albite dominates in each rock type and quartz is almost

absent. Metadiabases have higher normative amphibole, phlogopite

and scapolite contents than albitic felsites. Carbonate and
sulfide contents vary widely.

Pyrite/pyrrhotite ratio was estimated on the basis of Co/Ni ratio

and chemical compositions of Fe-sulfides given by Hänninen (1983),

Sotka and Hänninen (1983). Variations in the composition of
Fe-sulfides, two (or more) generations of pyrite (Hanninen 1983)

and additional Ni-carriers (pentlandite, melonite) can cause some

errors in calculations. However, some peculiar features come out
in every section. Metadiabase is enveloped by albitic felsite,

where pyrite is the dominant or only Fe-sulfide. In the middle of

the metadiabase vein pyrrhotite dominates. Towards the black shist

via albitic felsite pyrite/pyrrhotite ratio decreases and ores are

in all studied sections (except C4) situating right there where

dominant Fe-sulfide changes from pyrite to pyrrhotite. In albitic

felsites pyrite/pyrrhotite ratio varies with gradual, smooth
changings.

In every ore studied zoning was observed. From the middle of the

metadiabase sheet via Au-Cu ore to black shist following zoning was
observed (minimums and maximums).

Co/Ni min
Cl, K, P max
Co/Ni max
Ce-La-Nb-Zr max
(Pb-Zn) max
Cu max
Au-U-Mo-Te-Ta max

Zn-Pb max

in the centre of the metadiabase sheet
in metadiabase close to the contact
contact
in albitic felsite
in E ore
ore
ore
in the contact with albitic felsite and
black shist (C2 ore)

All ores are located close to the contact between metadiabase and

albitic felsite. Features adjacent to each studied ore section are

summarized briefly below.

9.1 C2 ore

The gold-copper ore C2 is hosted by albitic felsite, with abnormal

immobile element ratios: A1203/TiO2 = 20, A1203/Cr203 = 400 and

zr02/cr2o3= varying from 0.01 to 0.02.
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Ore hosting albitic felsite envelopes black shist and the ore is
situating 10 m from the contact of wide (about 10 m) metadiabase
vein and 3 m from narrow metadiabase portion (< 1 m) identified
according to immobile element ratios, high Ti02, Cl and P205.

Au is correlating clearly with Cu, U and Mo and weakly with
chalcophile elements (SFE's).

The ore hosting albitic felsite differs from barren albitic felsite
in mineral composition only slightly. "Ground mass" is composed of
albite, quartz and rutile in both albitic felsites, but the amount
of crosscutting veins increase and their composition change towards
the ore:
the amount of carbonate (dolomite) increases (varies widely)
the amount of chalcopyrite increases dramatically
the dominant iron sulfide changes from pyrite to pyrrhotite
magnetite becomes as stable mineral with chalcopyrite, pyrrhotite
and pyrite
the amount of normative quartz is abnormally high in the ore
the amount of Al carried by amphibcle and phlogopite increases in
albitic felsites towards the ore

9.2 03 ore

03 Cu-Au ore is located between 118 and 122 metres hosted by
albitic felsite close to the contact between albitic felsite and
metadiabase (contact locating at 125 m). Au content in the ore is
approximately 14 ppm. The Au ore has slightly lower A1203/Ti02
ratio than albitic felsites being about 14. Gold shows positive
correlation with sulfide forming chalcophile elements (SFE's) Fe,
Cu, Ni, Co, S & As and with Ta.

The veins in albitic felsites become more abundant towards the ore.
Mineral composition of the veins in albitic felsites changes
towards the ore by the increase of carbonate(s) and sulfides.
Magnetite and ilmenite become stable minerals with sulfides,
chalcopyrite content increases and dominant Fe-sulfide changes from
pyrrhotite to pyrite.

The mineral composition of the metadiabase changes towards the ore
by (1.) the increase of scapolite content which is towards the
contact followed by (2.) the dissappearance of scapolite and
simultaneously (3.) change in dominant iron sulfide from pyrrhotite
to pyrite.

9.3 C4 ore

04 Cu-Au mineralization is located between 102 and 110 metres
hosted by a mixture of albitic felsite and metadiabase according to
the ratios of immobile elements and other chemical features, namely
Cl, Cr, Ti and P contents. Au content is approximately 11 ppm. Cu
and Au show a strong positive correlation (r=0.89).
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Co/Ni ratio forms trend opposite to Cl, as stated also in 02 and 03
ores. Highest Au and Cu content coincide with Co/Ni maximum in the
central part of metadiabase sheet.

According to petrographic observations the mineral composition of
metadiabase changes towards the ore the following way:

albite content increases
grain size of albite decreases from 1800 pm via 300 pm ( n

metadiabase) to 10 pm in albitic felsite sample 106.5 pm
amphibole content decreases
scapolite dissappears

Au-ore sample 106.5 m is classified also accordinc to petrographic
observation as albitic felsite.

Ratios of normative Al carriers change towards the ore. Scapolite
and phlogopite contents decrease to zero. Ore hosted albitic
felsite differs from barren albitic felsites by a low normative
phlogopite content.

Au-Cu mineralization is characterized by a high normative
chalcopyrite content as well as symmetric variations in the ratios
of Fe-sulfides. Pyrite dominates in the metadiabase - albitic
felsite / black shist conctact. In the inner part of the
metadiabase sheet dominant Fe-sulfide changes to pyrrhotite, and in
the centre of the sheet, which is composed of albitic felsite, the
dominant Fe sulfide is again pyrite.

9.4 E ore

E gold ore is located between 190 and 200 metres hosted by albitic
felsite having A1203/TiO2 ratio about 20. The ore lies about 15
metres from the metadiabase vein (211.5-219.0 m). Au content is
approximately 1.5 ppm (max 3.5 ppm). Vanadium with Cu and Pb show
strongest positive correlation with Au. Also SFE's with Mo and U
show weak positive correlation with Au.

Towards the ore the vein mineral composition in albitic felsites
changes:
amphibole dissappears
carbonate content increases
phlogopite content increases
the amount of sulfides in the vein increases

According to the Ca, Mg and C ratios the most probable carbonate
species is calcite. The ore is located in
pyrite/(pyrite+pyrrhotite) minimum in the section. Generally
pyrrhotite is predominating over pyrite in albitic felsites but ore
is rimmed by albitic felsites rich in pyrite. Ore itself is
characterized by low pyrite/pyrrhotite ratio. In the contact
between metadiabase and albitic felsite pyrite is again the only
Fe-sulfide.
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9.5 K ore

K Au-Te :flineralizationis located at 23 m and between 35 and 45
metres hosted by albitic felsite. The nearest metadiabase sheets
are located (1) between 23 and 26 metres and (2) between 43 and 50
metres. Au content in the ore is approximately 6 ppm with low
value cf CO2 (4 wt.%) (Table 8.2) (Fig. 8.6). Co/Ni ratio is
exceptional low in the ore with respect to other rock types in the
section (Fig. 8.7). U, Ce and Te show high concetrations in the
ore (Fics. 8.8-8.9). Also Mg0 content is remarkable low with
respect to barren albitic felsites.

K ore differs from other ores by exceetional weak positive
correlation with Au and Ou (r = 0.26) and high concetrations cdfBi
and Te with strong positive correlations with Au. Also metadiabase
is extraordinary witn high Al2O3/Ti02 ratio and high 1:20 content.

No clear change in the mineral composition of the veins in albitic
felsites can't be found when the ore is approached. Some remarks
are, however, listed below.
chalcspyrite is the domfnant sulfide in Au-ore and in other
sameles it is Fe-sulfide (pyrrhotite or pyrite)
Fe-sulfide ratio pyrrhotite/pyrite changes from about 1 in 20.5 m
via 2 in Au-ore (42.1 m) to 0 in 53.5 m and in 61.6 m.

Carbonatization degree is low in the ore (< 50 %) with respect to
low Mg and high Ca ccntent (Mg/Ca close to 0) indicating that
carbonate soecies would be calcite. The cre is characterized by
low normative dclomite content and high normative quartz content.
Sulfides are accesscry minerals in the ore. Pyrite/pyrrhotite
ratio changes from about 0.5 in metadiabase sheets to 0 in ore
symmetrically on both sides of the ore.
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10 DISCUSSION

The following discussion is just an outline and the aim of it is to
point out some noteworthy features rather than give answers and
conclusions to the formation of Bidjovagge ore(s).

10.1 Origin and chemical alteration of different rock types

10.1.1 Albitic felsites vs. black shists

Albitic felsites are the alteration product of graphitic felsites.
Evidences come from:

Lamberg & Hautala (1990) showed that immobile element ratios for

black shist, graphitic felsites and albitic felsites are equal.
Vik (1985) has published REE patterns for the rocks from the
Kveneangen area. The patterns for albitic felsites and for
graphitic felsites are the same
BjOrlykke et al. (1987) noticed that near the orebodies the
contacts between the albitic felsite and graphitic felsite are
often discordant with the primary bedding
BjOrlykke et al. (1990) specified that graphitic shists are both
albitized and oxidized with a gradational bleaching of the
graphitic felsite.

Although graphitic felsites or black shists were not included in
this study, similar immobile elements ratios that were given for
black shist - albitic felsite samples by Lamberg & Hautala (1990)
indicate that also albitic felsites studied here are alteration
products of graphitic felsites and black shists.

Losses and gains of the most important elements in the alteration
of black shist to albitic felsite have been calculated in Table
10.1. Alterations are illustrated by the Isocon diagrams after
Grant (1986) in Figs. 10.1-10.3. Initial sample has been taken
from Lamberg and Hautala (1990). Oxidized black shist (albitic
felsite poor in CO2) has altered mainly by dissolution of graphite
with about 25 % loss in mass and volume (Lamberg & Hautala 1990).
Barren albitic felsite (C2 ore, S1281/63.0 m) shows similar
alteration. However increase in SFE's and CFE's can be noticed.
Ore hosting albitic felsite can be distinguished from barren only
by Cu. Ti, Al, Na has stayed as immobile elements in alterations.
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Table 10.1. Calculatedalterationsof the black shist (Bidjo/5,Lamberg&
Hautala 1990) via barrenalbiticfelsite(oxidizedmeta black shist (0Mbs)
)(Bidjo/3,Lamberg& Hautala1990 and C2 51281/63.00m) to ore hostedalbitic
felsite (0Mbs) (02 51281/77.43).The compositionof the initialsample (black
shist),alteredsamples,normalizedcompositions(NORM)(withrespectto Ti) and
the per centageof alteration(96).

Sample 5/8idjo.
ML

3/8idjo.
ASFST

NORM N 63.00
ASFST

NORM 8 77.43
ARFST

NORM




Anal. no. 8930094 8930092




9977962




8977969




S02 60.200 66.700 54.985 -8.7 62.100 79.542 32.1 52.800 60.072 33.0
Ti02 0.643 0.780 0.643 0.0 0.502 0.643




0.424 0.643 0.0
21203 15.900 19.100 15.745 -0.3 13.000 16.651 5.4 9.420 14.286 -9.6
Cr233 0.017 0.027 0.022 30.8 0.023 0.029 69.3 3.025 0.039 120.8
V203 0.017 0.031 0.026 50.0 0.019 0.024 41.5 0.019 0.029 68.4
FeC 0.663 0.581 0.479 -27.8 5.960 7.634 1051.1 12.240 i8.562 2699.7
Mn0 0.009 0.022 0.010 106.1 0.025 0.109




0.039 0.259 573.2




0.270 0.070 0.656 -78.6 1.990 2.165 701.7 1.920 2.760 922.2
Ca0 0.412 1.540 1.270 205.1 3.040 3.294 945.1 2.960 4.499 999 . 5
9a0 0.007 0.003 0.002 -64.7 0.001 0.001 -21.7 0.009 0.012 73.3
Na20 3.300 10.500 6.656 4.3 9.360 11.989 44.4 6.730 10.206 23.0
K20 0.242 0.166 0.136 -42.8 0.093 0.119 -50.9 0.181 0.274 13.4
1r02 0.016 0.019 0.016 1.9 0.013 0.016 3.6 0.009 0.014 -11.1
P205 0.048 0.073 0.060 25.4 0.058 0.074 54.6 0.046 0.070 45.3
002 76.004 2.133 1.758 -97.7 4.583 5.670 -92.5 4.400 6.673 -91.4
C 21.298 0.592 0.490 -97.7




0.000 -100.0




0.000 -10.0.0
Cl 0.005 0.003 0.002 -50.5 0.006 0.008 53.7 0.010 0.020 294.3
Cu 0.005 0.008 0.006 25.3 0.004 0.006 10.2 4.760 7.219 144272
Zn 0.001 0.002 0.001 14.1 0.000 0.000 -100.0 0.003 0.004 226.8
Ni 0.002 0.001 0.001 -48.5 0.019 0.025 1453.1 0.038 0.057 3454.3
Co 0.000 0.001 0.001 271.0 0.031 0.039 19497.4 0.050 0.076 37730.9
Pb 0.000 0.006 0.005




0.000 0.000




0.001 0.002




S 0.100 0.015 0.012 -87.6 3.990 5.111 5010.7 9.320 14.134 14033.9
Au (POm) <0.1 <0.1 0.000




0.240 0.307




11.000 16.662




Sum 164.761 101.793 83.906 -49.1 104.577 133.950 -16.7 105.306 159.697 -3.1

K20

0

0 02 04 06 08 1 12 14 16 18

wt%

Fig. 10.1. IsocondiagramafterGrant (1986)showinginitialsample (meta black
shist (Bidjo/5,Lamberg& Hautala,1990))and altered sample (oxidizedblack
shist (Bidjo/3,Lamberg& Hautala,1990). Lines for constantAl, Ti and mass are
drav.m.
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Fig. 10.2. Isocon diagram after Grant (1986) showing initial sample (meta black
shist (Bidjo/5, Lamberg & Hautala, 1990)) and altered sample (oxidized barren
black shist (02 ore, S1281/63.0 m). Lines for constant Al, Ti and mass are

',D•21

Fig. 10.3. Isocon diagram after Grant (1986) showing initial sample (meta black
shist (Bidjo/5, Lamberg & Hautala, 1990)) and altered sample (oxidized ore hosted
black shist (02 ore, 51281/77.43 m). Lines for constant Al, Ti and mass are
drawn.
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10.1.2 Metadiabase(s)

Diabasic texture indicates that primary minerals in diabase have
been plagioclase (as eu- to subhedral laths) and clinopyroxene ±
orthopyroxene (as an- to subhedral grains filling interstices).

Losses and gains of the most important elements in the alteration
of metadiabase have been calculated in Table 10.2. Alterations are
illustrated by the Isocon diagrams after Grant (1986) in Figs.
10.4-10.3. Initial sample has been taken from Lamberg and Hautala
(1990). The alterations in metadiabase samples given in Table 10.2
are almost egual showing increase in CFE's and SFE's except Fe.

Table 10.2. Calculated alterations of the metadiabases from the proposed initial
composition (metadiabase) (Bidjo/7, Lamberg & Hautala 1990) to yarious types of
metadiabases 126.0 m (close to the ore: 03 ore., S144F/126.0 m), 134.0 m (high Cl
content, 03 ore, S144F/134.0 rn) and 154.0 m ("inner part" of the metadiabase
sheet, 03 ore, S144F/154.0 m). The composition of the initial sample, altered
samples, normalized compositions (NORM)
alteration (55) is shown.

Sarle 7/6044. 126.0 N0R5.
,2,3 M22

Aral. no. 6930096 9956729

(with respect to Ti) and the relative

134.0 NORM 5 154.0 NCR"
MOR M29

9956735 9056736

502 49.409 42.300 34.625 -29.5 42.390 37.539 -24.0 39.500 35.930 -21.2
7i02 2.0-59 2.490 2.050 0.0 2.310 2.050 0.0 2.090 2.050 0-0
41293 13.700 11.200 9.715 -29.1 11.300 10.028 -26.9 10.500 10.349 -24.5
Cr203 10.004 9.004 0.093 -29.0 0.004 0.004 6.0 0.003 0.093 -12.4
V203 0.124 0.080 0.049 -60.2 0.054 0.047 -61.7 0.046 0.049 -61.7
Se0 15.650 11.299 9.295 -49.6 12.220 10.845 -30.7 11.460 11.295 -27.6




0.169 " 156 65.7 0.131 0.116 23.6 9.149 0.147 55.5
rs.c.0 5.942 5.310 4.372 -25.1 6.240 5.538 -5.2 6.100 6.912 2.9
0a3 4.920 6.760 5.562 13.5 9.319 7.375 49.9 9.520 9.323 90.7
2a0

,..p.:.„,
,.  0.999 0.007 23.5 0.007 0.026 3.5 0.090 0.990




N20 6.100 7.900




6.5 7.153 6.345 4.0 6.740 5.643 6.9
122 2.200 0 .69 0 0.494

.., -
0.236 0.209 4.7 0.199 0.195




Z602 0.012 0.029 0.024 :91.7 0.027 0.024 101.2 0.026 0.026 114.1
6295 9.11 6 0.302 0.249 111.4 9.279 0.240 103.1 0.266 2.262 122.2

4 9.14-; 12.063
- -

6 	 c6.-
 6666 6 c 59" 2.593 5743 0 14 566 ' 346 6666  2




C.




-57.5 0.162 0.144 363.9 0.023 0.023 -26.9




960 1.530 35227.4 0.250 0.222 4723.1 0.477 0.470 10129.0






0.009 0.090 -100.0 0.021 0.991 -76.7






0.052 0.046 1242.1 0.045 0.944 1273.5




,.411





0.036 1727.0 0.034 0.033 1637.7




0.000 0.011 r




0.001 243.7 0.091 0.001 39e.0




0.126





S 6.450 5.724 4442.9 5.662 6 .522 4327.3
(4p"") <0.1 0.750 0.617




0.460 0.426




0.520 0.522




Sc".-. CC RCÇ 116.745 69.529 -9.1 197.194 95.129 -3.5 107.377 105.929 7.4
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Fig. 10.4. Isocondiagramafter Grant (1986)showinginitialsample (C type
metadiabase(CMdb)(Bidjo/7,Lamberg& Hautala,1990))and alteredsample (C type
metadiabase(CMdb)locatingclose to the albiticfelsitemetadiabasecontact,03
ore, S144F/126.0m). Lines for constantAl, Ti and mass are drawn.
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Fig. 10.5. Isocondiagramafter Grant (1986)showinginitialsample (C type
metadiabase(CMdb) (Bidjo/7,Lamberg& Hautala,1990))and alteredsample (C type
metadiabase(CMdb)havinghigh Cl content,03 ore, S144F/134.0m). Lines for
constantAl, Ti and mass are drawn.

According to immobile element ratios and Cr & P contents
metadiabases can be related to T1 Fe-tholeiites occurring in
Northern Carelia described by Vuollo (1991). In Figs. 10.7 - 10.8
metadiabase samples from C2 and C3 ores are plotted on Jensens
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'

Fig. 10.6. Isocon diagram after Grant (1986) showing initial sample (C type

metadjabase (CMdb) (Bidjo/7, Lamberg & Hautala, 1990)) and altered sample type

metadiabase (0Mdb) locating in the central part of the sheet, 03 ore, 51441154.0

m). Lines for constant Al, TI and mass are

cation plot. It can be seen that the majority of metadiabase

samples from Bidjovagge are located in the field of Fe-tholeiites

and differ notably from karjaliites (differentiated albitic siils,

Vuollo, 1988 and 1991; Vuollo & Piirainen, 1989; Hanski, 1985). In

Northern Carelia these Tl Fe-tholeiites have been dated to be

formed about 2.1 Ga (Huhma, 1986; Pekkarinen, 1979). These datings

are in harmony with cutting relations (Vuollo, 1988 and 1991).

Fig. 10.7. Samples from 02 1

ore plotted on Jensens p000t).7,

cation plot (Jensen, 1976).

A = albitic felsite, M =

metadiabase, 0 = ore.

0.4
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Fig.10.8. Samples from C3
ore plotted on Jensens
cation plot (Jensen, 1976).
A = albitic felsite, M -
metadiabase, 0 = ore.

Adjacent to T1 Fe-tholeiitic diabases some weak Cu enrichments have
been found in Northern Karelia, namely Kyykkå and Hokka. Also
boulder from Markenlampi (in Northern Karelia) with high Cu and Ni
content and slight increased Ag + Pd contents was related to Tl
Fe-tholeiites (Lamberg 1990). This Markenlampi boulder contains
scapolite (Lamberg 1990).

10.1.3 Recommended names for the rock types occurring in studied drill
core sections

The name albitic felsite has been used for long for rocks rich in
albite. Väyrynen (1938) spoke of albite-fels with carbonate,
albite, quartz, chlorite, a pale-coloured amphibole and sulfides +
oxides. He suggested a specific name to such a distinct rock and
called it Karjalite. Holmsen et al. (1957) used name
albite-carbonate rock for the light-coloured rocks especially rich
in albite and carbonate. They suggested that the albite-carbonate
rocks showing concentrations along or close to faulting or
brecciation are metasomatic in origin. Hollander (1979) used name
fels for felsic, fine grained, massive, metamorphic rock consisting
of albite, quartz and calcite. Bjbrlykke et al. (1987) used name
albitic felsite for totally albitized argillite. The graphitic
felsite is according to Björlykke et al. (1987) altered
carbonaceous argillite containing up to 40 percent C as very fine
grained graphite.

The sediments on the upper side of the gabbroic or diabase sills
are strongly metasomatized to a "cherty looking" albitic felsite
(Bjbrlykke et al. (1990)). Bjbrlykke et al. (1990) used name
albitic fels for strongly altered tuffites and carbonaceous shales.

According to AGI Clossary (Gary et al., 1974) felsite means a
light-coloured, fine-grained extrusive or hypabyssal rock with or
without phenocrysts and composed chefly of quartz and feldspar; a
rock characterized by felsitic texture. Felsitic is a synonym of
aphanitic and felsitic term is sometimes applied only to the
light-coloured dense rocks. However felsitic term is not
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recommended because in its original use it was applied to a mineral
substance now known to be a mixture of quartz and feldspar (Gary et
al. 1974).

Albitic felsite seems to cover a whole serie of rocks, which are
light-coloured, dense rocks rich in albite. Both coarse and
fine-grained occur (Holmsen et al. 1957). Recently Vuollo (1988)
has proposed karjalite name for the magma type (and also for the
products, the rocks), which produced differentiation series of
cumulates rich in albite. Name albitic diabase has been used
widely in Lapland for diabasic or ophitic sheets rich in albite
(e.g. Mikkola, 1941).

In Bidjovagge name albitic felsite has been used for light coloured
fine grained rocks occasionally showing relic diabasic texture
(Ekberg, pers. comm. 1991). In the nomenclature used, albitic
felsite can be an alteration product of both black shist and
(meta)diabase. Because of its inaccurate nature it is recommended
that name albitic felsite should not be used.

A following nomenclature is recommendated to be used in future,
because it points to unaltered rock type, which is important in
understanding the ore genesis as well as in exploring Bidjovagge
type ores. Also it tells about the alteration.

For every rock the initial (unaltered) name is given in the end of
the final name. For the altered rocks prefixes are added in the
order from the youngest alteration to the oldest. For the
alterations as definite and indicative names as possible are used.
Because of the length of the names the abbreviations are given.
Small letters are used for the initial rock types and prefixes
written in capitals points to the alteration. Summary on the
proposed and used nomenclature is given in Table 10.3

According to immobile element ratios rock types (tuffites etc.
excluded) are divided into black shists and diabases. Inexact
prefix meta is used for albitic black shist (meta black shist, Mbs)
and diabase composed mainly of albite and amphibole (metadiabase,
Mdb), because alteration reactions, losses and gains of this
alteration stage are still poorly known.

Rock type with "black shist like" immobile element ratios and no
graphite (C = 0, CO2 > 0 wt.%) is called oxidized meta black shist
(0Mbs).

According to Al203/Ti02 ratio as well as K content (and Cu & Te
contents) metadiabases can be divided into two classes.
Metadiabase with Al203/Ti02 ratio lower than in black shist and it
derivatives (bs, Mbs, 0Mbs), typically about 6, is called C type
(altered) metadiabase (CMdb). These diabases occur adjacent to C
ores and other ores with high Cu content. Metadiabase(s) with
Al203/Ti02 ratio clearly higher than in black shist and it
derivatives (bs, Mbs, 0Mbs) is called K type (altered) metadiabase
(KMdb), because it occurs adjacent to K ore. It seems that these
metadiabases are adjacent generally to Au-Te ores because also
altered metadiabases studied by Lamberg & Hautala (1990) showed
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Table 10.3. Recommended nomenclature for the rock types adjacent to ore in
Bidjovagge.

25 500

25 500

25 500

>800

6

>35 >800

	

>800 1>50 , TiO2 > P205 >.
1 Cr203 <

	

>50 TiO2 > P2C5 >,

Cr203 K20 >

>50 Ti02 > P205 >,
Cr203 <

	 indicative element

concentrations

20 C > 0 wtA


20 C > 0 wt.k

20 C = 0 wtA, 002 > 0
wt.%

Abbr Recommenda

evia ted name
tion

bs black
shist

Mbs meta black

shist

0Mbs oxidized
meta black
shist

db diabase

CMdb C type met
adiabase

KMdb K type met
adiabase

indicativ Note

minerals

graphite

graphite

+ albite

no
graphite

plagiocla doesnt
se, pyrox exist
ene(s)

albite,
amphibole

albite, a
mphibole,
phlogopit
e, parago
nite

high A1203/Ti02 ratio together with high Te content. K affix is
suitable also because of high K content is characteristic for this
metadiabase derivative.

I10.2 Alteration reactions

According to the microscopic observations the sequence of
alterations has taken blace in order given in Table 10.4. These
reactions are written also by elements in reactions 10.1 - 10.10.
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I




I

I
I
I C (s) - 02 (u) -,CO2(u) (10.1)

,r-ap.,“.

I Reduced carbon may become the source of carbon in hydrothermal
fluids principally through two processes: (1) oxidation (Reaction
10.1) and (2) hydrolysis reactions (10.2) (e.g.,). The former is

I
the most important mechanism at surface conditions, and both at
high-T metamorphic conditions (Ohmoto & Rye, 1979).

2C(s)- 2H20(u)-)CO2(v)* CH,(u)
9rapfr,I,Q

(10.2)

I
Reheating of sodium-rich solutions in contact with feldspar free

crocks, suh as pelitic metasediments, may result in the formation
of paragonite (Burnham 1979). Paragonite is relatively rare in

I

hydrothermally altered rocks compared to sericite. It occurs most

commonly where there is a high degree of soda metasomatism and is
often accompanied by albite (Boyle 1979). Maximum thermal
stability in the presence of quartz is 50-100 °C lower than that of

I
muscovite + quartz (Burnham 1979). Fluids from a magmatic source

enter the stability field of paragonite only if potassium feldspar
is completely consumed at 450-550 °C (Burnham 1979). Paragonite

I sets the temperature above 330 °C (Burnham 1979).

3 N a illSi208(s)+2HC1(u), - - ,, N a Al3Si3010(OH)2(s) - 65 i02(s) -E2N aCI(u) (10.3)

I
albue

The breakdown of the anorthite component of plagioclase to albite

i is written in reaction 10.3.

CaAI,SL,O, - 2NaC1 + 4SzO2 4—,2 NaA1Si3O CaCI, (10.3)

I
.2.-chrt‘ UCIpO2hr q.,,C,Fr2"

Gbz:.

I
Table 10.4. Alteration reactions in Bidjovagge rock types according to
microscopical observations.
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10.3 Transportation of metals

Au and Cu are reported to be transported in fluids mainly by
bisulfide and chloride complexes (Seward 1991).

The pH of hydrothermal ore fluids is typically in the range from 5
to 6.5 because of buffering by mineral equilibria (Seward 1991).
In Bidjovagge reactions (10.1-10.10) buffer the system in former
mentioned restricted pH range. At high T (> 300 °C) Kt(/is)
solubility maximum migrates to higher pH with increasing T (Seward
1991).

In weakly acidic solutions CuCI predominates at 250-350 °C up to
5=0.1 and bisulfide complexing becomes relative more important
below 250 °C (Barnes, 1979). Because of the increasing stability
of the chloride comples at T > 250 °C solubility as CuCl may easily
reach into thousands of parts per million (Crerar & Barnes 1976).

Gold is highly soluble as lucc only in equilibrium with hematite.
In general transport as chloride complex is favoured by low pH,
high chloride concentrations and elevated temperatures (Shenberger
and Barnes 1989)

10.4 Stability of minerals in a02-pH diagram and precipitation of metals

Critical minerals to define the a02 and pH conditions in fluid -
rock interaction in Bidjovagge ore are graphite, pyrite,
pyrrhotite, magnetite, hematite, albite and paragonite.

In black shist graphite points reducing conditions and the most
propable sulfide mineral is pyrrhotite. When oxidizing fluid is
penetrating through black shist the change in a02 condition in the
rock is buffered by the oxidation of graphite (reaction 10.1).
This can be seen in Bidjovagge as the dissappearance of graphite
from albitized black shist to oxidized albitized black shist
(graphite out, carbonate in). If a02 in the fluid is still higher
than in the rock the next reaction which takes place is the
oxidation of pyrrhotite to pyrite (10.4). In Bidjovagge this can
be seen near the contact between metadiabases and oxidized
albitized black shists (0Abs) where Fe sulfide changes often from
pyrrhotite via pyrrhotite-pyrite to pyrite. If equilibrium isn't
achieved by this reaction the next buffering reaction will be
replacing pyrite (and/or magnetite) by hematite (10.6). According
to Bjårlykke et al. (1987) hematite is stable mineral in the
footwall rocks ("albitic felsites") of the main mineralization.

In the Cu-Au ore magnetite and/or ilmenite is often stable mineral
with pyrite and pyrrhotite. This indicates that a02-pH conditions
are buffered by the reactions (10.7-10.9) and rock is situated in
the mt-po-py invariant point in a02-pH diagram (Fig. 10.9).
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C + 0, -) CO2 (10.1)
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FeS + H2S-> FeS2+ H 2 (10.4)
pyrrhoWe pyrile

2 FeS,+ 510 --> Fe,03 4S02 (10.5)
pyrue- 2

2 Fe,0 .- -1-0 ->3 Fe203 (10.6)
2

FeS2-2Fe2-(aq)- 4H -0 ->Fe204+ 4H+ (aq)-, 2H2S (10.7)

graphite out

PY ->po

PY -> hm
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TrY'r 7lawrIetat

po -> rnt


ab -> pa

2 FeS,+ Fe2 (aq)+ 2H20+ ->Fe304 3H+(aq)+ 102 (10.8)
pyr ite maa rtattte 2

2 FeS + Fe2.(aq)+2H20- 02-> Fe304' +2Ht (aq)+2H2S(10.9)
pyr r hattte magneelle

3 NaAISi20,-211' (aq)->
aftd,

NaA13Si30[2.(OH)2+6 Si02+21>ta'(aq) (10.10)
par ago;;;Q Quar tz

Albite is the most abundant Na-Al silicate but however minor
quantities of paragonite can be observed in many oxidized albitized
black shists (0Abs). In carbonate veins, where magnetite is
absent, paragonite is often observed and it can be dominant Na-Al
silicate. Paragonite replaces albite if fluid is acidic (reaction
10.10, Fig. 10.9) and vice versa. In carbonate veins stable
sulfide mineral is almost without exceptions pyrite, magnetite is
absent and albite-paragonite occur as stable mineral paragenesis
indicating quite restricted oxidizing and acidic a02-pH conditions
(Fig. 10.10).

In the metadiabase samples from K ore quite numerous paragonite
flakes occur as inclusions in quite big albite grains indicating
changes in pH of the fluid phase. First fluid has been quite
acidic stabilizing paragonite and then gradually inverting more
basic resulting paragonite replaced by albite (reaction 10.10 from
right to left). However paragonite has survived as metastabile
mineral due to covering albite corona.

Metals are transported either as chloride complexes or as bisulfide
complexes and the precipitation reactions are written in reactions
10.11-10.12.



OUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 DISCUSSION / 117
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Fig. 10.9. Schematic oxygen fugacity-pH diagram for the Fe-S-0 system showing
phase relations at 300 °C and 1 kbar after Walsh et al. (1988). Stability fields
for calcite, sericite and K-feldspar are also shown. Solution compositions used
in this diagram, (Tot)S = 0.01 m, f(002+CH4) = 750 bars, log mCa2' = -3, log mK
= -1.3. The solubility of gold as AuC12- (Henley, 1973) and Au(HS)2- (Seward,
1973) are also shown. The hatchured circle indicates the propable f02-pH
conditions during mineralization based on mineral stabilities (see text).
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In Table 10.5 is summarised the changes in hydrothermal system,
which could influence the precipitation of gold.

Table 10.5. Changes in the hydrothermal system, which could produce the
precipitation of gold after Barnes (1979).

Complex

Sulfide

Chloride

611152- 02 åpH dilution åT (5P

yes


yes
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11 CONCLUSIONS

11.1 The model for the formation of Bidjovagge (and related) Au-Cu ores
The Cu-Au mineralizations in Bidjovagge are in all studied cases
locating close to the metadiabase - albitic felsite contact.
Bjdrlykke et al. (1987) state that Bidjovagge as well as
Bidjovagge-type mineralizations in Kautokeino greenstone belt are
all related to diabase sills and associated albitic felsites.
Bjbrlykke et al. (1990) interpreted that felsite alteration is
related to the diabase intrusion.

Albitic felsites are oxidized black shists. The dissolution of
graphite has produced CO2 in solutions and space for reactions by
the loss in mass and volume. The most-propable source of the
oxidizing fluids are the metadiabase sheets, because black shists
are only rarely in direct contact with metadiabase.

The oxidation of metadiabase has affected the dissolution of
graphite and after that the change in Fe-sulfide to pyrite. In
some ultimate (high f02) cases hematite is the one and only stable
mineral of the Fe-S-0 system. Field observations suggest that the
main mineralizations are restricted to the oxidized part of the
albitic felsite where hematite deposition has occurred in the
footwall rocks (Björlykke et al. 1979). The maximum solubility of
Au is reached in the presence of pyrite. Au has precipitated when
solutions has migrated to more reducing conditions
(pyrrhotite-pyrite-magnetite present).

Poulson and Ohmoto (1989) have calculated the proportions of
species in a C-0-H fluid in equilibrium with graphite, pyrite and
pyrrhotite. They stated that the production of H2S-bearing fluids
provides a mechanism for the selective transfer of sulfur form a
graphite-pyrite-pyrrhotite bearing pelite into a pluton via a fluid
phase, without requing wholesale melting and assimilation of rocks.
Such a process allows a significant volume of pelite country rock
to be raised rapidly to temperatures approaching that of the magma.
H2S-bearing fluids produced from graphite-pyrite-pyrrhotite pelites
due to magmatic intrusion (or metamorphism) may mobilize
ore-forming metals as sulfide complexes.

The fluid inclusion study by Ettner and Björlykke (1991) support
the model, that metadiabase has been a triggerer in the
precipitation of gold. Determined temperatures (250-375 °C in Cu
ores, 300-450 °C in Au ore) are in harmony with observed
differences in carbonate species. The lower temperature stabilates
dolomite (Winkler 1976) (reaction: 3 dolomite + 4 quartz + 1 water
-> 3 calcite + 1 talc + 3 carbon dioxide)..

Several occurrences of Bidjovagge-type mineralization have been
found in the Kautokeino greenstone belt, and they are all related
to diabase sills and associated albitic felsites (Björlykke et al.
1987). Also Cu-Au mineralizations in Finland have many
similarities with Bidjovagge, namely Saattopora, Pahtavuoma Cu, Zn
and U deposit (Inkinen 1979), Viscaria (Godin), Tuonganoja
(Huhtelin, pers. comm. 1991). Also mineralizations adjacent to Tl
diabases have many similarites (e.g. Misi, Nuutilainen 1968).
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11.2 Tools for prospecting

According to observations and interpretations made here the
Bidjovagge-type Au-Cu mineralizations are always located in
oxidized meta black shists near the contact with metadiabase. This
simply restricts the prospecting for Bidjovagge-type
mineralizations to the 20 to 50 metres thick stratigraphic unit of
albitized argillites in the Cas'kejas formation. Cu-Au ores are
adjacent to C type metadiabases (CMdb) and Au-Te ores adjacent to K
type metadiabases (KMdb). The distinctive ratios of the immobile
elements can be used in identification of different rock types.

The carbonate species is dolomite in Cu-Au ore and calcite in Au
ore. This observation could be used as tool in exploration.

Field observations suggest that orebodies are situated at
discontinuities in the self-potential anomalies and in low magnetic
anomalies (Mathiesen, 1972). This is justified by mineralogical
observations made here. Geophysical properties of different rock
types could be used as an exploration tools. Oxidized albitized
black shists could be located by electric conductivity
unconformities. Albitized diabase sills could be identified due to
their high magnetic values because of magnetite (Björlykke et al.
1990). Anomalous high uranium content adjacent to high Au content
observed here and also by Bjårlykke et al. (1987) could be used as
exploration tool by measuring radioactivity.

It could be possible - and it is at least worth of trying - to
build up an oxygen fugasity map on the basis of geophysical
(electromagnetic and electricical conductivity) maps. Magnetite
may somewhat obscure the variations in Fe-sulfide but at least in
some districts it could be possible to locate the surface where
dominant Fe-sulfide change from pyrite to pyrrhotite and vice
versa. This would be the critical place for the mineralization to
occur.

Proper understanding on the conditions where gold and copper have
precipitated is the aim we are heading. Goal has reached when one
who is working in the field can directly read pH-a02 conditions
from the rock (its mineral paragenesis) and predict the suitable
places for the mineralization to occur.

11.3 Proposal for further studies

This study points out some interesting features, which should be
checked.

Mineralogical features:
the composition of carbonate in the different type of ores
the observed change in Fe-sulfide ratios (could be analysed more
precisely i.e. by bromine methanol dissolution (Penttinen et al.
1977))

The diabase sheets should be dated in order to find out if they are
"Tl" diabases, and if C type and K type diabases have common
origin. Also more datings on the ore should be made to uncover the
relationship between the ore and diabases.
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Carbon isotopic study could give some glues on the origin of the
fluids, namely CO2 (from the deeper source or from the black
shists) (Ohmoto & Rye 1979).
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C2-022 / C092204T1I9 CCEFFIC1EN1S

5102 TI02 01203 Ce203 6203 Fe0

SiG2 1.80

nn0 Ii0 C/.0 E520 Sr0 830 0a20 020 2r02 6205 CO2 Cu Ni Co In Ob S 8s 8u Y ne C1 lh U Cs la Ce

1102 0.50 1.00

















01203 0.92 0.65 1.00
















Cr203 0.45 0.12 0.51 1.00
















7203 0.08 0.61 0.27 0.15 1.00















Fe0 -0.73 -0.42 -0.77 -0.44 0.01 1.00















8n0 -0.55 -0.06 -0.55 -0.34 0.28 0.41 1.00














Hg0 -0.53 -0.03 -0.47 -0.37 -0.05 0.13 0.71 1.00















Ca0 -0.69 -0.11 -0.63 -0.45 0.09 0.37 0.138 0.09 1.00














6520 0.19 0.35 0.27 0.22 0.15 -0.44 0.02 0.43 0.16 1.00














Sr0 0.03 0.22 0.14 -0.12 -0.08 -0.45 0.21 0.59 0.44 0.50 1.00













8a0 0.03 0.35 0.15 0.22 0.30 -0.31 0.17 0.41 0.22 0.63 0.43 1.00













8120 0.59 0.40 0.71 0.24 0.27 -0.32 -0.33 -0.67 -0.57 -0.29 -0.17 -0.30 1.00












020 0.26 0.58 8.33 0.27 0.30 -0.54 0.03 0.40 0.13 0.87 0.55 0.81 -0.22 1.08












2r02 0.24 0.73 0.26 0.42 0.30 -0.64 -0.35 -0.32 -0.46 0.31 0.10 0.19 0.61 0.39 1.00











6205 -0.01 0.42 0.02 -0.42 0.13 -0.07 0.05 0.13 0.09 -0.04 8.06 0.16 -0.03 8.11 0.87 1.00











CO2 -8.67 -0.19 -0.63 -8.31 0.13 0.40 0.70 8.54 0.79 -8.14 0.16 0.03 -0.40 -0.14 -0.50 -0.01 1.00










C6 -0.2? -0.27 -0.29 0.16 0.13 0.33 0.23 -0.01 0.09 -0.07 -0.22 0.21 -0.19 0.04 -0.23 -0.25 0.26 1.00










Ni -8.63 -8.62 -0.71 -0.20 -0.21 0.22 0.19 -0.02 0.19 -0.51 -0.49 -0.26 -0.29 -0.60 -0.64 -8.19 0.43 0.40 1.00









Ce -0.55 -0.59 -8.67 -0.34 -0.15 0.26 0.19 -0.12 0.11 -0.66 -0.61 -0.55 -0.12 -0.79 -0.54 -0.11 0.35 0.26 0.09 1.00









2r, -0.05 -0.16 -0.05 0.12 -0.06 0.10 -0.16 -0.10 -0.04 -0.04 0.12 0.10 -0.02 0.03 -0 .18 -0 .22 0.19 0.53 0.26 0.03 1.00








F5 -0.14 -0.30 -8.17 0.03 -0.12 0.25 -0.17 -0.11 -0.02 -0.10 0.07 -0.12 -0.12 -0.15 -0.19 -0.23 0.21 0.36 0.40 0.27 0.77 1.00








S -0.53 -0.51 -8.63 -0.24 -0.02 0.52 0.23 -0.16 0.15 -0.82 -0.60 -0.43 -0.13 -0.69 -0.54 -0.19 0.45 0.44 0.91 0.92 0.18 0.20 I.°)








As -0.15 -8.23 -0.26 -0.12 -0.22 0.45 -0.15 -0.13 0.03 -0.33 -0.24 -0.39 0.03 -0.46 -0.14 -0.16 0.21 -0 .20 0.54 0.52 0.04 0-22 3.53 1.00








-0.25 -0.27 -0.29 0.04 0.86 0.22 0.22 0.06 0.20 -0.02 -0.15 0.14 -0.27 0.03 -0.27 -8.20 0.36 0.01 0.31 0.21 0.47 0 .27 0 .39 0-21 1.00







0.02 8.50 0.20 -0.01 0.36 -0.37 0.25 0.40 0.27 0.52 0.47 0.54 -0.21 0.67 0.24 0.55 0.07 -0.10 -0.50 -0.57 -0.03 -0.16 -0.52 -0.43 -0.16 1.00







ne -8.26 -0.13 -8.25 0.19 0.17 0.56 0.37 -0.06 0.11 -0.14 -0.22 -0.05 -0.01 -8.12 -8.17 -8.20 0.23 0.71 0.35 0.28 0.27 0.17 0.41 -0.19 8.63 -0.07 1.00






C1 -8.06 8.29 -0.04 -0.34 -0.02 -0.08 0.27 0.60 0.41 0.54 0.53 0.38 -0.31 0.50 0.05 0.29 0.11 -0.27 -0.30 -0.37 -0.26 -0.23 -0.42 -0.15 -0.22 0.43 -0.30 1.00






15 0.12 -0.12 8.05 0.10 -0.13 -0.05 -0.33 -0.36 -0.37 -0.09 -0.17 -0.02 0.88 -0.12 0.06 0.09 -0.32 0.02 0.09 0.16 -0.89 0.05 0.03 -0.05 -0.01 -0.16 -0.12 -0.21 1.80





U -0.32 -0.34 -0.29 0.16 0.07 0.46 0.09 -0.22 -0.04 -0.26 -0.43 -0.12 -0.02 -0.25 -0.32 -0.19 0.26 0.72 0.59 0.46 0.44 0.36 0.61 0." 0. " -0.26 0.63 -0.53
0.13

1.00





Cs -0.15 0.81 -8.06 -0.06 0.01 -0.01 0.13 0.03 0.16 -0.09 0.12 -0.09 0.03 -0.03 -0.11 0.06 0.24 -0.09 -0.06 8.04 -0.(3 -0.05 9.07 0.03 0.01 -0.02 -0.15 0.10 -0.31 -0.02 1.80




t.; 8.32 0.20 8.40 0.13 0.02 -048 -0.25 -0.23 -0.30 0.17 0.07 0.01 0.17 P 0.33 -1.1 .05 - (1.22 -0 .12 -0 .45 -3.39
i k -C1'37 -0'22 -0 '02 0'21' -0 *C5




0.°1 G.21
1.00




Ce 0.62 0.20 0.62 0.35 0.09 -0.57 -0.44 -0.40 -0.55 0.07 -8.06 -0.05 0.46 0.18 8.56 -0.03 -0.57 -0 .18 -0 .49 -0 .23 -0 .15 -0 .22 -e.27 -0.13 -0,29
0.02

-0.1
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IIOUTOKUMPUNININGSERVICES,Geoanalytical laboratory, P. Lamberq. APPENDIX1f1L• Normativeeineral composition.

0 C-2, S1281IIDepth lal
RockType

11Anal.no.

ab
qtz

11

ru
af
phl

II chlsca

apa
dol

IIcpPY
Pv

IIgra
Total

IIPYI(PY4130)

66.45
ABEST

67.85
ABEST

69.17
ABEST

70.32
ABEST

71.54
ABEST

77.43
ABEST

78.43
ABFST

79.70
ABEST

81.00
ABFST

82.00
ABFST

83.00
ABFST

84.00
ABEST

8877964 8877965 8877966 8877967 8877968 8877969 8877970 8877971 8877972 8877973 8877974 8877975

61.6 61.9 63.1 33.0 37.9 53.2 26.0 73.2 37.4 49.7 56.9 73.7

0.0 1.1 4.7 4.5 6.4 10.4 0.0 0.0 0.0 0.0 2.8 0.3

1.0 0.5 0.5 0.2 0.3 0.3 0.1 0.5 0.2 0.3 0.3 0.4

6.2 5.1 0.6 3.3 0.5 0.4 7.8 1.1 4.2 7.7 0.0 2.6

1.5 7.3 9.0 3.8 4.7 1.5 1.3 7.9 1.8 5.3 1.1 2.9

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.6 0.5 0.3 0.4 0.3 0.4 0.3 0.2 0.2 1.1 0.4 0.5

0.4 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.0 0.1 0.1

18.7 22.5 7.0 22.7 12.9 9.9 33.6 10.3 45.8 20.0 14.8 10.7

0.2 0.1 8.3 17.0 21.4 14.8 22.0 - 8.6 7.8 12.2 9.4 6.4

11.1 1.4 4.0 4.9 4.5 4.6 2.6 1.2 ' 2.1 5.2 7.2 2.3

8.0 3.8 8.3 14.7 14.7 7.7 15.1 3.8 4.0 8.9 11.2 3.7

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

109.3 104.2 105.8 104.7 103.8 103.3 109.1 106.8 103.6 110.4 104.3 103.8

0.58 0.26 0.32 0.25 0.23 0.38 0.15 0.23 0.35 0.37 0.39 0.38

1



OUTOKUMPUMININSSERVICES,Geoanalytical laboratory, P. Laeherg.

C-2, 51281
Depth (a) 85.00 86.00 87.00 88.00 89.00 91.00
RockType ABFST ABFST ABFST ABFST ABFST ABFST

APPENDIXlf/3.

93.00 95.00
ABFST ABFST

Noreatiye einefal coeposition.

97.00 99.00 101.00 103.00
ABFST ABFST ABFST ABFST

Anal.no. 8877976 8877977 8877978 8877979 8877980 8877981 8877982 8877983 8877984 8877985 8877986 8877987

ab 73.8 80.5 65.7 47.7 25.3 40.9 81.7 84.0 77.9 57.2 45.8 42.4

qtz 0.0 0.6 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 5.1

ru 0.4 0.5 0.3 0.2 0.1 0.2 0.3 0.3 0.3 0.2 0.2 0.2

af 4.7 1.2 0.6 1.6 5.4 0.7 0.3 0.0 0.0 0.0 1.4 0.0

phl 3.7 1.4 3.2 1.7 0.3 0.6 0.7 0,6 0.4 0.3 0.5 0.5

chl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

sca 0.5 0.1 0.4 0.6 0.5 0.4 0.2 0.1 0.3 0.3 0.4 0.4

apa 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1

dol 18.6 7.2 9.5 8.2 38.5 32.8 3.3 1.7 5.0 3.7 10.4 17.2

cp 2.3 2.2 3.7 2.4 0.1 0.1 0.1 0.1 0.1 0.6 0.4 0.2

py 2.7 8.8 8.1 32.7 19.0 14.5 14.4 14.2 '12.9 26.2 32.1 24.3

po 1.3 0.0 11.2 13.6 21.3 18.7 8.6 4.2 8.0 20.2 13.4 14.8

gra 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 108.1 102.6 105.3 108.8 110.7 108.9 109.6 105.3 105.1 108.9 105.8 105.3

pymprtpo) 0.68 1.00 0.42 0.71 0.47 0.44 0.63 0.77 0.62 0.56 0.71 0.62



IIOUTOKUMPUMININ6SERVICES.6eoanalytical laboratory, P. Lambery. APPENDIX . Noreative eineral composition.
- c

C-2, S1281
111Depth (e)

RockType

11Anal.no.

ab
qtz
rU

af
phlIIchl
SCa


apa

dol

"

PY
Po

IIgra
Total

IIPYMPY4110)

105.00
ABFST

107.00
ABFST

109.00
ABFST

111.00
ABFST

113.00
ABFST

115.00
ABFST

117.00
ABFST

118.00
ABFST

120.00
SRFFST

121.40
ML

8877988 8877989 8877990 8877991 8877992 9877993 8877994 8877995 8877996 8877997

64.9 64.2 58.4 64.4 44.0 66.3 85.9 82.6 47.4 72.6

0.9 0.1 2.7 0.0 0.0 0.0 0.0 0.0 8.5 0.0

0.3 0.3 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.3

1.6 0.0 0.0 1.0 4.6 3.2 1.1 0.0 0.0 4.7

0.5 0.7 0.4 0.5 0.3 1.0 1.4 1.1 1.6 0.9

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.4 0.3 0.4 0.5 0.5 0.2 0.2 0.2 0.4 0.2

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

8.4 14.5 12.6 10.0 16.7 5.1 4.4 12.9 22.8 0.0

0.6 1.3 0.4 0.5 0.3 2.0 0.2 - 0.2 2.7 1.4

12.8 11.9 13.0 16.7 18.5 11.9 5.2 2.2 ' 4.4 2.8

16.1 8.9 18.3 15.8 26.2 19.3 5.7 6.3 16.0 12.2

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.8

106.6 102.3 106.7 109.6 111.4 109.3 104.6 106.0 104.2 95.2

0.44 0.57 0.42 0.51 0.41 0.38 0.48 0.26 0.22 0.19
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OUTOKUMPUMININSSERVICES,Secianalyticallaboratory,P. Lagberg.Appendix27 Cheoicalcoaposition.

C3,5144F

Depth(i)
RockType

144.0 154.0 160.0

ABFST/MOBABFST/MDBABFST/MOB

Anal.no. 905673790567389056739

Si02 26 39.5 9.82

TiO2 1.54 2.08 0.485

A1203 7.72 10.5 2.65

Cr203 0.0044 0.0032 0.0036

V203 0.0365 0.0482 0.0179

Fe0 22.78 11.46 21.43

Mn0 0.325 0.149 0.463

Mg0 6.92 6.1 12.1

Ca0 11.2 9.52 20.3

Rh20 0.0006 0.0007 0.0003

Sr0 0.0054 0.0052 0.0046

Ba0 0.006 0 0.003

Na20 5.29 6.74 1.74

K20 0.213 0.188 0.074

Zr02 0.0187 0.0261 0.0048

P205 0.201 0.266 0.056

CO2 18.883 14.556 34.869

OxSuo 93.8 94.2 84.5

Cu 0.296 0.477 0.821

Ni 0.0918 0.0448 0.0821

Co 0.0594 0.0335 0.0534

Zn 0.0002 0.0009 0

Fb 0.001 0.001 0.001

Ag 0 0 0




11.6 5.66 9.1

As 0.004 0.0006 0.0012

Sh 0 0 0

Bi 0 0 0
Te





0.0031 0.0024 0.0025
Nb 0.0023 0.0023 0.0012

Mo 0.0004 0 0

Sn 0 0.001 0




0 0.001 0.001

Cl 0.02 0.023 0.028

Th 0 0 0.0005




0.0013 0.001 0.0009

Cs 0.007 0.005 0

La 0.004 0.003 0.003

Ce 0.006 0.006 0.002

Ta 0.002 0.002 0.002

Au 0.33 0.53 0.26



1=1=111•101111011MEIN -1•1101111111-11010•11

bidiosia66e ore types / correlation natr ix

22-02E / CORRELATIONCOEFFICIENIS




5IO2 2102 41203 Cr233 V283 Fe0 MCD I160 Cs0 2b20 STO 000 4a29 K20 21-32 6205 602 Cu N1 Co 1211-. 10




Au y Ms Cl 111




Cs La Ce




8102 1.00



















1i02 1.1.79 1.00



















41203 0.913 01.62 1.00


















Cr223 0.41 -0.16 0.39 1.00


















1/203 0.E8 0.27 0.87 0.13 1.00

















F62 -0.19 0.02 -0.22 -0.19 -0.05 1.03

















-3.72 -0.46 -0.52 -0.43 -0.64 0.06 1.00
















l'160 -3.70 -0.29 -0.62 -0.53 -0.52 -0.01 0.90 1.00

















Ca0 .0.75 -0.39 -0.69 -0.55 -0.62 0.01 0.95 0.98 1.00
















2t23 0.16 0.12 0.26 0.21 0.15 -0.16 -0.16 0.00 -0.08 1.00
















Sr0 -0.59 -3.15 -0.50 -0.69 -0.23 -0.15 0.75 0.89 0.65 -0.03 1.00















920 0.36 0.26 0.42 0.40 0.33 0.03 -0.12 -0.18 -0.21 0.46 -0.20 1.00















4a28 0.98 0.85 0.95 0.20 0.91 -0.02 -0.69 -0.67 -0.73 0.09 -0.54 0.24 1.00














YEO 0.55 0.59 0.66 0.22 0.55 -0.20 -0.30 -0.12 -0.23 0.72 -0.04 0.61 0.50 1.00














PriC2 0.90 0.93 0.63 0.06 0.03 0.02 -0.59 -0.50 -0.57 0.07 -0.33 0.25 0.91 0.53 1.00













2205 0.22 0.73 0.38 -0.59 0.57 -0.05 -0.22 0.07 -0.06 0.08 0.28 -0.05 0.40 0.33 0.52 1.00













602 -0.72 -0.35 -0.85 -0.57 -0.59 -0.02 0.94 0.98 0.99 -0.09 0.86 -0.21 -0.611 -0.21 -0.53 -0.03 1.00












Cu 0.08 -0.03 0.01 0.25 0.13 0.64 -0.20 -0.38 -0.34 -0.11 -0.44 0.24 0.15 -0.17 0.04 -0.24 -0.35 1.00












Ni 0.12 0.25 0.13 -0.05 0.12 0.64 -0.27 -0.24 -0.26 -0.05 -0.24 -0.01 0.21 0.06 0.33 0.06 -0.28 0.17 1.00











Co 0.19 0.36 0.12 -0.12 0.24 0.83 -0.26 -0.26 -0.27 -0.22 -0.34 -0.03 0.27 -0.10 0.41 0.15 -0.27 0.51 0.70 1.00











Zn 0.43 0.05 0.29 0.57 0.29 -0.07 -0.44 -0.59 -0.56 0.15 -0.52 0.31 0.32 0.23 0.18 -0.22 -0.56 0.48 0.00 -0.04 1.00










Pb 0.04 -0.14 0.03 0.27 -0.12 -0.14 -0.00 -0.11 -0.06 -0.03 -0.13 0.10 -0.02 0.05 -0.05 -0.32 -0.04 -0.14 0.07 -0.09 0.27 1.00










0.29 0.33 0.23 -0.03 0.34 0.05 -0.34 -0.30 -0.39 -0.15S
 -0.42 0.14 0.39 0.00 0.44 0.12 -0.39 0.67 0.73 0.92 0.16 -0.12 1.00









45 0,18 0.45 0.16 -0,29 0.33 0.55 -0.26 -0.19 -0.23 -0.14 -0.21 0.07 0.27 -0.05 0.40 0.39 -0.22 0.39 0.36 0.75 -0.12 -0.11 0.57 1.00









Au -0.01 -0.04 -0.04 0.12 0.06 0.57 0.03 -0.11 -0.09 -0.06 -0.22 0.15 0.04 -0.07 -0.04 -0.21 -0.09 0.66 0.23 0.22 0.30 0.03 0.49 0.13 1.00








Y 0.20 0.53 0.25 -0.41 0.27 -5.16 0.07 0.20 0.19 0.19 0.33 0.16 0.22 0.36 0.34 0.56 0.23 -0.33 0.06 0.04 -3.15 51.55-5.63 0.2? -0.16 1.50








00 0.37 -2.15 0.29 5.74 0.05 -0.02 -0.39 -0.62 -0.55 -0.02 -0.69 0.17 0.29 -0.02 0.17 -0.54 -0.59 0.26 0.13 0.05 0.49 0.25 0.16 -012 0.52 -0.52 1.503







C1 -0.07 0.26 0.53 -0.23 0.05 0.09 0.12 0.44 0.35 0.41 0.64 0.15 -0.09 0.48 0.11 0.37 0.30 -0.39 0.27 0.56 -5.61 -0.15 -0.01 0.01 -5.26 0.49 -3.62 :.50







th 0.15 -0.10 0.!0 5.37 -0.59 0.10 -0.26 -0.60 -0.36 0.07 -0.49 0.09 0.15 5.53 0.09 -0.32 -0.61 0.21 0.28 0.12




0.07 0.I9 -0.02 0.25 -0.29 0.65 -0.05 1.55







5.22 -0.04 0.22 0.44 0.0,6 -0.53 -0.25 -5.65 -5.40 -0.06 -0.26 0.15 0.25 0.06 0.13 -0.20 -0.22 0.23 0.23 -0.05 0.45 0.33 i1.16 -1.25 (LI, -0.5S Q.5: -0.‘(.;







Cs 0y12 5.22 5.16 -0.626 0.19 5.04 -0.11 -0.il -0.10 -0.02 -0.01 0.12 0.10 0.11 0.10 0.22 -0.12 0.01 0.03 0.07 C'.10




C..6.6. 0.11 0.12 0.12 -0.16 0.0o 0.11 -0.11 1.00





La

Ce

0.22
2.57

0.12

0.53

0.17

0.57

0.15

0.04

0.15
0.45

0.22

-3.011
-0.27

-0.44
-0.25

-0.39
-0.32

-0.43
-0.27

0.13
-0.23

-0.27
0.11

0.11
0.23

0.52
-0.05

0.41
0.1?

0.65
-0.13

0.27
-0.25

-0.42

0.24
-0.03

0.35

0.13
0.30

0.15
0.25

0.09
0.22

0.01
(i.37


0.17
0.10

0.14
0.10

-5.93
-0.!:6

3.24
0.27

0.22
-0.04

0.16
0.19

0.19
0.21

0.03

0.40

0.15

1.00

0.15 1.00




fl
Ta 0.29 0.37 0.22 0.52 0.40 010 -0.23 -0.29 -5.21 -9.12 -0.33 0.20 0.33 0.53 0.22 0.16 -0.29 0.77 0.35 5.12 7.24 -2.25 5.25 5.5 0.62 -0.10 0.51 -0.12 0.07 0.13 0.11 0.15 0.04 1.00
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OUTOKUMPUMININGSERVICES,6eoana1ytica1laboratory, P. Lanberg. Appendix2e/t. One-ion percentages.

C3. 5144F
Depth In1

RockType
144.0 154.0 160.0

AUSTIMDBABEST/MDBABFST/MDB

Anal.no. 9056737 9056738 9056739

Si 19.03 31.08 6.99

Ti 0.85 1.23 0.26
Al 6.66 9.74 2.22
Cr 0.00 0.00 0.00
V 0.02 0.03 0.01

Fe 13.94 7.54 12.75
Mn 0.20 0.10 0.28
Mg 7.55 7.15 12.83
Ca 8.78 8.03 15.47

Rh 0.00 0.00 0.00
Sr 0.002 0.002 0.002

Ba 0.002 0.000 0.001
Na 7.51 10.28 2.40




0.20 0.19 0.07
Zr 0.013 0.020 0.003




0.12 0.18 0.03




18.87 15.64 33.86

Cu 0.20 0.35 0.55
Ni 0.07 0.04 0.06
Co 0.04 0.03 0.04
Zn 0.00 0.00 0.00

Ph 0.00 0.00 0.00




15.91 8.35 12.13

CI 0.02 0.03 0.03

501.1 100.00 100.00 100.00

CALCULATED





A1203/Ti02 5.0 5.0 5.5

A1203/Cr203 1754.5 3281.3 736.1

Ti02/Cr203 350.0 650.0 134.7

Zr0217102 0.012 0.013 0.010

Co/Ni 0.647 0.748 0.650

CarbInd 62.3 68.8 82.5

cc 24.9 31.5 31.3
.kags 53.9 66.8 68.9
+sid 100.0 100.0 100.0
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IIOUTOKUIFUNININSSERVICES,hoandyticallaboratory,F. Laaberg.Appendix2f/2 . Nortativeaineralcoaposition.

II C3,5144F

Depth(e)

RockType
IIAnal.no.
II ab

qtz

Iruaf

phl

11

chl

sca

apa

dol

icpPY
Pv

IIgra
Total

iPy/CPT+1:10)

110.0

ABFST
111.0

ABFST
112.0

ABFST
113.0

ABFST
114.0
ABFST

115.0
ABFST

116.0
ABFST

117.0
ABFST

118.0
ABFST

119.0
ABFST

120.0
ABFST

121.0
ABFST

905671390567149056715905671690567179056718905671990567209056721905672290567239056724

10.9 31.3 57.3 70.3 66.7 61.1 39.9 60.9 25.1 57.1 55.4 46.3
0.0 1.8 8.6 1.0 3.8 0.0 0.0 0.0 0.0 2.8 0.0 0.0

0.1 0.3 0.4 0.4 0.4 0.8 0.5 0.8 0.3 0.3 0.4 0.3

2.6 6.7 2.1 1.4 0.0 0.0 0.0 0.0 0.0 1.0 3.2 5.8

0.9 11.5 0.3 0.5 0.4 1.4 0.9 2.4 0.8 0.9 1.8 1.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3 1.2 0.2 0.3 0.3 0.3 0.4 0.5 0.5 0.2 0.5 0.4

0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1

80.7 35.1 9.1 10.0 12.0 34.0 47.4 35.7 54.3 1.7 7.9 9.7

2.6 3.6 3.5 4.4 3.2 2.5 4.6 2.3 12.3 23.1 13.4 21.6

0.2 1.3 2.9 1.8 1.9 0.0 1.8 1.1 '2.1 2.4 9.3 11.2

2.2 9.5 18.2 13.4 15.1 6.3 9.4 2.4 9.4 14.4 14.0 7.5

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

100.5 102.5 102.7 103.6 104.0 106.7 105.1 106.3 104.9 104.0 106.0 104.0

0.07 0.12 0.14 0.12 0.11 0.00 0.16 0.32 0.18 0.14 0.40 0.60
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0102 7102 A1203Cr203 4203 Fe0 HnO M90 Ca0 8020 Sr0 2a0 Ha20 1:20 Zr02 F205 002 Cu Ni Co Zn 00 S As Au V H3 C1 Th U Cs La Ce

8102 1.00













1i02 0.06 1.00













01203 0,70 0.24 1.00













Cr203 0.22 -0.73 -0.27 1.00













4203 -0.23 0.80 -0.06 -0.56 1.00













Fe0 -0.80 0.10 -0.68 -0.30 0.35 1.00












Mn0 -0.119-0.09 -0,72 -0.11 0.09 0.50 1.00












MqO -0.52 0.32 -0.45 -0.21 0.45 0.19 0.63 1.00












Ca0 -0.09 -0.32 -0.75 0.05 -0.04 0.47 0.93 0.56 1.00











8520 0.59 -0.34 0.70 0.11 -0.55 -0.72 -0.45 -0.35 -0.35 1.00











Sr0 0.06 0.04 0.54 -0.30 -0.09 -0.35 0.04 -0.03 0.04 0.56 1.00












0.t0 0.43 -0.42 0.66 0.03 -0.64 -0.58 -0.30 -0.47 -0.22 0.90 0.60 1.00












4a20 0.52 0.51 0,82 -0.38 0.31 -0.05 -0.50 -0.46 -0.69 0.04 0.04 0.07 1.00












020 0.54 -0.48 0.63 0.23 -0.64 -0.68 -0.40 -0.39 -0.23 0.97 0.57 0.92 -0.09 1.00












212 0.39 0.91 0.42 -0.62 0.53 -0.20 -0.35 0.09 -0.57 -0.10 0.06 -0.19 0.65 -0.24 1.00












2205 0.07 0.65 0.61 -0.88 0.42 -0.07 -0.12 0.02 -0.25 0.20 0.59 0.26 0.52 0.09 0.65 1.00












002 -0.97-0.45-0.84 0.21-0.14 0.53 0.88 0.44 0.96 -0.40 -0.12 -0.26 -0.71 -0.21 -0.69-0.44 1.00











Cu -0.31 0.26-0.27-0.26 0.11 0.41 0.10-0.10 0.10-0.41-0.12-0.20 0.07-0.41 0.22 0.13 0.12 1.00











N1 -0.63-0.31-0.61 0.05 0.07 0.04 0.32-0.03 0.41 -0.50 -0.37 -0.36 -0.21 -0.41 -0.55-0.34 0.54 0.02 1.00










Co -0.69-0.30-0.55-0.09-0.05 0.84 0.26-0.06 0.40 -0.42 -0.25 -0.23 -0.31 60.35-0.40 -0.10 0.57 0.20 0.90 1.00










2n 0.04 0.15 0.25 -0.25 0.01 -0.12 -0.04 -0.01 -0.06 0.16 0.27 0.22 0.06 0.94 0.18 0.37 -0.11 0.00 -0.22 -0.09 1.00









Th 0.09 0.09 0.29 -0.20 -0.06 -0.17 -0.09 -0.05 -0.09 0.20 0.30 0.23 0.02 0.23 0.14 0.35 -0.13 0.05 -0.23 -0.10 0.99 1.00









S -0.74 -0.10 -0.67 -0.14 0.15 0.95 0.41 -0.01 0.45 -0.67 -0.39 -0.48 -0.23 -0.59 -0.34 -0.17 0.54 0.40 0.87 0.90 -0.93 -0.15 1.00








As -0.34 -0.30 -0.22 -0.01 -0.07 0.50 -0.01 -0.18 0.19 -0.17 -0.21 -0.10 -0.09 -0.14 -0.37 -0.12 0.27 0.02 0.65 0.91 -0.13 -0.11 0.60 1.00








Au -0.24 0.20 -0.25 -0.22 0.00 0.33 0.13 -0.07 0.02 -0.22 1.18 -0.25 0.02 -0.22 61.10 0.07 0.10 0.89 0.00 0.11 -0.10 -0.12 0.42 1,01 1.00







Y -0.24 0.71 0.07 -0.77 0.63 0.32 0.12 0.40 -0.01 -0.26 0.12 -0.34 0.32 -0.47 0.60 0.61 -0.14 0.15 -0.01 0.14 0.07 0.0I 0.14 0.19 0.02 1.06







he -0.05 -0.24 -0.08 0.01 -0.25 0.26 -0.26 -0.30 -0.05 -0.07 -0.23 0.00 0.03 -0.03 -0.16 -0.02 0.03 0.26 0.35 0.55 -0.06 -0.04 0.44 0.71 0.27 0.15 1.00






CI 0.19 0.56 0.33 -0.54 0.51 -0.21 -0.19 0.40 -0.29 -0.04 0.20 -0.12 0.27 -0.09 0.67 0.59 -0.45 -0.03 -0.42 -0.39 0.14 0.13 -0.33 -0.26 0.04 0.54 -0.09 1.00






th 0.80 -0.33 0.33 0.52 -0.63 -0.67 -0.64 -0.53 -0.50 0.49 -0.12 0.59 0.17 0.50 0.04 -0.35 -0.48 -0.16 -0.44 -0.46 -0.09 -0.04 -0.52 -0.23 -0.05 -0.40 0.14 -0.14 1.00





U -0.26 -0.27 -0.08 -0.15 -0.24 0.40 -0.04 -0.17 0.14 0.00 -0.06 0.11 -0.10 0.03 -0.26 0.04 0.18 -0.01 0.51 0.75 0.09 0,12 0.48 0.86 -0.10 0.27 0.77 -0.17 -0.14 1.00





Cs 0./1 0.46 0.34 -0,53 0.30 0.03 -0.16 -0.05 -0.28 -0.01 0.20 0.01 0.35 -0.07 0.47 0.54 -0.34 0.01 -0.12 -0.05 0.63 0.62 -0.07 0.05 -0.07 0.43 -0.07 0.29 -0.13 0.12 1.00




La 0.03 0.07 0.19 -0.33 -0.26 0.10 - 0.07 1.31 -0.12 0.12 0.23 0.10 0.11 0.11 0.20 0.31 -0.12 0.32 -0.04 0.21 0.30 0.41 0.12 0.21 0.12 0.25 0.27 -0.06 0.13 0.42 0.55 1.00




Ce 0.46 0.40 0.51 -0.33 -0.02 -0.20 -0.42 -0.12 -0.52 0.17 0.18 0.13 0.32 0.15 0.61 0.39 -0.50 -0.05 -0.40 -0.22 0.16 0.20 -0.35 -0.03 1.17 0.44 0.11 0.51 0.32 0.20 0.44 0.60 1.00
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51548

P011,7',TE

9 :}527=1 8:152'782

:58.H 180.:30

ABP

15.C5

1:.T7

c-

1()0.00

82.2
:,78.8, 585.8

I. 15.8

1.8.8"7

1,8u2-2

	

15,3 35.4

	

48.d 40,7

	

68.4 72.0

100.0 100,0 100,0

37.5 47.2
52.3 ,53.3
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OUTOKUMPUMININGSERVICES,Geoanalytical lahoratory, P. Lasherg. Appendix3f .

C4, 51548
Depth/e 108.00 110.00 112.00 114.00 116.00 118.00 119.00 156.00
RockType MDB MDB MDB MDB MDB MDB MDB/ABFTABFT

Noreative aineral coeposition.

158.00 160.00
ABFT ABFT

Anal.no. 9058791 9058792 9171035 9171036 9171037 9171038 9171039 9058793 9058794 9058795

ah 46.0 43.1 40.5 49.5 50.3 41.8 36.7 34.0 50.0 57.7

gtz 1.3 0.6 0.0 0.0 0.0 0.0 0.0 24.2 18.2 15.4

ru 0.9 1.5 1.8 1.8 1.7 0.3 0.2 0.4 0.4 0.3

af 10.8 11.1 20.5 16.5 16.2 23.8 6.4 12.4 8.1 8.0

phl 0.7 1.7 5.4 8.1 3.0 27.6 7.7 23.4 17.2 11.4

chl 0.0 9.5 11.4 8.9 1.9 0.0 0.0 0.0 0.0 0.0

Sea 0.4 3.6 9.6 2.7 3.0 2.3 0.4 1.3 0.6 0.8

apa 0.3 0.6 0.6 0.7 0.6 0.9 0.4 0.1 0.1 0.2

dol 21.2 15.3 3.9 5.2 13.7 17.9 25.5 3.5 2.7 6.0

cp 9.9 4.7 0.9 1.3 0.9 0.9 1.7 0.1 0.1 0.2

VV 6.9 5.0 2.7 2.7 2.8 2.9 16.0 ' 0.2 1.0 1.1

po 1.8 3.3 2.7 2.6 6.0 0.4 10.5 0.7 3.0 1.1

gra 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 100.4 100.0 100.0 100.0 100.0 118.9 105.5 100.2 101.3 102.3

pyl(py+po) 0.80 0.61 0.51 0.51 0.32 0.89 0.60 0.19 0.24 0.51
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Eidjovacy: ore types / correlation eatrix

2-012 / 0E11110 002FFICIEH1S

5102 Ti02 41203 Cr283
5,EE 3.2E
01E2 0.72 1.05
10223 3 0.E5 1.E0
Er203 0.26 0.21 0.90 1.00
0203 0.43 0.64 0.55 0.49
FE) -0.59 -0.42 -0.59 -0.44

3.55 -0.61 -0.67 -0.64
-0.43 -0.45 -0.54

-0.54 -3.52 -0.59 -0.56
-E.09 -0.04 -0.02 -0.22
-0.03 -0.15 -0.09 -0.27

	

0 0, 0.11 5.09 0.10
0.54 0.52 0.23
' ".7 0.23 0.25

:rCE.
6205
0.2.7
Co

N;

Cr

95

0.72
-0.65
0.09

-0.35
-0.51

-0.19

0.97
0.77

-0.81
0.25

-0.25
-0.39
0.22

-0.04
S -0.49 -0.35
As -0.35 -0.36
' -0.04 0.16
E 0.26 0.22
113 0.07 0.10
C1 -0.57 -0.47
15 0.43 0.43
U -0.07 0.08
Cs -0.10 -0.01
La 0.30 0.33
Ce 0.51 0.59

0.01: 0.07
0.72 0.

-0.67 -0.57
0.16 0.26

-0.22 -0.03
-0.52 -0.37
0.59 0.42

-0.15 -0.02
-0.43 -0.27
-0.38 -0.23
-0.01 0.03
0.24 0.06
0.10 0.24

-0.60 -0.65
0.48 0.55
0.02 0.16

-0.04 -0.02
0.34 0.27
0.57 0.53

0203

1.100

FrO rir0 11q0 Ca0 P529 Sr0 Ea0 %28 fl2D 21.02 2205 002 Cu Ni Cc Zo E5 S As




Y C3 Cl lh 0 Cr.




Ce




-0.28 1.00

















-0.13 0.42 1.00
















-0.34 0.27 0.75 1.00
















-0.02 0.22 0.96 0.74
















-0.10 0.15 0.10 0.51 0.20 1.00















0.15 -0.25 0.43 0.40 0.29 0.22 1.00















0.26 0.04 -0.14 -0.11 -0.14 0.37 0.05 1.00














0.53 -0.59 -0.70 -0.51




-0.20 -0.16 0.01 1.00














0.22 0.20 -0.03 0.14 0.01 0.52 -0.24 0.4! 0.15 0.00













0.55 -0.35 -0.50 -0.42 -0.51 - 0.10-0.17 0.04 0.62 0.20 1.00













0.25 -0.19 -0.60 -0.73 -0.59 -0.02 0.06 0.75 0.17 b2.. 1.00












-0.15 0.41 0.95 0.65 0.95 0.07 0.26 -0.13 -0.7 -0.04 -0.52 -0.65 1.00












0.51 0.23 -0.22 -0.55 -0.24 -0.16 -0.27 0.29 0.19 0.21 0.24 0.19 -0.10 1.0)











-0.19 0.79 0.07 -0.13 -0.05 -0.01 -0.40 0.13 -0.32 0.19 -0.17 -0.02 0.1/ 0.42 1.0E











-0.20 0.85 0.27 0.18 0.19 - 0.02 -0.44 0.02 -0.51 0.12 -0.30 -0.17 0.31 0.17 0.70 1.00










0.58 - 0.11 -0.20 -0.22 -0.22 -0.03 0.02 0.44 0.27 0.14 0.33 0.33 -0.20 0.53 0.14











0.37 0.50 0.29 -0.03 0.25 0.07 -0.04 0.19 -0.15 0.22 - 0.03 -0.06 0.34 0.71 0.57 0.35 0.41 1.00









-0.22 0.79 0.28 -0.03 0.26 -0.16 -0.39 -0.10 -0.43 0.11 -0.28 - 0.25 0.41 0.34 0.65 0.69 -0.18 0.46 1.00









- 0.67 0.35 -0.01 0.05 - 0.05 -0.21 -0.50 -0.12 -0.33 - 0.09 -0.26 -0.16 0.08 -0.29 0.30 0.51 -0.39 -0.21 0.32 1.00








•.?0.29 0.44 -0.07 -0.28 -0.14 -0.15 -0.41 -0.05 0.04 0.15 0.10 0.13 -0.03 0.47 0.46 0.47 0.15 0.53 0.32 -0.04 1.00








0.50

0.23

- 0.38
0.08

- 0.04
0.02

-0.03

-0.23

-0,00
0.07

	

-0.06 0.22

	

-0.36 -0.14
0.05

-0.24
0.17

0.19

-0.01

-0.03

0.11
0.10

0.02

0.07

‘0.10
0.13

- 0.11
0.34

-0.26
0.18

-0.37
0.13

0.17

0.13

-0.05
0.37

-0.44
0.36

-0.39

-0.07

-0.17
0.33

1.00
-0.12 1.00






-><•-0.25 0.60 0.53 0.57 0.51 0.46 0.15 0.09 -0.67 0.24 -0.50 -0.35 0.42 -0.28 0.19 0.42 -0.33 0.05 0.40 0.21 -0.10 0.01 -0.17 1.00






0.18 -0.35 -0.28 -0,15 -0,26 0.23 -0.00 0.15 0.46 0.16 0.37 0.35 -0.29 -0.06 -0.14 -0.39 0.23 -0.25 -0.37 -0.00 -0.12 -0.09 -0.06 -0.19 1.00






0.59 0.19 0.07 0.41 0.05 -0.27 -0.03 0.25 0.04 -0.01 0.04 -0.01 0.13 0.63 0.33 0.03 0.46 0.59 0.35 -0.35 0.34 0.13 0.55 -0.05 -0.02 1.00





-0.11 0.17 - 0.17 0.06 -0.16 0.11 -0.21 0.26 - 0.02 0.02 -0.00 -0.01 -0.16 -0.02 0.07 0.18 -0.19 -0.12 0.15 0.11 0.08 -0.02 -0.02 0.15 -0.11 0.01 1.00





0,20 -0.10 -0.39 - 0.26 -0.50 0.15 0.26 0.32 0.26 - 0.00 0.31 0.51 -0.51 0.17 0.09 -0.11 0.31 -0.10 -0.34 -0.23 0.13 0.21 -0.14 -0.09 0.34 0.06 0.15 1.00




0.37 -0.28 -0.36 -0,22 -0.43 0.09 0.18 0.14 0.51 0.10 0.47 0.50 -0.48 -0.02 -0.04 -0.34 0.37 -0.02 -0.45 -0.31 -0.04 0.32 - 0.27 -0.24 0.46 0.07 -0.09 0.52 1.00
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. Normative aineral coeposition.OUTOKUMPUMININSSERVICES,Geoanalytical lahoratory, P. lamberg.

E, WIBIr 4 /20$
Depth le/ 200.00 202.00 203.00 204.00 206.00 208.00
RockType ABFST ABFST ABFST ABFST ABFST ABFST

Appendix 4f/2

213.00

MDB

Anal. no. 9123581 9123582 9123583 9123584 9123585 9123586 9123587

ah 60.4 74.3 70.7 49.6 61.0 64.7 32.6

qtz 0.4 5.6 0.0 7.8 9.8 2.0 0.3

ru 0.3 0.3 0.4 0.3 0.4 0.3 0.4

af 13.7 6.2 25.5 3.6 3.9 22.5 35.9

phl 1.0 1.9 1.1 2.8 1.1 1.3 5.6

chl 0.0 0.0 0.0 0.0 21.6 0.0 4.9

sca 0.3 0.2 0.4 0.3 0.3 0.3 2.0

apa 0.2 0.1 0.1 0.1 0.2 0.1 0.2

dol 11.0 9.3 7.1 5.2 1.5 10.7 5.5

cp 11.7 1.1 0.0 19.8 0.0 0.0 0.2'

py 0.4 0.1 0.2 1.2 0.0 1.5 12.4

po 10.4 2.3 0.0 14.1 0.0 1.2 0.0

gra 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 109.7 101.6 105.5 104.8 100.0 104.6 100.0

py/(pylizo) 0.04 0.02 1.00 0.08 0.13 0.56 1.00
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OUTOKUMPUMININSSERVICES,Geoaraiyticai1 ratcn, Appendh.5by.. Cheeicalanalyses.

K, N95E

Depth1e)


ReckType

62.90

ABFST

63.80

DS

AR21.00. 89762148976215

Si0.2 59.2 16.1

TiO2 0.45 0.113
A1203 12.5 3.06

Cr203 0.0226 0.0064

V203 0.0169 0.0116

Fe0 4.86 7.49

NnO 0.0629 0.3

NgO 3.95 10.4

Ca0 7.15 28

Rbal 0.0007 0.0032

SrO 0.0044 0.0(2,2

Ba0 0.001 0.005

Na2C: 7.16 1.1

K20 0.146 0.546

Zr02 0.0101 0.0016

P205 0.053 0.045

CO2 5.06 30.469
OxSue 98.5 76.9

Cu 0.0066 0.0041

Ni 0.0094 0.011

Co 0.0199 0.0168

Zn 0




Pb 0.001 0.001

Ag





2.48 2.47

As 0.0012 0.0018

Sb 0 0

Bi 0




Te 0 0




0.002 0.0023

Nb 0 0

Me 0.0002 0.0015

Sn 0.001 0.001




0

Ci 0.012 0.02
Th 0.0006 0




0.0013 0.0005
Cs 0 0.002
La 0.005 0.002

Ce 0.01 0.002

Ta 0




Au 0 0.1



IEN Iffle

-„eve ts / ccuelation tatrix

1,-242 / C244E11,41111:11 011411FICIENIE

	

6:C2 1102 41203 Cr222 Y2•3 Fe0
6:22 1.00
71C2 0.94 1.00

41202 0.95 0.90 1.00

Cr203 0.55 0.70 0.52 1.00

0233 0.23 0.24 0.75 0.77 1.00

Fe0 -0.37 -0.43 -0.40 -0.33 -0.27 1.00
1.1:10 -0.75 -0.20 -0.73 -0.68 -0.67 0.64
Mg0 -0.50 -0.51 -0.44 -0.51 -0.46 0.61
Cå0 -0.79 -0.79 -0.77 -0.62 -0.72 0.60
9520 0.12 0.11 0.28 -0.43 -0.02 0.07
Er0 -0.17 -0.17 -0.01 -0.66 -0.35 0.12
3å0 0.12 0.14 0.27 -0.33 0.011 0.05
0320 0.22 0.25 0.85 0.51 0.61 -0.27
(20 0.53 0.54 0.68 -0.09 0.38 -0.22
2r02 0.95 0.97 0.95 0.66 0.80 -0.33
9205 0.49 0.57 0.19 -0.12 0.27 -0.28
CO2 -0.22 -0.22 -0.20 -0.60 -0,69 0.50
Cu 0.00 -0.01 0.03 -0.12 0.20 0.38

111 -0.20 -0.27 -0.36 0.14 -0.04 0.68
Cå -0.17 -0.27 -0.29 0.00 -0.14 0.79

	

0.19 0.23 0.22 -0.10 0.21 -0.13

	

0.25 0.25 0.24 0.22 0.22 -0.21
S -0.26 -0.22 -0.23 -0.08 -0.16 0.91

	

At0.04 0.01 -0.01 0.16 -0.09 0.06
4.t 0.40 0.34 0.31 0.23 0.47 -0.41
31 0.06 0.02 -0.03 0.13 0.27 0.09
Te 0.25 0.24 0.15 0.33 0.37 -0.40
Y 0.22 0.10 0.06 0.25 0.29 0.07
1,.å 0.59 0.55 0.52 0.62 0.52 -0.22
01 -0.15 -0.22 -0.09 -0.59 -0.25 0.23
P, 0.41 0.42 0.39 0.29 0.45 -0.23

U 0.51 0.55 0.48 0.51 0.54 -0.47
Cs 0.05 -0.04 0.01 -0.14 -0.03 0.40
lå 0.40 0.39 0.24 0.40 0.35 -0.03
Ce 0.67 0.57 0.57 0.45 0.53 -0.16

	

0 r•g

1.00

	

0.75 1.00

	

0.95 0.71

	

0.03 0.23

	

0.35 0.34

	

0.03 0.03

	

-0.57 -0.37

-0.32 -0.03

	

-0.74 -0.43

	

-0.37 -0.14

	

0.96 0.70

	

0.25 0.12

	

0.30 0.23

	

0.32 0.30

	

-0.10 -0.00

	

- 0.22 -0.30

	

0.42 0.46

	

-0.03 0.01

	

-0.41 -0.51

	

-0.02 -0.07

	

-0.40 -0.47
0.04-0.12

	

-0.29 -0,23

	

0.42 0.36

	

-0.41 -0.22

	

-0.52 -0.45

	

0.19 0.16

-0.23 -0.26

- 0.43 -0.40

	

C2 r2J C:C

1.00

	

-0.04 1.00

	

0.35 0.70 1.00

	

-0.04 0.59 0.62

	

-0.50 0.13 -0.06

	

-0.39 0.00 0.52

	

-0.76 0.09 -0.15

	

-0.40 0.64 0.52

	

0.97 -0.16 0.23

	

0.12 0.01 0.05

	

0.32 -0.45 -0.33

	

0.37 -0.24 -0.14

	

-0.1E 0.30 0.13

	

-0.20 -0.11 -0.19

	

0.49 -0.15 -0.12

	

0.00 -0.03 -0.06

	

-0.42 -0.09 -0.15

	

-0.06 -0.09 -0.11

	

-0.36 -0.25 -0.33
0.05-0.03-0.05

	

-0.42 -0.21 -0.37

	

0.38 0.64 0.73

	

-0.44 0.07 -0.13

	

-0.54 -0.09 -0.22

	

0.15 0.17 0.12

	

-0.20 -0.05 -0.14

	

-0.47 0.03 -0.09

E

1.00

0.26

0.56

0.12

0.53

- 0.10

0.26

-0.23

-0.13

0.21
-0.04

- 0.09
-0.03

0.23
0.13
0.04
0.11

-0.18

0.55
-0.05

0.17
0.07

-0.01
0.12

1:2

1.00

0.44 1.00

0.81 0.53

0.54 0.85

- 0.61 -0.46

-0.04 0.05

-0.20 -0.53

-0.12 -0.43

0.20 0.40

0.23 0.09

- 0.17 -0.20
0.10 -0.10

0.25 0.13
0.05 -0.00
0.16 -0.05
0.05-0.03

0.49 0.12
-0.11 0.34

0.22 0.21

0.33 0.24
0.06 0.03

0.39 0.05
0.43 0.27

Zr11

1.00

0.54 1.00

-0.79 -0.46 1.00

0.04 0.04 0.19

-0.24 -0.52 0.36

-0.21 -0.47 0.37

0.22 0.42 -0.17

0.29 0.05 -0.12
-0.27 -0.37 0.49

0.03 -0.14 -0.03

0.32 0.10 -0.41
-0.02 -0.14 0.01

0.18 -0.02 -0.32
0.11-0.22-0.02
0.81 0.05 -0.39

-0.22 0.31 0.23
0.29 0.15 -0.43

0.51 0.23 -0.51

0.00 0.03 0.12
0.23 0.01 -0.23
0.61 0.13 -0.52

Cj

1.00

0.39

0.23

0.20

0.31
0.31

-0.51

0.26
0.28
0.13

0.22
0.01
0.27

-0.05

0.13
0.20

0.02
0.11

1.00

0.65

-0.27

0.05
0.21
0.04

0.0)
0.24
0.15

0.23
0.05

-0.05
-0.25

-0.13
0.10

0.14
-0.03

1.00
-0,41

-0.12

0.99
0.25

-0.16
0.21

-0.13

0.13
0.03
0 .11

-0:52

-4.33
01.4

0.19
0.05

1.00

0.25

-0.23
-0.27

0.16
-0.11
0.00

0.14
-0.06

0.01
(r.03

0.23
-0.09

1.23
0.06

1.07

-0.15
-0.26

0.25
0.16
0.25
0.25

0.13
-0 1::
0.17

-0.03

0.23
0.18

1.00
0.20

:0.25
0.13

-0.46
0.05

.1.12
-0.E5

0.35

0.14
-0.00

1.00

-0.25
-0.17
-0.22
-0.17
0.15

-,.12

-0.11
-0.03

0.09
0.05

1.00
0.42
0.74
0.44
0.27

0. 111

0.02
-4..011

0.12

0.39

1.00
0.1,5
0.16

-0.04

0. 1.2

0.0C
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0.17

11,

1.00
0.24
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0.10
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-0.2i
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0.23

1.00
0.17

0.1.1.,
0.10

0.22
0.21

0.32
0.43

1.i10

U.22

0.32
0.03

0.36
0.33

Ci

1.0
-1).07

-0.22
0.22

-0.07
0.03

1.04

0.21
0.01

0.14
0.31

3

1.00
-0.22

0.24
0.26

Cs

1.00


0.22

0.18

L

1.00
0.51

Ce

1.00
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OUTOKUMPUMININ6SERVICES,Repanalytical laboratory, P. Laeberg. Appendix One-ion percentages.

K. N95F
Depth (e)


RockType
62.90

ABFST
63.80
DB

AnaI.no. 8976214 8976215

51 50.11 13.31

Ti 0.29 0.07

Al 12.47 2.98
Cr 0.02 0.00

V 0.01 0.01

Fe 3.44 5.18

Mn 0.05 0.21

Mg 5.02 12.81

Ca 6.48 24.79

Rb 0.00 0.00

Sr 0.002 0.004

Ba 0.000 0.002

Na 12.08 1.76




0.16 0.58

Zr 0.008 0.001




0.04 0.03




5.85 34.38

Cu 0.01 0.00

111 0.01 0.01
Co 0.02 0.01

Zn 0.00 0.00

Ph 0.00 0.00

5 3.93 3.83

Cl 0.02 0.03

SUM 100.00 100.00

CALCULATED




A12031Ti02 27.8 27.1
A1203/Cr203 553.1 478.1

Ti02/Cr203 19.9 17.7
Zr02/Ti02 0.022 0.014
Co/Ni 2.117 1.527

CarbInd 39.1 80.6

cc 33.6 29.9




77.0 87.9

+sid 100.0 100.0
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OUTOKUMPUMININGSERVICES,Geoanalytical laboratory, P. Lanberg.

K, N95F
Depth 1e1 39.00 40.00 41.00 42.00 43.00 43.20

RockType ABFST ABFST ABFST ABFST ABFST ABFST

Appendix

45.00
011

46.00
DB

Noreative aineral composition.

47.00 48.00 49.00 50.00
DB DB DB DB

Anal.no. 8976190 8976191 8976192 8976193 8976194 8976195 8976196 8976197 8976198 8976199 8976200 8976201

ab 59.9 75.7 58.3 61.3 73.7 88.4 48.3 29.9 26.9 33.4 45.5 74.2

qtz 3.8 3.0 6.4 5.3 6.7 2.8 0.7 0.0 0.0 0.0 0.0 0.0

ru 0.4 0.4 0.3 0.4 0.4 0.5 0.3 0.2 0.2 0.3 0.3 0.2

af 7.7 18.1 15.9 12.7 11.7 6.8 13.6 16.0 8.1 7.4 8.0 6.4

phl 2.4 0.5 0.4 0.7 0.6 0.7 22.4 4.9 7.8 25.0 21.1 1.7

chl 0.0 0.0 0.0 0.0 0.0 0.0 3.3 0.0 2.0 0.0 0.0 0.0

SCa 0.5 0.3 0.4 0.4 0.4 0.2 0.6 1.2 0.8 20.3 9.2 0.5

apa 0.3 0.2 0.2 0.1 0.2 0.1 1.0 0.4 0.5 1.0 0.8 0.3

dol 23.0 9.7 25.5 18.6 5.7 3.1 6.4 50.0 42.5 11.9 15.6 18.3

cp 1.9 0.0 0.1 0.7 1.4 0.1 1.6 ,3.0 7.8 0.3 0.1 0.6

PY 0.3 0.0 0.0 0.0 1.4 0.2 0.4 0.5 0.3 0.4 0.3 0.4

P9 1.3 0.2 0.6 6.6 3.6 0.2 1.5 2.6 3.0 1.2 0.5 1.1

gra 0.0 0.0 12.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 101.4 108.0 108.1 106.7 105.8 102.9 100.0 108.8 100.0 101.2 101.4 103.7

py/1pyfpo1 0.17 0.13 0.03 0,00 0.28 0.46 0.21 0.17 0.10 0.25 0.44 0.24
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OUTOKUMPUMININ8SERVICES,Beoanalytical laboratory, P. Laaberg. Appendix
2.

Electron aicroprobe analyses of scapolite

Mineral SCA SCA
Saaple 51281 51548




55.50 60.60

5102 55.94 54.85
1102 0.02 0.01
41203 22.15 22.66
Cr203 0.00 0.02

V203




Fe203




Fe0 0.11 0.05
MnO 0.00 0.00

Mg0 0.00 0.00
ZnO 0.02 0.01
Ni0 0.01 0.01

Ca0 7.54 8.73
Na20 9.52 9.16
1(20 0.32 0.29
H20+




H20-




CO2




503 0.32 0.24

Cl 3.05 2.80

Total 99.00 98.83

0:C1,F 0.69 0.63
Total 98.31 98.20

NUMBEROFTHEIONSONTHEBASISOF12151,41/

Si 8.182 8.070
Ti 0.002 0.001
Al 3.818 3.930
Cr 0.000 0.002

V




Fe(lIl)




FelIll 0.013 0.006
Mn 0.000 0.000

Mg 0.000 0.000
Zn 0.002 0.001

Ni 0.001 0.001
Ca 1.182 1.376
Na 2.700 2.613




0.060 0.054




0.035 0.027

Cl 0.756 0.698

CatSua 15.960 16.056

MelCa/Nal 30.4 34.5
Me(DHZ) 30.3 34.2



OUTOKUPIPC NG SERVICES ARFE)21)1)(7
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APPENDIX 7. CALCULATION OF NORMATIVE MINERAL COMPOSITION

FolloNino procedure have been used tc calculate the normative

mineral composition for the samples from B:diovetsge Cu-Ao ore.

PEsults are civen in Appendices 1f, 2f, Rf. Lt'F Enr1 Ef. flalcuI0(1


LOTUS 1-2-2 :vorksheet has been savec :c erolcsec =:scette (Apperd

9, filc CAt.C.WK1)

1.) Analyses as weigh percentages

=:aht percentarzes con<erted tc Ono-Irr ',ITECItaCes (SEJt

Follo:ne compositIons of m nerals were osod in ca culat cs

- analysed (Appendix h): amphihole, scapoilte, pyr ,e,

pyrrhottte

- stoichiometric: cuartz, dolomito. albite, rytilo

cgcpite,

chalcopyrite, apatite.

Calculation proceeded in the follolving Lvay

Cu -> cp (all Cu was assumed to be bound

in chalcopyrits)

-> apa

-> sca

-> phl

T: -> ru

if CarbInd > 100 -> grf

if CarbInd < 100 -> dol

Ca-Calsca)-Ca(do1)-Ca(apa)

-> af (excess Ca in amphibole)

S-5(sp' -> Fe-sulfide -> py, pto

pyrite/pyrrhotite ratio was estimated cn the hasis of Cz/N: raUo in

sample.

According to microprobe determinations and calcula ons after

selective dissolutions it was estimated that

Co/Ni in pyrite = 2.9

in pyrrhot:te = 0.38

Ei-S af)-Si(ata)-Si(sca)-Si(ph1)-Ci(chl)

-> qtz

100-others -> chl

ns were solved bv Lotas 1-2-2 iterat n.

) Some problems arose Nith the samples

high 1n K

high in C

from E ore

- from K ore

Totals :vere too high (> 110). Amphibole content was sst the

vJay that sum = 100, and after that eccations Ners

recalculated by iteration



OUTOKUMPU MINING SERVICES APPENDIX 7

Geoanalytical Laboratory
P. Lamberg

Calculation is quite reliable for chalcopyrite, scapolite,
phlogopite and albite. Major errors comes from

the assumption that dolomite is the only carbonate
the variations in the composition of amphibole
the variations in the composition of other minerals

Because amphibole, quartz and chlorite were calculted from the

excess concentrations errors are accumulating to them. This can be

the reason why quartz is almost absent in the majority of the
samples.

All these affect that the mineral composition is only an estimation

and is titled by normative mineral composition. It points,

however, some variations in the composition of samples better than

elements only.


